TI TLE OF THE | NVENTI ON: Met hod and Vessel for the Delivery of Precursor
Material s CROSS- REFERENCE TO RELATED APPLI CATI ONS [0001] This application
clainms the benefit of U S. Provisional Application No. 60/496,187, filed
19 August 2003, and U. S. Provisional Application No. 60/587,295, filed
July 12, 2004. BACKGROUND OF THE | NVENTI ON [ 0002] Deposition processes such
as, for exanple, chem cal vapor deposition and atomc |ayer deposition
processes, are used in one or nore steps during the nmanufacture of a

sem conductor device to formone or nore filnms or coatings on the 5 surface
of a substrate. In a typical CVD or ALD process, a precursor source that
may be in a solid and/or liquid phase is conveyed to a reaction chanber
havi ng one of nore substrates JOTERORTHE NMVENTIOMere the precursor reacts
under certain conditions such as tenperature or pressure to formthe
coating or filmon theishdsandVessslifdr tiseDejWe@dps PrébemcaMsateriald precur sor
material is used in a CVD or ALD process, the precursor 10 nmaterial is
typically heated in a separate chanber such as an oven to a tenperature
sufficient to forma gas, which is then transported, typically in
conjunction with a car GROSSKREFERENCREO RECATED APRIICATIONS sone

i nstances, the solid precursor nmaterial is heated to its gaseous phase

Wi thout fongdewg arid BbRicaRsH Sthiths thel beAefMRALKS . ProesisaporpptiestioarNaf a solid
precursor rmaterial presents difficulties in generating and conveying the

precursor Koy apnisy fieAd ovaRREt 2003, BRd LB &C PravisicradAbplicatior Wol 66587,295, filed
difficulties encountered include, but are not limted to, deposit buil dup

w thin the M@Sﬁelzoox_apori zer and/or delivery lines; -1 condensation of
| i quid- 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 chanbers. These

difficul'ties muy result in epgherReFEOUND OF THE INVENTION
[0002] Deposition processes such as, for example, chemical vapor deposition and
atomic layer deposition processes, are used in one or more steps during the
manufacture of a semiconductor device to form one or more films or coatings on the
5 surface of a substrate. In a typical CVD or ALD process, a precursor source that may be

in a solid and/or liquid phase is conveyed to a reaction chamber having one of more
substrates contained therein where the precursor reacts under certain conditions such as
temperature or pressure to form the coating or film on the substrate surface.
[0003] When a solid precursor material is used in a CVD or ALD process, the precursor

10  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 solid 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-

15  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;
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"down tinme" of the production equipnment to renove liquid or particul ate
matter and may 5 al so produce relatively poor quality deposited fil ns.

BRI EF SUMVARY OF THE | NVENTI ON [ 0004] A vessel and nethod conpri sing samne
for the production and delivery of a precursor-containing fluid stream
conprising the gaseous phase of a precursor material 10 is disclosed
herein that satisfies sone, if not all, of the needs of the art.

Speci fi cal | yondeRs4tite A%igeiat or doli@phase matarial withinahe/ esxssel, vhpsrizeoandliyi ng a
precursor-containing fluid stream froma precursor conprising: an interior
vol umre wher @diReiyiRiel foRhatdh of OddkiBpsts” wRiEiE tReinieior oitthe aBsdah@d inangisterand a
| ower vol ume wherein the upper volune and the |ower volune are in fluid

conmmuni cat i @por folvitél d6WARFdafi RAcEor Entintbdre)l Ehesexdifficuitiss MY Iresult inBxtbhded
optional fill port, and an internal recess wherein at |east a portion of
the upper VebWARimd" P tHroddtiBh RqlipenbicrieRive GBS paicGlaftanaitér dnatmaposed
between the Iid and a base; and at |east one protrusion that extends into
the | owey VvOLYBRIWBE FtativelyRoPhBSIHY 88P0ditad ilns.contact with the at [east one
protrusion and wherein thé at |east one protrusion extends from at |east
one selected fromthe lid, the sidewall, the base, and conbinations
thereof. 20 [0005] In another aspect of the present invention, there is

provided a vessel for convegdpg suNRRY GPTHEORVENTION fluid stream froma
precursor conprising: an interior volune wherein the interior volune is

and the. | oD oo N e R e e oA e et o Tl
the vessel PR fFE GrliinRat REEr R ElnglRe paiche'alitss B £bleRUptPhiar’ 20
havi ng 8 pi tPRFPESE erefPhTTLR Site ¥ Actall SR hERRT e AR PREAY Fouer
cont act ot HEAHBEL eI daRR s Fhoscf B koRidiiq HRclsol ARG T ttam

s dewal | WASE 8l e d i r R RBHERG! arl ARdrP Foltink WHbréiRthd RFor L4iBm@H! Segment s

the interior vollune 1n
segmented into an upper volume and a lower volume wherein the upper volume and the

lower volume are in fluid communication; a lid comprising a fluid inlet, a fluid outlet, an
15  optional fill port, and an internal recess wherein at least a portion of the upper volume
resides within the internal recess; a sidewall interposed between the lid and a base; and
at least one protrusion that extends into the lower volume wherein the precursor is in
contact with the at least one protrusion and‘wherein the at least one protrusion extends
from at least one selected from the lid, the sidewall, the base, and combinations thereof,
20 [0005] In another aspect of the present invention, there is provided a vessel for
conveying a precursor-containing fluid stream from a precursor comprising: an interior
volume wherein the interior volume is segmented into an upper velume and a lower
volume wherein the upper volume and the lower volume are in fluid communication; a lid
comprising a fluid inlet which directs at least one carrier gas into the interior volume of
25  the vessel, a fluid outlet, and an internal recess wherein at least a portion of the upper

volume resides within the internal recess; a sidewall having a plurality of protrusions that
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t he upper volume and a | ower volune. 5 [0006] In a further aspect, there is
provi ded a vessel for conveying a precursor- containing fluid streamfrom a
precursor conprising: an interior volune wherein the interior volune is
segnented into an upper volune and a | ower volune by a separator and
wherein the upper volunme and the | ower volunme are in fluid communication; a
lid conprising a fluid inlet which directs at | east one carrier gas into

the interi osxtyed tharsfim o thaGowesiRimé BRO UG pper'lip wisdraiped dasbe potiohl otk
outlet, and an internal recess wherein at |east a portion of the upper

vol ume 1 esi gigser ib tbhtactsBe lidtaddedepaRaesiterfoset BRWaddn 1Ak lidahgthe $igewdip | i d
conprising a plurality of protrusions that extend therefrominto the |ower

vol une  whepgréminthe Is@é‘a%to‘? R&sidds WitHin Heliphlet fiya®d s&grRé ity SheoRtoriBRGolamauntbace
that is non-reactive to the precursor material in contact therewith; and a

heating SOUKEQp E:S'ra\?olurﬁe bAd AJow&rUBmeation with the interior volune of the
vessel wherein heating source heats the precursor to a tenperature

suf ficient fBed1or M4 fiRner é‘sfp%\&/ts g{er&%rﬁréhaéc!‘g vbisd| %r%h@é\m a pRRYALrI N

anot her aspect,” there 1Is ed a nethod for deliveri'ng a precursor-

cont ai ni ng Jdnwtﬁ*nirgﬁﬁ%ﬁﬂwm% &:lﬁs&% H§|nghﬁ§ﬁnté?for@olﬂﬁﬁ%e?é’ih the

conpr|S|ng Intr ucing the precur sor I nterior volunme of a vessel

conpri sing iaieRaskidHe @%ﬂéﬁ%m?& an Gﬂ:% vgfﬂlﬁeoéﬁ?:fé Wl Vol b rﬁ@@&ﬂ&o* nto

the interior vol une whe prec rsor 1s 1n contact wt he at | east

one pro””dn%rbrheq'eﬂrtﬁéﬁ &v%ﬁmféﬂucﬁt glv&rq}mfnllébfégnf@ édﬁlllﬁ&nlcﬁl%noé'tilaet

