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WD 2004/ 010463 PCT/ US2003/ 020825 VAPORI ZER DELI VERY
AVPOULE BACKGROUND OF INVENTION 5 Field of the

WO pwefli461 The present invention relates to a PCT/US2003/020825

vapori zer, and nore particularly, to a vaporizer
delivery systemhaving nmultiple containers to provide
i ncreased surface area for vaporization of |iquids
and solid materials, e.qg ui d_and SO|Id source
reagents used inVﬁ#QW%€3R§§BgVE ¥on (CVD),
atom c | ayer chem cal vapor deposrtron (ALCVD) and ion
i npl antation processes. Description of the Rel ated
Art 15 Chemical vapClieROYND OF INERBIIOMSs been
extensively used for preparation of filnms and

coatings in sem conductor wafer processing. C/Dis a
fRasld oéitle Gopmiint i on process in many respects, for
exanpl e, because of its ability to provide highly
conformal and high quality filnms, at relatively fast

PIHe GR& St Bventife felatdsUtb ah@beride/[and SaddepafibudirB), td Nvaporizer delivery
coating substrates of irregular shapes including the

ﬁrﬁwéraﬁlﬁg drultiplg eoptaingss rte rpreyidy mcrréseévs@ﬁfa% 12 .f@sﬁ@eltlzaﬁon of
uffRGRd sl maRhAC! Sg.21 1@taﬂ@ olﬂpﬁﬁtda%ageht@ WENE @lemical vapor
techni ques |nvolve he delivery of gaseous
rdepesitaont (€ VY, atprsicdlayer alesanion] vaporslamsttroat(eLWNé}) @nd ion implantation
BQ oy | reactions take place under tenperature and
ressure conditions that are favorable to the
thernndynanrcs of the desired reaction. The type and
Jti 5 of the | ayers that can be forned using
mPP lafid Athe ability to deliver the reactants
or reactant precursors to the surface of the
substrate. Various I%%uid react ants and §Precursors,

drhemiqat ¥apos depasifion S WD) haThasngpisnsiedly pesdsiopypreparation of films and
%Lﬁﬁg@ b &%lédﬁﬁuétéc@%{ )}Jr&%gstn?g]t b1 2favGRE fdb@sn%ﬂ%mckﬁ in many

['Tquid react e carrier
trgspects | iy extauiphd, édcame ﬁ 1tscacbniitycbd> pedidedtighly hcmfmgial and high quality

S AR o i SFIBBE S bR B o

Giégul£ khdpss bR Bing KR HGAsibE6F Highly Banfs@aACHiinevelaith edspect to deep
Anal ogous attenpts have been made to deliver solid

ﬁ@%@f%ﬂ@@%%ﬁ% reacti on chanber, 1 WO 2004/ 010463
PCT/ US2003/ 020825

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
precursors, are successfully used in CVD applications by delivering the liquid reactants in a
carrier gas. In liquid reactant CVD systems, the carrier gas is typically bubbled at a
controlled rate through a container of the liquid reactant so as to saturate the carrier gas with
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 carried out using the

W@ askionetdr / bubbl er net hod in which the precurBOT/UB®03/020825

usually placed in a sublimator/bubbler reservoir

which is then heated to the sublimtion tenperature of

the precursor to transformit into a gaseous conmpound

which is transported into the CVD 5 reactor. with a

bat with mugh dess BHOBEsAs Thﬁ;/éﬁltygréfrpf spld prgpHTsoas BifnYD grocessing is carried
I LAgs lf]he Yiﬁl\éﬁ)f/b rsmetﬂ(gcp G dule tﬂ@%r&ﬁl%@r is, usually placed in a
unsuccessful 1n re d reproducibly delivering
wllrmbtqzrfbsbulps oIseIyoir Whlivé ﬁéh@t heatedcoath srblingation teropristure of the
é)éeﬁ){.lgs >on 'ﬁns%[ lqailora[ E?S%gll%seg(}sm \r{]é)nél}lg tVJélrl_] fser?alﬂ%!o%& 11%5 ethe CVD

sélctodl viith & cediet pa suehl ag Ehtyérogen; thelilrat argon, rog pritobet.i kHosvever this

ETRING i KRV RE e e e

SRS L Riof QEBIRE SorSAAUMRE bPRasdhs.t MBe Maidk pfobRWMsREhCHRE tecRiique are
gas stream because of a |imted anount of exposed

senteigd @ndhe inability frecapsisieatly venotirs 8 rsolid at meontEpsd irgte such that a

‘;fdﬁLMb@é’] ﬂg+vaochf érlﬂéﬁl I)l‘i)c{ P}egﬁ%}%raﬁtblércﬁhtlé?ecpfoofﬁb gﬁocess chamber.
mim su ens are | nher

cdeyenfis difiulti tomnsurplcamphta s;trcur&wst @"nthe tfmﬁlowmg chaiger agas stream

I&’ﬁ%[gauﬁégf}?s %g‘gﬂﬁw ’ig/gxgig%&sglgaﬁe o area ogr{lf o}nd grecurs&r 1nqueava orizer
divétea badladt ofunifernk ReRtse ol paeedd mixintml sabliradtioan. Wen

a solid dopant material is wused, it is generally
pI aced within a vaporizer to be heat ed and t he

i t er pre #ﬂ aro GhHERG:t iV RRErRiofRd] Sord InffksRRoh %%térﬁkt BattiM@ude an ion

the 1on source for ionization and
solyse duehichiagtepars @kmeflbls riertizegrand 2ienSwbsedudndsi agesleratel to form an
I’mﬁ\g%flglr élrecf?' a(,e %vtolr con ﬁlc ?0(% %@l %t% Seh\)ge%neaagoggzlb?ant material is
aned,duss geﬁ&bﬂly pabedawdhm pem@bnz’eg t@be heaed and:ﬂne subsequently formed

i nstance, utilization of a |id precyrsor. material, in .
VABY P seared dao B iaiHRro HiBaP RIS RgriopiFgion and Subseqlent ion
sk rsvaRAbAt | on, poor product quality, and deposit
bui l dup within the vaporizer. 25 Prior art vaporizer
systenms have numerous di sadvantages, including buildup
opgen | Al Wi Redbh&l UBP Uafehf rSaso] Oh lid
%’rhﬁagh?lon&% ‘{mr I F{% 0 I{}ﬁl n theplcyr%teéflrorw%f e o 0
vsammonche:tca' dhpents dlaVea@tcsmtedJ sirfoos rechaiseli g omt@grprobﬂmss For

OSI ts s C
Vlgsﬁ%l}c ,Ztgﬁlzgwoglt\/\?q ?ﬁ rg%ru@zrltgnzlﬂ rl}l? é?pn gi%grgl%ﬁgeé &ktended down time
Sdﬂtlﬁ@lﬁﬁﬁmfdﬁfatlbﬁ;\p@bl\/prﬁtﬂlct quality, and deposit buildup w1th1n 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 unwanted deposits is’
exacerbated in vaporizer systems that require internal moving surfaces for revolving
individual vials and/or wells of source material. These internal mechanisms introduce

additional “cold spots” within the vaporizers and provide for further deposition of vaporized
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30 individual vials and/or wells of source materi al .
These i nternal nechani sns i ntroduce additional "cold

wWGep@us10468 t hi n t he vapori zers and provi de for PCF/UR®03/020825

deposition of vaporized 2 WO 2004/010463
PCT/ US2003/ 020825 material. Additionally, due to the
bui | dup of deposits on internal noving nechani sns,

operation of these vaporjzers i.s not eff.icient or .
ierahy oious i gie 56 R ESGF of RePiits G bl moShng mechanisms,
\BEBfIZEY thesBVApRERRGE Abt! ffidiéH: lof EMaAbIE. Whk BhdiRbintheS GEHhE rior art
materials that are tenperature- sensitive with a | ow
vapRsizessr &8 saspesially npgicegble withqsofid; souroe materjalp Jhatzae gemperature-
. I . o LG

