VAPORI ZER DELI VERY AMPOULE BACKGROUND OF | NVENTION 5 Field of the
| nventi on The present invention relates to a vaporizer, and nore
particularly, to a vaporizer delivery systemhaving multiple
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 (CVD), atomc |ayer chem cal
vapor deposition (ALCVD) and ion inplantation processes. Description
of the Related Art 15 Chenical vapor deposition (CVD) has been
extensively used for preparation of filns and coatings in
seni conduct or waf er proce¥Y4PARIZERDELERYIAMBOEHEdeposi ti on process
in many respects, for exanple, because of its ability to provide
hi ghly conformal and high quality films, at relatively fast
processing times. Further, BYEKGROWEDOFIEYENTION coating substrates of
i rregul ar shapes including the provision of highly conformal filns
even wWth respect to deep 20 contacts and ot her openings. In
gener al , 3 C\Peld ethmiovmon | nvol ve the delivery of gaseous reactants to
the surface of a 'substrate wheie chem cal reactions take place
under tenperature and pressure conditions that are favorable to the
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reactants in a carrier gas. In liquid reactant CVD systens, the
carrier gasPP€*pically bubbled at a controlled rate through a
container of the liquid reactant so as to saturate the carrier gas
with 30 liguid.react the saturated carrier is then
transportedﬂ?%mPﬁgﬁﬁgggkﬁgggchanber. Anal ogous attenpts have been
made to deliver solid reactants to a CVD reaction chanber, 1 but
with nu | 855hi I i ' i
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whi ch t he pyesting Bigemicendugier aafey prpdegsingd CVR igpa favored deposition process in many

respects, for example, because of its ability to provide highly conformal and high quality

films, at relatively fast processing times. Further, CVD is beneficial in coating substrates of

rregular shapes including the provision of highly conformal films even with respect to deep

20 contacts and other openings.

In general, CVD techoigues 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
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 subsfrate, 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
30 liquid reactant and the saturated carrier is then transported to the reaction charaber.
Amnalogous 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, helium argon, or nitrogen. However, this procedure has
been unsuccessful in reliably and reproducibly delivering solid
precursor to the reaction chanber for a nunber of reasons. The ngjor
problenms with the technique are centered on the inability to
consistently vaporize a solid at a controlled rate such that a
reproduci ble fl ow of vaporized solid precursor can be delivered to
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20
Solid ion source matexrial is gmatly procferred  for safety reasons, however, solid
semiconductor dopants have presenfed serious technical and operating problems. For
instance, utilization of a solid precursor material in vaporizers causes extended down time ~
of the instrumentation, poor product quelity, and deposit buildup within the vaporizer.

25

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 s
exacerbated in vaporizer systems that require internal moving surfaces for revolving
30 individual vials and/or wells of source material. These imternal mechanisms introduce

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



2 material. Additionally, due to the buildup of deposits on internal
nmovi ng nechani snms, operation of these vaporizers is not efficient or
reliable. The shortcom ngs of the prior art vaporizers are
especially noticeable with solid source naterials 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

r epr oduci bl e fl ow of vaporized solid precursor can be delivered to a
downst ream deposi tion system Accordingly, there is need in the art
for a vaporizer systemthat efficiently vaporizes solid and/or
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tube to intspmghice a streamof the carrier gas for passage through the
container. 30 In another aspect, the present invention provides for a
vapor delivery systemfor vaporization and delivery of a precursor,
conpri sifng: SUMMARY OF THE INVENTION

The present invention rejates to a vaporizer system and method for vaporizing solid and
liquid chemical sources having 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 sonrce material; and
c) a carrier gas tube fo 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;

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



a) an anpoul e conprising an anpoul e bottom sidewall and renovabl e
top to form 3 an internal anpoule conpartnent; b) a gas inlet and
gas outlet communicatively connected to the anpoule; c) at |east one
contai ner positioned within the internal anpoul e conpartnent,

wherein the container conprises a container bottomand side wall to
forma 5 container cavity; and d) a plurality of vented

pr ot uberances positioned in at |east the container bottomto provide
a channel theretbrough, and wherein the vented protuberances ext end
into the container cavity. 10 As described nore' fully hereinafter,
the precursor nmymtegipnrjosle cenmwéd or |iquid source naterial.
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15  iodide, cyclooctatetraenecyclo-pentadienyltitanium, biscyclopentadienyltitaniumdiazide, and
fumgsten carbonyl.

In yet another aspect, the present invention relates to a vaporizer it that can easily be
inserted into 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 pluralify of vented protuberances positioned in each of the vertically stacked
containers and extending into each respective ocavity, wherein the vented
25 protuberances form channels for passage of a carrier gas between adjacent vertically
stacked containers; and
¢) a carrer gas tube contacting the plurality of vertically stacked containers and
extending through the cavity of each vertically stacked container.

