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WD 2004/ 010463 PCT/ US2003/ 020825 VAPORI ZER DELI VERY
AMPOULE BACKGROUND OF | NVENTION Field of the Invention
The present invention relates to a vaporizer, and nore
particularly, to a vaporizer delivery system having
mul tiple containers to provide increased surface area

wozm%ggy%aporization of |iquids and S°|iqmﬂﬂk§%%ﬂ%§5

liquid and solid source reagents Uuse

chem cal vapor 10 deposition (CVD), atom c |ayer

chem cal vapor deposition (ALCVD) and ion inplantation

processes. Description of the Related Art 15 Chem ca

vapor deposi VABARIZAPRDELAERYEMFQWLENnsi vel y used for

preparation of filnms and coatings in sem conductor

waf er processing. C/D is a favored deposition process

in many respeBACKGRQYNIR QEMPYIENTIONCcause of its ability

to provide highly conformal and high quality films,

at relatively fast processing tinmes. Further, CVDis
Fielg effesfInveptén i n coating substrates of irregul ar shapes

i ncludi ng the provision of highly conformal filns even

W th respect to deep 20 contacts and ot her openi ngs.
The | persqybiagqulipn releioeioraapmrzegaad mompgTtigdaiynle agaparige delivesy

systSR RBRESMIIGAS bdRintrs O plobiBe Sidfch0f Qurfife Mea BHPHbHALG Mhere
chem cal reactions take place under tenperature and

L ) ' pl .
liquigs andsekbmateinlhy £-Bolidid sud gplidoureg mepgspts yied 14 ghepjgal vapor
depdsttios (DAY NAdHhiE By theil €86 deRBititE@E VDN and ThEimp)eticand
conposition 25 of the layers that can be fornmed using
is limted by the ability to deliver the reactants
or reactant precursors to the surface of the

supstrate,. Various |iquid reactants and precursors,
D“ﬁ?@“ﬁﬁ?ﬁ@ﬁ@?@%?y used in CVD applications by

delivering the liquid reactants in a carrier gas. In
iquid reacta stens. the carrier.qas 4S
Cuepil ol GOV e o ERel sl RS e o
coatingnit asmiemdipfor tvitfer pracepsingl €82 istactimtored demsitidnpravads ir mény t he
rgi Sy W 30,0 quid_.ea J at ed
rosp SR I ook o e i B D B L ™
filmg\atxtlatiyoly $astrirecessing Bmbsa Vertlige €N Drisldtoclico] id edatippaubsitatd of

m%@%%%%%%@@&%%&ﬂw&n&m%’evéﬁ%ﬁ()%!cpt% Qép3

contacts and other openings.

&

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

Analogous attempts have been made to deliver solid reactants to a CVD reaction chamber,
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but with nuch | ess success. The delivery of solid
precursors in CVD processing is caused out using the
subl i mat or/ bubbl er nethod in which the precursor is
usually placed in a sublimator/bubbler reservoir
which is then boated to the sublimtion tenperature of

recursor to transformit into a ound
woz@ﬂﬁ%ﬂ?. FéﬁﬁﬁHﬁm@%gg

is transported into the CVD 5 reactor w

carrier gas such as hydrogen, helium argon, or

ni trogen. However, this procedure has been

unsuccessful in reliably and reproduci bly delivering
butsghhinthclple@cudcssr Thealelivetyef sadid ptewsersoh END@roctsoing & coibitther

of . reasons. T, | : ] o N.QUg Are
out USE S On }ﬁ@b{éﬁé&tﬁdﬁ{n&% %n@% seltzds%stc’lé _nte'l‘ Sﬁg’péri ze a
sublimhtprtbubliles aesewoit whikh Sdthenalieateds tocthe sublimation tqneppreep fiths e

Ve O franYiBROS: | HR3Rh i€ BthsRReABld METeD t O

pm%‘ﬁsgwb"r‘féaé%ss 6 ARbigteo @% it is difficult to .
reagigrswithes coiep Izest ks et hydiednokelion. ¥ere, pragtrogen- o WP W ele ¥ i er
prog%tﬁtf ﬂsrb%é}mnsﬂgééﬁt? Erg reBdbiPanh Pk dafSb R iRHng Slid @XeRRRHEth

Tace area solid precursor in the vaporizer
the gepefion mhamiver Sproeciembit ofi OB rhe BvioEraRlaRse b dboiraaYgeTe
centlrd lod Y ﬁz%mt} fBdohNRnttySld¥blifa RhOR! £Rtrcle® ratefaeH Bftta | N

conventional” ion inplantation syste hat i nclude an
repw@mblel%ws%\‘ae‘é@%wah? PEFATSYT e 0% llvéT"'gBﬁ% PFoges; BRo%y
AlsBNE it BiuIs b aRd etiplele REREHEEPME thsil Qovin@ dian gdsGtielteans
directed at a morkpugce surtﬁgggfqr [ Iantgtion. \When
booguse ] 4 Limifge paoRRt PheTRoped spctaegarca f iy solfdproctrseg iRy YappRyer
sysRhABBIRCLWE hriforln BmyeRians o pRividt Rabiaub entiegioand t he

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

© SinfOE&IEARRe hikRnt ib eamtiofaniah irmylantafléh Satnsthdt tnludourice

materj.al is greatly .preferred for safety. r 0
sofig et = g it Bl e Bty o R g B,
ion el ditdSed 2 6 bikpiade safude fopinipluniatig. (heih el dopegmaterial is

I.nst ance, utilizatio L r j in
B
vapoR aiteritansported tiito the intepior ofighediomgomrce fafidnizgtion andisublegigatiipn
beaRUi L dUD Wit hin the vaporizer. 25 Prior art vaporizer
eam 10Tmallon. - . . . .

systens have nunerous di sadvant ages, i ncluding buil dup

of condensed nmaterial within the vaporizers, and

' i2f Q) GO tpRereril 1 Ratbi CredsBhisE bPéved fsofiche

Sd%ﬁ%%?%?@?sﬂgﬁ% toq?agﬁﬁg?aunifprﬁw eafiﬁg thgfefn. The
semtiephdudiop derents akerireentedopspais: technical apg geet Bl PRgemy For
inst4be, QhtitiZibn ﬁﬁ%ﬁﬂﬁecﬁlﬂ@tmﬂ&ﬁﬂh KpotiFthsefaihad ext¥Rdel A@wn time

surfaces for revoIV|ng L . ]
of the instrumentation, poor product quality, and deposit buildup within the vaporizer.

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

additional “cold spots” within the vaporizers and provide for further deposition of vaporized
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30 individual vials and/or wells of source material.
These internal nmechanisns introduce additional "cold
spots” within the vaporizers and provide for further
deposition of vaporized WO 2004/ 010463

PCT/ US2003/ 020825 material . Additionally, due to the

up of deposits on internal novin gﬁ&g i
W“"E“E“é&g%. on of these vaporizers is not g]% |C|@%ﬁgg§

reliable. The shortcom ngs of the prior art

vapori zers are especially noticeable wth solid source

materials that are tenperature- sensitive wwth a | ow
maw@o rAdgitiensByi due toTthe Buildiyy off depasits o1 Egernal meviggReFhIsaIsy

ope‘ﬁﬁh l?eg &Q:QLI:. 553401 @%wnf &18iaB1H C P éﬁ@&cmﬁm@sedﬁlﬁ%ﬁ@ﬂ bl e

orlze solid precursor can be delivered to
vaparizers oA sm@dm ngtiqsekds with riolid, s mateelpls bt (R BPIPEHEFe i s

senﬁ?‘%%fhr& 169 Gap@Y Preshidd. By ARO&HERT to SURDHAIB Jolid@kt 2 controlled
efficient vaporlzes solid and/or liqujid, ghemica

rates gy @egamqm'ﬂe & ©b YenesFed Sﬂli'dsafﬁ‘i}légﬁ’i ek GHVENHeCdr i or

'dmﬁﬁ&mmgaggnaﬁwéghthernal di sassoci ati on of the source

naterlal i noperability of internal noving parts due
05|t bui |l dup within the va or| e%L condensaglon
Ac@rdmg 8 frdieodo S el RS e iontly EPORZE oM

andW¥r 130 choifcal RRQEsIvEBSut ccﬂx&ﬂﬁlﬁﬁt is&ﬁz@ﬁtﬁ@eéﬁf&]ﬁﬁ pridisedi) fuch hsOW
t o, downst r eam deposi ti syst.ens UMVARY

1 QN
thenmg) s eipior REhR v Frptern R G P%PEP’&‘S‘“?Wg R4 %F . z er
depSélt&ilﬂdﬁb fwtitdm lﬁﬁtvblﬁﬂzef: @éndiR#IdA bZbv gapsqiresduﬁmpodnds:ﬂme ¢b

em,cal ., sources art L1t
Ry S b R o S Y
sysa@pect, the present invention relates to a vapor
delivery system for vaporization and delivery of a
source material that provides sufficient surface area
wi t h uni f or m cSEMMARYQESTHE NyRNTIOMNeet the flow rates
required for typical deposition applications,
conprising: a) at |east one container for holding a
Thevapertiizvaisios rddesric @ vaetienr sysiem 2pd mgthod fos Vapogising spligpnd

hquyﬁ gb&gcaﬁ)rﬁ%wgeﬁ geﬁmﬂ:ﬁlﬁf LR e’ | SmicBRuG@N hiluiRfiring

he e vente pr ot uberances provide channels for
appicsersge of the vapori zable source material; and c) a
_carrier gas tube to introduce a stream of the carrier

gas for passage through the container.
In one aspect, the present invention refates to a vapor delivery system for vaporization and

delivery of a source material that provides sufficient surface area with uniform carrier gas
flow to meet the flow rates required for typical deposition applications, comprising:
a) at least one container for holding a vaporizable source material;
b) a plurality of vented protuberances positioned in the container, wherein the vented
protuberances provide channels for passage of the vaporizable source material; and
¢) a carrier gas tube to introduce a stream of the carrier gas for passage throngh the

container.

