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2006. BACKGROUND CF THE | NVENTI ON [ 0001] Deposition
processes such as, for exanple, chem cal vapor

deposition and atom c |ayer deposition processes,_are

used in one or more steps during the manufacture0#9284P USA
sem conductor device to formone or nore filnms or

coatings on the 5 surface of a substrate. In a typical

CVD or ALD process, THH%@EJW?O'NVWHQ@3that may be in
Chamber o SRS N "

therein where the precursor reacts under certain
conditions such as tenperature or pressure to form
h in r filmon th r rf . 2
T8l SR A1op TR Y17 bareied! U PIoy Seb pniAeRygatan Seral
ALD process, the precursor 10 material is typically
Nuyyaber&9/§53034 §led 0P @okeZMBr such as an oven to a
tenperature sufficient to forma ,%as whi ch is then
transported, typPAGKGRQUNRSN THEINKENTION a carrier
as, to the reaction chanber. In sone instances, the
[Oa%ﬂi Penastion prrcessrsIychIas; O fEANRig, chegicql ya@%réfeaa@tlon and
phase without formng an internmediate |iquid g_ha§e.
atqrRie 13vgs Sepostiqropropessss, g used e Sepre §quEng the
presents difficulties in generating and conveyi n% t he
manuwaciredf assmieHFRT AgVisaiaderm ene fempeefims @R coatings on the
chanmbers. Typical difficulties encountered include,
supgee oha subsbiate. j Inia tyeical VI EHOLD Prasess . FURTERHER $PU ¢rethat may be
_vessel, vaporizer and/or delivery lines; condensation
in grsofig gng/ar liqid Blaseds perMeyetin @ reastionFhamber hawing 0ag of more
vapori zer and/or delivery lines, formation of " cg_l_d
subsaigs contained thereiniwhess therpregursdgeqels uger cgrigin conditions such as
i nconsi stent  vapor flow to downstream reaction
tepRarAbee o prassure taiferm e coating ordim oadhe subsiratssusiaged - 1

07028ZP USA _
[0002] When a solid precursor material is used in a CVD or ALD process, the precursor

material is typically heated in a separate chamber such as an oven to a temperature
sufficient to form a gas, which is then transported, typically in conjunction with a carrier
gas, to the reaction chamber. In some instances, the salid precursor material is heated
to its gaseous phase without forming an intermediate liquid phase. The vaporization of a
solid precursor material presents difficulties in generating and conveying the precursor-
containing vapor to the reaction chambers. Typical difficulties encountered include, but
are not limited to, deposit buildup within the vessel, vaporizer and/or delivery lines;
condensation of liquid- or solid-phase material within the vessel, vaporizer and/or
delivery lines, formation of “cold spots” within the interior of the vessel; and inconsistent

vapor flow to downstream reaction chambers. These difficulties may result in extended
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"down tinme" of the production equipnment to renove
liquid or particulate matter and nmay al so produce .
relatively poor quality deposited filnms. BRI EF SUVMARY
OF THE I NVENTION 5 [0003] The present invention is a
vessel for conveying a precursor-containing flui dO(%ZSZP USA
stream froma precursor material contained within e
“dovers §ieme” oft the prazhistion equigmentito gemeve liquidt erpiadiculate madter and may
wherein the interior volume is segnented into an upper
alscoprodeceanetitisely poorqualityl depesitadfémei n t he upper vol une
and the lower volune are in fluid comunication and
the | ower volume contains the precursor material; a
lid conmprising a 10 fluid inlet which directs at | east
one carrier gasBRIEFOSUMMARY &F THE INWENEIQN t he
vessel, a fluid outlet, and an internal recess
[0088]r The presérd irsentiorpis mtviessel ddr dconeeyinga precotspmsontamingdilid
within the internal recess; a sidewall having an upper
stleam frdre agirecursor nesterial @optained evithinf the esseli ghevegsepcomprising: an
contacts the |id; a separator interposed between the
interior \anuimée Ivbessirdtreanteriovheiumeistsegmestedrintb@n upper dalgme and a
adj acent the upper lip and segnents the interior
lower vohoame, Mhereih the brEpen ppleme\aridithe losved valumevare invilidine;
and an inlet plenumin fluid conmmunication wth the
cohrniirdcatioh @ind lisey lowgr volpine ontainisdhe precorsenimateriab vwalidlsomprising a
the separator to direct the at |east one carrier gas
fluichintzti ghich kiire sis [z leas boneagetiri¢rqyasinte thehiatepioevalumeof the vessel, a
material. [0004] The present invention is also a
fluieouittet| dndrandntepreash scegs whereecatrieast aportioni of itegupder wpldme resides
stream conpri sing a gaseous phase of a precursor from
withirvtheseternal rezessst M eideRall bavipy ars Upwer lipmderain atjleasteaepertion of the
having an interior volunme conprising a | ower and an
uppppliy conthetsrthesligp asepardtdn jnterpesarhbativeen thiedideind thé eidewalll
vessel conprises: alid having an inlet with an inlet
whEreinuine bepdratgr cesples adjacettahd epperrig aad segmksts theinteripr solume
"T" shaped orifice; a sidewall having an upper lip
intottre apperafboluntaand alquer volamepand arinlgipénulr ip flogihtoawhgnication
the lip and a base connected to the sidewall;
witmthedididdhleghating & plehumrchamber openirgptewardsdhe keparstor to direct the
vessel through the inlet wherein the at |east one
at¢eust bes cgrasr gas trough tiedlsdparatbearn tewards thé pracersoo matétial.
inlet plenumin a dowward fl ow through the separat or
[o0D4)r eThe preserittinventlon is also a method for dispensing a precursor-containing

fluid stream comprising a gaseous phase of a precursor from a vessel, the method
comprising: providing a vessel having an interior volume comprising a lower and an
upper volume separated by a separator wherein the vessel comprises: a lid having an
inlet with an inlet plenum having a plenum chamber and an outlet having a “T" shaped
orifice; a sidewall having an upper lip wherein at least a portion of the upper lip contacts
the lip and a base connected to the sidewall; introducing at least one carrier gas into the
vessel through the inlet wherein the at least one carrier gas is directed by the plenum

chamber of the inlet plenum in a downward flow through the separator wherein the at
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07028ZP USA | east one carrier gas and the gaseous
phase of the precursor conbine to formthe fluid
stream and renoving the fluid streamfromthe vessel
t hrough the separator and the "T" shaped orifice
outl et and dispensing it to a downstream depositi
system 5 BRI EF DESCRI PTI ON OF THE DRAW NGS [0005?%282': USA
le&st gue earrier gasand:itel gadecusspivse of the écurser contbing todonm the fluid
the vessel disclosed herein. [0006] Figure 2 provides
st@amaane memeslingitikefluid etrearh frohethe eessel thobudhi theiseparator and the “T”
illustrating the interior volune. 10 [0007] Figure 3
shiaped orificecoatiet ard dispansong itio a davegtradmdieppsitiomsystamd
base assenbly of another enbodi nent of the vessel
di scl osed herein. [0008] Figure 4 is a top view of the
i ntegrated sidewall and base assenbly of Figure 2.
[ 0009] Fi gur e BRIEF DESCRIRON @F THEVDRAWINGSDVabl e
base of one enbodi nent of the present invention that
[0005]t aFigsreal iplanrexplotigd sifie pievt afickieenshodirberjt@f @) veBs e disslosed
6 is an expl oded isonetric view of one enbodi nent of
hdréia. vessel di scl osed herein that contains heater
cartridges that are inserted into the vessel. [0011]
[0B06]ur Rigire[® provides anassoniblediside viesoofdite vassel afiigire 1 illustrating
anot her vessel disclosed herein wherein the
theiraénarsomnge.are "fin-1i ke" and extend fromthe
sidewal I s. [0012] Figure 7a is an expl oded, isonetric
[000Aw Rifurelteislandsarettid eiewad salintegraféidgidesvai. and2@sg @8ge3hbly of
Figure 7b is an assenbled, isonetric viewof the lid
araithdr lkenbodinsarit of theRiegsel disélosed B&®iH. Figure 7c is a top
view of the Iid of the vessel in Figure 7. [0015]
[0BO0gJur Eigui@ 4 is artopivieabfaheeintdgratad sidewall apd basmadsenibiyofdfigure 2.
the lid of the vessel in Figure 7. [0016] Figure 7e
[00689]anFigie! oid @m, isorsetrie vieivof b remowdblé basdofdhnecmibddiment of the
vessel in Figure 7. 25 [0017] Figure 7f is an
prexgrtaoledtion thatedritains s ipialtthat prefnasienst he rel ati onship
bet ween the separator and the body of the vessel in
[0B1Qjur Rigire 6 is an exploded isometric view of one embodiment of the vessel

disclosed herein that contains heater cartridges that are inserted into the vessel.

