WO 2004/ 010463 PCTIUS20 0 310 2 082 5 VAPCORI ZER DELI VERY AMPOULE
BACKGROUND OF INVENTION 5 Field of the Invention The present invention
relates to a vaporizer, and nore particularly, to a vaporizer delivery
system having nultiple containers to provide increased surface area for
vaporization of liquids and solid materials, e.g., liquid and solid source
reagents used in chem cal vapor 10 deposition (CVvD), atomc |ayer chem cal
vapor depd¥? #R¥HMSALCVD) and ion inplantation procIB300343888ri ption of
the Related Art 15 Chem cal vapor deposition (CVD) has been extensively
used for preparation of filns and coatings in sem conductor wafer
processing. CVDis a favored deposition process in many respects, for
exanpl e, because of its ahkidpdryzERpRti frdeAtipobig confornmal and high
quality filns, at relatively fast processing tinmes. Further, CVDis
beneficial in coating substrates of irregular shapes incl udi ng the

provi si on of highly confor mahckhoeneemvihionespect to deep 20 contacts
and ot her openings. 3 In general, CVD techniques involve the delivery of
gaseous reactants to the surface of a substrate where chem cal reactions
take pl ace wntiniFtBR@Esat ure and pressure conditions that are favorable to
the thernodynam cs of the desired reaction. The type and conposition 25 of
the layers that can be fornmed using CVDis |imted by the ability to
deliver the 'I‘hepzﬁﬂ‘eﬁl‘kivﬁnﬁoﬁ)felateeafi ap«irizaf ﬁﬂmmaﬁicﬁlﬁﬂyt ha ﬁpﬂri&ﬁ&l@liv@:fy t he
substrate. us. I| i.d n sors, are sue fully used
in CVD appl i é?{“i 8Ic %ﬁ ﬁ"{j’?ﬁe‘g F?n%v?pﬂnzé Qj\tfrl er gas.

I nr}I i qui d rehepndsaandi sdBDhagyids, es 11qmmmdcmlid soetce wns ssetlylpclmmhdayvabmbbl ed at a
“dontrol d rat he..l | eactant, so.as to

sat ur at eﬁt he cgroﬁll er g'a;tom:ﬁi??] cg%“h’a ui ormélg% 1?'111mPsat thornat ed carrier
is then tramopess.ed to the reacti on chanber. Anal ogous attenpts have been
made to deliver solid reactants to a CVD reaction chanber, 1 WO

2004/ 010463 PCT/ US2003/ 020825 but with nmuch | ess success. The delivery of
sol i d pr ecuDsssrigion of le\BBlajsd d8essing is carried out using the

subl i mat or/ bubbl er nmethod in which the precursor is usually placed in a

15  Chemical vapor deposition (CVD) bas heen extensively used for preparation of films and
coatings in semiconductor wafer processing. CVD is a favored deposition process in many
respects, for example, becanse of its ability to provide highly conformal and high quality
fitms, at relatively fast processing times. Further, CVD is beneficial in coating substrates of
uregular shapes including the provision of highly conformal films even with respect to deep

20 contacts and ofher openings.

In general, CVD techniques involve the delivery of gaseous reactants to the surface of a

 “substrate where chentical reactions take place under temperature and pressure conditions

that are favorable to the thermodynamics of the desired reaction. The type and composition

25 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 liguid 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 cartier gas with

30 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,




subl i mat or/ bubbl er reservoir which is then heated to the sublimation
tenperature of the precursor to transformit into a gaseous conpound which
is transported into the CVD 5 reactor with a carrier gas such as hydrogen,
hel i um argon, or nitrogen. However, this procedure has been unsuccessf ul
inreliably and reproducibly delivering solid precursor to the reaction
chanber for a nunber of reasons. The major problens with the technique are
centered JOWBKOWIK/REbIility to consistently vapori ze PETASIHP28S a control | ed
rate such that a reproducible flow of vaporized solid precursor can be
delivered to the process chanber. 10 Also, it is difficult to ensure
conplete saturation of the fast flowng carrier gas stream because of a

1 m ted_ anyiily Ao RASRES Utk 86Red bPRIRhrhfs SAVTpBlGaHsiSatH N  he
vaporizer systemand lack of uniformtenperature to provide, maximm

subl i mat i onoutSysing Mgrsubfimstorbubbleramethadin athichtthy precamen e peialinglpesd #n2 i npl ant at i on
systems t hatyRehithtold Reskifh wiich 1 Uth Gatdd"to WY GlindtsORAPkavRL 8NBAL 15 i oni zed

and then subsequently accelerated to forman ion beamdirected at a

wor kpi ece s BiepwERSR tor Eimsprmit Aot apsstrs copoindwiieh isdregwpisd sy YRl is  used,
it is gener it WhaE SthicMdsth B HY@BRA, Ko, laboh) for RRREAU H@vek,NEs subsequent |y

formed vapors are transported. into the interjor. of the ion squrce for

i oni zat i on &iePiEabydgmamscressil nyelighlyrand reRrefugily doyeg SOl PR RUr ce materi al
LIS gr eat lhy ﬂk@éa&foﬁeﬂnni:&d Mor3@bey ofﬁﬁﬁxﬁ.nﬁ‘?e BHWPYcBTlems Hith ihdtec}&ﬁqlaé sgenduct or
opants have presented serious, technical a oper at | roblens. For -
i nst ance, uf?“FeFeﬂé'PiﬂE?Hméﬂ‘Wat°§8’fsisﬁmi:¥r‘@B%6Faﬂﬁ gf?‘ﬁrf’hqq%atgé‘ﬁg Fliaggr s causes
ex‘tg ended dovdprotticiie v $thaporiBsitsoktFadustbr @ be pdivéredio AibGboe Whdnibbry . and
leposit buil dup. within the vaporizer. .25 Prior art vaporizer systens have
nuner ousl%di bt % t mi“ﬁ%’feufﬁf‘lﬂlﬁéﬁﬁi“?‘é?ap"f&"’ B e sbe et Sk hi n t he
vapori zer s, baade 6foriimed atounfof txpoded sisf@taseh ofihe kulid petuesor ntterveprizeof the
vapori zers due to, |l ack o ni form.heat.ing therein. .The buildup of unwanted
deposits isﬂm@?&@??%&ﬁ@ﬁ&ﬁ$ﬂﬁﬂ%ﬂﬁ%@ w%?st,%?éaékm?%quire i nternal noving
surfaces for revolving 30 individual vials and/or wells of source material.
These intergal., nmechani sng introd | L1008k o i thin the
vapori zers gﬁﬁhﬁgﬁw?ﬁgmgéngﬁ?? g%&%%ﬁgg%%!on oﬁ%%%%g?ﬁ§%g§my WD
2004/ 010146 3 sREF HUBRGODP RO S Bent is ionized and then subsequently accelerated to form an

ion beam directed at a workpiece surface for implantation. When a solid dopant material is
used, it is generally placed within a vaporizer to be heated and the subsequenily formed

D;

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

beam formation.
20
Solid ion source material is greatly preferred for safety reasons, however, solid
% semiconductor dopants .have presenied serious technical and operating problems. For
instance, utilization of a solid precursor material in vaporizers causes extended down time °
of the instrumentation, poor product quality, and deposit buildup within the vaporizer.

25
" Prior art vaporizer systems have mumerons disadvantages, inciuding buildup of condensed
material within the vaporizers, and formation of “cold spots” within the interior of the
‘vaporizers duc to lack of uniform heating therein. The buildup of unwanted deposits 15
exacerbated in vaporizer systems that require internal moving surfaces for revolving
30  individual vials and/or wells of source material. These internal mechanisms infroduce

additional “cold spots™ within the vaporizers and provide for further deposition of vaporized




material. Additionally, due to the buildup of deposits on internal noving
mechani sns, operation of these vaporizers is not efficient or reliable.
The shortcom ngs of the prior art vaporizers are especially noticeable
with solid source materials 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 vaporized solid precursor can be

del i ver ed W)2001¢#6Hhnst r eam deposi ti on system AccoP§TR§I30248%ere is need in
the art for a vaporizer systemthat efficiently vaporizes solid and/or

| i quid chem cal sources w thout concomtant disadvantages of the prior art,
such as j 10 thermal disassociation of the source material, inoperability
of internal waRydlNNdBRb1aBy, @uStol B SIEMPSIFtaegoriisl GALiBetthit i ving tnltChaxispQr | Zer
condensati on of | ow vapor  pressure, conpounds _ due to "c&lgd sogo s" within

t he vapori z@?@&‘hﬂﬂ%ﬂ%ﬂ%fs%@ﬁpeg%bgf % otbesRprigires of Ba Ay é‘%osi tion
systens. 15vapbhMARYe Clpedidtiy dohbdiNTWitdNsolidEsofttee BRRtl MME Al | taibefaileat €S t0 A
vapori zer system gnd .net hod for oy | zj. solid.and . |i qujggﬂﬁ]lem cal

sour ces. hav FREIYSARE ALY sPon pussriry (TRpsoft sl I smmeris e solidt § Senbolle g

appl i cat isOngate RAich kiat @ REpraAfqIAE How oh Sappized edlid prévuedit dan ide dellvakdso 10 a vapor
delivery system for, vaporization and delivery of a source material that

pr ovi des-su?‘?we@ﬂgwmar ea wWith uniformecarrier gas flowto nmeet the

flowrates required for typical deposition applications, conprising: a) at
| east one candomingBy thérols rieal id ko grt for « apofiter syskie inbeflidentipadpetideniolid 25 b) a

