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DELI VERY AMPOULE BACKGROUND OF INVENTION 5 Field of 23/01/2007

the Invention The present invention relates to a

vapori zer, and nore particularly, to a vaporizer

delivery systemhaving nmultiple containers to provide
WoRM#/BIa$ed surface area for vapori zati on PET/USI0P§NSs
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and solid materials, e.g., liquid and solid source
reagents used in chem cal vapor 10 deposition (CVD),
atom c | ayer chem cal vapor deposition (ALCVD) and ion
i mpl antati on prAASIESDELRERY AP f the Rel ated
Art 15 Chem cal vapor deposition (CVvD) has been
extensively used for preparation of filnms and
coatings in sem gaoRERGOND vRReENIIm¢essing. CVD is a
favored deposition process in many respects, for
exanpl e, because of its ability to provide highly

o PmeRvenitd hi gh quality filnms, at relatively fast
processing tinmes. Further, CVD is beneficial in
coating substrates of irregular shapes including the
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%?{Jg%q%soll} ?év.ﬂé) %d'm{! E el wpapor thIl (%Yelgpa? 10? Wé)?antalﬁ]on
Uhewnmdynan1cs of the deS|red reactlon. The type and
conposition 25 of the |ayers that can be forned using
CVWDis limted by the ability to deliver the reactants
Bescriioncef theRelptedduir sors to the surface of the
substrate. Various liquid reactants and precursors,
are successfully used in CVD applications by
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carrier is then transported to the reaction chanber.
shangs ineluding tha nsovision af higly confermal filgs eyen yithapspashiodesp
$oRAGS ANSiker bRn@esCVD reaction chanber, 1 23/01/2007 WO
2004/ 010463 PCTI US20031020825 but with nuch | ess
success. The delivery of solid precursors in CVD

10 28GR EVDedhfiqEea irfvbl@dithe delivery of gaseous reactants to the surface of a
‘substtate where chemical reactions take place under tempetature and pressure conditions
that are favorable to the thermodynamics of the desired reaction. The type and composition
of the layers that can be formed vsing CVD is limited by the abilify to deliver the reactants
or reactant precursors to the surface of the substrate. Various liquid Teactants and

precursors, are snccessfully used in CVD applications by delivering the liquid reactanis in a
carrier gas. In liquid reactant CVD systems, the carrer gas is typically bubbled at a
controlled rate through a container of the liquid reactant so as to saturate the carder gas with
liquid reactant and the saturated carrier is then transported to the reaction chamber.

Anal_ogous attempis have been made to deliver solid reactants to a CVD reaction chamber,
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out using the sublimtor/bubbler nmethod in which the

precursor is usually placed in a sublimtor/bubbler 23/01/2007

reservoir which is then heated to the sublimtion
tenperature of the precursor to transformit into a

“%aseous conmpound which is transported into the CVD 5

SHPWI3ni th a carrier gas such as hydr J§&YS20082(82m
argon, or nitrogen. However, this procedure has been
unsuccessful in reliably and reproduci bly delivering
solid precursor to the reaction chanber for a nunber
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vapori zers and provide for further deposition of

~vaporized 2 23/01/2007

Prior art vaporizer systems have numerous disadvantages, including buildup of condensed
material within the vaporizers, and formation of “cold spots” within the interior of the
vaporizers due to lack of uniform heating therein, The buildup of unwanted deposits 18’
exacerbated in vaporizer systems that require internal moving surfaces for revolving
individual vials and/or wells of source material. These intemal mechanisms introduce

additional “cold spots” within the vaporizers and provide for further deposition of vaporized
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WD 2004/ 010463 PCT/ US2003/ 020825 materi al .

Additionally, due to the buil dup of deposits on 23/01/2007

i nternal noving nechani sns, operation of these
vaporizers is not efficient or reliable. The
shortcom ngs of the prior art vaporlzers ar
Wa2MALI04E| y noticeable with solid source ﬁﬁ?%*@@?@”that
are tenperature- sensitive with a | ow vapor pressure.
Thus, it is difficult to vaporize a solid at a
controlled 5 rate such that a reproducible flow of
\Amall z&dditismlly, cﬂu@fommtﬂmm af alepokie ofl cihterus meeing mechanisms,
str n1deoos te Ac ere
F t?xl TZets I \? gl’plf mll gl?/lg ghoﬂg%gf of the pnn:nJ art
eﬁhn&memthmmuﬂpamﬁmﬁﬁ:wﬂimﬂm.smmHnmmmmﬂmﬁdmahmgmmab
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mak¢ ewch cthat ammpdmi@ﬂaﬂh bfyy vapériziedh sadid rpedeursop wambp delivered tdue
d&mgﬁg%%gk 4&% wi thin the vaporizer, condensation
v Oow vapor essure conpounds due to "cold spots"
Wit hin the vaporizer, and/or inconsistent vapor flow
tAocortiinglys there Srnewldp the it foom vaporast system T IRigVINRPLIGE solidE

bl Sl B ilon GBI el Bl L e, R
el @alssoeatm ofctke soerca magrriglamppeesbilityrof inferral meying parts due to
ﬁ%ﬁéé il {28 dobichdfon RRR VifoRbrbBS compindsMORe

he presént invention relates to a vapor
%&”W@y&eéﬁ%ﬁ anglion inequistent saponiiny to duynpiran Jepagition
e material that provides sufficient surface area
Wwith uniformcarrier gas flowto neet the flow rates
required for typical deposition applications,
conprising: a) auMiesetormeeasoveNatoer for holding a
vapori zabl e source material; 25 b) a plurality of
vent ed protuberances positioned in the container,

THReGirQéd invition/ RIAMCH a VPRt Rstad @ Snefod W d@oﬁﬂi}%r’sﬁ]ﬁi ﬁldf or

e.0 the apori zabl e ge naIerl n
@HFﬁag?nﬂg Fﬁ??gﬂdggwa §t$¥¥ﬁﬂd u@ ger
Gplicaticas, passage t hrough the container. 30 I n anot her

aspect, the present invention provides for a vapor
delivery systemfor vaporization and delivery of a

I oacCaspesi) the pre@niitivestion glatea jo samapaidplively eysemRprvagtizatjorcamd
% oy o %l}f ngggetn%nhaﬁhag provides m%cwng SRt %IQL %’ﬁltl Qlﬁfmtmocaj‘x%¥ Et}s 3
flow to meet the flow rates required for typical deposition applications, compzising:

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 chanmels for passage of the vaporizable source material; and
¢) a carrier gas tube to introduce a stream of the carrier gas for passage through the

container.

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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WO 2004/ 010463 PCT/ US2003/ 020825 an i nternal anpoul e

conpartnment b) a gas inlet and gas outl et 23/01/2007

comuni catively connected to the anpoule; c) at |east
one container positioned within the internal anpoul e

co%artrrent wherei n the container conprises a
Wodi

A19#dr bottom and side wall to form ZCVEHSPGRBEher
cavity; and d) a plurality of vented protuberances
positioned in at | east the container bottomto
provide a channel therethrough, and wherein the vented
pr ot Uk @ftedaCaHodedo leftf 0 the container cavity. 10 As
descr,i bed nore ful herei nafter, t‘ﬂg grec rsor may
conpr & ek g gag opffet qomppigRRERly foprgoted i hr pRegYIc:

