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METHOD AND APPARATUS TO HELP PROMOTE CONTACT
OF GAS WITH VAPORIZED MATERIAL

CROSS-REFERENCE TO RELATED APPLICATION
This patent application is a continuation-in-part of U.S. Application No. 10/201,518, filed
on July 23, 2002 and entitled VAPORIZER DELIVERY AMPOULE. U.S. Application No.

10/201,518 is incorporated herein by reference.

TECHNICAL FIELD
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 eqﬁipment 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.



BACKGROUND A vaporizer may be used, for exanple, to deliver
material in a carrier gas to a process chanber of sem conductor
processi ng equi pnent such as, for exanple, chem cal vapor deposition
(CVD) equipnment to forma filmover a workpiece or an ion inplanter

to accelerate ions toward a workpiece for injection into the

wor kpi ece. One vapori zer called a bubbler delivers vapor from
material in aliquid state to a process chanber 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 Vhaen ftsecoatesaldme snlidtstatt mast be delipaed hragmocesseshhinberibgt heating the
material as the carrier gas bubbles to the top of the container. The
sat ur at ethierial foiits sulgasatios teniperatire amisiioctinedhd fow ba @re gsspashtherhated
Vapor frommaterial in a solid state may be delivered to a process
chanber nimerkkati ng the material to its sublimation tenperature and

directing the flow of a carrier gas past the heated material.
SUMMARY

SUMVARY

At least one disclosed apparatus comprises a container and structure to help support

material in the container with an increased exposed surface area to help promote contact of a gas

with vaporized material. The structure for at least one disclosed apparatus may help support

material for vaporization in the same form as when the material is placed at the structure.

At least one disclosed apparatus comprises a container and structure to help support

material in the container with an increased exposed surface area to help promote contact of a gas

with vaporized material for delivery to atomic layer deposition (ALD) process equipment.

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 material. 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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At | east one disclosed apparatus conprises a container and structure
to help support material in the container wth an increased exposed
surface area to help pronote contact of a gas with vapori zed
material. The structure for at |east one disclosed apparatus may help
support material for vaporization in the sane form as when the
material is placed at the structure. At | east one discl osed
apparatus conprises a container and structure to help support

material in the container with an increased exposed surface area to
hel p pronote contact of a gas with vaporized material for delivery to
at oni ¢ [displesedcipparsius ek hivalopy opmorsaedls enfl inswemore passagewsys Withisitone pie

di scl osed apparatus conprises a container and structure to help
suppor t nidrgwelds tatlew igad toiflewtthwuglothe bolder wi th an i ncreased exposed
surface area to help pronote contact of a gas with vaporized liquid
mat eri al . At leAdt ohedistlosed epiiratus| cospdsea p pamtainersind ongorinses haldaotitai ner
and one or nore holders that define a support surface to hel p support
mat er i aldefine adiupparontiataiehelpstpoatmmaterial eatbecbnexieo s&it as itfcfeasd eafed t 0
hel p pronote contact of a gas with vaporized material. A holder for
at | eastutiee adh scChahs prdndpran@ativs a gaywitiavoiied ntiteriah r £ hold elefoadt I &istaneng
at least a portion of a perineter of an opening through the support
sur f ace distlotddeppahidemal deflielapusieitisifacd apRas ageroy of Whiok Blovit: Ghstgas
may flow through the hol der. At | east one discl osed apparatus
conpri s@stiallesuiinaibiemataiial 1@BeshorhiéEe nliglider s that define a support
surface to help support material in the container with an increased

exposed surf AERaAbEAdIbE0BE hidthidl GsMBlrReSMALRALE codlaimtr BARIPM dbbrideaRAéaT R

material. A holder for at |east one
the container, introducing gas into the container, and delivering gas resulting from contact of
introduced gas with vaporized material to process equipment. 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. 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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di scl osed apparatus may have one or nore walls and one or nore
passageways within one or nore walls to allow gas to flow through the
hol der. At | east one discl osed apparatus conprises a contai ner
and one or nore holders that define a support surface to help support
material in the container with an increased exposed surface area to
hel p pronote contact of a gas with vaporized material. A holder for
at | east one disclosed apparatus may define a support surface at

| east a portion of which is over at |east partially perneable

mat eri al through which gas may fl ow. At | east one discl osed

met hod conpri ses heati nGRIEEDRSERIGIONOMENE DRAIYINGS material in the
container, introducing gas into the container, and delivering gas
resul ting frOne ocomb@embodiments aedlotdted by way dfexaaplonnd act linmdtadon mlthd o
process equi pment. The container for at |east one disclosed nethod
may hav digstes ofthe p@omparyéigrswipg irt wineli Bke raferencestifticataosimiarebimentstand an

i ncreased exposed surface area to help pronote contact of a gas with
vapor i zexhighat eri al . The structure for at | east one disclosed nethod
may hel p support material for vaporization in the same form as when

t he mat eri al Figrefll itlce@teatfot d1@ o8 tnoktCdmbodiments, a systin UsR@Stvapstzetihsdepsed
nmet hod conpri ses heating a container to help vaporize material in the
cont ai N@fomdtécnORUSH 4\ s OB viptirieed Agte§QNt ai ner, delivering gas
resulting fromcontact of introduced gas with vaporized material to
atom ¢ | ayer FigeRosilidtats ToOGRDS nﬁ%nWﬁHents,aef\ﬂo@QfaE@ﬁl%ﬂ@sﬂeli@tryoimtﬁe

| ayer deposition process using the delivered gas The container for at
| east op@tcht sCHigsed; met hod may have structure to hel p support

material in the container with an increased exposed surface area to

hel p pr onot erigeRBARLsH@fes FoldHS e¥hrifle ¥ARIh&R D JHRb&N VA brokeBRF o 2
DESCRI PTI ON THE DRAW NGS

vaporizer container having 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 holder;

Figure 5 illustrates, for one example embodiment, 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 view of a
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.
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One or nore enbodinents are illustrated by way of exanple and not
limtation in the figures of the acconpanying drawi ngs, in which |like
references indicate simlar elenents and in which: Figure |
illustrates, for one or nore enbodi nents, a systemusing a vapori zer
that hel ps pronote contact of a gas with vaporized material;
Figure 2 illustrates, for one or nore enbodi nents, a flow diagramfor
gas delivery in the systemof Figure 1; Figure 3 illustrates,
for one exanpl e enbodi nment, a perspective, broken view of a vapori zer
cont ai ner having holders to help pronote contact of a gas with vapor
frommaterial supported by thRETSIIEE BESCRIPFIQNre 4 illustrates, for
one exanpl e enbodi nent, a perspective view of a holder; Figure 5
i Il ust r at es, Figore laiiestaxafpt @cenhned enmbotlimeatscs 98@msE0thad Aellvessiaaiasiedd a
hol der positioned over another hol der; Figure 6 illustrates,
f or anoghefore X aspirizecTioad prsest cquipnxar $TE@uPE 1o saliR e, Wapdtigt 1 B
hol der positioned over another hol der;
vaporizes material, receives a gas from a gas source 130 coupled to vaporizer 110, and helps
deliver to process equipment 120 gas resulting from contact of the received gas with vaporized
material. Vaporizer 110 supports material to be vaporized to help increase exposed surface area
of material to be vaporized to help promote contact of the received gas with vaporized material.