TG e AT WA T e e e L

ey

assdg fié Vapori zabl e
sngr_ce nigt e theddal disssdeiatiop ofithe sonivé wateriph Snopandbiityt of interhal owviegpas dierteam of t he
carrier gasd‘% srrtbgﬁ %ﬁ” Ehrér Lc!ﬂgensaﬁgﬁ&%vp@aﬁ)orp?egsmle xﬁél%&&ﬁﬁetésp?‘?t 1 the
present invention pfrovides Tor a vapor delrvefy systemTor vaporization
and del i ver $coldfspais”pritinuihesweporizas,andieriwpnsigtentajipon fow kpdowheireasbdppesitioh ng  an

anpoul e bot sidewal | and renovable top to form 3 WO 2004/ 010463
PCT/ US2003/ 5
15 SUMMARY OF THE INVENTION

The present mvention relates to a vaporizer system and method for vaporizing solid and
liquid chemical sources baving particular utility for semiconductor manufacturing
applications. '
20
In one aspect, the present invention relates 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;
25 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,

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

2) an ampoule comprising an ampoule bottom, sidewall and removable top to form



an internal anpoule conpartnent; b) a gas inlet and gas outl et

comuni catively connected to the anpoul e; c) at |east one container
positioned within the internal anpoul e conpartnment, wherein the container
conprises a container bottomand side wall to forma 5 container cavity;
and d) a plurality of vented protuberances positioned in at |east the
contai ner bottomto provide a channel therethrough, and wherein the vented
pr ot uber arft@YOEP4Ehd into the container cavity. 1PCEESHEEEM2Hed nore fully
herei nafter, the precursor may conprise a solid or liquid source nmaterial.
Preferably, the precursor is a solid precursor including, but are not
limted to, decaborane, boron, phosphorous, gallium indium copper,

ant i nony, haf ni a%m ﬁ.uﬂﬁm zirconiumtetrachl oride, arsenic, indium
trichloride, netdg?]%%gm cl%rodl kel%t’nqt e conpl exes,

cycl opent adi eny Prages dlebavd gasontietppmmunicagivaly goneetsd lefiemredieuni num tri chl ori de,
titani um 15 i odigflgy 1efy Gh ArhRLCHERERE GHEROND FHAdl Bt tdnRrin,

bi scycl opent adi enyl titani undi azi de, and _ tungsten _carbonyl. in yet another
aspect, the pred@pfein|thy, eqiaingh, coNpriss @scoplging @%ﬂ'ﬁrﬂnﬁéﬁe Lﬁfﬂt“’tfﬁg't 3can easily
be inseited int@uanecaBuei onal anmpoule with mnimumretrofitting of the
processi ng tools 20 conprising: a) a plurality of vertically stacked

cont ai ners V\heréfﬁplé‘é@}‘l“c‘ﬁmdai‘r?fgtimﬁ‘&ﬂ“ﬁ Wiq?l%ﬁ@eﬁw&mﬁ‘%ource
material; b) a E&ouieahbﬁaﬁnwfheﬂmﬁ@ﬂaﬂarvﬂl&wﬁ&mreﬁae@pmwme@aﬁehd-iim each of the
vertically stacked containers and extending into each respective cavity,
wher ei n the ventiSgoMBI ¥t yper ances form channel s for passage of a carrier
gas between adjacent vertically stacked containers; and c) a carrier gas

tiube contacti he pluralit f vertically stacked cont.ai.ners and
ext end 1 ¢ AF St mlredufitetpig et ol spre R iBIORIRO ST 5 |
still a furmbesial.aBpeebly, héremtsasie atsolidywentsoranclpiingy/hutl e nbtdimited wapor i zer

COMr1 11 o2, MROU AN BS0ARARO DO SR AATRRY © 1 doval

zirconiwn ietrachloride, arsenic, indium trichloride, metalorganic $-diketonate complexes,

cyclopentadienyloycloheptattieny-titanium  (CpTiChi), aluminum trichloride, titanium
15  iodide, cyclooctatetraenecyclo-pentadienyltitanimm, biscyclopentadienyltitaniumdiazide, and
tmgsten carbonyl.

In yet another aspect, the present invention relates to a vaporizer unit that can easily be
inserted info a conventional ampoule with minimum retrofitting of the processing tools,
20  comprising:
._a) a plurality of vertically stacked containers wherein each container has a cavity for
holding a source material; _
b) a plm-ality of vented protuberances positioned in each of the vertically stacked
containers and extending inmto each tespective cavity, wherein the vented
25 protuberances form channels for passage of a carrier gas between adjacent vertically
stacked containers; and
c) a camier gas tube contacting the plurality of vertically stacked containers and
extending through the cavity of each vertically stacked container.

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

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




internal conpartnent b) an anpoule top to enclose the internal conpartnent
c) a gas inlet and outlet communicatively connected to the anpoul e top; d)
a plurality of vertically stacked contacting containers positioned wthin
the 5 internal conpartment, wherein each container conprises a container
bottom and a container sidewall to forma container cavity for holding of
a solid precursor nmaterial, and wherein each contai ner sidewall contacts
the anpoulVO¥PHUMeF | ; e) a plurality of vented protRfB&BHAYERE2hositi oned on
each container bottomto provide channels between adjacent vertically
stacked contacting containers, wherein the 10 vented protuberances extend
into the container cavity; f) a carrier gas dip tube positioned within the
i nternal conpar ti¥ead c@mép@MTuUNi cat i vel y connected to the gas inlet for

directing a carrjer gas to below the vertically stacked contacting
containers; and %R wPaHE P Gendpseis WgrplempiHEERR . 15 I n anot her aspect,
the prgsent iBvamig@me:rt]aid;a{;@&omuﬁcalﬁw%]@hﬂagmtsmamﬂv?hsgemﬁ; a plurali tyhof

t apered protuberances having . conical, 6 shaped por.es i,ch narrow as the
tapered prot ubéﬁ‘énlé‘lé%m%?féf h £18f é‘mﬁ"gt??ﬁa‘i%?%‘f‘er%ﬁ?ﬁt‘f’w “Fh’imsﬁ\%onfi guration

for the @ ot uber@atsSomfrénd Whees efchlcomfife Bdntpaibes ¥ coienenBattonl apdva of . t he
carrier gas through the plurality of .vertically ..stacked.containers
posi tioned wt hi"’Pi'g‘P% s%i'ﬁ%yu\" orm) K%‘ne&ﬁﬁ?ﬂf %&db“@c‘?f,a f‘ﬁg PEFESEnt i nvention
gr ovi fles a met hoﬁteﬁﬂ[anﬁba;ﬁ@ﬁﬁ @tin@ntainkg _sidﬁiaizlgmmﬁ') glea:al_sog;alsiﬂﬁmmﬁt er: alt tofa
ownstream process .Cc r, .Conprising.. a) provi.ding a plurality o
i nt er connect ed, ei‘é?il“?'i‘%?ﬁe"?i@tpéo W@ﬁ?téopﬁdeqnsemﬁg?ﬂ\{aﬁ"gﬁ yfg%té%éoﬁdgabl e source
r/r,a%eri al cont ai rRandlhbeteden adjudestr eitioally astoked feontmtiny camives, eerein therti cal |y
st acked gcont ai ner onprise a plurality.of channel ed protuberances; b)
pOSi ti onﬁ’ng thevf’%fé’imc ﬁ%“gsteexﬁg,‘i"\%%r%ﬁ}%a eglca\sﬂ{}gcked containers wthin a
seal abl e anpoulfe;a &ériar) gasplin yﬁmg)dﬁéamdtwiﬂﬁm@esémblcenlm@wl@di n a
suf ficient amoung.b 0 aRE doordd 16 the SRUEEEro! Bl Aoarii 3563 Belo? B 5

vertically stacked contacting containers; and

£) means for heating the ampoule.

i5

In another aspect, the present invention relates to a container comprising a plurality of
tapered protuberances having conical shaped pores which narrow as the tapered
protuberances extend into the container cavily. This configuration for the protuberances

20  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, i:he present invention provides a method for vaporizing and delivering
a source material to a downstream process chamber, comprising: _

25 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 comtainers within a sealable
ampoule;

30 ~ ¢) applying heat to the sealable ampoule in a sufficient amount o vaporize the

source material therein; and




WO 2004/ 010463 PCT/ US2003/ 020825 d) introducing a carrier gas into the
seal abl e anpoul e for noving the vaporized source material through the
seal abl e anpoul e to the process chanber. O her aspects and features of the
invention will be nore fully apparent fromthe ensuing 5 disclosure and
appended cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is perspective
view of a vaporizer in accordance wth one enbodi nent of the 10 present
i nventi on.WER084H46® i s a top view of a plurality ofPCFASI8WMIMEDHt r usi ons
positioned in a container positioned in an anpoule in accordance with the
present invention. 15 Figure 3 is a side elevational view of a container
illustrating a plurality of cylindrically shaped protuberances of the
present invention.  Fi 4 . . S| i i 20at ai ner
illustrating a gﬁ&?@?ﬁ?@go %@ﬁ?%%‘ §S§kg%gﬁhﬁ%?%§%gg¥%ﬁ%g 0:l((%‘wthe pr esent
i nvention. 20 Fisgusegnagripldhrgighite sshlahlecanipovieto theipropesethambepl ural ity of
vertically stacked containers of the present invention. Figure 6 is a
sinmplified schematic representation of the vaporizer delivery system of the
25 present Otheespéctsrand fatguy ef e imentiongyill he mets dHiyAgrareas fiom &e §pSUH8at i ng t he
anpoul e ”ddﬁa&ﬁﬁgﬁi tRidr€ within the container unit as a carrier gas
is flowed through anpoule 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 pgRiEEPRSGOPBEONCRTHE dlevRgoul e of the present
i nvention. 6 WO 2004/ 010463 PCTI US2003/ 020825 Figure 9 is a side
el evational view of a container illustrating a plurality of conically
shapgd p{ Oﬁ?%i\t@rlai@(i)@@pe&tﬁ@ WidGH 07 Q vapoiBer e RdoSrdanbd Fi Gneldhbodiam® ofihe al t ernati ve
odi ment o

éq he present inventron. 5 DETAILED DESCRI PTION OF THE
I'NVENTI dQ, present invention.