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

a) an ampoule comprising an ampoule bottom, sidewall and removable top to form
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30 In anot her aspect, the present invention provides
for a vapor delivery systemfor vaporization and
delivery of a precursor, conprising: a) an anpoul e
conprising an anpoul e bottom sidewall and renovable
top to form WO 2004/010463 PCT/ US2003/ 02025 an

WOZO%{})g?%gfa anpoul e conpartnent; b) a gasP('J’leS%&ﬂS/?ﬂl 5gas

comuni catively connected to the anpou
| east one container positioned within the |nterna
anpoul e conpartnment, wherein the container conprises
a container bottomand side wall to forma container
camilhgetnalamﬂo@coapthmtal ity of vented protuberances

t
o Bl cpEt ol Eoe Bl SR Bl ARLBIcABRE | 0 1 e
pr ot axbbasa nmesm‘s)utremmpml ovntlmh the duiemngi avwpule gemmegpment,) As
0CHELLRGH DRfafhod Urdpid qu&g{a%t o' 18 RieCHHI ROriTY

conprise a so source nateri al
Preﬁ@n&bﬁynﬂﬁﬁe precursor is a solid precursor

| ngy Ll ey o%méﬁﬁauﬁb%cés bt ih @ 1eastotﬁ&@ﬁﬁﬁarbeuonb@r on,
phosphor ous um i ndium cop ant i nmon
haprnw@rm eapchBprebRonghe and viereEhy Yfﬂf of BlopREHeR ! into

ar §2Bdkainet QM trichloride, nctal organic a- di ket onat e
conpl exes, cycl opentadi cnyl eycl oheptatrienyl-titanium
(CpTi Cht), alum numtrichloride, titanium 15 iodide,

@éé&ibapﬁ&@tfﬁtyr TRRMSEY, Qﬁ@pr%ﬁbﬁﬂiy&iﬁﬁ[bﬁdetaasﬂlﬁdlmhqmd SOUICe
|sc%% entadlenyltltaﬂiundlaZJ #%? 3 Fﬂ?ﬁ%qﬁt
matgrigh HBgifradlyy the perrEan B Here MEREEt Tt B i on

dec4bBiam, &ﬁort, BoBphR D EAlIFE, indidin] ccﬁ:ﬁb@,tanthﬂiilmdﬁﬁhﬁn)ﬂetbdﬂonde,
inserted Into a.conventi uIe

s ISl S, A GU0G PP S S s,

cye QdIQAHHg hﬁp‘t)ﬁé&%ﬂ-ﬂ\fﬁfu}ﬂ Gl ot ﬁﬁrﬁﬁﬁn CRiBR1SHdB,L NtiBinium

erel al ner a cavity for holdlng a

iodigd) ticlbOctiiBiacietyalks;; ,pmbe)&eﬁylﬁthﬂjﬁt&lblsbplopéutadanyﬂ%mdlamde and
ro%aggrances positioned in each of the vertically

%" contai ners and extending into each respective
cavity, wherein the vented 25 protuberances form

SLABRE %?we&e%mm%%n P1u6R% b ShpoiAS ulieheaD Al Reent
mserted mto a conventlonal ampoule with minimum retrofiting of the processing tools,
comprising:

a) a plurality of vertically stacked containers wherein each container has a cavity for

holding a source material;

b) a plurality of vented protuberances positioned in each of the vertically stacked

containers and extending into each respective cavity, wherein the vented

protuberances form channels for passage of a carrier gas between adjacent vertically
stacked containers; and

c) a carrier gas tube contacting the plurality of vertically stacked containers and

extending through the cavity of each vertically stacked container.

Tn still 2 further aspect, the present invention provides for a vaporizer comprising:

a) an ampoule having an ampoule bottom and an ampoule sidewall to form an
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stacked containers; and c) a carrier gas tube
contacting the plurality of vertically stacked

contai ners and extending through the cavity of each
vertically stacked container. 30 In still a further
aspect, the present invention provides for a vaporizer

e sidewall to forman WO 2004/ 010
PCT/ US2003/ 020825 i nternal conpartnent; b) an anpoul e
top to enclose the internal conpartnent; c) a gas
inlet and outl et communicatively connected to the
ampérpabeompprimedy a plurality of vertically stacked
CORBf AGH aﬁetwwda%émeﬁalcbmpménﬂm thin the ti

|nter na npartment, wherein each container conprises
a ehaaamh@md mtcema%mﬁly omeeted BilE SWPYRIE | to form a

cogf ai IﬂF{htyC o krérbicaﬁ_v,o EtadRe SdnBBtiRf containad bshnm.ﬁcwm fthe

mater i and wher'ein each contai ner side tacts

t hitesmehepiparimny SREEin cachConaipar Goraprises\ %?t&‘f}%ﬁi?t&’a‘ an

Pr AR SRGRA 1B Skt b RBRAN RavRRGhr mgabm lsolid Ofréc@¥brt O
provi de channels betvveenng acent vert [ 1 _st acked

c o FetsBal ape v ket oaptifoptainer ioppiacts dhe amipy é

pr inﬁﬁﬁﬂwe&tdﬂ)ﬁkﬁm&aﬂcéﬂp@s:ﬁdﬁed mabmmer Bcawm toyprowddel 5
communi cati vel connected t

A e
i PRI et B e ) PG o el e
st aﬁﬁeﬂ(ﬂmﬁm&hﬁeddxﬁ@ﬂ:ﬁtﬁﬂieabﬂwesmwgﬂd carrier gas dip
tuhe positione W|th|nth er ar d
mednd BT r@%t‘g% é“b(eh%mg?&? I&’m Itﬁ]ne énﬁeo ere as@%%%tt %t he
Pr eg@iinichtivély Rbinedled te Hﬂtgmnbtfoadimm alcmaﬁr gasombplpmtm%g a

pl ural it f. tapere r.ot uber ances havi ng coni cal
shgﬁg"&h’b%ﬁpg§°%“§ ng@%&w%gs the tapered
pr gtmezey fariesmg 8 toepmlel Nt o t he contai ner cavity. This
configuration for the protuberances 20 provides for
essentially one-way flow of the carrier gas through
the plurality of vertically stacked containers
In #ﬁtﬁértalsﬁpte% %Q}t thvkdfGn ?ém% & cottfing %Bmﬁﬁﬁﬁ% Rgfurapect ;
resént ‘I nvention provides a _method for vaporizing
mpeaqﬁdpm@.pmqps, haying oconical shaped pores which narrow as the tapered

protuberances extend into the container cavity. This configuration for the protuberances
provides for essentially one-way flow of the carrier gas through the plurality of vertically

wozo&@gﬁg SI ng: n anpoul e having an anpoul g i@g&&o%%ﬁgd an

stacked containers positioned within the ampoule,

Tn yet another aspect, the present invention provides a method for vaporizing and delivering
a source material to a downstream process chamber, comprising:
a) providing & plurality of interconnected, vertically stacked containers having a
vaporizable source material contained therein, wherein each of interconnected,
vertically stacked containers comprise a plurality of channeled protuberances;
b) positioning the interconnected, vertically stacked containers within a sealable
ampoule;
c) applying heat to the sealable ampoule in a sufficient amount to vaporize the

source material therein; and
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a source material to a downstream process chanber,
conprising: 25 a) providing a plurality of

i nterconnected, vertically stacked containers having a
vapori zabl e source material contained therein, wherein
each of interconnected, vertically stacked containers

rise a plurality of channel ed pr ot ?ﬁﬁﬁa@ﬁﬁﬁ”g)
stacke

wo 2”%?‘?‘?{ oni ng the interconnected, vertica

containers within a seal able anpoule; 30 c) applying

heat to the seal able anpoule in a sufficient anbunt to
vaporize the source material therein; and WO