[0011] Figure 7 provides an exploded, isometric view of another vessel disclosed
herein wherein the protrusions are “fin-like” and extend from the sidewalls.

[0012] Figure 7a is an exploded, isometric view of the lid of the vessel in Figure 7.
[0013] Figure 7b is an assembled, isometric view of the lid of the vessel in Figure 7.
[0014] Figure 7c is a top view of the lid of the vessel in Figure 7.

[0015] Figure 7d is a mixed elevation cross-sectional view of the lid of the vessel in
Figure 7.

[0016] Figure 7e is an exploded, isometric view of the body of the vessel in Figure 7.
[0017] Figure 7f is an exploded, isometric view that shows the relationship between the

separator and the body of the vessel in Figure 7.
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-3 07028ZP USA [0018] Figure 7g is a top view
illustrating a separator that is interposed between
the body of the vessel inh Figure 7 and the lid (not
shown). [0019] Figure 8 is a graph illustrating the
relative delivery rate vs. % charge remaining fobT@ZSZP USA
vessel described herein and a prior art vessel using a
[0018]] Figur8Fgds ahep éw jllustratirgoa sepdratacthat is éntprooaed between the
160C. [0020] Figure 9 is a graph illustrating the
bodg bhithewessilin Figuse 7 and:thedid (aotchawgk remai ning for a
vessel described herein and a prior art vessel using a
[0019]] Figuré® igmagnaphoflugtratiog theoelativendelivetyoatsevsa fuclarge remaining
180C. [0021] Figure 10 is a graph illustrating the
for ®Vextseldesdabed/eerginranden prior atbveesa ekinpiaffll of 80 gaamg of precursor
vessel described herein using a fill of 500 granms of
andrectempsature[d0BQC. Fi gure 11 is a cross-section of a
speci fc enbodiment of the lid, inlet and outlet of
[0020] rige ®tis argvaptt illestrating thierrglativee délivieat rateve: Sachargg remaining
connected to the inlet plenum [0023] Figure 12 is a
fond wessel dasctibédchereinang d prive attaessel osingiadfiirat 80 prarhs pherecursor
specific enbodinment of the lid, inlet and outlet of
andteeteppesature af 18@38.i on. 15 [0024] Figure 13 is
perspective view of the inlet wwthout the |id show ng
[0021] dequae 19 iDa graphdllustrating {hecelativeadedivetyaateavsi Hovasiselgife for a
above both the inlet and outlet with the inlet axially
vessel desdribdd therdimasing hdil opbehgramsidieredudsonal | i s shown
only in partial section. DETAILED DESCRI PTI ON OF THE
[0022YENFIguERI 120s h @aRS]sestioneafaedpetific ermnbedimapbofitaetid, dnletodindeoutlet
precursor material, particularly a solid precursor,
of &redpreserd invedtiaroshiowirgg the isletie radialydionoécted tb therimetpleriune
vessel is typically constructed of a vessel having a
[0628] e Fidurd 12asd piinddavatdken hltingdieé i12€ 22 Figure( 1 of thesipedific
to contain the precursor material. Upon application
endfodimeerit of tHedidpindst and outletaf éve mesemjnventiansf orm from a
solid and/or liquid phase to its gaseous phase. The
[0024] c (Figuoe 1668 perspécti2é viemyofitiee mlet alithoutahnel lidshawihg the ditails of
Exanpl es of precursor materials that nay be used in
the¢ Iméet plenum and the manifolding above bath the inlet and outlet with the inlet axially

connected to the inlet plenum. The sidewall is shown only in partial section.

DETAILED DESCRIPTION OF THE INVENTION
[0025] A vessel for the vaporization of a precursor material, particularly a solid
precursor, and a method comprising same are disclosed herein. The vessel is typically
constructed of a vessel having a base, lid, and sidewall that define an interior volume to
contain the precursor material. Upon application of heat, the precursor material may
transform from a solid and/or liquid phase to its gaseous phase. The precursor material
may be a solid and/or a liquid. Examples of precursor materials that may be used in the

vessel include, but are not limited to, dimethyl hydrazine, trimethyl aluminum (TMA),
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vessel include, but are not limted to, dinethyl
hydrazi ne, trinmethyl alum num (TMA), -4 07028ZP USA
haf ni um chl oride (H Cl 4), " zirconiumchloride (ZrCl4),
indiumtrichloride, alumnumtrichloride, titanium
I odi de, tungsten carbonyl, Ba(DPM 2, bis di pival
nmet hanato strontium (Sr(DPM 2), Ti O (DPM 2, tetr?’dcﬁszm“'sA
hafriiura icbiptidergiithh airoomumebloriden(Zrail.), bRkgan trichiefisiea Blurminiem
boron, magnesium gallium indium antinony, copper,
trighfigiehtitaniue), iodidertargsten carbomyl, LBg(DBY, bis di pivaloyl methanato
tetrafl uoroborates, inorganic precursors incorporatin
strahtiun (SrDiPM).NaT@ (DPYhs tetra dipiyaliayhmsetiiahato ZircerumdgHBPM).),
such as zirconiumtertiary butoxide (Zr (t- (Bu)4')1,
detaharare, baran, magaesiamzgalum, indiuhzartivrny) agpper, phosphorous,
t et raki sdi et hyl am nohafnium (Hf (NEt2)4), tetrakis
argenhiayiithiuph, ssodiuo) tetrafluorohorates DMxTanIc tregaqukary Incatpeating alkyl-
(deithyl am no) tantalum ( TBTDET),
anpainateligads, oegdmpinetallicrecusaeralsuch afonamium festiana Ritoxide (Zr (t-
(et hyl net hyl am no) tantal um ( PEMAT) ,
OBwW})r ekrakisdiathylayiimozirooniumd BriNEt).], Zettakiddistp)lamiaghafnium
haf ni unt erti arybut oxi de (Hf (t-0OBu)4), and m xtures
(H(NELa) ftetrdkiO@Bhethylamite) dtanauh (FEMIATY, kestbbbdimjnatrise(deithylamino)
sidewal I, and/or the interior surface of the |lid of
tantalemv@ 8T BIE Thapentakis(disethylaonino ytaotaiuns(RDMA WL pehtakigt ends
into the interior volunme and contacts the precursor
(ethplirethiyddmindntantalunh (REMATD) tetakisdimathydamimagireoniin (Zr(NMe.),), and
transferring the 15 heat directly into the precursor
hafrédretertiirybutoxiden@fg«@BLdi) nand mixtures theraofcarri er gas such
as, for exanple, nitrogen, hydrogen, helium argon, or
[00R26) erin gas emibsdifiemiydile base; tiogsidéveal!, amd/er theintetdrsugacendf the lid
conbi nes wth the gaseous phase of the precursor
of thet vesiellhalve at jeastvingeratrymiat whinhrextends dnta ithrginteaioe velgme and
stream In another enbodi ment, a vacuum may be used,
confaotsethe precorsoonjateriat.i Tive atileédst bhe pratesiongeay, aid in transferring the
W t hdraw t he precursor-containing 20 gaseous stream
heht diractij into hegercurddrenateaalu irsome embodiment gn drestcauder gas such
stream may be then delivered to downstream production
asefpueparepie, nisogdn, agdrofem, heliampdrgon,or ottwr gasis flowedthspugh the
for deposition. The vessel may provide for a
intedartviotunseiand tambinés witte ther gaseeuscphesaiofithegprgagsarusaterial to
stream whi |l e avoiding "cold spots” or other problens
pravide & prdcalsoe-cbistaining gaseous stream. In another embodiment, & vacuum may