and an opt i ona ' 'ne | I'ter downst r eam of e out

shrevall c%ﬁ'?p?%h?% Ith,ﬂ@ u’llét%h\féﬁ éﬂretcﬂi atq@ass? Pn?Eer@r g?@ toSfPIWér:ﬁt@ricsmqunHé of N

conmmuni cati 0 nterior vol ume o e ve applyi ng energy to

the Neah SSHE §&s trbdd A‘IT'-tsﬂa.E f.BE maoaﬂaegh@anhﬂérﬂaﬂfecé&wgrsmtgtsOr
dt a

cont ai ereln, OdUC tarrier gas I n t he vesse

downward difeLe oat%ﬁh 35 B A Bch e g
BRAPROIR' 5 B % ﬁfsmad]gpﬁxpa%tyggfsp?&%imatﬁﬁ Slerdd WeRIRHH i the AN furtd

formthe fl
wherein at least one of the plurality of protrusions has a surface that is non-reactive to

the precursor material in contact therewith; and a heating source that is in

15  communication with the interior volume of the vessel wherein the heating source heats
the precursor to a temperature sufficient to form the precursor-containing fluid stream.
[0007] In another aspect, there is provided a method for delivering a precursor-
containing fluid stream comprising a gaseous phase of a precursor comprising:
introducing the precursor into an interior volume of a vessel comprising a base

20 comprising at least one protrusion that extends into the interior volume wherein the
precursor is in contact with the at least one protrusion; a pressure sealable lid comprising
an inlet, an outlet, and an optional in-line filter located downstream of the outlet; a
sidewall connecting the lid with the base; and a heat source that is in communication
with the interior volume of the vessel; applying energy to the heat source sufficient to

25 form the gaseous phase of the precursor contained therein, introducing at least one

carrier gas into the vessel through the inlat wherein the at least one carrier gas flows in a
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and delivering the fluid streamthrough the outlet to a downstream
deposition system [0008] These and ot her aspects wll becone apparent
fromthe following detailed 5 description. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0009] Figure 1 is an expl oded side view of one enbodi nent of the
vessel disclosed herein. 10 [0010] Figure 2 provides an assenbl ed side
view of the vessel of Figure 1 illustrating the interior volune. [0011]

Fi gure 3 i sloamvasddizection andegaist the sidaveiirad theadvessdewmagreindhel ablasst anesenbl y
of anot her enbodi ment of the vessel disclosed herein. [0012] Figure 4 is a
top vi ew ofcatriee gantangd it gakesiud @hasd ofithd prarsies cnsgmibrinieyto ddrnHihg dlue Streant5
[0013] Figure 5is an isonetric view of a renovabl e base of one enbodi nent
of the preserdeliverirgrthe dnidistretmctbrdughribe aulfdt de aldotvystodanp depasititinogysteni.0014]
Figure 6 is an exploded isonetric view of one enbodi nent of the vessel

di scl osed ed@d]n THeak andrtiedraspéeta v becante agpgesnt float thafallowirgpddtaited nto t he
vessel. [0015] Figure 7 provides an expl oded, isonetric view of another
vessel @i selegsiliodD herein wherein the protrusions are "fin-1ike" and
extend fromthe sidewalls. [0016] Figure 7a is an expl oded, isonetric view
of the Iid of the vessel in Figure 7. [0017] Figure 7b is an assenbl ed,

I sonetric view of the lid of the vessel in Figure 7. [0018] Figure 7c is a

top view of the |id of theBRIEFBESCRIFTIQW ©F THE ORAINESJure 7d is a m xed
el evation cross-sectional view of the lid of the vessel in 25 Figure 7.

[0020] Fi ggwosie Fii%lr@"l i§%RleRpiBded bRIBVRIW bCond difbatfiméhtcof Binslyesat| dibdosmssel

in Figure 7. -4 [0021] Figure 7f is an exploded, isonetric view that shows
the rel ati gagdiy.p between the separator and the body of the vessel in

Fi gure 7.

10 [0010] Figure 2 provides an assembled side view of the vessel of Figure 1 illustrating
the interior volume.
[0011] Figure 3 is an isometric view of an integrated sidewall and base assembly of
another embodiment of the vessel disclosed herein.
[0012] Figure 4 is a top view of the integrated sidewall and base assembly of Figure 2.
15  [0013] Figure 5 is an isometric view of a removable base of one embodiment of the
present invention that contains a plurality of protrusions.
[0014] Figure 6 is an exploded isometric view of one embodiment of the vessel
disclosed herein that contains heater cartridges that are inserted into the vessel.
[0015] Figure 7 provides an exploded, isometric view of another vessel disclosed
20  herein wherein the protrusions are “fin-like” and extend from the sidewalls.
'[0016] Figure 7a is an exploded, isometric view of the lid of the vessel in Figure 7.
[0017] Figure 7b is an assembled, isometric view of the lid of the vessel in Figure 7.
[0018] Figure 7c is a top view of the lid of the vessel in Figure 7.
[0019] Figure 7d is a mixed elevation cross-sectional view of the lid of the vessel in
25  Figure 7.

[0020] Figure 7e is an exploded, isometric view of the body of the vessel in Figure 7,
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[0022] Figure 7g is a top viewillustrating a separator that is interposed
between the body of the vessel in Figure 7 and the |id (not shown). 5
[0023] Figure 8 is a graph illustrating the relative delivery rate vs. %
charge remaining for a vessel described herein and a prior art vessel
using a fill of 80 granms of precursor and a tenperature of 160C. [0024]
Figure 9 is a graph illustrating the relative delivery rate vs. % charge
renmai ni ng foor1j Figaself islas explbeéet, hsomestric diew thatshionrs the telatisnship bebyern

fill of 80 grams of precursor 10 and a tenperature of 180C. [0025] Figure
10 is a gragdpardtbusid ihkibady bhthenvelsatliiv Eiglled Tvery rate vs. % vessel life for
a vessel described herein using a fill of 500 grans of precursor. DETAILED
DESCRI PTI ONoGz2]T HEiglLiRVEINE 1 aip Vievf NI0sAHting avsepamitorftbat it irderpapat batweentheof a
precursor material, particularly a solid precursor, and a nethod

conpri si ng mfaﬁ@vé‘bs%clhcﬂmﬂe eirelithe lidrmtekes®. is typically constructed
of a vessel having a base, lid, and sidewall that define an interior vol une
to contsi nobPs PFigae SRIa gﬁbﬁilluairatlridnaa relpla deivergmatefvsheathargd renpaigiogr sor
material may transformfroma solid and/or |iquid phase to its gaseous

phase. The ggf ﬁQHﬁﬁHe@@Fﬂ@ﬂlhél’eerQndTalpnbEa@véiéell dsingd/fittrof 80 lgramns of prExurspd es
of precursor materials that may be used in the vessel include, but are not

limted to,afl ARIAPLrativisemong, trinmethyl alum num (TMAY), hafniumchloride
(Hf C14), zi rconi um chloride (ZrCl4), indiumtrichloride, alum num

trichlori degpbd]t et d BH Dtge h tlmmtr@rthsMMydenva@(raBMsZ% Eagalienpdiniag oy
nmet hanat o strontlum(Sr W TiO(DPM 2, tetra di pival oyl nethanato

zi rconi um (ggF £ %M#Hesc%ﬁe@%?éﬂ%ﬁd‘& priBP4© VesIERASIRG b YRNof B@IgkdntTof draelirsen
antinmony, copper, phosphorous arsenic, lithium sodium

tetraf ligor oy At ‘?r?per {0RY SrgBoec Precur sors i ncorporating al kyl- -5 amidinate
| gands organorreta I c precursors such as zirconiumtertiary butoxide (Zr

(t- OBu)4), Jo Ef%’] ﬁr@.' 2%l rﬁgﬁﬂ‘fﬂﬁéﬁﬁﬂﬂ'thﬁ%ﬁéfv@ Nglifarf kate vs. % vessel life for a

t et raki sdi ohaf niu
vessel described herein using a fill of S00 grams of precursor.