Pr ef &) ableyst ohd)onRin@CHUEOded ivAthin 86 kritdthaD kf@ule SOMmpartment,

i ncluding,, but are not, limted to degcabor bor on,
phos TP SHar sipiseh o SR gpliep SSEAN HER S oA 2
haf nicomideptaviggdatior i de,  zirconiumtetrachl oride,
-y Zﬁ@gggx}%ﬂg higvg,%{ ﬂé@%blse%aggels HitiofbR %néa!t P BB bhtainer bottom to
cycl opeidt adhaew]/therstirbugheopid athereie thei vertédt raotibernctsCxindinto) |
al umnum.t.richloride, titanium 15 iodide,
cycl gg@?nﬁmg%‘gé’hecycl o- pent adi enyl titani um
bi scycl opent adi enyl titani undi azi de, and tungsten
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masdal.t Brdfeiably,dthespresomerdh  iselidaprecesnp dngludingaibettaraoh jintae to,
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Gtatp B, bl hotbor 8 galMlC i, e oy, e EREN S
gircoriuh trirachlotidec wypenia indiym frighloridecmeislorganic grdiketquatecomplexps,

source.matecial ;. b) . .a .pluralli of vented.. . -
BebpaB R et £ BB I ich, Sy Eprice, g
RHRE Kﬁﬁoaﬁﬁ%&n@éy&@ﬁéﬁ@@@lﬁiﬁ@kc@&pkﬂﬂdﬁnﬁ%ﬁnﬂdﬁﬁ@@Eddl ve
cavity, wherein the vented 25 protuberances form
whstimesrtentlor passage of a carrier gas between adjacent
vertically stacked containers; and c) a carrier gas

t ube contacting the_gluralit& of vertical sta%E d
hoott apthies jaspect e PrEseRt dRVERTRY TEHHTS IR g IYAROFiT BVt P S
Mektbd ! d donvehtdad Qflpdl Wil Riimum3Rtdfiking tof e pocdssing foals,
aspect, the present invention provides for a vaporizer
%ﬁﬁﬁ?ﬁsing: a) an ampoul e having an anpoul e bottom and
an as)a@tuatityof eketicellylstatked tantained wherdin 28K athidG B 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
¢) a camier gas tube contacting the plurality of vertically stacked containers and
extending through the cavity of each vertically stacked container.

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

a) an ampoule having an ampoule botiom and an ampoule sidewall to form an
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b) an anpoule top to enclose the internal conpartnment23/01/2007

c) a gas inlet and outlet comrunicatively connected to
the anpoule top; d) a plurality of vertically st acked
contacting containers positioned within th

WORUOWA? conpart ment, wherein each cont é’cﬁ’é’FZ“ﬁsg’ﬁﬁﬁ ses

a container bottomand a container sidewall to forma
contai ner cavity for holding of a solid precursor
material, and wherein each contai ner sidewall contacts
t he aimpmallcemmittdemal [ ; e) a plurality of vented

pr ot uher ances i oped 0 & eac ntai ner bottomto
provi d& mE §”%“?m%%n Ad) acen %vertically st acked
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pres g a
ol ur ] 1RGO dal SRS sh it LA b SR pife
shap@&np@r W%p #entamheﬁm aacked eomaawwerc@etamers, wherein the
pr ot ybels afékggghﬁgﬁgc&£mhggﬂ§alner cavity. This

configuration for the protuberances 20 provides for
esserl paramier gpe-digafube | resitiened (iking fe riptemal geempiriicBly

the Rbdh@ichivg %nn&%ttd 88 bdsnlet Fr AfdeBEL £ B & tRlow the
posi ti gned MAF L he anpoul e. In yet another aspect,

t he prrtsbytack 9@ﬁ¥@$ﬁm$P€VNﬂés a nethod for vaporizing
and @RhdaiEod Hefing e SRPi6. Material to a downstream
process chanber, conprising: 25 a) providing a
plurality of interconnected, vertically stacked
containers having a vaporizable source materia

ont ai ned .t herei n,. wher ei ch of.interconne
R T T L R
apeadin plorberdntea t having adenies ; shiped r;msen t witidhi ﬁgmtvha the tapered
i nt.erconnect.e verti,cal l cke er thin a
SRR SO g savib T RREmBEE B BE pRbiriathe, o
ﬁmﬁ&sl lfc a&sﬁnnmymé-ﬁva)cﬂw thnaantied gat trongipibe plamlity hitvertiedlyr ce
?ame}s rﬁgsgtl%}ler& witg.lrﬂ%esampoule.

In 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 theren, 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 snfficient amount to vaporize the
source material therein; and
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23/ 01/ 2007 WD 2004/ 010463 PCT/ US2003/ 020525 d)

introducing a carrier gas into the seal able anmpoule 23/01/2007
for noving the vaporized source material through the

seal abl e anpoule to the process chanber. O her aspects

and features of the invention will be nore fully

WOPUOUAB from the ensuing 5 dlsclosure]%ﬂﬂmﬁﬁﬂﬁﬁﬁkd

cl ai ms. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is

per spective view of a vaporizer in accordance with one

enbodi nment of the 10 present invention. Figure 2 is a

top Viauhddbci apdamela{gds tidto i sMBBk QRpdAeOby WSV ¥Be vaporized
pOSI tioned i n a con ai ner pOSI tioned in _an arrpoul e in

ac c or YRRk thoyep the sraladlesrpoyls o diProgsss chambers qure 3 i s

a side elevational view of a container illustrating a

p raI|t C rjcally ape r ot ube es af

t it AP B or S o YR FIe T
Vmﬁmmmmm@q@@ﬂmahﬁﬂr illustrating a plurality of

coni cal ly shaped protuberances of the present
invention. 20 Figure 5 is side elevational view of a
plurality of BRIEFDESCRIpTISNOFKIEE DRAWHNGSer s of the
present invention. Figure 6 is a sinplified schematic
representation of the vaporizer delivery systemof the
Zf&uqa rlets gerspective @ietvi of 2. vaerigh ireacFordasceavithr anp kmisddonentng the

&ﬁ%ﬁ mff heating the anpoul e and sensing tenperature
%e container unit as a carrier gas is flowed

through anmpoul e of the present invention. Figure 8 is

; §e I. le
gkl 1P Yt il oF orld il JE0RRCH Sl
m@b@mmmwuhmmmm&ppmeatmhe present
invention. 6 23/01/2007 WD 2004/010463
PCTI US2003/ 020825 Figure 9 is a side elevational view
Higwre 3doaiidé elevetional Gest efa ¢oniginer ifhistpting p plprabty of evlindrizhllyy

SHIAR SRtubnSds UBRE Svédd. udi ng si de vents. Figure 10
shows an alternative enbodi nent of the present

i nvention. 5
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 elevational view of a plurality of vertically stacked containers of the present

invention,

Figure 6 is a simplified schematic representation of the vaporizer delivery system of the
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 resulis of beating the ampoule and sensing temperature within

the container unit and protuberance within the ampoule of the present invention.
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON, AND PREFERRED-

EMBODI MENTS THERECOF The present invention is based o23/01/2007

the observation that certain source materials used in
10 vaporizer systens are not adequately vaporized in
sufficient quantities to neet the flow rates required
WPSI“PYHE cal deposition applications. |nPSHNEHGANEE o
achi eve needed flowate, high tenperatures in excess
of 200 C have been used to increase the sublimation
rate which can cause deconposition of the source
IPigueerd ied sidSelodathemd Gikw af contiined o auaiianirabitytoli conieslly shaped
di ment , qof t.%g resent invention and illustrated in
%%@3%8 he deficiencies of prior art

vaporizers. The vaporizer. delivery system 10

I s an. anpoul bricated of a suitable
héﬁn{glb g’ﬁ%%’taf Ffaefng?‘%'ﬁmofgiuglﬁs a%“fmip exanpl e silver,
silver alloys, copper copper al l oys, al um num
al um num al Sweb nq%m% i nl ess steel,
graphite an?ﬁ%r cer%am C erl e aﬁ‘poul e
conprises a MWW@WW@@B to forman
i nternal conpartnent, The anpoul e can be any shape

that facilitates an even flow of carrier gas through
heepresens Geperion dy based on. thehebservatiomthatopitdimepnice aiateripfsaysed mThe

%@&ﬂ%&%&&a&,&@.@p@aﬁ%&ﬁkmﬁmﬁs Vet T oG Rtes

shape ined to Very tight tolerances to allow only

euigdiotypiea deppsitivn enplicatiqns. oy somechsess fosglreyp pesdediflewraip high