30  Instill 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



30 In still a further aspect, the present invention provides for a
vaporizer conprising: a) an anpoul e having an anpoul e bottom and an
anpoul e sidewall to forman 4 internal conpartnent b) an anpoule top
to enclose the internal conpartnment; c¢) a gas inlet and outl et

conmmuni catively connected to the anpoule top; d) a plurality of
vertically stacked contacting containers positioned within the 5

i nternal conpartnent, wherein each contai ner conprises a container
bottomand a container sidewall to forma container cavity for

hol ding of a solid precursor material, and wherein each contai ner
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In another aspect, the present invention relates to a container comprising a plurality of
tapered protuberances having conical shaped pores which namow as the tapered
protuberances extend into the container cavity. 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, the present invention provides a method for vaporizing and delivering
a source material to a downsiream process chamber, comprising:

25 a) providing a plurality of interconnected, vettically 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;

30 ¢) applying hest to the sealable ampoule in a sufficient amount to vaporize the

source matetial therein; and



b) positioning the interconnected, vertically stacked containers
within a seal able anpoule; 30 c) applying heat to the seal able
anpoule in a sufficient anount to vaporize the source nateri al
therein; and 5 d) introducing a carrier gas into the seal abl e anpoul e
for moving the vaporized source material through the seal able
anpoul e to the process chanber. Qther aspects and features of the
invention will be nore fully apparent fromthe ensuing 5 disclosure
and appended cl ai mrs. BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 is
perspective view of a vaporizer in accordance with one enbodi nent of
the 10 presentd)iinwdmiigancarder gasriato Zhej salabld opowls dw mdving i vaparzed y of
vented protrusi i 14 i ithoned in an
anpoul e in acco(ragmn’gace{%\?\;'#!ﬁgé %&y@g&ﬁé&ﬁh{/@%@%ﬁcﬁ%@ igure 3 is a
side el evational view of a container illustrating a plurality of

cylindricaldgy E@ﬁm i gure
4is a S|dé$e é%ht|ond%&§%3§ﬁ%?ﬂa conté&ﬁg¥pﬁ@? g?#ﬁgﬁg ﬂgallty
of coni cal |dscloprgradiappgndetddites: ances of the present invention.

Figure 5 is side elevational view of a plurality of vertically
st acked contai ners of the present invention. 8ure 6is a

sinplified schematic re SEREGHONSPF THEDRABENGS er del i very system
of the 25 present invention. Figure 7 is a graph show ng results of
heating the anpoule and sensing tenperature within the container
unit as a 3§ bis rygsRecte \ﬂ%%ﬂw%uwc%ﬁ%wﬂ@we erbodiment afythe
inventi @. priséhéfnGenflod. S @ graph showing results of heating the anpoule
and sensing tenperature within 30 the container unit and

prot uberance within the anpoul e of the present invention. 6

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

positioned in an ampoule 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.

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

invention.

Figure 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 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
30 the container unit and protuberance within the ampoule of the present invention.



Figure 9 is a side elevational view of a container illustrating a
plurality of conically shaped protuberances including side vents.
Figure 10 shows an alternative enbodi nent of the present invention

5 DETAI LED DESCRI PTI ON OF THE | NVENTI ON, AND PREFERRED EMBODI MENTS
THERECF 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

achi eve needed fiowate, high tenperatures in excess of 200 C have
been used tHiguraftis aaide elevationslistvi ofa congainer ilustrating ip phiralief cqpigefiyeshaped

deconposi ti terial. 15 A vaporizer in accordance
e S L

with one e the present invention and illustrated in
Figure 1 overcones the deficiencies:of prior art vaporizers. The

vapori zet i/ Rshoni Litfibivi QL P G0 pRndiBAA S 12, Tabrlcated of

a suitabl e heat-conducting materi a such as for exanple silver
silver afloys, copper, copper alloys, alum num alum num all oys,

lead, nickel clad, stgidieGspii@aProN'ORAMEISVAREORT ceranmc

material. The anpoul e conprises a 20 bottom 14 and sidewall 16 to
forman internal conpartfRYREFFRREREMBOPBRNES THEREQY shape t hat
facilitates an even flow of carrier gas through the anpoul e, such as

the shown cylindrical shape. The preferred shape of the ul e base
i's cyl i ndriaIPrese fvenign i Hesd mdhe tipn g ce %fé?“&ﬁd%"é“’flg%gqﬁl%w only
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machi ned contai pers.. The contaj.ner ipstall ation. .requiJ t hat. t he
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t he cont ai nempdidfesdOdest HR2OOBE havoObremaskd tohictelse tHeauliindidmirge wielh ¢ag  of

t he anpoul e base. Under st andi n t.he close tolerance that is
required tdmﬁﬁéﬁ?gp ﬂ?%én %%ﬁ?gtt of the container with the

anpoul e interior wall, the installation and renoval process of the
cont ai ndt , el il EMAeAE R rd b BREH O iRl At lon sl oghBSERTTE,
gas inlet 20mirs] preeomescihd defigiensies ofprienhriomporips. Ak vappdzer dahivergsysing
communi cat i iﬁeéo}{:prises an ampoule 12, fabricated of a suitable heat-conducting material, such as for
example silver, silver alloys, copper, copper alloys, aluminum, alumimmn ailoys, lead,
nickel clad, stainless steel, graphite and/or ceramic material. The ampoule comprises a
20  bottom 14 and sidewatl 16 to form an intemal compartment,The ampoule can be any shape
that facilitates an even flow of cartier 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 fo allow only 1/1000" to 3/1000™ of an inch clearance with the
precisely machined containers. The container installation requires that the walls be
25  extremely parallel fo 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
instatlation and removal process 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