3t SO . AL S, Ak O P S
date chovin shat earepridpable t flayn of wepaized Aclib poicrgbry cant be deliviesed to a

eed in the art for a vaporizer systemt hat
--@PWP%W%WFE}OS%&’&&V?%%‘%S solid and/or liquid chenical

sources w thout concom tant di sadvantages of the prior
Ncbordfigh) tiRfe isHed MOhEB f6H SAHEALHr 8§t t10f etfiRnEPWMpSHzes solid
material, inoperability of internal moving parts due

12ad/ge fiagidichamicrbroprons Withevt cersomips disadyantagemefdhe Biqr oH» such as
Uork @i AQRNaiBH BF Y SEuEOHRRHAOBHELKE of ifiBadl SBARS parts due to
wi thin the vaporizer, and/or 1nconsistent vapor flow
tdepabitvim g dupewithid gposparizen corslpsiations of 106 vEpWIVRYUrOFoITdENdS due to
LNVENTL.ON .The .oresent inveniion. t . [ e
SR SR RGBT pS s B PG b o g Rt Bposivion
chasmgal sources having particular utility for

sem conduct or manufacturing applications. 20 In one
aspect, the present invention relates to a vapor

del i very system f ogUXERARNZEE TER IRNENTUISN very of a

source material that provides sufficient surface area

with uniformcarrier gas flowto neet the flow rates

; . _ Lo g 1l . : “ _

IR YE RN B, (R bR BN S R Japericig sold and
Vigpolr icherbical sowrgse havitgr pagticuia Sutiljty afopl sensibértdyctof manufacturing
ve£$egﬂprotuberances positioned in the container,

VRRTET % he vented protuberances provide channels for
passage of the vaporizable source material; and c¢) a
carrier gas tube to introduce a streamof the carrier .
dﬁgm @,s‘peﬁa@g REpsCRt ARVETEM xelgtes 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 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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contai ner. 30 In another aspect, the present invention
provi des for a vapor delivery systemfor vaporization

wapa4tel4byery of a precursor, conprising: a) aPCEHIPIOb/E20825

conprising an anpoul e bottom sidewall and renovable

top to form 3 WD 2004/010463 PCT/ US2003/ 020825 an

i nternal anpoul e conpartnent; b) a gas inlet and gas

outl et communi catively connected to the anpoul e; c) at

| east abiRterabAMBYURIONIIEMERtHned Wit hin the interna

anpoUL, &8 ﬁmﬁfah&fg&touﬂet%ﬁ]_ hRinfafifes SRARAIINS theGRIFBLES €S

a contaiher bottom and side wall to forma 5

cont aé)nelr leesivortey gordaimbr osisiopddy withint theofntoyrah tagpoule compartment,
prot uberancegs positioned. . n at CQRt ai

Dot ofpan pciiies BRI, £ oaFE phikin S8R BIRAN to form <
t he veuitaagtr pavatypdadr ances extend into the container

cavity. 10 As descri.bed nore fully hereinafter he

o ool PRy BTl BB PR s PoBy O A Lt gerter bottom to
mat er pabide Br hhficd Mleyothrbhl®), BAEFHESRI thé FerBedPlotullerances extend into
precursor including, but are not limted to,
decabbregp@ainggebi#y. phosphorous, gal | ium indium

copper, antinony, hafniumtetrachl oride, zirconium
tetrachloride, arsenic, indiumtrichloride,

st desaibgdmiare Gullyi kee¢imftat, dhe prepiretanay comprise a solid or liquid source

cycl opent adi.enyl cycl ohept atri.. -t ' Tj ..
o TR B P ot bt preofssh e B U tmid co
QA EbOraad, BbRinl FRIBEIYEs Ogalieund, aﬁﬁiﬂﬁydobbéraiﬂtinmny, hafnium tetrachloride,

bi scycl opent adi enyl titanjundj azi.de, and tu ten

EHPYBHY totrachiotids, a@ﬁﬁ%ﬁ@iiluﬁls‘yé@?flg% e e tihetpdneicomplees
relates .to a porjizer unit t . easi.l y be. . o
crearsBaieris AReae e e CATGRD Bkl pFipigrice, tranium
ret.rofjtti } i ng- ! - St AGiazide. and
Ak e e e T
winggsten varBagh cont ai ner has a cavity for holding a

source material; b) a plurality of vented

pr ot uberances positioned in each of the vertically

Ih 3k afdthet Q5pedl, RS re@Adlinduitdadelags ithkovaparider nsis fec by easily be

qavitgt wherein the vented . .. . .
inserted Into a conventional ampoule with minimum retrofitting 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 plufality 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.

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

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



25 protuberances form channels for passage of a
carrier gas between adjacent vertically stacked

w@omualres s; and c) a carrier gas tube cont actPemyuUsive3/020825
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plurality of vertically stacked contai ners and

extendi ng through the cavity of each vertically
stacked container. 30 In still a further aspect, the
present invention provides for a vaporizer conprising:
a) an'SFPYGPEPHEYNg an anpoul e bottom and an anpoul e
si dewgj dn n‘ibcﬁlfértgﬁ @ enclbseMfd &M@&Qﬂa@éﬂaem

PCT/ US2003/020825 internal conpartnent; b) an_anpoul e
top t 6) egasiiwetand putlqt mrémnwatwemsameﬁ@ﬁto the ympoudeyop;

i nl et d e s
anpou )3“3 Iﬁfﬁ‘iléf%f Qfgll[ﬁ]&ig) gl?%/léeg féoég?t | Cg(?r&zﬁf#erég ilﬁgned within the
cont amterng onompamnm!; whq:relsleaclncmﬂalmrtchmpmeha coBtainer bottom and a

2 conPaHEF BRTTOrCaRatns CORPE SFSoThRUPTE PO o B ecusor

cont airA@kiak avd wieréifl badhQoflaingr SdevwallSohthdls (e eRPHIOsidewall;
mat eri al , and wherein each container sidewal |l contacts

the afpoRirelis]ofasmied progperancss pesiiqned oy each goptaiger bottom to provide
protu @ﬂnﬁaﬁ %tv&%ﬁ ' dea@&ﬁ dvef"cﬂ:aﬁya %ﬂclgéan&ﬁl'tdaﬁﬁ% ROk thiRERs,t Rherein the
provi de annel’s between adjacent vertically stacked

cont a&cntﬂgprowheramq@é exsendsihterties gontainst cavifyvent ed

pr ot uber ance ext e to e

Car i 8 et b obE BB poshbal R e B odlgefiment and
conpa I‘cbrﬁﬁﬂﬁwﬁh@ly coanertdi to alid yliyleicfon deedtiag atcarrieh gasgabelow the

inlet for |re carrjer to bel ow the

verti é’%fﬁFﬁ} g‘?gle‘t?g@f)'i‘ﬂgaf’é’{ﬂia’ﬂi’@mgﬂﬁt ai ners; and g) neans

for hephbfi f6RadFARdABpoulel 5 | N anot her aspect, the

present invention relates to a container conprising a
plurality of tapered protuberances having conical

shaped pores which narrow as the tapered

pr ot uberances extend into the container cavity. This
dordbiherr aspean ﬂfeqaresteheimcmiou belaten des: mt@wovbmeﬁsiﬂgm plurality of

sse |aII one- carrler throu
%I[ LW%W F3PGY Vl\%glpg i & %H‘ﬁa; shi aredc RS cWh al Irl%rrogv W¥"the  taperea
Qﬂ&ubérﬁﬁeﬁ exbdding thheoamettaity. This configuration for the protuberances

provides for essentially one-way flow of the carrier gas through the plurality of vertically

stacked containers positioned within the ampoule.

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

source material therein; and
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In yet another aspect, the present invention provides
a nethod for vaporizing and delivering a source

wordoe/i@b3 t 0 a downstream process chanber, conpeT/E52993/020825

25 a) providing a plurality of interconnected,

vertically stacked containers having a vaporizable

source material contained therein, wherein each of

i nterconnected, vertically stacked containers . .
conpr A intipdysing alcptrigr gps ¥ theetcalgbl rastpgnler fan awyingfhe vaporized
posi t { oni ' I t d
conta%%g%ggﬁ%?ﬁF%agﬁggggggﬁégg%ﬂ%%ﬁ?%fﬁg%%% g%%?ying

heat to the seal able anpoule in a sufficient anpunt to

vaporize th ource materi.al therein; d .