Rt i exdBiE B 206 2R Yeit] RES t§ mcrIzE@th@ QBE:Bd1iB Fate which can
installation requires that the walls be 25 extrenely

paedprmposttign effbsgpiecetmalgtialeach the side wall of the
cont ai ner has good thermal contact wth the interior

was aof the appoul e base. Underst andi ng, .the_cl ose
£ SPRIFiZH Eigroqofpigges with °‘Fé’eh‘i’d|“%°a*‘t dheprrsst wveatignand flustppted in
BipRs B6lercBibestitticfidntias of Bfior Wit vipori®. FWR@MHEer dAIVEY bystem

wal |,  the installation and renoval process of th
iomiispoin TP odreueofe AL PRI EE U GPF S R
éxmeplbaﬁer Qi I, &b@e[ copp@SAIes| mmhum, dhﬁmﬂ:hﬂ amyst Qhad,

S IIatlon em&‘arrler | et

QD Bpigless Sesh ptiiRy o MeCAprade toprses 2
mmmne Qv 11§ to ffrm2ad ifdchhaP EfhparimAh), 11O BdpcRilt Q453 any shape
‘%%'EJ 003/ 020825 onnect eﬂn he a oulrgiI fot{l h

e i th °"éé’ FIeF &h ‘i“ g the shown

cyamliidal shiyed The prdférnd shage of the anpoalk bazen'pﬁinﬂztmlnhapeﬁmdlﬂnei 10
ampoul e. is a pluralit I t acked
YT Rispeood 5 b onlt Yafdh WEH o8Pk s in BSSe wisy e
piecively emdiinedtdostsinessn d The wtaiviel iastalfatiérr mauiteh ghat the owdlle bEor
ARyl £ Ak U of BRI o ol o
with the interior walls of the ampoule base. Understanding, the close toletance that is
required to ensure consistent contact of the container with the ampoule interior wall, the
installation and removal process of the container unit may require heating and/or cooling of
the base and container, respectively, to allow for easy installation,

Carrier gas inlet 20 is preferably positioned on the ampoule top 18 and communicatively
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internal carrier gas nenber 23 that is connected

(wel ded) to the gas inlet 20 and directs the cagier 23/01/2007

gas to the bottomof the internal conpartnment and
bel ow the | owest container in the vertically stacked

ﬁgntal ners. In Figure 1, the internal,carrier
33 passes through each cont ai nePCHERA3(208%

(shown in Figure 3) and contai ner bottom 24. However,
it should 10 be understood that to ensure a | eak proof
seal at the point where the internal carrier gas
reennbaed to the supee fosintrdWlecingtintcarrierens itotht ampoula seal i ng
Oring 38 (shown in Figure 5 my be positioned

bet ween containers especially if the source nateri al
iPositipned vyithil theAmeraai d:iomiaamermfof #w ampodleeis aoplntility of wertivhllyo

eto
SURETRRREES, fle 8 BRNG SAOMCHATES Rl bGPl
d@meﬂmmﬂl@ rlYﬂrt«:I@'mr cb@lmgdanfb reiBing s Besjtiopdderitbinrthey ankpeule isrrme d
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purlt st al nl ess rits
e §35d0 thi hadtom of @@)amal compaztoiens éndzbelow thy 1¢V@s$amm inthet he
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i nlet' rotu erance,

enﬁhj pantziger et dd (shovtin Exgvre p_)) and ecytam@om% diowmr #ishouldy
gé)npoul e (L)*?a?(t)% 65%81% t gas %t%ger%ﬁgxls&ﬁh&ﬁle} Pa‘é

Prgher @team*efa@ wn@merthqﬁom, iatalingiOaing 3%tshesin e Figure ) thayde g
ty
Pc@ftxf b acenem %P@lahy&*ﬁe so‘i:ﬁe&!ﬁérm:éaﬁc{ﬂm %Bﬁuoﬁ?ﬁh

27 referred source materi a

s o-Tjng & alforfeptenplatgdcto ﬁi""é o4 lcgntaingts rop dhet tap) susoe pf each

fRBmérRss ddéRatheat - conducting material, such as for 25
exanple silver, silver alloys, copper, copper alloys,

al um num al um num al | oys, |ead, nickel clad,

M&-d;ltl@blﬂﬁ@ ofs the edlid pﬁlﬁdﬁh&%ﬁnﬁi‘ﬁyﬁﬁe&ﬂt@ﬁ&nﬁ@nﬁ;ﬁﬂoﬂwd
ch of th | i.vi dual }%@ners further co rlssg a

FSF?W B A r}00 Tigpops likely) co
q@radﬂemh_aﬁﬂmaom nmﬁb uﬂeﬁgaaﬂmﬁam\myco’gﬁ bt Dbt IRDM SR Of

carrier gas.thr t r ot rance. e shape
& pf plohont e AR I o sl 5l oS b e
posssni fohensthd installstion efthelidfoh Gieasfonly asonttiva@uiizt Fus Qoiguth.
Preferably, the protuberances are cylindrical or
conical in 8 23/01/2007 WD 2004/010463
ABGHown TEPIG0S3, 022 8he mdlm;hml coBtaindts 2hasdiomom Lanfsiganak 26 3

ure . 4 rances, 30 havj
uggoﬁ%r a oPgaig AR~ I ?ﬁ‘? J‘;@F Qfe%gﬁd W mﬁ'!e%ag ﬁ?c are
cottrisdarg m:%rahm fabﬂmataaoﬁaom‘rream& lmmna}naing thaprlafytsuth as fances
Eﬁﬁ n It Thi 0 al
pe éﬁo%ﬂge pr @ég pasg‘falgaye e-car aﬂ‘@'snll g
nickebeind, Fainigad ptaai.gmphrteemérr ceramic material.

Each of the individual containers further comprises a phiality of protuberances 30 wherein
each protuberance includes a passageway 32 for movement of a carrier gas through the
profuberance. The shape of the protuberances may be any configuration that provides for an
easy flow of gas therethrough. Preferably, the protuberances are cylindrical or conical in
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contai ner through the | arger pore opening 34 into the

container cavity (smaller pore 36) while reducing 23/01/2007
backfl ow of the carrier gas into the | ower adjacent

container. Inportantly, maintaining a one way flow

@ ﬁgﬁ the stack of containers increases_the renpval

ro
wlgfo Scarrier gas that is saturated wrCHUtHE/020825

vapori zed source naterial at a flow rate required by
10 many sem conductor processing systens. As the
carrier gas, containing vaporized source material, is

rsbape duch pydaswh if Figerest3had 0t t om of t he anpoul e t hr ough
the tapered protuberances a whirlpool effect is
caused as the gas nolecules are forced agai nst the

\Bigute 4 stfws ploebganoés 3bbviag e merallﬂﬁinsel-\hkﬁ qohiiwxahonmﬁﬁl @ cgnical
rgga\é%s th?n Ear o el tﬁﬁﬁa rgl' | thr orﬂ{é%ontame cavuyzr to

arances ealisin vaporlze source
ﬁ&k eomwikhaped pere plovitds doﬂp@gedf thatdrsr §6 fom ihheljatmpbwed

QP BEBRCRe 1kt o, Sl AP oSSR G RLRL be 39

editcisdricing backffowdd gheicarier @fs into khe I@ipmdiﬂcqnhwta@@u ifmpowltﬂ&e
Piffispl s Sho R v ol ARG b Sl il ARGl & i
CHMIET [gos @tum@mﬁ with the W sayrep materad at aflevertegenuiraldy,
%eaﬁon% BT Bhogdsaly ssréﬁm%o AVRIchAD s, YEREAGE vjoRtdd sGioR

screws that allow for adjustablllty to optimze

aatgrabcis smoved upwwyh| foma thieohpttpratal the gmpaple Brough st ta
bidbdRnelk Y REHBEE Bfectik Gudeld hEBE @b InfieduRS BB Gr@d a@ﬁ&ttheq{aut he

container bottomand allow for a maxi nrum heat transfer
plothe prytberppest (i wiirdred et agopss dbn qamrier gazcmichly disqueh fhe