be used, alone or in conjunction with the inert gas, to withdraw the precursor-containing
gaseous stream from the vessel. The precursor-containing gaseous stream may be then
delivered to downstream production equipment, such as, for example, a reaction
chamber for deposition. The vessel may provide for a continuous flow of precursor-
containing gaseous stream while avoiding “cold spots” or other problems attributable to
the condensation of vapors contained therein. The vessel may also provide a consistent
and reproducible flow rate, which may be advantageous for a variety of manufacturing

processes.
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the condensati on of vapors contained therein. The
vessel may al so provide a consistent 25 and
reproduci ble flow rat'e, which may be advant ageous for
a variety of manufacturing processes. -5 07028ZP USA
[0027] Figures 1 and 2 provide an expl oded side Vig94bgzp usa
and cross-sectional view, respectively, of one
[082Ho dfigwres 1@ndidhwrovide aalexplpdedside vieweand ¢rassesrdtional view,
wherein the at |east one protrusion extends fromthe
reppectively, of isse eabodiment of theyassal of thgpiesent inNentipacwhareinitie at
a vessel 10 having a lid 12, a base 14, sidewalls 16,
leagi @ng preifusionfextangs srompthghase of the|vessal e th Figunes|1j andi the vessel
and base 14, respectively. Wile vessel 10 is shown as
is pefengp! 18 diaving@tlida12, @ bepe 1 Acsideyealisi1h, anhp eair of seals 13 and 15
under st ood that vessel may be shaped, for exanple, as
located neanlidsi@ rnddbase 1detsspeciivebr WhilteessridDds siovemaes baing
whi ch nay be a seal, o-ring, gasket, insert or the
subplastiatiyycylingdrigelda shapealitiipundasstoed thed vessehenayibaishaped, for
vacuum or sustai ned pressure and may be constructed
exgmple, me aioliow squarel of megtangulasttelrd. aealsl 3 and &% whidhvagybe a seal,
lid 12 and/ or base 14 nay be aligned onto sidewall 16
o-ting, faaskatainsert or thg tike ovay berused to allow esselsihlio maintaina vacuum or
the need for one or both of seals 13 and 15. Lid 12
sustajneglepressuse and thay ieconsteuciediefeametal r a pelpmgric materighe
or nore fasteners 19 such as a screw or pin as shown
Altemnativglyr i 12 andiorrasel denawbé akignediontt sidewall 16 @ forn aapirtight or
be fastened onto sidewall 16 through grooves that
presauretightiseat withouhihecneed feroneras botisef sealsi3 andi thn Lichd2 nmay be
allowlid 12 to be fastened onto sidewall 16 (not
fasthnedhyntolthe sidewall feuthrough therboel phmatesfasteners 182suehasigescrew or
fastened onto sidewall 16 through wel di ng, bondi ng,
pima$ ekowrein, Figuredt Hean altecnative gmbegiment ligil 2 sngyrhs: fastienesh pnto
may be used to ensure proper alignnment and fit
sidesalicdérthtodugh igrabves that kerrespdeddd coraplementanhrecesstshdat|align and
and base for enbodi nents where the base is renovabl e.
alip® ligo@2e pelfastener] orida sidewall 16.{nubt sholemallh stillfaritief ¢émeodiments, lid
interior volume 17 to contain the precursor material.
121ndy be fastered anlg sidesals1&itaravghl veeldisg rwnding, adhesiveaceredher
of a netal or
means. Alignment pins (not shown) may be used to ensure proper alignment and fit

between the lid and the sidewall and/or the sidewall and base for embodiments where
the base is removable.

[0028] Lid 12, base 14, and sidewalls 16 define an interior volume 17 to contain the
precursor material. Lid 12, base 14, and side walls 16 may be constructed of a metal or
other material that can withstand the operating temperatures of vessel 10. In certain
embodiments, at least a portion of lid 12, base 14, and side walls 16 may be chemically
non-reactive to the precursor material contained therein. In these or in alternative
embodiments, at least a portion of lid 12, base 14, and side walls 16 may be thermally

conductive. Exemplary metals for lid 12, base 14, and side walls 16 include stainless
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ot her material that can wthstand the operating
tenperatures of vessel 10. In certain enbodinents, at
| east a portion of lid 12; base 14, and side walls 16
may be chemically non-reactive to the precursor
material contained therein. In these or in alterngg
25 enbodi nents, at |east a portion of lid 12, basgidlif?P USA
stegh ditaniiure, chadrne, ZiGoniam, heneh impeavipys grephitky enalykslenum, cobalt,
Exenplary netals for lid 12, base 14, and side walls
angdizéchalumnireins taliminesalioys sivey 2siver alioys, aopper, copper gioysniead,
chronme, zirconium nonel, inpervious graphite,
nickel gadisteelgrapoitala ceramicoviatetal, dopedianundopead, ot eemipinations
al l oys, silver, silver alloys, copper, copper alloys,
thdreefd In oné efbbdiment] at teast a potian hf the sudaesthaheaentacts the precursor
mat eri al, doped or undoped, or conbinations thereof.
mayrbeoplatedmithidianions metals surhsas thaniem: chsames silveie tanialpenc gold,
that contacts the precursor 5 nmay be plated with
platiauing titaniuet andsotbematesials iwhengin the ajbremantiored plating materials can
tantalum gold, platinum titanium and ot her
berdmped ionlisdopied teingradse saffaceccammpatibifityd Ip thesesinbedinegnts|the
can be doped or undoped to increase surface
platiogeaterial mayyne nan-rebetive te theoprieawsorsmatetial coptainediberein.
material nmay be non-reactive to the precursor materi al
[0@29)t didh¢2 malyeoniain a flga et 22i far the flowyof @orinest earderrdagiql mixture
inlet 22 for the flow of an inert carrier gas or
thereaftandea fluid outtat 24 Gér the flow of thei pleausdretontaining fluid istreamow
of the precursor-containing fluid stream Exenplary
Exemplary nartrdaener gasessthatragy beyntioducett intsoveseel 10theough dnlet| 22
10 through inlet 22 include, but not limted to,
indhyctdy; bglent litméted tophydregen, heliumongan, ninogem  argem aanon, krypton, or
krypton, or mxtures thereof. In certain enbodi nents,
miktiyeesithereof. slarcedaintembidivgerfts, thel precursarrcordainingtiiigh staam is
fromvessel 10 without the aid of a carrier gas but
withdtaver frem vesselin withewtde aid 1 adiafrier gesbutaiathepa vacuum, pressure
nmeans. In these enbodi nents, inlet 22 and any val ves
difterergtial, wc bthee means.s thesecembodimenist inletd} abd app valwesior, structures
Lid 12 is also depicted having a fill port 26 for
assodiated theregittt inay pe eptiorsadr Lideli2ds alsb depisteddtaving)a filkpast 26 for
interior volume 17. In alternative enbodinents,
intprdecing sio preeusor miateciabnbesHoming) odio mdetior molomiertt7erln alternative
volume 17 through inlet 22, base 14 (particularly in
enbvaieerdsiipretursortnsateatial can be srdratidcedsintaeinteviabvalime 17 direwgh inlet

22, base 14 (particularly in those embodiments where base 14 is removable) or other
means besides fill port 26. In some embodiments, such as that depicted in Figures 1
and 2, inlet 22 and outlet 24 may include valves 23 and 25 that act to control the flow of
fluid into and out of vessel 10. Valves 23 and 25 may be manual, automatic such as
pneumatic, or the like and preferably are capable of operating at the operating
temperatures of the vessel. In certain embodiments, valves 23 and 25 may be fitted with
disconnect fittings to faciliate removal of vessel 10 from the process line. Brackets (not

shown) to minimize the bending of the inlet 22 and outlet 24 tubing may support valves
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20 neans besides fill port 26. In sone enbodi nents,
such as that depicted in Figures 1 and 2, inlet 22
and outlet 24 may includevalves 23 and 25 that act to
control the flowof fluid into and out of vessel 10.
Val ves 23 and 25 nay be manual, automatic such a3079282P USA
pneumatic, or the |ike and preferably are capable o