204 x4 BB a W&ﬁ@ﬂﬂ%&&@& aﬁhpoxilﬂfurmchm'g fig vap@iasd i er

as into, t. ab ving the vaporized
god??@“ﬁ&?% gﬁbﬁﬁﬁpgﬁgﬁﬁgesea ng %ﬁ%oule topthe

process chanber. Clher aspects and features of the

ot st £ mitiof i MRer Y0 AP e O B

mmmHEeaﬁﬁmkNﬁﬁcﬁmgure 1 is perspective view of a
vapori zer in accordance with one enbodi nent of the 10
present invention. Figure 2 is a top view of a
plural ity oBRWEEBDESGRBIEHN QBETHABRAWINGS oned in a
container positioned in an anpoule in accordance Wi th
the present invention. 15 Figure 3 is a si

Figerk dvia petepaetive wicevef of vaporizerrin Apqeulpncy (Wit one atﬂwﬁ’@wat of the

pm&hmwgﬁ&I of cylindrically shaped protuberances of
e present invention. Figure 4 is a side el evationa

view of a container illustrating a plurality of
Figl? i £3 lo)f W@@ g plu{-hﬁl@t SMPRABY GRFusis hhiRioddes aNtontainer
I nvent1 on. Figure'5 is side elevatioual view of a

%Owwwwpﬁﬂe‘vé?c?fﬂ@ﬁwtgﬁm%ﬂwﬂ’&m ai ners of the
present invention. Figure 6 is a sinplified schematic
representatlon of . the vapari z delivery s e t he
Figyre 335 @ SR CloyRoRsh view o1 2 Eprjpipes ilpstpaginga aﬁ‘@%‘ﬁ oA %H‘]haﬁ
shap@prbkiberadbs J18R pleftgt ibaticanpoul e and sensing tenperature
Wi thin

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

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

invention.

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

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

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

the container unit and protuberance within the ampoule of the present invention.
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the container unit as a carrier gas is flowed through
anpoul e of the present invention. Figure 8 is a graph
showi ng results of beating the anpoul e and sensing
tenperature within 30 the container unit and
pr ot uberance within the anpoul e of the present
i nvention. WO 2904/010463 PCT/USZOOB/Q%%%%QPE&Q e 9
i de el evational view of a container TlTustrating
a plurality of conically shaped protuberances
i ncluding side vents. Figure 10 shows an alternative
enbodi nent of the present invention. DETAILED '
FigDESERI ST kIehitiGial itdEof ANoiENTdr (istapRERRRpitDoficnealy NEp s
THEREOE The nt invention is based on the
pmt@%??@?e\slg’flfl%ﬂg%‘%g’?&éertai n source naterials used in 10
vapori zer systens are not adequately vaporized in
. sufficient. quantift| ATRR .| ow rates required
Figya {0 ‘i/“bs'lmégllw%é@%gsl (fﬁ%eﬁ&%ppl | Is:eé]%ipgeﬁasd.n' In sone cases, to
achi eve needed flowate, high tenperatures in excess

of 200 C @ymgﬁmsggﬁglmﬁwmtm subl i mation

rate which can cau econposi tion of the source
materi al . AND PREFXBBEP EMBODIMENES THEREY wit h one
enbodi nent of the present invention and illustrated in
Figure | overcones the defjciencies of prior art .
Theypagsept fivewtion isTbasedy mpthp Phsemvatits (s g3ty spupempteriply vsed in
vapGriERY iR SreRBt ATRAY Papdrized In3bHtiliGR nRAkiHRE toFneiticiRiplAcs

neat - conducting material, such as for e | e si.lver,

requited fpeppigal Agpgsition appligAdipns. LHigRe Fases; P FEYe %F%ﬁgg‘ﬁﬁﬁ’ieﬁ“éh

temﬁelrdﬂmsriﬁ‘ Becads boxs oC hfydBeen uitil Glidreasd thckubliiiatibidaie Sthick tael |
raphite and/or ceramjc material. The ampoul e

g ¢
canse derprpesiien of tepole P rh 4 and si dewal | 16 to form an

i nternal conpartnent, The anpoul e can be any shape

that faciljitates an even f|l of carrier gh
A vimgiees e iR s etpRe bl s sl Mapdbdior, o
Figpé EbREdomek thihdyiciemfes bheicampapdrizerbatie veiricey elively stm

shape nachi ned. to ry tight,tole . nl
10 Eppbion e sne 2 SUUEof « Sl hepEleFLBRGSRE Al flon! Y
exaiple Gilves | sjlvératlbyisnegipes,otvppe aboys,. alifhisung glrndiumre alloys, lead,

installation requi.re ! I |y
ks g et SR o Bl AL Sucdfhpoe ST
boitora N4 andiewhibis tg G ab ngrnabdomparimeacthe awpoule cmhke oy ehépe or
l.l.s of the . S i
that, ilighes an, oyt OO 8 L”?“e"'g ??Sf‘éhéf’g 0 %pﬁ@?@%’ co %ﬂtﬁlg (r:IS%I il
cylindyiod] slgipe. GFhe prefrredbshangiohtse angiopls bash s cxlimdeing] sbaremaghiegd fo

ver}“@%xltt toitiBes foNBb@! ohRt 180 BRI BIP Ak REP CREENO fvith i
contal ner unit may require heating and/or cooling, of
precisely machined containers. ~ The confainer installation requires that the walls”be

extremely parallel to ensure that each the side wall of the container has good thermal contact
with the mterior walls of the ampoule base. Understanding, the close tolerance that is
required to ensure consistent contact of the container with the ampoule interior wali, the
installation and removal process of the container unit may require heating and/or cooling of

the base and container, respectively, to allow for easy installation,

Carrier gas inlet 20 is preferably positioned on the ampoule top 18 and communicatively
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t he base and contai ner, respectively, to allow for
easy installation. 30 Carrier gas inlet 20 is
preferably positioned on the anmpoule top 18 and
comuni catively WO 2004/ 010463 PCT/ US2003/ 020825
connected to the anpoule for introducing the carrier

Womfg%iﬂdl nto the anpoule. Positioned wt h'&Thﬁ?@}ﬂ&/&BﬁEnal

Y tment of the anpoul e is a plural

vertically stacked containers 22. The stacked

contai ners are separable fromeach other and renovabl e

5 fromthe anpoule for easy cleaning and refilling.
conRRotsd toitsramgould toHintrdudieg therepraien gos ing theampquie er nal carri er

gas nmenber 23 that is connected (wel ded) to the gas

inlet 20 and directs the carrier gas to the bottom of
Positipred j withisr the [intereatysomparment of dis Bordovis h@lurdieaft vertically

stacﬁé&%ﬁk?srzz' Pth RrediBhhihdeddrd eépaﬁm%&%mﬁmn@ﬁfu%wen

Figure 1, the internal carrier gas nenb 23 passes

from Fe sogpule Ba ey clspring e refdlingi (Rpsigopeq gfﬁlawthe. Py e 3)
inteRNQ i Yo dinBftler PO %&ﬂetedﬁ‘éﬁé@ forthd das 2102 A dfkch e

understood that to ensure |l e proof seal at the

catrigygan o thphoftem ofise wﬁvélr walpar@&?w%‘eek@a@e lojestprafamer in the
verticAlly@f2 SR E LohtalrdR. B 1nﬁa5 mEﬁfaF Qe fas SéAYct iﬂaa&sﬁbr&%h38

(shown in Fi ure be positioned betwe

eaclcopipingTavity 22 Epe iy gyreﬁ} and jgentaingf posiam et é‘Pwea(Pr §h°51d

be unbididkod -thaf R @EHE b QR pREF BA at MBIt Whekd Y inketnaPdafiPr gas
contenplated to seafJ bet ween containers on the taop

membgy intgrsgeisthe engaier kogdprag felne gy (ShowR fnfipure @swqbgo

pos d&ﬁﬁb@&&ﬂ;&ﬁn&ﬁ@m&&ﬂlbﬁ‘m@aﬁ&ﬂn&%ﬂ lstahﬂlﬁﬁ mayadbion af afeed
oteentranma SO in the c r
oute P SErropempied Bl pSe Pries b g o ke o a0
conththe (iR psidetvide| y) coul d be added at any location in the
carrier gas flowrate. The fits could be installed at
the "inlet' of each protuberance, a large disk frit
Also; depbralirigen &e delid preourtdnahdramaytbe ayiced tuobtc@elwl eatthinnieerof salid by