By helping to promote contact of the received gas with vaporized material, vaporizer 110
for one or more embodiments may be used to help deliver the resulting gas to process equipment
120 at relatively higher flow rates.

Vaporizer 110 for one or more embodiments may be used to deliver a desired gas to
process equipment 120 in accordance with a flow diagram 200 of Figure 2.

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 107 Torr to approximately 10° Torr.
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Figure 7 illustrates, for another exanple enbodi ment, a perspective,
expl oded vi ew of a hol der positioned over another hol der; Figure 8
illustrates, for another exanple enbodi nent, a perspective view of a
hol der; and Figure 9 illustrates, for one or nore enbodi nents, a
system usi ng the vaporizer container of Figure 3. DETAILED

DESCRI PTI ON Figure 1 illustrates, for one or nore enbodi nents,
a system 100 that delivers a desired gas froma vaporizer 110 to
process equi pment 120 coupl ed to vaporizer 110. Vaporizer 110
vaporizes material, receives a gas froma gas source 130 coupled to
vapor i z&epdriAey 1 Hirdashks ysed Welaparize, fooexpmpleesry seitablqmenatial €@Opriss boron
resulting fromcontact of the received gas with vaporized material.
Vapor i z€B), piBpsuppdP), soppet €hi),ggallium (G8), wapme (A duthenitvel(Ru), mdiveads),
exposed surface area of material to be vaporized to help pronote

cont act amfmdnydSh)elaeihamon (Ja3, taitdlhm (B Oiridined Inpdeeabotine (B1oH;4), hiditiukel pi ng
to pronote contact of the received gas with vaporized material,

vapor i z estradtl@ideqHfClR)e ziedoniunyr etretiocidé (A OL) indiym bhlesied(ThOL ))& stallelghaier
the resulting gas to process equi pnment 120 at rel atively higher flow

rates. p-diketonate complex, cyclopentadienyl cycloheptatrienyl titanium (CpTiChT), aluminum

trichloride (AICl3), titanium iodide (Tily), cyclooctatetraene cyclopentadienyl titanium
((Cot)(Cp)Ti), bis(cyclopentadienyl)titanium diazide, tungsten carbonyl (W,(CO),),
bis(cyclopentadienyl)ruthenium (II) (Ru(Cp),), and/or ruthenium trichloride (RuCl;). Vaporizer
110 may be used to vaporize any suitable solid material in any suitable form such as, for
example, a powder, agglomerated particles, one or more crystalline bodies, and/or a film. A
crystalline body may have any suitable size and shape, such as a tablet, brick, or puck shape for
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)titanium (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.



Vaporizer 110 for one or nore enbodi nents nmay be used to deliver a
desired gas to process equi pnment 120 in accordance with a fl ow

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

i ncrease exposed surface area of material to be vaporized.

Vaporizer 110 may be used to vaporize any suitable material in any
sui tabl e one or nore states and/or in any suitable one or nore fornmns.
The material to be vaporized for one or nore enbodi nents may depend
at least in part, for exanple, on the process or operation to be

per f ormed by Vprazeskl Ogepyiqomprise ah? Guitable structitg pohdly sippdrl Bafedal tohe or
nore enbodinments nmay be used to vaporize any suitable material in a
sol i d stvaposizedfapoy sweblerdftaierin emesugrblerprence et imendss exprpedmirfasedled o
vaporize, for exanple, any suitable solid material characterized by a
subl i mabf the ntagmipk rEtestractine nialyde defirgd, @hitiofialr areianplipbed iappy suxtabiat el y
20 degrees Cel sius to approxi mately 300 degrees Cel sius and a vapor
pr essur eort#inértie amyesuirable manifenr Tiexsannptie, forgie oo siorsdntloyinmkdts Znalitielp support
approxi mately 103 Torn Vaporizer 110 may be used to vaporize, for
exanpl emateniy! 8 ulhd @hlatermtiely iAdre30 BfPobel sffad2@FARS (B)matPhDRpos dus (P),
copper (Cu), gallium (G&G), arsenic (As), ruthenium (Ru), indium(In),
ant i nonyhakShdm edpasddianudatdaale mitar] aduldhdvEa) restiifi thdicbiffhibér absent the
decaborane (B101114), hafniumtetrachloride (Hf Cl14), zirconium
tetrachkwucdhgde (zrCl4), indiumtrichloride (InCl3), a netal organic

P- di ket onat e conpl ex, cycl opent adi enyl cycl oheptatrienyl titanium

(CpTi ChT), arhyeumutiiie fof &l 0@ iogtenitdtfaledls mdyl He?ﬁub‘;md a(?@sﬁiﬁib(e-'}hatéﬂal for

cycl ooct at etraene cycl opent adi enyl titanium
bi s( cychapepirdi®melsithé toaRia el @8 hid@rialliy PUS@Phe myl In(tws fakdet) -

bi s(cycl opent adi enyl ) ruthenium (11) (Ru(Cp)2), and/or ruthenium

M chl or hiRribiRy 64 3dporY@PRF bty mbtOeBiNirG 1 UR B bel Rk AR riaZ B nAR¥ally placed
suitable solid material in any suitable formsuch as, for exanple, a

powder, aﬁgaétﬁl%&@&ﬁcb {9@:&%& GAtBSut fRHEr SepdRioR opéafﬁft@hlhg BEsuRR HafiPial, As
and/or a film A crystalline body nmay have any suitable size and

shape, s} @51e2ark ARt Me lidid HlteriQmaP¥e K1280PR BelsRictirs %Ha)lleﬁmrized while still
in 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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Vaporizer 110 for one or nore enbodi nents nmay be used to vaporize any
suitable material in a liquid state. Vaporizer 110 may be used to
vapori ze, for exanple, any suitable material conprising
tertiaryanylimdotris(dimethyl am do)tantal um (Tai nata),

tetraki s(di et hyl am do)titani um ( TDEAT),

tetral ds- (di met hyl am do)titani um ( TDVAT), pentakis

di net hyl - am dot ant al um ( PDMAT), tantal um pent aet hoxi de (TAETO), and
bi s(et hyl cycl opent adi enybrut henium (I1) (Ru(EtCp)2). Vaporizer 110
for one or nore enbodi nents nmay be used to heat any suitable material
in a solmateriat support surfecés o diffgrent laveds prtheogontanen dfiwrsireétmg forvme pamerei al .
Vapori zer 110 for or nore enbodi nents nay be used to vaporize any

sui t abl embedierentamalydefiregpnewomore maseral slippoiit mofacestha tspanaferent lavelg in the
suitable state and/or form Vaporizer 110 rmay conprise any

sui t abl eotinerc (The stricturh &rpnsappat tmhadireitamay defbne ouamanors @dhtdrial sipyort
sui tabl e container in any suitable manner to hel p i ncrease exposed
sur f ace saffazas affany bdtabltshageal confhie. The smitmreforne dd enotkedmbvdinents may
positi oned, and/or coupled in any suitable container in any suitable
manner . défe @ik btitibie g@nérally siaear aatefbl sep@ittaachdmenTke styuftebiore P pofd
material in the container to help increase exposed surface area of

