WO 2005/ 118119 PCTI US2005/ 019138 METHOD AND APPARATUS TO HELP PROMOTE
CONTACT OF GAS W TH VAPORI ZED MATERI AL CROSS- REFERENCE TO RELATED
APPLI CATI OMvd bdos/1y3aicent application is a continuation-ipepasdoniioldsS.
Application No. 10/201,518, filed on July 23, 2002 and entitled
VAPORI ZER DELI VERY AMPOULE. U.S. Application No. 10/201,518 is

i ncorporated herein by reference. TECHNI CAL FI ELD One or nore

enbodi nents described in this patent application relate to the field

of vapori zerg; W i ] , to
deliver material in a @%%&ﬁ%&?gﬁw
sem conduct or pr ocessi(ﬁg im . , chem cal

vapor deposition (CVD) equiprment to forma filmover a workpiece or
an ion inplanter to accelerate ions toward a workpiece for injection
into the workpi ece. CROSPRBFERENCEJIQ RELATERARPIICAZTIONer s vapor
frommaterial in aliquid state to a process chanber by heating the
| i qui d mat erThad patent ap]gimf&m in e contitnation-meaut of bigS. A ppéicationNay 46/201,5 88, filed
controlled rate into the liquid material near the bottom of the

cont ai ner Julyl2i 260 andentities VARORIDER DA SVER HANROTALEN U.B. Apgiizatidrl 960
the liquid material as the carrier gas bubbles to the top of the

cont ai nBY201J318 isiaterpedated herid befef@arel S t hen transported to the
process chanber. -1 WO 2005/118119 PCT/ US2005/019138 Vapor from
material in a solid state nay be delivered to a process chanber by
heating the material to its sublimation tenperature and directing the

flow of a carrier gas past the hgapRgcaiaierpal .

One or more embodiments described in this patent application relate to the field of

vaporizers.

BACKGROUND

A vaporizer may be used, for example, to deliver material in a carrier gas to a process
chamber of semiconductor processing equipment such as, for example, chemical vapor
deposition (CVD) equipment to form a film over a workpiece or an ion implanter to accelerate
ions toward a workpiece for injection into the workpiece.

One vaporizer called a bubbler delivers vapor from material in a liquid state to a process
chamber by heating the liquid material in a container and introducing a carrier gas at a controlled
rate into the liquid material near the bottom of the container. The carrier gas then becomes
saturated with vapor from the liquid material as the carrier gas bubbles to the top of the

container. The saturated carrier gas is then transported to the process chamber.
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SUMVARY At | east one disclosed apparatus conprises a container and
structure to help support material in the container with an

i ncreased expmegdssurf ace area to hel p pronote contact giyés20@0ios t h
vapori zed material. The structure for at |east one disclosed

apparatus may help support material for vaporization in the sane
formas when the material is placed at the structure. , At |east one

di scl osed apjpaf fbiasnaendllin 5 eslidsteombpbadslivared te1 processckarhteer bg hpating the
support material in the container with an increased exposed surface

ar ea t pafghiRo RE APKLRLER Rindekanat afd dissetinght Mowaiialchiie gisaey theheatedr
delivery to atom c | ayer deposition (ALD) process equipnent. At |east

one di ﬁﬁ%eﬁél?d apparatus conprises a container and structure to help
support liquid material in the container with an increased exposed

surface area to help pronote contgghmghry? 9as w th vaporized liquid
material. At |east one disclosed apparatus conprises a container and

one or nor eA{lEJasg eLs (%1& Halg aaﬁr- tﬂseco%p%g&%o&kgﬁ{e& mﬁl&ﬁ:&:@ﬁ'}ﬁﬁgﬁgﬁ t o

material in"tne contai ner an rncreased expos surfa

At | obnienman i oRneD iy sl Rntbd B s sFEAT BB prortOn SRR of P
Cuppor it sfBzet hernl et gor e oms inEosr HRERGR ey B s
ppar afaSria0A FPSBETS EAFHE Tk Y68 ST AL B AR e 1 e

a support- surface to help support material in the container with an

i ncreased ehpleastane digelpsed @pparatys SENINISESA SANKAIRST @nd HHICHI todielRSUgRY wi t h
vaporized nmaterial. A holder for at |east one -2 WO 2005/118119

PCT/ USE@BSARJ13@ntaities with e dncugased exposed sasfacs avee to Relp promese eonizst pEa gtd
one or nore passageways within one or nore walls to allow gas to

f1 ow t kithuogporizhémateridefor délivehyetastontin tayel depbsidau( AdgNaretessequippmt-ses a
contai ner and one or nore holders that

At least one disclosed apparatus comprises a container and structure to help support
liquid material in the container with an increased exposed surface area to help promote contact of
a gas with vaporized liquid material.

At least one disclosed apparatus comprises a container and one or more holders that
define a support surface to help support material in the container with an increased exposed
surface area to help promote contact of a gas with vaporized m.aterial. A holder for at least one
disclosed apparatus may have one or more sidewalls along at least a portion of a perimeter of an
opening through the support surface of the holder to help define a passageway through which gas
may flow through the holder.

At least one disclosed apparatus comprises a container and one or more holders that

define a support surface to help support material in the container with an increased exposed

surface area to help promote contact of a gas with vaporized material. A holder for at least one
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define a support surface to help support material in the container
wi th an increased exposed surface area to help pronote contact of a

gas W th vemowohzadiaterial. A holder for at |east one p@ElySGIRSHAss
apparatus may define a support surface at |east a portion of which is

over at least partially perneable material through which gas may
flow. At |east one disclosed nmethod conprises heating a container to

hel p vagigoldsedappatatus may have ohdier oRIwI1E @d orleftr Fd/FdsBbedas Willif ohd\G
contai ner, and delivering gas resulting fromcontact of " introduced

gas W tmoreaytls iozallbwigis € 1w through 16 BSldercqui pnent . The cont ai ner for
at | east one disclosed nethod may have structure to hel p support

material in Athescoiptddcnied xﬁﬂaﬂnﬁfboh@ﬁéﬁ%sﬁgin%ﬁ%ﬁg o?h&%){]eg{-‘ogqe?s{] i '

hel p pronote contact of a gas with vaporized materi al

for aladiaas buso stihehORaY soRatueY |G BotdtROGith BRGRLRH cfificq

vaporization in the sane formas when the material 1s place

st r uct WoSaceRlrea t8 At vP&Eotd! d rises.heati a
cont ai ner to hel p %fgor?zgéﬁn%%%??lggi i r@%ﬁ@@%@%}%ﬁ%‘ﬁF%&b{?ﬁ%gﬂe
[ ' ' [ | ti f tact of
ot r oaie S B L s Ko NBpER of B2 p aitBn oL pllchGE pi ot o
proces I iy . perform.ng an atqm c | ayer deposition process
usi ng ﬁﬁﬁtﬁggﬁl vetralélgﬁgag?aﬁ)%%ug@(}m‘%l%fmy Wat | east one disclosed
met hod ma e structure to.help s ort material in the container
wthoan ) oot e Rl enrs eurrib Eipetins meaninsrsp belp vapsrvacaEl n
gas W th vaporized material. -3 WO 2005/118119 PCTI US2005/ 019138
BRI EF é"sﬁ&?aﬁiﬁfd\? dECmgEDRbReEERe, 1 deliveringrass tisniting &ony eontact of
iIIustéatedﬁ%y vvaé(#lof exarrplqﬁplahnd not limtation in the figures of
t he acdBFRSMPRA 83§ WithyAperiped m foqhodessasuipafest. chteaoniaingt foatntlesdt ohd ar
elements and in which: Figure 1 illustrates, for one or nore
enbodi fisslosed methodmayrhansi stryctarada helpisagportrhateridh @l ths comainsmyieh apntREded
of a gas with vaporized material;
exposed surface area to help promote contact of a gas with vaporized material. The structure for
at least one disclosed method may help support material for vaporization in the same form as

when the material is placed at the structure.

At least one disclosed method comprises heating a container to help vaporize material in
the container, introducing gas into the container, delivering gas resulting from contact of
introduced gas with vaporized material to atomic layer deposition process equipment, and
performing an atomic layer deposition process using the delivered gas. The container for at least
one disclosed method may have structure to help support material in the container with an

increased exposed surface area to help promote contact of a gas with vaporized material.
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Figure 2 illustrates, for one or nore enbodinents, a flow diagramfor
gas delivery in the systemof Figure 1; Figure 3 illustrates, for
one exanpl ¢wewbodsi@nt, a perspective, br oken vi ew of pCTYONRNslEA5s
cont ai ner having holders to help pronote contact of a gas wth vapor
frommaterial supported by the holders; Figure 4 illustrates, for
one exanpl e enbodi ment, a .perspective V|em10f a hol der; Figure 5

illustrates, for one ewF@mtopmmmgl onal view of a
hol der positioned over another holder; Figure 6 illustrates, for

anot her exanmpi®r fisROdthbiIMentar SMARGE Bﬁ;ﬁ{a emlaﬂ%%ulnewuaﬁa&n iheder
posi ti oned over another hol der; Figure ¥Iustrates for anot her

exanpl el Q| lHE%@Eomp%n?ﬁ% ﬁpﬁﬁﬁgsvﬁl wﬁ?ﬁ’%%#re\ﬁbé"iﬁtﬂ&a@s@% Q@ﬁle s and in
posi ti oned over another holder; Figure 8 illustrates anot

exanpl gugppodi nent, a perspectlve view of a hol der; and Flgure 9
illustrates, for one or nore enbodi nents, a systen1using t he

S L ot B S S e

enbodi W St oot ? n110%éth%t vers a desired gas froma

vapor i é? %6 Rio 8 gy ﬁﬂ’ﬁ E >coupl ed to vaporizer 110.
Vapori zer ri zes .materi al ives a.gas,.froma gas sourc
130 coupl ed f%’“i/gﬂﬁ‘ﬁ'i’%%ﬁa 157 R6S Obiare fORpaaA § 08 A S aRs e ED I
120 gas result from contact of the received gas with vaporized

mat er i apste 8 110 supports material to be vaporized to help

i ncrease exposed_surface area of materjial to be vaporized to help
pronot e contFigure dillugiaies; frang sxamaple empedimeniparspsefivenbiokemyiewpf a

hel ping to promote contact of the received gas with vaporized
mat er i aiaponzgpenntaiegr havipg holders to help promote contact of a gas with vapor from material

supported by the holders;

Figure 4 illustrates, for one example embodiment, a perspective view of a hoider;

Figure 5 illustrates, for one example embod{ment, a cross-sectional view of a holder
positioned over another holder;

Figure 6 illustrates, for another example embodiment, a perspective, exploded view of a
holder positioned over another holder;

Figure 7 illustrates, for another example embodiment, a perspective, exploded vi.ew ofa
holder positioned over another holder;

Figure 8 illustrates, for another example embodiment, a perspective view of a holder; and

Figure 9 illustrates, for one or more embodiments, a system using the vaporizer container

of Figure 3.



for one or nore enbodiments nmay be used to help deliver the resulting
gas to process equipnment 120 at relatively higher flow rates.

Vapori zer #H$bh9iispwe or nore enbodi nents may be used tg-@gdhsRNo1ds
desired gas to process equipnment 120 in accordance with a flow

di agram 200 of Figure 2. For block 202 of Figure 2, material to be
vaporized is supported in a container of vaporizer 110 to help

i ncrease exposed surface arepafABbOESURIPOINE vapori zed. Vapori zer
110 may be used to vaporize any suitable material in any suitable one

or more ﬁgﬁﬁ ﬁ'ilqgtfbrtes' fbr BRY orStHbrk 3RIbEdiRRAts O syBlemel 0D AR d¥ B eliveia desired
mat eri al vaporized for one or nore enbodinents may depend at

| east 'ﬁgsdﬁ%ta’v a'fzelefﬂfmlp?occ&rbq%%ﬁmeﬂlr %% 184 to géiﬁ’éel' 910, U Pagdfizer 110

per f or process equi pment 0 Vapor er for one or nore

T g TR R 1 B A B

state. e or ts maybe use

225 v A g B AAR  he ?é;;f?ﬁém Vil
0 YR i i

10-2 Torr to approxi nat 03 Ton. -5 2005/118119

PCTI usznéeamm vaws§ ; PE‘?G‘°FF5F;9“%&‘V‘\§§1&'G‘E%" &aw%apwﬁd material.
exanpl e, suitable material conprisj borgon (B), hor oys
(P), copper \ﬁq@ay)mggta PFOTEgF centget ofths &?Pweg s@)wﬂhrt?ﬂ’%%ﬁddmfﬁfﬁi)vap??ﬁﬂ 4
(In), antinmony (Sb), lanthanum (La), tantalum (Ta), iridium(Ir),
decabo rfalrmle(OBmFﬂ&h)lbodhaﬂm wey be userd 4e help delier @HF@PK‘PE £9% foqueResTRquipment
tetrachloride (Zrcd4), indiumtrichloride (1nCl3), a netal organic -
(3-di kdﬂﬁaanehticdybi@m; flaw cdtespent adi enyl cycl oheptatrienyl titanium
(CpTi ChT), alum num trichloride (AICL3), titaniumiodide (Ti,ly),
cycl ooct at etvaperiwer &Y fop prnbdradoerpibodiiteats maybe (1§€doto e Dy Bidpsired gas to

bi s(cycl opent adi enyl ) titani um di azi de, tungsten carbonyl (W(COYy),

bi s ( cy glregeeydqambntny 1 20 intabeindnoe (vith b floRULi&gRiR P00 afiFifgare 2 ut heni um

trichloride (RuCl3). Vapori zer

For block 202 of Figure 2, material to be vaporized is supported in a container of
vaporizer 110 to help increase exposed surface area of material to be vaporized.

Vaporizer 110 may be used to vaporize any suitable material in any suitable one or more
states and/or in any suitable one or more forms. The material to be vaporized for one or more
embodiments may depend at least in part, for example, on the process or operation to be
performed by process equipment 120.

Vaporizer 110 for one or more embodiments may be used to vaporize any suitable
material in a solid state. Vaporizer 110 for one or more embodiments may be used to vaporize,
for example, any suitable solid material characterized by a sublimation temperature in the range

of, for example, approximately 20 degrees Celsius to approximately 300 degrees Celsius and a

vapor pressure in the range of, for example, approximately 10”2 Torr to approximately 10° Torr.
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110 may be used to vaporize any suitable solid material in any
suitable formsuch as, for exanple, a powder, aggl onerated

particl es, wanmoiisi@r e crystalline bodies, and/or a fil gar/éds200s/019138
crystalline body may have any suitable size and shape, such as a
tablet, brick, or puck shape for exanple. Vaporizer 110 for one or
nore enbodi nents may be used to vaporize any suitable material in a
| i qui d ¥aparieer VA pwyibzasedito Yaparizefor exsenple, anysitable pateriabeongprizinglberonany
suitable material conprising

t ert i ar@amphbipiorbos (F)s ¢apipeeiCuy,| galtiudo(Gaj ratsahic (A )T aitiaiuay (Ru)cindiakd @n),
(diethylam do)titani um ( TDEAT), tetrakis-(dinmethylam do)titani um

( TDVAT) antimeny ¢8t),Janthammt (L), tanalaat e, pidion (BB Moranea & hafnium

pent aet hoxi de (TAETO), and bis(ethyl cycl opentadi enyl)ruthenium (I1)
( Ru( Et Gpiradhlori¥e (108012 ircbifind tofracBifide (Zi0W), SndiO QS SRE (BrCTRYa Retalsi8shic
to heat any suitable material in a solid state to a liquid state

prior tM{ik¥dRaé tehmex, @loﬁaﬁzﬁiﬁéﬁi czygmgﬁé}ﬁﬂléﬁﬂ t%%l%:ﬁ n@pél??lal‘frpﬁﬁgﬁur% Vo

enbodi ments nay be used to vapori ny suita
I AR il e
sui ]'Eabl . oégﬁﬁ);[i[l?élr%syﬁbgwg%fﬂy@gT AFds ﬁ’(“é“ﬁ%f’%t?’ﬁﬁf?&@iﬂ@x posed
posi ¢ 1 GHRHOCRAGAIFSHRPBEm D HlCaR eGP RO i) eparset

manner . he structure for one or. nore enbodi nrents may hel support
1'5 %ﬁéls 0 ; > Y p pp

mat eri di1VRY {VAP9TEZe 2y syitabls spid maisgal 1p appsigble formsush gs.der of

the material relative to a maximum exposed surface area the materi al
coul d HE¥8Ps2 pevederagelomeraiestnagicless ongtes arore enyetallige bedies, ard/orpHigim. A
structure for one or nore enbodi ments may hel p support any suitable
mat er i &rystadline bpgdp orayhave aty suitalitsizeandshins; snches atebiet ttiriekatpack stapé for
pl aced at the structure. In this manner,

example.

Vaporizer 110 for one or more embodiments may be used to vaporize any suitable
material in a liquid state. Vaporizer 110 may be used to vaporize, for example, any suitable
material comprising tertiaryamylimidotris(dimethylamido)tantalum (Taimata), tetrakis-
(diethylamido)titanium (TDEAT), tetrakis-(dimethylamido)titanitim (TDMAT), pentakis
dimethyl-amidotantalum (PDMAT), tantalum pentaethoxide (TAETO), and
bis(ethylcyclopentadienyl)ruthenium (II) (Ru(EtCp),). Vaporizer 110 for one or more
embodiments may be used to heat any suitable material in a solid state to a liquid state prior to
vaporizing the material.

Vaporizer 110 for or more embodiments may be used to vaporize any suitable material

having two or more distinct substances in any suitable state and/or form.



material to be vaporized for one or nore enbodi nents may be manual |y
or automatically placed at the structure and vaporized w thout
further prepaneddieneor conditioning of such material. Asgr/@BRsn019138
exanple, any suitable liquid material nmay be placed at the structure
and vaporized while still in liquid form As another exanple, any
suitable solid material in any suitable form such as a powder,

aggl oner at evlagsizér 10088ay RAPrEE adRitalle SRR EfotRipuppsre materiakts beor
exanpl e, may be pl aceg at the structure and vaporized while still in

that  sguRyba iflany BGtablel ddfifattefin MY sGIGBIcOhariier 18 HeIplifcesse Rk gosedyurthes aree
I n any suitable manner one or nore material support surfaces to help

suppor %ﬂ@hﬁ{e&ﬁi THE s }rﬁ&u&%iﬂ&?e'ﬁnm bBsi@dhel RERR SEPledEn ARG AtaBler T ace

ar ea. e structure one “or nore enbodi ments may define in any

sui tabl, oShtaifld I ly Q10 ndiRE:® ggah?&duﬁk fo?%ﬂ@@fﬁmol%‘éh{b%ﬁﬁﬁenks'}n%fhélﬁ‘&ﬁf)bf@r

reglon alner 1n a tion to a bottom surface of

Iem)g (rj: QH%W& H%:e %)&aﬁrne? to é?é\ﬂicf%ﬁ.f x}&%d%rﬂég Taﬂ:%?f {l\%rmﬁ%l ?Jlatm rt@a

ne I n regron o e contal ner one or

e 2 megip e opApaE oo 1 St vl S e f e sP Flaftte 7"

the container. The structure for one or nore enbodi nents may define a
pl ur al SEYFUEE. - 7 WD 2005/ 118119 PCT/ US2005/ 019138 mat eri al support
surfaces at dlfferent | evel s in the contai The strucﬂgre for

o more erBURATHER R RS RIPPHSETBREMSPIS T e B UBPOT SV Metefik 9 o
that span different levels in the container. The struct ur e.for one
or nor dapnrBdiNin thesameforets wWhendhemateriphls plagediab te AtTuctisy 4p this WA es
of any suitabl e shape or contour. The structure for _one or nore
enbodi metsris] webp vapkrized foreome opmoremebogisnratsanaybesnanvally Aatuematicaly plaend;
surfaces. The structure for one or nore enbodinents may conprise an
i Nt egr at thbemyehire ankbvapoeizahwitioout frother prepasationlor sorpitinningsafrshelvmaterialTiie
structure for one or nore enbodi ments may conprise a plurality of
bodi es oh@exalpls) anpistable liqaidrmateridl etay dk phoghartie smcfusrcasl vaponized whilostill
nore enbodi nents where material to be vaporized is in a liquid state
Or 1N & liquid form. As another example, any suitable solid material in any suitable form, such as a
powder, agglomerated particles, and/or one or more crystalline bodies for example, may be
placed at the structure and vaporized while still in that same form.

The structure for one or more embodiments may define in any suitable manner one or
more material support surfaces to help support material in the container with an increased
exposed surface area. The structure for one or more embodiments may define in any suitable
manner one or more material support surfaces in an interior region of the container in addition to
a bottom surface of the interior region of the container. The structure for one or more
embodiments may define in an interior region of the container one or more material support

surfaces having a total surface area greater than a surface area of a bottom surface of the interior

region of the container. The structure for one or more embodiments may define a plurality of
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solid state in the formof, for exanple, a powder, aggl onerated
particles, and/or one or nore crystalline bodies, the structure may
hel p suppowio aoshiepbi onal |y hel p contain such materi al wvigs200m89108
nore material support surfaces in any suitable manner. For one or
nore enbodi nents where nmaterial to be vaporized is in a solid state
in the formof a film the material may be forned in any suitable
manner Biteral gurporsurfanes ardifferentlevelsinghe containet.aThesstrubture fonenoer moree
enbodi ments where nmaterial to be vaporized has two or nore distinct
subst amemawdindnts nay defing oae of mpreonmertl suppoe senfdvecihatesptus diffeyent fevels iathé v
hel p support different substances of the material over different

mat er i alonkinepdFlie simctiecis oncldrancrt embiddiments atay defnecone 59 hor€marelhleppost
may hel p support any suitable material over one or nore nateri al
suppor tsusfices af &y uitably slidE oz edrit@d, The SRS ohdbr @S eMBBHinieRR may
material is placed over such material support surface(s). In this

nanner , defiié 61d ¢tlmdre ghRrAlBRQ4raZ RRtekiar sufpit Rk facd¥D The SRRAGE 18 UnS o B¥reb e
manual |y or automatically placed over one or nore material support

sur f ac esmidARnnBRALY dRthritk b Rikgril ol RS deBhE PR Riidd gﬁferﬁpziﬁ?. %ﬂt %ggae%é()f

such material. As ‘one exanple, any suitable liquid mater

pl aced ek ARG BF orfddr ﬁid?@&rﬁﬁ&dgﬁel\?t\ﬁ ?192 E&é?ﬁgefaﬁ)ﬁﬁﬁllitagyf ﬁ&%g%%eﬁs&@&é%r

PCTI US2005/ 019138 and vapori z
anot her le solid material in any suitable form
m¥ AR s SUHB0

such as a po glomerated particles, and/or one or nore
crystallinegodies for ex le. .ma e.placed over,.one or .nore .
mat eri al sugléa?lfe R ot 0%%11@%6?}9%81%%8&3&???@ 15 Q%@T&@tﬁﬁéma
form The,structure for _one or nore enbodi nents may define in any
Sui t abl SO Al dR thefomm ok for gxamples 3 pAYdsT agelpmerated particles,Amdfor ops prapere
over an su]ig';qabglpe at least partially pernmeable material to help
suppor tTYA! g Jhe,grushpe pay Selpvimpnog aad oplignally help gprtais sackymaterial over
flow through the material support surface. By also exposing surface
ar ea ofongRf BPTeiNateidal SuppesiFyFfacesdn anit witgie maencor Formne or mareembgdiments

support surfaces, vaporizer 110 may hel p i ncrease exposed surface
ar ea ofwhesematgrialitp h¢ vaporized is in a solid state in the form of a film, the material may be

formed in any suitable manner over one or more material support surfaces. For one or more
embodiments where material to be vaporized has two or more distinct substances, the structure
for one or more embodiments may optionally help support different substances of the material
over different material support surfaces.