23@ner2ii | Fugthet, thenipled ped aufletdubingmpy batcankectest withe standard gas
vessel. In certain enbodi nents, valves 23 and 25 may

tightefitfing, sech as a VCRMdittingonanfactéried iy s Swagélak Compapy of
renoval of vessel 10 fromthe process |line. Brackets

Clévedand, Sthipjthat isousedrio coarect tweo $epacite giesés oheipingl ét same
and outlet 24 tubing may support valves -7 07028ZP

embSdimé&fs,ahel oaifet 2Fumaynisave dneer imdre filters 30@ntl 132tthatidse placed in-
may be connected with a standard gas tight fitting,

lins vahhasuthet WBRTGMofrembiver gnyrienpuirities o pattidate attBniigm| thk
Conmpany of O eveland, Chio, that is used to connect

precurs eyoatairting fuie stsarof Fiters 3tand 32 maynbe coniposédrefia porous
the outlet 24 may have one or nore filters 30 and 32

matbdl (aoteshpwalthdt is chémicaleumreadtive tothtel precuradri-eogtaining fluid
remove any inpurities or particulate matter fromthe

strpamcandswsufficientparticlg sizk id dapttirecaynimpiiittesros padicaiate @atter in the
may be conprised of a porous nmaterial (not shown)

préduasoricontalirdmg thad biyeam ias dtqtasses therethreugh.
precursor-containing fluid streamand or sufficient

[0@30]t ilolsemeien®ddimerds susheasathgt shopanrin Figesesot apdh R inlet RAmay
matter in the precursor-containing fluid streamas it

funtiees dase tlvertex-gemargting ih@t PO 00 Hirécts therfloweoftbelinedrgas downward
such as that shown in Figures 1 and 2, inlet 22 may

intb dine: iméariohaslema W aarideatengethe irténinabsirfaice of g8ewdlht6.dWhide vertex
the flow of the inert gas dowmward into the interior

genetating inlét imdepieted ingFigbesi1rdnerhas a tubefthatexténdsitargentially into
16. While vortex generating inlet is depicted in

intefigruisoksnd 1 2add Zesambiestaithe, it is@nhvisiohed that btueg eartfigatdtipns such as,
into interior volunme 17 and resenbles a "L", it is

foreenangile racith éxteridirgg fnem siderviallohd; at*J"shapsd bibeasr, a T8 sheped tube
exanple, a fin extending fromside wall 16, a "J"

mahaipe diréal tiee lamina flow of tHedpert cénibegasrdy thd attedembadimente the “T"
| am nar flow of the inert carrier gas. In the latter

shapéb tlibeemdy, be dreglédTén osdepissth entieamdiyr iney beghverdized. tmeertain
or both ends and/or may be oversized. In certain

embodiments, outlet 24 may also have a tube that extends into interior volume 17 that

has a “T” shaped tube or other configuration. In these embodiments, the “T” shaped
tube on outlet 24 may be used in addition to, or in lieu of, the “T” shaped tube on the fluid
inlet.

{0031] In the embodiment shown in Figures 1 and 2, vessel 10 further comprises a
thermally conductive jacket 18 that surrounds at least a portion of vessel 10 and is
retained by fastners fitted in recesses 20, such as bolt and nut combinations to provide a
snug fit. Thermally conductive jacket may allow for the uniform distribution of heat and

improve the conduction of heat into the precursor material contained within the interior
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enbodi nents, outlet 24 may al so have a tube that
extends into interior volune 17 that has a "T" shaped
tube or other configuration. In these enbodinments, the
"T" shaped 20 tube on outlet 24 may be used in
addition to, or in lieu of, the "T" shaped tube o
fluid inlet. [0031] In the enbodi ment shown in rh26ze usa
vaRirgei @ of tessrt1 @, Thezsally car@uttivetjacket maybeiseesred around vessel 10
thermal |y conductive jacket 18 that surrounds at | east
viafasteneroandiér a diffareint hatesiabthatallowstfor the expansicnsef ke jacket upon
fitted in recesses 20, such as bolt and nut
heatingi Rat @xanple,dhermally denductiée jacked 18intay beheamprisiegl of aluminum
conductive jacket may allow for the uniform
whitreas theisidesvall 06 digassehmd mayhercomprised ot slailess istee! $6. Thermally
heat into the precursor material contained within the
canduetiviegacket 88 61a 2@ARcwSA arawidisdewtll 16fusingsspeingsg & account for
Thermal |y conductive jacket may be secured around
themsal ekpdrdionviponf hestieg thesveasel /aod peeatlirdor eraderial gantainied therein.
that allows for the expansion of the jacket upon
[0B32}t | ViepseFtD amck thepdrecursdrenateridl gontaingd thdreio maychesheatéd to the
may be conprised of alum num whereas the sidewall 16
teofperatereait whthrthg materiabispn its gaseoius phase) loe sgbligtatioh tergperature
Thermal Iy 5 conductive jacket 18 may be secured around
wherdtheplrécuisor issa nglidapaierigls througica eariety ¢foneartsttbatiagiude, but are
expansi on upon heating the vessel and precursor
natiimied &, striprieaiters,dradiapt lEaters, dicoRhg fildd bebtels) resistanttheating
precursor material contained therein may be heated to
systeens, induptivechiaating aystedns,odr otter nmestne ithatican beiused aone or in
gaseous phase, or sublimtion tenperature when the
commisationo Thiese heatinigisdurces endydde, extdrnaiegid/ax intemiakinyrelafion to vessel
nmeans that include, but are 10 not limted to, strip
1thelatsene, emizadiirments hthaeetire, vessel d Olnady beginfroducedhimtatagraven. In
resi stant heating systens, inductive heating systens,
otber erhinsdimenta nNisasieHiat mayhaveconeseranark dweeating elements of cartridges
conbi nation. These heating sources may be external
comtedriet thiereire r Figlire Shillustiadés amerbodimestvhergid.thé heatingecartridges 36
enbodi nents, the entire vessel 10 may be introduced
aremserted iy ¢he inferior wdliree 12 wboelsebtd i, vahiasepladesraStilladiver
one or nore heating elenents of cartridges 15
emissdiraents dndyhemploy ond-bgmoee ifdudtive hitatirigesoila openabamchy@mRF power
wherein the heating cartridges 36
supply. Yet other embodiments may employ a heater that is in fluid communication with

the carrier gas supply that heats the carrier gas to a certain temperature prior to
introduction into vessel 10.

[0033] Vessel 10 may further have one or more thermocouples, thermistors, or other
temperature sensitive devices that can monitor that temperature of vessel 10 and the
precursor material contained therein. The one or more thermocouples may be located in
the base, lid, interior volume and/or other areas of the vessel. The one or more
thermocouples or other temperature sensitive devices may be connected to a controller

or computer that is in electrical communication with the heating source to maintain a
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are inserted into the interior volunme 17 of vessel 10
in various places. Still other enbodinents may enpl oy
one or nore inductive heating coils operated by an RF
power supply. Yet other enbodi nents nay enploy a
heater that is in fluid comunication with the 07028ZP USA
carrier gas supply that heats the carrier gas to a
uniforr s&émperatupeewitiio the intarior valomgof thetvessel @nid dine theraical contained
vessel 10. [0033] Vessel 10 may further have one or
themsire t her nocoupl es, thernistors, or other tenperature
sensitive devices that can nonitor that tenperature of
[0034])s eVesbel Hhohay ffierthep havauorsoor meneaarotalsionsridathalerktend into the
therein. The one or nore thernocoupl es nay be | ocated
inferior ¥dleme 43 e Fiduires, 1,i2)tnd Sgrovide amilustradioo of an embodiment wherein
of the vessel. The one or nore 25 thernocoupl es or
a plutadity aféspilkce-aivaped” prtrasivhy 84 eampleyedreRrotresicnmddkmay the
to a controller or conputer that is in electrical
carnprised ot athermally ¢cdndubtivelreateriagr acompostetherdaft i soree
-9 07028ZP USA uniformtenperature within the
empadiments such asithab fllusthated sfsiguire sy gratiusiops 8dintay be comprised of a
contained therein. [0034] Vessel 10 may further have
themeally conduative corersush as soppert3datand at remereactive surface such as
interior volunme 17. Figures 1, 2, and 5 provide an
staihleas steat 34inthaf cantactsithegirecmnsorwhetenil.n In the @niiodinagntishown in
of "spi ke-shaped" protrusions 34 is enpl oyed.
Figurets, base hé my beergmbealie fromi sidaivalif16atotaliew ferldage of cleaning and
conductive material or a conposite thereof. In sone
segvitingli White profrusibns134 ektand froinustse d¢ énl therFigurgsaritis 2nvisioned that
protrusions 34 may be conprised of a thermally
protousions 34/mayg alse exterd inte intereaolBaal afidmdhe sidewalhtd,ilidel 2, base
surface such as stainless steel 34b that contacts the
14 0e combinatiorsttbereaf. . Protrusitres &hCordactihre prebursor inatetiél contained
Figure 5, base 14 may be renovable fromsidewall 16 to
thateiro ifprovedeat wansfére dAnotngiansB4 are amangedyto abwlfer the unimpeded
protrusions 34 extend frombase 14 in the Figures, it
flawsofegasi beitwerardanicharhongst titerprefrusionshdrthg pedcarsoe rtateril contained
into interior volune 17 fromthe sidewall 16, |lid 12,
theetre Further,qrotousidrisiBdt may alsb keepthie. prétuwsorusaterial fid
contact the precursor material contained
agglomerating.