ﬁaﬁ&r@&s tRSnPhOY RESmALSia AP PRI otk M1ty the Rted HIR .
ht as that of the container si gllevval | or | estﬁﬂ§
|

f‘é% red pratubgipoce. Thwsethe,vepegized spiree isfeial mapmtaims gqn

i:eﬁ@éicogﬁﬁ& Wit @ g&'éonhﬁmﬁdﬂﬁcgeﬁ oflchl@spo® ﬂiaﬁioﬁlﬁ Baufel pedkew]yubnhof
t her eby, proyi di ng. a_hea e ahove the end of the
%?W‘g%‘ﬁ'é[a%'?r@ﬁ@”@?‘%él‘%‘g % rcul ation within

the respective container. Alternatively, the

t ai d t ub ld b fi d.
P byt o stiethaocpel B et pitsces i P Hpp
available @¢nted R infebsaivelaawscthit @llowt focadistaibility mewpninaé oproteksoor

f f h |
Gl g btk oo MRS Lty et A e
:mmmhaﬁﬂummmddhw@naammmhnhmuﬁauﬂﬁﬂghmepﬂﬁbdewuRm&mmm

GTRAH Bl GOl bP L bHBELAF B9 AV AR b SHL) ©

ISInNg ven erel n Sm SSI O
mmg fr lodse Mowlpreltrablygbesight of GiclRppOlit @G0T less ien the

h%gﬁl“éf%o ik Mo AP ALY %ur Rfea Bepd 'sPloe kbdlh Woh s BE

nme SUC as snown I n e protu erances
pottabeizabe bfor ofas adibpeisigh tand oclsgistioh dwitldn | then kespeolivsf cprigiien N

&%&@e@,%%m&é anf px{oulberauces could be configured to create fluidized beds

in each of the containers. The carrier gas flow can enter the container below the surface of :
the solid, understanding that the pore size is sufficient to retain the solid precursor in each

container as shown in Figure 10, Another embodiment relates to protuberances having

(=)

sidewalls comprising vents therein for transmission of carrier gas through the solid precusor
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sufficient quantity of source material, whether |iquid

or solid, to provide the required 5 vaporized nateri a23/01/2007

wi t hout causing | eakage into the underlying container
t hrough the open pores 32 of the protuberances.
Preferably, each protuberance extends vertically from
WORMOK3E: om of the contai ner from about BSTHRPHW%EHuUL
5 mm and nore preferably fromabout 1.5 mmto about
3.0 M 10 As shown in Figure 1, the positioning of

t he protuberances in each container are slightly

Ofof faftfizidglofdiint SO A shodm A Figaeljsacent cont ai ner t her eby
forcing the carrier gas to circulate within the
contai ner for contact with the vaporized source

It @rofubdradoes fshuld te 6f kpight ia pepios 4 Rak prédf kegidg) For plB@ment of a

L. into th oL, I t ai . .
ISR SR poriee favengh o Fitten HHAC f S0P mRGiih e e
Cc@potized rmatpsid with@n caldhgy abage it the @iderying obnisivecthoeghrthespengas

- Gl 08 ST e o phobibe JRbIRRSINERIE,

Gttt theapoiner fom ghoiiti Ovgn Yo abyus t5emm,bd inere phiefefably &orh about
denshdin 25 he amount of the vaporized gas to be
supplie fd e downstream CVD apparatus or ion
i npl antation system. The vaporizer generally has a
i ' : (W [ . .
s Sfinfi3h RO ihobiy e B gt RGN oS Bl P gty
effipblidmépre in an fjecent gentairier Herehly fueing the uiesszas trepeulatsi wiging -
o . ) oo . ;
tﬁﬁe vapor@%&ﬁggﬁﬁpﬁe%%% ﬁ@oﬁt r'c’eég&? gg‘?gl %me
Senigitihrimptuberanceeinie |ty s love canhyimens idvmiageonsivh e mpideleeelsof
bitBndRE SISRS thrrib U EMVIdR oL fidn Sl A8 cdnlte ;éaQ L4, Hodeds¥d AL due

i nternal containers can be 25 heated and kept at a
Enctlas ipcgrgsed amgyetof payteeoptpriabis the VepaTREESYRAR-h t he type and
the supplied anount of the source material, the
concentration of the vaporized gas and ot her operating

©f Bp aporiagedaiesat wyien dbis dErEtcpridingop te pagyntcpf the
3L Sipplidd Wikt @BRAHAE CVTRappdRRQk fof BiplanAtidlspteka .

Vepbredgah

eat er, havi ng a shape covering th aporizer or b
E‘?%Wﬁ h%fmmwaﬁ%n (o mﬁﬂ\ﬂn an e, e 0f
iboit3asl6 Bifhek) @rkckabl} aboit B infldd, tThe tﬂaaaﬁtbr yf doﬁtsmarmlng;&mg Q ng
as, t he 30 vapor,j .zer | eat ed_and kept .at_the_desire
S Pt SR Gerfingd B B o LG PR EEPL PP RE 10 Birg
{2 fiprohteindr me eaclobud nthek@padld. s ver sus the bottomto reduce
t he .chance of a.lower container 10 23/01/2007 WD

2004/ 010463 PCTI US2003/ 020825 sublim ng at a hi gher
The efppoulztof the p@seak iivertivh benpeisingihd phiiralitp piktitern:d ndntainae cantbl at

S50 90T i Pomatonh 2 el PER, a8 o P o
anpunt bf thersdutve msfeckd\wed dogcentfatidnhef tiermapuike ghoant hersipetaingl | s
c?)Indi&oHs? R0 %Mgega% beT&gdlBé(? tHsen‘rflgt L r}gbo%f hetatlejrewound around the
vaporizer, a block heater having a shape covering the vaporizer or by circulation of hot air

or a liquid heat medivm. The method of heating is not particularly limited as long as the
vaporizer is heated and kept at the desired temperature accurately. H is desirable to heat the

ampoule from the sidewalls versus the bottom to reduce the chance of a lower container
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carrier gas may also be a requirenent depending on the

heati ng method, length of heated 5 carrier gas inlet23/01/2007

tubing and the carrier gas flow rate. Advantageously,
the vaporizer delivery systemof the present invention
rovides a series of heated containers _that further

PRIIEES for a plurality of heated prot BEEFRABELIS, 5t

increase the heated surface area thereby all ow ng
sublimation of the solid source material because of 10
i ncreased distribution of heat. It nmay be desirable
&mmmﬁmaﬁ@wﬁ@ﬁmﬂmmmumtmqmmmemﬂwmﬁﬁ&ﬂﬂwme

RSl ottt PR SO bl TPRRLR itk

ot heaidbwallg of thchapond to ha sidevalisef the oontdidees. Thetrehtalting ofitle

t akes heat {9 sustaln na n ..of

R e s ¢ R ot R s Bl plnlteeh FRMGT
gmmegmmﬁmpbmauﬂﬂscmmhgwﬂapuw pressure of a solid is
the partial pressure of that material at the 15
interface, that is, there are as nmany nol ecul es
éémwglishgﬂmwmrha dsliyety dystemrof e presgnt ipviertion pietides a seips of

kaiSrs itd rbdds Fot QEM%"J;‘? egﬁéﬁt&%&u@imé? QictRRadel T

perlo EUI mis ecules in

thp beagégﬁfe@sams thane@ aHpveing sbtiation off the palid Ko ghiedtl braryise of
BT BGBuldh of Bt GPyHE GesititibStor thd £RbY to 1A HrsRhd-a1)

takes place at a higher rate to restore equi briumif
pfe taeprpgde ARty b eEeponsistepi PSR e lupipgpragstsig c dheppreseiie

Al hssobm%ﬁmm zagmerhﬂtlﬁmbaﬁsaﬁ m@fact%gt it takes heat to
rovi

subl i mati on ing a plural |t¥ heat ed’

Witein siblimation eka fofidsaure material Bory the selig atate do the Xapprateadifa as
Avdn StpaskuS Uhd vape plefiRs ahysom@ 16 pestialteskiR@of it Bat@fal at the