7 connected to the anpoule for introducing the carrier gas into the
anpoul e. Positioned within the internal conpartnent of the anpoule is
a plurality of vertically stacked containers 22. The stacked
containers are separable fromeach other and renovable 5 fromthe
anpoul e for easy cleaning and refilling. Positioned within the
anpoule is an internal carrier gas nenber 23 that is connected

(wel ded) to the gas inlet 20 and directs the <carrier gas to the
bottom of the internal conpartnment and bel ow the | owest container in
the vertically stacked containers. In Figure 1, the internal,
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of each protuberance, a lavge disk fiit could be added to the top tray and sealed therein by

20  pressure from 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
containers, are preferably fabricated of a non-reactive heat-conducting material, such as for

25 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
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



easy flow of gas therethrough. Preferably, the protuberances are
cylindrical or conical in 8 shape, such as shown in Figures 3 and 4.
Figure 4 shows protuberances 30 having a generally funnel-1ike
configuration with a conical shaped pore which narrows as the

t apered protuberances extend into the container cavity 27. 5 This
coni cal shaped pore provides for passage of the carrier gas fromthe
adj acent | ower container through the |arger pore opening 34 into the
container cavity (smaller pore 36) while reducing backflow of the
carrier gas into the |ower adjacent container. Inportantly,

mai nt ai ni nghape,cmd asvhywif inFigutehd oxidh t he stack of containers increases
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20  available vented stainless steel screws that allow for adjustability to optimize a process or

sublimation rate. In the alternative, the protuberances are integrally formed as part of the

=,

container bottom and allow for a maximum heat transfer to those protuberances. Preferably,
the height of each of the protuberances 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 Theight of the container sidewall thereby providing a head 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
30 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



the solid, understanding that the pore size is sufficient to retain
the solid precursor in each 30 container as shown in Figure 10.

Anot her enbodi nent relates to protuberances having sidewalls
conprising vents therein for transm ssion of carrier gas through the
solid precusor 9 for fluidizing of sane such as shown in Figure 9.
The protuberances should be of a height to provide a | eak proof
region for placenent of a sufficient quantity of source material,
whether liquid or solid, to provide the required 5 vaporized
material w thout causing | eakage into the underlying container

t hr ough t héordlpidizing of me geh g5fhawinan Figwe Uber ances. Preferably, each

pr ot uberance extends vertically fromthe bottom of the container
fromabout 0 mmto about 5 nun, and nore preferably fromabout 1.5
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t he vaporizer system The size of the vaporizer delivery system10 is

di fferent depending on the amount of the vaporized gas to be
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wth th1e52tipg@%g[gas?cﬂ%mgﬁggﬁo%d&,amlhﬁvd the source material, the

concentration of the vaporized gas and other operating conditions.

The heati ngrycape Qﬁh&%&%ﬁﬁ erPdyRthn 30 bl RGN B ATaRE MNshoii @piRd t he
a

vapori zer, a block heater_ havi'ng a shape covering the vaporizer or by
ci r cul at i oryapsrizadcges tgibg supplied to the downstream CVD apparatus or 1on implantation system .

The vaporizer generally has a size corresponding to a cylinder having an inner 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 container are enclosed in the ampoule.

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 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 methed of heating is not particularly limited as long as the
30  ‘vaporizer is heated and kept at the desired temperature accumately. It is desirable to heat the

ampoule from the sidewalls versus the boitom to reduce the chance of a lower container
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or a liquid heat nmedium The nethod of heating is not particularly
limted as |long as the 30 vaporizer is heated and kept at the desired
tenperature accurately. It is desirable to heat the anpoule fromthe
sidewal I s versus the bottomto reduce the chance of a | ower container
10 sublimng at a higher tenperature and form ng a cool er upper
container that could be the site for possible condensation which
could result in clogging. The preferred heat transfer is fromthe
sidewal | s of the anpoule to the sidewalls of the containers. The
preheating of the carrier gas may also be a requirenent depending on
t he heat i ngubletiigada highan tamiperatiretind fosing & cender mpnst cagiginer thit seuld bibihpg and
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Clearly, sublimtj.on takes..place at .a_higher.. et e
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acts as a heated sur asing the rate_of sublination,
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reduci ng pregl Rhib@ld B thdfaseb@Pid AELmSREHER theBildRfl Alerhd 8 e dihi&! 09
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t he ] )
20 sublimation. 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 flow rate of saturated carrier gas and reducing precipitation of vaporized source

materjal 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 generally from about 40 to about 300 °C.