DETAILED DESCRIPTION OF THE INVENTION

15  [0026] 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

20 may be a solid and/for a liquid. Examples of precursor materials that may be used in the
vessel include, but are not limited to, dimethyl hydrazine, trimethyl aluminum (TMA),
hafnium chloride (HfCl,), zirconium chloride (ZrCl,), indium trichloride, aluminum
trichloride, titanium iodide, tungsten carbony!, Ba(DPM),, bis di pivaloyl methanato
strontium (Sr{DPM),), TiIO (DPM),, tetra di pivaloyl methanato zirconium (Zr(DPM)4),

25  decaborane, boron, magnesium, gallium, indium, antimany, copper, phosphorous,

arsenic, lithium, sodium tetrafluoroborates, inorganic precursors incorporating alkyl-
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(HF(NEt2)4), tetrakis (dinmethylam no) titanium (TDVAT), tertbutylimnotris
(dei thylam no) tantalum (TBTDET), pentakis(dinethylam no) tantalum
(PDVAT), pentakis 5 (ethylmethylanm no) tantal um (PEMAT),

t et r aki sdi net hyl am nozi rconi um (Zr (NMe2)4), and hafniuntertiar ybut oxi de
(Hf (t-OBu)4), and m xtures thereof. [0027] In one enbodi nent, the base, the
sidewal I, and/or the interior surface of the |lid of the vessel have at

| east one piAldinasd ﬁgandg\mrﬁhwrétemdprecnmrs bigch 4 Arconiumvieitiane batoride ¢anttact s
t he precursor materi al e at least one protrusion may aid in transferring

the 10 heatogiy,pesthakidcititiyidhiRoBiFcR@lins @r(NELGY, tetlakistRtiganiaohafdiument ,  an
I nert carrier gas such as, for exanple, nitrogen, hydrogen, helium argon,

or other ga(ﬂef(m?z)!)' @wa.sr(mwmna.h@ tuthﬁimr(rrgMArgl erBuBNeireaEdsits amhinb) t he

gaseous phas he precursor material to provide a precursor-containing

gaseous st rgaEym (‘TEﬁf@EheFerﬁﬁl@@@in‘i@tﬁ&lamﬂw\}%ﬂammﬂmmm p&reskis al one or in

conjunction wth the inert gas, to wthdraw the precursor-containing 15

gaseous g S” ﬂmrﬁét hga ) Y6 (PEVR r@wmwmwmnahazufwnm&sa@w@zwm may

be then |vere wnst ream producti on equi pnent, such as,

exanpl e, ﬁ?ﬁﬁﬁﬁ Blhlaff‘a@gHﬁ%BGﬁP%u%mresﬁh@mwsSel may prow de for a

COI’]tI nuous oW O ecurso cont'al ni ng gaseous stream whi | e avoi di ng

_cot d.spat S %*b%@ SRR, bk bUR8RIRWER, ardt tRORMARF 3Liaxe Tiiny APOT S

contalned he vessel may al so provide a consistent 20 and

reproduci b l St tltné 9¥\§seﬁl§aﬁ/e ﬂ%ggg?%?%sﬂqv\ﬁmﬁg%%s fn®d tHd iNBFibRJoturdé and

nanufacturlng processes Igures 1 and provi de an expl oded si de

vi ew and erﬁ:@?ac?fﬁ:\te P08 rs of nalr?ﬁ@%ﬂe’agﬁér}éa;%@{rfﬁmrrf’ag*%‘ﬂﬁji'nrf%gfe‘?ﬁngtlfH@

vessel of t zsentinven wher el n east One protrusion

ext endsli)l(‘) ﬂh\# agecl?ﬁshftaQliezﬁljagur\églsﬁlg%zlal. Nn c?'nglérnfb%d%@rﬁdar?mehQ@rr}é‘?§§§5ua§ Is a

;ﬁgsig | ocat i a palr of seals 13
B s 1 B, by IR o SRS B o MR RIS 10
that vessel, mtengr vo?urﬁ 4Rs QOmL?n s with the gaseous phase of the precursor material to
provide a precursor-containing gaseous stream. In another embodiment, a vacuum may
be used, alone or in conjunction with the inert gas, to withdraw the precursor-containing
15  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
20  and reproducible flow rate, which may be advantageous for a variety of manufacturing
processes.
[0028] Figures 1 and 2 provide an exploded side view and cross-sectional view,
respectively, of one embodiment of the vessel of the present invention wherein the at
least one protrusion extends from the base of the vessel. In Figures 1 and 2, the vessel
25 is avessel 10 having a lid 12, a base 14, sidewalls 16, and a pair of seals 13 and 13

located near lid 12 and base 14, respectively. While vessel 10 is shown as being
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exanple, as a hollow square or rectangular tube. Seals 13 and 15 which may

be a seal, o-ring, gasket, insert or the |like my be used to all ow vessel
10 to maintain a vacuum or sustained pressure and may be constructed of a
netal or a polynmeric material. 5 Alternatively, Iid 12 and/ or base 14 may

be aligned onto sidewall 16 to forman airtight or pressure-tight seal
w t hout the need for one or both of seals 13 and 15. Lid 12 nay be

fastened ondubstditiaiy Eigmeridal GsHabe OtiBundbRtadAehat vedBEiandpbé shyed, id such as
a screwor pin as shown in Figure 1. In an alternative enbodinment, lid 12

may be fastgarshi® st hdllodesiate dbrettanQUENtUBE. O8RS 18N BOWRIES BRIYthd #seal,

conpl enentary recesses that align and 10 allow lid 12 to be fastened onto

si dewal | 16,.(ipgtga3ROMNsert thh%tiikUméMlEé (Y t6ENOW IVEBSHI 30 té hfdintdid a"B%ub® or

fastened onto Sidewall 16 through wel ding, bonding, adhesives, or other

means. Al i 0ERhikePpraSsurd ahd FHEYMY cdiBiudtBd UES Fhetfl P APelyIndticaRSterial | gnment
and fit between the |lid and the sidewall and/or the sidewall and base for

embodi lmlggt ipgv!gﬁtﬁ/elyt, g 192880t BadeeTPMabbe a|;§«gedm8%idewbﬂ1é2efobﬁ% difighfed

si dewa Iné an interior volune 17 contain the precursor

material . %’tgss"@e-tigﬁiss%a%ith&ﬂ%esﬁéﬁ fﬁ@éi}éoﬂ&tﬁ@b’sé&% £9BRd 1 5C1 R Dhap paEt 2l

or ot her erital “that can wthstan e operating tenperatures of vessel

10. In cer t@%@ﬂ%cﬁg@gqhﬂgi%ﬁaill "?’é tﬂrﬁﬁth@ oot hidte Mstdrets 12 sudtPaea LérevAdld

side walls m ca reactive to the precursor materi al

cont e ned, iFgEyoud EUEH. 0 S LBl YEDOSHAPDS s g

. t .
portion of base e wa y be y conducti ve.

Exenpl ary il 5 4 {)cl#éq gtéovebB5 c&ﬂ‘ﬁs{fﬁ@ﬁ 1t§ !::Slrrrg gf@ﬂ'leln&r} @eée@%é{i‘g?t %@Iﬂ;ﬂ'}ges S

steel, titanrum chron€, “zirconium ervi-ous” graphi enum
Cobe 1, AR B B2 S oAbt P
0oPe0 O SR8 b PP ORL P A O TR b oy | oot 2
various mtfﬁelzasnf %Eyn%%ntt ;5&19 Prio't‘ gﬁov?arrﬁ)ggabe ﬁééd’t%renshn%r};r%&'gliggﬂleﬁt anid/fit

between the lid and the sidewall and/or the sidewall and base for embodiments where

the base is removable.