t he mat embedimeeh afal ¢@mpiisean EdraTbEY LRI ROorS W IidESmatRa sipprt BREREd. al
could have at rest in the container absent the structure. The
st r uct umae fRlchOfor Ofic SRfiGre SRBOHNBRNNSy bGHpriie b PLSdHRPHodRENW detihd &l
material for vaporization in the sanme formas when the material is

pl aced aford MsteSAllshi§lottisBrfadefl thi s manner, material to be vaporized for
one or nore enbodi nents may be manual |y or automatically placed at

the struct urgordRe oV ABR nbBgimthis Mdte hdiral@IbeRbFRBERL PR 1iQNid state or in a
condi tioning of such material. As one exanple, any suitable liquid

mat er i akolByatdR (R RERAL,Fbr kBGpIS! 4 pildes, Qg%'Ié}HerX@@ﬁiﬂia@s‘,j alorl e 8 hbde 1N
liquid form As another exanple, any suitable solid material 1 n any

sui t abl g fanie b§di€sbth@§tr€’chﬂ@‘ﬁﬁ?'help%&Q)loﬂqﬁ(?]g@cﬁﬂalﬁﬁfeiﬂ Sk su{@ﬁ‘hg/afgﬁal%&

or nore crystalline bodies for exanple, be "pl aced at

st ruct Upge @nghrY HRRELAGHP M vkl il ddy shfbbidinns 2 Ror bAY SPmore embodhfihrs

structure for one or mbre embodi Ments may define in any suita

TRNNE - QREe Aar 1D & HIRLENTAY icSHR BAIAsBUE A bP: RE B SHRARI hoaffBl o7 2!

in the container with ‘an 1 ncreased exposed sur

struct ugt@ln a%g%ui%léméﬁeféﬂapé}ﬁe@ Hope H?t)!nfg @ﬁﬂp@ﬁ stitfac Weor Hhé (ﬁ'%oqe

manner one or re naterial support surfaces T'n an 1 nterior region of

the consai)&ﬁﬁle,&tywﬁ%g h{akegﬂl &)%e@%&g&érﬁms ) éﬁﬁngrg gisg%glggsﬁé%g,gﬁéﬁ@u%@ﬂr&“

of the contal ner. e structur Oor one or

define |j i [j . i .th nt ai ner..one, or .nore terijal
Conport [ gRRol AR L BOAEEH: Ay Shridedfy RERLBLRT bicbAG: ShofRECoIIRE Ghisll
area of _a 5q¥ton1s rface pe interior region of the container. The

structufe’ bf”@ﬁgagpdﬁ%P%gé%%Sﬁ?hents may define a plurality of
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
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mat eri al support surfaces at different levels in the container. The
structure for one or nore enbodi nents nay define one or nore materi al
support surfaces that span different levels in the container. The
structure for one or nore enbodi nents nay define one or nore materi al
support surfaces of any suitable shape or contour. The structure for
one or nore enbodi ments nmay define one or nore generally planar

mat eri al support surfaces. The structure for one or nore enbodi nents
may conprise an integral body to define one or nore material support
surfaces. The structure for one or nore enbodi nents nmay conprise a

pl ur al i tayd vdpobieadi vdgletstill dreliquikioone A rnather examptl @ anpsuitsblp paidtmaend acay.
For one or nore enbodi nents where material to be vaporized is in a

| i qui d stigtble form,isncleasqglovders sgei@medrated fragtidl e mdair ond ermex enypthibine Bodies
powder, aggl onmerated particles, and/or one or nore crystalline

bodi es, fortegarplendyirelarey ovrelope eupgre matedinlcbupyiri sarfadek wndredpprifed Rétdlle Btill
such material over one or nore material support surfaces in any

sui t abl én thatwame forkOr one or nore enbodi nents where material to be
vaporized is in a solid state in the formof a film the material may
be forned i nTheytrustuid Db CTRDREEM DAY en@BayOdcilPInenBliRbleahanSeHAP RAt a
surfaces. For one or nore enbodi nents where material to be vaporized

has t wo p6itioBf £meieiilisiffortuadedNeamy shifiBlet lebkd hhtiiglly hmeObE: Bhterdd i
enbodi ments nmay optionally help support different substances of the

nat er i akheld ¥@¥poftinldt@1aBidt beBp R IzE@vhBdfIROAilg SIARE 84 o flow thrdkd (B mbtelialr €
for one or nore enbodi nents may hel p support any suitable materi al

over ONguppbrt AR TBY Blsb 8kpoSip Rstfdce Sk Bﬁﬁﬁﬁﬁeﬁ%bé’@ﬁ&iz@e& ﬂ{r!:n%iﬂ ohB of 6re
a

sane formas when the material is placed over such materi support

sur f acepierial fAppdH SrBBRNEHoriz¥RE B ha) hdPinBRad 3R st &l Ofre T hatBRd €
enbodi nents may be nmanual [y or automatically placed over one or nore

mat eri al, jURpSdeasur faces and vaporized without further preparation
or conditioning of such material. As one exanple, any suitable liquid

material nmyTR&wRERRSH: NS ndRCrod e n@cﬁfih@ﬁ iy R nhd 2688

more passages that turn, curve, and/or wind in any suitable manner in the container. Such
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 orin a
solid state in the form of, for example, a powder, agglomerated particles, and/or one or 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

9.



and vaporized while still inliquid form As another exanple, any
suitable solid material in any suitable form such as a powder,

aggl onerated particles, and/or one or nore crystalline bodies for
exanpl e, may be placed over one or nore material support surfaces and
vaporized while still in that same form The structure for one
or nore enbodi nents may define in any suitable manner at |east a
portion of a material support surface over any suitable at |east
partially pernmeable naterial to help support material to be vaporized
while allowing a suitable gas to flow through the material support
sur f ace maByiahingpbefopoed ngny srifable emaanedo afy snibdbdy thiwkndspalbrs atdgetra poettbn

t hrough one or nore nmaterial support surfaces, vaporizer 110 may help
i ncr easef exjposrerhllsuvfalic of @re@amofe daksagevaFer orlor nordxenbodineehisagdttre material
The structure for one or nore enbodi ments nmay define in any suitable
manner s wiboridd hapassagese dilict fubstinces tiewtuctarRdbine 0 Mdre dhbabiynents
sui tabl e manner in the container. Such structure nmay then help

suppor t niggloptiérally help BeppéoaRieifdre® shibstandes 6f ME maRkEl iR dFRa@epastagediel p

i ncrease exposed surface area of the material. The structure may

define one OThd¥MELRAHS HPY ndhe @MbIThENtARAYEleFihg B MY duifBRAanndt M8nesh of
structure for one or nore enbodi nents may conprise a tube to define a

passage anyl firalfib rdfekidl 8 heRsufiae: idterPioSheQARMTEIR Hef iH&HYast CXFEE SR fRce
series of coupled tubes to define a passage. The structure for one or

mor e enbra oM hfidiBY ALSRIkfBpIARud N8R! mBRAMpARS dddl REoIVREnyPduithBIE ©
passages. The structure for one or nore enbodi nents nmay conprise a

plural i Yymsal. Badnesr HBRRALDEdIRNE HheREnARE] Bbe NRERizPAR 32Dk state in teOT
one or nore enbodi nents where material to be vaporized is in aliquid