3R e P300S ugs vt Ficks AP fom the cnsuing
Qaclobwtt agbsppemded clafiss. seal abl e anpoul e for noving the
vapori zed source material through the seal abl e
anpoul e to the process chanber. O her aspects and
features of thepkmyastdcaupidN OPerHIPDRAMINGS appar ent
fromthe ensuing 5 disclosure and appended cl ai ns.
BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is

Ct.i : r :

BRAET I g B B XSROGIEP T boRRRR! HATGE: BhiMiABR of te
tpoggentiienentddn. a plurality of vented protrusions
positioned in a container positioned in an anpoule in
accordance with the present invention. 15 Figure 3 is
Fighse Rl £\ VRRALS Vi SutaRly &f ¢sHiddapldtiisibs! ptsitioatd MY adcontainer
plurality of cylindrically _shaped protuberances of
thegitipned 4 A ampRaipiagrerdapeqyWitibthe pregens inypRtiong| evat i onal
view of a container illustrating a plurality of
coni cally shaped protuberances of the present
i Higtee Bi ion. si®@0elBvagionad view of gi ahetaier ilbisirasingla plumlityodf ¢ylindrically
pLurgli%ﬁ)of ver.ti cal | .s%gc%gd contai ners of the
prese R CHIER S }”%Fé&wé %% s a sinplified schematic
representation of the vaporizer delivery systemof the

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 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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25 present invention. Figure 7 is a graph show ng
results of heating the anpoul e and sensing tenperature

waowdaohiom46s he container unit as a carrier gas iBCT/US2088020825

t hrough anpoul e of the present invention. Figure 8 is

a graph showi ng results of heating the anpoul e and

sensing tenperature within 30 the container unit and
rotuberance within the anpoul e t he pr

) . . of sent .
ey isonsideeloyationd Aey1of Aecpniaepy Ustnyap o gty ofpepisally shaped
?lrdlt&:’oe?an&sqﬁcl@diﬁg’ﬁ&é faal view of a container

ustrating a plurality of conically shaped
pr ot uberances including side vents. Figure 10 shows an

Byt [P Rkt BB RR PR brererren
EKBODLNENTS THEREGF The present invention is based on
¢ ¢ . . .

10 vapor zor Syehli BESCRB AR TERhR IR ea o

suf ficient quagypPREFERREMDENBODEMENTY THHREFOF r equi r ed
for typical deposition applications. In sone cases, to

achi eve needed flowate, high tenperatures in excess

?lglte é@%ﬁ]ﬁcﬁ%ﬁ%op € Baddd %gxeﬁlg dbglﬁ{}a%@ﬁ Ghk ?&%rtﬁﬂ *%bﬁt@@tnila@é?ials used in

can cause conposition of the source
vapaeizeadysteth$ avk nobplequataly vaperiaaido sufficieet qupnthies frameet the flow rates
enbodi pent . of .t he .present. i nvention a i bl ' .
FGHPLCT g domauBt L Bk g g i bt e nigh
ERSYAEEY . ex3Ebe oF 200070 H:Re bekal usedto)inayst @ sublfination rate which can
conprises an anPouIe 12, fabricated of a suitable
[rause deompestiPn ot thesursednateriaich as for  exanpl e sil ver
silver alloys, copper, copper alloys, alum num
al um num al | oys, lead, nickel clad, stainless steel,
ofx sqriorizes inmehosdanesevithrione embagithent of the@resagsduyeation and illustrated in

rises a 20 14 ' 1
TR 1 370 RO o i S e, ik o R Bvry st
tlE&ionfpﬁﬁHsbhtaﬁt;ﬁﬁleaﬂ, Bvscatdd af\u saftatd@héait-eondyetingt thatexirg hsuch as for
t he anpqul e, _such as the shown | indrical shape. e
SRETB ters KPS Hlov PRl SUPer B ROt AT aloss, lead
SIRARE claRChines &l %{S}S}Htetdn@m chiahRS ANCAS. t Pheahth@OMOBnYprises a
1/1000th to 3/1000th of an inch clearance with the

hotiemdd|and mdetrilhbeitocorm an ireergal compargpgit.dheappoule can be any shape
AN ﬁ&iiiﬁ{els Ofh EGAUREESoft pﬂltiert £h§ ﬁﬁﬁ)luhﬁ he ampoule, such as the shown

cylindrical shape. The preferred shape of the ampoule base is cylindrical shape machined to
very tight tolerances to allow only 1/1000™ to 3/1000™ of an inch clearance with the
precisely machined containers. The container installation requires that the walls be
extremely parallel to ensure that each the side wall of the container has good thermal contact
with the interior walls of the ampoule base. Understanding, the close tolerance that is
required to ensure consistent contact of the container with the ampoule interior wall, the
installation and removal process of the container unit may require heating and/or cooling of

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

Carrier gas inlet 20 is preferably positioned on the ampoule top 18 and communicatively
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25 extrenely parallel to ensure that each the side
wal | of the container has good thermal contact wth

wo b@4ioni4e3 i or wal | s of the anpoul e base. Under BCEDOS2003/020825

the close tolerance that is required to ensure
consi stent contact of the container with the anpoul e
interior wall, the installation and renoval process

of the_ contai ner ynit require heati and/ or
EeIePiag e Sppile, o8 intafling e ST eAs pRBEETPOPy o
allow for easy installation. 30 Carrier gas inlet 20

is preferably positioned on the anpoule top 18 and )
é’@ﬁgﬁ?ﬁﬂdc‘ﬁtthlve‘hf] intprgioe g0 26 theparpautn 60 8 /Mpaidy f vertically
%&%%%Bﬁglnﬁg ZEh SrifdIRg OBB{HBIIS Q%fj' s\%ﬂ:ﬂ%ﬂl@ ﬁon&@gcﬁ:&fl&laﬁﬁﬁ removable
gas Into the anpoule. Positione thin the interna

donmp thet ampleofor tehsy clegning andi sfillinp] WRagitiongd within the ampoule is an

verticall st acke nt ai ner 2...T t acke .
el il eSS 2 i SoPoteed 1050 e PRt et 20 et the
QartieOgasttd Cheidkom! of thelihteBRAS Yortdabtiidhihd DB w tBE Idwds\@ntainer in the
Posjtioned within the anpoule is an internal carrier

ysdicHbrrekedepniainers. i 18 Figyrmb diedateripbeagisy pag wemb 2§ gasses through
[ - i t:he rier S b

RO 70 B0 o R L0 ULl o
benndérsterd ithat tchensuxeea teak prdof sel at Kedpotw vlwienthe Snteinal carrier gas

Fi qure. the,inter.nal,, .carrier. .me L 23. ses
ERePARGE terscefiing BRFARonR, p ofind TEuRE AR (hokp B dagiroy mey be
posltiamed batweed cditdihedintspdeiallydf@dy edurcd thatshtd i Dlightd. &n addition of an
understood that to ensure a | eak proof seal at the

(98RO T erlsonconfempiatacho teal petwpengepniaingshpigthe top surface of each
IcBhSh&qEhy) stda@agont ai ner bottom a sealing Oring 38

(shown in"Figure 5) may be positioned between

containers especially if the source material is a

| d1Qui L - i . .
AR s B B B p Rl O Bl e e thg ygjpmen o o
switeaericofaseiovh Highnuaityneainletsririys)(pere dizwalth 100 Hricdbmsdikely) could

SERER By 0ol BB g B PR TR R RES e e

fof eavh pritgberiniee, 4 Mr@tdadknirie Ssuld bé bddedROER t6p &By dnd RalkdEherein by
mcrons likely) could be added at any | ocation in the
ergssure frog ghe ingtaliation o the fif en fhejampouls or an e ontied ay flevgpae.

the "inlet’" of each protuberance, a large disk frit

could be added to the top tray and seal ed therein by

26 showes guligut Boeach lo€ thersdivilfa tordaing$ 22 has d hodtom24t dnd sidewall 26

?c;r@gr%l 8 cQhtathar tc'al?veltyoy?t lfoertplgc%l%erfltl (())tv%hgaptrg}'erred source material 28. The

containers, are preferably fabricated of a non-reactive heat-conducting material, such as for
example silver, silver alloys, copper, copper alloys, aluminum, aluminum alloys, lead,