15 [0029] 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 orin alternative

20 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
steel, titanium, chrome, zirconium, monel, impervious graphite, molybdenum, cobait,
anodized aluminum, aluminum alloys, silver, silver alloys, copper, copper alloys, lead,
nickel clad steel, graphite, a ceramic material, doped or undoped, or combinations

25 thereof. In one embodiment, at least a portion of the surface that contacts the precursor

may be plated with various metals such as titanium, chrome,‘ silver, tantalum, gold,
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platinum titaniumand other materials wherein the aforenentioned plating
materials can be doped or undoped to increase surface conpatibility. In

t hese enbodi nents, the plating nmaterial nay be non-reactive to the
precursor material contained therein. [0030] Lid 12 may contain a fluid
inlet 22 for the flow of an inert carrier gas or mxture 5 thereof and a
fluid outlet 24 for the flow of the precursor-containing fluid stream
Exenpl ary iggtidunt aitarien agdtiserinfsterialawhbeein therafohemedtio madoplatirgsrehtetidistdanough
inlet 22 include, but not limted to, hydrogen, helium neon, nitrogen,

argon, xenass ddgedraimdopéd tolTherk B e surfdreradafpatibitityc ém theisa eetbodithentsiitse t he
precursor-containing fluid streamis wthdrawn fromvessel 10 w thout the

aid of a cajsffy marsabby bahbarettive tathd pridLesa ngtedd] cdhtalredahéreal. , or
ot her neans. In these en¥)odi ments, inlet 22 and any val ves or structures

associ at ed hhgajeviith 2wy SRt fRibinlet R0 dorkRe fiow af 8 irdetaeica gabay migur il
port 26 for introducing the precursor material (not shown) into interior

vol une &7. theredt 4rfd BALid\dutle EIDRF HHEEMIVS of tAE @R BUPSDIF-cOBtaRigAuId sifedt.
introduced 1nto interior volume 17 through inlet 22, base 14 (particularly

in those erdodidEYtSenbsafisr RASS tHel mdy BEMBYARIR)int8ve8id1a0 tHraugmng 2pesi des

fill port 26. I'n Sonme enbodi nents, such as that depicted in Figures 1 and

2 inlet 2 : ' d h |
I nl et ﬁné}{ffedi%g& bﬁ:'%‘?‘%ﬁ?&%"?ﬁdﬁ“ RelMt, \HRSn 2itrédih, aRydhDRénoRC krybRn¢ent r o

the flow o vessel 10. Valves 23 and 25 nay be

manual , autoERELCiIHeR ﬂf erELRBbdifentd! :ﬁefﬁeédrkﬁ.&%imﬁ%ﬂ@ia%hbamaf,e

capabl e of operating at e operating tenperatures of the vessel. In

certain em@g% omURLYES 03t HREthE i abffrﬁgﬂrgésem%th@r 2Padliuht praaere

fittings to ate renoval of vessel 10 the process |line. Brackets

(not ﬁﬁov‘”&ffér‘?r\}temsl,rﬂr%ﬁeg rﬁdghggb?@ﬂ'lregﬁ g?rfbo%iﬁger{tﬁliﬁfet o shyoriN et ordfrubtRisng

may support va . r, the inlet and outlet tubing nmay be
comnect eq Yt boReRiRdNY e R I P SpRET 1E
i £ 2 e
outlet tubig, tonLGEONECGHEYr hERHA! ddnbse iRfro @il it iRl for VBluh 17 iHPShdhNRlet
22, base 14 (particularly in those embodiments where base 14 is remavable) or other
15 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
20 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
23 and 25. Further, the inlet and outlet tubing may be connected with a standard gas
tight fitting, such as a VCR™ fitting manufactured by the Swagelok Company of
Cleveland, Ohio, that is used to connect two separate pieces of piping. In some

25 embodiments, the outlet 24 may have one or more filters 30 and 32 that are placed in-

line on the outlet tubing to remove any impurities or particulate matter from the
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-8 precursor-containing fluid stream Filters 30 and 32 may be conprised of
a porous nmaterial (not shown) that is chemcally unreactive to the
precursor-containing fluid streamand or sufficient particle size to
capture any inpurities or particulate nmatter in the precursor-containing
fluid streamas it passes therethrough. 5 [0031] In sonme enbodi nents such
as that shown in Figures 1 and 2, inlet 22 may further have a

vor t ex- genegratursgr-conthing Buidsieath. rriitérs I0mdf32onapbe thepriset ¢f gpeErodownwar d
into the interior volune 17 and along the internal surface of sidewall 16.

Wi | e vort exateB&INALESHoW) tHat & cHemiekllyi ubiréxttive tihg presurdorandtathing fldd t ube
that extends tangentially into interior volume 17 and resenbles a "L", it

i's envi si ongdath@id M difficicr@phitiglel sitd R eaptls Anpmpuiliel @F pexidtBteematierfin the
extending fromside wall 16, a "J" shaped tube, or a "T" shaped tube may

al so directpréflfsdrdBnfifing FIGY streainha it E@ﬁes@ﬁéréirﬁug%a& In the latter
enbodi nent, the "T" shaped tube may be angl ed on one or both ends and/or

may be gvergoFAd.inlsBnfetdrhiddime RIRAEH BE Mat shoWh irffigdresBand? SAlefBVMag tube
that extends into interior volume 17 that has a "T1" shaped tube or ot her

confi gur at isgfnerlHavé B8R LFRAY RS |1|'Fe_t %hﬁat"d-fr'éﬁ%hﬁ@ﬂgwjo'?tﬁéih@n gﬂs aovh@hrd24

t
may be used in addition td, or in lieu of, the "T" shaped tube on the fluid

inlet. [003g) th@anié}ﬁr GBRRR 174Hd S8R Mhe' iRtefidl Siifsceloraidbwhl 168 38Rle ek ur t her

conprises a thermally conductive jacket 18 that surrounds at |east a
portion of i ; LY Ei ' j :
Do o m o SEFRShg et TORBERMLY ok o4d ¥ psiphelnatnld gl

| Nprove conduction o Into the

precursor Rk el Bluntd 7y aha fekeMididd £-nie id SHvRSidrdd thaX AR cbhfiglirationESiigh a0
et nm C} d

Thermal | y conductive jac y be secured around vessel 10 via tasteners

o 1, ] B BRFL Bl VB 10 SOBRET 9110% it

upon heati ng exanpl e, y conductive'|a

O o DRk, VB o SRR Oy M SRR T
si deval | 1@?15’54&%3 W&J‘&Saﬁg?eoagr? BHObr béth hBE GABY: may be oversized. |n 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
15  tube on outlet 24 may be used in addition to, or in lieu of, the “T” shaped tube on the fluid
inlet.
[0032] 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. Thermally
conductive jacket may allow for the unifoerm distribution of heat and improve the
20  conduction of heat into the precursor material contained within the interior volume 17 of
vessel 10. Thermally conductive jacket may be secured around vessel 10 via fasteners
and/or a different material that allows for the expansion of the jacket upon heating. For
example, thermally conductive jacket 18 may be comprised of aluminum whereas the
sidewall 16 of vessel 10 may be comprised of stainless steel 16. Thermally conductive
25 jacket 18 may be secured around sidewall 16 using springs to account for thermal

expansion upon heating the vessel and precursor material contained therein.
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expansi on upon heating the vessel and precursor material contained therein.
-9 [0033] Vessel 10 and the precursor material contained therein may be
heated to the tenperature at which the material is in its gaseous phase,
or sublimtion tenperature when the precursor is a solid material, through
a variety of neans that include, but are not limted to, strip heaters,
radi ant heaters, circulating fluid heaters, resistant heating 5 systens,

i nducti ve h@B8hgVeysd é0mnd the mrebenrsonmatesial dattainedhtheesinisag kel era¢ediv the
conbi nati on. These heating sources may be external and/or internal in

rel ation totewgmsstlre dtQvhidntha omate gatiioiti itserassoud preasendi sublimetsetenige rataye be
I ntroduced into an oven. In other enbodi nents, base 14 nmay have one or

nore heat i nghen gEggtecursdr is arsblid ARestial, amugh Bedribtyar eigans Higdincude, but are
il lustrates an enbodi nent wherein the heating cartridges 36 10 are inserted

into the i niatninited\t®|stipehdaterf rad®s Bbatdfl, bifcutatingdiuRd idaaere SresiStant heatinger
enbodi nents may enpl oy one or nore inductive heating coils operated by an