R T e
be added) atragy Beatiersio khe odrritriges ﬂowdm« i e &its @dﬂbamﬂéleé atZ@ ‘ingE a
of e%gtp{og& o, 24 &QF@?&JﬁIﬂ%@ adde® 1ol t'&?é fhayCAAB b el %eﬁ%\j' t y

ace e preferred Source materi al
presmreﬁonttbnmﬂhmf the fié ompfhefrenolp pron thgigntlet gas dew path. o
non-reactive heat-conducting material, such as for 25
~exanpl e silver, silver allays, copper, copper alloys,
As shivorin Figee 3atachnaf fherindiniduaheentaiessdd has aiogkm 4 edgigowall 26

to f5tn® HnBSiRe SAFhT 3 ARbhdiE 0RO pREmEL ERRL CnalbBLIS%! athe
containers, are preferably fabricated of a non-reactive heat-conducting material, such as for
example silver, silver alloys, copper, copper alloys, aluminum, alumimm alloys, lead,

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

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

easy flow of gas therethrough. Preferably, the protuberances arc cylindrical or conical in
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Each of the individual containers further conprises a
plurality of protuberances 30 wherein each

pr ot uberance i ncludes a passageway 32 for novenent of
a carrier gas through the 30 protuberance. The shape

of the protuberances may be any configuration that

ides for an easy flow of gas ther
woufig R e

8%ab|y, t he protuberances are cylin

conical in WO 2004/010463 PCT/ US2003/ 020825 e, such as

shown in Figures 3 and 4. Figure 4 shows protuberances

30 having a generally fennel-like configuration with a
shappsucicalshowatimigwlesdaned. whi ch narrows as the tapered

pr ot uberances extend into the container cavity 27. 5

Thi s coni cal shaped pore provides for passage of the
Figwed sows prgmberduces B biving a diversibrfunneidive configwetion wile? caistlough

ol PO B 5 PR B L AR i

Thig emivaleshapgdiporé povidesifer Hassegsrof thejcarsiengas &om tihe adispent lower

o, t | i) 895 §he
conlg BBt erest Bl bl B0 in B0 Eorfc bav®y sl }20 38
whilsgeduping baghftow of she camerszay infodhedaweriagicopt fenigingso fPPPERpLLY;
mmﬁtgfd{ng g og%%r 5% midugtPend LW o BdrPairleROHtirdaRd tHRMerdddalreme

ondu

sem ct’or processing systens. As the carrier gas,
carrigp gashan isnigiuated ovith theovapasiged seurc mptaial & @ flqvgratydeased Bwar d
ml‘g:sglg%@aﬁct&%&&ahg y_stErFa@ ARO R b SiGhink Repotinpened

§
erances a whir| pool effect Is cause ﬂé &Egﬁgas

matprish i  axsd P ofrem dhe; Getfors of e 2ppne
protibdinttl 8 RARHEA -ofidd isSaudkll o hHRQ melédiREire FoRee Sgatnbiahecwallr | er

as quickly through th rot yber ances capsi,n e
of Yenphbeatess ol BhpeioL Flos PO Hiecarto R kT rbep G
profiSings ciiing the Yipofifed bdifee naRA4 esinie@bntivewiinthe heafEliwsl)s .t he

vapori .zed_ sourc terial ,maintajns contact w.t. he
of thetet) OGRSt R ted RSP EEHE PR onh P et
heafel BinfainkNeith aGentbaliterddetiqrof cdldspbia thatoauld fausd preipitaionef zed

mat er | al _and/.or .cl t he chann in. the
meWB?’ﬁ%)@Ptﬂ?fEE@%rﬁl%‘g%W%%gr afr?crfglg)%%gns'be ext ensi ons

attached to the contai ner surface, such as

co rciall . il Nt ' /
The R b P R e bt 04 Bl AtoREuly
mmﬂwhnamsinﬁM&ﬂbhﬂwuﬁ#dhﬁﬂhwebr$hmw & PREMIYE 2P{ASCSS Phe
subﬁr[m%{oﬁ' D! AN R SuBhfiv gfeggc?'u?de i¥oed Q6 MRGraBP foiAddtas Phrt bR

cont ai nér botton1aﬁ_ ow for a nmaxi mum heat transfer
containex Hothore angratiow) e » mprirem heat apefersnthose propyaranges; grsferabl
f I, t?&ﬁﬁ:ﬁpﬁ foSm AR R B hEkH o e SFane
mﬁ%@?gﬁ?ag%n?ﬁgﬁﬂ% t he séﬁta?ne? sigewal gr

confimersidswelt erest| More preferafie; thg-eigst of gack RIOBPHAGHE fesh iﬂstb?s

hei%hﬁ 9B e %ﬂaﬁ]&%l(@@iﬂh @ll’:lﬂw pr@xfidiﬁéqﬁ heAANdpade NBbve Sthedl €1§dfl the
ereby providing a head sgace %ggvg the end of the
protuberance for gas dispersion and circulation wi g Tespeciive container.

Alternatively, the containers and protuberances could be configured to create fluidized beds
in each of the containers. The carricr gas flow can enter the container below the surface of L
the solid, understanding that the pore size is sufficient to retain the solid precursor in each
container as shown in Figure 10. Ancther embodiment rclates to protuberances having

sidewalls comprising vents therein for transmission of carrier gas through the solid precusor
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bottpth ef ﬂlbeﬁntam fesim abpret Oy fo-abeis rS M oavd meesupreterably fpm

pr ot uberance for gas dispersion and circulation within
the respective container. Alternatively, the
cont ai ners and protuberances could be configured to
create fluidized beds in each of the containers. The
carrier gas flow can enter the contai ner bel ow the

womi%agég%ce of the solid, understanding dﬂgltmstz em.B&re

s sufficient to retain the soli recursor

each 30 container as shown in Figure 10. Another

enbodi nent rel ates to protuberances having sidewalls

conprising vents therein for transm ssion of carrier
for fhadizivgwicangsudhheshowh indigpre@dcusor WO 2004/ 010463

PCT/ US2003/ 020825 for fluidizing of same such as shown

in Figure 9. The protuberances should be of a hei ght
Thetmbuﬂ:c@wﬂémdd besfle lpighidd provids olsalf preof] mwmémmm’»ﬂt ofa
suﬁﬁ:féﬁlf %ﬁgﬁtg}r/% a}.eé logl By 'ixglﬁd PRSAal pmme{hp witdgqui d

e require vaporlzed naterlw

vapwzemmnabmt@umdwha;e intrtheundpidyingrrgutpipey itaep sk B e Ner
m,gaﬁ %Haﬁgf Baase eath pRnbbie REGdY DEHARF Roin the
refera eac pr ot

erance extends vertlcalhé from
Oibout
15§mﬂymmggqhﬂpre preferably fromabout 1.5 mmto about
mm 10 As shown in Figure 1, the positioning of
the pr ot uberances in each container are slightly

As §b&S 8L Fiblr® 1) thd\RSifordidy FMedrbt@fRRes GOREAIARRert ahaedhgw

forcing the carrier gas to circuylate within th

e
offst SiemFhese I ap afiacens ﬁ?W therety foriae ths sBTiST ERdo Sigpylafe @ithin
the U8Rl r RRLAWAMDBE REpotized REREY In@ldnal thefoUigthg tthesported

protuberances |nto t he next |ev cont a
thropgh SO PrOLERETERSE o ternext P epReT féfrélr couglys GIRISRIISE ¢ he
of c&ﬁcf df @fe c@iier phd POtidERr fatfatiGéiile@hiria gaod ad @egdrite & gas
o éncrea ed rate Wgwﬁg 15 tosgge i ncreased anount
ﬂﬁﬁm§@ﬁ RO BPeR atf WRAPEY 76M system  The si ze
of the vaporizer delivery systen110 is different
The fﬁg Bf] ?1 a(\i}ogzef aeéﬁe&g gﬁ u I trlg gsfn(]h%f{}/'%t derj)e i | OEIS eo%%ﬁnt of LIE e
vapériagal gantodt bupplicd yethedownstreain €V apmratuz er iogispbntafidngysivars  a

e BELARPY 0 Qo PRGN, B BOEC
aboi8 3766 inolehgseferablysbens itsiincheso Thegmntiy #@mﬁawmmprs»‘inﬂ g a
stack {{lfac%gtalgér vﬁl?ﬂet (ﬁl:eﬂﬁﬁed kﬂ %E?fqﬁct v%ﬁ(mz&eaﬂd HXfefaﬁ? ﬁ'g?ﬂl fifee of

vapori zer ano y fromthree
t0ﬁwunmamneweameﬂbnﬂﬁegﬁwbin t he anpoul e. The anpoul e of
the present invention conprising the plurality of
internal containers can be 25 heated and kept at a

The grmpufeced thegrrsest Byauien JomPRRng dhechdiy ofiiptpmal ﬁ@tat% gandid
heatbd SadSI4PPAt! L8ksired temperature in accordance with the type and the supplied

amount of the source material, the concentration of the vaporized gas and other operating

conditions. The heating can be conducted using a ribbon heater wound around the
vaporizer, a block heater having a shape covering the vaporizer or by circulation of hot air
or 2 liquid heat medium. The method of heating is not particularly limited as long as the
vaporizer is heated and kept at the desired temperature accurately. It is desirable to heat the

ampoule from the sidewalls versus the bottom to reduce the chance of a lower container