[0035] Figures 3 and 4 depict a “clover-leaf” configured protrusion 34’ that extends
from base 14’. Base 14’ and sidewall 16’ are depicted as an integrated assembly;
however, base 14 may be removable. The cloverleaf configured protrusion 34’ may
divide interior volume 17’ into separate, but interconnected, areas that allow the
unimpeded flow of carrier gas within the volume.

[0036] Figure 7 and Figures 7a through 7g provide an example of an embodiment of
the vessel 100 disclosed herein where the at least one protrusion 101 are “fin-shaped”
and extend from the sidewall 104 (which is an integrated sidewall and base assembly) of

vessel 100 into interior volume 113. In the embodiment depicted, fin-shaped protrusions
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therein to inprove heat transfer. Protrusions 34 are
arranged to allow for the uni npeded 15 fl ow of gas
bet ween and anongst the protrusions and the precursor
mat eri al contained therein. Further, protrusions 34
may al so keep the precursor material from
aggl onerating. [0035] Figures 3 and 4 depict a 07028ZP USA
10" aroswrstantially perperidiguardd flpidanletassembiandt fhid owtlet esassnbly 110
frombase 14'. Base 14' and sidewall 16' are depicted
andd 1an Referdmy agaial taSigeneid, yesse? 00 ounsists of dlick $02, sidemall 184, an
renovabl e. The cl overl eaf configured protrusion 34
inneniip A&, aituid mletiassemibtp [1ddrthat allowsfioo thedlear oftaw, ingrticarrier gas or
i nterconnected, areas that allow the uninpeded flow
mixtfirecthereiog ra fiyads outlet Bssenbiy 1 12 thatallowsfosh fibiwpiithe Fregurgor-
Fi gures 7a through 7g provide an exanple of an
coptaiming) fiabah stresm, andea filost1081f0Ointfodudingsthe pnegussar material into
the at | east one protrusion 101 are "fin-shaped"” 25
inteniat velunenth 3 ofoesséld00i treveatdin ébdodinientshfill morbh08 may used as a
integrated sidewall and base assenbly) of vessel 100
leviehsensingt paori. dn thesielembotiirBents, ithe bert enay @dniaim fordaxpmptes @ window,
fin-shaped protrusions -10 07028ZP USA 101 are
sessdrsprabe, saldior offesr jpesans doietectitbe ptasedce off mecursarenitiirythe vessel,
and fluid outlet assenbly 110 and 112. Referring
[0QGATAi Figuwed7athreugh 7ormredidé vaiiusaiatailied viewsfof did 1108 Omassel 100.
sidewal | 104, an inner lip 106, a fluid inlet
Asaheentih Figlied Tahartd 20, vesee! 100 hasa “T'I sivaped tube 1i1ddhat aids in the
carrier gas or mxture thereof, a fluid outlet
flowss @t minglderieruas thdolighvd 10 assentitdy intatheditetidrevopunaes U1t 3 of vessel
5 containing fluid stream and a fill port 108 for
100 N1 these empotinents, EC'whaped tabedrid ahay netoce thetaminer flow of the
vol une 113 of vessel 100. In certain enbodi nents, fill
ingoaing ddemgus therety asnimizingethe lpossibiity o caoying uhsublimatss
enbodi nents, the port may contain, for exanple, a
predunsbp\iv thesoritgoing precarser-cantainiog floid séreame duids 102>ma g further employ
the presence of precursor within the vessel. [0037]
onkiog utces alighnént pingH 17 do pidan itheeeproper filtirg atet aligheent/ofdidst 02 to
of lid 102 of vessel 100. 10 As shown in Figures 7a
sidemall 7196. vessel 100 has a "T shaped tube 114 that aids
inthe flow of incomng carrier gas through 110
[0638] e Aijure 7bipeovides 4 ddtaifedmidesview ok adskntiéd e $82 Iwhich illustrates

the inner recess 116 of lid 102 which may aid in directing the flow of the incoming carrier
gas. As Figure 7b illustrates, inner recess 116 contains at least a portion of upper
volume 117 and may direct the flow of the incoming carrier gas away from the
unsublimated precursor.

[0039] In certain embodiments, optional separator 118 may be added to the vessel to
further prevent unsublimated precursor from mixing with the outgoing precursor-
containing fluid stream. Figures 7e through 7g provide an illustration of separator 118
that acts to partition the interior volume 113 of the vessel into upper volume 117 and a

lower volume 119 between the lower body of the container and the lid. Separator 118
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100. In these enbodi nents, "T" shaped tube 114 may
reduce the lamnar flow of the incomng carrier gas
thereby mnimzing the possibility of carrying
unsubl i mated precursor in the outgoing
precursor-containing fluid stream Lid 102 may fu
enpl oy 15 one or nore alignnent pins 111 to aid i#%gp USA
separatesid 0L t{whigh aredstdvirgwitrent inteft ahd dutleassembligsdd@and 112 and
116. [0038] Figure 7b provides a detailed side view of
fill pos ¢ 08) el base 1082, which illustrates the inner recess
116 of |lid 102 which may aid in directing the flow of
[0040¢ Depending upam theqrecuys, thaee My be @ need itd siopttheeetsainment of
i nner recess 116 contains at |east a portion of upper
soRDin\té utgoihd precutsarempnidinireciuid steednh.oln tbése erpbodimenisnyessel 10
carrier gas away fromthe wunsublinated precursor.
anfl Q08 Yayl fortieerrinciide ambptibtinakstaisles® steetiritil 20; syiohanay prevent
may be added to the vessel to further prevent
unsutsirizitedprieedtspr feam eatering thenoutyoing grecutsor-tontaioingdbichsfream.
precursor- containing fluid stream Figures 7e through
Thégppiomal isthinless stéél frittant have aofore sjzathkat sangesdrops 0t1Hat100
acts to partition the interior volunme 113 of the
migreas.eThé bptibnapfie carvbe installéd Znywhkere withiovieterierololuree 119 and/or
bet ween the | ower body of the container and the |id.
theStyd pathaof tHel Gutgeifd pistlBB-BondSiAingSEhr latoas partitutad 2mbodiment
(which are shown wi thout inlet and outlet assenblies
sudt Bs tad sHdvn mrfeiguréi7i,l onear mak@ 8)ts evay biedssaile@idn ap@gepyecess 122
Dependi ng upon the precursor, there may be a need to
ondeppratdrel18nt r ai nment of solid in the outgoing
precursor-containing fluid stream In these
[0®41) 0dih ore Embodiesst vessel 18 aadd 00 Oayrfasthdrcotripsise arvghdave (not
an optional stainless steel frit 120, which may
shpwe Wrethie figosash thatrist peditipned tor determnfimetheeontentsngithim the interior
out goi ng precursor-containing fluid stream The
voRipid tNabuitibid mhisialsdnchele tarisparenymaterialsahatdraye si sufficient
that ranges from0.1 to 100 mcrons. The optional
thérivial comfuctityito siisirizeccondgndation and dbpasitiont of vapors ol toensindow
113 and/or the fluid path of the outgoing
indNidieg) Teroaxampi, diamorg, sapphtte, diliconrmarkide, tiaospaaent ceramic
enbodi nment
materials, and the like.