The structure for one or more embodiments may help support any suitable material over
one or more material support surfaces for vaporization in the same form as when the material is
placed over such material support surface(s). In this manner, material to be vaporized for one or
more embodiments may be manually or automatically placed over one or more material support
surfaces and vaporized without further preparation or conditioning of such material. As one

example, any suitable liquid material may be placed over one or more material support surfaces



to be vaporized. The structure for one or nore enbodi ments nmay define
in any suitable manner one or nore passages that turn, curve, and/or
wi nd in anwgosighd/ARl16 manner in the container. Such st rgielstheshiss
then hel p support material to be vaporized in one or nore passages to
hel p i ncrease exposed surface area of the material. The structure
may define one or nore passages of any suitable size and shape. The

Str uct ypevdpBfizddNehiRistillPh Bq@ARQH. mm@%aﬁg@ﬁl)ﬁﬁlt%lé BOIRI rthéteridl & arye
a passage. The structure ? one or nore odi nents may conprise a

seri es s %1% %gch 35U deR) agﬁf)fn@ﬁtea Qﬁﬁfe@%d/o;rbﬁe srirhote bHsRIne bodiee

or nore e di ments nmay conpffse an |nt egral body defini'ng one or
nore p prefeyall dige
a plur 2%%?%@% B SR ot B R R oA IR SR TRl RS

or nore &nbodle nts where materi al to be vaporlzed isinaliquid
state SFIAFARCIULi G state in the formof, for exanple, a powder ,

aggl onerate rtic and/or. o st a I| od
mat eri al ?hggmﬁh’ﬁ? g’(‘i Opg O P et Bgﬂeflgﬁnagfdeﬁﬂ 2 P%'I %ﬂngg%tééag
one or rrpre enbodi pents where materi al rized ig in a oI|d
state PATCRETH BIFnkSUBPYTt FyFface AU 6 Dbl efoas B @"Waﬁg%e%f@si@%s
material may be formed in any suj Ie manner, to an
t hi ckn&slp sapPrRoFignaterial éo ke Vaé’"ﬁé"’rdt Wlai? 1gwing supahle 835dp ?ﬁOHrtlﬁwas*P @lﬂ&?at%ﬁb
or nore passages. For one or nore enbodi ments where material to be
vapor i sepporsyriease Byralseposing suriaes area,pianaiprad {0 be yapodzed thioyglhonesr e
or nore enbodiments nmay optionally hel p support di fferent subst ances
of t he nmderiat suppoit auriices, epravizepbidyagydelp npreasstexprsed pusface area AEthgmasiek
enbodi mrents nmay define in any suitable manner a nesh of any suitable
mat er i ab b¢ vapoeted. support material to be vaporized to hel p increase
exposed surface area of the material. As one exanple, such structure
may conpri s&hstieeturswirlonebr moye enbodamEnts majadesing in anyenitabiemennerroneor
enbodi ments where material to be vaporized is in a solid state in the
f or m ofmork pisse¢a At Rirn, 2ufve)wihd/or wagDin@AR Eultablé niants in Hiescontaitkt.08udhne or
nore crystalline bodles

structure may then help support material to be vaporized in one or more passages to help increase

exposed surface area of the material. The structure may define one or more passages of any
suitable size and shape. The structure for one or more embodiments may comprise a tube to
define a passage. The structure for one or more embodiments may comprise a series of coupled
tubes to define a passage. The structure for one or more embodiments may comprise an integral
body defining one or more passages. The structure for one or more embodiments may comprise
a plurality of bodies coupled to define one or more passages.
For one or more embodiments where material to be vaporized is in a liquid state or in a

solid state in the form of, for example, a powder, agglomerated particles, and/or one c_)r more
crystalline bodies, the material may be poured to fill a portion of one or more passages. For one

or more embodiments where material to be vaporized is in a solid state in the form of a film, the
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the material may be poured into the mesh structure. The structure for
one or nore enbodi mrents nmay have one or nore porous bodies to help

support matyas baak/1is@iobe vapori zed to hel p i ncrease expose@r/gibod=afciss
area of the material. Such a porous body or bodies may be of any

suitabl e size and shape and may be forned using any suitable
material, such as a porous stainless steel of any suitable density

for exaplfi mey 68 fdme® R Y SuRME/matinePRHnG Suitadle tRidkne3s along et least a portion
enbodi ments nmay be charged with material to be vaporized in any

sui t ableg JTRRBSLARG s oFBie G3héte PURARE! FERIEL dlord dnbiiniaohare thaial
one or nore surfaces of the porous body or bodies. A porous body for

one e ”Bﬁgé %@%ﬁ% oy & @g%%%tin fsuBstdridbd ?fe sithdfrelfOVGHebr nftre efibodi@aits @

first € porous y and pores of a smaller size toward, at,
or near_an ihte seco differBf L RscRERY ent

mat er i 3] ‘W%Bﬁag@ hﬁﬁ’ﬁé‘ﬁ%“ﬁ%‘g?&ﬂ trsglirﬁtélxﬁlgf Pﬁggﬁtgggg%{ous "Body spéi or to
bei ng vaporized a s flows intqg the {ir : I BN of -
and t hrough ﬁ‘ﬁétr'ffi‘f"'gg%r B3 41 mPE eg%ofin?ef%srﬁl h%%ggéno%g S‘e‘ﬁ%ﬂ%@ tﬂeapor ous
body. For one or nmgre, enbodi nents. i Ng_a. ryakif

bod! e, % SUFDSREER Bobe B SRR el e tarera b by oo Ap i Surfce
coupled in a container in any suitable manner. A plurali of LOUS
- 10 WO 20w/ thesatenal pds onsoxayniG §@1@§vct5@dvaéfscwsgﬂsela¥°°i§¥ y stiabte
enbodi ments may be defined, positioned, and/or coypled. in stack .in
a contdensigk Fopommeranere smhgdiments whrreanaerial ko beXppezedds infviolif statein ey
from any subjacent or any superjacent porous body in the stack. The
st r uct ufosm b forememple, apovales miggldmemiredpartipjes pandins P eIFPTe cAYNRILNF Rodishe
manner to help support one or nore bags of material to be vaporized
Wi t h atthé gatkiabmpolid poareddhtoahdmegstistuetere. from any suitabl e at | east
partially perneable material, such as a suitable nenbrane nateri al

for exanpl ephelsfuditleforsoneRe oremamhlardiméntt mapbaveape ot mett panousthedigaty help
while allowing a suitable gas to flow into the bag and/or vapor from

mat er i auphétt MaRrilAS bk Yagdriabd PUHelpihcredse ekpged Sirfacs trea of the enatayial. cush aor

nore enbodi nents may support one or nore such bags to expose surface

area of ;4. B& RaP65Bodid may be of any suitable size and shape and may be formed using any
suitable material, such as a porous stainless steel of any suitable density for example. Sucha
porous body or bodies for one or more embodiments may be charged with material to be
vaporized in any suitable manner and/or may help support material to be vaporized over one or
more surfaces of the porous body or bodies. A porous body for one embodiment may have pores
of a larger size toward, at, or near a first end of the porous body and pores of a smaller size
toward, at, or near an opposite second end of the porous body to help prevent material in the
porous body from exiting the porous body prior to being vaporized as gas flows into the first end
of the porous body and through the porous body to exit from the second end of the porous body.

For one or more embodiments having a plurality of porous bodies, such porous bodies may be

defined, positioned, and/or coupled in a container in any suitable manner. A plurality of porous
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any suitable manner to hel p increase exposed surface area of materi al
to be vaporized. As one exanple, the structure may hel p support a
bag to expap@2pafgist € sides of the bag to expose surf agsfyudoede9fss
material to be vaporized at both opposite sides of the bag. For one
or nore enbodinents, one or nore bags of material to be vaporized
may be placed in and/or on the structure in any suitable manner. For

one or LEMEERFHRAH BB LmbyMIRERs FRY BE dafinet OpdiRiodal) and/gecbupledsn & vackoin a
nore di stinct substances, the structure for one or nore enbodi nents

may Op{banak, m&s&spoﬂawapafcﬁa@iaﬁﬁ R § Bt m§§é'£l§ttb€@§é%§d g 44§ sOBjh@mt & anyn

different bags.” For block 204 of Figure 2, material in fhe container

S heagl&qg%&n@%si%gggmemhgri al. The material may be heated in
abl'e

any sui _ nner t0 any suitable tenperature using any suitable
heating_equipienl,fo fopﬁhéjortlﬁg}@%&gﬁmntenﬁ rl;‘gig(t?grcﬂaﬁ’lied'i Egy %li@@l% nnn¥agor
state. The cOnt a4l ner Oor “one or nore e I'ments nay define and/or

h i tabl t t to hel p, . . |
e contieher e ks bt Scfulerf1¥pe PROSRRGRLRILAEs BT 6Fa Pl
ot | no SaERY PR AR A e BT S e o B i o
f in th t ai | ati,ve .t ' heated -11
3005, 1 £ SHIOS AR S\FPPERED e dof R B 8P bln &1 R
absent such structure. For one or nore enpodi ments, the structure to

hel p s i dieibaBaRdlPT vapoK f50m anajeaiobioi BeRRE e IRyt pifke bag oL isSHYEEF for one

surface area of the material may be defined to hel p conduct heat and
t her ef or morpsmbodimenisinay SWPRPH ENeserTReTe sudhrhags forpxpesssudensrasgaptthe ag(s) in
bl ock 206, a gas is introduced into the container of vaporizer 110 to
cont ac tany swaigbleinradenta helpiiadreast/arpostdarfadelDeanfymaterial tubs waporizedafys one
sui tabl e gas source 130 in any suitable nanner to receive any

sui t ablegarggls, thersttorire may help eupport adnay teexpbsedppositersites of the bag seexpose
vaporizer 110 supports material in the container with an increased
expos e QuFatefara of alatiial tddRIaparREd dtlidth byplopite sidesof the bag Rogere or nioes f ace

area at which vaporized material may interact with gas in the

embodiments, one or more bags of material to be vaporized may be placed in and/or on the
structure in any suitable manner. For one or more embodiments where material to be vaporized
has two or more distinct substances, the structure for one or more embodiments may optionally
help support different substances of the material in different bags.

For block 204 of Figure 2, material in the container is heated to vaporize the rﬁaterial.
The material may be heated in any suitable manner to any suitable temperature using any
suitable heating equipment to help transform the material into a gas or vapor state. The container
for one or more embodiments may define and/or have any suitable structure to help increase
heated surface area in the container to help increase the rate of vaporization of material in the

container. The container for one or more embodiments may define and/or have any suitable

structure to help increase heated surface area in the container relative to a maximum heated
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contai ner and therefore hel ps pronote contact of introduced gas with
vaporized material. Vaporizer 110 for one or nore enbodi nents may
recei ve anyyeibod/fRl® carrier gas to help deliver any spiftgdbdoio13s
vapori zed naterial to process equi pnment 120. By hel ping to pronote
contact of carrier gas with vaporized material, vaporizer 110 nmay
then help pronote saturation of carrier gas with vaporized material.

Vapor i g@facd 41€a ftRelcoRBiBeouliafe ShEeACtubfesthis uid YFor @€ bMBoRByntddinicall the
gas that 1s reactive wth any suitable vaporized material to deliver

any suitabld IR ubpRImIRRall bEVESRES RNIpINGRBse elpfled Sitfadehieh BPhe O

pronote contact "of "1 ntroduced gas with vaporized material, vaporizer
110 i ?h% %;ﬁt’&% ' ElekREhAP incPdak ORI uERG AdaliR
vapor{r%%fhﬁarl acfé.ﬁﬂ e gg’s&?%g@%tgédeg@ved by %’/égori zer 110 may
depend ,at Ite%}gll in part, for exanple, on the material to be

vapor i Eh&fo%ﬁl or on the process or operation to be perforned by

LT o PR Sp ChE  R IR ER DU AR
0, oyt 3, AR o R AR b S

di oxi de (CX2): For -12_V}§ 2005/118119 PCT/ USZOagF101913§% one or nore
enbodi MBARS tQUFesike YNpYitRbIe gasia ghe confagier Weagy WAl faEMNPh 2eRY AP
vaporized material, vaporizer 110 nay receive a gas conprisin or
exanpl 10 supppisrimpteialin te coxtaper with an ipgippsed sxppset surfacs ?f@a,o‘seperéze? P\kéi .
Vapori zer 110 for one or nore enbodi nents ma%/ receive a mxture of a
gas r ehelps provide alargerpeieifaasdrenst shick|vapgrized mptesial mahinterach Fith ggain thg ych
as nitrogen (N) or helium (He) for exanple. For block 208 of Figure
2, vapeontzieer abd Cherafyrediplps promidty catitackef ingednced gaw vathevapariardanatenidiy ough
mat eri al being vaporized to help increase contact tinme of introduced
gas with nmavepdrikr 110€bnenevamonre embodienemiay exceive @ny snitablesagier gasite help
enbodi mrents nmay then hel p pronote contact of introduced gas with

v ﬁpori AeRvenaiyeduitable dgapizédmanraMa proetis@qsipinentt]26. Byhelpirstoipoomota tentast
t he :

of carrier gas with vaporized material, vaporizer 110 may then help promote saturation of carrier
gas with vaporized material.

Vaporizer 110 for one or more embodiments may receive any suitable gas that is reactive
with any suitable vaporized material to deliver any suitable resulting gas to process equipment
120. By helping to promote contact of introduced gas with vaporized material, vaporizer 110
may then help promote chemical reaction of introduced gas with vaporized material.

The gas to be received by vaporizer 110 may depend at least in part, for example, on the
material to be vaporized and/or on the process or operation to be performed by process
equipment 120. For one or more embodiments where vaporizer 110 is to receive a carrier gas,
vaporizer 110 may receive a carrier gas comprising, for example, hydrogen (H), helium (He),

nitrogen (N), oxygen (O), argon (Ar), catbon monoxide (CO), and/or carbon dioxide (COy). For
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material and/or any variations in the concentration of the vaporized
material in the container. Vaporizer 110 may conprise any suitable
structure typ f@k/msilior ect gas fl ow over and/or through pefesieede1Pas N0
vapori zed in any suitable manner. For one or nore enbodi nents where
material to be vaporized is supported over one or nore naterial
support surfaces, vaporizer 110 may conprise structure to define one
or nor eonepaBermtEdEndnky whagt vapoezar] 10 te revaive migas reactpyeovith wpofizedes t o
hel p direct gas flow over material being vaporized. Such
passagensgriad,) vaperyzeh &l ey reeeiye & gas cexmprping, fot examplep catbsiemon@dde [
directly over material being vaporized and/or toward any suitable

st r uct ufitgosyl) aidoimitficroride (J@Y. Vap@iret DIOQbF 6ri¢l 2 DrOEMYHimbntO WA receive a
mat eri al bei ng vaporized. Vaporizer 110 for one or nore enbodi nents
may  COrikh&Sofd Was Sectivdolith Papokik&l Matedi bhd S8/ suitdb1é RHWas stich R8lifogen (V)
direct gas flow directly over material being vaporized ‘and/or to help
di rect @asliurh (1Y ibiexainpfel! ate or whirl over material being vaporized.
For one or nore enbodi nents, the structure to help support nmateri al

L ough et G} AP OLacAn TR o SRS AT Rarbien it LG St 3MAS 1 10

t hrough materi al bel ng vaporiz or one ‘or

ct ruot R pEaer befRNAN TR T n R e ERRLARD: e SAER] LA mupria

p su € vaporized ~over

partiallv per I terj.al as flow .be directed through the a
et et ap e SalRidt L% fur R e R g ehme B e spriger F
vapori zed.. For one,or nore enbodinents where vaporizer 110 conpri ses
atF ot dPEodad e S anaPied FEIAl SDTCARSHs 08 VPP BAR TR R
passages th?gwburn,-curye,,and/or wi nd in the container,. g@; fl ow may
be di r SRR EpY/eR AN vATRLiong iy the eopognftatign of the venprizedmatsvialinthg eontainer.
bei ng vaporized. For one or nore enbodi nents where vaporizer 110
conpr i S¥APoEZsT 14Q may ceraprirstany suitpblpstmctus th belp direqs ges flovwver dndfor thyoush
vaporized,_?as flow may be directed through the mesh to flow over
mat er i draterial heing samerizedsin anyenitablegnanneror e enbodi nents where
vapori zer 110 conprises structure having one or nore porous bodies to
hel p For one or more embodiments where material to be vaporized is supported over one or

more material support surfaces, vaporizer 110 may comprise structure to define one or more

' passageways through one or more material support surfaces to help direct gas flow over material

being vaporized. Such passageway(s) may be defined, for example, to help direct gas flow

directly over material being vaporized and/or toward any suitable structure to help direct gas

flow to circulate or whirl over material being vaporized.

Vaporizer 110 for one or more embodiments may comprise any suitable baffle or diffuser
structure to help direct gas flow directly over material being vaporized and/or to help direct gas
flow to circulate or whirl over material being vaporized.

For one or more embodiments, the structure to help support material to be vaporized may

also serve to help direct gas flow over and/or through material being vaporized. For one or more
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support material to be vaporized, gas flow nay be directed through
one or nore porous bodies to flow over material being vaporized in
one or nor gy@ovs1Podi es and/or to flow through nmaterighpypd8isiEo13s
vapori zed over one or nore surfaces of one or nore porous bodies. For
bl ock 210 of Figure 2, gas resulting fromcontact of introduced gas
wi th vaporized material is delivered to process equi pnent 120.

Vapor i g@bodihBntiBteldS ap @it Brb dotnpRies siriléthidth Belp RiifpoaHatexil itddbeVipod 26

in any suitable manner to deliver the resulting gas to process

equi pnpo, i fkad paﬁ%ﬁﬁﬁé‘ﬁleéﬂﬁpﬂfa{eﬁﬁlﬁ gaslfbvRhPse &?&E@&tt&oﬁgﬂﬁﬁﬁi ledt partially

I ntroduced gas wt aporized nmatérial, TgQas for one or nore

o7 T PR ARt a A8 o oty o e i bRl
[ or 2 st \apdHRE A1 ol Rl S el GBI Ror N thROFER o B hoonh LREEr i

for ond e e s nay be u r any suitab

for wuse in any. suitable sem.conductor.pro f any
Sui t abPEESpHRS BB LG B VS0 B aas Advry g fihief ik e

del i vere as. Vaporizer 110 for,.one or o enbodi nent s e used
Lo del fearedanipaagDun Iy oyEamTigRal HOBE VAPoIyR. G ORE PR R DR epi e
deposition (CVD) -14 WO 2005/ 1é8ﬁ119 PCT/ US2005/ 019138, I’OCGSS.%LéCh
as, foMaRorzR) 1 comprisas SHmcute g detingatacsh e Belp suRpp)t MAGaLObe \aPoZednges
enhanced atom c |ayer deposition (PEALD) pr.ocess, a netal organic
cheni c4lowmgobe ditepisd thrpesh thameip floyr Qyepateriglbeingjapeiizede FALITESY more
chem cal vapor deposition (PECVD) process. For one or nore )
embodi rmbodimehts vdereeyaperizes | 10l amngirises srugarg Ravinggag of Bopy pasasPodies to help
equi prent 120 to performan atom c |ayer deposition (ALD) process

t hat usegpontrhiteridl é tanapbszedf gaddlowwmaycke ditpated Spaeghcoriepr mogeparousdiesite
a filmover a substrate one nonol ayer at a tinme, vaporizer 110 for
one or fltar @eenreilbeiresvaperized dndnerurendropaouchidiesgadiot @ flev thamigh watati]
to process equi pnment 120 while process equipnment 120 is not draw ng
any gasgefng@aporRB@bier Ohe dlidoReiMERR obeiRior bdrSpctous Hddause vapori zer
110 supports material to be vaporized to help increase exposed

surface are@opPflock 210 of Figure 2, gas resulting from contact of introduced gas with vaporized

material is delivered to process equipment 120. Vaporizer 110 may be coupled to any suitable
process equipment 120 in any suitable manner to deliver the resulting gas to process equipment
120. Because vaporizer 110 helps promote contact of introduced gas with vaporized material,
gas for one or more embodiments may be introduced into the container of vaporizer 110 at a
relatively higher flow rate to help deliver the resulting gas at a relatively higher flow rate to
process equipment 120,

Vaporizer 110 for one or more embodiments may be used to deliver any suitable gas for
use in any éuitable semiconductor process to be performed by any suitable process equipment
120 in response to receiving the delivered gas. Vaporizer 110 for one or more embodiments may

be used to deliver any suitable gas for use in any suitable chemical vapor deposition (CVD)
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material to be vaporized to help pronote contact of received gas with
vaporized material, vaporizer 110 for one or nore enbodi nents may

produce gasw@ngbsdedihver gas to process equi pment 120 WebRkfdieBhsor
m nim zed concern for providing a sufficient flowrate of delivered

gas when drawn by process equi prent 120. Vaporizer 110 for one or
nore enbodi nents may be used to deliver any suitable gas for use in

any suUigradebssubloas, Forrkanpla; dnQfoniit @RBdeposiiaT @IINBodesy, aplasml enkhiged
204, 206, 208, and/or 210 may be performed in any suitable order and

Ny Or Jighic Mtr RPoRSsd GED)FPoRSs, b theR Bz chétitdlVapdtRpHRtidnOMBOVD)
of any suitable "operation with any other suitable operation. As one

exanpl GrodtBd &F inﬁhsr}ld‘erﬁlgﬁceﬁQﬂérﬁhﬁ%p&%ép&ﬁiolnflﬁﬁéﬁﬁg Rcedd| oCck 204 as

gas is‘introduced I nto the container for block 20 Al t hough

descri bed i @‘ag NGO BmBbditemt YRER YafitibPITRN 1o defverBPRY ﬂr&@ers% %rﬂ@ﬁ/

be wused to Iver any sultable gas to any sultabl e “equipnen

any sui | e . e i ' kDL .

i ot 3081 PR A e Tyt flobillol (T) B ALs it o RAGABIe AR of livered

are used for conveni ence.taq..describe vaporizer. 110 relatiye

Frame. g PRsedip URR0R Aoasi PO P BBERO T raglolaver alind Yikalzby 10

of how vaporizer 110 or any canponent, of v rizer 0 _maybe arient

S e O B PSSR DL 0PI Rk FE B STVGYR P PREFE Rgpymen 120

SURFACE AREA Vaporizer 110 for one or nyre enbodigigbs ma cg ri se

a cont avhilePressss sayipsifat 170 s pefdsaige ary gasdom YAPREZS PINTER BHC gﬁﬁb"’r t

surfaces to hel p support. material to help increase exposed surface

ar ea ofBaeausevpperizer 1@ spppontsimatesiad fohea@porzgd tobrdp greasn expesrd suTrReRrea of

container 300 having a glurality of hol ders 310, 320, 330, 340, 350,

and 360materfidl i beyvapeszedde help prumpocantact of eaived £33 withypporizgd matezigh |

351, and 361. The container nmay define in any suitable manner any

sui t ablveporizer d10 fooore ormi@e embodiments may produce gas and deliver gas to process
equipment 120 with reduced or minimized concern for providing a sufficient flow rate of
delivered gas when drawn by process equipment 120,

Vaporizer 110 for one or more embodiments may be used to deliver any suitable gas for
use in any suitable ion implantation process.

Operations for blocks 202, 204, 206, 208, and/or 210 may be performed in any suitable
order and may or may not be performed so as to overlap in time the performance of any suitable
operation with any other suitable operation. As one example, material in the container may be
heated for block 204 as gas is introduced into the container for block 206.

Although described in connection with process equipment 120, vaporizer 110 may be
used to deliver any suitable gas to any suitable equipment for any suitable purpose.