state OE”or}nrbf?foﬁaéahﬁtlle?EaB@déS,/rhg%l'aﬁlefa%rdfyaRicles,faﬁa/oxe&&?eerlP lfore &y@ﬂmodﬁ%

aggl onerated particles, an one or nore crystalline bodies, t

Mt er | atheerPrBP UE Ffhrbdinld td mBpR@fLd,AN Of one or more passages. For
one or nore enbodi nents where material to be vaporized is in a solid

state in thepf{ormafe @r érle! O?Je]cﬁ?l???gx&eﬁfsilﬁzly ori%%r‘rﬁ% todsrf)oﬁl@/ to help

suitabl e manner to any suita ness "al ong at a portion-of
o oSk L5 AT LS, BOSRARGT R PO PP S
bt D0y Mo AASLAA P PRSP SRS DL BB 69°1 |
PasSagexitable 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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The structure for one or nore enbodi ments nmay define in any suitable
manner a nesh of any suitable material to help support material to be
vapori zed to help increase exposed surface area of the material. As
one exanpl e, such structure may conprise steel wool of any suitable
density. For one or nore enbodi nents where material to be vaporized
isin asolid state in the formof, for exanple, a powder,

aggl onerated particles, and/or one or nore crystalline bodies, the
material may be poured into the mesh structure. The structure
for one or nore enbodi nents may have one or nore porous bodies to

hel p suppdies fonenerinadre ewbdsémemspmeay bedbiined, pedifoned end/as@uplep osedack in a
surface area of the material. Such a porous body or bodies may be of
any sui taithieers iAzrausdogh appeclanstackayaye nfagmoelst spaded dromrny subjicaid @ any
material, such as a porous stainless steel of any suitable density

f or exanydegaceStgitow ody owtke adty or bodi es for one or nore enbodi nents
may be charged with material to be vaporized in any suitable manner
and/ or may h&hgstsigpoiot onadr eforadmiodindtswap el defifleddn efiy uteble mafiltyr &
surfaces of the porous body or bodies. A porous body for one

enbodi maelp sifprihay er povedagdf nitdrial @&e vepotied VMREdeastd poridn dTRdag ormed
first end of the porous body and pores of a smaller size toward, at,

Or near frafh Mp paitiblea £AGPRLia BN ferMtatld1RalAL] Osuch RAkhithile MemBraRé MYRAAL for
material in the porous body fromexiting the porous body prior to

bei ng v apeipie; esheks su@psrt ilaR¥iel tb BE Gagofied th Eifetba MHilOf1IdWi: PahEME A8 Yow
and through the porous body to exit fromthe second end of the porous

body. Fgito 28®a@ind/Epd THRALH A $n B BAIS fRWRIukbAthd Badg fhe BRACAHS for one
bodi es, such porous bodies nmay be defned, positione and/ or coupl ed

in a coptAbR&mbbMnRAN n%ylshﬁiah%ngam&re sudh Rk odkpds¥ sﬁ{facp%yyﬁhe badi e
for one or nore enbodi nents may be defined, positioned, and

coupl edahysuftatit Aakndr B RS RBNe REFosed SuPRELHS: meﬂamo%u%p&lzé& a&&:ﬁﬂy
or may not be spaced from any subjacent or any supeijacent porous

body i neihels iRGkucture may h-gff)%uﬁﬁJﬁJacﬁa'é & e)ngge BsifsidBPE R PRI E)&%

may be definéd in any suitable mannér support one or

bags of ?Jmkssﬂeébfme@ﬁ té’%%i)ﬂfeﬁ am&lbo@ptofl}ees?&g oﬁhpg{gt QP o orq?é?@g

formed fromany suitable at [east partially pernea mat er | such

I
?z aes\l}'g%gﬂnﬁ;% 2 né ?xﬂgo%gé& V%f ?r_latefrg %é@ Ingedsl%,lli&[ ﬁkﬁ{l&:e& H]DEBQ}‘OE' \ttlaver Intao
the bagsadlof 4o Banle/ MRS blo !n{z)ré %}&otaﬁgentsqvﬁeke Qi mOIEe &ngsn%a@g
The structure for one or nore e i men may suppor one or

such b aﬂ?s t&fg 0? élggs(ﬁstﬁlgtr gﬁﬁlc%ﬁ% sR’EcﬂS r%%g§) Sr}lore emt%oé/lgl%ﬁ!tls gnaab Pt%Oé‘l 3'1;2"

to hel p 1'ncrease exposed surface area vap

one XA Suhliich ewnvg&bwascegequma{%nﬁ 1R8g: %?%glgafo expose opposi t e

sides o o expose surface area o to be vaporized

bot h nmbod
or mor e 828?00%%61??%??% bt a0 T e g R RO a7 Ton

LD SRS S S A% NS o100 DR DR S

e St CLALE Lor St ok JBte STbod flonL <, Ty 0Bt oneLl el SUppec
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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For block 204 of Figure 2, material in the container is heated to
vaporize the material. The material may be heated in any suitable
manner to any suitable tenperature using any suitable heating

equi pnent to help transformthe material into a gas or vapor state.
The contai ner for one or nore enbodi nents 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 nore enbodi nents may define
and/ or have any suitable structure to help increase heated surface
ar ea i n stifese ewatlx aoekinertw@id hage thpent sndvstmetnreh Eat @t or siord adedomeats, thhe
cont ai ner could have absent such structure. For one or nore

enbodi memtgyre tdlgelis suppat uraeritldo helgposzgdpo hlp meteasd expoded sinéacy apoof thed
to help increase exposed surface area of the material may be defined
t 0 hel p natandliaby beddfinadith Hehetoadet Beah&ldphdrefored@pandrent aehiginifacararnea
in the container. For bl ock 206, a gas is introduced into the
cont ai nelfe cohtain@apori zer 110 to contact vaporized material. Vaporizer
110 may be coupled to any suitable gas source 130 in any suitable
manner to r eE&ibl&k0Y, Stk isilir@iugaiSinioRhd ddatafiRAé Riap&izet 1N 0aBYorfatk t abl e
manner. Because vapori zer 110 supports nmaterial 1 n the container with

an i ncr easedenpesad VapsiRe Bl 03hSohe HANE to2BY sulhle 3 P8rch N AYinGRy Suitable
| arger interface area at which vaporized material may interact with

gas in hendeiedtii®inydidatld@k & @6 SofiBhdd $n MyQURILE SAHeA OSecse vaporizer
i ntroduced gas with vaporized materi al . Vapori zer 110 for one or

nor e e pslipBatsSmATaYal EME bMRaiAdt Yvithlah iRlaSedCRpdde® Surfids ak R vRSIRedgbi ver
any suitable vaporized material to process equi pnent 120. By hel ping

to promatigs §BRHES largdr ifaFdck Slea SAShiM $BoN AR Akt B P APt dcRlvith ¥ARR ez €T
110 may then hel p pronbte saturation of carrier gas with vaporized

mat er i akontainer and HRRNFArE ﬁEpo—ﬂmeB@rcoﬁE@ oPintrBBIcEd g&hﬂﬁf VEp&Yizd R¥rRIEC eive
any suitable gas that is reactive wth any surtable vaporlzeg

material to d%o‘n‘é&r 1189 on¥ 'o; ﬁ@e%rrfb@&i eﬁtjs 'ﬂgy Aksivk Qléspsruﬂgﬁé Ean%l‘ 'aP{ZS%