[0042] Operating temperatures of the vessel may vary depending upon the precursor
material contained therein but may generally range from about 25°C to about 500°C, or
from about 100°C to about 300°C. Operating pressure of the vessel may range from
about 10 torr to about 1,000 torr, or from about 0.1 torr to about 200 torr.

[0043] In one embodiment, the method of using the vessel disclosed herein includes
introducing a precursor material through fill port 26, such as a solid precursor material,
into the interior volume 17 of vessel 10 wherein the solid precursor material contacts one
or more protrusions 34 that extend into the interior volume 17. It is preferable that the

precursor material is filled to the point where it is in continuous contact with at least a
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10 such as that shown in Figure 7f, one or nore frits
may be installed in an inner recess 122 on separator
118. [0041] In one enbodinment, vessel 10 and 100 may
further conprise a window (not shown in the figures)
that is positioned to determ ne the contents wthi
the interior volunme 17. Suitable materials incl u82°232'° USA
pariicmsfjibe eticastanepratrusiantantd dees eobexdend beyosdtithel grea of the interior
thermal conductivity to m nimze condensati on and
vollap® $7 tontainolg the pbleastametpnetrusiond dud 12,rhEsedidngnd sidewall 16 are
exanpl e, di anond, sapphire, silicon carbide,
fastened fooprevide aqressuce-tight beairtight sealnYalve@3li$ kpengddo 4dtpw for the
Operating tenperatures of the vessel may vary
floskeqfeamdinent) caiengashibrqugb vartexgenarating tubé 28 @and énta énderior volume 17.
therein but may generally range from about 25C to
A héating SS06:, such as heafingeartidges is188Cta bringitbea preamoxor material to
Operating pressure of the vessel may range from about
sublrhatidrotempecatatecand farnda @Precorsor ges. Theinedizacrier @as combines with
to about 200 torr. [0043] In one enbodi nent, the
theptdvacson hasi ki fogn theepreesrsert-cantaicihg fleid streami [Thermrécuutser-
i ntroduci ng a precursor material through fill port 26,
coptaiting fuid strelinpapsescthraugh owtiéted4i arid, thraugh din-tireefiltens 30 aod 32 to a
volunme 17 of vessel 10 wherein the solid precursor
davat sireiaal prodattotdevice sudbaoe reantion pharmbersised $or3hintfilradeposition.
extend into the interior volune 17. It is preferable
[00#44]t Inhee embedimandy thenatethachdf sihgfthé vesset disclbsedokerain includes
where it is in continuous contact wwth at least a -12
inBod28igR pisdurspomaterial thfoughdill atrt 28 asuch@se galidtpremirsot material,
and does not extend beyond the area of the interior
intocthe imterior volantead Thaofrves$di d 0 atherainm the sutid ppravirsan siaderial comtacts one
12, base 14, and sidewall 16 are fastened to provide
oranqre esatrusionsi Fhthataxtexidribiodhe interiml vol\imieid. 2Gis ipseferabledtat the
to allow for the flow of an inert carrier gas through
precursencnaterigrisfiliedgo thepoifiBytzard itiisinacontin wauis @ontaoct witheatll@ast a
5 A heating source such as heating cartridges is used
pdritorbefithe at leastmme puotasionartdeddesinot extesdibéyamdithe area of the interior
tenperature and forma precursor gas. The inert
voluane it B confaimingahd ahleastvanetprotrisiomrldad 42 sasedds andsitiewall 16 are
the precursor-containing fluid stream The precursor-
fastened to provide a pressure-tight or airtight seal. Valve 23 is opened to allow for the

flow of an inert carrier gas through vortex-generating tube 28 and into interior volume 17.
A heating source such as heating cartridges is used to bring the precursor material to
sublimation temperature and form a precursor gas. The inert carrier gas combines with
the precursor gas to form the precursor-containing fluid stream. The precursor-
containing fluid stream passes through outlet 24 and through in-line filters 30 and 32 to a
down stream production device such as a reaction chamber used for thin film deposition.
[0045] In yet another embodiment, the method includes introducing a precursor
material through fill port 108, such as a solid precursor material, into the interior volume

113 of vessel 100 wherein the solid precursor material contacts one or more protrusions
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containing fluid stream passes through outlet 24 and
through in-line filters 30 and 32 to a down stream
producti on device such as‘a reaction chanber used for
thin filmdeposition. 10 [0044] In one enbodi nent, the
nmet hod of using the vessel disclosed herein inclu
i ntroducing a precursor material through fill portgf@aZPUSA
112ub4t eadend istolthellopiee golumer! 18aitds preferabliedbas thenprecutser material is
vol une 17 of vessel 10 wherein the solid precursor
fillech toethie ploint wheeecit s i nentinopusroordagd mith rat isasha pedion lphthe at least
extend into the interior volune 17. It is preferable
onetpadtrusion 1 areldaesmotrextend beyand the Breadf the lower yaume 119
where it is in continuous contact with at |east a 15
coptairingthedt lddstors proasion 60 pid J0R @eid dody 4 ascfasiened to provide
extend beyond the area of the interior volune 17
a gressure-tightopridirtigttseble a&iveohtd ip openadsioatiowiforthe Aowinhaa inert
14, and sidewall 16 are fastened to provide a
capriez gas teoughy it shiapeditulie ti#k arskiato. interibreolasge il $3.0pdweating gource
allow for the flow of an inert carrier gas through
such as bratipgneartitges)istusbe teBring the iprecursonmaterial tossublimatiary .
A heating source such as heating cartridges is used to
tempenature laed foraca pecursorgas. | Hie inert 2@rieudds crnobines with the
tenperature and forma precursor gas. The inert
precursoreyas gaformdh pressrsar-containing fluidestreaso r Theapretwrsénpeantaining
the precursor-containing fluid stream The precursor-
fluosttesirmpasges throdgrssepasatoptiss optiantal staipess steepfrit 230,zand fluid
through in-line filters 30 and 32 to a down stream
outle bt Rtbiacdowiestreaen prodhction device such s aceantibe charvber dsed for thin
thin filmdeposition. [0045] In yet another
filrerdepdsitiamt , t he nmet hod i ncl udes introducing a
precursor 25 material through fill port 108, such as a
[0848]i dTherveseelsand methed willl be illustratedie mane defaid withaeferance to the
113 of vessel 100 wherein the solid precursor materi al
folowingExamples, bt it showd peaindestondshat-tie p@seatdmrentionis rat 2eemed
that extend into the | ower volune 119. It is
to pedifrited theretohat t he precursor material is filled to
the point where it is in continuous contact with at
| east a portion of the at |east one protrusion 101
and does not extend beyond the area of the | ower
vol une 119 contai ni ng t h€&Examplesast one protrusion
101. Lid 102 and body 104 are fastened to provide 5 a
[0p4 A s SThessdlid gphécuesor Aafniung bihlosds{HfC\/pvasinirbOudes! iolpenessel
to allow for the flow of an inert
described herein and heated until it reached sublimation. A carrier gas, nitrogen, was

introduced into the vessel at a flow rate of 1,000 sccm. A similar quantity of the
precursor was introduced into a prior art quartz container. The prior art quartz container
did not have protrusions that contacted the precursor material. In Figures 8 and 8, a 80g
amount of precursor material was heated to 160°C and 180°C, respectively, usinga 5
second pulse and flow of 0.5 liters per minute (LPM). In Figure 10, the diamond, square

and triangular data points represent data obtained using a 500 gram fill heated to the
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carrier gas through 'T' shaped tube 114 and into
interior volunme 113. A heating source such as heating
cartridges is used to-bring the precursor naterial to
sublimation tenperature and forma precursor gas. The
inert carrier gas conbines with the precursor gagzdfzp USA
formthe precursor-containing fluid stream The

follpmérg iccnnlitioosiMadr @j Hgecbddpulsedant 0.6 MM 466G, 2 $rcong pulse, and 1
separator 118, optional stainless steel frit 120, and