As used in this detailed description, directional terms such as, for example, top, bottom,

up, and down are used for convenience to describe vaporizer 110 relative to one frame of
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regions in which one or nore holders may be defined, positioned,

and/ or coupled in any suitable manner. The contai ner may define one
or nore i ntxan bdk/dse® ons of any suitable size and shapepcr/dé¥Bos/oioiss
cont ai ner for one enbodi mrent may have one or nore sidewalls, a bottom
wal |, and/or a top wall to help define an interior region of any
sui tabl e size and shape. The container for one or nore enbodi nents
may  defdffienck Pegafiiless bf icWb£oBENQ0 oR iy cdttipbAdit 6f Vaperiger 1170 htay &P @fikniebin
t hrough which material to be vaporized may be placed over, on, and/or
in onegftenore holders in an interior region and/or through which
one or nore holders may be inserted into an interior region. The
contai ner may define one or nore openings of any suitable size and
shape and in any suitable location relative to one or nore interior
regi ongw A1 j ?%Ff FGATERAT HRNCREA Q);ﬁ%

one orﬁrmre SI?%’Q&QF S oﬂﬁﬁg?go&efl ng an |%‘gﬂ or reg%rso anyﬁAREQ
sui tabl e sige and e W | i i

Shape at oV IRoApet g Ty MoRLerRRRhAAR . Aol Bl Be et e, HRE:
bottomwal,l . . As.illustrated in the exa enbodi nent .of. Fiqure 3,
cont a T TS EGnRE po° B GO BRRULrana r PP STOGT pigial Fyndfg Aefciae
2005/ 118119 PCTI US2005/ 019138, 3Q1.and a sidewal I 302 .tq. hel p define
a genePXROPSH RIfPGe TS @ﬂat?#egw%rlgﬁ%ﬁsﬁiﬁr@ﬁﬂ%ﬂ re“?:bﬁg"@ﬁnf’ﬁwgamer
generally circular _opening at _or near the top, of caontainer 300. The
i nner @Iﬁ"ﬁhﬁé’i‘@rﬂ rhwrakityof hplders 340: 320330 3 720 pnd 340datiging resneeiversYPPBhe
or nore enbodi nents may be in the range of, for exanple,

appr ox Furtces 3113331n8He 341,654 wdd%l mat el y 6 i nches and for one

enbodi nent may be, for exanple, approximately 3.75 inches. The

cont ai ner f Bite containsnivey definetin pay suitable menpertany Aitehle one o morigterior
sidewalls to help define a generally parall el epi ped-shaped interior

r egi onrdgiont rewhiclo ohedrmeore hokibrsanaydw defihddy posgminad, godl/ar coypadiin gnypsuitable
near the top of the container generally opposite the bottomwall.
The contaamdreThé eontaiiee nevyldefihe/@itior tiye nterier segionp ofalyl suitabsle siae amishepe.
sidewalls, and a bottomwall to help define an interior region of
any suiTha@bdnfaisdr & B emSbERRNYNAPhAVE oROEhiY sidlewalls, a bottom wall, and/or a top

wall to help define an interior region of any suitable size and shape. The container for one or
more embodiments may define in any suitable manner any suitable one or more openings
through which material to be vaporized may be placed over, on, and/or in one or more holders in
an interior region and/or through which one or more holders may be inserted into an interior
region. The container may define one or more openings of any suitable size and shape and in
any suitable location relative to one or more interior regions.

The container for one embodiment may have a bottom wall and one or more sidewalls to
help define an interior region of any suitable size and shape with an opening of any suitable size
and shape at or near the top of the container generally opposite the bottom wall. As illustrated in

the example embodiment of Figure 3, container 300 may have a bottom wall having a surface
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any suitable size and shape on a side of the container. The contai ner
for one enbodi ment may have a top wall, three sidewalls, and a
bot t om wal wd mof)lkpedef i ne a general |y parall el epi ped- ga@86bs019138
interior region in the container with a generally rectangul ar opening
at a fourth side of the container. The container for one or nore
enbodi ments nay define one or nore interior regions of any suitable
si ze angh MAaRaIWaAllReL B KfPlefiBbgehahlly dYlif&Edal inkdridF tefon'it Gbtaiisy) 300Fdth
one or nore enbodiments where material in the container may be
heat ed, LipGRiONE enilB ZEortedematdpor ebntaihétS000 Thelirer diathBer 6fané ai ner
for one”or mdre enbodi ments may define an elongated interior region
to nel betpRQlindHliGhicAb: fBioh 5 ote bf AbR%mdolinkn@thd) Boin': fAngd SIowR! |
r-may be b

The cofifain ormed 1 n any sultable manner “usi ng any sui tabl e
mat er i

1 eSS 2 SO 0k 5k SBSRH 0, B7
ot or | SERIE SpPBHEaLN S 27 iehe e bz fof ¥ finfn Ak bR Fottom well
s A L O
monel c%épgrwiw%graﬁgyeétaﬁggwgng %rnfﬁrﬁﬁ%foﬁé’? ﬂ}e n%’f%f EFCYe

enbodi mrents nmay be formed using a conposite of nmaterials, |ayered
mat er i BPEQSIt%WS%B‘i"OmPVﬁHd materi als. Al though container 300 is
illustrated in the exanple enbodi nent of Figure 3 as hayjing _an

i nt egral bodke containes favone pabodimentanat hexe a lapovrll, aaner mesp silewally. gadja
fromseparate pieces. The container for one or nore enbodi nents may
be of hottam wab tehdpdefmetan drfatiorangioudiany guitahle size and sharievitpanapesing af
for delivery to processing equi pnent. Any suitable nunber of one or
nmor e hehylsitablesize vl shepé orealsidpofthe canankr. Theltantainerfpt @ enbedbment may
suitabl e container in any suitable manner to hel p increase exposed
sur f ac gavs £ap ofall, thikk eideahlls, Anl/a batiohelohlbtorheithdafineh geneealty panalletepipetider s
may be used for one or nore

shaped interior region in the container with a generally rectangular opening at a fourth side of the

i1

o

container.

The container for one or more embodiments may define one or more interior regions of
any suitable size and shape to help heat material in such interior region(s). For one or more
embodiments where material in the container may be heated through one or more sidewalls of
the container, the container for one or more embodiments may define an elongated interior
region to help support material in the container in proximity to a sidewall.

The container may be formed in any suitable manner using any suitable material. The
container for one embodiment may be formed using any suitable material that helps conduct heat
to help heat and therefore help vaporize material in the container. Examples of suitable materials

for the container may include, without limitation, stainless steel, aluminum, aluminum alloys,
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enbodi ments to help support material in an interior region of a
container with an increased exposed surface area relative to a

maxi mum expasamds/sigibace area the sane total anount of p@Eyghi@lorses! d
have at rest on a bottom surface of the interior region of the

contai ner absent any holders in the interior region. For one

enbodi nent, material to be vaporized may optionally be supported on
a bot t esppst) comreealdysailvéréiRet Aloys,2eidonickad] cRd G@iihite \RFanhib nidtetal,i on to
bei ng supported by one or nore holders in the interior region. Any

sui t abhgstdMeiifEonel, nond), £1d/d¥Fhe oFRbRSIOSER THRRohaREr fod bndHEmee NOT e
enbodi ments to help support material in an interior region of a

cont ai BEbodimemEmal) BE fﬁrﬂféd hah@h cSHpdshE Bf @5@&1&;]‘1&,&% RHEHAS %ﬁ(ﬁgﬂﬁﬁeaed

by such holders to help support material 1s greater than the surface

area Ofyafri .thm&gﬁrcfoﬁﬁ@epiootimmé&&@& inQhe é,&mgmm Endilt o Fifire telsder S

for one enbodi ment” nmay be defi ne positione and/ or coup 0

hel . . _ . . I ls i
cont =i AR 43 LT bel, i cBah@RBELoRls: Bhubdsneailive Bl sfbame
2o BR5 TARhab 8P R S Bl o bR hep Bt 5
plural ity of holders far one -18 WO 2005/118119 PCTI US2005/ 019138
ermbodi IS COAPOBATE BAerE JoT JRURPY  RBBESR SRUPTEY bl ed (o define a

plurality of su t surfaces at iI erent, leyels in.a contai ner. As
Pl et r ot ecArh S bRBleRnE & 588 guapHaRldesrm baielne PABianst, S AaypIek
positioned over bottom surface 301 to define support surface 311
over bBYanyFhikabls coataingy in any spitable mammeriohslp inpreasecxpnsed swilase arafier 310
to define .su%owr t surface 321 over support surface 311; hol der 330
may bemgissipk | Aseyitahle pumbesr @beneawanare helders may da pprdrior engrdraeae 331 over
support surface 321; holder 340 may be positioned over holder 330 to
def i necmbgsiments tohefmpsippEtimatsvialrin gn frperiar regiv:f efaecon@Bier withlad ércr@sa@l nay
be positioned over holder 340 to define support surface 351 over
suppor exposedr fucfaee BedlrelatingltorrohaemudGRposey bwrfioe aich itlersachegotal anaintdef 350
to define support surface 361 over support surface 351. Although
i |1 ust matesial donldtHaee epeasiph @ bofidinGiERB b fHe iftbidtTézion aSthe Séridiner absent any
holders in the interior region. For one embodiment, material to be vaporized may optionally be
supported on a bottom surface of an interior region of a container in addition to being supported
by one or more holders in the interior region. Any suitable number of two or more holders may
be used for one or more embodiments to help support material in an interior region of a container
such that the total surface area of the surfaces defined by such holders to help support material is
greater than the surface area of a bottom surface of the interior region.
One or more holders for one embodiment may be defined, positioned, and/or coupled to
help support material to be vaporized at different levels in a container. One or more holders for

one embodiment may be defined, positioned, and/or coupled to define one or more support

surfaces over a bottom surface in an interior region of a container. A plurality of holders for one
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si x hol ders 310, 320, 330, 340, 350, and 360, any suitable nunber of
one or nore holders, such as three, four, or five for exanple, may
be used f oky@#nes/Pig1180r € ot her enbodi nents. Any suit abl ep@ipisnss 138Ny
suitable material in any suitable one or nore states and/or form may
be pl aced or forned over, on, and/or in one or nore holders in any
suitable manner. The material may conprise, for exanple, a solid

and/ or elﬂbédiﬂbﬂtQnay}%elegnédbgoﬁfmned,i@h/of oupted toy ¢l aZ et a B G0 SUpPOt sarfaces
solid, such nmaterial nmay be in any suitable formsuch as, for

exanpl gbdiﬁedeﬁqg@g;ina@gﬁgﬂg@r ated particles, one or nore crystalline

bodi es, and/or a film Material to be vaporized for one enbodi nent
may be manu t Bl Bithoiient oM gurd BIhder'310 B2 b posifiBiied over
hol ders in §%9mg€%?§%ﬁ%@%anﬁer. l\‘;aterni gl ?%r@be vaegori zeg fgr one

erhod! g MRtcbSo1 BUAHDLIERE Lith 3FCEP botld SRRCOYEY, hoRr 38apSe | 1

one or no olders in any e nmanner using any suitable

| i ! | ' . d
v p”ﬁﬂstitugﬁ ;ng:{r'h]%ke% eobt QLA rugﬁﬁ‘g?%fe?:r:e ﬁ]eov%m‘?@ b Eacl Y 13014} 348

rs-while ntained”i M one or
nore bags_ with.at .| east tiop of a bag.fo d from -1 .
2005/ 1 4% bé prsigtes sbBeiEs St B wmPt Bt et R a2t
perneabl e naterial, such as i | e nmbr an terial for
iagliisty +J LR WS AR TR Fl R P T
allowing a suitable gas to flow into the bag and/or vapor from
mat er i 3BL;ibeldenS0mmey Reopomitionedener beldernd0 fo defingsupportaintacs 3d OVELIYBPIT e d
for one enbodi mrent may be placed over, on, and/or in one or npre
hol der surfise Bél1; andhold¢niis@ may hemesigpnadmver haidps 359 tordefine senpert sarfassr30l on
of a bag formed fromany suitable material that will at |east .
part i alovgr sdpmirtrsuefgeestsé. Wibougiciosratedin thegxample gmhodithentofffigure 4 @s using
enbodi nent may be at |east partially coated with nmaterial to be
vapor i zixcholderssB1p, 326, 330)340,1360,end 360, ahy switahlefrivimbensfome on soos haiders such
support surfaces. As one exanple, a suitable material, such as a
met al  g@fhpdes fout, dF fio¥ HTRkAnplEANayte: used for dne appbre @theper@bodimastsor. nor e

support surfaces, and then cool ed. As another exanple, a suitable
material, sSWas@table amount of any suitable material in any suitable one or more states and/or
~ form may be placed or formed over, on, and/or in one or more holders in any suitable manner.

The material may comprise, for example, a solid and/or a liquid. Where the material to be
vaporized comprises a solid, such material may be in any suitable form such as, for example, a
powder, agglomerated particles, one or more crystalline bodies, and/or a film. Material to be
vaporized for one embodiment may be manually placed or formed over, on, and/or in one or
more holders in any suitable manner. Material to be vaporized for one embodiment may be
automatically placed or formed over, on, and/or in one or more holders in any suitable manner
using any suitable equipment.

Material to be vaporized for one embodiment may be placed over, on, and/or in one or

more holders while contained in one or more bags with at least a portion of a bag formed from
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a netal conplex for exanple, may be dissolved in a solvent and
applied over one or nore support surfaces foll owed by renoval of the
sol vent. M@sdodhisi® be vaporized for one enbodi nent maycpb§80s/019138
optionally be placed or forned over a bottom surface of an interior
region of a container. One or nore holders for one or nore

enbodi nents nmay be separable fromone or nore other hol ders and

r emovableefithTaPles:P PArBhIREFcrin@abiehBtefi@Cévch bod ShiebRMdnitGamddteral for
refilling such holder(s). One or nore such holders may be placed in

a cont @j(ﬂﬁfle,it?hﬁﬂ)!upﬁlf‘ttn?ﬁérﬁl Rt \BboriZel u the bagWhite A1RvARS & sdible@asto flow

enbodi nent” rray be manual |y placed in a container. One or nore

hol der g,.f H‘{e g&@%@&% nliR¥iaPR tﬁéﬂag'(ﬁrlbﬁ%h{ Of the B4 Mibrid tgRat ai ner
in any suitabfe manner = using any sul table equi pment. The pl acenent

f t] f i .8
ol dor VHSERLRE o bfddihaf bl o8 pRUBPAIEL of it B orfndrEHENE wFhile

18, after t

pl aced in the. container. - . .
o1 ur a1 0B ngRBLBPE et RO e Pt 2 BalibERE fhe o R any PIAER o
pl aced jn stack I 1.interiqr regipn of a container. A plurality
of sepéli‘aéﬁﬁéat&??dt?aé?ﬂ@\yggﬁ“étcﬂﬁﬁedg?gi"?‘g?‘fone enbodi ment may be pl aced
in a container one at time. After a first hol der .has been .pl aced.in
a contai nePregr @%m@%ﬁotlf)ﬂ%‘?e Wsﬁ?@t @ﬁ%ﬁﬁ?ﬂ%ﬁ&%&ﬁfb a}?ﬁ% PRig AL
container to rest on the first holder and any subsequent q};1ol der may
t hen béepyprasized infny peitablsannseto forn 2 Blp oyss opkar MEEs HBPYILSUriages- ijone
container. One or nore holders for one enbodi nent may be placed in a
cont ai esample, asuitable materiak Furhen 2 metal Rapplro for sxamplp,angy bemeliednanplied ever
for one enbodi ment may be placed in a container to rest indirectly
on anotoneor iodedepportsarfacesf and teonaopled. As anpther sxarople sgpitablp anatosigl, suahl as
structure is placed over the other holder. One or nore holders for
one enhanktaiedinplRr Yorlexamplecmdy bediasobed ima stdventardd apiphigd aved boe or herei ng
structure to help support one or nore holders in the container. Such
st ruct WgponByirfis followed by removal of the solvent. '

Material to be vaporized for one embodiment may also optionally be placea or formed
over a bottom surface of an interior region of a container. -

One or more holders for one or more embodiments may be separable from one or more
other holders and removable from a container to help facilitate cleaning and/or refilling such
holder(s). One or more such holders may be placed in a container in any suitable manner. One
or more holders for one embodiment may be manually placed in a container. One or more
holders for one embodiment may be automatically placed in a container in any suitable manner
using any suitable equipment. The placement or formation of material over a support surface of
a removable holder may be performed prior to, while, or after the holder is placed in the

container.
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integral with and/or separate fromthe container. As one exanple, one
or nore inner walls of a container nay be shaped with one or nore

| edges to RadmosiRpRrt one or nore holders. A pluralityp&fud86MaRs €
hol ders for one enbodi nent maybe placed in a contai ner toget@rﬁl n

any suitable manner. A plurality of holders for one enbodi nent may be
coupled to one another in any suitable manner prior to placenent of

the hol ders ARhfalitpbtRideible MLAS Fitlont EmBAiMaR AdyZpHondlfy tePaced in a stack
enbodi ment may be pl aced over one or nore support “surfaces of one or

nor e I efyaeAor108ifebfa Mhtdifer! A Fhudfity o?@éﬁaﬁble%@\‘ﬁm?ﬂﬁle HofRfersSASRY €
and the holder(s) my be placed in a container while in the dry box

( din . |

o oo ok 5 pES S o Bl e, A S5y Bt et in
defi . i | tabl ' t
and | snogifl 1k HRRE R Bl EBEERN MR i AP S BhATa P! e

hd / : t i tabl .
o ze. an RSt AR SR Phe @R Bofter ol ol be B 18 LR TR o pate oF Batfn
2005/ 11t 119 PCTI 2005/011%]{ 8 .one or, npre other qulp(ﬂers, for
exanpl e §FUpRTT, g opnore hqiders, for gu¢ embpdiment may be 1 &congnes fp rest
th h . whi ch f terial ted by the holder. A
ol der $E1%AR SRS APKER {0 Pers BoIBFa fesons BrBoGTEBvERY ke plResrdn at
| east a portion of the perinmeter of a support surface. Such
si dewal fQuiginer & reghindiesstip am arather alderuhere forrxampls, #sisketoyany pihenswjtable

sui tabl e amobunt of material supported by the holder. Such sidewall (s)
f or onestexiioris piaced oney themtharbaldet. y be grooved al ong the top to help
position a gasket between the holder and a superjacent hol der, for
exanpl e. As Ond arsnarahelders fortdne embadipient reayiwdilaved in atortaingerrdefiding had/cer
310 may define a generally planar support surface 311 generally
ci r cul akaving strhetpee tahelpseppoicone o myestideks iy thie/dontticr C Shch stiuck@rahiy Bl 2
along the perineter of support surface 311. A holder may be formed in
any sui inédgtat withand/or 4¢parag frony thekbhtaiabe ARInelek@hple ArB@k dfke IAér walls of a
container may be shaped with one or more ledges to help support one or more holders.

A plurality of removable holders for one embodiment may be placed in a container
together in any suitable manner. A plurality of holders for one embodiment may be coupled to
one another in any suitable manner prior to placement of the holders in a container.

Material to be vaporized for one embodiment may be placed over one or more support
surfaces of one or more removable holders while in a dry box or glove box, for example, and the
holder(s) may be placed in a container while in the dry box or glove box to help reduce,
minimize, or avoid reaction of the material with, for example, oxygen and/or moisture.

A holder may define one or more support surfaces with any suitable size, contour, and

shape. A holder for one or more embodiments may optionally have one or more sidewalls and/or

one or more supports of any suitable size and shape relative to a support surface to help support
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one enbodi nent may be forned using any suitable material that hel ps
conduct heat to help heat and therefore help vaporize materi al
supported o fobs1iokbder. Exanpl es of suitable material spd@uszeioiabkgler
may include, without limtation, stainless steel, alum num alum num
al | oys, copper, copper alloys, silver, silver alloys, |ead, nickel
clad, graphite, ceramc material, hastelloy, inconel, nonel, and/or
one Or ofERy SncPObHEE otdersAfdr @k alple fppsitionsl aver e helderdnddo help defimeea/repion
formed using a conposite of materials, |ayered materials, and/or

l'ined adugh witlich gad hay BBlvevERhéteal suseted by fHemaldar, hohdider forgnor may
not be thé sane as t%e material (s) used to formany container in

whi ch £ o6, diakd Giay Tave &% o@ﬁfdﬁé 11080l albAB aR4se b battios bf thegRrinetef 6fan a

hol der may or may not be the sanme as the nmaterial (s) used to form

any ot %Eﬁ# %%%F'I §@nlfie ﬁ<s} $o? BEderhbbdnad 'i’fﬁag@)@ QAt@hdatd helg%htﬁﬁ%

hol der Is 1llustrate n the exanpl e enbodi nent of Fkigures and

hol der "3 | exi _
<1 dovaanl sy Rl RS b B SRRRIIeBY(Q Br 3l gt mey

PCT/ US2005/,019138 di t . j t
et 1 nooRRBay e gpeved e ETEh 1 Tl B aTitkel bATEARRB hOIE BdECPD 1 ©
and/ or one or h%%lg orts. For one enbodi nent, two or nore hol ders

ina CWEW@T : _e,ra”y f or ned to hel p support material to
ARy M IRLEE SRR S e o

transfer fromthe container to one or nore holders in a,(g]\:/ c;ﬁi(inable
manner planarisapposhiuspesct | geperghecizmlan By shaprand dnay heys a grrergly sylpdrica

enbodi nents may be designed to help pronpte heat transfer fromone

or nor sidewalbi dlengghe pavanatesof sunpert sudacgdél.or nore hol ders t hrough

one or nore sidewalls of such holder(s). As illustrated in the

exanpl e enbAdiohientmapbe finged sang suitahle mannepvaing anrsuitdde materiph /A holder for

sidewal | 302 to help define a generally cylindrical interior region,

and hobfeémBifmertt atayde dorpled using yninsuiteble mptaniat thht helpsyondugt heagto help heat

sidewal | 312 the outer surface of which may be used to help provide

t her mabnd@Bieast h¥lp vhiporae marnial supporfed by thé holdaleWairhpl8OeS snitebie materials for
a holder may include, without limitation, stainless steel, aluminum, aluminum alloys, copper,
copper alloys, silver, silver alloys, lead, nickel clad, graphite, ceramic material, hastelloy,
inconel, monel, and/or one or more polymers. A holder for one or more embodiments may be
formed using a composite of materials, layered materials, and/or lined materials. The material(s)
used to form a holder may or may not be the same as the material(s) used to form any container
in which the holder may be positioned. The material(s) used to form a holder may or may not be
the same as the material(s) used to form any other holder to be positioned in a same container.

Althongh holder 310 is illustrated in the example embodiment of Figures 3 and 4 as having an

integral body defining support surface 311 and sidewall 312, one or more holders for another
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hol der 310 is positioned in container 300. The container and one or
nore hol ders for one enbodi nent may optionally be manufactured to

~allow a cl ¢as syesesbet ween the inner surface of one or %ﬁ%gﬁﬂ%gs
of the container and the outer surface of one or nore sidewal of a

hol der to be in a predeterm ned range, such as in the range of
approxi mately 1/1000th of an inch to approximately 3/1000th of an

i nch f QppEXARM Ray tET8rmdaRE BéParadd piddts tdefiiB bffc Grah6te sEppoft sulfaces and/or
contai ner and/or the renoval of one or nore holders fromthe

Cont a1 et o o Q6w SRR of ke REyBASET DY CO0I 1 19 the hol der (5)

relative to the contal ner and/or heating the container relative to

the hol der(g)., &bS&lmeraso SR h51dbAin ARG SRR B UmilRly RemtDboires)

usi ng materi aI avi n coe I cilent o expansit on

Irﬁl:?te;\ég%)t OéT‘rT% ali Dabe ‘ﬁgggzeﬁ% {}%%Brﬁt&lﬂ@r container to help allow

wWeen e | nner surface of one or nore
sidewal | s of,the._ container 2 8 :
PCT/ US2005/ %E@i%"é“‘n%a%l ‘6?°r8h£’%8rf‘ ohemns °%§‘8% “i‘%ﬂ "?HS ‘%#Pg pedesiened to
relatively lo fur such as room er.ature exanpl e,
whi e RO ARoTROte Beds FRRGt Irorm e SRS 08 D R8¢ SUBP RIS Ner am%{ag%amgﬁ of
one or nore S|demalls of the coglalner and the.outer rface 8 hl
or ror &hgicensaiaen agd gpe or meyledgldersdpr gng of maeebadiments m?%ﬁf)é?sé% é% eRaAs
| NTRODUCTI ON Gas nay be introduced at_ any suitable flow rate
or nor @Tomete heab fransiyifroaz onstor anore idewalisof thecontainertgiong gr more ol % oug
Gas for one or nore enbodi nents may be introduced into an interior

r egi on oof ommorsrsidgivally ofssuctoholdesés). 6ﬁ dlustried i thexamplegmbadinen b Rigutss 3
flow toward another end in the interior region. Gas for one or nore

enbodi rmad#scontsinebd00 may bavecikiwali 862 torhelmdeing o genesa]lymylindrical intesior sgingy
at or near a bottomsurface of the interior region and/or a | owernost .
hol der and ppidertd10gfor exdngplé, alaythavde ganapily icyluinical sidewrall 31 2 theauter egifon of
Gas for one enbodi nent may be introduced
which may be used to help provide thermal contact with the inner surface of sidewall 302 when
holder 310 is positioned in container 300.