10
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amount of the source material, the concentration of

t he vapori zed gas and other operating conditions. The
heati ng can be conducted using a ribbon heater wound
around the vaporizer, a block heater having a shape
covering the vaporizer or by circulation of hot air

wozo%m?mj'qu' d heat nedium The net hod Ofpé'lﬁl?sl‘z JRaTe s hz% not

lcularly limted as |ong as the 30 Vvaporizer is
heated and kept at the desired tenperature accurately.
It is desirable to heat the anpoule fromthe
sidewal I s versus the bottomto reduce the chance of a
subliming at aClogheniemparatur® and(oradgsy @Ye4ese: PEEISIBIrd bo 85
sne%&g&sﬂie%a@.&arﬁn W &hutd R0 Y Rlpbth? ﬂegrefeesdmemmﬁfeg%ol er

er contal ner at coul he site for (O]
from, thn eidovelis ofdhe anmpweto hgsidemalla e the coptginers. oHgipFshsating i the

qlfa'} &fo %ﬁhqﬁﬁeﬂ@ﬁ fa6fendisy onf thORBafidd SncBtiod QMR oF nékedt he

e to the sidewal|ls of the containers. The
Cmﬁf@h@ﬁ tuhige el thegarier gaflopddte.gas may al so be a
requi renent depending on the heating nethod, |ength of
heated carrier gas inlet tublng and the ¢ rrier S
Advntepspysiyy the vaperzeh felsaovtam, of W%es%&amﬁ%?m‘afgr P SRR

heatsd SdaRiF@ fhat ﬁiﬂhapbﬁﬁ@d@tforlafb‘}i@ﬂiy (fflhedﬂefd@‘xfdtld)eﬁnoas tBR FicRsseOf
heat ed cont ;ﬁ@that uthe

i des
tho g EFpcap hoRBAating O SHRCEEY SIE THEPL e e
incrEAt dRkibaticnl R B&it. N Bdy Bd’ﬁéﬁﬁhly foa hﬂeampm; tﬁ lﬂbde Iar]mgel tlmmﬂf

the saqlid.squrce nmateri cause.. of
mast P RGP SRR TG-S S BT P 5 Re
inveRtiga(is e desigdd With a lafk gemiah Mnsybised onesesfadt thafiit talkes bt to

aln a nDr con re.durin
sos i SRR ® 1 SBIFEERT A [P/ b AL o e 55 A e
glvemtekﬂpem&eathgmpbﬂpmsm of arsedig isobespmdtialmesguneoffitmtmateriabat thet

eat t ta | ot i
intexfte gr;: i) Oas 1P i:cmgé p&éflﬂﬁ% dnl s %dv%g%g&;@a@gugw e
of niplendes suwmmrgm@rtbe sutfhre atcegiven tipe periodr Baudibrem islkedingyads
if thL %le E.Ill @1!": gﬁ%ﬁ? sl ﬁe o%éa Hom T SEd/ @L m?etrfac,te IB? th Bartier

ace, ere are as many nmol ecul es
gas. c @iedlémsuhhglam ke Pb@ﬂ 4t higher miocio a%storqq@uwmmbﬁ theg 1s

'1@&% ied ‘i@'tﬁe”@u‘&&n&%%ffﬁ@%ﬂdhﬁ S4E FRCH: ke 1RedindgNoft | Me

eriod quilibriumis destroyed if the nolecules in

sublwﬁéorg aﬁomw@vaae Pluspliy Pl hegird Pratyugienoen dresyiiie (ropdrsttve

contbidr @ ACLnda¥a bl cCiBirity ereadiBiSihe fale@®B EdbYimativb Providhdg AN
t akes place at a higher rate to restore e%ylllbrlun1|f

increapreflew fake of gpfwiaigh c%tgassaas Proree REPRTARSD O PR 81 Phe
matéifal thel cinQloF e @ndaieldd@Fonibbignekaat ent heat of 20
sublimation. By providing a plurality of heated
pr ot uberances the entire conductive
The temperature of the vaporizer is different depending on the operating conditions of the

downstream CVD apparatus or ion implantation system and the vapor pressure and the

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

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

vaporizer; and adjusting valves and instruments for measurements of pressure and

11
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contai ner acts as a heated surface thereby increasing
the rate of sublinmation, providing an increase flow
rate of saturated carrier gas and reducing

preci pitation of vaporized source material that can
cl og the channel ed protuberances. 25 The tenperature

wozofﬂ% 164[51 vaporizer is different dependi nﬂc%ﬁo@ﬁzoszs

erating conditions of the downstream appar at us
or ion inplantation system and the vapor pressure and
the anount of the source material. The tenperature is
generally from about 40 to about 300 C. The vapori zer
temphedtire. eHaatessysdydmpofidedie npinésérethe tofparatere indhe gpagopplifinder
and meQB{a]c o ltﬁe%ﬁon&% matend 154 BRin¥eRd s&n&)ﬁ&fcio%angﬂﬁmﬁi@

ranstrerri a vaporized gas that are connected to

prodesecharslgor Itzsadesméhdo et st doprystiparh Vines Sam ¢0°C Aatter die Hes
ssure and 11 WO 2004/ 010463
mpﬁ%%’?@%%%é‘?‘g%%%ﬁ?g%%r ature. Heaters may be provided

to maintain the tenperature in the gas supply lines

glﬂ:g)oh bARRzZh AL vabdrBOSTRim AR pleddPinkohRch iRBRIIE thiAkudhf ad

ownstream'sem conduct or rranuf acturi ng . pProcess

soursbymptriat into|the coaiprasheforTaskingWiin e ampoulg Tk st Aieritines
may’be sohci- Wil QF k@l disBeatih SolveRTPRIHhE, e sthid® RiRkial may be

condensation in the |ines. Themehod of .utilj zi t he
conigd ity Fepocs GubATIBReTLPTHHREEEITE WD SR PR HETALY

forch PR @yﬁiyf&lvﬁmus%ﬂfo@semexa&ﬁg th@hethddtobmblbg: mmett:a bmﬂa
before stacking wthin

by Ieaiiogr el i otse e $AEIet o, BPBS ] T BILE SR b 1
metARbrREK can Flllidsbl66d in 4 :h:ﬂreﬁ@htf dpplicied the Suﬁhcesﬁyhebmtam atded

on the es of t in pr ot ub
progpepien e B o B RO e RENS Bty o SRERR, by
souﬁaynateﬁaw afel 10U wittkddoiel Sthe ﬂmismlmngoqeksmg repstém dheppresent

. el tin YoMV To M

mvenByn, ﬂ%ﬁ%gﬁfbﬁ%@g'%gﬁ( & Séuﬁ%eg%&et Elq%nc fen COOFI ng.

in fidlvetically Reckedvhisiherconpl ex can be di ssolved in a sol vent
and applied to the surfaces of the contai ner and

- protuberances foll owed by renoval of the solvent under

Therwaplmzerdmprﬁs wshewn fif Fighiré Sewhiplt conpoises aieplyrelitie ol vertisallyr e

Ut & ¥rdofE)

m%?oﬁi com' res UOOP %glgl nven g%\lé%?%!\rflﬁ egpgsﬁgﬁg‘%?%ym

Thei mppniel tapelidiiL$ f(skoemtin Exgmé apd Pk isi pesitipned ondher fop rof e

confii3 EJea' Joiie and gea.%&%he\’e%t Hds! B sl @ﬁﬁgegerﬁé?xf‘t@ﬁﬂé%é: pelhe

uni t own I'n Figure_ 5,
fabm@ pf @é@, an glagleregrior y Testal seave\nilfprclafqhgﬂmalsiaa%dsuch as

screg/g r%eagnﬂé‘{h@t&%ﬁoﬂﬂ i &Eagb@irﬁrtﬁb%teﬁﬁ%n@&ﬁﬂhte@ﬁthm er
IS aced 1 n e a
ampoule and Eontactmg containers is mcreased to a temperature sufficient to vaporize

enclosed source material. The sublimation rate will be greatest on the first or lowest

container due to a pure carricr entering that tray versus partially or fully saturated carrier gas

-.1

entering the containers above it. As such, there may be the need to load more precursor on
the bottom container and/or increase the height dimension of the container to allow for a

more uniform surface area through the life of the ampoule in the process tool.