LPM, @ind 160tC¢,| Sesechbid ptise sarsiohh LEM, ceapeptivelitict i on devi ce
such as a reaction chanber used for thin film
deposition. [0046] The vessel and nethod will be
illustrated in nore detail with reference to the

[0048]| (igurg 1Mshows aspetific einbodiment of the lidirilet andbadlet akthe present
the present invention is not deened 15 to be limted

invenéore vesseEXGIyshesing ig0sidgwathtD4shaving iptesnsli fiss i 0 hamchfugter
chloride (H C4) was introduced into a vessel

hasiiagdié bipmbrtiprébn Peemirste aawe te arddéd threughdiigieed 108. A separator
sublimation. A carrier gas, nitrogen, was 20

120nsuahchscefitter Tnemblaney it eesdimilar parfdr segregatingodevicensits on the
sccm A simlar quantity of the precursor was

uppsat iptEefdhe sidewall H04.okid 402 hgsanupperalme i 7 iMwhich the inlet
prior art quartz container did not have protrusions

110remid the butattidd teringte.cThe et 1n@hes aglassdge Filghainengtrates the
and 9, a 80g anount of precursor material was heated

lidt1921:5d GasHididl@PBe ctionspdially tosdnyinletigiengm 208 cowcang a cylindrical
pul se and flow of 0.5 liters per mnute (LPM.

body giekieto 1k lolvee sutfaoemt the ls:qu‘ﬁ\eenlesplanmntZOEa:ngldlmrcoaatr@p’ted of
poi nts represent data obtained using a 500 gramfill

thiaeamedn4teridiéiof construdind 28Rk litSand indattpeamige swindégralpest of the lid
180C, 5 second pulse, and 0.5 LPM 160C, 2 second

orfideparat@ BémpondrPidstened td 6@Aid ib any obtheé noohaldechniglies, such as
LPM respectively. [0048] Figure 11 shows a specific

weldihg ot ordfictiohel drigagemante tTharinletplenurn 262 has an pleayenehamber
5 invention vessel 100, showi ng the sidewall 104

2raviatngpens idewnakrdly towvafdthe zeparatort1B@ and ipeafenablytitietionpliyengages
lip 106. Precursor can be added through fill port 108.

thé separatont! 20 so that carrier gas entering the inlet 110 is forced to pass through the

separator 120 downwardly into the precursor material. This causes intimate mixing of
the carrier gas and the solid precursor material and the evolving precursor transitioning
into the vapor phase.

[0049] Carrier gas with fluidized precursor, preferably vaporized, ascends from the
lower volume of the vessel 100 below the separator 120 and passes through the
separator 120. By passing the carrier gas down through the separator 120, entraining
the precursor and passing back up through the separator 120 before dispensing assures
that solid precursor does not leave the outlet with the dispensed precursor product, nor
does the inlet face potential contamination in a backflow situation. The outlet 112 has a

passage 212 which passes through the lid 102 and its inflow end in the upper volume
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120, such as a filter, nenbrane, frit or simlar
pl anar segregating device, sits on the upper lip 106
of the sidewall 104. Lid 3102 has an upper volunme 117
in which the inlet 110 and the outlet 112 term nate.
The inlet 110 has a passage 210 that penetrates t
lid 102 and has fluid connection radially to an i Efmg&': USA
113leadsin 200 shaped prfice 14 hayingriee icpaminghigdeceiv thetaarmigrgas and
| oner surface of the lid. The inlet plenum 202 coul d
précurgapsodust tockk disperskd. Theropenings havesa slanted senfigumtiopthat
as the lid and in fact, can be an integral part of the
allbwsl theosutlat toeyEaplates muyrploadmto thednnen eifcuroferandial suifaice of the
any of the normal techniques, such as welding
uppet vdluge of therlidenddinenbreenf ifagerveture. Theeslantiedtcopfi gmatmnzﬁ the
has an pl enum chanber 15 217 that opens downwardly
outlettdr dhaped wifipaRid srbesPdewed indrigireri2ol y fri cti onal |y
engages the separator 120 so that carrier
[0@50] e rRigure 1Reshows ¢he dribodimentof Figure 41,Jasking up etjtg\n lid @2 from
separator 120 downwardly into the precursor nmaterial.
beliw wherathe baseandrsidewati ¥04nare ositiomes. CEherinlet 1 ffhgndithe inlet
the solid precursor material and the evol ving
passage.2 Konadiatlyosninectswitiothe iiniétplerium 20 and pamfaw copmunication
[0049] Carrier gas with fluidized precursor,
withr tbé pemychaaber 212 2dTha S ehdped orifice 24 of thevarlet/ b1 isshown with
of the vessel 100 bel ow the separator 120 and passes
the Blanieghopehiags stibarcatietthatznfdBy gioselyi to ghe iheerccircuiméerential
down through the separator 120, entraining the
sufaex offthelid d08. passi ng back up through the separator
120 before dispensing assures that solid precursor
[0051s Figure 18ahews adiffarentesonfiguratianef thie epbodiegnpofdiguredn and
product, nor 25 does the inlet face potenti al
12c Aintedlidti hastriob heemillastizdad$d that thietcorbeation ofithe inlat 1 H toxhe inlet
has a passage 212 which passes through the |id 102
plemuih 202 cambé seerewith the axiat compeetiorvof therinlet-paSsayga(2IBAP the inlet
USA 117 ends in a "T" shaped orifice 214 having two
plemenRo2)sThesidewall 104 ofitee vessel isishgas with e dgpiationofthe upper lip
product to be di spensed. The openi ngs have a sl anted
106 wHeirg) theadeparatorheduld edsideyalthidugh oot illestrated indhiplvieme dThe “T"
very closely to the inner circunferential surface of
shiaped orifiec?14vie Bhoven tivardthelside afrioke inked plenomo202. tibultimately
curvature. The slanted configuration of the
communicates to the outlet 112. The port 108 is also illustrated.

{0052] The separator can be any planar separator as described above, but one
embodiment could be a 3.9 inch diameter 316L stainless steel filter disk fabricated from
porous sheet material having a thickness of 0.047 inches, and having 99.9% efficiency
for particles of 0.7uM size, 99.0% efficiency for particles of 0.35uM and 90% efficiency
for all particle sizes, and with a bubble point of 2.0-2.5 Hg.

[0053] The embodiments shown in Figures 11-13 reduce the variability rate of delivery
of precursor entrained from the solid in the vessel by redirecting flow to more thoroughly

sweep the volatilizing precursor from the precursor solid. By passing the carrier gas
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5 outlet "T" shaped orifice 214 is best viewed in

Figure 12. [0050] Figure 12 shows the enbodi nent of

Figure 11, |ooking up-at the lid 102 from bel ow where

t he base and sidewall 104 are positioned. The inlet

110 and the inlet passage 210 radially connects W

the inlet plenum 202 and has fl ow comruni cati on W@%BZP USA
doimethrmiugh time sepsandder arkilFack Tipdhrouigh ecgeparaton wharethe £arrisr gas is

the outlet 112 is shown with 10 the sl anted openi ngs
sabfrated evithudréaursarhthis erobddimemtoireasits/enteainmentiofi particles or solids

circunferential surface of the lid 102. [0051] Figure
frah8 ashsowce, intlddirg thetsolid pfecyrsonitsein This emkodimbolcalsmaliows the

of Figure 11 and 12. The lid has not been illustrated
vesseltihbe ptaced aodifierent aientstions fomnipsightiduging dranpeort andhandling

pl enum 202 can be seen with the axial connection of
withoet hanling a detsiswegtal 2fféctton particla generatih qpipluggingxd the imied or outlet.

sidewal | 104 of the vessel is shown with a depiction
[0034]t Hhilpiherinvention hSbedredesctibed inaletailzndrwithoefatence to specific

reside, although not illustrated in this view. The "T"
exahmpiesdhenedf, itodll Bé apparesttowone tshilled i thé artdhateyadéus ¢hanges and

inlet plenum202. It ultimtely conmunicates to the
modifidatibngd ¢4h bd hmadp dhereih@8thost depsding ftans thesspird anfl 80& thereof.