The container and one or more holders for one embodiment may optionally be
manufactured to allow a clearance between the inner surface of one or more sidewalls of the
container and the outer surface of one or more sidewalls of a holder to be in a predetermined
range, such as in the range of approximately 1/1000th of an inch to approximately 3/1000th of an
inch for example. The placement of one or more holders in the container and/or the removal of
one or more holders from the container for one embodiment may be eased by cooling the
holder(s) relative to the container and/or heating the container relative to the holder(s). One or
more holders for one embodiment may be formed using material having a larger coefficient of

thermal expansion relative to material used to form the container to help allow increased

clearance between the inner surface of one or more sidewalls of the container and the outer
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bet ween the | owernost hol der supporting nmaterial to be vaporized and
the bottom surface of the interior region. Gas for one enbodi nent
may be int npelymeshseet ween the | ower nost hol der  suppor t pRfy§RbfIL Bk
to be vaporized and a next | owernost hol der supporting material to be
vaporized in the interior region. Gas may be introduced into an
interior region of a container in any suitable manner. Gas for one
enbodi nawfacqrefyon er marersidtelisiof aldddenat fetatively dywer egimmaturies #udosstradmer

t hrough a passage defined to extend fromany suitable |ocation at or
near t hismperptursf for epamplg, avhile helpmgito profroteshgrmat contavh betwiearctht iler atrfaoe of
near a bottom surface of the interior region and/or a | owernost

hol der o prrd sideyabia bfthe abnthinedmd visgmter z@dack o f bixcor mbre isidetvallogfi ativider
The passage nmay be defined in any suitable manner using any suitable
st r uct uateelativty Nghe? Gdipedatdids O PCT/ US2005/ 019138 The passage to

i ntroduce gas for one enbodi nent may be at |east partially defined by
a tube extending fromany suitable |location at or near the top of the
interior region and through any suitable portion of the interior

regi on $ASINYROWU@NDOY | ocation at or near the bottom surface of the
interior region and/or the |owernpst holder supporting naterial to be

vaporized | Q}ﬁ %X'Uétiﬁfddgéw :ft%ﬂ* bl-gt?ﬁw rHtQ?nt{) gfw 8:.“1%01%%‘896 %E)ngﬁya

extend throu opening I n east one ho rior
regi on. [ teril.al. an

Gef 1 ne ‘é’mﬁ‘e* R R P Igﬁs%gwn Hléaytbﬁl}%t“?&g’Fé%ﬁ? an
enbodi nept end t.0 any suitabl cation between the | ower nost
ol der BUHBEBFOR F ALRRerat VLS D it BB qerpTHEoR Y B Lot gh

t he bot.t nlsurface of the interior region. The | owernost hol der |n
the i nt'BrRoPePRYER%f or one enbodi ment may be supported above the
bottom surfgce of the interior region by any suitable structure to
define a r &8 Perhwer embadimentenmnks inFedused infgep InfrsiopErsioannf 2

surface. For one enbodi nent, any suitable amgort structure nmaybe
def i necoBipinengt OF PAr AibettpmsHTTacgof therintedenTegipe ansdon plewsumdsh beldesfsuppnating

material to be vaporized in the interior region, Gas for one embodiment may be introduced
between the lowermost holder supporting material to be vaporized and the bottom surface of the
interior region. Gas for one embodiment may be introduced between the lowermost holder
supporting material to be vaporized and a next lowermost holder supporting material to be
vaporized in the interior region.

Gas may be introduced into an interior region of a container in any suitable manner. Gas
for one embodiment may be introduced into an interior region of a container through a passage
defined to extend from any suitable location at or near the top of the interior region to any
suitable location at or near a bottom surface of the interior region and/or a lowermost holder
supporting material to be vaporized in the interior region. The passage may be defined in any

suitable manner using any suitable structure.
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interior region and/or nmay be placed in the interior region prior to
placing a first holder in the interior region. The first hol der may
then be pl &geshot/ugife interior region to rest either dig@ghdNosRio13s
indirectly on the support structure. For one enbodi nent, one or nore
sidewalls of the interior region nmay define one or nore | edges on,
at, or near the bottom surface to help support a | owernost hol der
above the boTHe@absape fodfteodubs gisl thtiGielefibeinieRt hilEbEM TR Fur@NRREARISy £
Figure 3, a generally annul ar support 304 nmay be placed on bottom

sur f acewBoaxtbrdirig ¥orh BhREiable QG at OF n&P HeAbRISH the Bfferc? rSiPL ety
310 above bottongr%era)gelSOi Altube lC}>05 mayrpt hen eirﬁoerr% t:?lgtt%ﬂg

openi Nggithkle PortidR bBthd Blleriorsaiflon 34y sitBie IGalon & n?grg%%ﬂotﬁggﬁﬂﬁﬁea&] the

central portion of the interior region of containe

20061 g‘i’%&e?é* e p‘%‘?‘&?@? ki #ﬁﬂ%ﬂ%ﬁ%ﬁ%ﬁﬁé}* V%"?PE"&%)}%‘H? infegpr
Cuppor t RS mirEitbE oo RRGHREN i MERE phafin RUPEIRE b e S polger n

hol der | { t, | ower nbst | der . A .hol der, for, one qr nore
enbodi rrtg%#lg&[ﬁ"é%%?dde}’f ifr\‘g%%a‘%e Sy "'?8)?‘[‘%? o P‘B’csé‘tt?‘gﬁm&ﬁ“& iy define 3y
sui tabl e size.and ﬁqﬁge throH h which the tube may extend. A hol der
for onePEtAseaf MR HIEElEY24 a0 He or nore sidewalls al ong at | east a
portion of the perjneter of such an opening. . Such sidewall (s) for
one enbodi fﬁ’&f"’b@e&&}@ﬂ’@&n{ By ertpndis Annsuitablsyocatipn hesecrathe lnveermest
mat er i a}lF upported by a support surface of the holder. Such
si dewal O(I‘ief SYRPPTR &naisHRb 9 besraponiagd in the interioraegion and thabottom suafakeof the
material to help conduct heat and therefore hel p vaporize materi al
suppor tiagrpyregiad. kb losermesy beldesiin dwdntedionregion fayvee embodimenthayteey be
defined to help support one or nore other holders positioned over
t he hol sipportedabeveshaleotianl susfacd off thomterioriegibinrbyrany swiyablegdiut et Idy fidken
grooved along the top to help position a gasket between the hol der
and t heregiohbetwacrdthatrlowermustlivlddrandihk Bomtora g fie.S BpaiticaaRdodintal, dey suifable
exanpl e. Such sidewall (s) for one

support structure may be defined by the container on, at, or near the bottom surface of the

interior re_gion and/or may be placed in the interior region prior to placing a first holder in the
interior region. The first holder may then be placed in the interior region to rest either directly or
indirectly on the support structure. For one embodiment, one or more sidewalls of the interior
region may define one or more ledges on, at, or near the bottom surface to help support a
lowermost holder above the bottom surface.

As illustrated in the example embodiment of Figure 3, a generally annular support 304
may be placed on bottom surface 301 in the interior region of container 300 to support holder
310 above bottom surface 301. A tube 305 may then extend through openings in holders 360,
350, 340, 330, 320, and 310 in a generally central portion of the interior region of container 300

to a location between holder 310 and bottom surface 301,
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enbodi ment may be coupled to the hol der using any suitable technique
such as, for exanple, by screwing an at |east partially threaded

si dewal | | @2085/iRRi@aded openi ng. Such sidewal | (s) for pEREia&iiss
enbodi ment may be integrally forned with the holder, for exanple, to

hel p pronote heat transfer to such sidewall(s). As illustrated in
t he exanpl e enbodi nent of Figures 3, 4, and 5, holder 310 may defi ne

through a geTertabd fr amitich ambbdifleM S exinaRO ity sitifld R adnlbetwanigs al | y
circul ar opening through which tube 305 nmay extend and nay have a

gener al lowefridst RSlaérGappostittoaterial 3d Be ﬁip@ﬂgedtiﬁ 'ﬁle 191%ﬁbﬂ%%ﬁlﬁ aRdl a hbRk:
o he

opening with a groove at the top of sidewall 315t p position an

O ring shhBrjack@itReRvdiRbseldd3L0 and tube 305 and between hol der 310
and hol der 320. -26 WO 2005/118119 PCT/US2005/ 019138 For one

enbodi nent, Ah@ld@lrfom%r%rgaﬁﬁodh‘ﬁe WQE%&% Bl?%i&ﬁe?(%ﬁé& Enlr%/pé%ﬂ{nggg

formed to define an opening through atu may ex
for one Jolel] i theough an .openi.ngq 4 n _one._or. Nofre
hol ders™ af t eérﬂlé%%%mhﬁg’}{%%ﬁ?rg %@‘E‘g’f}fgﬁ glee etﬁgeprf]%&%%nidh B\elﬁoéd&&mr%ﬁ cﬂg’rod‘mlaﬂg
tube fo t odi JTen i nserted rough an opening in one
or nor e&aﬁ%ﬁ' grgé Oﬁlgglgrséﬁg’ﬁ@%ﬁﬁ]é gzwtsz)p%%otlﬁgw elgr Of stigh anyppening.
cont ai ngr d e.tube and. hol der (s) Y, en be placed in the
cont ai ratehRReHEFtor SRerindims ay b et de bl dunti v eblsramount of
enbodi nent %aﬁi{ be SB | east partially defined to extend within a
si dewal TAIFRY SRR By R SAPSrt|spifageiod fiedoldst. FushsidewallEhior ene embodiment imsy
region of a container to any suitable |ocation at or near a bottom
sur f acePedPrmesdirom amy suitable mgtesial ierhglpoionduct heatendrbetefare help vaporize onaterialy
material to be vaporized in the interior region. The passage may be
def i necFURPQrsd By thrchoddete frdh sidewalies) fifr onegmbedimeniinmydieatefiactitodiepmpport
Al t hough described in connection with being introduced through one
passageergtor prorgwsher haldetsqiositiomsinventhe hoklera rsuch tidewall{s) fogoneentbodimdnt tay
| ower nbst  hol der supporting material to be vaporized in the interior
r egi on,opgjasallyde gaovotdhalongthecsh tothelp preitiobe ghdkel Bkendhé Rél@eramnd kipitald OF
and/or between the holder and a superjacent holder, for example. Such sidewall(s) for one
embodiment may be coupled to the holder using any suitable technique such as, for example, by
screwing an at least partially threaded sidewall into a threaded opening. Such sidewall(s) for
another embodiment may be iﬁtegrally formed with the holder, for example, to help promote heat

transfer to such sidewall(s).

As illustrated in the example embodiment of Figures 3, 4, and 5, holder 310 may define
through a generally central region of support surface 311 a generally circular opening through
which tube 305 may extend and may have a generally cylindrical sidewall 315 along the
perimeter of that opening with a groove at the top ‘of sidewall 315 to help position an O-ring 316

between holder 310 and tube 305 and between holder 310 and holder 320.



region of a container through a plurality of passages defined to
extend to any suitable location at or near a bottom surface of the

i nterior regwes/altor a | owernost hol der supporting nmeg@Efi@bosiRo1zPe
vaporized in the interior region. Such a plurality of passages nay

conprise one or nore passages at |east partially defined by one or
nore tubes, one or nore passages defined within one or nore

si dewal | s offot dre enttiodiniedt, tw6 6t Mbre HNHsTh 2QBMaiEr HEY Ko SRR REmeEd Ned
using any other suitable structure. Gas for one enbodi nment nay be

i nt r odulefife andpeniag bl WwidEh & RBE Hay @kteAd. CRRY ELBF ok W rbtiineR H%%EO m
a

wal | at a bottom surface of the interior region and/or throug

si devalihseftéd frdbigH 8MBpdningSiH oh@6Eem6ie hbl¥ers! AAELLLR Bolﬁﬁr%) %Evz{:&ch 3}/% in the

suitable | ocation at or near the bottom surface a

2005/ A odi : | ng i al
b e THe AR IOMAIR] diod AR sABhAP R RRObLAR, HRRELL Bor

to be vaporized in the interior reg

be i I ' , ' def i h
pot t om PR aioes S AB (R i Pbdeh 1503 (RIS net Bty e i RiEE ey
the i ntﬂ%ég,grp%arcg@gnqﬂe 509“43‘1?4;@0&3%5 er distribute gas in the interior

S

regi on. or one Or no Bdi ment s may be introduced into an

I nterior regy f . containeg at or neat, a top end_ of the interior

regi on and/ girlggas? &5 ﬁ%@ﬁoﬂ%qe&g? f°§ ﬁ’b%]gerrtefnﬁﬂélf?&?@w%hw atdepstpariallysiefipedso

inthe interior region to flowt rd a bottomend of the interior

r egi on SX'EK wﬁ%&ﬁ/‘g E’?ﬁ By 5% S‘Fm%t‘ﬂﬁ?ﬁﬂl ngpr the-topof op dmirEegion of a

I ntroduced gas may.be directed to flowin any suitable manner over

and/ or SPHABLIJN 2niitable Jacation 3t o peag aBottem surfase ofithe Aseriarregion amb/arra or

region of a container and/or by one or nore holders in the interior

r egi on 19%FTHEst holdsisupperting matesiat to be Neposized intthoidteriotregis. Wihiipassageaniybe

being vaporized. Introduced gas may then nore |ikely contact

vapor i Sefinegyritiin the sidewsl] todeafiyny switablesizeamd shape.he vapori zation rate

of the material and/or any variations in the concentration of the

vapori zed nélteoughidescribechia coneetiorowith Bgihgintroduced through one passage at or near a
bottom surface of an interior region and/or a lowermost holder supporting material to be
vaporized in the interior region, gas for another embodiment may be introduced into an interior
region of a container through a plurality of passages defined to extend to any suitable location at
or near a bottom surface of the interior region and/or a lowermost holder supporting material to
be vaporized in the interior region. Such a plurality of passages may Comprise one or more
passages at least partially defined by one or more tubes, one or more passages defined within one
or more sidewalls of the interior region, and/or one or more passages defined using any other
suitable structure.

Gas for one embodiment may be introduced into an interior region of a container through

a bottom wall at a bottom surface of the interior region and/or through a sidewall at a sidewall

surface of the interior region at any suitable location at or near the bottom surface and/or a
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For one enbodi nent where material to be vaporized is supported on a
bottom surface of an interior region of a container and where gas is

i ntroducedwas 200611368 the bottom surface, introduced OmSri@VMosaRo13s
directed to flow over and/or through material supported on the bottom

surface using any suitable structure. As one exanple, the exanple
enbodi mrent of Figure 3 may be nodified by coupling a baffle or

di f f usRiwedhost RRAGREpptitgrattedsl 2o bvdpetireddh BRGhteHaSrefioA\MGAY £ one
mat eri al supported on bottom surface 301. For one enbodi nent where

9as i SehgdiAch GRS b8 intRiducdGffoush A PNRIIRDS opBahgiedefinbdBidsuchfid aBalteni al
to be s/aporlﬁzed, 9i ntr; odﬁ?:ed goétlg1 may ble di Pect%ﬁdto -28 2005/ 118119

PCT/ US&Q@E‘%]%H riorf rla%t% N Hbr aaﬂgeéxfﬂiel shitiR U the TRERST rakiof WPRGS b&dr by the

| ower nos usi ng any suit structure. For one or nore

enbodi &E&Bﬁmg&”ﬁtﬁéin{éﬁiﬁreg%n?efS in an interior region of a container
may havé one “or nore passageways defined in any suitable manner to

hel p di t .t fl f .Sui.t . .

't er i or - <3P0 TR ABbeRtln AL e AR AR it Ridrla (|,
G et BAsRAT R e G A6 oF L G HSRn Al P s SipeRbi ey
one or nore epbodi nents, may have at. any suit abl € .or .nore,

| ocat i #rhs vaperized i the miterios segien toflowdpwarda hogpm °ﬁ‘§§g§’§é9\5§9%" TEPBugh

whi ch gas may flow through the holder. A holder for one enbodi nent
may have at any suitable one or nore |ocations any suitable nunber

of one or nore passageways through which gas may fl ow from bel ow t he
ol der GASLQI &IV ER ANI/OR TEBORIGRMATERIALGERNG YAPORIZRD hol der . A

hol der for one enbodi ment nmay define through a support surface an

openi ng of hyducsd gisabayebesdireeted tulfleh aparysndablemahzey everraadior thieneh

sidewal I s of any suitable size and shape to extend up fromthe

suppor materslf sapgorted bp@n @hd hafkst ofanfinwktibrangioh of feomanérmatier by bneserohoran

opening to help define a passageway for gas flow through the hol der.

Such shelawaid the intdridr répieh BMHBRANTEARE contact time of introduced gas with material being
vaporized. Introduced gas may then more likely contact vaporized material despite any
variations in the vaporization rate of the material and/or any variations in the concentration of the
vaporized material in the interior region.

For one embodiment where material to be vaporized is supported on a bottom surface of
an interior region of a container and where gas is introduced at or near the bottom surface,
introduced gas may be directed to flow over and/or through material supported on the bottom
surface using any suitable structure, As one example, the example embodiment of Figure 3 may
be modified by coupling a baffle or diffuser at the end of tube 305 to help direct gas flow over

material supported on bottom surface 301. For one embodiment where gas is introduced at or

near a lowermost holder supporting material to be vaporized, introduced gas may be directed to
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may be defined to hel p contain any suitable amount of materi al
supported by the holder. Such sidewall(s) for one enbodi nent may

hel p di rectw@agoshil®ayy to circulate or whirl over materi apergyRpibAY
by the holder. Such sidewall (s) for one enbodi mrent nay be formed from

any suitable material to help conduct heat and therefore help
vaporize material supported by the holder. Such sidewall(s) for one

embodi MRRtovERIndRE tEBLEH Mstelifl shpiRrBOby Rk 1oiedrm@stdioides iiihgintyesuitaiddini que.
Such sidewall (s) for another enbodi nent may be integrally forned

with the hglder, for -exanple, to help pronmote heat transfer to such
sidewal [ (s). -29 WD 2005/118119 PCT/ US2005/019138 As illustrated in

the exampl @ cerHad R offoch el B8 dr A0 nEidchioh 4P ntcHoP rapish stelconeindr

general ly circular opening through support surface 311, and a tube

317 mal &tﬂa(}é g[{et o?gndsgp#s?%%]wgﬁsofe@ih%taﬁ}( g@fé\) Eineﬁmlgﬁﬂa G didecCikb BBWOE &R

s:cde\r/]va 0 exten pport sur 11 along "the perineter
t hat i t I fi. . j j
?haougﬁuﬁ%f%éa? o sﬁ%‘tﬂ}frh%yr HffePaidniihel G LBT nGFIREA G Bhee
. i tab . .
e TR SR o7 i S S PR el e i

for exanpl e and_maé/.be inserted in an opening in support surface 311
usi ng & of e {leyi % AL hj que. Tube 317 for one enbodi ment may be

press fit into_an opening in support surface 311, Tube 317 fi)r .
anot her enbddhaidsiforpng opBpEe %Fp@gﬂeé‘tts P YA ALANY SPHERIE O TS [qgations
screwed into an opening in support surface 311. A threaded tube 317
for onengaitsleumbenefongior mere RAssasewgys dhrawgh whigh gas may fow H'F'i"%ﬁlﬁztﬁe gas
flow and/or contact time of gas with material being vaporized. One
or nor dobieheA hphissig enmgrshodiment mey heveat aoipsuitablg opg or mpEs IgaagiopsRny
exanple, may be simlarly defined for holder 310. A holder for one
enbodi rsahiblemymber oforene noore passagesayethmupls whish gas may flowdras below ghe holder
general ly coni cal passageways that taper as the sidewall (s) extend up
from a suppardderhiagh nedferial hppbotdisriht boldal p reduce, ninin ze, or

avoi d backfl ow of gas. The w dth and/or thickness of

A holder for one embodiment may define through a support surface an opening of any
suitable size and shapé and may have one or more sidewalls of any suitable size and shape to
extend up from the support surface along at least a portion of the perimeter of such an opening to
help define a passageway for gas flow through the holder. Such sidewall(s) for one embodiment
may be defined to help contain a;ly suitable amount of material supported by the holder. Such
sidewall(s) for one embodiment may help direct gas flow to circulate or whirl over material
supported by the holder. Such sidewall(s) for one embodiment may be formed from any sujtable
material to help conduct heat and therefore help vaporize material supported by the holder. Such
sidewall(s) for one embodiment may be coupled to the holder using any suitabie technique. Such

sidewall(s) for another embodiment may be integrally formed with the holder, for example, to

help promote heat transfer to such sidewall(s).
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such sidewal | (s) for one enbodi ment nay al so taper as the sidewall(s)
extend up froma support surface of the holder. A holder for one
enbodi ment wayoodAaysR1one or nore passageway sidewal | s thagrgefdhdHRoizgne
or nore vents to allow gas to flow radially through such sidewall (s)
and through and/or over nmaterial supported by the hol der. For one or
nore enbodi nents, two or nore hol ders may have one or nore

passageways Af lusgasd ihlioeexaipRUugibotisdit HOFBeESs bt bR M adfieS
such hol ders to be positioned to at |east -30 WO 2005/11811

PCTI US2p&fetl39kafar dpeihi @J:b\%gﬁ.%\dﬁﬁdd QAo SinaSUahe 1o/ xﬂgy be ih%eﬁ%’ﬁﬁf’

gas for one embodi ment nay en be directed to flow over and/or

thr oughogeaingith abfirkunRAERYc inaAE SREHARSGSAY D BonChBl kS 571 16)

i ncrease contact time of Tntroduced gas wt fer arPpei g :
vapor i Zgd pedm St thAe5Hin QAR ] ' t be positioned
or oriented relative ?o %msf%&%@gﬁ?gﬂ%ﬁ?&??ﬁ%ﬂﬁ%p&@;ﬂ%ﬁvg%fqu&h;hﬂlaer
one or . Sk hacent holder.with one or_nore
passag eﬂmg'/ ?‘% §?ﬁg@s u %j é@& rs}n%ﬂﬁ%el S(lrjh[eéfa.s'lh %?ag & 6%$F%§?ﬂneﬁ&aﬁ@5°W@f of gy
enbodi : 0 or, re ssageways at, different |ocations
Co el priebls SR AR e R8s TRiRS PR BB R0 BERY S itable mamlh ok on saiales
hol der %&ei? onﬁB&r rrgre assageways of the subjacent hol der )

r egar di 888 “GrHEAE A PedRseEednan OBEIRg By suppost supfasectk laasinedny shiteble; o
one anot her. By, avoi din al.ignment of passageways, the bottom of the
super j a@@ﬁ‘t‘q‘ﬁol)f&g‘? é)'r?aér g‘éﬂ ‘i?"?ﬂ’%w mgy be pregyfitantotan egening in supperbsusface
passage,}/ﬁyzr hrough the subjacent holder to circulate or whirl over
mat eri at*!- L‘l‘b?}éﬂ Fanppher kmbedipieaicasy have pu evtepthieaded surface ad may mrserewed
nore passageways through the superjacent holder. Directing gas flow
to ci r ciioAOPEHNGAN Uppast swfaped Hr | & threadpptube 317 foy one trobaitbmentasaytdilew for

material is vaporized hel ps increase contact tinme of the gas with

mat er i aAdjustabiligy sy dntiodze gas dlowherrior oomach tinp of asovitt Barenl dis Whoridea,
gas with vaporized material. Superjacent and subjacent hol ders for

one enifde eremdre othyr mstagenays| suchl ef ihardefined B tub&YE for example, may be similarly

=

defined for holder 310.

A holder for one embodiment may have one or more sidewalls to define one or more
generally qonjcal passageways that taper as the sidewall(s) extend up from a support surface of
the holder to help reduce, minimize, or avoid backflow of gas. The width and/or thickness of
such sidewall(s) for one embodiment may also taper as the sidewall(s) extend up from a support
surface of the holder. |

A holder for one embodiment may have one or more passageway sidewalls that define
one or more vents to allow gas to flow radially through such sidewall(s) and through and/or over
mateﬁal supported by the holder.