A solid used as a source material is vaporized through the process of sublimation, effected
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20 The anpoule top lid 18 (shown in Figures 1 and 2)
is positioned on the top of the conductive anpoul e
and seal ed thereto, such as by an o-ring el enent
(o-ring may be fabricated of teflon, an el astoner or
a nmetal seal) and/or nechanical fasteners, such as

ws. Means for heating the anpoul e and
Wozwﬁ%o ﬁéﬂﬁﬁgﬁgﬁ%

#ht er nal tenperature within the anpou
contacting containers is increased to a tenperature
sufficient to vaporize 25 encl osed source material .
The sublimation rate will be greatest on the first or
by havigste veinbhibeaondicive tampenley theteprefarebly epntashe @Ry that
verkc sl i A ri@eltédyof%nd%clﬁlré Hat 301 ufh@h%gessc@frsﬁﬂh%hcﬂas

ring e contal ners above it. such, there may
entdile the ensfawatiop of h @m v decabprans, fram salﬁl stattyia a5EPar Siate

9{?{"%‘.“%2’? e éﬁ?{t s S @ud Gedd Sy @b 19k ARRB IR RsGFimt he

or a nore uniformsurface area

anyt $witeblegbolid Frevig #T@te@‘ﬂ ¢-Bre selidpeerisls; champeienize By sedimpling)
temﬁ% ﬁﬁ bidlg é&?f%&w@ea aBouP SUIE: EabBR BEUCE @d Having/ PRPEiprelre
rou rocess of sublimation, effected 12 VWO

in a20@e9f] MB‘B“ Pﬂ@@@éé? 928825, by heating the walls
of the conductive anpoule that preferably contact a

plurality_of vertlcall st acked con alner abr cat ed
Temgperayisn gk bf rentplleds pitip H@"’B%S’é ES‘F S*

incifdtheR whtBout BRitdtion NEpOHenad, lrﬁtﬁanﬁﬁca&ISSEHaied sndbs@es, c1rcula1mg
decaborane fron1a sol ] e to $ vaggr stat.e
it

tluidy by FesEARteenting SEFTen e dreRing & a1
arraRe %R Bénirolid@iipeRfire opergtioh emmyreteﬁmmamsmthm thérampanly can

sui tabl e soli our.ce nmater Ql | als
sfﬁﬁ‘i]a’@t thgrgopp q?a CEHYT RET ¢ S'{m S“rr%ssegs %%{r;éan e
or defricd tanged fonddntitting @ Guifpe abﬂuelttheﬁﬁmlf:cmdcbhhewwgle ami/eqoor
ressure in a range of fromabout 10 2 Torr to about
“Torr. Tenperature may be controlled within the
vaporizer by any heat regulating system 10 including,

To Wil Lo, '{&L&.&aqu AN on[@.%ag wﬂgeqmem LTINS

eat ed encl osures |rcu atin heat er s,

level @i umitoring axstemgo determingghe W@F said opliged Wdhecipr Fns,

andft‘); o the BoRO bihy! Rk &:ﬂgal sctéok @Jﬁgﬁﬂlcgﬁ%l canboiedld £RMective
temperat ure operation. Further, m@grature within the
v

surfagepanthe bottom sustacesef i eqntagngr & Erﬁ‘é‘ilenb %51 18, sizople¥ e dicor

confneAteatddd8/ or §%P'able tenperature sensing junction or
evi ce arrange or contacting a surface of the

thermal |y conductive anpoul e and/or 15 containers.
Figure 6 shows a simplified vaporized delivery system 66 for supplying a carrier gas to a

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

made of a thermally conductive material that provides for transmission of thermal energy
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To determ ne when a container is depleted of source
material, the inventors contenplate a |evel sensor
nonitoring systemto determ ne the anount of solid or
liquid in the top tray and/or in the bottomtray,
such as optical sensor conmunicatively connected to a

WOME::ZJ!# ctive 20 surface on the bottom Su{él\?\’ﬁs%o%ﬁgzs

A& ner to provi de a change in signa
container is near enpty or enpty. Figure 6 shows a
sinmplified vaporized delivery system 66 for supplying
a carrier gas to a vaporizer 10. A carrier gas source
genGrdted by at bashare heting weandii compunidatiesty coteetes] tp the Vapgrzee Wity | er
gas. 25 In alternative nodes of introducing a source
‘material, a liquid source material may be introduced
fromliquid source container 67. The flow rates of the
w
rheBo 5 p 8P e RE ool JalyiioR s, RARDE B ey b
the shaiet matenjal pridrperriergag a1id; thﬁébwﬁta pkthropixtureg It aeeordpags gith e
pre%g Lﬂ{v&ﬁmﬁrﬁlfe%énﬁil bier Egﬁfeﬂédqg ﬁz% $Ap€&e9f§ SERER atRle 1 Oalv\etog as

1 ver I nes are pre erab y of a materi al

abowt B9 Y o e epm @be%mald?mﬂew&su Jihis Josnea e egie
powRPABYIEL. b Pftﬂ{é Relwlir@Whikefe i1 SRl hONn\OR 1R Gedting® Bower which is

Pr ef er ab t he vapori zer delivery systemis de of

availbley, qurey theo PRILFE Bpsgech by ditei &6 YPRPR (PTSSFIE, iy el epipigant

perthibAios M SHlicH ko ¥le HARPIEBLANRIWGY mbidnd/PpaGi0Kk ) LO4MBally
PCT/USZOOS OZOSZSggenefﬁted b I east one heating

maipfain prideab e%ﬂﬂﬁé@%@ﬁ % vapori zer

unit 10. The anount of power required for conplete

aporization a f on. O 5 the
In oo R porc OO Pt oo 1S Tk Bofrg i B O
dry bdxeor Elove bexeto elnnmae o reletion of the mcmtoewnh @szgemtaml mwisiatei on,

thernal r transferr tQ th
il AR o1 B B "B B SR (D REPE b e
vapﬁﬁ‘érl utis @ gas inlehm atalgad fhrwpef fi@muir ee tol ahous ﬁ@@cwm nhercaritthe
atin ower absorbed by, the.fl ow ' '
gas g%ﬁxrsp ‘%F g@c{ tpe Zo1 3t & PIESsi ?to r{%{%bc% \?.\gt\réﬂdg%?\g]ﬁ%eregab fai?
is fcmed iHraugh the pfﬂnéerafcencﬁ'ihewhmcqﬂmmﬂh@s@iﬂbredAbS}w bewecT gis
ot %Stﬁr&%%etﬁig g@ﬁéﬁ %:Uefs PR vé&alg%wd%ws Iy

AtTon to e heating powe maki n
carqsosw rcanes Gatgmaisd tvdihit vapdrized sotes madepl fan trpmgpog] out of tbe
vap&rﬁ&tunﬁ" Etggsj oull@ VR ﬁttéjﬁgprgéesstchﬁnb@md uctive heating

surface I'n operation, the precursor source materi al
is preferably |oaded into the container units in a
TheQfidhn % oPihe &ﬂv&iﬁﬁn ng)fno}eofu%t 11iRRY Stk RerdnBA® theOBIIdMingt he

precursor w th oxygen and nol sture
examples,

Example I

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

ampoule was made of high grade stainless steel and connected to a block heater having a
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15 while the anpoule is open. A carrier gas fromthe
gas source 64 is introduced into the wvaporizer unit
at gas inlet 20 at a gas flow of from|l seemto about
500 stem The carrier gas is transported into the
vaporizer at a pressure to provide a steady flow of

wozmg%r'{:l' £r gas that 1is forced through thﬁcsﬁsgﬁog,pﬁggnces

Pe vertically stacked containers e carrier
gas transverses upward through the different |evels
of the vertically stacked containers, the 20 carrier
gas becones saturated with vapori zed source materi al

sha;fecﬂmﬂgrmsqb thetciraumfererfce pfithe ampqylsy | Therheatei was genngrdad B3t | et

varifhfl istihet Orlal a%ﬁ&e&%flqurﬂ@couz& snd B Al VRkAELE Of
the'nvent ron are nor ' uStrated mnt

heatingf diewl of the indiddfab pqnmwmgcon@wgnb pagisS, ppsite ‘r‘fﬁ‘fﬂ% ﬂ}ﬂ The

amph@P Qhk 26inedia b %ﬁng{%tﬁé QBHsork BVRREHRNME HFReksSIFRehti

contai ner unit 5 stacked containers wt |n an

effoctivpross of hedt m@repWeﬁs@hﬂle PHRAElettp §15 confeiretss sThe HBRRPG Y428
contfe *;tgtﬁ {eCa gou‘ﬂ@gaf eanlcds &P lﬁtfadﬂﬁ&?fnm 108 adrptleind @Ebigh @ReSS

eat conductance fromthe anmpoule to the

contgineruaik ptesbent Sofhsecm. oWV einFigere Ttfdhegponsrayie i ingrgased in

the ﬁéa%f ﬂjcaax%a 16 1hE ShpROhe HABRE teBiferhire AenBddaE heltORiifkrs W@V Ny
-1. WO 2004/%10463 PCT/ US2003/ Q20825 shape flttlng

alsoam@wﬂé neypanding, o fhy effstiveresp Pl ek Biifce. %'?htgm

sensb@f GRARSCT £ Stwﬁrea:omyz@dblea@{hﬁ of he ﬂxﬁﬁcﬁfeﬂiﬁﬁcaﬁﬁgleﬁm&ss oﬁi
source of variable AC vol e aqg éﬁg Ls t he, %gree

heating thrpugheyt thp stask \ph popfatngss. ¢ drdyidiah PomiaRE FaTie &

mmﬁ@:ﬁtsﬂfﬁb@wmﬂrwev&wm&ﬁwmﬁﬁpmﬁrEmmm ampoul e wer e
connected to tenperature sensors to determ ne the
evenness of heating and 5 effectiveness of heat