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

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

easy flow of gas therethrough. Preferably, the protuberances are cylindrical or conical in
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As shown in Figure 3, each of the individual
containers 22 has a bottom 24 and sidewall 26 to form

wa@2@ami@Esher cavity 27 for placenment of the pre¢PUS®A3/020825

source material 28. The containers, are preferably
fabricated of a non-reactive heat-conducting material,
such as for 25 exanple silver, silver alloys, copper,
copper alloys,  al um num alunlnun1alloys | ead,
hapReticlbasslows iifigmesdand4el | graphite and/or ceranic
material . Each of the individual containers further

conprises a plurality of protuberances 30 wherein
Eigvie 4pslmm m@mwsrﬁm hatieg a&emélyefgmwhykea@nﬁwramn with a conical

rr|e
FroetBer afticn bbbt uffs BBEp4 PRtEBatciBuetlini e sopnercavity 27.
dani cafthl gupal pae ptdvides ﬁcFrOpABsdgﬁ of the cattice gsy frﬁllna’hb adjacent lower
gas therethrgﬁ E Preferabl thedgrotuberances a

EQHRiRgH theopeh F @S qRRRIng Mnio e FONEAGRORIY (Maller pore 36)

E’x;ﬁ}_é WRREAE RAGR%O0f A 8dRAer Sl Grflo AR 15WENE, chntE:loﬁan@lS Baportantly,

and 4. Figure 4 shows protuberances 30 havi ng

g@m@mamw gneriwial flow ieroughnthe glaelaof epntaipgrs lrﬁreéﬁﬁﬁutbearemoval of the
pr.Qf

SRS B LT SRSl PR3 et

sﬂmp eeknmonchlcmr q)mcdssmgfsgsterpassaglw afridrges, cantaingng ypasrized source

0 oerénla Bgna ergwm«g\??%%ﬁm & ?ﬁref’ e{ﬁghp t@ﬁg{rﬁ?urége{he tapered

@@Htﬁ)e%}es Mhir@oaedféeﬂ ifgaRaC kS ﬂh@‘gasQflolbhﬂesCa’ﬂé for&sd agaigst the wall
into the | ower adjacent contalner | nportantly

Phithe a}“qt}}hqgmgeson ifyhiripagiyef pﬁtd{g@}qs it casrflearcg\asoqulckly through the

?)E l?érzﬁl@ésscahglﬁ% ﬁ%sﬁﬁoﬁz@@ sERIOMRkrid o hiaRe chidct Whh 19RRated walls .
IS satura t he vapori zed source materi al

af the thperad pratuberamequilhex ﬂby/allcmlzn&hwrogemtmh thainiaims contact with the

@13 ‘g‘? Iéaal%g 3 &l On%qua}l{ rg‘]%}c 6.6 n%)@desg)%tc's the&(ag&l? mSQ?JﬁClpltatlon of

blikt Yapbriat nidiaiabaguet ciogtthy cmagh:ld i aletpamelneemces
pr ot uberances a whirl pool effect is caused as the gas

nol ecul es are forced against the wall of the

AR it @epe &Soan BB beitink hibRBdd BftfleathtalfiRY Q5fatd) Sudhak Eoiikercially
gas_quickly through the protuberances causing the

\eaipitablezenited sipinless riselescraws they ahaw dorashisiabilithie Ppttnﬁéﬁ a process or
Qﬁ&hﬁ&l Wgues Iﬁ%heoz{lte 'JAEV& ﬁ%rﬁﬂb&&%%y heriAe Hy -ﬂ?'hﬁ%d a§ ﬁ‘frt of the

pori ze I ntal NS cont act
h:eaﬂamdr mmmndeaﬂowfdm raa)mnumdmtttamferrte those pnotubeﬂan@@I Blreferably,

rs{.ﬁq h?lg}fql 0 awaﬁ 64‘ (21& Cau%@ﬁ%ﬁc(e?g Ié::ﬁ %@%é}éﬂ?lﬁteﬁ the tsarl]rge gﬁ%ﬁtr As t%gt of the

RioffaliRE§iddveetiSor 158 em@pwﬁmbm ﬁesleigammc}embahahmsis less than the

attached to the container surface, s
dwsighe of ithg p?/ntamer sidewall thereby prov?d?ng aLi-lead space above the end of the

protuberance for gas dispersion and circulation within the respective container.
Alternatively, the containers and protuberances could be configured to create fluidized beds
in each of the containers. The carrier gas flow can enter the container below the surface of
the solid, understanding that the pore size is sufficient to retain the solid precursor in each
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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20 avail abl e vented stainless steel screws that allow
for adjustability to optim ze a process or

wenidionebi on rate. In the alternative, the PCT/US2003/020825

prot uberances are integrally fornmed as part of the

contai ner bottomand allow for a maxi num heat transfer

to those protuberances. Preferably, the height of

each . qof the protuberances is approxi mately the sane

e fyirtizing of 1 sueh asiskownigigtHdr si dewal | " or | ess.

More preferably, the height of each protuberance is

| ess than the 25 height of the contai ner sidewall

{The pestibepanessi Bpwlg ba ob e ddighpladeovddroy keak peoof mgiasf for plecement of a
I e S ersi Cl.r at | t.hi -
BHEHARE ARR, b bR lBR R g: RO B Pl Blbvith Rl Boquied
veprraedmaterialndlitipno taukiap dskas ioto thdumierlging cogainedthtoogh the open

create fluidized bed [ ach of the containers.. The

Baes P o i DTORBeREry BRI PR BRIHERS BRFR Bl from the
$utidrR 6 £ tRfcontal@r £&th iabout WNAGIS bsde | sint, BAd mbRereRfaBly from about
size is sufficient to retain the solid precursor in
decAm3o abeyhB By as shown in Figure 10. Anot her

enbodi nent rel ates to protuberances having sidewalls
conprising vents therein for transm ssion of carrier
ghassshown oul figuteh, the pogitignirecofStbe pradubd@n2G0d/eddi0dbBriner are slightly
PCT/ US2003/ 020825. for fl.ui di zi.ng of me _such as. oy
SRR Brg o agiecorh i st feBre I Trdctage Boiguiat within
e gotitaihe® for @vhider Rith @RK vRfRiRéd KEGEO Matddial PERELBENE tAhsported
a sufficient quantity of source material, whether .
Hrrgeshdhgprotubeiagees irgo e gg¥tdevet spmtainsgu AR Egtagsowslypthe mpdigple levels
SREGHAcRbs b bR gak ?fé%id@gfolr SAKAES dhOcakile (W Gh hidtkdated rate due
cont ai ner throué% he open pores 32 of the

o te insesasadoapunyispueambiprialamthh vppasizetswstemce ext ends
vertically fromthe bottomof the container from

about 0 mMmto about 5 mm and nore preferably from

dihe size of tlee vapotizer alblinety sl isldifféientsdepewdlingnor-thg unmunt of the
1, the osi%ionir of tye pr ot u ances in .each .
BRAriZPd,AS 19 PR SUpp lg”ht? (the dogmpizeam APPATRER07 iR Ypplantation system .
A%k IGRMHzeCRRERIN BEs 4 SRS @R¥sioddith fda bYlBdedkdving andASer dRmeter of
circulate within the container for contact wwth the

#hoys Bite cdnahss meeferally abouh| 3. hrghes. Bbe Avpntipafspeipinglg comprising a
A . ) | .