For one or more embodiments, two or more holders may have one or more passageways

for gas flow through such holders to allow one or more such holders to be positioned to at least
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any suitable structure to help position or orient themrelative to
one another to help avoid aligning one or nore passageways of the

superj acenwdmbsiegimi t h one or nore passageways of thepGi0652741338
hol der. As illustrated in the exanple enbodi nent of Figure 4, a notch

314 may be defined at the top of sidewall 312 to receive a
correspondi ng protuberance extending down from the bottomof a

super j gueiallylwériie andtioersedhthodddr e iftrotived PR bRE@Bod b Stay tRdndid diRcik®
hol der 310. For one or nore enbodi ments where one or nore passageway

si deval tb floedverahdlep through Matesal RiPotteSbY hrihBrefded Aumbli FHOMers 18 heB -
such passageway sidewall (s) for one enbodi ment may be -31 WO

2005/ 1%i8drde PéntadyBRRATIMbANRR zaOvith Matesidl HeY Vipbidght to hel p define
an exit region of any suitable size between such passageway

si deval | (s) sdigholdsent2Bldep Ior Ghe BmBYRREAARS e JRQOAR & BrphbOWIARE 1 4 OW

to exit one or nbre passageways throug | acent der an
to hel puGhtmthdli@ Wheidil af Gk L Alof gsuRBOE L ed by, L]
subj acerlllt% hol der. A Pé perljd gc nItlé i‘%}%égarﬁ %%r ﬁ‘é’ﬁ)%r()f%erszlgg?ﬁ%%i%qﬁ \g?th
may havg.gPsoR. ' I uitabl e size and shape. to
ext end gm&? r r:i‘?gt3 E%v%tg ? g?hso?aa%%htehﬂ&;%‘d%‘rsug'flﬁﬁif“ i?ﬁle‘é§§ P“%e'gﬁ‘?’dt"?’ﬁﬁ
of the | r sageway,.oQpeni ng.. Such sidewal.l (s) for one
erbod A e ostiorp REREIGL R RBE 5 ionm it plf v alipnind omsrgmor
mat eri al Ssué‘%gr ttetg b%ﬁa sub%ﬁgent, hol der prior to entering one or
more pady % &1 R PRTEACh ol peth; one or orrdagRageways of thi sybiegnt helilers or
one enbodi(gent H%%/ e of any suitable depth to help define an
ent r ancE8Fdes gh S%ﬂﬁmﬁffﬁ%ﬁp@ﬂwﬁomen@é Aclatinerio on¢ armildr] By Rveiding
for exanple, the top surface of material supported by the subjacent
hol der 2lignment pErpsigeweysothe bottern véthe shpsriacenthel derpaayswipedicact gisflovuepiting
t he superjacent holder. Such sidewall(s) for one enbodi nent may be
coupl e®@n¢ or mprs pAsAghsYays Birouphahe/subjacerd hbldet to cirmilapa er whitt bver siatkeial | (S)
for another enbodi nent may be integrally formed with the hol der. As
i |1 ust seppoded by thheulgacenphadderphodiorrkting bndorgnure pasdagndySthriighdey 320
may define a generally circular opening through support surface 321,
and a tuizga@AVheldyr. Derettivgegas @idwitt cirfiflite or whirl over material supported by a holder
as the material is vaporized helps increase contact time of the gas with material being vaporized
and therefore helps promote contact of the gas with vaporized material.

Superjacent and subjacent holders for one embodiment may optionally define and/or have
any suitable structure to help position or orient them relative to one another to help avoid
aligning one or more passageways of the superjacent holder with one or more passageways of
the subjacent holder. As illustrated in the example embodiment of Figure 4, a notch 314 may be
defined at the top of sidewall 312 to receive a corresponding protuberance extending down from
the bottom of a superjacent holder to help orient the superjacent holder relative to holder 310.

For one or more embodiments where one or more passageway sidewalls extend up from a

support surface of a subjacent holder, such passageway sidewall(s) for one embodiment may be
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opening to define a generally cylindrical sidewall to extend down
fromthe bottom of holder 320 along the perinmeter of that opening to

hel p defi ngvaa@engi®l |y cylindrical passageway through pdptishaisi2Bs
Tube 327 may have any suitable size and shape and nay define a
passageway of any suitable size and shape. Tube 327 nay be forned
fromany suitable material, such as stainless steel for exanple, and

may beyflaf$ QiifabR helghfd }@Hﬁwﬁﬁg an ExitiegipA of aBbuitstle sid@Betwsemngnchapyssageway
suitabl e " technique. Tube 327 for one embodinent may be press fit

into aﬂd%ﬁ(&b G thE bSHUAPOF 4 sufp'dx?ic%ﬁtﬁhold%?ﬂo alibWiRs A3 th exit anOdBdTe
enbodi ment may have an outer fhreaded surface and may be screwed -32

WO 2 02&&%&%@ ggﬁ%ﬁﬁg %g:?#@ﬂt%ﬁﬁr atdMrQo Rl RIS Gr iavﬁu' %HQ PR oveHbRER
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Figures 3 a , be 3 rted thr
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extend down from.the bottom of hol der 320 al ong the erj neter of

that opfsAlondo cirerige spwhirkpvepmateaalyRRTiEA Y AgyLIBeenphelder priof 1o qtarg one
suitable position in the opening. Tube 327 for another enbod| nent
may haetemern pessegsivayhiheaush thesyperigsent baldgr. pagh sréewgel!(é),@aomrﬁr@qdﬁgent may
opening to any suitable position in the opening. One or nore other

t ubes, besefany asitablelsiepth 28 hélp defineansntranaeuggien efanyshitable Hizn hetweggane al |y
cyli ndr| cal sidewall to extend up from support surface 321 and a
gener aitlawailyd) and] forombmpledthasdn sutfacesofneatetiati supportedipy thia subjaxsnt knldey o

hol der 320. For one or nore enbodi nents where one or nore passageway
si devahilgw gaiRMdo efitef 6:2Branors papaicvagithfongl thefsuperjaodit Aoklet. Swehder and

one or nore passageway sidewalls extend down from

sidewall(s) for one embodiment may be coupled to the holder using any suitable technique. Such
sidewall(s) for another embodiment may be integrally formed with the holder.

As illustrated in the example embodiment of Figures 3 and 5, holder 320 may define a
generally circular opening through support surface 321, and a tube 327 may be inserted in that
opening to define a generally cylindrical sidewall to extend down from the bottom of holder 320
along the perimeter of that opening to help define a generally cylindrical passageway through
holder 320. Tube 327 may have any suitable size and shape and may define a passageway of any
suitable size and shape. Tube 327 may be formed from any suitable material, such as stainless
steel for example, and may be inserted in an opening in support surface 321 using any suitable

technique. Tube 327 for one embodiment may be press fit into an opening in support surface

321. Tube 327 for another embodiment may have an outer threaded surface and may be screwed
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the bottom of a superjacent holder, the top of one or nore passageway
sidewal I s extending up fromthe support surface of the subjacent

hol der for vamengiizedi nent may be hi gher than the Dbott opeRiisRi10s
nore passageway sidewal | s extending down fromthe bottom of the
superjacent holder to help direct gas flow exiting one or nore
passageways through the subjacent holder to circulate or whirl over

mat er i glo SUpeRihg ﬁﬁsu?idoﬁ 59£a56/9) 2GR fHredded BB 37 fodbné Embadimentigayctiowdor
nore passageways through the superjacent holder. As illustrated in

t he eX?dgﬁlt SiJi_gﬁﬂng!l BEMImigl as'ilogpaﬁﬁ/rﬁ contth® tihRRT g wﬂlﬂﬁﬁfénaﬂﬂelrﬁg‘iﬁpaﬂ&d

for be hig er than the bottons of tubes -33 WO

2005/ 133 ,}J;g:g{htgﬁggggge@g,%mh T

di rect owto circulate or over nmateri al supporte

hol der A.h for one enbodi rent nay have one or nore
passagg?ﬁ\g%f%g\?@ng?%’ cover over its top to help direct gas flow

LZSLZ'g'e&a% “éa:%lgwmh %{grIsﬁ%re%g%?féteﬁﬁbgﬁﬁaeﬁﬁ%ﬁ%ﬁé%w ?ab%&a“ﬁ % B s
Super | e tHOEIGHn SRebRE iR GRokP Rl %ﬁ?@éﬁﬂt& SRR bR et

For 'a cyindSe BRAYAEH EIon 8B ARTUUPYE B BYS A DRTE B S“”%erraeftﬁm&%%ﬁ#re
I nt egr aI W|th and/ or coupled to a passageway si dewal

[
sui t abans mganaely csdmdap@létdeweﬂ topgxéend doyp Homethe Beﬁt% G 20114%{929&&’@8%
sui tabl e nunber of one or nore walls of any suitable size and shape
i N anypeimetetvf ¢hak opamirizn (Tube 3% for aue embdditaent may bg prass fisioranyeuitably t he
hol der and nay have one or nore passageways of any suitable size and
shape gesdtiondd thewipehing. Bule 327 formnetheuarhbadithér(t siaytheve gaentér thigadadrsytfegs
the holder. Such wall(s) for one enbodinent may be defined as having

one or abmey Pastsagdinty shd apehiak o aysaitgilapssitimtin tre optuingaOne pr wpre other
material over, on, and/or in the holder relative to, for exanple, a

hol der y/pey isikth as RteI28 S¥axanbdevay Ao ddfine dothta Henergitp cylindrisal pjiewall to
surface. Such wall (s) for one enbodi nent
extend up from support surface 321 and a generally cylindrical sidewall to extend down from the
bottom of holder 320.

For one or more embodiments where one or more passageway sidewalls extend up from a
support surface of a subjacent holder and one or more passageway sidewalls extend down from
the bottom of a superjacent holder, the top of one or more passageway sidewalls extending up
from the support surface of the subjacent holder for one embodiment may be higher than the
bottom of one or more passageway sidewalls extending down from the bottom of the superjacent
holder to help direct gas flow exiting one or more passageways through the subjacent holder to
circulate or whirl over material supported by the subjacent holder prior to entering one or more

passageways through the superjacent holder. As illustrated in the example embodiment of

Figure 5, the tops of tubes 317 and 318 for holder 310 may be higher than the bottoms of tubes
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may be defined to hel p contain any suitable amount of materi al
supported by the holder. Such wall(s) for one enbodi ment may help
direct gaswid suesi@16i rcul ate or whirl over material sSuRPEEiiBELRY3$ he
hol der. Such wall (s) for one enbodi nent may be forned using any
suitable material to help conduct heat and therefore hel p vaporize
mat eri al supported by the holder. Such wall(s) for one enbodi nent

nmay beseoialies fdrholdeesdinh Keh diebis AOY tSsitduitd 6 wigfl RRbogterifigapported
wal | (sg for another enbodi nent nmaybe integrally forned with the

hol derb)é%(%ge]r?}gﬁpl e, to help promote heat transfer to such wall(s).
-34 WO 119 PCT/ US2005/ 019138 A hol der for one enbodi nent may

have one or, ?ipfdgr !yﬂesen?nod?ﬁl‘-}eﬁt ﬁfé#( gﬁ@ &e%hg%r%a DARR Hafing %8N oVt its

froma support surface o er to p parTition thé support
and < ab P it U Fonf sy ogh RS ARV, lnien ke B0y e
any " Sepsospame ot aier g 7 e BleeRRf «ERRAE RS plBfery B ABMRTER, U
R R e e

of Figure 6, a holder 610 na ef | a sypport rface 611 and have
a si detedingaligumentf Pﬁﬁég%yﬁ-nﬁ%li“’q&‘% i aavsuisble drere ﬁ‘ﬁ& a
sidewal | 615 along the perinmeter of an opening thr u%l WE) ch a_ tube
for gapassgerayieRver- ofPchuifucure dorpne epbpdiaieneaey beslﬂ&‘}ﬁ@?t” GRf/gEErUpled toa
sidewal | 612, and sidewall 615 generally correspond to holder 310,
suppor passageiay sidguall ingnyiewiteble nganper. and si dewal | 315, respectively, of
Figures 3, 4, and 5. Holder 610 nmay have a plurality of walls, such
as wal | s 61X haligr Bt 8nd arme ambbdiments maydrveany subiddevaimbesiof epgonmes 2
and sidewall 615 to partition support surface 611 into nultiple

r egi onsvalloyfenyshitable sicetaad skdpe imatyesuitatjotocation torextetsbupframecsupporf owfres.
One or nore passageways nmay be defined within one or nore such

val | (Shfhahbider dnd by Ha0s orf@ e passitieaash dffanpagtabletsizenpp ohdpe dsfinddace
611 to help ease placenent or formation of material to be vaporized

over, QAthintdd/oPmotdsuch wall(s) for gas flow through the holder. Such wall(s) for one

embodiment may be defined as having one or more passageways to help ease placement or
formation of material over, on, and/or in the holder relative to, for example, a holder having
passageway sidewalls spread throughout a support surface. Such wall(s) for one embodiment
may be defined to help contain any suitable amount of material supported by the holder. Such
wall(s) for one embodiment may help direct gas flow to circulate or whirl over material
supported by the holder. Such wall(s) for one embodiment may be formed using any suitable
material to help conduct heat and therefore help vaporize material supported by the holder. Such
wall(s) for one embodiment may be coupled to the holder using any suitable technique. Such
wall(s) for another embodiment may be integrally formed with the holder, for example, to help

promote heat transfer to such wall(s).
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hol der 610. A superjacent hol der having one or nore walls having one
or nore passageways for one enbodinent nmay be positioned or oriented
rel ative tqy@adsipisapent hol der to help direct gas flow p@MiddohghifRg
or nore passageways through the subjacent holder to flow over

mat eri al supported by the subjacent holder prior to entering one or
nore passageways through the superjacent holder. For one enbodi nent,

one or nor e WalikSfo'Ghe dAthodftfer® malBaw: A8 SPABRIWAIE of @hy suiRblesisRjand siabe
hol der may be of any suitable height to help define an exit region of

any s uiot ‘%% 8§ tuﬁ ;'g%ﬁloa; %@#@?&?ﬁ%%g ﬂéiﬁer'?@élb’?@ﬁ%ﬁ Bt USsbrt fRetvea Haych

wal | (s e superjacent holder to allow gas flow to

X1 O She of RS pIASSAASHRY S/ U0 R HUNIRARL!wiOhASE oPRBkeAlcl ©

e or ow over material supported by the

E?bgaiﬁ%é@f@'e ?ﬁif;wﬁ%??‘* R N AT B
o1 dowariishisiocalion s hefoantiamiey BPPot Sufren s HGRTDe RO A o o,

for gas introduction may ' extend, and a plurality of walls, such as
wal | s BEonaA¥er aduchipatenial fopy wapoppedm ﬁeesﬁﬁm&? ween sidewal | 622 and

sidewal | 625 to partition support surface 621 int |.tiplge_regions
over whi ch, As HistEatedin theexsm dingsgt ﬂfaﬁlglﬁé%pﬁ‘g@gﬂﬁpm r‘ﬁéa‘?gﬂlﬂp%r
620, support surface 621, sidewall 622, sidewall 625, and wal]s 6?7
and 628urfen6}latrdharen sidewahél 2 dongshelparingte of SypppE seriacg il @ad 2 gidgwal
sidewal | 612, sidewall 615, and walls 617 and 618, respectively.

Super j &t®abngibt genim@aoffaproperingtheorigh avhinbira tubmfpr Bes ipseduction Bgy g¥tend.
oriented relative to subjacent holder 610 to help direct gas flow
exi t i nifoltees 1, support spdssad &yeidesvatl 61 2,mad sidewdll 6l Sigenerally gorrdspendeipdinlder
to flow over nmaterial supported over the two support surface regions
adj acenio,wapgortGiader310] sidvatiriiey indgidewsll 31, revpectivplysefitigway3, 4ledd hed
w thin walls 627 and 628, for exanple, of superjacent holder 620. A

not ch GilfierBib AR haRalplhralg of @hils) eathak walle61704ndw 8 forckmamiple, thhPextand
recei ve a correspondi ng

between sidewall 612 and sidewall 615 to partition support surface 611 into multiple regions

over which material to be vaporized may be placed or formed. One or more passageways may
be defined within one or more such wall(s) rather than, for example, spread throughout support
surface 611 to help easle placement or formation of material to be vaporized over, on, and/or in
_holder 610,

A superjacent holder having one or more walls having one or more passageways for one
embodiment may be positioned or oriented relative to a subjacent holder to help direct gas flow
exiting one or more passageways through the subjacent holder to flow over material supported
by the subjacent holder prior to entering one or more passageways through the superjacent
holder. For one embodiment, one or more walls having one or more passageways for the

. subjacent holder may be of any suitable height to help define an exit region of any suitable size
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pr ot uberance extendi ng down fromthe bottom of superjacent hol der 620
to help orient superjacent holder 620 relative to subjacent hol der
610. A hol dwp 2008180 enbodi nent may have one or nore wedi/8s08s/AMss
suitabl e size and shape to extend up froma support surface of the
hol der al ong or near at |east a portion of the perineter of the
support surface and nmay have one or nore passageways of any suitable
si ze anuetwéeapech wal(E)raad th Hdtom offite superfAoE® holdeNtowdbiv(gas fbRRo B@bodd PW
t hrough the holder. -36 WD 2005/118119 PCT/ US2005/019138 As

i 'l ust rmbreghassagewgs tuaighltie: wbjacdit BBiaEr Hit/oF thdlPcifoulde SHOVEA gad 0w Y

define a support surface 711 and have a sidewall 712 along the

per i nmetmsitedd] ssptioped by theshisje@nt’Holdegnd a sidewal | 715 al ong the
peri meter of an opening through which a tube for gas introduction may

LN o ol AsAluskhd i aRRkhyIS iy ertoh iSO berba Bl SIAIRM !

715 generally correspond to hol der 310, ace

‘ZLES@?' 1A £ bRl sBele D) F@ﬁesﬁﬁﬁﬁﬁ?%{ Ao &Sﬁﬁ%ﬁﬁwﬁ%’e‘;
: : [ Wt hi .17
T, o R afthe TR EmBRE SEAARIRe (A ath ¢ ok oFaps infisdnf oy
I ' ] , , d/ in hold
P10, A Rl Byl BBl sl Al Vel b7 B oriRimbloctitaps<hadeouesy

sui t abl g; si nd, sha extend up froma support surface of the
hol der Sevaf %?1@%1}‘1 X efé‘ﬁé?é?? pariton yagpor} 5iee 09k intorfaultiplgseaiens eyer which.
and may t}ava? ne or . nore passagevxgés of anéqrsui tabl e size and shape
def i ned™26Hal 1 Bf YBRFZ5A mAYs plased o darmeds \Haldgr 630.suppastsurfico 6 sidewall
hol der. As . illustrated in the exanple enbodi nent of Figure 7, a

hol der S722pidrupll §ef.iand walls G5hundi628 genarallyecomaspoad tb helder 640 ssugpartbirfad® 2
along the perineter of support surface 721 and a sidewall 725 al ong
t he perblkesidewall 612, sidspel i6hs) anth wellshl Trniddii 8 aetpebibvel o rSupasadent ioddkn 620 Qi
may extend. Holder 720, support surface 721, sidewall 722, and

si dewalone pRBodjmmmmady be positivesiydetted feldtive to subjkdent HUIRO6 10 6 hefpakiRct gas'
311, sidewall 312, and sidewall 315, respectively, of Figures 3, 4,
and 5. flow exiting one or more passageways defined within wall 618, for example, to flow over

material supported over the two support surface regions adjacent wali 618 prior to entering one
or more passageways defined within walls 627 and 628, for example, of superjacent holder 620.
A notch 614 may optionally be defined at the top of sidewall 612 to receive a corresponding
protuberance extending down from the bottom éf superjacent holder 620 to help orient
superjacent holder 620 relative to subjacent holder 610.

A holder for one embodiment may have one or more walls of any suitable size and shape
to extend up from 2 support surface of the holder along or near at least a portion of the perimeter
of the support surface and may have one or more passageways of any suitable size and shape

defined within one or more such wall(s) for gas flow through the holder.
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Hol der 720 may have a wall 727 along the outer side of sidewall 725
and may have one or nore passageways defined within wall 727 rather
t han, for ex@ppbeisi®pread throughout support surface 7Edriisrobsadipizs
ease placenent or formation of material over, on, and/or in holder
720. A hol der having one or nore walls having one or nore passageways
along or near at least a portion of the perineter of a support

surface for Asnbustiteddn theekamply elabodimentiof Gipeet EWHoaleNt0 Ma QLRIRIa support
havi ng one or nore walls having one or nore passageways at or near a

gener alsbsfaceciil aad have3%idéRal 705 lbASht YeRadic S2APRIPIH3S71 T 8@ AaHan2
support surface to help direct gas flow exiting one or nore

passagemaying keqiegmeteh 6f arSopehing Sitbudhok K8 a hibe FdrPak REBHudtRh dﬁﬁéxtend.
supported by the subjacent holder prior to entering one or re
passagavas 71 0)saptiht suPBeeSHNEsiiGHEN 1 2N alad NSTAel

enbodi ment may be positi oneoll or orl ’entdegfe?vgﬂgﬁ g%e?agltyt ec?(élﬁcgﬂ lg’(l:‘}aeﬁt

hol der 31bdipfeaehieract 911, Bl FOIaRORRSLNA 318 respBRlefl, ggfﬁg:'eg AR gha !

passageways. For one enbodi nent, one or nore

A e ey
vl b G, M T8 e

and/ or e ciyculate or whirl gas flow over, material supported
by the 7255";“%?@"2???‘3 Pn’[%?‘a‘é"r‘{t %@“’P?‘P&é’f PE%E%'&I PYE-1OReani0s b helderdlfdi nent  of
Figure 7, h?‘h‘% 10 for one enbodi ment nmay be positioned subjacent
hol der 720 !ZPT&PP gbodimentmay hays pre orgnesp walls ofanyesuitehle sigeanysbape
defined within wall 717 to flow over material supported over support
sur f ac & Fandyp;fiam g supperiseifios 9f thediolsler aor seayaspeneralipagentral tepion ofite|

727 of superjacent holder 720. A holder having one or nore walls

havi ng Semertshrizesead puy Sayrews s mate passagewaysaf ameswitablelsize and tiapk defagtion
of a support surface for one enbodi nent may be positioned subjacent a
hol der“ﬁgln'qmgoomreﬁuchwah(smkg&ﬂavﬂmgm@nleemamre passageways al ong
or near at least a portion of the perineter of a support surface to
hel p dir ect Agdlstritedinahe éxanplodmebodimdi® bEFIRaAS T2 RYRYS720 may define a support

surface 721 and have a sidewal! 722 along the perimeter of support surface 721 and a sidewall
725 along the perimeter of an opening through which a tube for gas introduction may extend.
Holder 720, support surface 721, sidewall 722, and sidewall 725 generally correspond to holder
310, support surface 311, sidewall 312, and sidewall 315, respectively, of Figures 3, 4, and 5.
Holder 720 may have a wall 727 along the outer side of sidewall 725 and may have ong or more
passageways defined within wall 727 rather than, for exﬁmple, spread throughout support surface
721 to help ease placement or formation of material over, on, and/or in holder 720.