Figdré SiedheleSRe Gistibidion stfheat &0 dislampdute tb hﬁotubmdna@ positigned he

tlmgg klﬁ%ttﬁnlfﬁmfc“%tr}g %ﬁﬁfgg lﬁ'@gu"ﬁ“‘? ReaL%eT utmz?@ ﬂ(ui. ﬁ,r aﬁﬁl(ﬁllef or

was ct:aﬁtyaebmt afrer the &st abo uf vipOikagmc rBecme @h owwpie IGOIFARLLH e
as Lhe SN %&gqt o? thk: ﬁfe&ﬁ@ﬁ %ﬂteh ngroaﬁ?ﬁl%r be

vaé?e‘t RIPEFES ar?ah ter na erature

produneddsiattlot refitling oﬁm:mieﬂlsehm@ucm %ﬁmwf ihe dnsisgment.
responding to the effectiveness of heat conductance.
The tenperatures 10 sensed in containers 1 and 5 were
conparable to that of the anpoul e indicating evenness
of heating throughout the stack of containers. Thus,
the individual containers provide for
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additional surface area that is evenly heated to
vaporize precursor materials. Figure 8 illustrates the
di stribution of beat fromthe anpoule to a

pr ot uberance positioned in 15 container 5. The
tenperature is raised to 130C and heat distribution

i t he anpoul e was nearly const ant first
wo 20@/0&516? Pc%f{ﬁesﬁ@gﬁﬁ §25

rof vaporization. Because the nulti
provi de an increased area for placenent of the
precursor material nore product may be produced
w thout refilling of the anpoul e thereby reducing off
time of the instrunefHECRIME5 WO 2004/ 010463
PCT/ US2003/ 020825 TILE CLAIMS What is clained is: 5 1.
A vapor delivery systemfor vaporization and delivery
Whayfis cleirgdi ce material, conprising: a) an anpoul e
conpri sing an anpoul e bottom sidewall and renovable
top to form an internal anpoul e conmpartnent; Q%_ gas
1. i nfevapemdeliyery sptam & epgngehion cad dpkivey lomfewtce ‘Ef*?t h
n%ﬁﬂﬂﬁ'e 10 c) at | east one source material container
CO N

sitioned within the internal ou e art
whora |aWPQ1#e°°E’B¥ﬂ‘%|aHéF1P‘EI&PﬁP?%é‘§13 1&65‘1@31"#3’@??0‘?% and

S|gﬁﬂwgmgmbgﬂe&ﬁwﬁﬁﬁm@ontalner cavity, and d) a
Iuralltétof vent ed protub rancesgg%&ltloned in at

| eBleay inlet d g AptisksomBYEERETY gpnnssie EEMSnel s
th ﬂhaﬁpMﬂhmmﬂmuﬁﬂdw&ﬁ@mﬂﬁ@Mﬁhuwmmuhem&mmkSmﬁmkend

|nto t he C ai ner cavit apor, LYEry
b SV GG s (P Bl RER o bt 6
|nﬁﬁﬁlahm@ﬁ&quaﬁﬂylng menber positioned within the

; :
ol DHPEHG L BRLAT B oA oo B BBl o 8 & 00"
2OmﬁwmihﬁmmnnmmmdammwﬂmmusﬁsWamﬂamudwdmngeﬁﬁﬂqmgMWI2,

%ﬁyn the internal gas carrying nenber extends
t hf “center of the container bottom

al ners

2. The vapor delivery system according to claim 1, further comprising an internal gas
carrying member positioned within the internal compartment, exiending through the

container botiom and communicatively connected to the gas inlet.

3. The vapor delivery system according to claim 2, wherein the internal gas carrymg

member extends through the center of the container bottom.

4, The vapor delivery system according to claim 2, wherein the container sidewall is of

sufficient height to retain a solid precursor therein.

5. The vapor delivery system according to claim 2, wherein the plurality of vented

protuberances are positioned on the container sidewall.

6. The vapor delivery system’ according to claim 1, wherein the container bottom,

sidewall and plurality of vented protuberances have a surface area approxirnately equal to
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4. The vapor delivery system according to claim 2,
wherein the container sidewall is of 25 sufficient
height to retain a solid precursor therein. 5. The
vapor delivery systemaccording to claim2, wherein
the plurality of vented protuberances are positioned
m according to claim1, wherein the contalner
bottom sidewall and plurality of vented
prot uberances have a surface area approximately equa
to 16 WO 2004/ 010463 PCT/ US2003/ 020825 the surface
the girfang arsp oft thpdnterny] comarmenb piBE ARSI of the anpoule. 7.
The vapor delivery systemaccording to claimb5,
conprising a plurality of vertically stack%? )
7. coRkeaap lvsiaéy%f@&%{‘rgﬁo el 3 ARG 2 PIRkE PY I 8.
stacldAR oM AR polBdnkd/ R ik ieisl @Mpatsar di ng to claim 7,
wherei n each container side wall is of sufficient
hei ght to contact an overlying vertically adjacent

8 C omﬁeadaq_& deHvery st adcofitf to SI8M| WErGPaciecchibeside aulvizen.
10. 9. The vapor deliver s,%ﬁe .accordi n t% cl aim8,
of syficint; heighine dopg e oFivh gey g@ﬂ%ﬁﬁ&l‘ﬁlﬂ%ﬁ& SRS
holdigBice thbramticbe hei ght of the container side wall. 10.
The vapor delivery systemaccording to claim9 wherein
the internal gas carrying nmenber extends through the
9. pl Uiedapdr\ieldleryVigatdni sadrliive ®it dubrk Spiwieat G heigis of b5 vénted The
vapor deliver st em.accordin clai m 10, wherein
protphe %%ﬁngﬁgFMg%%g§b eggﬁm%g%ﬁu%ﬂ the plurality of
vertically stacked containers contacts the anpoul e
sidewal | .. 12 T elyj: ﬁ¥§$ j to
10. cl gllmvrr% T df%vregh ?&%%c@n%?i{n% ?’n‘gdl%l%;%ha [ ngg:(gHt eﬂ{r&f% q}lrg%ig
menperxtendstieahgh the nhality ofeeticallystagkad cogtainesar r yi ng menber
and the point of extending through each of the
plurality of vertically stacked containers. 13. The
11. v aPrsrvaphe deliveny pystepaceriingde epiay QgWieerinibe popemsr sidga} i n
cact! e GRSty A FlticAiaBIR8 confithbds 8éntadls Bre RAPdule sRBRAM. ON the
anpoul e top. 25714. The vapor delivery system
according to claim 13, wherein the gas inlet is

12. POBHelvh R Bffivery system according to claim 11 further comprising a sealing o-ring
positioned between the internal gas carrying member and the point of extending through
each of the plurality of vertically stacked containers. '

wozo@@gf%thse container sidewall. 30 6. The v %2 ?)Oi'ﬂyzgry

13.  The vapor delivery system according to claim 12, wherein the gas inlet and gas

outlet are positioned on the ampoule top.

14, The vapor delivery system according to claim 13, wherein the gas inlet is positioned
approximately in the center of the ampoule top.