Ssubl i matjaon, prOV|d|n9 |ncrease fl.ow rate of

Ko Ahatla thermaps as pany o ealﬁﬁ cprdefisiag oyt 70p BrthegmmBar
df&ib&&tiléﬁ QEblimAtHE GOm tHERErREd Ak gmmnewc Eqglitkihe iscsaoye| ed

P Pie P A 67 MBS I e A PEFE 67 ne

ermriyemmﬁwan HREPlRE Wisa aighet @ife fomtodenéqaitibum & \iwtecin

et e VAL o B St of B o B3, o s i S 50

shietinatienl t Bj% @oviding aT leralitg O heatedr pretaticranes yhesontid exmdpétive he
15 f 0
SRR B dVARRL] ST A8k GO SBimbloR ol o7

§IG A carTier gas ans erri
ivaperflowaste ghsiturdica tearsieregas snd eiptingipreaipitatios of vapprezed sogreg

truments for measurenents
n% %Fﬁ%*sgﬁélb é’exlnﬁdspé&%glf# 07 WD 2004/010463
PCTI us2003/ 020825 tenperature. Heaters nmay be pr ovi ded

10 R bl i B R RE ol o e i R 62
ddﬁlwh'@tnr S¥Phapperaive on thu depjmiatiom s}fstemtam 1be gapop prowes gnd the
a%&ﬁx%l‘fg% s% i, a&nﬁ eﬂert&'}t:ﬁtu;e(?s gfl?e\(a%y Hﬂﬁ a&%ﬂaﬁﬁﬁﬁ'ﬁt}l °b.n es

er than

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 conmected to the

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

11
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anpoul e to prevent condensation in the lines. 5 The

met hod of wutilizing the vaporizer system of the 23/01/2007

present invention includes introducing a source
naterial into the containers before stacking within
anpoule The source material may be solid, liquid

“@PM§BF¥% di ssol ved i n sol vent. Further, BCRESHEYRES

material nay be coated on the surfaces of the
cont ai ner and protuberances within the container
cavity in the 10 formof film by any of various

l’fﬁiﬂaﬁl e, H’gﬁ&éhm@i Rrdvided ﬁmaial it thh{ltetﬂ@faltuird’l@ thie lges sltmlyainesl
co e ating,. a ing the nolte ta ex
(5 B B PR R K s on e ol e
@edRk ehamban Ide deirbRab Used fiordoanstreka/ B 5 and"calmpénthd theo
t he rfaces qf the. container and protuberances
Fﬁ?@%&%ﬂmﬁ§c? ng%F%?ﬁe sol vent under reduced .
pressure If different source materials are to be

| h downst r [ 0cess|
lr#'e ‘3% Oi‘g{'} ?1‘{‘?061%“53?? e{;)”é g Pt vgﬁos’%%& r (%’ uce
&mhﬁanenﬂnmmmﬂammmmﬁhmMﬁmmmmMNﬁmnﬂ&hemmﬂﬂTﬂmnnnmnm@ﬁ@

he rti.c d t
iy b 0 bt s BN B R TRl oA HRRAL e
pdater ek the yurfades ofifar dontaindr hl;d prmbaaweﬂMﬂmthﬂemm% cavity in the

SR SRk A oy R BRI B iy
p:sm 4pplyifg Gemelisn metalpemplyx fo ghersupppits andh den c@ﬁhﬂs hélsq» & o
Ind o&ﬁli'ﬁ Vil AR U sEivafshd %ﬁﬁbﬁgtﬂeaﬁﬁ&:& Qﬁthc%k}ﬁhnea&dby

enent (o-ring nay fam|CMedo

prefubesnces owhbnt syl eﬁthasqmtawnd@éeﬂuyedmm If different

Safel Ml a5 b8 i ﬁ%moﬁﬁstreaip bRWSsingMIRAS tfléi’f)resent
heating the anpoule is engaged and the internal

wEsrpiey rvidecthogbility ta ntrpduce diflesettoarcempteriabipe 4iffpiep gontainers

LAREHERT Sacks chiiderased to a tenperature sufficient to
vapori ze 25 encl osed source material. The sublimation

rate will be greatest on the first or | owest

r\taﬁirmrunitﬂuel altscsmn]g rpliglueas I’w;;hﬂli c?ﬁ%r@ersl N Yurk AL deftiglly
versus Rartirally or u y saturate car
e S IR A BOIY Peben 6 Hedrd m oty

e a{nﬁ&n@ Q@Chdt n; tsm I RigRrel 1L S 125 G pdamonea e tizOfop @Mthe
cont al ner

the h i f .th
WRAELYP r?é‘i"’“ﬁl“o“él SPAle) o oFuch 25 by %:1 %}ffgeaf ?"5‘@3 N
filHceaost thifva, dn distombr drhemaddedl) zﬁdfbﬂmédiﬂncﬁlr bomes, sidods.

T
éﬁ%ﬂ&hﬂ@&ﬁm@ﬂgkaﬁﬁﬁﬁﬁi@ﬂﬁ&aPEﬂi&E@@ﬂﬁk&ﬂﬁ&ﬁﬁubymmﬁz
DR Pl Bl e Sl ion R S b YR RABE e ich P oot

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

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

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

12
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vertically stacked containers fabricated of conductive

material. The process of sublimation entails the 23/01/2007

transformation of a solid, e.g., decaborane, froma
solid state to a vapor state r y without entering an

j late liquid state. The present invention s
“@ppgéﬂﬁge for use wwth 5 any suitable SRS

material, e.g., solid nmaterials characterized by
sublimation tenperatures in a range of between about
20C to about 300C and having a vapor pressure in a
rigrigeing khef wadlsn of the rondu@ivd empoute ghat podfitrably 0@ nigu jar plusality of

t i t.in 1z eE DY
AR Sl el A o Qi e Tl B n
|epeipilst thet trapsformation jof a Iselidt eg--Slecaboatie.dmm heodid sintg fo hsparsiyte

%&@M ann(ftlnfngdﬂ &u'uiﬁ the.f ipf\j:séﬂﬁﬁvteﬁfoﬁ is efiSileTL AR with

heati1 ng systens, 1nductive heating systens, etc., |
@Bh Stiphic selid wpRge materiah N dsolid maternle clsiclatred dnpreliimetipne
QUL 2 rdnbd JrBEiveen LSEID b Woht DI Ml E s APRQHsEreC AN
be sensed by a hhernocogﬁ+e, therm stor, or any other
ﬂﬂ%?féfmé‘g‘b’é}“afr%@a@@ f-j unction or device
arranged for contacting a surface of the thermally
conductive anpoul e and/or 15 containers. To determ ne

FfRRsTRtec BaY B¢ rerrrolled Wik Ee Epasizer SRy ettt @iafing systeh e

OM&EHY, HitBout BB |sBib Beaters, LW hed@d) hRed FRNIsh: EiRBlating
systemto determi ne the amount qQf solid or liquid In

fiHd beatsps fesisigut hegting systems indRUVE, Brating $yFipmpy oto-s pRRfimicid and
ﬁﬁ?%eﬂ B cEHBOIRA termpQARKY Bicfldn Faklyr, GOPHRGEE Vihil e Ainpoule can

efl ective 20 surface on the, bott surface of .a .
bR oy thomoopiplsy EFEISIA. O e AP BGFRY seppgjction
arodevied Angell Forromictiny 1 fuyfac rof etigtheymally icondneivé asgoalegadior
S| 0 i fied vaporized delivery system 66 for supplying

a'carfier gas to a vaporizer 10. A carver gas source
64 is connected to the vaporizer 10 to provide carrier

82 ftepnifiwe) a o HoR b TPEE R Rliedfl L IR BB C
materral, a lrquid e na al "may be I ntr

sour ¢ eri oduced
Tevebsendor momittrisgystene toolekutngniertis an@int of lsadid fof kpwidrim ¥he dopdfay t he

S8 B it G5 ondihs oA s AR AP flclo ) o Ml
syefich wotye bottom suciaael of & entainer torpspioiet ¢ Agnachn sigeab vty e