120. By helping to pronote contact of 1 ntroduced gas wth vapori ze

Imgt ?ggﬁggg\éﬁg@%&;\nﬁﬁe v: gg?@laéf%aéé}%gttogb?éo%sgq%%%ﬁ lgb.eﬁ]:y ﬁ@il)in% ?@ﬁ{)jng{% c81f1tact
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), carbon xﬁonoxide (CO), and/or carbon dioxide (CO;). For
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The gas to be received by vaporizer 110 may depend at |east in part,
for exanple, on the material to be vaporized and/or on the process or
operation to be perforned by process equi pnent 120. For one or nore
enbodi ments where vaporizer 110 is to receive a carrier gas,
vaporizer 110 may receive a carrier gas conprising, for exanple,
hydrogen (H), helium (He), nitrogen (N), oxygen (0), argon (Ar),
carbon nonoxi de (CO), and/or carbon dioxide (CO2). For one or nore
enbodi ments where vaporizer 110 is to receive a gas reactive with
vapori zed material, vaporizer 110 may receive a gas conprising, for

- exanpl epneamnhon embodimkente whGOy aponizérr1d8 ¥d tp reaitt @ igasredative wik ivaterigedO) .
Vapori zer 110 for one or nore enbodi nents may receive a mxture of a
gas r eaaotateviel, wagohizerd) 0 miay edteiva h gid @impasidg,doyexample adatten inabtidg@30), such
as nitrogen (N) or helium (He) for exanple. For bl ock 208 of

Fi gur e Ritrowdpandior attrid &Ade@0)0 Map&ivat 11y foht ore oF mgaeSenibodinents@iayatabiv@ra

t hrough nmaterial being vaporized to help increase contact tinme of

i nt r odugttu@a$ a\ghd fBadtiRt @fth &hpobieedgatviad) @fid ZSGuitbBDiAEk 28/ sutl Bs AifbgeaNN)
or nore enbodi nents may then hel p pronote contact of introduced gas
wi th vapgidia@dHepfoeeiaplelespi te any variations in the vaporization
rate of the material and/or any variations in the concentration of

the vapori zegbrHedcRRORbS Fifurk DEvapOitical 1Bhay SpABRAllyZ Rt LAOIHRY V& QRG] Se
any suitable structure to help direct gas flow over and/or through

mat er i athréih MeatdfRPBShZRPorized A NelS hctead| Bnl@ HRR of introduced B witBatfial
nore enbodi nents where material to be vaporized is supported over one

or norepaRd %ﬁoﬁ&eds URBGider $M hAGRDr mbRPAHS AR ends Ry TRdh IR HEMSR contact of
structure to defnme one or nore passageways through one ‘or nore

mat er i alnys MRk %Ss Wil &@sﬁﬁedtnsaté;ﬁi &sgi&era%%al%%ni Q¥ \%&ﬁza{r&{ aid cfflthebe' ng

vapori zed. Such passageway(s) e defined, for exanple, to

direct gaghl aqwoiimmhhtyongvr%e gaica{&aabn Dﬁhff]a SRR A& Fﬂﬂé &ﬁltatlr\%}{:’a

any suitable structure to help direct gas to circulate or

over V@édri%r NYIARG, b @ng' aglggglhaib%e ;Brfu%(é‘r%gé %17112 nge:ct.lga ff?(;v QEardfor 6

enbodi S nmay conprise an user structu e to

hel p di fn@t‘éﬁal%%&gf&ngg& [ne;‘%&ISM BMEhBt eri al being vaporized and/or to

hel p direct gasf to ci cu ate or whirl over material being

vapori zed. For one or more embodiments where material to be vapoqzed 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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For one or nore enbodi nents, the structure to help support materi al
to be vaporized nmay al so serve to help direct gas fl ow over and/or

t hrough nmaterial being vaporized. For one or nore enbodi nents where
vaporizer 110 conprises structure to help support nmaterial to be
vapori zed over at least partially perneable material, gas flow nay be
directed through the at |least partially perneable material to flow

t hrough nmaterial being vaporized. For one or nore enbodi nents where
vaporizer 110 conprises structure to hel p support nmaterial to be
vaporized in one or nore passages that turn, curve, and/or wind in

t he contmbodimentysderciveperizaryl Ifeodpries steaturdhodetpsupivet aéniah edbe vaporized
passage(s) to flow over material being vaporized. For one or nore
enbodi nemtrsit ishe pertialdymernzshie halrid ogup flow emyde ditedied throngh the bi lasst partidbh
to help support material to be vaporized, gas flow may be directed

t hr ough ptineabie atatdrial thiflow throagh mateel ibeihg baionigedv A0 bnezd Guord-anbddiifenty
nore enbodi nents where vaporizer 110 conprises structure having one
or nor e whereoudporbei Wotmrikes lsPuctutp ptielp PRt dnakridl @o BevapaRt i i or gdse
flow may be directed through one or nore porous bodies to fl ow over

mat er i abadagded thav @R tinZ€,dnd/Br R1HE i0the BEHtAnR0F0 ASwhHR R Hirddel @fouk®the! ow
t hrough material being vaporized over one or nore surfaces of one or

nore podefifed padh@es) to flow ovdratddlaDding3hPorRbd. FFGWhE 0Pmod 3fbb@sdhi Where
fromcontact of i1ntroduced gas with vaporized material is delivered

t 0 procegsorigstUi1 D eBRprisks? SrucNeaPRIde AR a rhd t6Rlp B p6R tatedd] tb Be dPbrized, gas
sui tabl e process equi pnent 120 in any suit %Ie manner to deliver the

resul ti NewGRs deQiEQr @ifchgR HeinkiiE W flohSver E%ﬁﬁhﬁf‘em‘é%%}{riz 2T Fok be &%&%
promote contact of introduced gas with vaporized material, gas for

one or ERL&IIREROThEEIESorIEN 1@%&5&9&95&&@% Aafng ohb6r ﬁ&@ﬁo@%oﬂ?ﬁod?és 10 help
vaporizer 110 at a relatively higher flowrate to help deliver the

resul ti Bgh,8AShatdiaProbe IvQﬁchf‘é@d Yad N RGy bd Mc{eauﬁoagﬂ oBE 9101%51% SRl chféyto