SBERHE bl ey R by DEEARARY B ot Hind irip U profgply from three

tofivamntadfer atgenclased irethe gmpoyle.ovi des for saturation of

the carrier gas at an increased rate due 15 to the

i ncreased anount of source material in the vaporizer

g¥s bepduld bE tieipi@edfindehtovam@iisiag theddiialigrof igyifiledhthiders can be

s different dependjng on the amount of .th
heated and kept at a Eesireci te%nperature ?n accordance Wit{‘l tl?e type and the supplied

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

ampoule from the sidewalls versus the bottom to reduce the chance of a lower container
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vapori zed gas to be supplied to the downstream CVD
apparatus or ion inplantation system. The vapori zer

w@emealdby has a size corresponding to a cyl i nPEF/US2003/020825

havi ng an inner dianeter of 20 about 3 to 6 inches,
preferably about 3.75 inches. The quantity of

contai ners conprising a stack of container will be
deternmi ned, by the size of the vaporizer and preferab

PR, i g Pee s And; (HBFING F GORRE RSB AP grHf@at Could be the

SEPRYpSssibld ConddRAUnSVIREL JARI REBSERIoghY EThé PRferred heat transfer is
conprising the plurality of internal containers can be

fombeasidewallsdf kl@mlnmtﬂeao thessidewalls efffbe pemtaingss.j hhe preheating of the
{ n

PRECLERMES Md 0 Dbl DBfnliE BARENLSHle R enflh of e

vaper dag édetgutsngand tiot daenier gpecficat tatey  condi ti ons. The

heati ng can be conducted using a ribbon heater wound

around the vaporizer, a block heater having a shape

Qv aftigagusy) @he\/\fap&ﬁZef- ﬂéllv@fy d?}z‘texﬁl of €l it de in@ntibo protides a series of
or a liquid heat nedium The nethod of heating is not

b@ﬂt?q WW%/tth fyrthe prodes J?Fga plaralipoffigatyd B{ﬂtl} gances that increase
ﬁféeﬁegtgd aehck 91% ﬂﬁ‘rebk Qﬁoﬁ‘ﬁ Eﬁ%ab@ﬁ'@%@%&lfcﬁsoﬁ&@ Wiadi8l Because of

I's desirabl npoul e fromt
mcmwail distringionief hedte I‘bmast bmdqsmahl@audhe ami@utehfa rheee plarge thermal

S l,?Bﬁ o nﬁrﬁgfdg rrrllaelrgtﬁm ahlé1¥¥gt cé%%ité%ﬂtgéigéalﬁ? éu%%%gg’c[egg%s 2’Fhe present
i RtionRe b&ﬂt&ﬁlgﬁéﬁi&hﬂcwhkgé thamhhm@ass daged ohalic 1faasthatht|tai<es heat to

condensati on mhlch could result in_cl ing. The
psiie syhlinatien of ¢ solifsgoupeeimateria] %f e sibaiat @e JRPSlgte- Ata
31RR Wnetdurb NBe %p@?ﬁ&@&slm% d7h sbﬁ@ls%ﬂldl @FeSsurd Bthat material at the

preheating of the carrier al so be a

inepfiice.cthatns, thpepaan s Mapyonole sweadqnﬁgg piothe @ahd Jusfagn 4§ thgfnumber
{

DF B SRR 185 e 408 S BRI Ao

sfythe ewleofiles nethp passantstataare nerhaved ;ﬁuom/uhd e@lldégas efrter&e by the carrier

heat ont at furthe rovi des qer s . .
aar Chefy BPURBARL ke Bt & e O @i, udiorppe i there s
ReipBthaat! fshgaRd ab e tEHRLY @lel WHdNG fidkd ufator Q:He aftent heat of
the solid source materi al because of 1 |ncre€

aridimation: i By WPVidwara phwalifnyef treatsd sprpibprancey the Ritire conductive

AR EachLasNENGted ufhQSherDSY ﬁ‘i@xleasﬂ%iﬁl% 140 oP Eblinfd8on, providing an

mal ntain a nore consi stent te ure UI‘II’I
coeres ﬁpwgateﬂfesawraé@ewnerugav em mﬁncma@re@@ethtl%@ﬁ Yghegred source

on the fact that it
éwg?ﬁEeé%g%k&mgﬁgﬁg}n 4%E§¥|on of a solid source

material fromthe solid state to the vapor state. At a
Vgc%%ée?q £ ogttlga;xglgpléz%gfsv«? gl{cnif: depen 4" ooty e{%ﬁcgrgtlilllgdchnaitions 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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15 interface, that is, there are as many nol ecul es
condensing on the solid surface as the nunber of

wodgoul4es sublimating fromthe surface at a gPUENS1005€20825

period. Equilibriumis destroyed if the nolecules in
t he gaseous state are renoved fromthe solid/gas
interface by the carrier gas. Cearly, sublinmation
takes place at a higher, rate to restore equili

riumif
temnestire.  Hepteisgpaynsarogiyshio; mantpl the lerpgiafise i ‘SF g%ﬁrﬁélpply lines
§19Hn§’es fifht H:Bk%?er'ﬁﬁe JaBbriel SatdiaPata d3SAktrdaln Bfhiconductor manufacturing

Imatiron. By providing a plurality of heated
proceas rbambre sit nméeseahw tee hassridie dovvosrean dinea S me 04 chaste ghan the
d sur b easing the rate of
§ﬂ8?‘$?r§°t?rgvﬁn °°P§ensagl°r‘%3 ﬁlr? 11nl(é{lcr ease flow rate of
saturated carrier gas and reduci ng pr eC| pitation of
vaporized _soqurce material tha n clo
B oiion 2h e ineshe ToRoTE MRRTAOLHE Dot HO USRIy e Gducing

gblﬁé@ﬁl@t@ﬁal dapanrdiongineR Heﬂ)@e QRREWilEn 6eRAfipbileNFhddoutch enaterial
downst ream CVD apparat us or_ion iInplantation system

amd teholidaliond jor selididissolved iptelvenimplifthenfthe pRurdsompicral may be
UBHET e s SRECOHARE b pRASEFALLA 50T s
mrﬁs@frﬁlm bywap bf mnammeiﬂluds, ehudingrihe mstéaod of mglgng e nggﬂ complex

AR B4 5 e B BEOEREIL R e .

@gwhl Askhplek haagae\écﬁésﬁsd Aindsolveat andrpplicd tb die soEmss bﬁlﬂe edrsainer and
of pressure_an WO 20 010463 S:I 3/ 02082
PEripsraseer ollowedh by remona) {“‘p R ORI ! ifferent

LEMRE LR bR N6 9ABcAURPIY dowiSSean? PebcbdsA@SsybtB@! the present

transfer the vaporized material to a downstream
smmu@wmwﬂ@rthﬁablbf%t@ inirorlvag differentegurce materielinto diffrant containers
%aenysg%ﬂe conalﬂ1 downstream|ines 5 - 10C hotter
Fiie pr event condensation in the
I|nes 5 The net hod of utilizing the vaporizer system
of the present, invention [nhcl u?es Jntroducin

b eBoTwaSE SRR s Pl BT rEligh PSS d bty ot vertcally

V%a%ﬂédrboﬁlﬁﬁxeﬁmﬁlzﬁng ti@ @nt&ﬁwg%@ cirBibiehb@ber 238Y plcedsia |thdjampou1e
ltquid or solid dissolved in solvent. Further, the

Sher aeponte topi b 1fehdven i Higueey brand 2 is positiensd o ﬂiehfep of the
con t
AR e B Y AR5, ) B, B oo may b

rfﬂirh:@tée of i teftdn, dh regastoner e tahmetalb$ealyedntiion gnechaniaab fasteners, such as
tssr ¥ ef@qjﬂ%@r gat ] ngﬁet aﬁ%g) i 018| Pé?h & m%ll g i tegrggl %em&e?a%le $Athin the

ampoule and contacting containers is increased 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 carrier entering that tray versus partially or fully saturated carrier gas
entering the containers above it. As such, there may be the need to load more precursor on
the bottom container and/or increase the height dimension of the container to allow for a

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

A solid used as a source material is vaporized through the process of sublimation, effected
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nmetal conpl ex can be dissolved in a solvent and
applied to the surfaces of the container and

wo@e@sobasances foll owed by renpval of the sol vRe/USIWAE020825

reduced pressure. If different source materials are
to be utilized in the downstream processi ng system
t he present,15 invention provides the ability to

i nt.roduc dlf t soyrce mater i nt L fferent .
Dprteaine o PP | s e DB FERET erpuralty of
Yf@tﬁ@z[llyzs?arck&f‘écﬁlta{llférs @BricaR@WT cbitubiigUhferal. Wﬁé ﬁﬂbcess of sublimation
conprises a plurality of. vertically stacked

eniatistha dransfowratian tof ﬁgsoilﬂbee g-nfieopbripney ey pelidestateritp grppor state
BB RGARE L aP Oy, T oRLE AR LR e v
afly tshigabteo ol tsbwree amgterial, ee.gn o ahaerialsh ehastaterized) d:h' sublimation