&6 nbRESsH & | the processing chanber 70. The gas
e |vefy Pﬁﬁgsegbg preferably nade of a materia

having a | ow coefficient of friction such as a 30

a/mawsi bt Qm@i{ie@wp&%a Qi SLoned R %bl?ﬂn&§ carrier gas to a
emils m

referably e vaporizer delivery sys de of

th hAARIReSALRE o fiddl Loufel Sla@¥al, o Baadidibé 2841 MPbe
2004/ 010463. PCT/ U52003/ 020825
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 coefiicient 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

13




10

15

20

25

30

generated by at | east one heating neans 72

communi catively connected to the vaporizer unit 10. 23/01/2007

The anmount of power required for conplete vaporization
is a function of the chem stry of 5 the source

Wd@b and carrier gas, and the flow r?ﬂﬁus%:y&zﬁh@s

m xture. In accordance with the present inven

the thernmal power transferred to the vaporizer is
bet ween about 100 Wto about 3000 Wto provide

opti mum i sot her mal tenperatures In this manner, the
-hesagrRtey apleaicane heating e wmw@c@vmomcwﬁt&ﬂlw@w upit
syl | fraction of the heating power which is
avai |l abl e. Therefore, the power absorbed by the gas
vapor presents an insignificant 10 perturbation in

B ababi@P oft powbr Heyueadthy] c@ﬂ%l&e ipérizaite iDPMEKien m&elcﬂe%gn& of

p ssible to substanti y mai ntai n an ide

Pres ek g praiengan au th flowate elhmixtuse, & aPreﬁlechglfh the
Wn@ﬁl@&uod, me maﬁmziowa RansfeRA&d 66 th8 GAporEAF is M&ﬁomwm@l
| oaded | nto the containper, units _in
ﬁ?}f B@Q%&F" Vidreopigum fspfhenmp {spperafyres.y In thig mapmer, fhe 8?&1% e
RloRe ulmﬂi_ed by thé ﬂmmnmﬁA i mlsﬁa]?ﬁoﬁ of gaﬁ howbig Rwhrlvehich i 156 .
a e.s en. cajrie s fromthe as sourge
gl | Thorefg, 6, POV ARV BY AP efes TPROF PRtonty fant
Porivgbatiasin idlation Dfthef avﬁimu heatigrpotver, mkiangtit ﬁ:@ﬁzléiﬁ Gibstantialy
ier tra ed 0.t he orizer at a
6?@&?@P§h?g£%?8§| ééf +*%ﬁﬁ%$ Per gas that
is forced through the protuberances of the vertically
- ' .t.he [ sver.ses
MG, AR AN il My Boe PP e iR TR T,
dydok evigleve hoxiforsimipate hhea@ion ofthe preursgrasihlveygemnes moisture
aRo. e ' . ort
e B bl Spel SR e 50 Gl BUEL b o AR
Wiperizor Witab g mm B g@diowmﬁorad\mmttaglwt 560 sctineThe carrier.

H%Y &y &-ld J %]g t@ﬁ){uﬁ% aesgeﬁtm[ft(])@/ o? %m%rr ﬁlgt to

OMAng e vapor Zer of
tsmchrﬂs%hﬂxwm@mf ﬂ;@vqmalém wgk@é contairtessi Ae the camiidr gas

£ RG4S otk %@caﬁ;{‘st&ﬂéﬁ%htﬁu@ dlen®

present |nvent|on suc as shown in Figure 1 est ed
Qgier gascleaceeisieated with Vivadned veresgatel avnsn@h@uy@t dhece

Fap Qa8 2t RSN Rurve %0 foAR pRoRRt @hRGk J0. The anpoul e was

made of hi'gh grade stainless steel and connected to a
bl ock heater having a 14 23/01/2007 WD 2004/010463

ng e fA%4Ron are more fully illustrated with reference to the following
exampies.

Example 1

The vaporizer of the present imvention 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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shape fitting around the circunference of the anpoul e.

The heater was connected to a variable transformer 23/01/2007

which is a source of variable AC voltage and controls
the degree of heating. Several of the individua

wWod kR rgg&rs container 1 and 5, positi on:P%T@F@M{ogﬂsgwe

anpoul e were connected to tenperature s

deternmi ne the evenness of heating and 5 effectiveness
of heat transference fromthe anpoule to the

contai ners. The anpoul e was connected to a source of
cshape ifiting graunds thy ciicmnferonge of the ampanteo Thi deaterypau¢onnepipdito 2

tv%%%mﬁer wheR ﬁsaa Bfite Wab@tmmge aRPQnSECHR achRe of

hown 1 n Figure 7, enperat ure 1s 1 ncreased |n

hPPé‘“&eﬁ%‘fé‘iﬂ] @ﬁ%@w@m eontamsﬂm@eﬁel angl (e posiipnedl efin the

@&#&oﬁn&@&%@&nﬁ%@&s&?ﬁtﬁeﬁﬁk&h&/@&nﬁbﬁﬂ&m and
|ncreased responding to the effectiveness of he

cHeriivraesaplheat tppderanes e the appogle 19 the soninmgrs. ﬁh%w‘aﬁ ey s
LorBfkd 2o WebiGceC AR for iftrolddfidn it theVEnpBIP ! Brough the

venness of heating_throughout the stack

|nd|cat|n e
%@P@ 500r5¢r8, A ks ip HiswE dura o EEmErsiion iegrd i de

fﬂﬁrheatéi %ﬁdd%‘ﬁk aﬁiatfufcaﬁ@ ik Pe 4 SensBd Blthe/coR@iRére @ag O
vapori ze precursor materials. Figure 8 illustrates the

alscs foressent feenondins b lfertipctsne IgphgRinetange, Jhe temperanires
Binl NRARRGE! 2 S WeleQRRRrabI to thid o BRI HobilEindidting BR@ness of

e s r ed to 130C and .heat distri but
ﬁ)ﬁ 'ﬁm?ﬁ %*Fp%ﬁ&?@? °°6!ﬁ’§“ﬁe3'g‘lsy%8 grjuydug] coniainers rP“t"r#@ Tor
hddftidhal Suefebe aRf thitaXOdlyhadtddastvapdiRe prettiorida@ris | t i pl e

containers provide an increased area for placenent of
the precursor material nore product may be produced

Pigirb ® illastiard thé distitgtiafof hdaefraihoipsult hapobyeriedpsiiogd n

it 02 ek LT o, o bt 1 A

6&IE&WTbEmﬁldﬁmﬁbﬁNhhmrmﬁmmmwmmmdBwamemenﬂhﬂapmmmmm
ver. L& n1fo i v

e el oA o e B,

Iniuesdpdibdoerediting o fe azspodb\ﬂateby reduding effrivediithe insiomento f or m

an internal anpoul e conpartnent; b) a gas inlet and

gas outlet comunicatively connected to the anpoul e;
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c) at |east one source material container positioned = -
~.w thin the internal ampoule conpartnent, wherein th&3/01/2007
cont ai ner conprises a container bottom and Side\Mﬂ#th
it o T ORI "GO NET: sGay iy angd iiaspl ural ity of WEA/UR
channel ed protuberances positioned in at |east the
container bottom to provide channels therethrough,
o-zz\MAErLkdRn1 Be. channel ed protuberances extend into., the.
contai ner cavity; and e) an internal gas carrying
menber positioned within the internal conpartnent,
ext endi ng t hrough the contai ner bottom and
comuni catively connected to the gas inlet. 2. The
vapor delivery systemaccording to claim2, wherein
the internal gas carryi@gE(ﬁgﬁgﬁ%.extends t hrough the
center of the container bottom 3. The vapor
delivery systemaccording to claim1, wherein the
(Whitad damedisdewal | is of sufficient height to retain
a solid precursor therein. 4 The vapor delivery system
according to claiml, wherein the plurality of
ahannal eflor pelivéry LQEER FBS vagolizdl0s | dnil QRBEEnP BS tah€ource material,

ggﬂ&g@_er bottom 5. The vapor delivery system
according to claim1l1, wherein the container bottom

si dev@llep PRyl fomiPasing ap agpowlh hette), sideyrllond perayride topia foon
a Ssurdnasend bRpoukpinpatinidt €l Y equal to the-surfacearea