Figure 2 is a top view of a plurality of vented protrusions positioned in a container

positioned in an ampoule in accordance with the present mnvention.

15 Figure 3 is a side elevational view of a container illustrating a plurality of cylindrically
shaped protuberances of the present invention.

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

20
Figure 5 is side elevational view of a plurality of vertically stacked containers of the present

inveniion.

R .

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

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

Figure 8 is a graph showing results of heating the ampoule and sensing temperature within
30 the container unit and protuberance within the ampoule of the present invention.



AND PREFERRED EMBODI MENTS THEREOF > The present invention is based on the
observation that certain source materials used in 10 vaporizer systens are
not adequately vaporized in sufficient quantities to neet the flow rates
required for typical deposition applications. In sone cases, to achieve
needed flowate, high tenperatures in excess of 200 C have been used to
increase the sublimation rate which can cause deconposition of the source
mat eri al MO WYUMSE i zer i n accordance with one enb®giTiHBP3/03982% he present
invention and illustrated in Figure 1 overcones the deficiencies of prior
art vaporizers. The vaporizer delivery system 10 conprises an anpoule 12,
fabricated of a suitable heat-conducting naterial, such as for exanple
silver, sil ¥ghedhd LY@ clcrMBREiew HQARBREin Thf¥ng sPludiity Ui Buiclly dihpee M al | oys,

| ead, nickel” clad, stainless steel, graphite and/or ceramc nmaterial. The
anpoul e conprubegce iphdisgpddeymisi4 and sidewall 16 to forman interna
conpartnent, The anpoul e can be any shape that facilitates an even fl ow of
carrier gas_through the anmpoul e, such as the shown cylindrical shape. The
pref erred sﬁﬁﬁ@l%ngﬁ@a&W§@GW@U%E§@1@@méwwqﬁﬂﬂqmﬂy shape machined to very
tight tolkerances to allow only 1/1000x" to 3/1000th of an inch clearance
with the precisely machi ned containers. The container installation
requires that the wal | PERALEB DERCRIEHONORTHEINVENTION. ensure that each the
side wall of the contai g PREERAED EMBOBINEBNTSCIHEREOF W th the interior
wal | s of the anpoul e base. Understanding, the close tolerance that is
required to ensure consistent contact of the container with the anpoul e

i nterior wailhe prést@ invicfitioh & basddi dANthe BlekerR16D Wad cepdin e@see mdieribib@sedamt ai ner unit

fmay require heating and/ or ,coqling of.. the.base and conjajner

e e e P St Sy Tkebd i tRmr RO FREPE IR o 20 i s
preferably st foptypichl dipoditoe applifptiorse Int sope chibs,anghieenpaded oatdty ey 7 WO

2004/ 010463, PCT/ US2003/ 02 5.,.connected.to the oul e .for. .introducing the
carrier gas”ﬁ“ﬁ%’"ﬁ%e’%ﬂ’ﬁﬁﬁéﬁ‘?ﬁ%."’%ﬁePgsﬁ‘gamv%‘e%ﬁ%i ﬁs%atfoﬁtmet?%fhcg%npartnent of
~ the anpoul ecaus: decompositioh biithe safrcenserielcal |y st acked contai ners 22. The
stacked containers are separable fromeach other and renovable 5 fromthe
anpoul e for easy cleaning and refilling. Positioned within the anmpoule is
an i nt erlAal Aoaporikes in ayensdance vtk onc@nbpdiment pEthepyesend dnvendioy oud|itistiiedtin t he gas

inlet 20 a”ﬁg'&lje § g@cﬁ:&m&ﬂﬁe deficiencies of prior art vaporizers. The vaporizer delivery system
10 comprises an ampoule 12, fabricated of a suitable 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. The ampoule comprises a
20 . boitom 14 and sidewall 16 to form an iniernal compartment,The ampoule can be any shape
that facilitates an even flow of carrer gas through the 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

M

precisely machined containers. The container installation requires that the walls be
25  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 contaimer with the ampoule interior wall, the
installation and removal procéss of the container unit may require heating and/or cooling of
the base and container, respectively, to allow for easy installation.
30

Carrier gas inlet 20 is preferably positioned on the ampoule top 18 and communicatively




carrier gas to the bottomof the internal conpartment and bel ow t he | owest
container in the vertically stacked containers. In Figure 1, the
internal.carrier gas nmenber 23 passes through each container cavity 27
(shown in Figure 3) and container bottom 24. However, it should 10 be
understood that to ensure a | eak proof seal at the point where the internal
carrier gas nenber intersects the container bottom a sealing Oring 38
(shown i n VW §u/46E3 may be positioned bet ween contPETAE8/@eR3ecially if the
source material is a liquid. An addition of an outer o-ring is also
contenpl ated to seal between containers on the top surface of each
container (tray) sidewall. 15 Al so, depending on the solid precursor, there
may be a neglmbdddd @Panipdfe AP ireuARBRY catbr gadht the alpbuleh® carrier gas flow

H gh purity stainless frits (pore size 1 to 100 mcrons |ikely) could be
added at any location in the carrier gas flowrate. The frits could be
installed atoditeged Withi€the interhal CRfbaritieR QS APEe ie bRIHG di'v@xlﬁcafll?]'t could be
added to the top tray and seal ed therein by 20 pressure fromthe

i nstal | ati of*dFd ©Rangs 3. ofheshgkedsopiaieaseraayledng sahofherandpgmowbleyy path. As
shown i n sFi Gk GheSamdAE HorQhsyl d@nihg gha viilfng| TeGithal WRLS e 2mPai®e B a0t t om 24 and
sidewal | 26, to forma contajner cavity 27 for placenent of the preferred
sour ce mat efftegel ogtier ges membpeg 43 ﬁ‘?‘ﬁ%‘i"?}mﬁ{@dﬂ?ﬂéﬁ”é@%ﬁ? plet 2504 dzgptatie of a

non-react i veantie gis€ the bt off the MnRT éomhpartnfehtGld Refowl (B lowést %RIRIEMSI | ver,

silver alloys opper., copper alloys, . alum num al um num all oys, | ead,
ni ckel cl ad}‘/’e ficked gontamers; I“%MW?@%WF%%‘FW@W&?@W%@ Each of the

:KE)?“ vi dual edﬁmbcﬂl'taﬂﬁf@vifylﬂ’ﬁ(éh@\&n F@g@ﬂfeiawﬁcant@{emo@tbﬂlgm ?6%%:,0& shogd aanes 30
wherein . ea r ot rance in es_a passage for novenment of a
carrier laasg‘? Waﬁ'ﬁ'&‘ﬁpﬁﬁé" °%eﬁﬁﬁ¥m#%ﬂ@&&e?%@t ?ﬁé Bemelfamist BF uber ances
mﬁy behany ﬂmﬁei- @wrm&b? caﬂmaierh ButioM) d@ainﬁm-ﬁ:@rssqsmswxll fol mgﬁmlng@:ﬁe |

t her et hr ough. ..Pr ra .t he pr, erances are cyl.indri conical in
0 20041 SRHERS bR s Bt S s S o R B B0 i G or ec 3 ana
4. Figure 4ogdhevingps obaatcaplkied a38alltatwictngooaizige ar ik ltap dfurfimaef edch ke

configurati Q!}M.I . Lcal shaped pore which narrows as the tapered
protuberancgs ext(gﬁgm?e% the container cavity 27. 5 This conical shaped
pore pr dvi des for passage of the carri er gas fromthe adjacent |ower
?ggtaﬂ gfr pf)?”g& %%&ﬁg%n'tﬂrs&fdpr&%&, A9 2 iéba toMoB e Afirafiak3F RRE CAVI LY

in the carrier gas flow. High purity stainless frits {pore size 1 to 100 microns likely) could

be added at any location in the carrier gas flow rate. The frits could be installed at the “inlet’
of each protuberance, a large disk frit could be added to the top tray and sealed therein by

20  pressure fiom the installation of the lid on the ampoule or on the outlet gas flow path.

As shown in Figure 3, each of the individual containers 22 has a botiom 24 and sidewall 26
to form a container cavity 27 for placement of the preferred source material 28. The

St

containers, are preferably fabricated of a non-reactive heat-conducting material, such as for
25 example silver, silver alloys, copper, copper alloys, aluminum, alumimum alloys, lead,
nickel clad, stainless steel, graphite and/or ceramic material.