120. Vaporizer 110 for "one or nore enbodi ments may e use

del i ver ﬂamevézqh&taﬁ'l 9319%5%%%1% sné& 2Y p Gl RS aRBIPE ﬁ@@ﬂ%@n material

process to be perforned Dy any suita e process equi pnent

0 f
oo R Fo AP AR DN ) et g a0 (o one o

Iver any ‘suita gas for use in

any suit ab ! eFo%@?o'&%% of/ﬁgﬁ'é 29&99e§hlrtlh§ ﬂox('igylmlct 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 ata
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 suitable 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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process such as, for exanple, an atom c |ayer deposition (ALD)
process, a plasma enhanced atom c | ayer deposition (PEALD) process, a
netal organi ¢ chem cal vapor deposition (MOCVD) process, or a plasna
enhanced chem cal vapor deposition (PECVD) process. For one or
nore enbodi nents where vaporizer 110 is to deliver gas to process
equi pnent 120 to perfonn an atom c |ayer deposition (ALD) process
that uses multiple bursts of delivered gas spaced in tinme to deposit
a filmover a substrate one nonol ayer at a tine, vaporizer 110 for
one or nore enbodi ments may continue to produce gas to be delivered

t 0 pr ocesRewGUiHuEEol exbplain htemferioeeddpositon QUEDNprdcdk, i plasind exfiamsi ng
any gas fromvaporizer 110 between such bursts. Because vaporizer 110
suppor t atoifé Réralepdsiticn€PEADDY pra€Ss, b endfet bikahib Cha@EsS vapoR A&REitish (M8C¥ D)
area of material to be vaporized to help pronote contact of received

gas Wi t Broéafoér sz marhintcéd cheRBIOkh F&QTep&sitQanf(PECVD?p@Eesﬁmr e
enbodi nents may produce gas and deliver gas to process equi pnment 120

Wi t h reducedrérondbfinBicZffboGiRRAR fWheleQhpdizoVi 101i61Q dalived kid 16 B@a&ssfehﬁwnem
rate of delivered gas when drawn by process equi pnent 12

Vapor i zepo bhR:bak a@ﬂsmfbrlaﬁpa@oﬁmgsmqﬁ&egmat Rges WREhIE Burfie bt deBberddy
suitable gas for use in any suitab i'on inplantation process.

Oper at i gass tpEcQ:G iDhiRe 'ﬁﬁde%@g’c a é—’l%vexzé)@vbst?aggonemo ez%%gtlfﬁ@,yvai?@nzg?[ foopped

in any suitable order and may or nmay not be perfornmed so as

over | ap ohdorthd¥e ehB&uiRERE AL PFBRRuLH ?dll)icééék bR £110RES t%tp'r&@ss qﬁ o320

ot her suitable operation. As one exanp e, materital 1n"the contalner

may be Qaat gl%césg Eq&?ﬁlﬁf}}f %Q(p ﬁl@t{sjderggl gh@ déagtﬁroﬁl%ﬁ&gzef Mobehien SHURRLRET

for block 2 oug I'n conhection wth process

equi pm@%ca%%agx o} 1@&&@%@@&}& g%e%&g zwm%%iﬁ 1M&Eas@%o§%ssmée§r&%§

to any suit equi pne any suit

this depajled,qde %éi EIQ%? 9 'ﬂelg?%n?o% LS oitrgge{ri%d %&%thafago%é%d rx?a)t( ?’ﬂp e,

top, bottom up USE OI’ convenrence

vapori Z%po;l%g 1r16 !foq‘ hg &r Igugre %Hl%oél{n%lqg m%; 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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ref erence regardl ess of how vaporizer 110 or any conponent of
vaporizer 110 nmay be oriented in space. EXAVPLE STRUCTURE TO SUPPORT
MATERI AL W TH | NCREASED SURFACE AREA Vapori zer 110 for one or
nore enbodi nents nmay conprise a container having one or nore hol ders
defining one or nore support surfaces to hel p support nmaterial to
hel p i ncrease exposed surface area of material. Figure 3 illustrates,
for one exanpl e enbodi nent, a contai ner 300 having a plurality of

hol ders 310, 320, 330, 340, 350, and 360 defining respective support
surfaces 311, 321, 331, 341, 351, and 361. The cont ai ner may
def i ne referame regardlesb lbfhovanaperizeanyo siunk atdhgonghiterf @apataérel 10 Mag b Ofiented in
regions in which one or nore holders may be defined, positioned,
and/ or emuispl ed in any suitable manner. The contai ner nay define one
or nore interior regions of any suitable size and shape. The

contai ner for one enbodi nent may have one or nore sidewalls, a bottom
wall, and/or a top wall to help define an interior region of any

sui t abl gX3MEL RSURTOEPRE THNSURPOR AMWETERIAL, WK DNCREA SEIS RORGATHUBEA
may define in any suitable manner any suitable one or nore openings

t hrough whi clragpak& 118 forloRe BEMYRRMLbHRENEBKy BSnHsB GREntRNE haviaB ondétd/ Or
in one or nore holders in an interior region and/or through which one

or * NDr enfa 1Kedess dBBMinR@nt BSB6k 8bpoRtlsRfABs ﬂo@l%%rs{lﬂfortrlﬁ%ﬂér&'f'to hEfincrease
cont ai ner may define one or nore openings of any suitable size and

shape apghokdl AfficeSal M aferfal B4 iluSkALs }8 ohLexaRBleRmbBBIR N BE& iR
regi ons. The container for one enbodi nent may have a bottom wal |

and onesef LA phHRYRE hddr03 NEBR, 984, 3AE 338, HA5ES &%B‘A{gg&gwivggu B

sui tabl e size ‘and shape with an opening of any suita I1ze a

shape af, Bk.d¥ar3dihes it 9P 951 thesgont ai ner general ly opposite the
bottomwal I'. ‘As’ 11 lusfrated’in the exanpl e enbodi nent of Figure 3,

container 3 %e%ﬂtaﬂ@yﬁa?dmg E@éﬂy‘@@iﬂbleﬁ%%n@ s8itdh (3% or more interior

regions in which one or more holders may be defined, positioned, and/or coupled in any suitable
manner. The container may define one or more interior regions of any suitable size and shape.
The container for one embodiment may have one or more sidewalls, 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 interibr 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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301 and a sidewall 302 to help define a generally cylindrical

interior region in container 300 with a generally circul ar opening at
or near the top of container 300. The inner dianeter of the generally
cylindrical interior region for one or nore enbodi ments nay be in the
range of, for exanple, approximately 3 inches to approximtely 6

i nches and for one enbodi nent may be, for exanple, approximately 3.75
i nches. The container for one enbodi nrent may have a bottomwall and
four sidewalls to help define a generally parall el epi ped-shaped
interior region in the container with a generally rectangul ar opening
at or néar adessidesipll D2 tdtelcdrfihen perralje ndiraltital ingposégien ih kenthot:t300nwith
wal | . The container for one enbodi nent may have a top wall, one
or nor e agembeallyl cirsylaraopeniag biodrineantieatbp of contailep3 (e fTiha thnandikméten o folie
region of any suitable size and shape with an opening of any suitable
Si ze angdefhdlyeyiniridaldhtdiorabgibhfor 60 dratodeémboliifentOniyoh o1 thef rorige@f dor
enbodi nent may have a top wall, three sidewalls, and a bottomwall to
hel p detisgld agrodmatelyys Paliedhd Ypaiiney 6 haperthnd B:ht embsRak@indybe] O£
container with a generally rectangul ar opening at a fourth side of

t he continjd, approximatbRes. ZPMERs NEhe dodfairePr Biie dYoRiInRAPMEY HBRRaDoBN wall
define one or nore interior regions of any suitable size and shape to

hel p heatd fF8f Sddvalls tohefhdelling B b&HetY phi81 I cA)shage@ int QR réfion TR
enbodi nents where material in the container may be heated through one