?%W%gaﬁl%es;ljﬁnagrlael egﬁgtltweg a@uﬂggﬁx gg%qtff)g‘ﬁ{ aa,ngiﬁavmg a vapor pressure

g hapd 6ftont Asoue I Forr BUBbUtAS’ T&Er ews. Means for
heating the anpoule is engaged and the interna
tenperature within the anpoule and contacting
g@t'aﬁ?er SndySbé rbﬁﬁt?(ﬁf%@ Oy {t%in 2thb e‘mﬁgﬁz"& LH'Fe afH fhfadt CieilhtirlgO system
rize 257encl osed source materi al he "subl i mati on
nmﬂleilw, Mlthbet @méatoes strip rheathns, faidjant hegters, dinged enclosures, circulating

3‘@1}& ﬁ ate5 rtesﬁ eatnpg?%}% efife {ntdﬁgtlvg q%gtr ﬂﬁr,] %zs{eﬁﬁt etE I nstructed and

efthigded B cbh@oltedmérﬁpmm oﬁdir@tw&l IEllrthdisteﬁlpeﬂaturd \hmlne thesaynpoule can
the peed to Io recursqr on .the bot

D6 ArrhBe s deieson mpargeh Wea“ﬁé’&@ﬁfm@]”ﬁé?ﬁ%ﬁe&%“%fs“%‘é junction

P bR Blrariold bl QMbg 8 suffiveCofUné ftl%rﬁhlguécfnaﬁcﬁlvaraﬂ@oule and/or

through the [ife of the anpoule in the process too

Iontaings| i d used as a source material is vaporized

t hrough the process of sublinmation, effected 12 WO

2004/ 010463 PCT/ US2003/ 020825 by heat | ng the walls of

tThedetomitectlicne @npowt & depltedmf sharaimkipriglothe deventgrs contemplate a

vertlcall st ack cont

Orvel St HEPiE o Yafuic Y aBuhrb IR of ARy §F 1 op wy

efd/at Insthé Bettdni &ty kashnatapeical @énsar Saimudhicadvely ponnected to a reflective

decaborane froma_solid state to a vg or .sta

RS e Ui RTOHY SWFRCE 1 i ARG clo| GG JoFiaPe, rpigoal when the

Rﬁﬁﬁﬁﬁﬁmhaﬂgﬁbbgﬁem@beffect|ve for use with 5 any
suitable solid’sourcé material, e.g., solid materials

characterized by sublimtion tenperatures in a range

‘ q:fl t%g %VXESQS Qg%hf %9 gaﬁo ?&) Qé’lfvexgrosg'% @%;&?ydﬁ)?ﬂqr% & ga(ﬁ%r gas to a

ssure roma
k@f’oﬁ'zaf 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 carrier gas may be
monitored and controlled by flow meters 68 that are disposed in the carrier gas delivery line
and lines transporting the vaporized source material to the processing chamber 70. The gas
delivery lines are preferably made of a material having a low coefficient of friction such as a
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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Tenperature may be controlled within the vaporizer by
any heat regulating system 10 including, wthout

WO povtoai4bdN, strip heaters, radi ant heaters, heer/@82003/020825

encl osures, circulating fluid heaters, resistant
heating systens, inductive heating systens, etc.,
constructed and arranged for controlled tenperature
opera Further, tenpergature within the anpoul e can )

‘?ds‘é’oat stpne hegt] T8 Hap  copfupigaliyely corgpetedhlp d@ﬁ Yr@prizer unit
qq;table tenperature sensing junction or device
arranged for contacting a surface of the thermally
conductive anpoul e and/or 15 containers. To determ ne

o) ial .

V@}g g %I?tsd}&)%lv?re{rﬁn?eddﬁp Lo‘?{n (g[% ?E%oéggﬁo?ﬁs i 1?0%1?1? r(])g t}feh‘ﬁemmtry of
shessoene hmtetial @idroaner pdseaminbefidw odte sfxhe chixanrel hgadcordanve with the

e AP e A pe e PP R RpeTs bveen about 100 W to

laBdut S000 W te Providef ?ﬁﬁmﬁmsmmnﬁmmawég‘ amethf3f mahner, the heating
container to provide a _change in S|gnal when t he

PeNerghsrbed By ﬁ@aﬂOV@%WXtB’fe g grsmpll frachien ef e élﬁ%iwg power which is
Sbdble | qﬁergﬁw) rth@ %@w@e Libbdel @y%egas% pbP r3RP a4 B¥enificant
a carrier gas vapori zer A'carrier gas source
@drtirbatiporin edatetm todh@ hwﬂa‘dp deidting rpomr, merkingot pelsibbeatorsubgtantially
a ive nDd n ource
g%%‘“é?lf‘ &t ‘deg‘ ‘F"“ta ' B?’% " °??“é3 a “%V‘eo*gc““% RS iced
fromliquid source contalner 67. The flom1rates of t he
carrier gas ma noni t or ont | ed by

ow

e psraiopg B e lpEsoute w’é%ﬂsmr? Sizdotre iy e bontai3et units in a
@8} bosesYglbldox RNMindihaAe the lrbRASPOF thi Hebchildsr WP Tygéﬁ dnd moisture
source material to the proceSS|ng chanber 70.

odtile kg gmpoude i @m@ ph shicnBasylromdle s squiva tod ip antroduced into the

i10
%oﬁférggr 1%11{ 8‘%? ffm? P%& § %Iis ﬁ(ﬁv}z F{(:) i\;rv&{i}e %gﬁﬁt{g chﬂl? 580 §cgm The carrier
@ﬁefs efaﬁs’qioyted inlethe @paitizeret a gesssuvetoyprowdt asmady flowad @ardifr gas that
he onducti ve t riaL hat pr.ovi des faor
O A Gop T8 ProtpsFHRTS Gt gtioals SeSed GO g th carrer as

Refd/eiaed Bp¢d GBRagh ﬂﬁnﬁfﬁxfeﬁtdlebé’ls R theedgticyestdRed chifhiners, the
means 72 connunlcatlvelﬁ connected to the vaporizer

WATET 2350 becprtes stiated BiithprRerzedetpurce sBatedl fobtaneppg out of the
W@ﬁ&{z%ﬁﬁﬂa?g q%tl@t Wé%'t&ﬂle%iocéég%h&gmztﬁt ry of 5 the

rce nmate carrier gas, e flow rate of
the m xture. In accordance with the present

\}g‘\ﬁl E}’azlgalgbﬁ gpglgbgérgﬁa%gg %%V\(/g%_ S%fyvéls LS Ral 2edde to the following

examples.

Example 1

The vaporizer of the present invention comprising a container unit having 5 stacked
containers within an ampoule of the present invention such as shown in Figure 1 was tested
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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about 3000 Wto provide optinmm i sothernmal
tenperatures. In this manner, the heating power

w@bmanibEd by the flowng mxture is a snmall frBCT/USW08620825

the heating power which is available. Therefore, the
power absorbed by the gas vapor presents an
insignificant 10 perturbation in relation to the

avai |l abl e heating power, nmaking it possjble t
shape tfifting gp}ugd thqaqlwp@quenﬁﬁ of a]gaqtm]pchgq. glp?rgpater was connected to a

LSIRE @e{ngfoﬁnﬁf whitf iCP QNG b RSB IAM Yoitddh faAG @ntroldlthe degree of
operation, the precursor source material is preferably
hedided Senerel vfidhecipdividualerontainars doptaiger §rapd fp pogitionadoyighin the
box t.0 eI|WIn t

8m9%ué% wete connecte du{oggmﬁéﬁﬁm# ﬁgﬁ'so %to (ﬂf‘enﬂ ggﬁ{a{ é\%gné% {)Pheatmg and
efftdtiverdesgaShdat aamdfirency dons dlerar@oﬁlé tb she contaichus eﬂIha mnpoule was

the vaporizer unit at gas_inle at .a,gas flow o

FPBITEL SberiouE® o 06 SECARORRETE s o syl il trough the
tc&ﬁﬁﬁ&%ﬁtea@ ab(ﬂltt 90(5 E&mv 3ROdho% R lin BiguR 1) b &dYéhpdifure is increased in
provide a steady flow of carrier gas that 1is forced

tthwl@na@h attm;aecb tothglramanlecthe ontemhletememtatuyafqn%dslflé& gRptainers was
t. r
FRPLTLASEE bl LBl 11 RO USHRERD 0L g
serrs&hmrmnmnetsrﬂearﬂ(ﬁ wac compargds totthai@rfﬁse @aiouhan@@htmg tb‘henness of