~ of t Laternal compartnment of the ampoule. -----

r The vaoer B SRp ke dRen o i P Sl

’ conpr &t Igst #ng sewrag] hatgrish Fongainer inositienpd wethinctbe dntemal ampoule
cont RbiEHieit) Fhdrdi® BR QohtlindrRBmpriee b Bataikd Bhtnt SRNde wall to

(P 5110' . RCVD AT 0/ 22/ 2004 3: 40: 27 PM [ Eastern
Day| iforEtég%“f?r% Q?“‘Nﬂ:?uS,PTD. EFXRF-L1' DNI S: T465092

CSI DAba plurplity ghehanelgr/protairanpenpoyitiGed i 22 BAQ thexgoHiner bottom
9- 22 tprpviRCohiinbls erethrou3fl, SthbRA3M¢ chanfieldl prbfiberarfoes i into
VapOk 48l Vee LV em according to claim6, wherein
each contairner Side wall is of sufficient height to
cont St gl g35) spnvige wspmbercpdsitipned viflin the ingamak icomepartment,
f or mex@en@iag ticigh e GomSiRAWRLtSH Qh® BREMRRRtivelr cohb®tedad B gas
deliﬁﬁ£y system according to claim7, wherein the
hei ght of the channel ed protuberances is |ower than
~ the height of the container side wall.
2, The vapor delivery system according to claim 2, wherein the internal gas carrying

member extends through the center of the container bottom.

# S/Z 10
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3. The vapor delivery system according to claim 1, wherein the container sidewall is of
sufficient height to retain a solid precursor therein.

4 The vapor delivery system according to claim 1, wherein the plurality of chamneled
protuberances are positioned on the container bottom. '

5. The vapor delivery system according to claim 1, wherein the container bottom,
sidewall and plurality of channeled protuberances have a surface area approximately equal to
- thesarface-ares of the internal compartment of theampoule. - .

6. The vapor delivery system according to claim 5, comprising a plurality of vertically
stacked containers positioned in the internal compartment.
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9. The vapor'. delivery syst em according to cl ai“m '8 .

wherein the internal gas carrying nenber extends 23/01/2007..

through the plurality of vertically stacked

wacont-aiinersay | 10 piThe: maper sdgldiveryiisyst em according to

Claim 9, ‘wherein the container sidewall of each of
the plurality of vertically stacked containers

a-2200AtAGLS; IHe anpoul e sidewal |. 11. The vapor debivesy -

system according to claim210 further conprising a
sealing o-ring positioned between the internal gas
carrying nenber and the point of extending through

each of the plurality of vertically stacked .
containers. 12. The vapor delivery systemaccording to
CV.a! m Tht vapsh eéh@éhrﬁ sﬁsﬁﬁ: @éb‘idlil@do Rlaird B0 IGRSH ca&iﬁdnglnleﬂﬁ& wall is
P 0 dhe..ar or delive
s‘sy*is%"g%ﬁggﬁ‘%ah‘* 5 3 Bt YR el SR S e hlaoe
pBase %ﬁ%ﬂPQMpprOX|nately|r1the center of the anpoule
t op. 14 The vapor delivery systen1according to claim

cjzsgr rier ‘{f gr ﬁp‘%'}lfs%%gég%lgrdg’?%e&ar r E%ETHEEOV{‘ s°§§'f’§?ﬁmd°d

Q&W%glsﬁ%vccthwﬂwllﬂghtmmcmmwedaﬂrl er gas dip
tube extends through the pl ural [ ty of vert| cal Iy
tack cont a ners to the bott
T B0 R S e S8, whcite S SEa, e e
Waﬁmdilhrouahﬂsp elurslitylef varticalingthaked coptaiperaber ances are
funnel shaped havi ng a first end with smaller dianeter

SECO end The v I \ver stem
gccor °*ng® cfr:)& SN € W‘T%“‘ﬁﬂ&ge‘?ﬁaﬁg ‘F']%‘ &%ﬁﬁ‘ywec"ﬁ‘df‘ﬁaél of
ensla ] the pletalignof verticallytsaelobd contingrs doataco it anm;te sidavalt.y
t hereby directing carrler gas to the gas outlet and

(£ R L0 S0 Bl B A 2

mwﬂmalmmm@rmmmtmmmm Sath

mﬁh@w&m&h Qared oﬁéﬁ%rm Pttt 9aRa 23/ 01/ 2007
9-22-04; 38PM IPTL . -:9194,99354 S 7/ 10 18. The

vapor delivery system accor di ng to claim114, wherein
12he dhpwaroe dedivery pyaiema kécoxdinggth ofaimt jig afmtryrnéheasﬂsedlct and gas

ofiii ird boktlofiedn@nd appbdis®pbed of a heat conducting
material. 19. The vapor delivery system according to

claim1, further conprising nmeans for heating the

1hnp om@ﬂpg@leh‘m\ﬁam poeending npnins 1 4 grheral) thergasimisd isipesitioned

a@%ﬁiﬁdtﬁjﬁ%@@nm%hﬁp@ﬂg&pm and an anpoul e si dewal |
to form an

14. The vapor delivery system according to claim 13, wherein the internal gas carrying

member is a carrier gas dip tube,

15. The vapor delivery system according to claim 14, wherein the carrier gas dip tube
extends through the plurality of vertically stacked containers to the bottom of the internal
compartment. '

16, The vapor delivery system according to claim 14, wherein the chamneled

promberances are funnel shaped having a first end w1th sma]ier diameter than a second end.

17. The vapor delivery system according to claim 16, wherein the first end with the

sm_aller diameter extends info the container cavity thereby directing carrier gas to the gas
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outlet and reducing backflow of carrier gas.
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~internal conpartnent; b) an ampoule top to enclose the o
i nternal conmpartnent; c) a gas inlet-and gas outlet 23/01/2007
communi catively connected to the anppoule top, d) a S
i Eplilr dl Bl 2bF Wier t e |t aé ke '¢dAtact i ng cont ai ner “’EN“
positioned within the internal conpartnment, wherein
each contai ner conprises a container bottomand a
s-zz-gonbaieper esi dewal | to form a contai ner cavitysfagresass *® 7/ 10
hol ding of a solid precursor material, and wherein
each contai ner sidewall contacts the anpoul e sidewall;
e) a plurality of channel ed protuberances positioned.
on each container bottomto provide channels between
adj acent vertically stacked contacting containers, ]
vifer eiThe vappradclitearmiesine sbepndivg trhdsimideshessiy b arpayicgod plurality
@ RrfidalhPétackicoht¥inerd are Bbif@lell b4 he@RSndlicihglnuuleialposi t i oned
within the internal conpartment and conmunicatively
connected to the gas inlet for directing a carrier gas
118 belawvipoe delivery tsysen hgcostingcleedaimoht fugher ggmprising means for
GORh@IP Shpouteand g) nmeans for heating the anpoule. 21.
A vaporizer unit, conprising: a) a plurality of
vertically stacked containers wherein each contai ner
PAsS aAwmeperitey congmisingiol di ng a source material; b) a
pl ur asl)iaBXm&tulé:&)ﬁ'Bﬂﬁjl dRiphIE REEAN SRS RaBinlld S8EEAItH form an
each of the vertically stacked containers and
) ext erfiiemg PHPBIERE L respective cavity, wherein the
Ny R ¢ hanns lae eimpopleadpub enclmctbs infeorahgopipartment;s f or passage of
8. CahheRlnbAa bs ;&M%%nﬁﬁhﬁ%v@iy Obfiiclind® 'ﬂle%énmﬂa@b,ted
contajners; . .and c) a carrier gas.tube contacting t.he
o1 U D18 OBy et Sl cRBAioR (PRPRET Sosepes vt te
ext erigtemg colpought, wheeio zuikt opnigincrerpiprises it doglpinerybottom and a
st aCkealat @M@ ko ft 2 LhRaiN@ ALty Sdr holidg 6f a GbRd Freddrsor
wherein each of the verticall ft aclﬂegmcontufu n rsu7_| S
cont M%%wwwh&ﬂ@aﬂﬂj%%ﬂ coRBRE Ar Aer° eﬁ}ﬁ&“ 110'
RCVD eAT pBrlidyl @D¢hdnrBled Pro@ibefivies Basitioncd obggchi aghpingr hpipm fo
DR T PRl flrles aiat vidibatl) Maokdd oot a G e e
ss).. 03a . . 9-22-04; 3:
| PTL “‘,"%@%&b"&nﬁf extppdyafo the LU SV Yer unit of
cl ai B 3lcarndnegasi dipt tube ositionsdr withias thyr imtemgh rrempasizgse gnd
and o HARLAWERY, @il eNalk 36k it Br e LEONbaliAghs fBldvwWihe
vértically stacked contacting containers; and )

g) means for heating the ampoule.