or Nnor e siHfMithS: geherhiEres@ituttr BFéningldd 6r £2Pha tdPIF HeQon@REr Rhedly €

enbodi nents may detine an elongated 1 nterior region to help support

mat er i abpddRitd MELGRA @hMer in proximty to a sidewall. The
contai ner may be formed in any suitable manner using any suitable

material . The, CORLARRE of Edmtdind RN ATE Qo W1, Bfe Sr%dﬁﬁd%ailﬂganﬂ][ay

suitable material that hel ps conduct” heat to help heat and therefore
hel p va j trer i [ - I :
P ch{d{%féalﬂﬁeh%[ inb B fn&?ioﬁ%@oﬁ‘iof‘%[g,sm%ﬁme%ﬁ? ngr%pg gﬂtltlhgﬁ !oﬁemng of

materi a t ontal ner may rnclu t hout

stainl e§r§y s?ﬁt?o% sizeazlnld%éy'é% a%idé@fﬁllé r&)xﬁlull&y Ehe container for one embodiment may

have a top wall, three sidewalls, and a bottom W;Elll to help define a generally parallelepiped-
shaped interior region in the container with a generally rectangular opening at a fourth side of the
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 inteﬁqr
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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copper, copper alloys, silver, silver alloys, |ead, nickel clad,
graphite, ceramc material, hastelloy, inconel, nonel, and/or one or
nore polyners. The contai ner for one or nore enbodi nents nay be
formed using a conposite of materials, |ayered materials, and/or
lined materials. Although container 300 is illustrated in the exanple
enbodi mrent of Figure 3 as having an integral body, the container for
anot her enbodi nent nmay be forned from separate pieces. The contai ner
for one or nore enbodi ments nay be of a suitable conventional anpoul e
used for vaporizing material for delivery to processing equi pnent.
Any sui tafyes coppebaioysfsileeresilyer aloys ldady nikdelsclavip grapldtededranie ehaterial,

posi tioned, and/or coupled in any suitable container in any suitable
manner tastdiblypinconel, amae, axdfm sadorshuré palgmans e Thodontahice foir ahe orAigte
sui t abl e nunber of one or nore hol ders may be used for one or nore
enbodi mefibsdiinenth &lap bs eqpmed tisifpd @mipabitel of n@feriaRf 1aydr@ mit@@Hls Andbr lmed
container wwth an increased exposed surface area relative to a

maxi MUMndpiai e A thoighaoftame ROt Bus AR if theakand®etiboddhen¥f Bkl agoul d
have at rest on a bottom surface of the interior region of the

cont ai n@kviddstitegANYodYOIhE €6aihd? férMBothe! boBimehO8hPEb foftdd RN separate
enbodi nent, material to be vaporized nmay optionally be supported on a

bot t om $iiedsaq@e BdntaRerifHt & bPhofe@abofinRhits dag BB bAd Hfthblk Bor@idnhiofrolle
bei ng supported by one or nore holders in the interior region. Any

sui t abl gsdausRabordlind MR By dIPlRERssTYeqiPmidsed for one or nore
enbodi nents to hel p support material in an interior region of a

cont ai ner sughy hi@ble hBRLEQ Bhe HYAEARQJEE BBy BE ddried, %Uﬁ{iﬁﬁg,san%; Luprtaby
such holders to help support material Is greater than the surface

area of ixﬁargg{litta%[@ c%Hfair_ﬁFﬁl a% sﬁiﬁﬁlein%ﬁ&!u?ﬁelﬁ ﬁQ}e‘R&t e_xgosed surfA0€arR% of 0T €

hol ders fof one enbodi nent nay be defined, positioned, and/or coupled

to hel p,Sup| .gin &id Alm epo%e\ﬁ?ﬂngfei%ﬁfiﬁb%a ek &f BPEn £¥RES 1N @

container. On r nmore holders for one enbodi nent may be deti ned,

posi ti ngggodixﬁgiﬁé f%rheg:géﬁplr)]o‘?ﬂnla@riﬁ%{ A\GeABS %Bn gfzf %n'?a%i’%fl arp iﬁ%xf&é‘s%ﬁs

C
over a ttomsurfa an I nterior reglon cont al ner.

plurali g,gpgggdesgﬁ%&%éa rLfa{iveqeﬁm&a@%{sggéd RYoclifea 461 SR8 hralBRBublcp e,

and/or c o define a plur support surtaces a er ent

level s ;nrAtegaIC %Glltdgiigr %fast ona b%teé?n éulr%a esgf’ tP?et diggri!)rnre%igr? ?ﬁﬁg%lt et QPsggtlfg?gt

of Figure 0 may be positioned over om surf ace

defi ne tasurf 1.0over bhott.om.surfa 01. hol.der 320 be
Dot 11 RS e o-BE Featbhy PR SHe RRRURENC 6T B oot B TRl oBiChallT ke >
surface 311: hol der, 330 be. posi tioned over. hol det.. 320, t.o defi
Suppar ¢ “Bupued S SR RapAR s AT R e RRET 8 S i) o 30 e figpores
positioped over hplder.330.t0 define,support sutrface 341 over. .support
Port nooBE SO Dioidsh i eyt B Gaiohy A BBkl e Boigds PR
support, surface 351 over .support surface 341; .and hol der 360_.nay be
0081 t 1 oNBEFEdonR 1 e caRBE i BB RROHBFELL P FRPITOETEiay 8F & SRS
surface 351. Althou illustrated in the exa e enbodi nent of Fi.qure
3 as usF‘i‘fg]ﬂ%"ﬁt weﬁ%fﬂcfgggces%,of Yyuriapspde sma%,gy 35 ,H“’lél?fat ) SUppRyt WEeTER o
nunber of one or nore holders, such as three, four, or five for

exanpl eSrepEyhpRthg sudpce area ghabasiomyriacenf fhsrinterigsgeRitient s.

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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Any suitable amount of any suitable material in any suitable one or
nore states and/or formmay be placed or forned over, on, and/or in
one or nore holders in any suitable manner. The material my
conprise, for exanple, a solid and/or a liquid. Wiere the nmaterial to
be vaporized conprises a solid, such material may be in any suitable
formsuch as, for exanple, a powder, agglonerated particles, one or
nore crystalline bodies, and/or a film Material to be vaporized for
one enbodi nent may be manual |y placed or formed over, on, and/or in
one or nore holders in any suitable manner. Material to be vaporized
f or one embbdchemandy treadgfibel, pesitomed, iandbl opuplkdipaidfiog a ploratigh! ewgort sanfices
and/or in one or nore holders in any suitable manner using any

sui t abl et diffeieptrieveds in a containbhit eri al to be vaporized for one enbodi nent
may be placed over, on, and/or in one or nore holders while contained
in one or noAeill@gedintthe &xbmpRasibodimentdf Fiyured, hald&ad] 0 hesyve doditiasd oadry
suitable at least partially perneable material, such as a suitable
menbr an@otiaih eirfaat 36106 defedqubgort suefabecd 1D oSeHMPAGH suFBice 80 Rlholder 3120 may be
vaporized in the bag while allowing a suitable gas to flowinto the
bag andpeditionR everhbds: 3t defade sippokthartfag2t over kippoB WilirfRE 31 N@olat30
Material to be vaporized for one enbodi nent may be placed over, on,