A holder having one or more walls having one or more passageways along or near at least
a portion of the perimeter of a support surface for one embodiment may be positioned subjacent

a holder having one or more walls having one or more passageways at or near a generally central
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t hrough the subjacent holder to flow over nmaterial supported by the
subj acent holder prior to entering one or nore passageways through
the super| sgembs/m@i@er. The hol der for one enbodi ment g@yuHBos/019138
positioned or oriented relative to the supezjacent holder with
reduced or mnimzed concern for avoiding alignment of passageways.
For one enbodi nent, one or nore walls having one or nore passageways

f e | a e
or t hﬁg%ﬂl&” Qt&ﬁ’?}eg F%Iféi:@ o HEY d&ct gis W et GHeloR nided gk geﬂlay(d'!ﬁi'oﬂgh th

defi ne exi n of any suitable size between such wall(s) and

the b Oéuttbgag%qq F’xoﬁ'l@leto 'ﬂ%?fl Ve mRnATshBToHAd Bgﬁ{elé%g&ﬁ Rd18dr3Rior B3 RREHRCREbr

hol der oW gas ow to exit one o passageways through the

at L?f%?gespa%%%éjwaga 35hehins dppSicktioldel; Phchollerhcht ARG HeRERA/

havi ng_one or nore one =%

enbodi PR efoaﬁme@’a%ftrvf%ﬁﬁwg%eﬁ@cea«?ﬁ%ﬁ?r w«kﬁ%ﬁﬁc%gﬁ“’f%%mé%df§ i 2 2
and shape to extend . down fro t he bott (ﬁm of the [] ho extend one
or mor @voying3 Wfﬂ’ﬁ?sﬁﬁf'd‘f‘?yf TR ER f’% B orf?oqr&écfrew AR Y for
one enbodi ment may hel p direct ﬁ S flowtl Ci r agg%f e\lfgl%léover
mat er | BPTCRIBPETYVEE f%}heas“@li‘ﬁ?“éé@ £T RBY oot 39y Sgfable heRydefme agext
mor e passageways through the superjacent holder, Such wall for
one entsaivned ALy switpblp size betyaon sigh tvaB@sar@etb% hotton ﬁ@hﬁsupaaﬁqeﬁbh%l rto
entrance region of any suitable size between such wall(s) and, for
exanpl eljow gas flowpto exiti phexeranerk passegeways theonsh dhesubjapgnt holdemang]os éehalp

hol der to allow gas flow to enter one or nore passageways through

t he supenjacenwhitl ghcifiow oBiromtenl buppprtédby thasubjgacontdioldent nay be
coupled to the holder using any suitable technique. Such wall(s) for
anot her enbAglillEtritedin yhdsxampletetthodintent 68Fipwd 7yhdlder (7he fdraind embodiolenter
620 of the exanple enbodi nent of Figure 6, for exanple, may have one

Or  NDI fhay Bepbsitidnbd bubface @HIIEO WO forhelp difeet das flb@rexitinglont demofelfassageways
opp03|te one or nore of the walls partitioning support surface 621,

such ageh WithfAdalPd 18 11084fef PhteRNATPYRted b@er@ﬁ%}@ﬂ%ﬂﬁﬂ& T pritR b
passageways t hrough hol der 620. Hol der 720 of the exanpl e enbodi nent

of Fi gpftring orle BF more passageways within wall 727 of superjacent holder 720.

A holder having one or more walls having one of more passageways at or near a
generally central region of a support surface for one embodiment may be positioned subjacent a
holder having one or more walls having one or more passageways along or near at least a portion
of the perimeter of a support surface to help direct gas flow exiting one or more passageways
through the subjacent holder to flow over material supported by the subjacent holder prior to
entering one or more passageways through the supetjacent holder. The holder for one
embodiment may be positioned or oriented relative to the superjacent holder with reduced or
minimized concern for avoiding alignment of passageways. For one embodiment, one or more
walls having one or more passageways for the subjacent holder may be of any suitable height to

help define an exit region of any suitable size between such wall(s) and the bottom of the
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exanpl e, may have one or nore walls that extend down fromthe bottom
of hol der 720 opposite wall 727 to extend one or nore passageways

t hr ough holwi@rooédfsi19A superjacent hol der having one or pBf/@sWed1813s
havi ng one or nore passageways for one enbodi nent nmay optionally
have one or nore sidewalls of any suitable size and shape to extend
down fromthe bottom of the holder along at |east a portion of the

per i megleriddenfhdldet SPAR¥EYas TRMEDIeRT one tndiOp2diteivhiSthidhgh the subjacent
PCT/ US2 02/019138 A hol der for one enbodi rent nay have passageways

t hr ougi oAbl /o8 %Shd}?&r&la@e%rtmﬂ wahdw Bvdr dhatieial SippeiRdd Y the sibijacafiholder,

sui t abl e manner | east a portion of a support surface over any

sui tabl e at ylg fe?;fz]géh@ﬁ&lki@t] ﬂa)ém%%%%bl% el BhviAg 0nesd%(iﬁbr§ga§ag@fa §/for one

st ai nl ess stee any suita density for exanple uch ol der

may t h%ﬁbﬁ ttl%ﬁ%].?&ﬂ@bﬁ%f%?&'ﬁtﬂ@&faﬂy‘iﬁltatbﬁeslﬁﬁﬁﬁ‘%ﬁﬁ pe t§ H:Etfexﬁpe

mhhleh n as to rlow through the support surface
iﬂlr dt fgﬁ% L’fﬁ%ﬂﬁ%@%ﬁ%ﬁ@%ﬂ%@“ Bl of SloREp BB Ao AR st !
ol der LRk gg gﬁegﬁgtaﬁ AR ﬁ»nd\{rgsu'e%?lmﬁ? Sbddle oPRAG S 1"
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any sui
t abl owd d/ t
I AR T AR T FxE‘lﬁar 98 et TR R o la'é‘%pg%’séae@% e e

exanpl e enbodi nent of Figure 8, a holder 810 def |

sur f ac SuBPLizces eldgn )5"“%111?"{%%{5] for oge gmbodiment may he PM@PH&QB&?%%?H al
and have a sidewall 812 along the perineter of_ support surface 811
and a slefiessa dntrancs regiomefl anysvisble sizerkervesn sush waliRiang, of wrgHh PR N a
tube for gas introduction my extend. Hol der 810, support surface
811, sisudewlof magtial suspaitedibyshwsubjagam holderdp alloy Zasflove &heer a7is ORBIOHer
310, support surface 311, sidewall 312, and sidewall 315,

r es pec trassabewayofhrdigh iresipajacént hatitr. SSuckovallts) rone pubedimenonsearoypled
where a hol der has any suitable at |east partially perneable

mat er i ab theholier @SnghanyQnitabde Rtlaiiqlee Sactswalih) fof armiher smbodibyient maynks t y

for exanple, the holder for one
integrally formed with the holder.

Holder 620 of the example embodiment of Figure 6, for example, may have one or more
walls that extend down from the bottom of holder 620 opposite one or more of the walls
partitioning support surface 621, such as walls 627 and/or 628 for example, to extend one or
more passageways through holder 620. Holder 720 of the example embodiment of Figure 7, for
example, may have one or more walls that extend down from the bottom of holder 720 opposite
wall 727 to extend one or more passageways through holder 720.

A superjacent holder having one or more walls having one or more passageways for one

embodiment may optionally have one or more sidewalls of any suitable size and shape to extend

down from the bottom of the holder along at least a portion of the perimeter of a passageway
opening.
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or nore enbodi nents may hel p support material to be vaporized by
charging the at least partially perneable material with material to
be vapori zggp pgds/azyiosui t abl e manner and/ or by support i perieledidlsst O
be vaporized over one or nore support surfaces over at |east a
portion of the at least partially perneable material. The at | east
partially pernmeable material for one enbodi nent may have pores of a

| 'arger si zep LoMBY fir ot emRi@Rmad hive pabsagéivhys Hirbizhaghich pairhanilend
for exanple, of the holder and pores of a snaller size toward, at, or

near ag, QRReWN ﬁo‘fdde? ?9 Qehif i any QuildBledRRbrlal Rhdth R4 E3200ppdH Skl over
such as a“top en or exanple, of the holder to help prevent material
in the | | if¥%dststePofl NG shiedbter
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one enbodi nent maybe integral with and/or coupled to a su eri% ent.y
hol der matsrigbingnyFyitable foms $uch g holdsr fo5 ARG GFRbQdMERT GRRY SHEROLT quy) sultable S0l
supported by a subjacent holder. SYSTEM TO DELI VER RESULTI NG GAS The
cont ai materiahinwhg form ofie powderend/onagginaresated pastisles tagelpereats afluidiped ped.
vapori zed are defined, positioned, and/or coupled may be coupled to
recei ve anyAs illusaitedinghsexanmpha embyodsuint ebFiguredas helden &1 may dafipe a support
sui tabl e manner, may be heated in any suitabl e nmanner using any

sui t abl@face8at bwvg arystiitabieat lehsd plaeially pexmoable matreinloanid diave msitleweall 812 along
container, and may be coupled to deliver gas resulting from contact
of t he {eqRainéead oBaPpIk kltfaca RN irdderkidertatlrsil Aklohg themperimeter abireopeningess

A through which a tube for gas introduction may extend. Holder 810, support surface 81 1, sidewall
812, and sidewall 815 generally correspond to holder 310, support surface 311, sidewall 312, and
sidewall 315, respectively, of Figures 3, 4, and 5.

For one or more embodiments where a holder has any suitable at least partially permeable
material, such as a porous stainless steel of any suitable density for example, the holder for one
or more embodiments may help support material to be vaporized by charging the at least
partially permeable material with material to be vaporized in any suitable manner and/or by
supporting material to be vaporized over one or more support surfaces over at least a portion of
the at least partially permeable material. The at least partially permeable material for one
embodiment may have pores of a larger size toward, at, or near a first end, such as a bottom end

for example, of the holder and pores of a smaller size toward, at, or near an opposite second end,

40-



equi pnrent, for exanple, in any suitable manner. Figure 9 illustrates,
for one or nore enbodi nents, a system 900 conprising a vaporizer

910, procesgoewshn@vnt 920, and a gas source 930. Vapor pgeisRidfoio13s
process equi pment 920, and gas source 930 generally correspond to
vaporizer 110, process equi pnent 120, and gas source 130,
respectively, of Figure 1. Vaporizer 910 may conprise container 300
and hegich Bga top eni\RrRRAHIR T IRGE I 1529 Plak €t AibfkBial iaqhit grtemt pAdaly o
hel p vaporize material in container 300. Container 300 may be coupl ed
10 gaSpergi@htiCMaeaR) fidin &ﬂﬁﬁg € hak¥r ﬁwﬂt@Mi@% @ipbrizudths FBy 15@s theotigheiek t 0
process equi pment 920 to deliver 'gas resulting fromcontact of the
recei vggdggas Wi th vaporized material to process equipnent 920. The
cont ai ner for one or nore embodi ments may receive gas at any suitable
flowrate | fhr of05: Abre IR LRmdy A BRStcH Y RHOBvR ARVBE (bR material
passages or 1nlets defined 1n any suitable mnmanner through any
sui t abl e one .or_ nor. I 1 r ! i :
cont ai HEPORGH 1 Rp psirERr S5 iloR oaRtordcofiBint SRR bD I B mbitholters n
si dewal,l ,and/or .a bottom wall f e I f the i T

cont aj FEAILERG Togian WHWéﬂg@&%@?ﬁ%ﬂE§%§gﬂg Ve ucggsg.ﬂ%tglécu %)f ]?leglg%grra%)m
contact ,of the received gas with.v riz terial at a sui tab
FFow r Hih epdfPrsaa Rovbpne Gravee BLveh BRLATS sirih Eonhernaief ricige for
sui t abl e manner through any suitabl e one or re lids.. coverjng one
or nor engRREhodHRGAt BraY PR integtRl v oF feirdsd tP 38 ’hmah‘?ﬂ’ diffct %"‘l?lfl?‘%?ﬁ?r or
nore walls, such as a sidewall and/or _a bottomwall for exanple, of
the copndieribroughmpierialisyppasied by sasdpldesnSuchpiyotisPrARg mPodment B1ag be
nore inlets to receive gas and one or nore outlets to deliver ggs.

For  oimtegeativothi amdfor coupirsl to e supsriacenhhelder torhglp divedt ganilowy oper agdien threngh
hel p regulate the introduction of gas into the container. For one
enbodi material smpportad byarsebjaednybelderay opti onal |y be used to help

regul ate the delivery of gas fromthe container. The container for

one or nore enbodi ments nmay have any suitable one or nore |ids that
may be of any suitable size and shape, that may be forned using any

sui t abggSTEVETODELIVER RESULTING GAS

The container in which one or more holders suppérting material to be vaporized are
defined, positioned, and/or coupled may be coupled to receive any suitable gas from any suitable
gas source in any suitable manner, may be heated in any suitable manner using any suitable
heating equipment to help vaporize material in the container, and may be coupled to deliver gas
resulting from contact of the received gas with vaporized material to any suitable process
equipment, for example, in any suitable manner.

Figure 9 illustrates, for one or more embodiments, a system 900 comprising a vaporizer
910, process equipment 920, and a gas source 930. Vaporizer 910, process equipment 920, and
gas source 930 generally correspond to vaporizer 110, process equipment 120, and gas source

130, respectively, of Figure 1. Vaporizer 910 may comprise container 300 and heating
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may be nounted to cover one or nore openings of the container in any
sui tabl e manner. For one enbodinent, the container may have a collar
around at emabs/asporti on of an opening to help nount wehwBewesizs he
opening. Alid for one enbodi nent nay then be secured to the collar
using any suitable one or nore nechanical fasteners. The contai ner
for one enbodi mrent may optionally be grooved around at |east a

porti oa%?ﬁneamme REIpGap iz @haterabini dohamen3Wa Contairtee B0 may bd 2ouped to gas
2005/ 118119 PCT/ US2005/ 019138 the container and a |lid nmounted over

the OpRIRY30 A feédivd My sRIdIOFas AR fraf BB Osliplednd rodes eleipmentsI20Us deliver
or nore holders in an interior region by pressing agalnst such

hol der é] a3 resuffing B0 dBhBLi Sthe fe@&bé?l"gaw&@tﬁ vipRizedl FhatesiaPOGH6RSS doRipiitat 920.

cont ai For one or nore enbodi nments, additional structure, such

as a spac er’ﬂf h gt”@{' ?ne SFhorf Qﬁ'nb@d]ﬁ‘lleﬁty 3§ réb%f‘vg gﬁ@atr&ﬁ& Buildb®Sfowhrakd il

agai nst suc I'l''ustrated 1h the exanple enbodi nent of

Fi gur eone or R ﬁieﬁg{)ﬁﬁ%s gﬁé{uéﬂaoﬁg gg‘%ﬁ%{ﬁa@{) gesq{r%&g daé d(?ﬂglw fiaBle the

top of “contal her positioned over® the collar

and secured t he co S|n 0

exanp DR OrSish 85 S ebBiont B e BB dEdo ok thithe Y e fontaine
the top of the collar hel osition,an O-.ri

cont ai orélg@u%yp}u@b%eo@ °®B}°F a‘%@@“’#&%@“%? ﬂ@%&qrﬁ%&tﬁﬁ@@&%ﬁb{ abl e
material such_as, faor exanple, Tefl O%F%é’ n%}ds Lastomarl
any suPtaEies ofthe gentainere - hagorgela?frf%%nse & eTR nn@}&%’f?ﬁyé NeF gasIgd! tﬁléy
define through a generally central region of lid an openin

t hr ougfromghntaet of theaecsingd as with venoriged maferal st alwe%%blF HOH&P*P thypu

305 may extend into the interior region of container 300. As lid 306
i s secumomcbasmgesines oudits defined in ayrsuisblemagpothroygh 2gp euitahle gneds Boggylidsnst
0- ring 308 to help seal lid 306 over the collar and may press

agai nstovaringbiear nerooprhittgs b€ the@sntaiper dndfop thypugbany mta@tﬁ@@@a mesg walls,

hol ders 360, 350, 340, 330, 320, and 310. An Oring for hol ders 360,
350, 34ih ad36idewddADandanrd b3 itom vealichr examPle; ofthe 8dBaindr. B ljdifox oBe gwbodiment
exanpl e, may then be conpressed to help seal holders 360, 350, 340,
330, 32y optivhally Rav@@at 8sofialekNOtdieive gastkindione or more outlets to deliver gas. For

one embodiment, one or more valves may optionally be used to help regulate the introduction of
gas into the container. For one embodiment, one or more valves may optionally be used to help
regulate the delivery of gas from the container.

The container for one or more embodiments may have any suitable one or more lids that
may be of any suitable size and shape, that may be formed using any suitable material, and that
may be mounted to cover one or more openings of the container in any suitable manner. For one
embodiment, the container may have a collar around at least a portion of an opening to help
mount a lid over the opening. A lid for one embodiment may then be secured to the collar using

any suitable one or more mechanical fasteners. The container for one embodiment may

optionally be grooved around at least a portion of an opening to help position a gasket between
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agai nst tube 305. A valve 381 having an inlet coupling 391 may be
coupled to tube 305 to help regulate the introduction of gas into

cont ai ner P20 @118306 may al so defi ne an openi ng t hr ougthruyedsiiods
passage or outlet defined at |east in part by a tube nay extend into
contai ner 300. A valve 382 having an outlet coupling 392 naybe
coupled to the tube to help regulate the delivery of gas fromthe

cont aLEE&pntﬁii’:@r 02 3AQR4uhidd oV 8r RESpddNE0 QD1 iR baSor b et dinmnes miay) heflpr
0

one e iment may be coupled to a gas source using any suitable one

or norg I6! ¥R b Idekd 18 Sn iftBor QEBorEE PR Sis R tzaingt shétoNolag (s in ti@shterior

opti onaelcﬁ%% e couple bet ween one or nore gas inlets and the

gas' soure AL Ne infeP Yidr Bhe &itRorkleRiolMeRtsQhdditkRgl

i nt rodﬂe(,gfol%o‘%l}%fl@olpdt%gw(%%ttg?%gog{aﬂgpﬁ Irus%ratoed ei noFi gure 9 for one
or nore_enbodi nents. inlket ' ; I I3 dss B R2Ginsiaua ed
to a fFWuﬁﬁﬁsg&eﬁffbﬁvr 210%555 @g’l%%)g%)t}%?%lﬁjeb? ug%:ﬁﬂo}ﬁlﬁgéﬁ et er&glélz may
be couglgd 50 gas source 930 by a gas delivery line. Container 300
may re £s)- any suitable gas fromgas source 930 at any suitable

flowrate. Contfainer, 300 for . on [ re.. emodi I i ny
Sui £ abl o a& DS R ST PR LB e b A S0P By MR8 leF
approxi mately one standard cubi.c ti &r,-per m nut. cC

appr ox iAreund the opering atdhg top esﬁ?r%%r%%@deggés 38E may be %?lgoéeﬁi? r&? tﬁ%ﬁ?nsar
may receive any suitable gas at a flowrate_ in the range of, for 1
exanpl end saspied iq wacellay using saewussieh a8 SHPE SO A I srymRiS0 & %fgﬁ‘fﬁ m%@%aagl y
outlet(s) for one enbodi ment may be coupled to process equi nt, for
exanp! ée definsiinrpuad theopeniap picthe top of therpoter tg help @evtl%worfffwe’ﬁ.%gme%ne
enbodi nent, a flow neter may optionally be coupl ed between one or
nor e gaentaintd 30:nd tid 306e0ping3H8 saydeifprmsd froppanyesuisablematerial sugh ag. &t
control the flowrate of gas delivery fromthe container. As

i |1 ust reRamsle, Tefloh?) ung siitableiiasmineer,an anpsuitableinetilsaoh 85 stainkeksesteet fupl i ng
392 for valve 382 may be coupled to a flow neter 922 by a gas

del i VereyahplBCLidaIng rikdyQefine thesugl 22 enayllyoenesluptienof id pocoaessniag tirprehnt

920 by a gas delivery line.
which a passage or inlet defined at least in part by tube 305 may extend into the interior region of
container 300. As lid 306 is secured to the collar for container 300, lid 306 may press against O-
ring 308 to help seal lid 306 over the collar and may press against a collar around tube 305 to
help press lid 306 against holders 360, 350, 340, 330, 320, and 310. An O-ring for holders 360,
350, 340, 330, 320, and 310, such as O-ring 316 of Figure 5 for example, may then be
compressed to help seal holders 360, 350, 340, 330, 320, an& 310 against one another and/or
against tube 305. A valve 381 having an inlet coupling 391 may be coupled to tube 305 to help
regulate the introduction of gas into container 300. Lid 306 may also define an opening through
which a passage or outlet defined at least in part by a tube may extend into container _300. A

valve 382 having an outlet coupling 392 may be coupled to the tube to help regulate the delivery

of gas from the container.
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Gas delivery lines for gas introduction into the container and for
gas delivery fromthe container may be forned using any suitable

materi al . Sushogasigel i very line(s) for one enbodi nentpdpisiaesdidniged
using any suitable material, such as stainless steel for exanple, to

al l ow for higher tenperatures and/or pressures. Such gas delivery
i ne(s) for one enbodi ment -44 WO 2005/118119 PCT/ 1JS2005/ 019135 may

be forned upidiths nlses &driodk eMBydiMentandyteabipled 16 d QWsared fisity aytsuitdble
friction, such as a polynmer for exanple, to help allow for

rel ati pﬁé & 8 gasf deﬂ%ry%e&iﬁo&leﬁe erTBRIAGI AV e BBIhah SphicralIS Be boupdedy

sui tabl'e manner to any suitable tenperature to help Vvaporize

mat er i g%tw'egh 51{490\%1?62%@5?@&5%% B33 ad {RVE th Hélg WRithN@d R Rbsittd] e floWiite of

tenperature a e container 1s to be heated for one or nore
nbodi t d . i : in
e, I BRER e SRR i 9B Gl cffimens, e
t i t i zed / j :
cond: t PORIng A9 Pioc e AEERR b ElipftfTo.n AO9 e 32 bR APRIRRE e, an flow
[ ti is.to be deli d t t .
o M SShmgY B coupledthges Sige 931 b5 ¢ 5 Bisrsine. GRlrBR IRmHeGave
degrges Cel sius to approxi mately 300, gL ees Cﬁ%ﬁi.us. 0'8‘?%1- sui tablee
heat i ngneHiRbaea from gapiourreddl ?e;‘"’"ﬁfe“}“ﬁa v fate Apgr g ot mor

vaporized in the container and/or to _help regulate the tenperature
in t he eombpdiments may Aeceive|apy syitablegas #f aflqyyrate ig the 1qRan ofni9T BXAMINFrent 912
for one or nore enbodi nents may be used to heat container 300. As
exanp| epproxsiniatelihons stradaridisybie gentimasarpenminue{ssegdo appreHmately 348 seem; on,
a ribbon heater wound around the container, a block heater having a
shape outitieng0Q foeonxortméran embodiments iay esstveany snitablediag ata flasyrate in

heat ed enclosure, a circulating fluid heater, a resistant heating
syst emrarg@ @f,dor examplenapipedximetelyent scvmn ®yepperimatdni00bscenui prent  f or
one enbodi nent may be supported by and/or integrated with the

cont ai ner. Thegaatiaid) Esr dne embodimentans) esoupledo sreédsn equprdémy fohexagnple,

any suitable support

using any suitable one or more gas delivery lines. For one embodiment, a flow meter may
optionally be coupled between one or more gas outlets and the process equipment to help
monitor and/or control the flow rate of gas delivery from the container. As illustrated in Figure 9
for one or more embodiments, outlet coupling 392 for valve 382 may be coupled to a flow meter
922 by a gas delivery line, and flow meter 922 may be coupled to process equipment 920 bya
gas delivery line.