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

30 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
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amount of the source material. The tenperature is generally from
about 40 to about 300 C. The vaporizer delivery systemof the
present invention may further conprise: lines for 30 supplying a
carrier gas and for transferring a vaporized gas that are connected
to the vaporizer; and adjusting valves and instrunents for
measurenents of pressure and 11 tenperature. Heaters may be provided
to maintain the tenperature in the gas supply lines and lines that
transfer the vaporized naterial to a downstream sem conduct or

manuf acturing process chanber. It is desirable to have the -
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formof fi l'ﬁ?e éfuglg é%{evg%éﬁ Q?th % gn@ﬂdég‘ﬁfhja&lgingg
melting the ne conp fie ting, ylng tﬁe nol ten ne
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it o introduce different source mat o]
di fferent d’&ﬁ?"&l‘&iéﬂé’m&ﬂ‘f" melien ekl sorpler 1P s sypreEtand Hise &‘?‘ﬁ%ﬁ’r s‘L‘S"rﬂ’é
v?por i zer WI | ctﬂ:ﬁdex%&d&m!ﬂkmﬂ  afsb9eik endapplisioGiR sGRFRIof ﬂﬁﬁ?nmmaf andal i ty
of vertically_ stacked containe ont.ac nt er na arrier
menber 23 PEehempesy fllgwedy ‘B‘[JP% ﬁ'ﬂ‘@gﬁﬁgﬁd BeeRs | giﬁ%gn (shown
in Figures sdurédfhatdiald &eﬂ@fbbﬁxﬁmwdn dr ddimstfeﬂtﬁ) pedeessing syseng vet present
anpoul e, and seal ed there h as an o-r | enen - ¢ Ng may
e °F abl At iy e et foue sy FE Rbot bl
mechani cal ih ths vaetielpstackidebntfgrs. screms. Nbans for heating the anpoul e

is engaged and the internal tenperature within the anpoule and

contactlng containers is increased to a tenperature sufficient to
vapori ze  The vaporizer unit 44, as shown in Figure 5, which comprises a plurality of.vertically

stacked containers contacting the internal gas carrier mermber 23 is placed in the ampoule.

20 The ampoule top lid 18 (shown in Figures 1 and 2) is positioned on the fop of the
conductive ampoule and sealed thercto, such as by an o-ring element (o—riﬁg may be
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 boltom 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, effected
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25 encl osed 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
cont ai ners above it. As such, there nay be the need to | oad nore
precursor on the bottom container and/or increase the height

di mension of the container to allow for a nore uniformsurface area
through the life of the anpoule in the process tool. 30 A solid used
as a source material is vaporized through the process of sublimation,
effected 12 by heatln? the walls of the conductjve anpoul e,

t
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heaters, radi ant heaters, heat ed encl osures, circulating flui d

heat ers, resistant he tens, . nductive heati e etc.
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Fur t her 10 t engeSg] wittutBihition, e heitgpo midantdamers tiaatsbm]emeb,wmulahng

t her nocoupl g,. 1t her m st or. ot.h apl eratd SERSi ng
unction | ot FECrarTh gtk PRFEIREE kAR ookl TS Qi e
thermal |y Wﬁtmﬁﬂhﬂ&mbaamdpmm Pyt rieatentresvithifdhedfapeingane when
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a level sefsor eterm ne amount “of solid or
liquidin tdreieuwmanm formmg B H“IfaPReObeft thesmally eapductiypcargde ap¥rcal
sensor 95)%3.%| vely connected to a reflective 20 surface on the
bottom surface of a container to provide a change in signal when the
container is near enpty or enpty. |

To determine when a container is depleted of source material, the inventors contemplate a

level sensor monitoring system to determine the amount of solid or liquid in the top tray
and/or 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.

M

Figure 6 shows a simplified vaporized delivety system 66 for supplying a carrier gas to a
vaporizer 10. A carrier gas source 64 is connected to the vaporizer 10 to provide cartier gas.
25  In alternative modes of introducing a source material, a liquid soutce material may be
introduced from Hquid 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
30  polymer, to allow for high flow velacities. Preferably, the vaporizer delivery system is

made of a thermally conductive material fhat provides for transmission of thermal energy
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1 Figure 6 shows a sinplified 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 In
alternative nodes of introducing a source material, a |iquid source
material may be introduced fromliquid source container 67. The fl ow
rates of the carrier gas may be nonitored and controlled by flow
nmeters 68 that are disposed in the carrier gas delivery line and

| ines transporting the vaporized source material to the processing
chanber 70. The gas delivery lines are preferably nade of a naterial
having a | @Wie@é?égf pidgagh e hepting pregng Y pmanypiqatiyely spongsteshto g waporizerynit| | oy
for high flygw velocities. Preferably, the vaporizer delivery system
is made of a thermally conductive material that provides for .
transm ssion of thermal energy 13 generated by at |east one beating
means 72 CofphRiuaass pﬁﬁér&ec?ﬁéﬂrf&%ﬁﬁle& QagolLativAP @ flnéih of te lchemlddy ofhe
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rate of therdintintuBen, D LAGADYONBNSEsNC b i @porRiraSRMfeed DURNO0 Wo t he