Each of the individual containers furiher comprises a plurality of protuberances 30 wherein
each protuberance includes a passageway 32 for movement of a carrier gas through the
30  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




whi | e reduci ng backflow of the carrier gas into the | ower adjacent
container. Inportantly, naintaining a one way flow through the stack of
containers increases the renoval of the carrier gas that is saturated with
t he vaporized source material at a flowrate required by 10 many

sem conduct or processing systens. As the carrier gas, containing vaporized

source material, is noved upward fromthe bottom of the anpoul e through
t he t aper &P 208¥W¢4eber ances a whirl pool effect is cPGIVGNENRE gas
nol ecul es are forced against the wall of the protuberances. This whirl pool

effect noves the carrier gas quickly through the protuberances causing the
vapori zed source nmaterial to nake contact with the heated walls . 15 of the
t aper ed prog&%gemgho“mmgmgs@qnd/@porl zed source material maintains contact
with the ed container wth a conconmitant reduction of cold spots that

coul d cause precipitation of the vaporized material and/or clog the

channel s i npieq4 Bkt %%ummga%&mg%ﬁmeénﬁ@&mﬁnmtcaﬂ@l ons attached
to the contalner surface, such as comrercially_ . 20 avail able vented

stai nl ess ss!@zqdpsrewmn@mmaséhqwg?m@w%mﬂmmﬂ}e@Hﬂlﬁ%f‘%"m% a process
or subl ISWHMEbrﬁcatsﬁape&ﬁm&?ﬁ vidds @ padigs \(Bihe Eﬂ@eﬂgﬁsoﬁdﬁb&&ad{j&‘c&& 1&g integrally
a

formed as part of the container bottom and al ] ow f.or mamegs% heat

transfer tocwhogeiyspal th) lorasFpas%; oPepng o foig e containgrpayily Gpallerdiorei9l y of t he

pr ot uber ancgfitel 1édu B&Mo%f@le}bmh&%aﬁﬁ%ebﬁeﬁ Bdjacai cédtaer. Afupbrh@ily, cont ai ner
sidewal | or |ess, ﬁ’eﬁf er ably ? E ht of each orotagbﬁ ance is | ess
than the 25MAERFERE a(S’P‘”Y" %WHW@?S@ qgmarmets mgteass, the FEBY é a head space

above the egghicpbastiie is ffufitcd Woth ARGApdicsd sgac wbitgipes aiflow ra tbquited byl at i on
W‘}hl n the respective contai.ner Al te natJver, t.he cont ad ners and

pr ot uber'8ncRETSEHICRIRIT PEGESIRE WElERS Js BT §F lfm&“%%l VREHE S each of the
cont ai ner s. mdta@l,Ci3r mbed @%ﬂfﬁmt&amtemtﬁrthbrmmﬂatthn@rmb@p@mt he surface

of the solid,. unders dln hat the.pore S f o retain the
'solid precufQBPTiuEs 8 X &?&Fﬁ?“ﬁeélr e s‘?’%’wn T el‘—ﬂmégag&%% kﬁ%t her

enbodi nent bﬂﬂhafpmﬁlbérﬁlcﬁr o%wh:ﬂmbﬁﬁammgtha surdevgas hmclmothpnglsﬂlﬂg vent s
therein for_transm ssi.on.of -t hr sor 9 WO
2004/ 010463 ﬂ‘fﬁ%"tﬂ%‘i %%gﬁzx@%{i ﬁ‘gﬁﬁa"?{z}ﬁﬁagggbr“&ggwﬁ@q{ééu'% Q{a‘gﬁg hown in
Figure 95 Tbﬁhqdawted petbaoes 'Elhs)ﬂbqlapbm'ﬂl)iowae naterighmaipteinggontodt géth te | eak pr oof
regi on for plLas BBk R Randihill ShERh oA dar LuPBUE GR:BRS Rl , Whet her

liquid or s o pI’OVI e requir vapori zed material w thout
causi ng Ieaﬁlawomaﬂmatﬁﬁvémdhdéﬁg@qW@Uﬁﬂﬁm@ﬁ%%ough t he open

The protuberances can be extensions attached to the container surface, such as commercially
20  available vented stainless steel screws that aliow for adjustability to optimize a process or
sublimation rate. In the alternative, the protuberances are integrally formed as part of the

pe—_

container bottom and allow for 2 maximum heat transfer to those protuberances. Preferably,
‘the height of each of the protubetances is approximately the same height as that of the
container sidewall or less. More preferably, the height of each protuberance is less than the
25 height of the container sidewall thereby providing a head space above the end of the
proberance 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 cartier 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
30 container as shown iﬁ Figare 10. Another embodiment relates to protuberances having

sidewalls comprising vents therein for transmission of carrier gas through the solid precusor



pores 32 of the protuberances. Preferably, each protuberance extends
vertically fromthe bottomof the container fromabout O mMmmto about 5 mm
and nore preferably fromabout 1.5 nmto about 3.0 mm 10 As shown in
Figure 1, the positioning of the protuberances in each container are
slightly offset fromthose in an adjacent container thereby forcing the
carrier gas to circulate wwthin the container for contact with the

vapori zed YEuP¥UMbt eri al before being transport ed PECENE8ERSEhe

pr ot uberances into the next |evel container. Advantageously, the nultiple

| evel s of contact of the carrier gas provides for saturation of the
carrier gas at an increased rate due 15 to the increased anobunt of source
mat eri al i nfdrhsdiviapeisinteaichay hbeiin Fetke 9si ze of the vaporizer delivery system
10 is different depending on the anmount of the vaporized gas to be
supplied to the downstream CVD apparatus or ion inplantation system The
\éapori zer ?mahﬂemdaﬁ&oﬂdsémuﬁighﬂteﬁrﬁﬁﬂﬂﬂdlaﬁﬁr@figgiﬁﬁ/fd:ﬂd@mﬂh&ﬁ/hd ng aR i nner
ianeter o .about .3 to 6 in S ref.er, .about 3. .75 inches. The
quantity of su%%ﬁ?af“ﬁ%tp% °£8‘Wfff’i”§‘?eﬁa’ gheﬁg{ &@%ﬂa&? %@gnt?é’?‘?’(glf’ i 4 det er ni ned
by t he sbzevapbrizdmateriup @ithontdansing Gealpe nerthdlnderfylng Bodtaueeliroughahed dppte cont ai ner

~are encl osed _in,t a ul e. oul e t he present . nvengion

conpri si ng Wé%l%&ﬁﬁ%"% %%Vﬁbgfeae R{"E’}’me’@’ﬁ% °aﬂf °Fi‘re%‘_=t ed and kept
at a desi r ebbiivm wHihe edntriner fram @owt O meha tvGBoLNIStrim, tahdmbry prefeablgl fivvh ebogtippl | ed--
amount of t .ce qaterial, the concentration of the vaporized gas and
ot her opera '?ﬁ%qg%bgﬁtc?%%‘ns. The heating can be conducted using a ribbon
tb__ggter wound around the vaporizer, a block heater having a shape covering
the vapqpi z C L:on. of tai r..a biguid t dium The
met hod gp h%%%?ﬁ%w%%%?’%eﬁ*lﬁcu a?rf P‘g pful%{r%g?nedg Bs 3(%1%4 “éersgggl}agh 0 vapori zer
is heated aefetidomtthost intah ediebers conépihet herghe fating the rotsugaa togdirgulatd withis  desi r abl e

to heat th AR Gorf ' r . : duce the
chance of :th?omer cgoﬁt%}vnﬁfgé 8@%3‘1‘%‘%%@%@%%%%%&@6%5 sublim ng
at a hi gherthaghsespstiherancanigto thynent feyicl sontaingt dydvanisgrepsly B maltiplelevdhat coul d be
the site fGloodREstiilofirib YRR foLRMnR 6 it s G lidorchdd Q01 Ng.  The

preferred heat transfer is fromthe sidewalls of the anpoule to the
si dewal 113 o teprsreassthPRaupef sourcamaersh ia e X0OH%” BFte®-he  carrier gas may al so be
a requirenment depending on the heating nethod, |length of heated 5 carrier

as inlet tybi nd the carrier gas flow rate.
g ’Hle 31%9 ota the vapor?zer elivery systgm 10 is d?fferent pending on the amount of the

vaporized gas to be supplied to the downstream CVD apparatus or ion implantation system .
The vaporizer generally has a size cotresponding to a cylinder having an fnner diameter of
"20  about 3 to 6 inches, preferably about 3.75 inches. The quantity of containers comprising a
stack of container will be determined by the size of the vaporizer and preferably from three

to five coniainer are enclosed in the ampoule.

p—y

The ampoule of the present invention comprising the plurality of internal containers can be

| 25 . heated and kept at a desired temperature in accordance with the type and the supplied
amount of the source material, the concentration of fhe vaporized gas and other operating
conditions. The heating can be conducted using a ribbon heater wound around the
vaporizer, a block beater 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

30 vaporizer is heated and kept at the desired temperature accurately. I is desirable to heat the

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

10




Advant ageously, the vaporizer delivery systemof the present invention
provides a series of heated containers that further provides for a
plurality of heated protuberances that increase the heated surface area

t hereby all owi ng sublimation of the solid source nmaterial because of 10

i ncreased distribution of heat. It may be desirable for the anmpoule to have
a large thermal nmass to provide nmaintain a nore consistent tenperature
during pr *QE8HHEIS The present invention has been RFFYSYREURI th a | arge

t hermal nmass based on the fact that it takes heat to sustain sublimation
of a solid source material fromthe solid state to the vapor state. At a
given tenperature, the vapor pressure of a solid is the partial pressure of

thaéI mat eri aihlnaiﬁg b ehifier ieﬁb@z[ﬁiraf @ﬁfoﬁﬂﬁ@h ta dodler @M@@%ﬁm&rwwwg}al ecul es
condensi ng an the sur as_the nu ules sublinmating
fromthe suF‘Faf%’@%Tﬁ’% ’(ﬂ""@fé‘??n cyldyes ‘“"Eb 1@??{%‘% eaag@f{?d%d if the
mol ecul es lﬂoﬁhﬁsﬁ&ﬁﬂ@ﬂﬁh@z&@bﬂeﬁlﬂﬁ s{daﬁanyeﬂhédom&melhspdehedﬁgaﬁha nterface by
the carrier , _subli iop ta lacea rate to
restore equf"ﬁ“ig lg'?sLﬂ’ﬁyl 0 éf“@“‘f‘*&e@ﬁmﬂfﬁw efhgéll?"%tﬂtc’ﬂgmgﬁrface of the
sol i d t 0 5Mabagried gas ikt tibiag arldalie@mtier pesAlowadte. 20 subl i ITB.tI on. By providing a
plurality of heated protuberances the entire conductive container acts as
a heated surface thereby increasing the rate of sublimation, providing an
increase f| Advantageenslyf the edporizart detiveryosystineof tigaeesahikveneaiumovigs geeasiopi t at i on of
vapori zed s Tl el Blnd RIS 30 Gt Bpsb ARARL B RO LHRRE ances. 25