Gas delivery lines for gas introduction into the container and for gas delivery from the
container may be formed using any suitable material. Such gas delivery line(s) for one

embodiment may be formed using any suitable material, such as stainless steel for example, to

allow for higher temperatures and/or pressures. Such gas delivery line(s) for one embodiment



structure to help support any suitable heating equi pnent around, on,
and/or in the container in any suitable manner. Such structure may
be i ntegr alwybdosy1n@ or coupled to the container in anypcitidomitifiss
manner. The container for one enbodi ment may define in any suitable
manner one or nore cavities of any suitable shape and size in any
suitable one or nore walls of the container -45 WO 2005/118119

PCT/ US%%% Bk Porhtd Bsind ﬂg{a&hal lﬂwﬁ'@é reldiivedPlow QRficint BDERtioN, d6cH #3 alpelymer

uppor ne or nore heater ridges,” for exanple. Theterrperature

at anyﬁoéwgn e%?@ﬁa% Blali AGhi gg@lﬁwﬁfeﬁ‘dﬂﬂs on, and/or in the

cont ai ona e noni red for one or nore enbodi nents to

hel p regul ke do %é%eﬁs' 'iaé(i}a';t@d m%ﬁgmgfe%.ﬁme Gany ﬁﬂﬁébﬁ%xhﬁéihtﬁre%ﬁelgr

nor e tenper evl ces e supported at any sul tab

gﬂiet g[ﬂvgppqrp%ﬁhlgc?lgf i@ the ¢f e‘i?& eégs gag ’ﬂo@rngfrgu%h the &Jﬁ?mﬁé?ntlﬁé tthlp ek @Q;thwh
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any ot ﬁ‘lﬁr°°§tﬂnﬁéﬁlt‘ég?’é‘??be§ %?ﬂe@rgﬁ)ﬁ%? htbo ?{gi ﬁ%oid%)r ﬁr(]ief\nﬁe%:ﬂnﬁ r’g?lggd

for ~contacting any suitable therpally copducti.v a

cont ai meateriaigeapTizEhean ‘F%?m?}ﬁ’é"g‘l% tﬁ%? 1do B%@&Pﬁ@n Ebr?af?n%en tml}o%h
any suitable nmanner to help better distribute heat to he é) %‘EO{ItZ
mat er i akpdrized ges, auiaronies OREF?@PB Fonditions P%W@Eﬂ?&?‘ng WWE@ PGt
avoi d cool er locations or cold spots in the container vvhe e, .vapor i z%d
mat er i avhichehelresultigggasristoierdelivered- chhedempEatiredpr Pnear SRATE 8 E;dal € Fﬁ‘y
vaporized material nmay condense. For one or nore enbodinents

sol i d ratierimk of Sovapmplez grproximately 40giegreehCelbing WPP%HPQSPIY 389§P$F‘?§g
cool er locations or cold spots may hel p reduce, mnimze, and/or

avoi d feuidgmsng deposits that could at |east partially clog or
obstruct any suitable one or nore passageways through which gas flow
is to be dirgg tsﬁidabléﬁ’i&tlgg)éﬁu@mt nfa@ be 0sed tohelprhea tenbatdiiattn b vapeyizestin
fornmed using a heat conductive material to help better distribute

heat. RL cfine® and/BY 16 he5OElilate e Senifiritereai the@bntainee Awilldstrated in Figure 9,

heating equipment 912 for one or more embodiments may be used to heat container 300. As
examples, suitable heating equipment may include, without limitation, a ribbon heater wound
around the container, a block héater having a shape covering the container,' a strip heater, a
radiant heater, a heated enclosure, a circulating fluid heater, a resistant heating system, and/or an
inductive heating system.

Heating equipment for one embodiment may be supported by and/or integrated with the
container. The container for one embodiment may define and/or have any suitable support
structure to help support any suitable heating equipment around, on, and/or in the container in
any suitable manner. Such structure may be integral with and/or coupled to the container in any
suitable marmner. The container for one embodiment may define in any suitable manner one or

more cavities of any suitable shape and size in any suitable one or more walls of the container
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in a container are formed using a heat conductive material and are
defined, positioned, and/or coupled in the container in thernmal
contact w o 10€1801t ai ner, heating the container hel psP(’ng)@mglglgsjch
hol der (s) and therefore hel ps increase heated surface area in the
container to help better distribute heat to vaporize material in the
contai ner. Such holder(s) for one or nore -46 WD 2005/118119

PCT/ UGR88Ph QA9 4 fibleasi 0 indRi i t@ﬁé‘l{) Beppet bhe etimoredeitet canteidgesafon/ or
coupled in the container in thermal contact with one or nore

Si dew%;[ 19.f the contai ner. The contai ner for one or nore enbodi nents
may be eated fromone or nore sidewalls. For-one or nore

enbodi ment gy Whes %raﬁﬂg talt %ﬁ\gl Pﬂbéesanehﬁlﬁﬁre BBRioRS aldRAE ondridfor iSthe BoRginene

or nore passage y Si exanpl e, and/ or supports f or med

gls IS gg ﬁlga}yhoe?gnaﬁg{%% 'ﬁ?c}rﬁﬂﬁ%ﬁ '?'alo%r oo eséﬁ%bdi’fﬁénlts(tﬁhel%r}gélﬂéte tHerenp érﬂtﬁ)e iay

crodee” heated surface area in the container-
Do or PR AR epieS0Ba: P et el Bacbiy Pﬁ?ﬁ%ﬁg@ﬂéﬁ ed
ot or (AR oneprEbTG RHan BpUaY BRI s rﬁrgﬁtﬁﬂéﬁbii%%fﬁﬁ%feeﬂé‘%ﬁ%i e
the SRraPIomEREeiemaE s pBATESE PR i R efon 8 %%ﬁéo?m%f
nmol ecul es in the vapor condensing on the surface of the so

mat er i athermistery andsanyothes syitableeRPRERIUESSCHNEINRAOR OF AeYiFRATEATRe °§ ubl i med
fromthe surface of the solid material over iven tine period. This
equi | i donfacting any gisgablthenhally condugiivesuriage 1ﬁ1§hee‘-‘(99?3§$°ﬁ n the vapor at the
vapor/solid interface due to contact with gas introduced into the
cont ai ner . Thecentsigesfobbdienamiare embodimos may de heatesd iglaay syitable PYERSt or e
equi librium provided sufficient heat is supplied to the surface of
t he salesibenei distiiblte heatcohglp vamtiee fmaterinhie thd mhtirter hudier tofelpueducamt i on,
i ncreasi ng heated surface area in the container nmay hel p i ncrease the
rate ohinkaRe dndt hiid 6dol&Wdatlonrdresidapots frthe ootainer wierevapokioai meertal

where vapor fromsolid material and/or gas resulting fromcontact of

i nt r odyed oBARsuMitg rSiH Ont@ RO itre@EkeBRALWitiRY aotigsmaterial may condense. For
one or more embodiments where solid material is vaporized, reducing, minimizing, and/or
avoiding cooler locations or cold spots may help reduce, minimize, and/or avoid forming
deposits that could at least partially clog or obstruct any suitable one or more passageways
through which gas flow is to be directed.

The container for one or more embodiments may be formed using a heat conductive
material to help better distribute heat. For one or more embodiments where one or more holders
in a container are formed using a heat conductive material and are defined, positioned, and/or
coupled in the container in thermal contact with the container, heating the container helps to heat

such holder(s) and therefore helps increase heated surface area in the container to help better

distribute heat to vaporize material in the container. Such holder(s) for one or more
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agai nst or near such increased heated surface area, such increased
heated surface area may also help better reduce, mnimze, and/or

avoi d condenisaos/pR19f the vaporized material and/ or thepctesdbsdiiifgs
gas. -47 WD 2005/118119 PCTI US2005/019138 Any suitabl e amount of

heati ng power may be used to hel p vaporize material in the container.
The amount of power for vaporization of material in the container may

dependeihdich@its mEy S RRied, pBSitiEAANAR dr ¥owfled iR €hd @neiiniefin thernkx® contact with
vapori zed, the chem stry of the gas introduced into the contai ner,

and/ or ot e L OIS 0Pfhe cBRaBAS THe Sehthindof &1 Br GRS atbodtnents ifagUyced
gas wt vapori zed material. For one or nore enbodi nents, heating
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Ecanp! BT A By Mol St P sk s  GHREy e poP peresse,
or nore enbodi ments, .gas jntragquced into .the containe

pr eheab@ipdispriaagAready aFBPt@mﬁ‘égﬂErco tﬁmﬁlfﬁpd}s R\ Igofeglﬁ%dg%ﬂg% ¥a"Rel p
mai ntain the heated tenperature in the container. |ntr.oduced gas may
be pr efabrdimerismay b W%Wlthﬁl@%ﬁﬂltg?m‘ﬁg%aﬁsﬁ%ﬁ@B maﬁ}tﬂgghqﬁ?ate eat ed,
the length of the gas delivery line(s) for gas introduction, and/or

t he f| tempemtuge ipfthe ¢ontaivduced gas. Any suitabl e heating equi prent may
be used to hel p preheat introduced gas and/or to help regul ate the

t enper at ur eFarfone ot mowheohadigzents where sohid materiabisdo berpanariaghyssublimgtion, the
sui tabl e heating equi pment nay be used to help heat one or nore gas
del i vewapor preesurd afithgmdid niateriabahscgivanrtemperatuteie thepartial prgssurqrfithesadidor
nore enbodi nents where solid material is to be vaporized, gas may

opt i onalateyial ddéts Sipoeieslatinterfadd whrere the aumberarfyndiecutealin the yagorgrndensiag on
filters to help prevent any solid material in the gas flow from

bei ngd ?ﬂ'shﬁfﬁk%@ tHels6HA MaRrields tisAAE as He elimbérlof atol@lesirythb solilmpbimed d

i n and/ or
from the surface of the solid material over a given time period. This equilibrium is disrupted by
removal of molecules in th_e vapor at the vapor/solid interface due to contact with gas introduced
into the container. Because sublimation will occur at a higher rate to restore equilibrium
provided sufficient heat is supplied to the surface of the solid material to compensate for the
latent heat of sublimation, increasing heated surface area in the container may help increase the
rate of vaporization of solid material. For one or more embodiments where vapor from solid
material and/or gas resulting from contact of introduced gas with such vaporized material flows
against or near such increased heated surface area, such increased heated surface area may also

help better reduce, minimize, and/or avoid condensation of the vaporized material and/or the

resulting gas.

47-



by the container in any suitable manner using any suitable structure.
For one enbodinent, one or nore frits may be positioned at or near

an end of eu®2008118Ple i nterior regions of the contai nerpefesi@io1zs
filter the gas resulting fromcontact of introduced gas with

vapori zed material prior to -48 WO 2005/118119 PCT/ US2005/ 019138
being delivered fromthe container. Such frit(s) may be of any

sui tabl e si Zenyasnilatdhapeunt ofheukiyg pbeerindy R thsdito MeipARAYortAt thAbYi g iP@E OUS
material of any suitable density. As one exanple, a frit forned

usi ng acopfinet STIR Mdth e poiet B vBFHHZAGb R &RiabindRe i:dhtéi?@r ﬁ%&ﬁ%@fm, for
approximtely 1 micron 'to approximately 100 mcrons, for éxahple,

be usampleOthe EREniSRPOdh ria . 156?1 bfdis oduced into
gan%pgi ment p{ﬁ?!hle:i gure 3, aaglg{r?erlglélblf/lvgl r%ﬁ?gfr%%gﬂ??}t Irg%%ng}?h%ed d int
POSi ti QREEbrpM R, dndfr hﬁlfﬁ)%frag‘&tﬁé)%ag?ésgltihg k’hgrcﬁgﬁkg‘gdn”%ﬁg‘ﬁ%l?‘?%ﬁul%m gas

flow directed over material supporte

delive r%ﬁ&ﬂe@ ['I'lfﬁlfbritah &dr Bf'n% &t mgl%femﬁgirﬁen{so%qg?é #C?\T‘% Qi‘gi'-yd)egltl ! ﬁgglgl'b[%}a.x

define through a generally central regrbon

[ I j whi.¢h .t ube 30 d.._ Frit 370 for
ertbod %é*ﬁ‘f&%&'égh%%é’ %gg“‘%%ﬁ%ﬁ'??gg‘ﬁefggt?qg#e&%{%\tw%b??s &ﬁﬂﬁg‘glgo
usin Ui ta str ure..as i is secured to container
Lo hel pay Bt GrortneaatifheBE navérohdbing foavartaiine henbemRERtIw the

Figure 3 for e enbodi nenLaa[Te% .conprige in addition to or in lieu
of fri tCOBPEeL heamoynt qfiayailable heatingposier fo5 gae o meyigrembedmntsyaay be in the
del i ver fr? contaj ner 300 and/or one or nore frits positioned in
one or f%‘iﬁeé’ =$8"s§‘é@€¥ﬁa§l§’r°’%lﬁﬁfﬁl¥gwod¥?éts&anﬁmxefn%iﬁwﬁ@p@l@taﬁs?,lo, 320,
330, 340, 350, and 360. For one or nore enbodi nents, one or nore gas
del i very | i HeBsonesy myseereqdiments; 2as introdused intothe abnteinet mapbeoprehsitedgn any
equi pnent, for exanple, nmay be heated in any suitable manner to any
sui t ablsitabdgupanngr terany seitdhid temperatuoetp helpmaintzie, thelnatedrterap@tire in the
condensation of the resulting gas in such line(s). One or nore gas

del i vercynthinpe Intrajucahgas endydeiprehebted@spehding) om tfotexaimle, BER TR @ntalrer isd
tenperature approximately 5-10 degrees Cel sius hotter than that of

t he cotheated)alie lerfitly ofittié @l etiverpdiab(sNBr BAUMRSIRBEHIBNA/BELE FIBH rhte ofel p
heat one or nore gas delivery lines for gas delivery from
introduced gas. Any suitable heating equipment may be used to help preheat introduced gas
and/or to help regulate the temperature of introduced gas. For one or more embodiments, any
suitable heating equipment may be used to help heat one or more gas delivery lines for gas
introduction into the c.ontainer. |
For one or more embodiments where solid material is to be vaporized, gas may optionally
be directed to flow through any suitable one or more filters to help prevent any solid material in
the gas flow from being delivered from the container. Such filter(s) may be supported in and/or
by the container in any suitable manner using any suitable structure. For one embodiment, one

or more frits may be positioned at or near an end of one or more interior regions of the container

to help filter the gas resulting from contact of introduced gas with vaporized material prior to
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the container. For one or nore enbodi nents where gas is introduced at
or near a first end of an interior region of a container and

di rected t avd boawrisgward a second end of the interior regepps20889iskal
49 WD 2005/118119 PCTI US2005/ 019138 supported toward the first end
may be renoved by introduced gas at a faster rate relative to

mat eri al supported toward the second end. For one or nore enbodi nents

wher e Beif@lidliveled Bdfn the cortalhérO QUEEHit{sNiney boi6f £9 Rbidibledize drldaharant &fay
gas may becone nostly or fully saturated with vaporized materi al

prior {orGafty ﬁgﬂiﬂlﬁoﬁ@hﬁéﬂiﬁ lof &y QtaB1E€ BénsitCAS BAOBANRI a fftOT
o] odrnent s

ne or nore e ere a gas i s introduced into the container
to rea ] ' tert alvine d it
vapor S g FAOAL SR Bl Ming d Rt B0 600 SE: STMppTRTRA cron
the second end. n r ' .eri.al may be
suppor FCAPES ey ARR ARSipY TainglE 1R EEREE or BRE FmbREARAC 0V

TS ess nateria e support ed

dth d d hel . ' |
o7 RSO ol SRR S s 708
ity . | . | al Li
) bt e B8 AR LR B,
' ' d/ d h I al
O 25 e BB BES e TR BA T 08

conpensate for such disproportjonate renoyval of vaporized {mt erial.
For on&rib370rosyedesing Supvaira genopally ecniiabiesinn it S7H agensplly Giculapppemng
sidewal | s, for exanple, two or nore of such holders nmay have

si dewalktr¢ugh wificketubié B®emenexternse Fyit 870 fos embediment ma ke praised PYRE dplder 300y
sui t abl e equi pnrent may be used to help identify when the container,
any suiif @iyl seitahiemannenosing Ay siialde stantifre as lid Bt is osvusadrtd gentaipér 39K to help
interior region of the container are enpty or near enpty of materi al
to be ¥edaitizzedverfoidepBsD. OFheraample ehbddiment of Figue B feguie pmbodimeaymige
used to help identify when a bottom hol der and/or a top holder in an
i Nt eri QempREiiR Bddfior B&r GPRMLCITR! 3 70N £1rie fa¥itioned intépaseagetor oofletrfadt gasi al
to be vapori zed.

delivery from container 300 and/or one or more frits positioned in one or more passageways

through one or more of holders 310, 320, 330, 340, 350, and 360.

For one or more embodiments, one or more gas delivery lines for gas delivery from the
container to processing equipment, for example, may be heated in any suitable manner to any
suitable temperature to help reduce, minimize, and/or avoid condensation of the resulting gas in
such line(s). One or more gas delivery lines for one embodiment may be heated, for example, to
a temperature approximately 5-10 degrees Celsius hotter than that of the container. Any suitable
heating equipment may be used to help heat one or more gas delivery lines for gas delivery from '
the container.

For one or more embodiments where gas is introduced at or near a first end of an interior

region of a container and directed to flow toward a second end of the interior region, material
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For one or nore enbodi nents, such equi pnment nay be used to help

i dentify when a bottom surface of an interior region of the

cont ai ner gyuliE1@i1foop holder in the interior region argRHRHIEN196S
near enpty of material to be vaporized. -50 WD 2005/118119

PCT/ US2005/ 019138 For one or nore enbodi ments, any suitable |evel
sensor may be used to help identify when a holder or a bottom surface

of an §11§B@1’iéd%w£rﬁ PeDfitsi Snd MBS réthoveadY iftPqahyedqdas and fasterdatd relatiee to
vaporized I n any suitable manner and to signal such identification in

any sujbahbligy & fowabi the QBoh & @hd. For b srah&d chidddimeatsvimre a Eadrier gas is
exanple, nmay be used to direct radiation toward a reflective support

Sur f aC 0 Rled i) 18 cBIAIED, He chiieP Bac\AB ek SRGImbSIYATIRY Laeitard dithO

det ect ere ction o such radi ati on when material has been
renmoved fr.om . pefl L Ve ' ; HeREdond SXANPIrRBe 0AN
ul t rasﬁﬂoezqdé]\t'/ae&ag§Iﬁlgr§t§fré£aéﬁlgggg@?ltz%%!{cé§gaﬁogtgé%rsor, and/or a rocker
switch may he. used to hel p_ i | : ial
Sur f acEoneraeimg e {gyfs ipdicat il HERoR et S3tack uid v B inateril,
be vaporized. As yet anather ex |l e, . an L Ls

For ' bimire eplringoat vaoweraneraL oty ishofne Snghied AaE e R
mat eri al being vaporized and to, detect such.radi ation t

Toni t oearand 8wt GH Cit POROBEP BB oo rR R oy oS iher ) AP g frst
one or nore enbodi nents, the cont aLrgeé ma(%/ have ﬁr]e or _nore .si gt}%

gl assesnd anddessmatexial way bpapgprisdipwarg he sog ndafi‘i’é/t‘b elp Geppensafe S0 fUEH
may direct radiation into the contai ner and/ or dg_‘%e L radiati olgu%.[.{)m
t he codispiopestionate teioyal afaprized materaky Fiob PREAT mepre SMPBYIMSRIs shereARIvgHY
an interior region is enpty or near enpty of material to be

vapor i pehbldéFhare nsettahslprsuppsit roaterial in amiptesionTeBioniof R SORIAMRER; WRAYEMS T or
nore sight glasses to help allow an operator to identify visually
when  a siiubl dktersanayoptiohalyrbessizet anddorspaced 1 help supportmaere araterisl tongrd ther
near enpty of material to be vaporized. The container for one or

NDr € e fam dhdVRiat18ss iBdterth towardihk yedord eahbihgipreethpmisate fonsich disprappdionate
bypass passages and/or one or nore additional container inlets and/or

out | et $erh@al64 RpHsed Material. For one or more embodiments where such holders have one or
more sidewalls, for example, two or more of such holders may have sidewall(s) of a different
height.

For one or more embodiments, any suitable equipment may be used to help identify when
the container, any suitable one or more holders, and/or a bottom surface of an interior region of
the container are empty or near empty of material to be vaporized. For one or more
embodiments, such equipment may be used to.help identify when a bottom holder and/or a top
holder in an interior region of the container are empty or near empty of material to be vaporized.
For one or more embodiments, such equipment may be used to help identify when a bottom

surface of an interior region of the container and/or a top holder in the interior region are empty

or near empty of material to be vaporized.

.50~



any solid deposits and/or contam nants, for exanple, fromone or nore
container inlets, one or nore container outlets, and/or one or nore
I nterior regoonsichist he container. As illustrated in theer/exagaieiss
enbodi ment of Figure 3, a bypass passage defined by tubing 395
coupl ed between -51 WD 2005/118119 PCT/ US2005/019138 val ves 381 and
382 may be used to hel p purge valves 381 and 382, inlet coupling 391,
and/ or  out¥gione otiabicrghbditnen®, M3 suitabISRvelaynsopiniap halidey thbelp ddeptifd t o
tubing 395 to help regulate fluid flow through the bypass passage.

An i nl ghéPahd18dr of QWBHSHA JurdRé ofBYinRRbi RERh iy ety o fehr bmptyadfnatetial tote
an additional inlet/outlet for the interior region of container 300

to hel Pacpgﬁﬁaﬁnfaﬁ? slifdbB hher 7894 Qbnal Achh@ifcARNGH bideshitable GRARECT ANON
with receirving a gas for contact With vaporized nmaterial, vaporizer

110 fop efor?rg’gr/ﬁg& Rvall shloP 3 e&%ngfspa%» BERed 1 RyechRkiali6R Rivhed AFfledin®

but ra e used as a vapor draw where any suitable materi al

may be ] ' i L el QAERIThERMERITRYE
120, f(S)rp%%)c(eesl{rlr%%g,Ob%@ﬁgﬁﬁagéaggb%g&r Pgﬁlgéﬁfggﬂﬁ&e%gﬁ)ng with any gas.
Vaporizer 110.for, one or rne of suc ' P Wl othe;
nat er i 5‘?"%?@%&” Whep by d eﬁ%fegw:dﬁ&;?@gg%dﬁg%%éégapﬁ %éace é(r}gsac,ﬂ?)e{
material tqQ be vaporized.to hel p pr.anoie . vapori | O f Lal.
I & he SHORRSoRH CHRiS YR PORET BEREI e SEBoardant BRsR swih BBt
i nvention have_  been described. It will, however, be .evident that
var i oudsedde help idenfifrwhenzcholdes Arabotipgy susface DIEHQA TEEIGN I TR, PT near
departing fromthe broader spirit or scope of the presg&é %nvent Lon
as deemptypfimaterisbtodsyEnerizgd c A yetgnothprexamale; 1) epficalay mirAIedFeRiaTnigs
are, accordingly, to be regarded in an illustratjve rather than a
r est r i exdmpe,geaydis usgbtoTiseciTadiatign through spapreves alaterial beingwaperizedynd to
vaporizing and delivering vaporized source material,

detect such radiation to help monitor the concentration of vaporized material in such space.

For one or more embodiments, the container may have one or more sight glasses through
which one or more optical and/or infrared sensors may direct radiation into the container and/or
detect radiation from the container to help identify when a holder or a bottom surface of an
interior region is empty or near empty of material to be vaporized. The container for one or
more embodiments may have one or more sight glasses to help allow an operator to identify
visually when a holder or a bottom surface of an interior region is empty or near empty of
material to be vaporized.

The container for one or more embodiments may optionally be configured with one or
more bypass passages and/or one or more additional container inlets and/or outlets to help purge

 any solid deposits and/or contaminants, for example, from one or more container inlets, one or
more container outlets, and/or one or more interior regions of the container. As illustrated in the

example embodiment of Figure 3, a bypass passage defined by tubing 395 coupled between
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t he vessel conprising: a peripheral vessel wall bounding an interior
volune; a gas inlet and a gas outlet arranged in at |east

i nterm ttemtofobssi@ieonuni cation with the interior volprBysbiz®igas
inlet being adapted to supply a first gas to the interior vol ung;
and at | east one support surface disposed within the interior volune
and adapted to support vaporizable source material in or along a

f1 ow pedives 881 aai IB2fmdyshe @as toMielgpiiigd Viflves 381 aid 382, it ¢oEplingt301 &ind/ot he
at | east one support surface is de%i ned by a plurality of different

SUPPOT §utlt éohplist BR. 200 ERY Ahy RiReANER copledid hBIERYS tENR Rgilate!Tiul

the interior volune, wherein’'each support structure has a sidewall

ext endiig R ke E(}Fp%g‘ ﬁa?ﬁgé.“ﬂﬂ lét/o%tlétfc@ﬁ;ﬁing 3§ﬁ%a§tophﬁﬁa‘il& é;% e St MBIR' ¢
structures of said pluralrty of support ‘structurés have“different
si dewa j . . q}@qﬁ | : . A wher e
t he veJlsésﬂ(la:l P%mg(?hﬁ?ng ??%eparrg%é{o a%gﬂcr)il’fo Y&g}é B\gﬁiﬁﬁ\;‘lﬁg?’#ﬁ@fgb&gﬂ) & celﬁigirqnorc
materil%l ion @ conposite material, |layered materials, and |ined
mat eri aFrs.” 3. The vapor delivery vessel of claim1l1, wherein the
support surface ¢ rises a thermal conductor.and is defined hy a
support ot PR PERAGE st TRt AHOE F e oF St ot pe
support structure t he peripheral vessel.wall are forpmed of
o | PSR PGS Gir e SCOBRAEP BN TR P S SRR GRY BB ar o
si zed and shaped to be in substantial thernmal_ contact wié{u_ one .
anot hetathet may Yeused s  yanosdravy wheraiy table malerialnmay be xanorigeq inpgoptainer
vessel of claim1, wherein the interior. volune includes at |east  one
gas- peteighyEedigprasgprsuinment |20, fas example ygthoyhkeing easaed biserreacting with
containing said vaporizable source material. -53

any gas. Vaporizer 110 for one or more of such embodiment(s) may support material to be

vaporized to help increase exposed surface area of material to be vaporized to help promote
vaporization of material.