RF powers  sgiphdnys, indictied Redting ShodinEe b sthoBeSigihaYcah beaseqy albmabr ins i n
fluid conmunication with the carrier gas supply that heats the carrier gas

to a certaidpniIRRRNATHeSe REAtHg Jodirde3thEDE bikteFhal A doViRtsrRdl irl folatibh th 4esk]
Vessel 10 may further have one or nore thernocouples, thermstors, or other

t enper at ur e eRSdohrieVEmBRIME RS, thRantifAres8BINd May bB HitrddabReined 4 Sva, Imessel
10 and the precursor naterial contained therein. The one or nore

t her mocoupl QfeMEMbRAMbAS2ERY 14 may RBVDEREor hbed hdah§ kleientbiumtriagey or
ot her areas of the vessel. The one or nore thernocouples or other

t enper at ur ecoﬁﬁd?ﬁé&ﬂh%irﬂempﬁﬁ Btrd18s SR BRPBYIRTENE WhdrefPile HehtifY catiddes 36
conputer that 1s 1n electrical communication with the heating source to

mai ntaig a arHﬁHsfe%HHt@mqgll%}iH] Folihb Ri71be L BSs el 1B & \')aqroi%%!?g;!/&f &fill bingr vessel

and the chem cal contai ne erein. [0035] Vessel urt her have one

S Ton oA Afpaf S el i el L ofOeE)in oF abas 1
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.

15 [0034] 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 controlier

20  or computer that is in electrical communication with the heating source to maintain a
uniform temperature within the interior volume of the vessel and the chemical contained
therein.

[0035] Vessel 10 may further have one or more protrusions 34 that extend into the
interior volume 17. Figures 1, 2, and 5 provide an illustration of an embodiment wherein

25  a plurality of “spike-shaped” protrusions 34 is employed. Protrusions 34 may be

comprised of a thermally conductive material or a composite thereof. [n some
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25 a plurality of "spike-shaped" protrusions 34 is enployed. Protrusions 34
may be conprised of a thermally conductive material or a conposite thereof.
In some -10 enbodi nents such as that illustrated in Figure 2, protrusions
34 may be conprised of a thermally conductive core such as copper 34a and
a non-reactive surface such as stainless steel 34b that contacts the
precursor material. In the enbodi nent shown in Figure 5 base 14 may be

removabl e fdRpadimdaiaauch 18 tha iiRktraadiPFigdRsE, wotr@dierB4amapbe compesed of g.
Wil e protrusions 34 extend frombase 14 in the Figures, it is envisioned

that prot rtHéfn%ﬁ@ caftdiidie @bils IRKa8Dppért Ial dHded hor-resetivérsurfatefsuomatshe
si dewal | l1d"12, base 14, or conpinations thereof. Protrusions 34

contact t hestgﬁﬁe%k'%ﬁe%f 3L b@rltaél@ﬂ%e%r@&ﬂsortrhstreﬂhln lh&hd SMRbdIMehEsiowtniansf er .

Protrusi ons are arranged to allow for the uninpeded flow of gas between

and armngstFI%% S)rbggé Y3 h%%eﬁ@%oﬁrﬁ‘lﬂel@(oﬁ@ﬂﬂé@éll 18tcedliod fof @asedddshniy and
t herein. Fur protrusions 34 may al so keep the precursor material from

aggl omegat 'égvimbﬁ%]le Fﬁoﬁgéﬁﬁ? 34% né fdRPb4e Bt inThOFRUrdsSlis em@idnaaithad

protrusion at exte rom base 14'. Base 14' "and sidewall 16" are

depi ct ed aspréf?;f.é.&ﬁse@:{ ﬁﬁl?gls%se?@éml %tz mﬂ%ﬂ&e%%me BA3RmitheSiievlf 16CPYR MR The

cl overl eaf "con ured protrusion 15 divide interior vofune 17" into

separate, bH{ &ﬁB e vo[ﬂ&%of aﬁ@g‘gs]l%ﬁ%@t 2bAAYY thd BrecuorRREGHI EbRIned

S e e
\é\/{]grea/afrea I"east &PA ;r;éfn ]'.?) E{r?e éln sﬁg and extinSEaFrrr?eamthe
vregtsre{J 182 féﬁ’{l%v:é%t ' O ?/o ume %&g‘%'ﬁ %em ﬁ%ét%r epi cte Oflln shaped
and 11dPa J0PelY '?‘Lg@sﬁtﬂqé‘%ﬁsaia‘*n'ﬁa%%%# B et et st 25seBLy

100 consists id 102, sidewall 104, an inner lip 106, a fluid inlet
assenbl y 1f(ggf%?ft J:5(-10\/\15 for the flow of an inert carrier gas or

[0036] 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

15  divide interior volume 17' into separate, but interconnected, areas that allow the
unimpeded flow of carrier gas within the volume.
[0037] 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

20 vessel 100 into interior volume 113. In the embodiment depicted, fin-shaped protrusions
101 are substantially perpendicular to fluid inlet assembly and fluid outlet assembly 110
and 112. Referring again to Figure 7, vessel 100 consists of a lid 102, sidewall 104, an
inner lip 106, a fluid inlet assembly 110 that allows for the flow of an inert carrier gas or
mixture thereof, a fluid outlet assembly 112 that allows for the flow of the precursor-

25  containing fluid stream, and a fili port 108 for introducing the precursor material into

interior volume 113 of vessel 100. In certain embodiments, fill port 108 may used as a
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m xture thereof, a fluid outlet assenbly 112 that allows for the flow of

the precursor 25 containing fluid stream and a fill port 108 for
i ntroducing the precursor material into interior volume 113 of vessel 100.
In certain enbodi nents,  fill port 108 may used as a -11 |evel sensing

port. In these enbodinents, the port may contain, for exanple, a w ndow,
sensor, probe, and/or other nmeans to detect the presence of precursor

Wi thin the gesisehsing poA3H] thebgerbadinteritd) tioel gért Faymoatsin éonemampls adeindowed
views of lid 102 of vessel 100. As shown in Figures 7a and 7b, vessel 100

has a "T" sfwmgefl protee add/ér bihai makAs td detbitehd pfdsencodl pracasomgithimthel vasseas
t hrough 110 assenbly into the interior volunme 113 of vessel 100. In these

enbodi ment 5003d]" sigaReFatthidagh 78 pidlide eatists debiled aidwaadf It 10 0bledspe100.
incomng carrier gas thereby mnimzing the possibility of carrying

unsubl i mat egk sREREIARiQlres 7a aR@ 78U{EieNYOMRACAI TS Ghapsdtubie Ni1aghdtl didinthe eam
Lid 102 may further enploy one or nore alignnent pins 111 to aid in the

proper &it tfiowoﬁﬂéqrﬁihg%mé%as)fhré& ‘Ilﬂfzasts@m?egt intoctauatbricr M@ luh OPRDbT Fsgulr e
7b provides a detailed side view of assenbled lid 102, which illustrates

the inner regesy iese é?ﬁbddirﬂeﬁk@,z"ﬂfﬁhﬁhc{‘iﬁﬁe i § gy rd8ucRcth ManihbBiendw emnef t he