1@%@{% tﬁ’é’}lglfﬂ?#{ﬂ?eef%gfr qu?llfq lfgz? ] g“Fl lanhVI 16c%nrt28ners growde for

QHANHRN suffice 8L thachy sdnBdREte@ o idpmzaw&mtsbﬁmmaﬂﬂs mor e
fully illustrated with reference to the foll ow ng

exanpl es. 25 Exanple | The vaporizer of the present

FE)%?@& ilﬁgtreﬁ@stm% 34 B8riéh mﬁﬁteﬁcﬁ?{he 'dfﬁb&ul@ v ]?l@tugerﬁﬁéé%ﬁﬁoned in
tainers wthin an anmpoul e of present invention

sunthmasS S Wbmmmralﬁlrg i raisgd feE30°E glnda ibeat Iiptribytige tathin the ampoule

W&ls tnﬁ%riyi Cotﬁltst\égtﬂzé re§ eﬁ%ﬂ? ﬁ(gur OC}V{QH&{ZQH&F EE&EA ttﬁlg nﬂfmﬁy |(:gntamers

Pr@tidd 4 mcfheadl aréntbr qﬂmatﬁatte;rf the p&crlulsmrcxhatb@tmmre I]mﬂunigmay be

a 14 W) 2004/,0104 PCT/ US200 0825 _shape fi.ttin
Rl YHESTSRLRL e AERORl SRRy SABO0F BT R e ent
was connected to a variable transformer which is a
source of variable AC voltage and controls the degree
of heating. Several of the individual containers,
container 1 and 5, positioned within the anpoule were
connected to tenperature sensors to determ ne the
evenness of heating and
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5 effectiveness of heat transference fromthe anpoul e
to the containers. The anpoul e was connected to a

waomnow46d carrier gas for introduction into tP€r/US2003/020825

anpoul e and through the container unit at about 500

sccm As shown in Figure 7, as the tenperature is
increased in the heater attached to the anpoul e, the
internal tenperature sensed in the containers was

al so increased respondi ngl B LAEMES f ect i veness of heat
conductance. The tenperatures 10 sensed in containers

1 and 5 were conparable to that of the anpoule

Wit salaimed 8venness of heating throughout the stack

of containers. Thus, the individual containers provide

for additional surface area that is evenly heated to
\Tapor Az eapor edelivagr systame fdar avaporiatigu raad 8ddlivenysof at smwirdehmaterial,
distribution of heat fromthe anpoule to a

SPBPEYYr ance positioned in 15 container 5. The

t enpesyanlingoute doRipsiside bR adgOile Botbnt&Riewdil 3hd teMuvasla top to form
within the anpoule was nearly constant after the

fir st amigtprnad PmPRHR PAMRIISAL Because the nul tiple

cont apyeLs inlBfAY {ggseo_uﬁgt doRfh B RIEFIRE RRedil 1o RledERIBRL  Of

t he priecursor erial nmore product nay be produced
wi t hod atr efst| dnieraguicé nbdteriahepaeiner pasgioned) withihuthe ngternal ampoule

off-time of the.instrunent. 20 15 .

e LTRSSl TR e p o, il BAR ancLsige wal o
A vapfrmGsiohtaitiey casitgtaddn f or vapori zation and delivery

of a source material, conprising. .an.a ule .

conpr fk# Alyray ﬁﬁ’ﬁf‘é‘f?ﬂé’r%]?elr s gqsg’@w? n %ﬁ?&%ﬁ%‘e}’mﬁé bottom to
top tﬁrofvﬁi(e NBhafals AbRIHARgh AFRQLL &hé 9BRAd protibeianbds dte@ldSnto the .
inl et and gas outlet conmmunicatively connected to the

anmpoukentaing ceyityat | east one source material container
positioned within the internal anpoule conpartnent,

wherei n the container conprises a container bottom and

9i de Wma¢ Waron deliverysyatemomtanding to claim ily furtherdcodiprising an internal gas

plurality of vented pr.otuberance ositioned in.at

AR P RSt ard Bt A SeTBo bR A far gy trough the
tcbﬁaia&fhlfo@ctiﬂhndwaﬁﬁhieaﬁvh@ oserted hogasiakances ext end

Into the

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

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 approximately equal to
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15 contai ner cavity. 2. The vapor delivery system

according to claim1l, further conprising an interna
W@aw4/00E63 yi ng nmenber positioned within the i nP€r/nst003/020825

conmpartnent, extending through the container bottom

and communi catively connected to the gas inlet. 20 3.

The vapor delivery systemaccording to claim 2,

n the_..ntern as_carr nmber extends
et ot BT ER ALt DRt e SmOWE rom 4. The
vapor dellvery system according to claim 2, mherein

the container sidewall is of 25 sufficient hej
Fet ai hheavapsr Adivemewtipe gpcordies i glaims), cperisiaghd plurahty of vertically

gﬁ&l&e‘d%ﬁ{tai%&? bERiGHeE N Al BEerhA cGhBircht. Wherein the

[urality of "vented protuberances are positioned on
the contai ner sidewal | . 30 6. The vapor delivery
yste ccor t [
%O tt O?%leav Idgé\ll\ﬁ, g tgm cor aﬁ’l% m?% ’f] wthFr%gl e%nﬁ Qénrt]a%ler side wall is

pf @ﬁﬂﬂibeﬁtah@glﬁ b agoataat smbframgavaacaﬂp pidfasemabataines guidrm a gas
g 16 WD 2004/ 010463 PCT/ US2003/ 020825 the surface
pidipgspacelersbsti hal conpartnent of the anpoul e. 7.

The vapor delivery systemaccording to claim 5,
conprising a plurality of vertically stacked

Qont aihrevapop deliverbsystgmi wwﬁ@gutﬁ i voerepathe height ofsthe vented
?Lotuﬂ%{-’anX&HQ{?vféﬂhh%( e Yheigh Hlléldél&g\?élp claim7,

erel n each contal ner ~si sufficient
hei ght to contact an overlylng vertically adjacent

j f h b . .
S o g B =B AR SR BB s e
whaibel éxtdnde thidigh ke pliiralith ©f veatidaligl stagke@icoltginasces i s

| ower than the height of the container side wall. 10.
The vapor delivery systemaccording to claim9 wherein

hine i pheypal d&ﬁ%ry%&@%'a@&rdﬂ%fm&&mﬁ?@ QReRint 6 @mhnéru@ewau of
plurality of verticCally stacked containers. 15

veghor theailyrelkty pf g@l@@aélmsfa@l@é contpgers gonigcs the argpomde@raﬂ
t he contai ner sidewall of
12.  The vapor delivery 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.

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

member is a carrier gas dip tube.
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each of the plurality of vertically stacked containers

contacts the anpoule sidewall. 12. The vapor delivery
wayauemd4srcording to claim 11 further conpri siPQI/aS2003/020825

sealing o-ring 20 positioned between the internal gas

carrying nmenber and the point of extending through

each of the plurality of vertically stacked

nt al.pers. .. The vapor delive stem.accordi.ng  t Q.
Boi Ve Bt SR RRorlRe of Sy YRR LRl al G wve
poisndsi thivagh e dlinelitsof eedtieallyogpack&bcadainefh & thapotiom of the internal
delivery systemaccording to claim 13, wherein the gas
Fﬂ@%@m?%ﬁpositioned approxi mately in the center of
the anmpoul e top. 15. The vapor delivery system
according to_claim 14, wherein the internal gas
dar r yThyvapgndelivetyesystens ageopdipg foelaigals, ihprein fhe venterd pagiuberances
200065 BCTEUTRA03 Q2R Aer WimolP oK BRRLon Gk, VT ¥
system accor |n§ to claim 15, wherein the carrier gas
dip tube extends through the plurality of vertically

ack containers to the bottom,of e_J nt.erna .
T at et el Seitat Gabfha B vy o SyRPUR AL Bt apd i e
salldr Aidimeldy, extnay Ritd the OntdiiBE S itp fitdrebyadirbi@Scarnidrgas to the gas
funnel shaped having . a first end with smaller dianeter
PRt aad wdurapgbaskiow dcar g2y apor del i very system
according to claim17, wherein the first end with the
smal l'er dianeter extends into the container cavit
tther eble dippeddlivary spsigm pecordiagstotclpimié, wherein fig mnométand plurality

A ' £ i . . por
AE e Ry SabSa R MR el PP Sonaching HiRrH D
anpoul e and plurality of vertically stacked

ntaipers are fabricated of, a heat. conductin . .