t her mal power ansferred to the yaporizer |s bhetween abqut 100 Wto
about 3000ﬁmﬁfgk8ﬁ§0?a@“gbﬂWWﬂﬂﬂ gﬁ@ﬁLFﬂﬁlﬁFﬁ Fﬁfﬁ?@??a?hm?ﬁgs
manner, theoh@abiofgd bphvabwiap mixtddesd abynall fiactbh et tratiipdowsrewhich ia smal |
fraction of the heati ower ich..s .available. Therefor the
power absor“B"élE%’ y%ﬂ%a °\P3§g\rﬂg’5"r‘€"g et 0O B YRS BRTEET &4 peiaptioat
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possi bl e tq_subst antJ.al.l nai nt ai i I.s.0t | tenperature

of the con&a&vﬁ% ! eéfalfofhr%n als!fr %a%'g%&ﬂﬁgo%dggﬁgﬁa%%,s%%?pr ecur sor

source material is preferably |oaded into the container units in a
dry box or [Was! g%éﬁ foRd ko SCHESRL W th
oxygen and %ﬁ%ﬁg&é%&@k%@t e %%&5{1 els opg%. J&%I(I:%?ri er. gas from
the gas soulkloxgu glose bontte elimientedhe yeecgon plehe/BrprRFPIEH Qrviep ant mgER™i nl et
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is transported intO the vaporizer at a pressure to provide a steady
f1 ow of carveposieer gnit atieppinlet 204t 4 eps dlay of Fem d §rrmy tp bYF WP sE5ar dfie 88TBE t he

vertical | y 5 @eksbre@Rlcdhd\Bpotizer A6 ridQursR pfdviRl 2 d@dy fidw SMEM& gaeBatupvar d

through the different levels of the vertically stacked containers,

t he 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  camier gas becomes sahwated with vaporized source material for transport out of the

f vaporizer unit at gas outlet valve 40 to the process chamber 70.

e

The advantages of the invention are more fully illusirated with reference to the following
examples,

25
Example I

The vaporizer of the present invention comprising a container unit having 5 stacked
containers within an ampoule of the present invention such as shown in Figure 1 was tested
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 block heater having a
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20 carrier gas becones saturated with vaporized source material for
transport out of the wvaporizer unit at gas outlet valve 40 to the
process chanber 70. The advantages of the invention are nore fully
illustrated with reference to the follow ng exanples. 25 Exanple |
The vaporizer of the present invention conprising a container unit
having 5 stacked containers within an anpoul e of the present

i nvention such as shown in Figure 1 was tested 30 to determ ne the
ef fectiveness of heat conductance fromthe anpoule to the containers.
The ampoul e was made of high grade stainless steel and connected to a
bl ock heat ekeaphditingground thel cishmisendei of therpgperioufes hepler Wasrcomsiad @rf’ce of
the ampoul Gueioll1%.NEALE AT £0AREGH RAMOA otk kidlibficols 808

which is a source of variab C voltage and controls the ee of
heating. Sheatingl Seyferat plothe fngividna wame%mw § ang §rposifionst “‘I“hﬁ‘

posi ti oned %,%mw&néaﬁ%@&&ﬁﬁehﬁ e/ RRRES BHlehting aﬁ@nsor s
to determne’t e evenness of ‘heating and ef fecti veness of_ heat

t r ansf erfeneBectivayess phbeatimpeerise from divempeiit thegoataingth o TheAspGe "iks

connect ed wﬁ%f CouPd of Btief sqazsmﬁ&lﬁcﬂoﬂtlﬁt@‘ﬂidchﬁpaﬂb hdt Rrobghehé@npoul e
and through t container unit at about 500 scan. shown in Figure

7, as the P@?ﬁi%qf prif At aborsS0D sesme A8 shewi in Fipyie 7. s ke @F‘Pﬁftl‘laéﬁww % he

ampoul e, t g feRtbSfiR@ba {o%@&{paﬁw R BRANAShpeRnkd RO R B ARkEmeNaas al SO
i ncreased responding to the e fectlvenes of heat coﬁguct ance. The

t enper at ur @l Tyreash Jegonding &y H‘Pé’iﬁfﬁ‘@?’%‘“’ﬁs at5’°\‘/9§?t@°%o & FSIBPRES ¢ hat

of/ the apQus& 1y B8l 1Al SHABARBEI o thCAN 3ot ligitogiveioe oS ack
of containers, Thus gl di vi dual ner,s..pr.ovi.d
o ot e

addi t i onal e¥PE frwehgeb of; contaers, | ety v al\fg’bt"bl?ﬁrsz%m‘ﬂgecur sor
mat eri al s. afdiGoralQurbict Arkaliid Is @teRIy hided talvapdrizé fredntsarmatdiialeeat from t he
anpoul e to a protuberance positioned in 15 container 5. The
tenperature is raised to 130C and heat distribution within the
anpoul e mﬂ&gufbe&a“nﬁsyatesﬂlmmhafof Bt frdnethé aonwtle ouprotaberancg positionstdin on.
oo o " S sD 1 BB eedly U FIGHERASARE ROl

a uct

pl acemen recur materl nor e r oduced
Wi t hout r efvrab ey cmﬁmtrv@empﬁlaﬂ hout ¢fe@e¢§l}at!°e~d Bedaysg ﬂ%?flﬂﬂ’%ﬂlwn@m‘ls he

i nstrument ‘provide an increased area for placement of the precursor material more product may be

produced without refilling of the ampoule thereby reducing off-time of the instrument.