I ncomng carrier gas. As Figure 7b illustrates, inner recess 116 contains

at |east ai,pa{nt,ihgeam‘er&gpﬁ{ereag%hhﬁmiz%%h@adslﬁwkrggéwing B ublimutealf the

i ncomng carrier-gas away fromthe 15 unsublima precursor. [0040] In

certain enmhodi rests ﬂﬁ’&ﬁ%@@%bre%%%rrf%ﬁtrairﬂrilgaﬂmﬂr% adgerh2t Maf hePemployt 0

further prevent unsubli precursor frommxing wth the ‘outgoing

pr ecur sor - o%@orl%r%&la f&ﬂgamt%i@é ’fﬁa@aiﬁrgl'ﬁé?go%eg ﬁ&iﬁp%gf%li%ﬂn;@ﬁt%filiﬁq 080

il lustration separ at or that acts rtifion the interior volune
113 of 1bheso§§\?‘a‘?ll11i6”t° upper volume 117 and a 20 | ower volunme 119 between
the | ower Bbody of the container and the |lid. Separator 118 separates lid

1z ( g@'r fh]!gtg'a]z Hﬂb“f‘g}g:fgtdiﬁﬂ&eé 2 46tai1 80 i@ WidvPbr ASSRBRY 1RS1051 @ hRAGIutFatedNd

the inner recess 116 of lid 102 which may aid in directing the flow of the incoming carrier
gas. As Figure 7billustrates, 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

15  unsublimated precursor.
[0040] 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

20  lower volume 119 between the lower body of the container and the lid. Separator 118
separates lid 102 (which are shown without inlet and outlet assemblies 110 and 112 and
fill port 108) and base 104.
[0041] Depending upon the precursor, there may be a need to stop the entrainment of
solid in the outgoing precursor-containing fluid stream. In these embodiments, vessel 10

25 and 100 may further include an optional stainless steel frit 120, which may prevent

unsublimated precursor from entering the outgoing precursor-containing fluid stream.
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[ 0041] Dependi ng upon the precursor, there may be a need to stop the
entrainnment of solid in the outgoing precursor-containing fluid stream In
t hese enbodi nents, vessel 10 25 and 100 nmay further include an optional
stainless steel frit 120, which may prevent unsublimated precursor from
entering the outgoing precursor-containing fluid stream -12 The opti onal
stainless steel frit may have a pore size that ranges fromO0.1 to 100

m crons. Thehepitiooakdiaihless stzahfribenayriavalal pode aizy Wit rangestfiimn 0i1nb eli0Dor  vol une
113 and/or the fluid path of the outgoing precursor-containing fluid. In
one parti cuhrorsniithe optinhal fritloan besinstabdd aiyorerd withindntedorifojunoa @1 dandror e
frits may be installed in an inner recess 122 5 on separator 118. [0042]

I n one enbade feikitpathy etthe loutydirgitedutfo meyitdining fiekl. ¢o ops ipaficalane maowimgnot
shown in the figures) that is positioned to determ ne the contents within

t he i nteri wuchwslthatashdwn irSRigusbTfeomsmbrembal fiits may bddnstalradpan aiver reress N2k s
that have a sufficient thermal conductivity to m nim ze condensati on and

deposi t Bon @f sepapRsst@ the wi ndow 10 including, for exanple, dianond,
sapphire, silicon carbide, transparent ceranmic materials, and the |ike.

[0043] Oper[apda]g Ihonp efbodinfsnt OfestBIEI (VARPRIO MBY furheY cORPEsA Wehdéo@ot he
precursor material contained therein but may generally range from about

25C t 0 abouwho@AGthegurds) Bt #Psusitichdd %o LiSteARIAL tha3O8HtentONGthit the thterigssur e of

the vessel may range from 15 about 10'2 torr to about 1,000 torr, or from

about 0.1 tRhimd 97 28GItHbIMABtdrialslincll&Dt#4dspaFe i et SO tHafRAe a bik@icigRt hod of

using the vessel disclosed herein includes introducing a precursor

material t iraH@NcdiductiRgth miRimiZd édhd@Asatioh YndUeRb&ifisH SOFapgdhd &1 thal windéwt O
the interior volune 17 of vessel 10 wherein the solid precursor materi al

contach§ ORgiuditg, T xaPipR, it GHS sAdbHiraasilicort &ibidb Nrdhshafnt &d8ficor vol une
17. It 1s preferable that the 20 precursor material 1s filled to the point

where it i%ait@riéié)?ngrih@lﬂ&.com act with at least a portion of the at |east
one protrusion and does not extend beyond the area of the interior

[0043] 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

15  about 107 torr to about 1,000 torr, or from about 0.1 torr to about 200 torr.
[0044] 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

20  precursor material is filled to the point where it is in continuous contact with at least a
portion of the at least one protrusion and does not extend beyond the area of the interior
volume 17 containing the at least one protrusion. Lid 12, base 14, and sidewall 16 are
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.

25 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
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vol ume 17 containing the at |east one protrusion. Lid 12, base 14, and
sidewal| 16 are 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 volune 17. 25 A heating source
such as heating cartridges is used to bring the precursor material to
sublimation tenperature and forma precursor gas. The inert carrier gas
conmbi nes Wi gh preclidsdritas s Remrthe pregamsor-oofitainingtfhid gtrezomir $he preontsarni ng 1 uid
stream The precursor- containing fluid stream passes through outlet 24 and
t hr ough i n-¢drtdinihp fluRIrstredm pu3deSthrowgheoutidoM asd treeughoindida dittesr80ond 32tosuch
as a reaction chanber used for thin filmdeposition. [0045] In one

embodi ment , ddviie st@ink Bebdaktidksddvit ol digh\ue SSrebctitinsaHaatber ubsd for thin filel dejsition.

i ntroducing a precursor material through fill port 26, such as a solid
precursor n@basy ain onel drisbditienti tHeafiétBbd yblsingthd Veedel \distalkd h@reihimciides t he
solid precursor material contacts one or nore protrusions 34 that extend

i Nt o the i NhRbdRing/® bteBrsbrY matdrial thrdUghl Rl Fop 25, ke ad Beolippreeurssomateriakr i al
is filled to the point where it is in continuous contact with at |east a

portion of jhhehaintt&Rblupfte! PERIdsYSI R wREIEindRE SolROire Ut GNAateANIQdAtdcheomy ea
of the interior 10 volune 17 containing the at |east one protrusion. Lid

12, base 14, qand ap% sl 34fatE8end R RBBleid? VBILYE 1B RIiDFrERFALIS tHat e OF
airtight seal. Valve 23 is opened to allow for the flow of an inert

carrier 9asprEmrQb’tQha%ﬂéaltsigﬁﬂ&etfi%@bbiﬂgwh%@t 2% SdHlinis\isOcdrildce withlat Waktige 17.