In the foregoing description, one or more embodiments of the present invention have .
been described. It will, however, be evident that various modifications and changes may be
made thereto without departing from the broader spirit or scope of the present invention as
defined in the appended claims. The specification and drawings are, accordingly, to be regarded

in an illustrative rather than a restrictive sense.
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5. The vapor delivery vessel of claim1, wherein the at |east one
support surface conprises a porous support surface and conprises a
sidewal | extending upward fromthe porous support surface, and said
vapori zable material is supplied to the porous or aperture defining
el ement by pouring. 6. The vapor delivery vessel of claiml, wherein
the at |east one support surface is defined by a plurality of

di fferent support structures adapteg EpnjRisacenment at di fferent

|l evels within the interior volume, wherein at |least two different
support structures of said plurality of support structures have
supported,ther i.f t
Subst anced 7. SRa BRI EIRsEBE RS billoerife PRolipk Wl AL

| east onetlsupspel donguisingce is partitioned with walls into a pIurallty

of discrete su rface ns arran segregate different
portions of vagg éﬁﬁrﬁes t cl’é’ 188 aF e gﬁ&““ﬁel ivery vessel of
claim1, wherejBastihiRt MRISS@k owddilang rlh a€iRasRin®driliftent AhATS MRS
whi ch radiati on may be directed an detected to permt

i denti fi caithdhe inferionvalemeithe gas mhbbﬁnsgﬁﬁaﬁw tapipelyradifsioges i tRiiteride

interior @LH#§ Jgs empty or nearly enpty of vaporizable source
mat eri al . e vapor delivery vessel of claim1, wherein the vessel

has an associ astdechst @weshppcs‘lemface didaptédithn theimdriorivdamhiaﬁd acﬁp'tadno of a
condi tion mhe |on\M

Conty. or ARy SettizRte Ao S e o B cEelons f abv s (25 S wHERAS of
delivery ueshekhoRfec! aim 1, wherein the vessel has an associated
purge elenment and at | east one bypass passage, bypass inlet, or

bypass out| et ¥hapindbe %tdeqﬁbmwpp wr@cwﬁéﬁmdsbyO%plwhtyaﬂﬁd#&w@ to be
d f
purgea tr QiBﬁHQT &SeShda ?fc&%{}a’g}&&%ﬁi At dﬁf?er%tliléx@ls Wi 1&@&%10‘)% e,

therewith e vapo ery vesse any of clains
wher ei n t whergiayzach suppbrs soredtencihas a sidewgll ¢xgesling upwtardifrom the support surface,
and at least two support structures of said plurality of support structures have different

sidewall heights.

2. The vapor delivery vessel of claim 1, wherein the vessel wall is formed of any of
a polymeric material, a ceramic material, a composite material, layered materials, and

lined materials.

3. The vapor delivery vessel of claim 1, wherein the support surface comprises a
thermal conductor and is defined by a support structure disposed within the interior
volume, wherein the support structure and the peripheral vessel wall are formed of
materials having different coefficients of thermal expansion, and are sized and shaped to

be in substantial thermal contact with one another at a vessel operating temperature.
4. The vapor delivery vessel of claim 1, wherein the interior volume includes at least

one gas-permeable bag supported by the at least one support surface and containing said

vaporizable source material.
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-54 12. The vapor delivery vessel of claim1l1l, wherein the solid
vapori zable material conprises any of powder, aggl onerated
particles, and crystalline form 13. The vapor delivery vessel of
claim1l, wherein the solid vaporizable material is arranged as a
filmdeposited on said support surface. 14. The vapor delivery vessel
of any of clains 1-10, wherein the vaporizable material conprises a
liquid. 15. Thenyaper délRkiwrEkit]l YLa8R] 1,hepd thefat Bh oS subpdf surthrer ei n
t he vaporizable material "conprises a plurality of conpodSitional

di f f er ent CBREES 2 aploas sppelt swilfase ang compprisey a pdewelberitenging wpegskifromithe

claim 13, Eﬁdaﬁg ?Jg or@%urjfa%g,satlndtsm.\gﬁz%rﬁzratl%lﬁatéﬁatl g%h?pr%{ealt&'ﬁl%ltpb}&ﬁts 8}; eclperture

vaporizabPe material s are spati y segrega o0 dr'stinc nes or
regi ons oflefirtiieelemenbiy@oungd. une. 17. The vapor delivery vessel of
claim4, wherein the | east one gas-perneable bag conprises a
thermal |y degradabl e material adapted to degrade at an operating

tenper at upe of TEidpor @S58ty vedd! ofl NSimV BRMerdkihk UETeYst YES SipoR kudcaiidm 4,
wherein the_ | east one gas-perneable b conprises a plurality of

. ag L
gas- per med#fined 5y gplurality of fiffersnd suppris siagsres pdapted dormleqestent af different
gas- pernme J ol I teri f. L .
conposi ti %ﬁé@fg@ g%ﬁgﬂ{?/%rg%?"%‘g’%r %%Bvagééggl&gfi ?fg%ey‘ﬁéﬁ?ﬁc? as:a{lrm&ﬂﬁe-s f{)?ald
furt her cpluplinsdirgpedrt $tewsresdrage suppbeeditibrega sapeaizabjle sypresandyenial
di sposed mﬁthiqﬁ%?&.in}eéior vol une and comruni catively coupled to
the gas i RIBSIESIHUGRE YaPZI¥el i very vessel of claim 19, wherein
said at | east one internal gas carrying nenber extends through said

at | east ogne support surface. -55 21. The vapor delivery vessel of
cl ai m 19, 7wher Biqvages deliveryaresss] 05%%1“’(:]&“?1‘5%% hgahisast one support surface is

partitioned with walls into a plurality of discrete support surface portions arranged to

segregate different portions of vaporizable material.

8. The vapor delivery vessel of claim 1, wherein the vessel wall comprises a sight
glass through which radiation may be directed and/or detected to permit identification of
a condition when any suitable region within the interior volume is empty or nearly empty

of vaporizable source material.

9. The vapor delivery vessel of claim 1, wherein the vessel has an associated level
sensor adapted to permit identification of a condition when any suitable region within the

interior volume is empty or nearly empty of vaporizable source material.

10.  The vapor delivery vessel of claim 1, wherein the vessel has an associated purge
element and at least one bypass passage, bypass inlet, or bypass outlet adapted to permit
solid deposits or contaminants to be purged from the vessel or any conduit in fluid

communication therewith.

11.  The vapor delivery vessel of any of claims 1-10, wherein the vaporizable material

comprises a solid,
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conprises a threaded or press-fit portion insertable into an aperture
defined in said at |east one support surface. 22. The vapor delivery
vessel of any of clainms 1-10, further conprising structure disposed
within the interior volune adapted to increase contact tine of said
first gas with said vaporizable source material. 23. The vapor
delivery vessel of claim 22, wherein said structure conprises at

| east one vaporizable material support surface defining a plurality
of passageways adapted to permt gas flow therethrough. 24. The
vapor del ilder y Theyansr defvery wissal obclaigh bl sihereimihg selid vapprizablomateridlses a

ol ur |ty P RRRE AP BBl BRI, MBI Rer ot ough.

wher ei n passageways defined in adjacent material support surfaces
are unaligpned. . 25. The vapor del very vessel. of any of .clainms 1-10,
wher ei n sg?'d afrg‘? Bt S‘&H’g stFai?iP‘thla@ﬁ}#’a@@fﬁil%&a@e%‘fa@an@é’ eppigRalis, o
bot t om i Nnhekigen as b¥ifradepdRitedd 4ivappek surfe. The vapor delivery vessel
of any of clains 1-10, wherein said at |east one support surface is
defined by at |east one support structure disposed within the

| nteri or 8! UMphe 53} HeIRRART APbr SOMTRCIAES 1 3b, VRASh R\apBl STR Mhaterial
provided in or on an rnner surtace-of said perip eral vessel WarT
adapt ed t corspygeeriiqaidd/ or align said at | east one support structure.
27. The vapor delivery vessel of any of clains 1-10, wherein said gas
inlet and said gas outlet are arranged along a first end of said
vessel . 285 T hEhe/aa?@f délpeiyekit] ¥ESSRIF cRim@NY 00§ heiéin iy abod AhblWRAERI N

said vessel has a first _end, a second end, and_at |east one
per i pher aFomRLses 2 ghplisy efeamposisionallydifferepietapamesbleanaierigds - 56 out | et
is arranged along a different one of said first end, said second end,
and said | east one peripheral wall.

16.  The vapor delivery vessel of claim 13, wherein at least two materials of said

plurality of vaporizable materials are spatially segregated into distinct zones or regions of

the interior volume.

17.  The vapor delivery vessel of claim 4, wherein the least one gas-permeable bag
comprises a thermally degradable material adapted to degrade at an operating

temperature of said vessel.

18.  The vapor delivery vessel of claim 4, wherein the least one gas-permeable bag
comprises a plurality of gas-permeable bags, and at least two bags of said plurality of

gas-permeable bags contain vaporizable materials of different compositions
19.  The vapor delivery vessel of any of claims 1-10, further comprising at least one
internal gas carrying member disposed within the interior volume and communicatively

coupled to the gas inlet.

20.  The vapor delivery vessel of claim 19, wherein said at least one internal gas

carrying member extends through said at least one support surface.

-55.-



29. The vapor delivery vessel of any of clains 1-10, further
conprising a plurality of gas distribution passages adapted to
direct the first gas within the interior volune. 30. The vapor
delivery vessel of any of clainms 1-10, wherein the at |east one
support surface is defined by a plurality of different support
structures adapted for placenent at different levels within the
interior volune, and at | east one support structure includes a
dommwardlg-extending sidewal | . 31. The vapor delivery vessel of any
of cl ai ms2l- 10Theppepredaliveryevessel pledaim Whavhsigppoid intenat gascanyingdesimbeed
by a plurali i.f . J ed £ oF . ment
B S s SR S b
support sileasiohesgporictidgbes an upwardly extendi ng sidewall and a
plurality of upwardly-extendi ng protuberances, wherein said sidewall
is taller than each of said protuberances. 32. The vapor delivery
vessel of 2any e pat dBiviryhsseiemSiof clalis BY 0, fBARSr cORBriSHPRAIture
surface is defined by a plurality of different support structures,
adapt ed f %P%P%Wéh@ﬁge iferiog velumeagdaptedipdpaeast contact time of gaié firygas with
vol ume, a - rt structure includes a sidewall that
i's vented&%%@%gb%?%§$§§%§ﬁaggg'flom/therethrough. 33. The vapor
delivery vessel of any of clains 1-10, wherein vaporizable materi al

is suppligd to the at.|least one.su rt.surface by pouring. 34. The
vapor  ael Per yTeetertel S oGl SLtaRhE. yrdh QiR ne
associ at eshdvepbiiziglech@emd) suppddt suffi€e defiRfig adfhiraN§Tof pYReEMlayOidaplediton
34, wherein said at | east one heating elenent is disposed around,
in, or onP¥Biigayleydherethypshes  The vapor delivery vessel of claim 34,
wherein said at | east one heating el enent conprises any of a ribbon
heater wound around at |east a portion of the vessel, a block heater
havi ng a 2hapellwowpger delfvertyveessebefallaima?22s whenginrre st sugtuge qoatpriassta heat er
a heated plurality of vaporizable material support surfaces each defining a plurality of
passageways adapted to permit gas flow therethrough, wherein passageways defined in

adjacent material support surfaces are unaligned.

25.  The vapor delivery vessel of any of claims 1-10, wherein said at least one support

surface is elevated relative to a bottom interior surface of said vessel.

26.  The vapor delivery vessel of any of claims 1-10, wherein said at least one support
surface is defined by at least one support structure disposed within the interior volume,
said container comprises at least one element provided in or on an inner surface of said

peripheral vessel wall adapted to support and/or align said at least one support structure.

27.  The vapor delivery vessel of any of claims 1-10, wherein said gas inlet and said

gas outlet are arranged along a first end of said vessel.

28.  The vapor delivery vessel of any of claims 1-10, wherein said vessel has a first

end, a second end, and at least one peripheral wall, and each of said gas inlet and said gas
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enclosure, a circulating fluid heater, a resistive heating el enent,
and an inductive heating element. 37. The vapor delivery vessel of
claim 34, wherein said at | east one heating elenent is disposed
within any of a wall or |id of said vessel. 38. The vapor delivery
vessel of claim34, wherein said at | east one heating elenent is
adapted to heat said at |east one peripheral vessel wall, with said

at | east gt xUBRRALL al@dﬁgﬁ%reﬁ?bﬂ&bf‘sﬁdtﬂ?ﬁrefi@'saﬁ%@@ﬂﬁﬁ'eﬁ@tahﬁ@aleetaE‘t
said at | east one ferlphera vessel to permt heating of said

vapor i zabpke eaipperet witht er i al supported by said at | east one support
surface. 39. The vapor delivery vessel of any of clains 1-10, wherein
said at | east one support surface is gas-perneable. 40. The vapor

del i very 2%ss eThmapan&elanqa}eeaeﬂmf dny 1 clanhet-@ 0 fughérdompritieg s ’plm‘:ﬂﬂy of
support ur nprises an of a sh and a metallic wool. 41. The
vapor del f%%ﬁéfl goeaassas%aaﬂﬁ}v%q‘ e ?ﬂ%ﬁs TR
one support surface conprises a pIurallty of pores having vari abl e
pore size_in a direction of gas flow_ therethrough. 42. The vapor

del i very ¥eésselhorapangeliverycressehst awyd clafroy {8 wlaneip thesit ngstaonplsumrarti t y

of tenpeg e
at a pl o ey SRR B b o BRI BRI Gk AR pIRGHERY 2
vapor del dl\fkrept legels glithof tha mperafr vo]umemmi]at lﬁst oxleengion ssactdreaihclhidast
one suppor,t surfac i,s defin d in a holder that is renovable from
sai d vess&Wnvardlyxtending Sewall qel i very vessel of any of claims 1-10,
wherein said at | east one support surface is defined in a plurality
of hol ders disposed within said vessel, and at |east one gasket or
Oring is3hr ov?plaeewp%@%ew veashotasy b elagns 1-HQ hanria eta) least e Sernos:

surface is defined by a plurality of different support structures adapted for placement at
different levels within the interior volume, and at least one support structure includes an
upwardly extending sidewall and a plurality of upwardly-extending protuberances,

wherein said sidewall is taller than each of said protuberances.

32.  The vapor delivery vessel of any of claims 1-10, wherein the at least one support
surface is defined by a plurality of different support structures adapted for placement at
different levels within the interior volume, and at least one support structure includes a

sidewall that is vented to permit radial gas flow therethrough.

33.  The vapor delivery vessel of any of claims 1-10, wherein vaporizable material is

supplied to the at least one support surface by pouring.

34.  The vapor delivery vessel of any of claims 1-10, comprising at least one

associated heating element.

35.  The vapor delivery vessel of claim 34, wherein said at least one heating element is

disposed around, in, or on said vessel.

57



45. The vapor delivery vessel of any of clains 1-10, adapted to
conduct said first gas in a direction substantially fromtop to
bottomwithin at |east a portion of said vessel. 46. The vapor
delivery vessel of any of clains 1-10, adapted to conduct said first
gas in a direction substantially frombottomto top within at | east
a portion of said vessel. 47. The vapor delivery vessel of any of
clainms 1-39, a¢apiHdr §QiveRNHLE of@hith 34, WitlerclPSiid Atledt He1RE A lement
substantially fromside to side within at |east a portion of said

vessel . 48omimisss gripefra mhhonhertgr wewslerowni aglegstafporticai afghelvess], afbledkher

conpri sl ”ﬂeﬁ% Hagﬁgtasﬁ%% coI/+ foShe Qéss%ré%tﬂﬁhga 1 o &a%Pﬁesa‘?e?, DeLygen said
gas inlet and sai'd gas outlet” and adapte 0’ prevent escape of
non- vapor ezdekura poirtd athigdluid heatdrad resistivaigiatisgélemegasarduinl itductidOheatihe
vapor delivery vessel of any of clains 1-10, further conprising a lid
adapt ed F@nﬁé&e with said vessel, wherein said |id conprises at
| east one of said gas inlet and gas outlet, and has at |east one
val ve associated with any of said gas inlet and said gas outlet. 50.
The vapor 3del i Vb yeporddakryofessoh ol daincdhiwhsrein said atflepst dnerheatingal¢ént ip
at | east I / I- i.vely coupled with said gas
i nl et andﬁfég?sggggtgfnoagﬁogtg%@10?91?%%1§g%§8%1bnpri sing: supplying a
vapori zable material to the at |east one support surface of the vapor
delivery ssel, of any .of cl ai -10,,. 52. The, hod of claim61, .
Wher o saba | RAOPPRdEIS PRt BREE e & TEr L § OBl
-59 53. Aadmtdlad htRkaidal le¥®bh& PerifABAN 188 wrOUHAR saTBhElehbne support
conpri si ng: squIy[n' a first gas to the gas inlet of the vapor

e

del i very W&fasepeigg ighormsf compupisation with saigatdeashpnspediehgrolefegsel wald &

i ncl udi ng | i d; : | Lal o b, ZL: I

por i on oF R g anie S ARRE R pdTPI Gl g A b b G: Rt i Slpofi
gas out | etyrfssai d second gas conprising said first

39.  The vapor delivery vessel of any of claims 1-10, wherein said at least one support

surface is gas-permeable.

40.  The vapor delivery vessel of any of claims 1-10, wherein said at least one support

surface comprises any of a mesh and a metallic wool.

41.  The vapor delivery vessel of any of claims 1-10, wherein said at least one support
surface comprises a plurality of pores having variable pore size in a direction of gas flow

therethrough.

42.  The vapor delivery vessel of any of claims 1-10, further comprising a plurality of
temperature monitoring elements arranged to monitor temperature at a plurality of

locations in, on, or around said vessel.

43.  The vapor delivery vessel of any of claims 1-10, wherein said at least one support

surface is defined in a holder that is removable from said vessel.



gas and sai d vaporized source material. 54. The nethod of claim53,
further conprising preheating said first gas prior to or during said
supplying step. 55. The nethod of claim53, further conprising the
step of netering any of the first gas and the second gas. 56. The
met hod of claim53, further conprising the step of nonitoring a
tenperature on or within any portion of the vessel, and applying
heat to the vessel responsive to the nonitoring step. 57. The nethod
of claim53, further conprising the step of dep03|t|n3 t he vapori zed
a

source maféri aFheiepaydelivawpisssel phamyef slans -3 ) wherein ssid shicast engsuppprt
consi stin anie%rlggﬂém ng p‘{ﬁBH{y do‘i{%BﬂE{ tdlsg)gsed%lﬁﬁl}l ‘s?alé 935 &%ﬁa?féaét'oﬁ@

pl asma en ayer “deposi ganit ¢

vapor depgaskttion)-ripg agmevidniisnean ea&sle]mldalofﬁagmraldgpﬁholﬂmn, and ion
i npl antation. 58. The nethod of claim53, wherein the vaporizable
source material conprises at |east one of boron (B), phosphorous

(P), coppes. (Cofe vapat ddlEy(veasel owbﬁllﬁﬁﬁlo ad T;stédnﬁmoﬁaﬁ& R firdt g&y um

(I'n), antinmony (Sb), |anthanum ( Lag tant al um ( iridium(Ir
decabor an® { &g kamiubstangaliy frane prie GRltem wein fﬁlﬂ@my portion efsaid vessel.
tetrachloride (ZrCl4), indiumtrichloride (1nCl3), a netal organic
(3-di ketonate conpl ex, cycl opentadi enyl cycloheptatrienyl titanium
(CpTi ChT) 46.al u'ﬁlitemupmt aleil'whdyozreisattboi(am;@f 8lajmg 1-1 ridapred @diodéduct alid fiksy ras

I tat t I di t t Ti),.-60
Y ooct Sk RS USERRIR AR B BB HRA SR LB i B
bls(cyclopentadlenyl)ruthenlun1(|I) (Ru(Cp)2), and ruthenium

trichloride (RuCl3) 59. The pethod of claim53, further conprising
the step BF co?%fieawph@ehaeryg@ﬁﬁeb@frmeﬂ“ sleinay s Q.radersedorqonducs syid Sistt gased

material {0 §REMRsdbbbhfiA e side W GRNIHER A least a portion of said vessel.

48. The vapor delivery vessel of any of claims 1-10, further comprising at least one
filter or frit element disposed between said gas inlet and said gas outlet and adapted to

prevent escape of non-vaporized vaporizable material through said gas outlet.

49.  The vapor delivery vessel of any of claims 1-10, further comprising a lid adapted
to mate with said vessel, wherein said lid comprises at least one of said gas inlet and gas

outlet, and has at least one valve associated with any of said gas inlet and said gas outlet.

50.  The vapor delivery vessel of any of claims 1-10, further comprising at least one

gas flow meter communicatively coupled with said gas inlet and said gas outlet.
51. A method comprising:
supplying a vaporizable material to the at least one support surface of the vapor

delivery vessel of any of claims 1-10.

52.  The method of claim 61, wherein said inserting step is performed in a dry box or

glove box.
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substrate. 60. The nmethod of claim59, further conmprising the step of
processing the sem conductor substrate conprising the filmto forma
sem conductor. 61. The nethod of claim51, further conprising
inserting said at | east one support surface into said interior

vol une. 62. The nmethod of claim53, wherein said vaporizing conprises
heating the vessel. -61

53. A method for delivering vaporized source material, comprising:

supplying a first gas to the gas inlet of the vapor delivery vessel of any of claims
1-10, said vapor delivery vessel including therein said vaporizable material;

vaporizing at least a portion of the vaporizable material;

receiving a second gas from the gas outlet, said second gas comprising said first

gas and said vaporized source material.

54.  The method of claim 53, further comprising preheating said first gas prior to or
during said supplying step.

55.  The method of claim 53, further comprising the step of metering any of the first

gas and the second gas.

56.  The method of claim 53, further comprising the step of monitoring a temperature
on or within any portion of the vessel, and applying heat to the vessel responsive to the

monitoring step.

57.  The method of claim 53, further comprising the step of depositing the vaporized
source material using a deposition process selected from the group consisting of chemical
vapor deposition, atomic layer deposition, plasma enhanced atomic layer deposition,
metal organic chemical vapor deposition, plasma enhanced chemical vapor deposition,

and ion implantation.

58.  The method of claim 53, wherein the vaporizable source material comprises at
least one of boron (B), phosphorous (P), copper (Cu), gallium (Ga), arsenic (As),
ruthenium (Ru), indium (In), antimony (Sb), lanthanum (La), tantalum (Ta), iridium (Ir),
decaborane (B;oH4), hafnium tetrachloride (HfCly), zirconium tetrachloride (ZrCly),
indium trichloride (InCl;), a metal organic p-diketonate complex, cyclopentadienyl
cycloheptatrienyl titanium (CpTiChT), aluminum trichloride (Al1ClL), titanium iodide
(Tixly), cyclooctatetraene cyclopentadieny! titanium ((Cot)(Cp)Ti),
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bis(cyclopentadienyl)titanium diazide, tungsten carbonyl (Wx(CO)y),
bis(cyclopentadienyl)ruthenium (II) (Ru(Cp),), and ruthenium trichloride (RuCl;).

59.  The method of claim 53, further comprising the step of contacting a
semiconductor substrate with the vaporized material to form a film on the semiconductor

substrate.

60.  The method of claim 59, further comprising the step of processing the

semiconductor substrate comprising the film to form a semiconductor.

61. The method of claim 51, further comprising inserting said at least one support

surface into said interior volume.

62.  The method of claim 53, wherein said vaporizing comprises heating the vessel.
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