The terrpera?ure B & vapor t zer he operati ng
condi ti ons thé hiaied surficevans hesbnaliGvibe sublimatian efsheoplid aomwmﬂnafrl:@atlae@ﬁ system and

hé vap p E?EH{ aﬁrggpﬁ t enperature
Fs}geneﬂgl Ii;;} ron‘?‘au%dgu?nozg to a outég%%gg%%g 0%%?;{%%%%%# éh-glgtf%\llery system
of the presuss tqmadnmmamwm onfistent pompesaiyre iduring prdcepsisg. f Bie 886 uppl yi ng a

carrier gasy %31 g& 2L R With B e Wnsszﬁgemszhetmm%&eﬁc]sema@ct ed to the
vaporizer; an usti n% val ves and 1 nstrunents for neasurenents of

pressure antstaingu # edlid socem@rial fopobaolidage® the wpaselptat A €. Heaters
may be prov%l%%n;p@mﬁs?e m&wp&p&égﬁmtoema@stwﬁuhm&mmﬁn@walavthél nes and

lines that fransfer the vapori zed nateri al downst r eam sem conduct or
manuf actldr i ﬁ@ﬁ%r%@s@ﬂ%mwymﬂﬁc%cmlmr&@ spligl sprgpgens the SUERShnst r eam

lines 5 - 10Gndkekibnbllaaay fditihe RRRRW Eoited kb FBM! ERNBARNS atsk@8d i n .t he

lines. 5

_.4D

if the molecules in the gaseous state are removed from the solid/gas interface by the carrier
gas. Clearly, sublimation takes place at a higher rate to restore equilibrium if there is
enough heat supplied to the surface of the solid to make wp for the latent heat of
20 sublimation. By providing a plurality of heated profuberances the entire conductive
container acts as a heated surface thereby increasing the rate of sublimation, providing an
increase flow rate of saturated carrier gas and reducing precipitation of vaporized source

matexial that can clog the channeled protuberances.

25 The temperature of the vaporizer is different depending on the operating conditions of the
' ‘downstream CVD apparatus or ion implantation system and the vapor pressure and the
_ amount of the source material. The temperature is generaily from about 40 to about 300 °C.

The vaporizer delivery system of the present invention may further comprise: lines for

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

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

11




The met hod of utilizing the vaporizer systemof the present invention

i ncludes introducing a source material into the containers before stacking
wi thin the anmpoule. The source material may be solid, liquid or solid

di ssolved in solvent. Further, the source material nmay be coated on the
surfaces of the contai ner and protuberances within the container cavity in
the 10 formof filmby any of various nethods, including the nethod of

mel ting t Y0 B4HM6Eonpl ex by heating, applying thePGFIISIEHP8S al conplex to
t he supports and then cooling. Also, the nmetal conplex can be dissolved in
a solvent and applied to the surfaces of the container and protuberances
foll owed by renpval of the solvent under reduced pressure. If different
source mat el kSRl Sedidds BE B ptokiadPd maliain Ve GRNRTIE RAUD gy AFRSHIeNg SYSt em
the present 15 invention provides the ability to introduce different source

mat eri al i neas Liapsfthas frangfer thejygposipadapaterialiiga @W@W@FEWW“VO%@RCEWH%OM ai ners.
The vapori zgocddibhmted: 1S a0 hive fhetioiwRsteam Vikts Gh- e RdtcS@s @e pl ural ity of
vertically stacked containers, contacting the internal gas carrier nenber
23 i's pl acedampayletaprevgrhsedeeation meheiigg. anpoul e top |id 18 (shown in Figures 1
and 2) ig positioned on the top of the conductive anpoule and seal ed
thereto, such as hy an o-ring elenment (o-rin fabr&cated of teflon,

an el ast oneweﬂé’dﬁ%‘lﬁéwm%@w@"&ﬁm e aYen%(%ﬂc@ﬁ FUOdEEd as  screws.
Means for _heaidh Bteldd AR RRRNGALATh Blcthd di@otlﬂt‘méﬁtﬁiceinaﬁfmr ature

within the oule and contacting contaj i nereas to a tenperature
suf fi ci ent an%i?& 419@‘ 2% sl sy ‘%B%Yﬁﬁtenﬁﬁ‘g%’r'?‘%fmmﬁ'ﬁ’é tion rate
w Il be gre&fa@&bn%mﬁﬁ&sﬁltﬁﬁdom@nﬁeﬂm&hbem&@tvainmﬁle caitaﬁleﬁcav:anplhee carrier

énterin ver sy art | | | ur. gas

en}t eri ng th B%bﬁé‘? f‘g e}hf’é %gmé'ﬂ?c %é?ém?%%% em me%’éd to | oad
nDr e precur sylieand, apblidg the tholmmeehtoaipie to mm:hbmrts mtdc!ueeamng dsohiée ght

di mensi on of the nta f § area

t hr ough themthﬂf 8:;:%?:: %S%%%I%A%Oﬁxﬁtﬁ%a E&%@eﬁuﬁfsogggk% sgxlaa%d used as a
source mat epmmberamesvfalpmad beamovat ofigle soivent pndst eeduced pressuy| iLindifferemt, ef f ect ed

12 WO 2004/% i g%éeggglﬁ%%%%ggﬁ?ugﬁﬁ?%ﬁ&egﬁg Smhllr &e%&}ge conductive

anpoul e tha I'y" contact veftically stacked
cont ai ndbs inamﬁmtmﬂe@sthf»'ahbn@momdlﬁa@@ﬁpla‘}emmﬁéﬂﬁ?‘éﬁ@@éc"@@‘?‘%bl i mation

entails theytf ARSEAG TRt LRBnRerd SOl 1d, €.g., decaborane, froma solid state

to a vapor state

‘fhe vaporizer unit 44, as shown in Figure 5, which comprises s plurality of vertically
stacked containers contacting the internal gas carrier member 23 is placed in the ampoule.
20 The ampoule top lid 18 (shown in Figures 1 and 2) is positioned on the top of the
vonductive ampoule and sealed thereto, such as by an o-ring clement {o-ring may be

E—

fabricated of teflon, an elastomer or a metal seal) and/or mechanical fasteners, such as
screws, Means for heating the ampoule is engaged and the internal temperature within the
- ampoule and contacting containers is increased to a temperature sufficient to vaporize
25  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,
30

A solid used as a source material is vaporized through the process of sublimation,_effec_ted

12




W thout entering an internediate liquid state. The present invention is
effective for use with 5 any suitable solid source material, e.g., solid
materials characterized by sublimation tenperatures in a range of between
about 20C to about 300C and having a vapor pressure in a range of from
about 10.2 Ton to about 103 Ton. Tenperature nmay be controlled within the
vapori zer by any heat regulating system 10 including, without limtation,
strip heat¥P34PUd ant heaters, heated encl osures, RGTAGSHOHEPHY fluid
heaters, resistant heating systens, inductive heating systens, etc.,
constructed and arranged for controlled tenperature operation. Further,
tenperature within the anpoule can be sensed by a thernocoupl e,

therm s; o][, b9 ety ot A oﬁuietofaﬁﬂuaivefamp@nh @ﬂlﬁtrlﬁef&ﬁﬂﬁl bd&lt}lcﬂddlﬁlﬁiial_ ligrof or ldevi ce
arranged for contacting a surface t he ther conduyctj.ve. anpoul e
and/or 15 é’ﬁfﬁ‘f“yﬁ%F@.WW@W%M#%EPWF??H%F&%d of source
mat erial, t @ailsiOhedhaton of @ FldaE £, Eoebb@neg frorf @ R6lAIstakDd iatvayiok Bigle Syst em t o
determ ne the anpunt of soljd or liquid in the topt and/or in the

bot t om t r ay VR fterEg WW’E‘S‘%‘“‘%@‘?@&F T ﬁ‘f’?”%@ﬂp@e%%ﬁﬁ@&‘%ﬁo a
reflectise 28 siiteblacalidofukd alefiilf ap) Selidf AaeaiaBf charadwinddabyn enblingiopr ovi de a
change in signal when the contajner e enpty or enpty. Figure 6 shows
a sinplifi eﬁ?ﬁ‘ﬁ*ﬁ?ﬁ ?é&“ﬂ%?fi%f?%goe%%égmgéw gg‘}?é’f’ g BE¥F T Ter gas to a
vapori zer 16h a rénge afffomeboud 85 Toaty sbent 66f Tos. connected to the vaporizer 10 to
provide carrier gas. 25 In alternative nodes of introducing a source
material, a liquid source material may be introduced fromliquid source
cpgt ai ner 6 Tempererd hmayybe abewliel withie theavapodse:r §asnyrhest beulatmgniysiened and
¢ontrollegd b low et er s 68 t e _di i 0 reiar..gas delivery
I'i'ne an IF%‘élém%’r an%“tf)glrn??hn s%ﬁgh%/aﬁor?(ﬁifgg soglﬁe(%tgd %ﬁ%ﬁ%’aﬁmtﬂ%nn he

processi ng @hidrtoaers, Z@istaiinteatipg Systerhs) industiye Hehting systems, i corsiadiddyendnde of a
mat eri al hayj I Wof f hd il A%, 1 mdolOdymer, to

al l ow for h%%g‘?d%’)rvﬁg%ﬁ%gl dle%{s“{fé rrgiogrglk@y’,t_t e%?/%\go?ll zeaﬁﬁglel Ivery system
is made of bascrisdbyvthénpocuplel themiisie, orameqtiepsuitytiedemnsratige sgBEmE JUBPLOPr ansm ssi on
of thermal GNELEY anahikd 15} 2904030463, BOTL HSA0ABLAERSmpeRnsiatked by at
| east one heating neans 72 conmuni catively connected to the vaporizer unit
10. The Bnoeetamsts- power required for conpl ete vaporization is a function of
the chem stry of