A heating source suc eating cartridges is used to bring the precursor

material ! GordiiPl fEL! BRI RS RIdHPaftNlods Kol efteRl BeyérDhe 47éa of tHE irtéfr!

carrier ga I nes w e precursor gas to formthe

precur sgr - q;z,ér\hﬁ% 3'? leg?t;wggﬁgtag ast ori%hﬁ'of??ﬁé?ﬁ” G812, 64 £, 3hAQidelwdl d6%rs €am

passes throu rough 1n-I1ne ters 30 and 32 to a down

stream pr OQQQ%bggad&}ékiﬁg aHER PRt o Atk Qo RN VIR 2318 Behéd tol dllol tbt thl)

deposi tion. anot he ment, the meth I ncl udes

| ntroduci ngy g, & a&ciH&?%%ﬁF&% ghﬂc{ug?\?v’oﬂgﬂ-geﬁéﬁ{ind;%ﬁ% fg%’d iRt Gie AST VOIS M

precursor nateri I or vol une of vessel 100 wherein

the solid pf REMiRYoulBSilch 35 HelMPEArHidges isNsedRb BriRg e plEd RO material to

sublimation temperature and form a precursor gas. The inert carrier gas combines with
15  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.
[0046] 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
20 113 of vessel 100 wherein the solid precursor material contacts one or more protrusions
112 that extend into the lower volume 119. It is preferable that the precursor material is
filled to the point where it is in continuous contact with at least a portion of the at least
one protrusion 101 and does not extend beyond the area of the lower volume 119
containing the at least one protrusion 101, Lid 102 and body 104 are fastened to provide
25  a pressure-tight or airtight seal. Valve 110 is opened to allow for the flow of an inert

carrier gas through ‘T’ shaped tube 114 and into interior volume 113. A heating source
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112 that extend into the |lower volune 119. It is preferable that the
precursor material is filled to the point where it is in continuous
contact with at least a portion of the at | east one protrusion 101 and
does not extend beyond the area of the |lower volume 119 containing the at

| east one protrusion 101. Lid 102 and body 104 are fastened to provide 25 a
pressure-tight or airtight seal. Valve 110 is opened to allow for the flow
of an i nertsudhadsr hieating aartfiduesugbsédiio tring pleal ptecbrs ol héteriatito subimatierer i or

vol une 113. A heating source -14 such as heating cartridges is used to
bring the peafpetaore damifermh alprécursaryasnaihi dmert ¢aripregaest conedisasdwithothe a
precursor gas. The inert carrier gas conbines with the precursor gas to
formthe prgebirser gaomdtfainmthegpréturssr-cintaiainy fllidstreamc UTteoprecostraiontaigng | ui d
stream passes through separator 118, optional stainless steel frit 120, and
fluid 5 outdpd stkdain ipassestifirdugh tse pavatapriad usdtional siainless sttt 420,andélaidt | on
chanber used for thin filmdeposition. [0047] The vessel and nethod w |
be i |l ustras@idtii 12 f04 BoWRsarbam Wrdductioh Gewie sudhoad & esaction tloarhing uSkd figrlthis,

but it should be understood that the present invention is not deened to be
limted thegigtdpodlofxampl es [0048] The solid precursor hafniumchloride
(HHA 4) was introduced into a vessel described herein and heated until it

reached sulyopmt | PHe vébsBPERd Mbth@aswill Be HILSEABY inidre ddthil @ilbiesterents b the
vessel at a flowrate of 1,000 sccm A simlar quantity of the 15 precursor

was i nt roduggdlyihgERampRis! Biit iPHouRURY ifdp4tBéRitaCEhe prBSeritv@htia i ratiasdred
container did not have protrusions that contacted the precursor material.

I'n Figures § @aNfhiRd thed) anount of precursor material was heated to 160C
and 180C, respectively, using a 5 second pulse and flow of 0.5 liters per

mnute4oLPM. In Figure 10, the dianond, square and triangular data points
represent data obtained using a 500 gramfill heated to the

Examples

[0048] The solid precursor hafnium chloride (HfCls) was introduced into a vessel
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

15  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 9, 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, thé diamond, square
and triangular data points represent data obtained using a 500 gram fill heated to the

20 following conditions: 180°C, 5 second pulse, and 0.5 LPM, 160°C, 2 second pulse, and 1
LPM, and 160°C, 5 second pulse, and 0.5 LPM, respectively.
[0049] While the invention has been described in detail and with reference to specific
examples thereof, it will be apparent to one skilled in the art that various changes and

modifications can be made therein without departing from the spirit and scope thereof.
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20 follow ng conditions: 180C, 5 second pulse, and 0.5 LPM 160C, 2 second
pulse, and 1 LPM and 160C, 5 second pulse, and 0.5 LPM respectively.

[ 0049] While the invention has been described in detail and with reference
to specific exanples thereof, it will be apparent to one skilled in the
art that various changes and nodifications can be nmade therein w thout
departing fromthe spirit and scope thereof. -15 CLAIMS W claim 1. An
vessel for conveying a precursor-contaiGlaist |l uid stream from a precursor
material, the vessel conprising: 5 an interior volune wherein the interior
volume is sggerfiied into an upper volunme and a | ower vol une wherein the
upper volune and the I ower volune are in fluid comrunication; a lid
conprising a flui dAmjdabel far édnviding dtdrédursarroatainionfilid fstredmfom a peatdirsm
internal recess wherein at |east a portion of the upper vol une resides
within the 10 int e,qgt@,liahrmgegggemomhdgng_ll i nterposed between the |lid and a
base; and at | east one protrusion that extends into the | ower vol une

wher ei ngt he  precur sogp jnferiof v6iRR{edBherdintthe intdriod volugrsit segraemptedtinto anappand
wherein the at | east one protrusion extends fromat |east one sel ected

fromthe 1id, \bhfeSdiieyRier vollMelicteinamélupdey verimd ared thenswérheiumed aredn The

vessel of claiml further conprising a heating source that is in

communi cat i Onflﬁi'dt&n{nl?&iédﬁoﬁfi or volune of the vessel wherein the heating
source heats the precursor to a tenperature sufficient to formthe fluid

Siream 20 3. The vesggh cghpRiiRd DrididARE, % fuid Htihaat dBnaITHRE, SAIBRI Ses a
ermal |y

internal recess wherein at least a portion of the upper volume resides within the
10 internal recess,;
a sidewall interposed between the lid and a base; and
at least one protrusion that extends into the lower volume wherein the
precursor is in contact with the at least one protrusion and wherein the at least one
protrusion extends from at least one selected from the lid, the sidewall, the base, and
15 combinations thereof.

2. The vessel of claim 1 further comprising a heating source that is in
communication with the interior volume of the vessel wherein the heating
source heats the precursor to a temperature sufficient to form the fluid
stream.

20 3. The vessel of claim 2 wherein the heating source comprises a thermally

conductive jacket that surrounds at least a portion of the vessel.

4. The vessel of claim 2 wherein the heating source comprises a plurality of
heating cartridges.
5. The vessel of claim 4 wherein the heating cartridges are inserted into the
25 base of the vessel.
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conductive jacket that surrounds at |east a portion of the vessel. 4. The
vessel of claim2 wherein the heating source conprises a plurality of
heating cartridges. 5. The vessel of claim4 wherein the heating cartridges
are inserted into the 25 base of the vessel. -16 6. The vessel of claim1
further conprising a filter |ocated dowmstreamof the fluid outlet. 7. The
vessel of claim6 further conprising a filter |ocated upstreamof the fluid
outlet. 5 8. Eie velrealessél of hirm1Fusiarcempriting alfitee locatedatvomatibam o8theThe
vessel of claim1l wherein the base and the sidewall are integrated. 10.
The vessel of cl ai muld oMilet.ein the base conprises at | east one protrusion.
11. The vessel of claiml1l wherein the at | east one protrusion is conprised

of a surface that iTheVeBsdlfekir 6 flnthdrizemprisiay asfiter RaRtiupbtream baitedilid
therein. 10 12. The vessel of claim1l wherein the at | east one protrusion

has a cl overl eaf &ggétgn. 13. The vessel of claim 1l wherein at |east one
protrusion extends fromthe sidewall. 14. The vessel of claim1l wherein

the fluisd inl@t furmhBeessBPERERS whetdlRehd hede id Perflbvaid.s the flow of a
carrier gas into the upper volunme and across the sidewall of the vessel.