20
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20 15 CLAIMS 1. A vaporizer apparatus conprising: a vessel having a
first end, a gas outlet located at the first end, a vessel wall
enclosing an interior volune, and a plurality of longitudinally
oriented el enents disposed in the interior volunme; and a solid
vapori zabl e material, wherein at |least a portion of said interior
volune is |loaded or filled with said vaporizable material to a
desired | e4elpss2. The vaporizer apparatus of claim 2, further
conprising a heating elenment in thermal comrunication with the
vessel wall. 3. The vaporizer apparatus of any one of clainms 1 or 2,

further conpri ¢ AGorfcO@parhtdd &mpRting:Ne first end, wherein the gas
inlet is communicatively coupled wth a first gas source, and the gas

outlet is connﬁl‘l’F%%{thF‘{}’ég %/ﬁré‘iftﬂﬁlaegés tleHossled eidhe fsrap sristiel vellepeleing 45

utilize theei@peiuingahd £pluiBiyer icainidMaaRRhtbd 86ndn dBpodtd inth&iniamor i zer
appar at us OLWEQ%Fone of claims 1 or 2, further conprising a gas inlet

| ocat ed at*® rst end, wherein the vessel includes an internal gas

carryi ng nmenbe sblidd@porxtilematefid, vl et Y pWtibhbi3ail ierion t@ih®k 1040ddure
and conmuni tlvel connected .to the gas .inlet. 5. The vaporizer
apparatusq@F gﬁwﬁ”%@p%?n@?ﬁ?ﬁgﬂf”ﬁ%“f%%?ﬁ¥ther conprising a gas inlet
at the first end, wherein the flrst end of the vessel is a top end

t her eof arﬁd I nci‘i\é"\glaﬁﬁl dz%f %ngfatu%fe L4 RIF aOI’lt'lpHS}nﬁ heatmg Qexfl en[t %atﬁengalalow

control valve noun reon an cbu

wher ei n t kemmhnichtihawitlathe gessél eall.gas f|OMICOHtrO| valve nmount ed t hereon
and coupled to the gas outlet. 6. The vaporizer apparatus of any one
of clainmse 1 to 5, wherein the vessel conprises at |east one

cont ai ner 3di spdbewrpaizehinnarelieolaas g of laignsflur € Herthep oumdising 2 gsenlet at the

interior vghuiewhdblg 'Eh%'gﬁ‘s ﬁﬂ*gﬁs %mmdn%ﬁelmﬁpiwm REH 22 QIRE] 216 Fhe Bas

cont ai ner bottom and sid . The "vapori zer apparatus of claim
6, wherei ﬁ“‘ﬂqﬁéCam}"é%‘t”eibﬁ‘élpl?éﬁtﬁhﬂ”f?é?ss eRyIenicadapted to ylilige dejvagorigble

vertical | ynashifiGk efosat@nners positioned within the vessel

4. The vaporizer apparatus of any one of claims 1 or 2, further comprising a gas inlet
located at the first end, wherein the vessel includes an internal gas carrying member tube
extending downwardly within the interior volume and communicatively connected to the gas

inlet.

5. The vaporizer apparatus of any one of claims 1 or 2, further comprising a gas inlet at the
first end, wherein the first end of the vessel is a top end thereof and includes a lid, wherein the lid
has an inlet gas flow control valve mounted thereon and coupled to the gas inlet, and wherein the

lid has an outlet gas flow control valve mounted thereon and coupled to the gas outlet.
6. The vaporizer apparatus of any one of claims 1 to 5, wherein the vessel comprises at least
one container disposed within the vessel and further bounding the interior volume, wherein the at

least one container comprises & container bottom and side wall.

7. The vaporizer apparatus of claim 6, wherein the at least one container comprises a

plurality of vertically stacked containers positioned within the vessel
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16 8. The vaporizer apparatus of any one of clains 6 and 7, wherein
the at | east one container conprises a thermally conductive
material, and the side wall of the at | east one container contacts a
side wall portion of the vessel. 9. The vaporizer apparatus of any
one of clains 1 to 8, wherein the plurality of |longitudinally
oriented el enents defines a plurality of gas flow passages. 10. The

vapori zer @appargtYspotber @fa’ﬁéra% &F &My ofit & ciﬁfﬁns]ﬁ 10 79wheMIR e e dshéhe VERARY
includes at |east one surface arranged to support said vaporizable

mat eri al , camarisehe thermallyeendyctiye metspg)i and dieside Pl olghs ¥ Mrg@ne st @ntacts

ext end veratsqdéa\tamf,mfug@mthaﬁss%ppport surface. 11. The vapori zer
apparatus of any one of claims 1 to 10, wherein the vaporizable

material conprises at |east one of boron (B), phosphorous (P),
copper (Cu, gaﬂhlaivtmléeﬁai)paraafssmiy@n&dﬁ)almsitﬂ@i Wherdih th plugdliti gfony ( Sb) ,

decabor ane um te I o i d Cl4 zi rconi um
tetrachl or ?'&ét“‘?%}’é)fﬁ?nte e %"h? ol g ‘téfBF%ai(slraf Qsago? ‘metal organic