To determine when a container is depleted of source material, the inventors contemplate a
Ievel sensor monitoring system fo determine the amount of solid or liquid in the top tray
and/ar in the bottom tray, such as optical sensor communicatively connected to a reflective
20  surface on the bottom surface of a container to provide a change in signal when the

container is near empty or empty.

Figure 6 shows a simplified vaporized delivery system 66 for supplying a carrier gas to a
vaporizer 10. A carrier gas source 64 is connected to the vaporizer 10 to provide carrier gas.

.25 T alternative modes of introducing a source material, 2 Hquid source material may be
o 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 7¢. The gas
delivery lines are preferably made of a material having a low coefficient of friction such as a

30  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




5 the source material and carrier gas, and the flowrate of the m xture. In
accordance with the present invention, the thermal power transferred to

t he vaporizer is between about 100 Wto about 3000 Wto provide optinum

i sothermal tenperatures. In this manner, the heating power absorbed by the
flowng mxture is a small fraction of the heating power which is

avail able. Therefore, the power absorbed by the gas va resents an

i nsi gni fi CYNU0483r t urbation in relation to the aﬂ%FFQHW%ZWE%tlng power ,
making .it possible to substantially maintain an ideal isothernal
tenperature of the conductive heating surfaces. In operation, the precursor
source material is preferably |oaded into the container units in a dry box
or gl ove bOXYenk@te®by dichpbiR hidify HQACRIcOAmGTicaiRE cPineiddtShE vapbrizar vatygen and

noi sture 15 while the anpoule is open. A carrier gas fromthe gas source
64 is introdbtced into the vaporizer unit at gas inlet 20 at a gas fl ow of
froml seemto about 500 seem The carrier. gas is transported i'nto the

‘vapori zer a pressure to vi de stea t hat |s
forced thr ofﬂj‘hﬁﬂf ’E?@‘Fé‘iug' L gompk e?et‘ﬁg"r\? i‘sc"’a‘éfly?"g"%‘icfgtﬁ("h ‘it%rf?al ners.

t he carriser ﬂgasncehfammﬁrcsﬁ&gd@w%ﬂohrzﬂugﬂmetdmuﬁj fufaedogitice ity e S  Of the
vertically stacked ner.s rier. econe rated with
vapori zed sBﬁ?EémﬁgF%q$Q#KT%P&¥7Eﬂ§%%¥@ apwgwgi gg” ﬁlggblunlt at gas
out | et val vebodi(B300® W fogrgyide optirsunc hathdresl t&ﬁpemfﬁhe Ianﬁnamtaaxgeﬂaedkatmbe i nventi on
Ecanpl e 1 TR bR Medfonile sl 1L BTk byl e MMM BG ETH 25, 2
u’_n'bt havi ngaﬁﬂzt)kacmfomdm mmea@ow& by theagas a'mpomeeﬁnefantﬂmpﬁc@sent
~iinventi g E%g1@§ [ al; ne the
effecti vene Z‘g@@%’ﬁﬁﬁ%ﬁgﬁ%@eﬁ% ﬁglsgﬂ% Ifgosg%ieg)he&%% iners. The
anpoul e masnmmﬁmamﬁmﬁhghmyﬂaumﬂﬁwabﬁh@smﬁsm@éwmmhﬁmwﬁhnected to a bl ock
heater having a 14 WO 2004/010463 PCT/ US2003/ 020825 shape fitting around

the circunference of the anpoule. The heater was connected to a variable
t r ansf or mer Ingngration; the precywerseusceaatogigliy prpferabinioaded infotheconiiiger 48R 8) s t he

degree of Reabi &%low?‘%ﬁetb%mﬁiteﬁl@?eaéﬂaﬂbﬂhgb@éursﬁpﬁhﬁdx%ﬁ%dxﬁﬁml ner 1 and

5, pOSI tioned within he arrpou e were connect ed to terrper ature sensors to
determ ré t Kk eeﬂyf‘eﬁp;@glg isyepem eétcplﬁlar g, fom the gas source 64 1s introduced into the

- vaporizer umnit at gas inlet 20 at a gas flow of from 1 scem to about 500 sccm. The carrier.

gas is transported into the vaporizer at a pressure to provide a steady flow of carrier gas that
is forced through the protuberances of the vertically stacked containers. As the carrier gas
transverses upward through the different levels of the vertically stacked containers, the

20  carrier gas becomes saturated with vaporized source material for transpert out of the
vaporizer unit at gas outlet valve 40 to the process chamber 70.

The advantages of the invention are. more fully illustrated with reference to the following
examples, '

25
Example I

The vaporizer of the present invention comprising a container unit having 5 stacked
coniainers within an ampoule of the present invention such as shown in Pigure 1 was tested
30 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 blpck heater having a
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5 effectiveness of heat transference fromthe anpoule to the containers.
The anpoul e was connected to a source of carrier gas for introduction into
t he ampoul e and through the container unit at about 500 stem As shown in
Figure 7, as the tenperature is increased in the heater attached to the
anpoule, the internal tenperature sensed in the containers was also

i ncreased responding to the effectiveness of heat conductance. The

t enper at uVER208186hsed in containers 1 and 5 were J§HFEIEIRBE o0 t hat of the
anpoul e indi cating evenness of heating throughout the stack of containers.
Thus, the individual containers provide for additional surface area that
is evenly heated to vaporize precursor materials. Figure 8 illustrates the

di stributi O&aﬁ%fﬁtbfgafxrmfnﬁ%@ G fRO b B hifpdleP "It WRGE SRS @uRRed td oned in 15
container 5. The tenperature is raised to 130C and heat  distripution within

the anpoul evaipkle trynsfarmey whish is a-sprroe-f arfable W Yoltpgeand, enirolpie degisg oF 2 at i on.

Because t hepdiiilel | fth&alCR thePinfiGthRI cRfa@iih, ddntaier 1N &3 paliotud edithinoke pl acement of
the precursor material nore product may roguced WiH;IOUt frgffi | 1ing of

be n
t he anpoul e2ERvele it cPugeied @ droprtue spsorhlo delgarine {og FETER £F bs3lpe 8% oL Al VB |

A vapor del ifaiivineEstSRA thderona R #é RepoalRdo €8 lcinticisN Thy amile #@d sour ce
material, the vessel conprising: a.first end t%gd a sec d en defining a
| ongi t udi napenBseied 1o seuiRe of carder Eanfor EgTusHen e iR ETPOLIR 854 IO fid and t he

second end; coatafiSumit B Bbut 300scéin, 0QSshewt ih Blgude GCa R eniperatufeds thiréasdd bend; a
peri pheral vessel wall extendi bet wggn the first, .epd and the second end

g
and  boundi fighegtr pifreksdty oo gEpQyifeth tepgparRiuRp pesed 3 e AT P conduct i ve
I pﬁr}lgi t udi nadiboyinBeds@NteSndhcBRd efcetivbRadofnigat éondudtaga. | Thaeempswinfence of t he
gerti pheral vessel wall jntqQ a porti 0, tE interiqr volune: .wherein the
interi orl%vo nﬁ°§"t§ﬂ‘3ﬂ @ﬂ%twﬁrercg'ﬁ@f’\% t°a£‘§73 tg‘? Fgnoplp wicasing evemnese oL o) T with
at | east a Ratidg toughbuttdresach pd conmivbis.e Thaw thedndivduel ¢oakingo pbwidt fong t he
plurality of,.Jlongitudinall.y ori.ented el ene e peripheral vessel
wal | . 2. ThW&’ﬂ?@%‘%%lW%?Vyvggshﬁ%@?v@%ﬁe g&‘,ﬁsoﬁﬁr a{eg'r conprising an
internal gas carrying menber disposed within the interior volune and
communi cat | 1‘-‘-i§u'n¥s ﬁlous%%leg ﬁlxe Eiigh'igutﬁgn St from the ampoule to a protuberance positioned in

15 container 5. The temperature is raised to 130°C and heat distribution within the ampoule
was nearly constant after the first hour of vaporization. Because the multiple contaners
provide an increased area for placement of the precursor material more product may be

produced withont refilling of the ampoule thereby reducing off-time of the instrument.