21. A vaporizer unit, comptising:
a) a plurality of vertically stacked containers wherein each container has a cavity for

. holding a source material; '

_ b) a plurality of chanmeled protuberances positioned in each of the vertically stacked
containers and extending into each respective cavity, wherein the channeled
protuberances form channels for passage of a.carrier gas between adjacent vertically

stacked containers; and

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

extending through the cavity of each vertically stacked container.

22. The vaporizer unit of claim 21, wherem each of the vertically stacked containers is

contacting at least one adjacent container.

/§
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24. The vaporizer unit of claim?21, wherein the source . .
S material is a solid precursof. 25. The vaporizer unit23/01/2007
oo e claim24, wherein the protuberances have si dew“'éENUS
i~ GORPT L-5imd.~ v ent s drhir eirrit kit ansimi i l -

, r. afsii'ssi on of! carri
gas through the solid precursor for fluidizing of
sane. 26. A vaporizer unit conprising: a) at |east one
e-22-PoNt2atater'*havi ng a bottom and si des for hol diRgeasszs+ * 8/ 10
vapori zable source material; b) a plurality of
channel ed protuberances positioned on the bottom of
the container, wherein the channel ed protuberances
provi de channel s for passage of the vaporizable
source material; and c) a carrier gas tube positioned
3. padde vhnodzeg knit peclijot 3l wherpin thicprebrrarsfeare figmel-shaped and
immﬁ&&x@l&tgrmmbe&mcmw ier gas for passage
through the plurality of channeled protuberances. 27.
A nethod for delivering a vaporized source naterial to
24dowTbe yaperirepwi obalaim 2¢ wehetsir the sohwe mpteriad i asORPPFAray:
a) providing a plurality of interconnected, vertically

stack cont ai ners.haying a. vaporjzabl Q .
%gt er i?g‘f WBWé‘T‘ﬁ%%’Tﬂé?’e ,e“\lg\ﬁle Yy nmé‘g'f:sﬁ'a%fsw"%%]s comprsme
iverite themsinniex trsiissioncoftdagiat as thionglk the selishpregqurser or fluidizing of -
cxprise a plurality of channel ed protuberances; b)

- X positioning the interconnected, vertically stacked

-~ containers within a sealable anpoule; c) applying

L P®at Acapolier seaéaprignginpoul e in a sufficient anmount to
vapor %Za?l.e{tsh&c%%ﬁi&.@ haviE £6dtBin ahl SH&) B hoRigk <Weporizable source
. introducing a carrier gas into the seal able anpoul e

; for nBY¥FHY the vaporized source material through the
seal dflagphuatipoeflchanhded pretubrrapcespositivngrioe the baftem of fhe gopgainer,
di 1 eGlleRih thf chinftBled Brofub&@EncBftovide Mhinels F? Gasbape ob e Daplotifable
of the stacked containers and concurrent to the

di r ecf¥ ¥ vaporized source material moving

t hr ouyls datrier g5l wheapositipnask tochram Hedugt thy batiglephy g cgutaing to
The RiAQA aQlrean] Sithe dhfrier WCHLhdAsARa liouph tHeliRuriay bf Sahdeled
stacked .containers is contacting at |east one :
adj alEPBY ¥ ai ner. 19 0. EFXRF. 211 DDNL8: 7465092

C6113: 91941199354 DURATI ON (nmss): 03. 60

| 27. A method for delivering 2 vaporized source material to a downstream process
; Rt chamber, the method comprising:
i / - - .
R a) providing a plurality of interconnected, vertically stacked containers having a

vaporizable source material contained therein, wherein each of imterconnected,
vertically stacked containers comprise a plurality of charmeled protuberances;
b) positioning the interconnected, vertically stacked containers within a sealable
ampoule; _
¢) applying heat to the sealable ampoule in a sufficient amount to vaporize the source
material therein; and
d) introducing a camier gas into the sealable ampoule for moving the vaporized
source material through the sealable ampoule to the process chamber, wherein the

~ direction of the carrier gas is directed to the bottom of the stacked containers and
concurrent to the direction of the vaporized source material moving through the

plurality of channeled protuberances.

28. The method of claim 27, wherein each of the vcrtiéally stacked containers is

/9
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PACE 8110 RCVO AT 9122/ 2004 3 '40: 27 PM [Eastern _
Dayli ght Tirme] SVRR :USP~T{ NI "23/01/2007 9- 22- 04; 23/01/2007
i, 2B 36P,|\/l|,2;|'.L.r -------- § 919418935400, 4n. Y. 10, 29. The net hod« @F ™™=~
F el B o ieFei n’ the 85ubde Rt Eiral is a solid
~precursor. 30. A vaporizer conprising: a) an anpoul e
oens %grrpr:!m& ng_an ampoul e bottom and an anpoul e si dewal | -
forM'An"" i nternal conpartment; b) an anpouF& 48>t o
. encl ose the internal conpartnent; c) a gas inlet and
gas outlet comunicatively connected to the anpoul e
top; d) a plurality of vertically stacked contacting
contai ners positioned within the internal
conpartnent, wherein each container conprises a
contai ner bottomand a container sidewall to forma
&3t aiThemethedqf elpinf 375 whentinithe spupk rategdli§ asofid preenrsvor
material, and wherein each container sidewall contacts
tgge ampoul £ _si dewal | ; e) a plurality of vents
posi t (oned o BEEMEcont ai ner bottomto provide
channe)l a anipeuleerenprisidg arcempouledpttine aid ap agtpadk eidewall to form an
cont agtehifeonpRimniers; f) a carri er gas dip tube
posi tj.oned thin the ntern? artmsnt and
comui*8 AFPRA *31"88?1%"@&'&*‘&&“ i"’Fi'E’ G et for
di r ec®izep inletangd gas ontlegemnrmmichtivelywottseted todiret amparkie top;
o ﬁé ac !Qﬁda tsﬁfemlgcsfoga%&wtsame rcsnm@ﬁeg &ﬂmﬂ&@%:/ﬁ&i’ed within the
65 SUHELEREPS P PR B CEPRPGHTPHER S conSop Koteoy e
FXRF.2@tdifdr sidohiB 17 4@308 2ontiifsir a@itO fut FOBEE ofDWRANd Gikcursor

(Y8 Sohatddidy, MY v lnChiH contdifier silidbaClontacts the ampoule sidewall;
¢) a plurality of vents positioned on each container bottom to provide channels
between adjacent vertically stacked contacting containers;
f) a camier gas dip tube positioned within the internal compartment and
communicatively connected to the gas inlet for directing a carrier gas to below the
vertically stacked éonmcﬁiag containers; and
g) means for heating the ampoule.

#- 8/ 40

' PAGE 910 ™ RCVD AT 9/2212004 3:40:27 FM [Eastern Daylight Time] * SVRIUSPTO-EFXRF-2/1 * DNIS:7465092 * CSID:9184 198354 * DURATION (imm-55):03-50

anacnien SHEEY