(3-di ketonate conplex, cycl opent adi enyI cycl ohept atrienyl titanium

(CpTi ChT),,al um, num t.ri chl ori AlC nium. jodid

Cyel ooat ALGT r AaE G BRRERDP LY TR O( LT By 79 ol s

bi s( cycl opeateticeamphgdditd upparsadivagirideble ranelial, undjdt ploratgrof nyiludinally

(W(COY) one of clainms 1 to 5,
oridfled e Qﬁen}éae%ﬁd &ﬁ{calgpf%lﬁ glfplp?{t/ %@X

wherein the vesse rnses surfaces di sposed at
different |evels mnthln t he vessel 13. The vaporizer apparatus of

any one OfllcI a'T'ﬂ@ v;pOEQerJag%aram%gﬁ)no&em? CM lelo lfOu{;vqu&ﬁ thec\gg&{zhlﬁg afRHf

or nore filters or fri revent sol teria he® secon g{g
f rom bei ngomesieseR] least ﬁrredrﬁbpf@é @b@b@lﬁhorqxg (P)Th@pvra(ﬁéi galﬁplar(ﬁﬁhsrsmc

one of cl qhdiEn I(Int) Oarﬂbt%‘lonw'{%)mdébagé}ﬁwvﬁﬁﬁﬁ M‘Q‘llullmh@§acﬁﬁriﬁé1 t(l@fdh?r zzrc‘ﬂﬁ{n&]
surface cont acte | east gas and t he second

gas. 15. Teeckielsr (%6}4) alypEma frirglogde éthné Walc EERRIR ﬁdtketoqaaﬂ complex,
wherein t Q?ci%(ﬁﬁ%&lenﬂ‘@%loh@ﬂﬁﬁédy? ﬁémuﬁrt(lﬁi(lbﬁfﬁaium%Hpgl@ﬁlxn&f(Aﬁ(ﬂ?ot}tamum

vessel . 16 he vapor™ delivery vessel one of clains
wher ei n t AgdidfaporTbbl e S6RPEECTRER er jCAfloRBRPFMEes H2BHM d rﬁ@t"@fqpﬁl)

havi ng anwispfycidpdnBareyl)iinseOhiAdeURd Sungadictaahfl (Wwytal g form 17

12. The vaporizer apparatus of any one of claims 1 to 5, wherein the vessel comprises a

plurality of surfaces disposed at different levels within the vessel.
13. The vaporizer apparatus of any one of claims 1 to 12, wherein the vessel further
comprises one or more filters or frits to prevent solid material in the second gas from being

expelled from the vessel.

14. The vapor apparatus of any one of claims 1 to 13, wherein the vessel wall hag an interior

wall surface contacted by at least one of the first gas and the second gas.

15. The vaporizer apparatus of any one of claims 1 to 14, wherein the vessel wall comprises

an external boundary of the vessel.

16. The vapor delivery vessel of any one of claims 1 to 15, wherein the vaporizable source

material comprises a solid material having any of a loose, discontinuous, and particulate form.
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17. The vapor delivery vessel of any one of clains | to 15, wherein
t he vaporizable source material conprises a filmdeposited on at
| east one surface within the vessel. 18. The vapor delivery vessel of
any one of claims 1 to 15, wherein the vaporizable source material
is processed by dissolving a solid source material in a solvent, and
removing said solvent to yield a netal conplex constituting said
vapori zabl e source material disposed within the at |least a portion
of said interior volune of the vessel. 19. A nethod utilizing a
vapori zer Hppar@€(arce deiyeny $e5a¢) ohanyeaseliclaay i i9d Saviferaisthe éﬁ@ar,lzagleg%ce
outl et | ocadi&ih 8mpida affiih Abpositd on 8t IVRSHEkurnRd vitGRHle@skdg an interior
volume, and a plurality of longitudinally oriented heat transfer
el enents disposed in the interior volunme, wherein at |least a portion
of said inseri omevelodB@iverS vk deshy@he bficlaifdll 10115 NwikresOthé Gip6@AbRsIrAY
vapori zable material t , esireg | evel , the method conpri.sing:
heating t H’éat%’i‘LB Pf%ﬁed%@&m WDE ¢ 178f SBYFC TSR 2 SIEHE A eBPVipgeid solvent
t hr ough t he yi¢risaadtal wahplet @nstinidg plidivapbiidayle odurdean@irialdlipoal wyth@anhenied
heat transfer.elfne IF.to va o?hze aH | east a portion of the
vapor i zabl’@HERE Vé‘nﬁF%BEQggo “YH& i nterior volune. 20. The nethod
of claim19, wherein the vessel includes a gas inlet |located at the
first end, 4 the o r . rising. s Lying.a.first s to
the vessel ™ hr qube tn gk b ae? MBalsih SRR (00 nluta { 5 A8 b
conpri si ngutletperaied atdhafestend, alvesstl mall ghrlashig ag axerioutdhgne, ar@ila phirklgy ofet hod
of claim : . ISl i :
i ter el S AR SR OrTRL AhiT clon i Bthck e SEFRAR: Al MR Bt
to or throggienehwidjaisriesypuae isdoadedrereiliad whibel sadid-camyinion vapgfizableaagrsialitg a
to 21, fquggahggmmghé%ggaﬂ&ﬁgggting the first gas prior to delivery
to the vessel. 23. The nethod of any one of clains 19 to 22, further
conpri si ng moniEHINE Hi§ Vaporiasrimpeate eTebprrugpg anster of hapyhrprsh thegmsseifvallie
vessel , WhRS @idlith bEloRERkihAG-3e@Bd het SRS R td Ppbdle alBR| & RirdidAD S the
step. 24. The, net hod of any one of clainms 19 to 25, wherein the
vapor i zabl"&P%&t ?Wﬁ?“§8ﬁ$¥%§8§wéﬁﬂﬁﬁfﬁwn%onplex, the method further
conprising dissolving a solid source material in a solvent, and 18
eVt N0, S8 3k peba bt T SRl el nGOIRL B IGLEL D SO 15"
the method further comprising supplying a first gas to the vessel through the gas inlet, and