20
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inlet. 3. The vapor delivery vessel of claim2, wherein at |east a portion
of the internal gas carrying nenber extends fromthe first end in a
direction toward the. second end. 4. The vapor delivery vessel of claiml,
wherein the interior volume has a width, and any longitudinally oriented
el enent of th@ R&%al ity of longitudinally oriented elenents spans the
entire w dth. % e vapor delivery vessel of claim1, wherein at |east one
longitudinally oriented elenment of the plurality of |ongitudinally
oriented eI][erre ts co%i ses a protruding wall extending froman inner
surface of 'heEB‘@PP PraVely vgessisler vaparizing andodeliveringt viaporiefl stlige nafeslsl 96
vol une. 6. VRl ol “{’gglldi very vessel of claiml1, wherein at |east two
longi tudinal | y &#fsendand aseennd enddefinitghelonditidial 4xfs Of the Mgl udiqad | Y
ori ented elt@mmhﬁ:ﬁmﬁ“ﬂndandiﬂmeeceh@eﬁ;lbvol g%lre within the ?éntgt?ill%lgé vol une.
7. The vapor deh gasdnlgt ardasgeb omtfet Deabdhtkhe BREGHL N the plurality of
| ongi tudinal 'y a perlpheiabebs®l QAR Bktendisd 1 LOrality of passages, 8. The
vapor del i \wupdiNeabRleriof v @nﬁ]’ ééeg\?%ng{lgmteégegl}dqr‘ééhel% endand |y
oriented el emepiy Lty of | gngitudinally oriented elenents are

Bral} 6@% cgmslé FE }%}"8%41

f

subst anti al opisntlgd elegenisientending wher ei n
at | east o#e %ﬁ@%& face) © DEFRET éfess(glg"@flﬂéﬁt_o afortigneofithe interiot yoloe;
| ongi t udi n%\lii'{l}y ‘ FTe fRy migroRXMlme isadaterd torractivel d waporizshleciofice matdriab | nner
surface of /YHe* ddvtiadienion of theaiaparizable soureswmnterial contattivgl thé plogitityehi nal axi s of
the vesselongyf iq)ly origated glsments end the psripherst edsselfwatil ai m 1, wherein the
peri pheral vessel wall conprises an external boundary of the vessel. 11.
The vapor del i Theroapomtietivtry wéssell ofichaird 1, fRRERbRpHER f{?fﬂt&ﬁﬁr el wal |

i

has a fir smember difgosed Withip theriattidrvoRfnd 209 . et nts has
a second himlght, and the second hei ght isb ess ae‘r{?’%“&’geuﬁg e al | y equal

to the first height. 12. The vapor delivery vessel of claim1, further
conpri si ngzat t ~1he expul sion of vaporizabl e source

rra{ne)ri al ?gﬂgﬁ;ﬁg‘f %?%g&fgfﬁ ‘%Itog Z’ Vhegein g ?asfmema?labaf thg dnterpalrgas vessel  of
claim1, furthér comprising at he Jiest enching direetiondtownsthe sagond end.

4. The vapor delivery vessel of claim 1, wherein the interior volume has a width, and

any Iongitudi‘nally oriented element of the plurality of longitudinally oriented elements
spans the entire width.

5. The vapor dcli\fery vessel of claim I, wherein at least one longitudinally oriented
element of the plurality of longitudinally oriented elements comprises a protruding wall

3x;ending from an inner surface of the peripheral vessel wall into a portion of the interior
olume.

6. The vapor delivery vessel of claim 1, wherein at least two longitudinally oriented

elfam.ents o.f the plurality of longitudinally oriented elements bound a discrete subvolume
within the interior volume,

7.' The vapor delivery vessel of claim 1, wherein the plurality of longitudinally
oriented elements defines a plurality of passages.

- 8. The vapor deliviary vessel of claim 1, wherein at least two longitudinally oriented
elements of the plurality of longitudinally oriented elements are substantially coplanar,

9. The vapor deli\.(ery vessel of claim 1, wherein at least one longitudinally oriented
_element of the plurality of longitudinally oriented elements extends radially inward from

| the inlner surface of the peripheral vessel wall toward a central longitudinal axis of the
vessel. ' - '
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within the interior volune and adapted to pronote contact between gas
supplied to the vessel and vaporizable source material disposed within the
interior volune. 14. The vapor delivery vessel of claim1, wherein the
vessel conprises a renovable lid securable along the first end, with each
of the gas inlet and the gas outlet defined in the 1lid. 15.  The vapor
delivery veggel h%fv cl adlﬁﬁn 1, havi gg an inlet valve comunicatively coupled
to the gas jnl Jhe vagior detivery yqseal o pigel, odwreimihe péripheda) vausdl BlaBdok@ritdde gas
outlet. 16" FHerhy widaryaiithesvesseliessel of claim 1, having at | east one gas
fl ow nmeter l}CFOél“mhnngni catdid;tel y coupled to any of the gas inlet and the gas
outlet. 17. fFhethgappor delisteryraassel yRdER) 1, $he ' . c rising a

t enper at ur eheightsbe pludiiynddeditidindRSRAKd Gglﬂgﬁ&l 3 %&j\%ﬂife{l Wagz’?s %?RSF he
interior vdemmlhefdheisﬂ@ﬁ'tmhefﬁibsrf(mglequmﬁfggap SSEsndilgiedhapd thial | sect i on

se

S
of the plurality of interior wal trons. é‘ﬁvapor del i very vessel

of claim 1,1 umhBes TS apari.zable material sensor adapted to
po Belive er%Jlo(?fY P OmprsEg ableashionhfiit addpted tont er i or

sense the Res sence i
vol une. 19$rTh§p€l§8’§{ulnge 9 %‘?W% ednateiad figmithe vasselher conprising a

si ght gl aqupe{]j. 1tting . observation of an interior portion of the vessel.
20. The Vapoﬁﬂn § Yaper @elky@%ﬁsekﬁf clinilpfuttherconipeising BoledsH 6na/ P8 Higfskf Source
mat eri al . 10 B dnterigs aplumeiand adapted és prenotd coatas berw@n g &H ghéﬂﬁhf{ffe

vapor i zabl ¥°¥8hAnd¥apratzable sourceanatprial dsposed Shindhe i fhume2- 1Ne vapor

del i very vg;se%hof claim 21, wherein the vaporizable source material has
any of a | dbselhaivaporadelivery otise]l cRBRiR &1 44 23. The vapor. . delivery
vessel of a&catabie%bngvﬂi@ﬁl@ty ¢hd! ¥h t\!a%ﬁl‘%%ﬂ? h%ee‘%esglf%m% ﬁeg’é’gf%‘él[ldl east
one of borhkd (B), phosphorous (P), copp I?’Bg?" @55‘]‘% edigrtBeni ¢ (As),
rut henium (Ru), indium (In), antinony (Sb), |anthanum (La), tantalum (Ta),

iridium (1§43, ne loH14 haf niumtetrachl ori de (Hf Cl14),
zi rconi uEn é%lfp %%@ﬁ%%ﬁ%g{e Vgégeif?aﬁ'ﬁémﬁmgﬁ@mlﬁr‘fﬂﬂec@mnmatixse@ met 331I
organi c (3- Let onare an outlet vel peenmmunienively cywdlahephegasioanet! titani um
(CpTi ChT) ,;alugi numtrichloride (AMC13), titaniumiodide (Tij ),
1 IRy deliysn

cycl ooct at 12 vesstil efholbint 1, thaving a 164sCe8e daSPbW theter
communicatively coupled to any of the gas inlet and the gas outlet,

c1I 7 "l;hde_ vapor delivery vess;l qf claim 1, further comprising a temperature sensor
ISﬁOS in sensory communication with any of the interior volume, the peripheral vessel
wall, and any interior wall section of the plurality of interior wall sections.

18.  The vapor delivery vessel of claim 1, further comprising a vaporizable material

19.  The vapor delivery vessel of claim 1, furth mprisi i
. . . 2 eI comprising a sight ol e
observation of an interior portion of the vessel. prisine s_lg £1a58 permuitiing

20.  The vapor delivery vessel of claim 1, containing the vaporizable source material,

21.  The vapor delivery vessel of claim 20 i i
| he v , wherein the t
comprises a solid material. veporizable souee materil

22.  The vapor delivery vessel of claim 2] i i
_ , wherein the vaporizab} i
any of a loose, discontinuous, and particulate form. i © source materalhas

23.  The vapor delivery vessel of claim 20, wherein the vaporizable material comprises

at least one of boron (B) phosphorous (P), co ' i
: ron (B), | : » copper (Cu), gallium (Ga), arsenic (As ,
ruthenium (Ru), indium (In), antimony (8b), lanthanum (La), tantalu3h (Ta), iri(diuzn ({n),
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bi s(cycl opent adi enyl ) titani um di azi de, tungsten carbonyl (W(COYy),

bi s(cycl opent adi enyl )ruthenium (11) (Ru(Cp)2), and rutheniumtrichloride
(RuC13). 24. The vapor delivery vessel of claim 20, wherein the vaporizable
material conprises hafniumtetrachloride (Hf Cl4). 25. The vapor delivery

vessel of claim 20, wherein the vaporizable source material conprises a
| nterior wall sections. 26. The vapor

filmdeposiﬁg&ag?é llurality of ) :