O o Thi Vaogs GRS FrTHioR Oy o NP pisggmeans for
theatimk & ufeur t her conprising neans for heating the
anmpoul e. 21. A vaporizer conprising: a) an anpoul e
conprising an anpoul e bottom and an anpoul e si dewal

b9, T ORMapRize?Qrdtishnal conpartnent ;

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;

¢) 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;

e) 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 carrier 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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b) an anpoule top to enclose the internal conpartnent;
c) a gas inlet and gas outl et comrunicatively

w@oemaeoi4esl to the anpoul e top; d) a plurality BET/US2003/020825

vertically stacked contacting containers positioned

within the internal conpartnent, wherein each

contai ner conprises a container bottomand a 25

cont ai ner_.si Il tqg.form.a cont.ai ner cavity for

hol di f l%allggggl&m‘%%ican%&ggﬁ?@swers’r@fleri al, and wherein

each gpméamis fitthestingah@dnhpoatent act s t he anpoul e si dewal | ;

e) a plurality of vented protuberances positioned on

each container bottomto provide channels between

ad] ac&nlapM@let it bdbMpriticked contacting contai ners,

wherein the vented protuberances extend into the _
cont aprepluraditsi afyertiggllyf stackedepntainers wheseidiepehtaghteiner has a cavity for
posi th&ﬁﬁ? a\%l]ﬁrgé.ﬁatteﬁﬁ' i nternal conpartnent and

conmuni cafively connetted to the gas inlet for

di r ecbj aghaalanof varted potuberahek @ositibreed ifh &adof the vertically stacked
2004/ 019463 PCT/ US2003/ 020825 . verti cal lcﬁ . tacEed. h d
cont akTHYFR oHtlaicKEPLDE ol GFIheSRECT S RERE | K- PiRe the vonte
anpo UFl_Qtubel%ﬂces Aorvpgtannedefor Pidkdge of @ RS ER Betwee@hdjdeent vertically
plurality of vertically stacked containers wherein

each Havedromsnysend cavity for hol ding a source

mat er pal cabier aPhul dbhthMtin@fthy ?Hﬁaﬁ BF HLMPALRASRSd containers and
posi ti'oned in"each of the vertically stackéd

cont a¢xtendingihepuglx the naiiitypf eavhyemsigally staskgdbeoniainsr.cavi ty,
wherein the vented protuberances form channels for

passage of a carrier gas between adjacent vertically

28. st @k edpotigsrtvaitivdichim apOwhereia eady of the vgtllly ytaeked containers is

cont act i the plurality of vertically stacked
&Wﬁﬁnﬁéfga%ﬂﬁef%%ﬁa? % hrough the cavity of each

vertically stacked container. 23. The vaporizer unit
of claim 22, wherein each of the vertically stacked
@dnt allhevaporiger wat efodleinx 23, ighezgin theaprotupprancgs) jprecprel-shaped and

H&Q{hg% %xt&fdin 06 tNeao%ﬁ{airé?favHﬂ” of claim22, wherein
the protu erances are runnel-s aped and narrow ng as
extending into the container cavity.

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

26.  The vaporizer unit of claim 25, wherein the protuberances have sidewalls
comprising vents therein for transmission of carrier 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 channels 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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20 25. The vaporizer unit of claim22, wherein the
source material is a solid precursor. 26. The

woapar@es unit of claim?25, wherein the prot ubEr/aszme3/020825

have sidewal Is conprising vents therein for
transm ssion of carrier gas through the solid precusor
for quidizing of sane. 25 27 A vaporizer unit,

|sin east one.cqntainer for ng.a
S8 por omgitad b AiveRis o, vagprioel) SR, Hpie, § b Hon e process
Bﬁ@ﬂ%b&mﬂﬁaﬁ&j&ﬁﬁhkm@ned in the container, wherein the
vented protuberances ?fOVIde channel s for passa e of
the vapBPYidig & Pwlite oF fierepagtod. giveficaliy siggkeq qopfainpiyhaving a
gas tybgrlmid @&Ir@éj %?erﬁl ehit&Rd Qﬁeréntf' ewh@bil &fch 3FSinfeRionnected,
passage t hrough contai ner. 19 WO 2004/ 010463
PCT/ Usatady @@d@gsont@aers ppmmsn@d)hfr@irty des¢haneelddrpgotpberances;
vapor rial. o
cha nbiéf ’sgstrtﬁoglﬂjge@ﬁ gg‘lfeﬁ:ohl%é:tleé,i v&h&ﬂ%?acfcgcﬁg&ﬁd’u?&g Within a sealable
pl ur ahmpouledf interconnected vertically stacked

contalner ha in |zabI source, materi al

Cont aPheRpbmehEAt o T &Ple Emeaen f i dieleBh HaRY o vagprize the
verti g@llrdeyna%rﬁ,qzﬁﬁggnp@ﬁu ainers conprise a plurality of
channel ed protuberances b) positioning the

i nt er Ebiyedycrg aarier gay info gearerlable umwonlerfar goxjngrhe, vaporized
Seal abhfee BN Iifousfin ARBLUIL BpHAG hOpblS: SRk, ©

ampoule 1 n a su ent anount 't o vaporize the —source
naterlal thereln and 10 d) |ntrodu0|ng a carrler gas

f.or, novi.ng the vapori zed. .

280r o RS P GHRDRG ™ Rorein Jh L ety BO g pluatity of
ﬁ)&ﬁt@cﬁﬁﬁmbﬁﬁﬁﬁ& fo foaf a cllim@clrRiwwed adjficeat 'aalrﬂiﬁaﬂﬂ staoMe@ E@itdiners.
the vented containers conprise a plurality of vented
protuberances to forma channel between adjacent
$er Ui ¢Rd Ineisfaask 8dint %t Q\’h@l%'lﬁ eachoofSthe Jﬁﬁcaﬂ?tm%cpf:ontamers is
cl ai m 28, wherein each of the vertically stacked
coniacting @? Igast gne adjacent container.

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

32. 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,
e) a plurality of vents positioned on each container bottom to provide channels

between adjacent vertically stacked contacting containers;
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contacting at | east one adjacent container. 31. The

met hod of claim 28, wherein the source material is a
wa@oel@ig@secur sor. 20 32. A vaporizer conpri si PQr/Uus3oozoeos2s

anpoul e conprising an anpoul e bottom and an anpoul e

sidewall to forman internal conpartnment; b) an

anpoul e top to enclose the internal conpartnent; 25 c)

a gas_.inlet .and ouflet co ni.catiyvely connected

Fo i AnfAitifie 5P Gbs TSGR 0YUg Yeriieaa) |prpatment and
st ackesnfi@éanc el Reneeid 3 MRehs RAGIth! ARBANM tdHikr 3% below the
i nternal conpartnent, wherein each container conprises

a conYstiedy seeed opatagiiae gonteipwt:aifier sidewal | to forma

cont aj PRYA i.ng of a solid precursor
naterggﬁ%mggﬁh%ﬁg g%ﬁﬂgggh'container si dewal | contacts

the anpoul e sidewall; 30 e) a plurality of vents

positi oned on each container bottomto provide

channel s between adjacent vertically stacked

contacting containers; 20 WO 2004/ 010463

PCT/ US2003/ 020825 f) a carrier gas dip tube

positioned within the internal conpartnent and

conmuni catively connected to the gas inlet for

directing a carrier gas to below the vertically

stacked contacting containers; and g) neans for

heati ng the anmpoule. 5 21
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