15.  The vapor delivery system according to claim 14, wherein the internal gas carrying

mernber is a carrier gas dip tube.
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approximately in the center of the anpoule top. 15.
The vapor delivery system according to claim 14,
wherein the internal gas carrying 30 nenber is a
carrier gas dip tube. 17 WO 2004/ 010463

PCT/ US2003/ 020825 16. The vapor delivery system

woz@@@%&?ing to claim 15, wherein the carﬁ&ﬁ%?&gae 3

p
extends through the plurality of vertically
sacked containers to the bottomof the interna
conpartment. 17. The vapor delivery system according

to claim15, wherein the vented protuberances _are
16.f uiheyareriehvey piEen Agording to daim dpWhgreinhe rpgier & 9 Whtet er

extdnfPifiro &ﬂmdﬁcf BvertibBly shigd (@ftersts kio\bBiidta SHE Bidinal
according to claim17, wherein the first end with the

compaEpeilr  dj amet er extends into the container cavity
thereby directing carrier gas to the gas 10 outl et
ang. reducj ng back-1ow.of carrjer,gas, 19, .The vapor

17. gt Py b iy S 1 b e Vg PR ERG

are fuiiRDEhapRd Bvhelfist @ldintif smalkr difcter than 4 yconil ack ed
containers are fabricated of a heat conducting

material. 15 20. The vapor delivery system according
18.t 0 Thd aipon delivenusysthe raccolingrto shaing 1 Tysduasinfény ficstheaditwith ghet he

ule. A vaporjzer conpr.lSing. . ORPr.] Si ng

ome P e U PO ettt BRaBTAR B PP RS,
outl20mnd sdveing bickonqfaationgsst ; b) an anpoul e top to encl ose

the internal conpartnent; c) a gas inlet and gas
- outlet conmunicatively connected to the anpoul e top;
19. d) The yebardelivety yystsfn apaordinigdaélhip 161 whekebdhcrowoddeaidplyrality
ot vERANPLARL oAl d Ot dr2 bl LMot okl

conpart nent, erel n each contal ner  conprises a

contai ner bottomand a 25 container sidewall to form

20, & W;@F @Jliv%?#s&% Ic@d'rdiné)kodizlﬁﬂ Of fufhes %ﬂ&)gl\ila Giedhk QY

mat er i an erein each container si | contacts
heatingdheampeif e si dewal | ; plurality of vented
pr ot uberances positioned on each container bottomto

provi de .
21." A vaporizer comprising:

a) an ampoule comprising an ampoule bottom and an ampoule sidewall to form an
internal compartment;

b) an ampoule top to enclose the internal compartment;

c) a gas inlet and gas outlet communicatively connected to the ampoule top;

d) a plurality of vertically stacked contacting containers positioned within the
internal compartment, wherein each container comprises a container bottom and a
container sidewall to form a container cavity for holding of a solid precursor
material, and wherein each container sidewall contacts the ampoule sidewall;

&) a plurality of vented protuberances positioned on each container bottom to provide
channels between adjacent vertically stacked contacting containers, wherein the
vented protuberances extend into the container cavity;

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

communicatively connected to the gas inlet for directing a carrier gas to below the
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channel s between adjacent vertically stacked
contacting contai ners, wherein the vented

pr ot uberances extend into the container cavity; 30 f)
a carrier gas dip tube positioned within the interna
conpartnment and comrunicatively connected to the gas

Wozow&%}sofor directing a carrier gas to bﬁeé]%/g Jg_?%g%g; WO

10463 PCT/ US2003/ 020825 vertically s

contacting containers; and g¢g) nmeans for heating the
anmpoul e. A vaporizer unit, conprising: a) a plurality
of vertically stacked .contai ners wherein each
cofietieHeytacked somtaching ropigingrsyand 1ol di ng a source materi al
D) gPmdahd ortledtiny @ kmpeaRt €d pr ot uber ances positioned in
each of the vertically stacked containers and
extending into each respective cavity, wherein the

22. Ve Rtveshripd: alit) bapaisiees f orm channel s for passage of a

23.

carri er .gas, betyween, adj acent vertically. 0 st d
C oot el S e e vl e ierlner bt i K e
pl bisldihg 4 sowed mat@lat; i cal | y st acked containers and

' t h it. . h ti I
o S A o B G {6,
wh esneiniars e adh exiéndinp eintoe edch cabpestive t @cikye dwleant dieneemsedi s

15 tacti.n t |e e ' t t ai . The
B ERPEE e e P2 bR TR B Rl Al oy 0
ar sackedmombinghagied and narrowi ng as extending into the
copt iggg | . Eﬁﬁr j [ cl.gi m
22{5=9 ere#%@¥ﬁﬁ&%%§§%§éﬁ%terlgﬁﬂﬁgh sg id£%$%%3%§br.
2 6extenfling thropehr theraavityofipach whticellystapked eonteigiiier ei n t he

pr ot uberances have sidewalls conprising vents therein
for transm ssion of carrier gas through the solid

pr Eheuraparizer gpit of glaim @2, A7heginspohof s vertieallp stacked confpipgs Ber

conid¥h § at 128 Wédﬁi:eaﬂiontainer.

24.

The vaporizer unit of claim 22, wherein the protnberances are fimnel-shaped and

narrowing as extending into the container cavity.

25.

26.

The vaporizer unit of claim 22, wherein the source material is a solid precursor.

The vaporizer unit of claim 25, wherein the protuberances have sidewalls

comprising vents therein for transmission of carrer gas through the solid precusor for -

fluidizing of same.

27.

A vaporizer unit, comprising:

a) at least one container for holding a vaporizable source material;

b) a plurality of vented protuberances positioned in the container, wherein the vented
protuberances provide charmels for passage of the vaporizable source material; and
c) a carrier gas tube to introduce a stream of the carrier gas for passage through the

container.
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a) at |east one container for holding a vaporizable
source material; b) a plurality of vented

pr ot uberances positioned in the container, wherein the
vented protuberances provide channels for passage of
the vaporizable source material; and 30 c) a carrier

wozo%u?o?oﬂsa”be to introduce a stream of t he ﬁg%lif'?@gmgﬁg f or

28. pI &rlafthdyf%ﬁehvmn@racmﬂ%@ éﬂuce\few%

Ssage through the <container. 19 WO 2 010463
PCT/ US2003/ 02085 28. A nethod for delivering a
vapori zed source material to a dovvnstream process

nber, the nethod conpri sing: gr ovi ding a

| q ovgp%i:&lp dgocess

chaaR Rk o8 chdikig @ vapori zabl e source materi al

29.

30.

cont ai ned t herein, wherein, each of 1geéerconn cted, 5

veRk revading a slumlitycf iptgrAoaseet, wrticlysacked cop 15?8{? VRES of
Chapoi8le spir@! hfxeiafRERAned Dtherdhf) SiHetedn baﬁlg of Rercomnected,

interc nnected .verticall % a%kg qan %wners within a
s o MFueAR ek e oo e R o elmpergd Bk aiess o
anpppdsifioniiy the Sidrécinfiicied)t veaialy ntaclkted cudgimrs wighirt heealablour ce
material therein; and 10 d) introducing a carrier gas
i nf'B°fe seal abl e ampoul e for moving the vapori zed

S oty ©plyip thedt ite the tsbulableimpbilie irs e alfdidne arpovpOe] vepdrige thae
process Fh?gp %9 The nmet hod of claim 28, wherein

t hERRPEs S8 P er s conprise a plurality vented
préx minﬁnang:es@u ghointn the chalabip epdndt foe wovieglfbe oepetized.

o il By ELORIRE AR BB, Surhretian? T2 100

containers is contacting at |east one adjacent

Copt Al fdq of}f‘{%lfl DRC FQ J@ﬁ tedCbofaiibel %mnéﬁmt?ﬁ giuﬁu;yh&

source mat I's a so recursor

ventgdgronlicraages todfy 4 obirpme) beia(}"eﬂ&mafawﬂe‘wa@y EWW#@G an

anpoul e bottom and an anpoul e sidewall to form an

i nternal conpartnent;
The method of claim 28, wherein each of the vertically stacked containers is

contacting at least one adjacent container.

3.

32

The method of claim 28, wherein the source material is a solid precursor.

A vaporizer comprising:

a) an ampoule comprising an 'ampoule bottom and an ampoule sidewsll o form an
internal compariment;

b) an ampoule top to enclose the mternal compartment;

¢) a gas inlet and gas outlet communicatively connected to the ampoule top;

d) a plurality of vertically stacked contacting containers positioned within the
internal compartment, wherein each container comprises a container bottom and a
container sidewall to form a comtainer cavity for holding of a solid precursor
material, and wherein each container sidewall contacts the ampoule sidewall;

e) a plurality of vents positioned on each container bottom to provide channels

between adjacent vertically stacked contacting containers;

20



b) an anpoule top to enclose the internal conpartnent;
25 c) a gas inlet and gas outlet communicatively
connected to the anpoule top; d) a plurality of
vertically stacked contacting containers positioned
within the internal conpartnent, wherein each

| ner conprises a container botto <
wo 20@4202%4% "i@ﬂﬁ’sz?o}:;m%ogzra

ner sidewall to form a container cavi
hol ding of a solid precursor material, and wherein
each contai ner sidewall contacts the anpoul e sidewall;
30 e) a plurality of vents positioned on each
cofit ai pauer 1ot dimiube Posidored ewidirn e finternah copmppraimentd pdc ent
Vepdafuilchtioels LAMERA 16 &@%@qm% S8R REES: gafd bYGY the
2004/ 010463° PCT/ US2003/020825 carrrer gas dip tube
po¥qrtidaliyiagkegicentaotingopmainess @dnal conpart ment and
COpyRhCBR i HeAR the GAfPARCt €d to the gas inlet for
directing a carrier gas to below the vertically
stacked contacting containers; and g) neans for
heating the anpoule. 21
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