15. The vesselg, of ghaiveyddl onbRINe it ivHePdn thedsaseSandthe slRwaN arelifitegidléd.vessel
of claim1 wherein the fluid outlet further conprises a tube that directs

the flow of the preapuResse epPBhmM ﬁ"Wréu'\ !Hébé%@%ohﬁﬂsd@ﬁﬂ@bst ot ptatrusidie
vessel of claim 16 wherein the tube is "T" shape
11.  The vessel of claim 1 wherein the at least one protrusion is comprised of a
surface that is non-reactive to the precursor material contained therein.
10 12. The vessel of claim 1 wherein the at least one protrusion has a cloverleaf
design.
13. The vessel of claim 1 wherein at least one protrusion extends from the
sidewall.
14.  The vessel of claim 1 wherein the fluid inlet further comprises a tube that
15 directs the flow of a carrier gas into the upper volume and across the sidewall
of the vessel.
15. The vessel of claim 14 wherein the tube is “T" shaped.
186.  The vessel of claim 1 wherein the fiuid outlet further comprises a tube that
directs the flow of the precursor-containing fluid out the vessel.
20 17.  The vessel of claim 16 wherein the tube is “T" shaped.
18.  The vessel of claim 1 wherein the lid is removable.
19. A vessel for conveying a precursor-containing fluid stream from a precursor
material, the vessel comprising:
an interior volume wherein the interior volume is segmented into an upper

25 volume and a lower volume wherein the upper volume and the lower volume are in

fluid communication;
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18. The vessel of claim1l wherein the lid is renovable. 19. A vessel for
conveying a precursor-containing fluid streamfroma precursor naterial
the vessel conprising: an interior volune wherein the interior volune is
segnented into an upper 25 volune and a | ower 'vol unme wherein the upper
volume and the |ower volume are in fluid comunication; -17 a lid
conprising a fluid inlet which directs at |east one carrier gas into the
interior volune of thealidessm@tisingaffluid idleowhicatdireeischt feast onecareér gascetsthe
wherein at |least a portion of the upper volune resides within the internal
recess; a si demefidr oiMheor the Pbssed d fiyid ohitiqlr aridusn intesnalhhatessxttemeintahaef a om
into the 5 |ower volune and an upper lip wherein at | east a portion of the
upper |ip contagion df i upped volam@ rasidepaithinahe intdraalnesewd; bet ween the |id and
the sidewall wherein the separator resides within the upper lip and
segments the interior avdewe Havirg 4 Paralitydgrotusibrsithatogtend thanefrony bitaithe. 10
20. The vessel of claim 19 further conprises a heating source that is in

conmuni gat i on W drivolunfe 4rd &% UerViglwiEReiftat lcst & portich ofdheupber Iheoriteas theg
source heats the precursor to a tenperature sufficient to formthe fluid

stream 21. Thg upssel of claim 20 wherein the heating source conprises a
thermally 15 conductive jacket that surrounds at |east a portion of the

sidewal | . 22. The vesggbofthtof |rdrbdedl bativb &P theqRIENd thé BRie@al WieRlieR St eel
frit in contact wwth at |east a portion of the separator. 23. The vessel

of claim 19 wagrabfyr flsidedagithiftHRUppbPllp Sfd §dfindHto tHe iRieABFVA@AR s the a
surface that is non-reactive to the precursor material in contact
therew th. upper volume and a lower volume.

10 20. The vessel of claim 19 further comprises a heating source that is in
communication with the interior volume of the vessel wherein the heating
source heats the precursor to a temperature sufficient to form the fluid
stream.

21. The vessel of claim 20 wherein the heating source comprises a thermally

15 conductive jacket that surrounds at least a portion of the sidewalil.

22, The vessel of claim 19 further comprising a stainless steel frit in contact with
at least a portion of the separator.

23. The vessel of claim 19 wherein at least a portion of the protrusions comprise
a surface that is non-reactive to the precursor material in contact therewith.

20 24.  The vessel of claim 23 wherein at least a portion of the protrusions comprise
a thermally conductive core.

25. A vessel for conveying a precursor-containing fluid stream from a precursor
material, the vessel comprising:
an interior volume wherein the interior volume is segmented into an upper

25 volume and a lower volume by a separator and wherein the upper volume and the

lower volume are in fluid communication;
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20 24. The vessel of claim23 wherein at |east a portion of the protrusions
conprise a thermally conductive core. 25. A vessel for conveying a
precursor-containing fluid streamfroma precursor material, the vesse
conprising: an interior volume wherein the interior volune is segnented
into an upper 25 volume and a | ower volune by a separator and wherein the
upper volune and the |ower volune are in fluid comrunication; -18 a lid
conprising a fluid inhéd comprsingarflaiztinlettvhicaakrectsrat lezat onecargersgasnnio thhe
interior volune of the vessel through a "T" shaped tube, a fluid outlet,

and an i nt er nidteridr&eRMre WtRE @essehthrd s “Fl shapéd tubepd fluideutiptpand aplintemal
resides within the internal recess; 5 a sidewall attached to the lid

conprising a pédésghiteyei®hbt RaSHA prtiomsf theabpe evdiened rddidasabittomttienitieridie | over
vol une wherein at |east one of the plurality of protrusions has a surface
that is non-reagkive to the precursor material in contact therewith; and a
heating source that is in communication with the interior volunme of the 10

vessel wherein the heatidagal aitacHadNe #elid diin st pRIFalityofprbteunaraisahat e
sufficient to formthe precursor-containing fluid stream 26. A nethod for

delivering a Bﬁt%ﬁ&'iﬁé?éfr&rﬁrﬂt@'tﬁﬁ R@ef LIl e WHPEARAE RABE bifd SFGhE plugABESUS phase
of a precursor, the method conprising: introducing the precursor into a

vessel havi ngpafrukRhEha%h SiFhsdBhal 3 rrd?mattﬁﬁertetﬁe blRErsoRMEteRRl iHRBATacY Ol une
separ at ed by g separator wherein the vessel conprises: a base; at |east

one protrusi on.hg. th: @rliends into the lower volume wherein the precursor is
In contact wt e at | east one protrusion; a pressure sealable |lid

comprising an inlet anfeAmg@blldithatisth SorfndRebidn WRNERGHIERSH olfiné bethe t h
10 vessel wherein the heating source heats the precursor to a temperature sufficient to
form the precursor-containing fluid stream.
26. A method for delivering a precursor-containing fluid stream comprising a
gaseous phase of a precursor, the method comprising:
introducing the precursor into a vessel having an interior volume
15 comprising a lower and an upper volume separated by a separator wherein the
vessel comprises: a base; at least one protrusion that extends into the lower volume
wherein the precursor is in contact with the at least one protrusion; a pressure
sealable lid comprising an inlet and an outlet; and a sidewall connecting the lid with
the base;
20 providing a heat source that is in communication with the interior volume
of the vessel;
applying energy to the heat source sufficient to form the gaseous phase of
the precursor contained therein;
introducing at least one carrier gas into the vessel through the inlet

25 wherein the at least one carrier gas flows in a downward direction and against the
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the base; 20 providing a heat source that is in conmunication with the
interior volune of the vessel; applying energy to the heat source
sufficient to formthe gaseous phase of the precursor contained therein;
introducing at | east one carrier gas into the vessel through the inlet 25
wherein the at |east one carrier gas flows in a downward direction and
against the -19 sidewall of the vessel wherein the at | east one carrier
gas and the gasdewead of eseessé! whdreinghestiesstronemaiangas and thengaseeus phage of
stream and delivering the fluid streamthrough the outlet to a downstream
deposi tion s\b¢ precuso2Zombihe tovfsirindtie fbidctraamm 26d f urt her conpri sing an
in-line filter downstreamof the outlet wherein the precursor-containing
fluid stream fl ows t hdelaelingthgHiuid sttdam through the outlet to a downstream deposition

system.
5 27. The method of claim 26 further comprising an in-tine filter downstream of the

outlet wherein the precursor-containing fluid stream flows therethrough.
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