delivering a second gas comprising vaporized material through the gas outlet.

21. The method of claim 20, further comprising flowing the second gas through a filter

element adapted to filter vaporized source material delivered to or through the gas outlet

22. The method of any one of claims 19 to 21, further comprising preheating the first gas

prior to delivery (o the vessel.
23. The method of any one of claims 19 to 22, further comprising monitoring a temperature
on or within any portion of the vessel, wherein the heating step is responsive to the monitoring

step.

24, The method of any one of claims 19 to 23, wherein the vaporizable material comprises a

metal complex, the method further comprising dissolving a solid source material in a solvent, and
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within the interior volune. 25. The nethod of any one of clainms 19 to
23, wherein the vaporizable material conprises a netal conpl ex,
processed by dissolving a solid source material in a solvent, and
renoving said solvent to yield said netal conplex, wherein said
metal conplex is disposed within the interior volune. 26. The net hod
of any one of clainms 19 to 25, further conprising supplying vaporized

mat eri al raﬁ&}ﬁ%afdtgglvgﬁﬁ) 4G ;l:aﬁ; métﬁ c%ﬂ@}? IVJhIBIQﬂ sih g%ﬁ?c%rr%g:'ﬂ HSQ?%Bged

adapted to deposit the vaporized materi’al on a desire

The net hodvithn tapiptespvodimee| ai ms 19 to 25, further conpri sing
contacting a sem conductor substrate with the vaporized material to
forma filmon the sem conductor substrate. 28. The nethod of claim

27, further corpf MEAGOFPBer PSR Feheshdisetrarizanyatieial gomprises a
conpr i si NGndtdlGorhybléxYprloBeséedbiiiisoReH C0RdIHaER nateAf in  BveNBAAAGE Sfingak

one of clainms 19t erein the vaporizabl erial conprises at
Ceast one BB aef met\gir}a@yﬁw&a@m@? me b&ﬁ@?&xcﬂﬁpwe@aﬂ i b fpiesyr,
arseni ¢ (Ashmei ndium (In), antinony (Sb), decaborane (B10H14),

haf niumtetrachloride (Hf Cl4), zirconiumtetrachloride (ZrCl4),

indiumtrichloride (InC3), a netal organic (3-di ketonate conpl ex,
cycl opent adi enyhe meticd atheporatof bleims 119 td ZSafn'rthmc@ﬁ]ﬁEir@hﬂ'ﬁpiyl@ uapdrmadm

trichloriq%u I ' ' ' | ctate
cycl opent & Ie&ﬁy %’]ﬁgél‘{tht% aE %{.qzek'@od[e}jo(s&sx q.rﬁ)gess eq¥1 pment ALY te%QO Eepom} hé%: vaponzed
bi s( cycl opaferialdinarigéideti strémné.um di azi de, and tungsten carbonyl
(W(COvy). 19

27. The method of any one of claims 19 to 25, further comprising contacting a semiconductor

substrate with the vaporized material to form a film on the semiconductor substrate.

28. The method of claim 27, further comprising processing the semiconductor substrate

comprising the film to form a semiconductor.

29. The method of any one of claims 19 to 28, wherein the vaporizable material comprises at
least one of boron (B), phosphorous (P), copper (Cu), gallium (Ga), arsenic (As), indium (In},
antimony (Sb), decaborane (B,oH)s), hafnium tetrachloride (HfCl,), zirconium tetrachloride
(ZrCly), indium trichloride (InCl;), a metal organic B-diketonate complex, cyclopentadienyl
cycloheptatrienyl titanium (CpTiChT), aluminum trichloride (AlCls), titanium iodide (TilL),
cyclooctatetraene cyclopentadienyl titanium ((Cot)(Cp)Ti), bis{cyclopentadienyl)titanium
diazide, and tungsten carbonyl (W,(CO),).
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