The separator can be any pl anar separator as descri bed

above, but one 20 enbodi ment could be a 3.9 inch

di ameter 316L stainless steel filter disk fabricated

from porous sheet material having a thickness of

0. 047 inches, and having 99.9% efficiency for

particles of 0.7NM size, 99.0% efficiency for

particles of 0.35pM and 90% efficiency for al

particle sizes, and wth a bubble point of 2.0-2.5 Hg.

[ 0053] The enbodi nents shown in Figures 11-13 reduce

the variability rate of delivery 25 of precursor

entrained fromthe solid in the vessel by redirecting

flow to nore thoroughly sweep the volatilizing

precursor fromthe precursor solid. By passing the

carrier gas -16 07028ZP USA down through the

separator and back up through the separator when the

carrier gas is saturated wth precursor, this

enbodi nent prevents entrai nnent of particles or solids
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fromany source, including the solid precursor itself.
Thi s enbodi nent also allows the vessel to be placed
in different orientations fromupright during
transport and handling 5 wi thout having a detrinental
effect on particle generation or plugging of the |
or outlet. [0054] Wile the invention has been bﬂh%tzp USA
descri bed in detail and wi€bAIMS erence to specific
exanpl es thereof, it will be apparent to one skilled
i h tAheesaeltfot tontveying Rqguacucsairegatiningifiuidsinesrm fram aprecuesar
be nmade therein wi thout departing fromthe spirit and
smefesiat dontaodd withid theOwes2dlZthelygssel CombNgEng:. A vessel
for conveying a precursor-containing fluid streamfrom
a pr ecur snrinteriort \valunaé whereireihe dntervrivielume issegmented intplaa upper
vessel conprising: an interior volune wherein the
i valieme and adbwerevolisne sdneesin ¢k uppeo velume@pdithe Bwes vale are in
and a | ower vol une, wherein the upper volune and the
| ik comoiunitatiar and the Idweri wblurmecantaios thequiecaunsorirnatetialive r
vol unme contains the precursor material; alid
conpri si rgidecanhprisohgiafiuid ineh mbichdiineetstat least drencarriengas into the
carrier gas into the interior volume of the vessel, a
f intaridr valtinetof thenessel, a fitid ootiét, and ars mterhalirecessavhdrein st least a
a portion of the upper volune resides within the
i paréomal the @pparsvolubfe eesitied swithin the intémgl ranesspper i p
wherein at |east a portion of the upper lip contacts
the 1id; asidepall having amuppeydipedhebain ableastiehportioniobthd upper lip
the sidewal |l wherein the separator resides adjacent
t ¢ontagipthe fidi p and segnents the interior volume into
the upper volune and a | ower volune; and 15 an inl et
pl enum i ra deparalordnternosed aeiveenie lid ambthilsidesvall wherein the
havi ng a pl enum chanber opening towards the separator
t sepdiratecreskies adjacéridisd uppes lip and isegmegts thehintarigh voluime into the
separator and towards the precursor material. 2. The
vergee volofmecdra atoverbalueeariche i nl et plenumi s
di mensi oned to contact a | ower

an inlet plenum in fluid communication with the fluid inlet having a plenum

chamber opening towards the separator to direct the at least one carrier gas through
the separator and towards the precursor material.

2. The vessel of claim 1 wherein the inlet plenum is dimensioned to contact a lower
surface of the lid and an upper surface of the separator to preclude the at least one
carrier gas from bypassing passing through the separator.

3. The vessel of claim 1 wherein the inlet plenum is a part of the lid.

4, The vessel of claim 1 wherein the inlet plenum has a cylindrical shape.
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20 surface of the Iid and an upper surface of the
separator to preclude the at | east one «carrier gas

from bypassi ng passing through the separator. 3. The

vessel of claim1 wherein the inlet plenumis a part

of the lid. 25 4. The vessel of claim1 wherein thepaszp USA
i nlet glenun1has a cylindrical shape. -18 07028ZP USA

55. TheThevesse! oficlaimaA whereinribe plenumichapibenbas @ Byingagal shape of
has a cylindrical shape of smaller dinension than said,

i nl et phallensimensiqs than agid dnlet plemen, semppising alischarge grening for
at least one carrier gas. 5 6. The vessel of claim1l

wher ei ietah eastpnrg earoer a@snprises a filter. 7. The

vessel of claim5 wherein the separator covers the

entire discharge opening of the plenum chanber. 10 8.

The vessel of claim7 wherein the separator separates

the prEheivessel ofelaimi lavherpin thesepasalor compprifes filie t he

fluid outlet. 9. The vessel of claim1l wherein the

fluid outlet conprises a passage that is "T" shaped

at its inlet end. 15 10. The vessel of claim9 wherein

t he i nTke veasgkofslaimifewherainghe gepasatoneaversiferrntigsdiseharge

an angle in relation to the cross-section of the
passagepening ofthe pleaymcihagbes| ai m 10 wherein the fluid
outl et openings having an angle are 20 positioned so

that a plane formed by the angl ed openings is
substantially tangential to an inner surface of the _
upper Ve vessebsf daim 7 wiereinzhe yepargtos separates eprapursor material
wherein the fluid inlet connects to the plenum chanber

axi al | ip the lowes veluge frgm thedluichowtiet.pl enum 25 -19

9. The vessel of claim 1 wherein the fluid outlet comprises a passage that is “T"

shaped at its inlet end.

10. The vessel of claim 9 wherein the inlet ends of the fluid outlet have openings

at an angle in relation to the cross-section of the passage.
11. The vessel of claim 10 wherein the fluid outlet openings having an angle are
positioned so that a plane formed by the angled openings is substantially

tangential to an inner surface of the upper volume of the lid.

12. The vessel of claim 1 wherein the fluid inlet connects to the plenum chamber

axially to the side of the inlet plenum.

-19 -




10

15

20

07028ZP USA 13. The vessel of claim 1l wherein the

fluid inlet connects to.the plenum chanber axially at

the center of inlet plenum 14. A nethod for

di spensing a precursor-containing fluid stream

conprising a 5 gaseous phase of a precursor fronyfsagzp USA
vessel, the nethod conprising: providing a vessel

ht&i ngThevéssekefiaaimviovhgreingbefluid inletgoaneasia-thgmipram chamber
upper vol unme separated by a separator wherein the

vessel axialymtithaeeenter dfinfetipderiuny  an inlet with an inlet

pl enum havi ng a pl enum chanber and an outl et having a

"T" shaped orifice; a sidewall having an upper lip
wherein at |east a portion of the upper 10 lip o

cbht ok methdador dippensinga precerscoenndéainiog fluid strgams¢aeakiging;a

i ntroducing at | east one carrier gas into the vessel

t paseoys phase ofrd mecursprdram a vessel.dhe meshad eomprising: i er

gas is directed by the plenum chanber of the inlet

pl enum i previdlogaweasse! hadng an interipn volumeseopearigingra lower and an
wherein the at | east one carrier gas and the gaseous
phppse volumetsepprated by a separator wherein thevessel somprises: a lid having
stream and 15 renoving the fluid streamfromthe

vars indst withramuolet pleeurs dpeing a@ienumichanaberamd agwgeichaving a “T"
orifice outlet and dispensing it to a downstream
dshepedtorifice; sysidesvall heSing Encuppet kehereincitigast aportiesrat the upper
the at |least one carrier gas flows fromthe inlet

alip eoritycts thtediptane 4 basetcophestedrio the sidewalthe et hod of

claim 14 wherein the at | east one carrier gas flows

f r om t he intradueingrah thiast one ¢antier gasdntp thevessethraugh ttppinlet

wherein the at least one carrier gas is directed by the plenum chamber of the inlet

plenum in a downward flow through the separator wherein the at least one carrier

gas and the gaseous phase of the precursor combine to form the fluid stream; and
removing the fluid stream from the vessel through the separator and the

“T” shaped orifice outlet and dispensing it to a downstream deposition system.

15.  The method of claim 14 wherein the at least one carrier gas flows from the

inlet axially into the inlet plenum.

16.  The method of claim 14 wherein the at least one carrier gas flows from the

inlet radially into the inlet plenum.
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