delivery vess P bg?%ﬁf}r - P%hbﬁd&gi%ﬂ,mremﬁmm&anmoﬁﬂe(mﬂh),i n

t hermal co ‘F‘&ﬁ’t" OR %\ﬂilfﬁfs},n@le@énrgahierﬁaiikez@amiompwxleyc%enﬁdﬁ conduct or
processi ng S¥feicRietisny ditgnivns (CuliChE), wap@iuntelchiBdY( ACES Frarfilm ichidd M 1. 28
A nmethod fo }Jﬂp@ﬁﬂ@ﬂn@h&m clelopeneidiengl tHARRA (€D (CE material utilizing
a vessel hgulfgcm@ola@ntaﬂieayl)tﬁadumﬁi&%%ﬁg 1% é@ % nal axis of the
vessel ext ebidicpeopenatise@huthioRiui gféﬂ%a; e ~secofrt’ end as inlet and
a gas outlet |ocated at tyrﬁe fiufrdsgt%lgg, z)g pelﬁul FReporic E‘E%IR‘%H& ext endi ng
bet ween t he24,i r]%‘,gﬂﬂ nd d,and bounding an interior vol une,
and a- plur aﬂldﬁﬁiﬁm(%éu-écﬂggm 1%% i‘%ﬁgﬁﬁ'ﬂ @Q,Whprgwd:pg YAPPH .b(ﬂ:’tyma@rialmqnmdml ement s
extending froman 1 nner sur !ﬁ"e of the peripheral vessel wall into a
portion of 4feq gteri gr.vol unme, with the interior volune containing a solid
form vapor] 5 At ‘%’ﬁﬁ gﬁ’eﬁh‘feéﬁ’l af cliimR0awhemig thdrepptizabhd soluste Material

| ongi t udi nalPMPHISE; esitgdenthe phaality ofintenier waibesceibnsyessel wal |, the

met hod conprising: heating the vessel to vaporize at |east a portion of the
vapor i zabl &9rai8¢ vapor delivatyrvessebofigaim I havidg eﬂﬁa’%sdcﬁh% 88ngi ' @ the
inlet to cdharmstcontennication ithitleperipliflveak] vyid Pr oduce aé/seconéi[1 gas
conprising vaporized material; and delivering the second gas conprising

vapori zed 2t eAisahicofduRic? $REssR Yl via..the outlet, 29. The nethod of
claim28, whargin the sol ?d fo?‘%%kgﬂn%p‘%%ogyrﬁ{“gl %"P%‘%’i‘v@‘fy veggholorerated
particles, powders, and crystalline material 30. The nethod of claim 28,

wherei n thegves ' udes .a. gas, carrying menber extending into the
interior v g%e&h&ﬁi ! ’é‘ﬁ‘pgﬁ’éﬂl liyerinecepaired sourbemgtesial wilieing aand  t he

)
nterior v etsgggéip 8 (g;én,ﬂss:wnﬁgn »ldorigitndinalgais of teoweglel &Xenduas carryi ng
member int N Hrst prdyandith seeend end, a gas inlet and a gas outlet located at the first

end, a peripheral vessel wall extending between the first end and the second end and

bo.un?lgg an interior volqme, and a plurality of thermally conductive, longitudinally-
oriente eleme:nts c?xtendmg from an inner surface of the peripheral vessel wall into a
‘]:;)rtlo‘n obf; the intetior volume, with the interior volume containing a solid form
porizable source material contacting the plurality of longitudi i
. inally-orient
and the pen?heral vessel wall, the method comprising: ’ ¢ o clements
ycatmg t‘he vessel to vaporize at least a portion of the vaporizable material;

' Infroducing a first gas into the vessel via the inlet to contact the vaporizable

material and produce a second gas comprising vaporized material; and

delivering the second gas isi . . . '
the outlet, £ _ gas comprising vaporized material to process equipment via

29.  The method of claim 28, wherein the soli i
_ ) id form comprises at least
- agglomerated particles, powders, and crystalline material ? stoneof

30. . Tht_a methoc:I of c-laim 28, wherein the vessel includes a 8as carrying member
extending into the interior volume and communicatively connected to the gas inlet, and

the introducing step includes flowing the first i ;
the interior volume. ¢ 15t gas through the gas cartylng member into

31, The method of claim 28, further comprisi iti
_ The ¢l . prising the step of depositing the vaporized
?ater{a'l using a fleposmon process selected from the group consisting of chemicil vapor
_epos.luon, at9m1c layer deposition, plasma enhanced atomic layer deposition, metal
organic chemical vapor deposition, plasma enhanced chemical vapor deposition, and ion
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31, The nethod of claim 28, further conprising the step of depositing the
vaporized nmaterial using a deposition process selected fromthe group
consi sting of chem cal vapor deposition, atom c |ayer deposition, plasna
enhanced atom c | ayer deposition, netal organic chem cal vapor deposition,
pl asma enhanced chem cal vapor deposition, and ion 18 inplantation. 32.
The net hod @pld I m 28, wherein the vaporizable material conprises at |east
one of bor %{On'phosphorous (1), copper (Cu), gallium (&), arsenic
(As), ruthepium (Ru), indium(In), antinony (Sh), lanthanum (La), tantalum
(Ta), iriditm (1vhe mefwndafolaimas, wiidrdirthe vapdsizible timtekial EdGHHsey dtds( el 4) .
zi r coni um t@thoas{Bhphdepho@usl®) copperdCupallifih 04Okt (A Guthkniuh R
or gani ¢ _( 3-idiliet (i) ntinay S danthaehO@ 85 kAR a), ifi P& ?ﬂ@[@ titanium
(CpTi CnT), (@gHuh)nhefhiteni tetedcRloide AL La: ni%?n} @lggigfo 42, xfdnlnn Y).

P C0)

cycl ooct at eticren® EXa))OPRI Y T,

- o e S
(Rud 3). 33. "% ¢ nré E&%’“&P‘“’&X" tagieny) HianRnH((CoR(CeXFidr i zabl e mat eri al
conpri ses é‘"f(??f‘@ﬁm? F’?y%)PFﬂI’BF‘P flezideeyzaten cahonyrU(@E)Hod of clai m 28,
wher ei n thglﬁ% PoaEeny g herdem () RulGp)2)candputherismariclflodide @epb3i t ed on the:

plurality of | ongi tudinally oriented elenments. 35. The nethod of claim 28,

wher ei n t hé3i nt &b wethed bfickeinh28; vhesimh yayriskbM MateHANBidnssés ki, or | ent ed
el ement of tettaghlptides GIfCLY. of | ongitudinall'y oriented el ie&rlr)\e\ntss s;;ans t he
entire wdth. 36. The nethod of claim 28, wherein at |east one

| ongi tudi nakl y Thé peihed oPHGHEN w‘ﬁtereint'tﬂgvﬂ:loﬂ%%llés%?ﬁ@()f L SRgLLpdlnally
ted - oL d: il PPTBRE SR 2
gtrjlrfegcg o?%g%oglrti p ergﬁﬁ?/%g%gqlgl\%ﬁﬁh%%%&mﬁ% Wﬁ?ﬁﬁ?t he i nter: gper

I . 3%¢ Th ! f..cl.al m 28, in th I |it f
| ongi t ud né{@ ﬁ%ﬁ@@é@%ﬁ@m Shergorthe Gisiar yalumahes ywith padsages. 38, The

met hod of CI'% , Pisospt of heluralify of ipagitudietiliyairiegted eleerensdpmisenent s
of the pl dE&PEEWIAR. | ongitudinal |y oriented el ements are substantially
coplanar. 39. The nethod of claim 28, wherein the peripheral vessel wall

has a firs86-hei 'ljll_tﬁmeth@tbpf claim 28, wherein at least one longitudinally oriented element of
the plura‘hty of longitudinally oriented elements comprises a protruding wall extending
from an inner surface of the peripheral vessel wall into a portion of the interior volume.

37.  The method of claim 28, wherein the plurality of longitudinally oriented elements
defines a plurality of passages.

38. Thr? method o:f claim 28, wherein at least two longitudinally oriented elements of
the plurality of longitudinally oriented elements are substantially coplanar.

39. 'The methqd o.f claim 28, wherein the peripheral vessel wall has a first height, the
plurality of longitudinally oriented elements has a second height, and the second height is
less than or substantially equal to the first height.

40.  The method of claim 28, wherein the petipheral vessel wall comprises an external
boundary of the vessel, '

41, The method of claim 28, further comprising the step of passing th d
through a filter or frit, PHSIE poIp g the second gas

- 42, The method of claim 28, further comprising the step of metering any of the first gas
~ and the second gas.

43.  The method of claim 28, further comprising the step of monitoring a temperature -
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plurality of longitudinally oriented el ements has a second height, and the
second height is less than or substantially equal to the first height. 40.
The net hod of claim 28, wherein the peripheral vessel wall conprises an
external boundary of the vessel. 41. The nethod of claim28, further
conprising the step of passing the second gas through a filter or fit. 42.
The nethod of cl.aim 28, further conprising the step of netering any of the
first gas Gny "LHE TYRoHIPn{dhe vessel, Whereirethebeiting siep b expoRsivé trhdier

conpri si ng THEICEAEHERBf nonitoring a tenperature 19 on or within any
portion of 4tgtheldﬁilessel, wherein the heating step is responsive to the

moni t or i ng 4t eplheduethicdenfretnith @8, fafthé!cainfi | sin e step of
pouri ng theowmpomterialihe thePaskgie mat e%glﬁ%ﬁ?g%ﬁgfé%@@gﬁﬂéé 0% met hod of
claim28, further conprising the step of contacting a sem conductor

substrate wisth i jal te.forma fjlmon the senm conductor
substrate. Sﬂ@ﬁgt%ggﬁl%? g;f u?gg%;‘%%? %Ftcﬁlamp%aﬁmcmd@pmof

processing the sem con

wn the spgnieqnauetor substeaté.or m a
sem Conduct48'r. T%O

¢ method of claim 45, further comprising the ste i
‘ _  fu _ p of processing the
semiconductor substrate comprising the film to form a semi_coﬁductor. ’

200