and/ or  ifdy®8 GoRione® beerMOldeEI2® wWhifine sespottaiRe 33 NoRRSupPbrt TR BAGS
with at least a portion of a bag fornmed fromany suitable materi al

that W hbidat34beastbeRasitibRH b¥erGbofie a6 abithe WHortREFBA41 over sufpdf s@face

nore hol ders for one enbodi nent may be at | east partially coated with

mat er i ab3f;Golaer VAR G sitiBned MY ertoideR P 0Bo ABEHRRLpHof: shihd®331 bldruRuar
one or nore support ‘surfaces. As one exanple, a suitable material,

such as sgrIBtal; 26PRAUEX 6D Hay B ?tmho%ed BRY hi8er¥8h [k AindRRLbE dur¥eE6 10ne
or nore support surfaces, and then cool ed. As anot her éexanple, a

sui t abl svémsﬁfoh%bplfac%% n @ﬁh&gﬂpm{m&pﬁ%@e&amé el 8RR of FRYird Eas using

di ssolved in a solvent and applied over one or nore support surfac

foll Omﬁéﬁ%ld@ﬁ QY 30 0f30l 118, §4, Xxﬁ%@begly SPlteM?etdﬁHb%l oflofle Qlemgx%@xglgieé,g%tc% Cn’qr

one enbodi nent may al’so’ optiona aced or forned over

surface aé)tflue@,nfoiu[;' beEYor gﬁmp%? mQ{r bt RrBhd'& more other embodiments.

Any suitable 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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One or nore holders for one or nore enbodi nents may be separable from
one or nore other holders and renovable froma container to help
facilitate cleaning and/or refilling such holder(s). One or nore such
hol ders may be placed in a container in any suitable manner. One or
nore hol ders for one enbodi rent may be manually placed in a
container. One or nore holders for one enbodi nent may be
automatically placed in a container in any suitable manner using any
sui t abl e equi pnent. The placenment or formation of material over a
support surface of a renovabl e hol der may be performed prior to,

whi | e, any aiitbldde at lasst patialbrpeiteapleasadial, Sudhle a caitdbi atibrane material fofA
plurality of renovable holders for one enbodi nent may optionally be
pl aced iexangpls tt@hkdlp buppad niaterieltb O vipdgkalin e bag 60Né dicveng a sithblb gad tb Flyw
of separabl e and renovabl e hol ders for one enbodi nent may be pl aced
in a comit@ihe®dag fitordlapd fonMaterd] irethe Bagd folfoly d2ObLIRE bipaMAGRMNtdHeaced in
a container, a second hol der for one enbodi nent may be placed in the

cont ai NQkpokiBed B bneddinBold@ndnt MsY bdIARR bved/\h, aktYorSh BSLHWRIN hArsiQhildTaY
then be placed in the container to rest on the top holder in the

cont ai Ne#ntaifd¥Ein Bhe HHSreBAEARISat 12t aPORIAIPRHiBRhed B BY RlAMIEFhateRa1d
container to rest directly on another holder. One or nore holders for

one enb@ﬁmﬁmt1maﬁﬁ11?hgﬁ@é§1-4t@wﬁen%&wi ner to rest indirectly on
anot her hol der where, tfor exanple, a gasket or any other suitable

structure i sopl §GRske AYRErs Frond Elgﬁ‘d’dxrﬁ&h %SJ be at least paQ?a_@lyQBatga)\Rrﬁh ?\!egﬁrté

B
for one enbodi nent may be placed in a container defining and/ o

havi ng 8§ {46tisHdan by 86hNe SHRRPS foRRE ABR ow\rlc\)nﬁ% Eﬁgﬁlﬁr lgpgjoﬂ shitfes. Asgone

cont ai ner. "Such structure may be 1 ntegral separate from

the CO”E}%‘HE)% a sﬁ?&bfé’]ﬁatmrméheas a I‘BBmﬁig)r( é:e le, Wik lb% n%iteda aﬁﬁﬁﬁ g'{,eger

may be shaped wth one or nore | edges p support one Or nore

hol d i | ' i
ol der Son ?rrl]méégc@hw& alelc¥s ofa tﬁﬁ{egr?%ﬁﬁ. ﬁsggdtﬁe? %gﬁpgé, ﬁgﬁgaggemg\%ﬁtgpg‘ 413;

be pl ace tai ner toget I'n any sult

of hol ders. L mABEToF %ﬁg)llfgﬁia%& bgﬁi)é?ol?‘%]d ?rf % gollﬁeg‘f %gragﬂ%ad%@grt ol?lg bor %nro]rea ny

sui tabl e manner  prior t enen in a contalner.

Nhteriabﬁ%gqQﬁﬁgggggéﬁgﬂnéﬁéogﬁgggggﬁaggent may be pl aced over one or

nore sup sur re renovabl e holders while in a dry

box or gl ov ax...for exanpl and. t he hol der (s) . .may be placed in.a
cont ai ner vmel}dgtgn?lrgo B %\éapgflggabfg TSr mlg’?(gr\?gﬁ%a% a@s% %E?IBYIVE%E@%Q,%O (m“ﬁ%l ze,
or avoid re%cﬁion gf tpe.nateria] v%th f or exanpl e, oxygen and/ or

of] of an oI a cohta

oI st yr Sver @ bottom surface Inferior region mer.

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.

-20-



A hol der may define one or nore support surfaces with any suitable
size, contour, and shape. A holder for one or nore enbodi nents may
optionally have one or nore sidewalls and/or one or nore supports of
any suitable size and shape relative to a support surface to help
support one or nore other holders, for exanple, positioned over the
hol der and to help define a region through which gas may fl ow over
mat eri al supported by the holder. A holder for one enbodi nent may
have one or nore sidewalls along at |east a portion of the perineter
of a support surface. Such sidewall (s) for one enbodi rent nay be
defined to halpuralttpbhtemossiye salddrafol eneaamhiodiment magpdpeiohaly tewiieed inadstdoy
the holder. Such sidewall (s) for one enbodi nent may optionally be

gr oov ed iradroiRgribhegion pf 4 conkuilep. A@hirklitp bf Rpasdkatd rbadbwibdrholdess fhodmder
and a superjacent hol der, for exanple. As illustrated in the
exanpl e epbbditieftandy WefpldctdinraoftainBobrdat a BrhO. AR aditti HoRleRh3®8&T fhdel in a
pl anar support surface 311 generally circular in shape and may have a

gener al byntsifdr] Nebeoitoldet €620R¢ dmbbbdnek @AY bé Meccaer theRbRiinéfto SdPROhE first
surface 311. A hol der may be fornmed 1 n any suitabl e manner

usi ng anyldéthint 8k} Sibseahgdt halder ay bR pliced inAREcRMHARE to & lon MBMoPRolder in
formed using any suitable nmaterial that hel ps conduct heat to help

heat anghelcBRGREO heltR kidre/ RN B oRBdnolRenSHAPRJIRE BYa &kﬁau{ap{oq@{t

Exanpl es of suitable materials for a holder ray include, wthout

i m t at jR8kly oh @hdth& $:81det. 8He or o IR foR bt Bnbefinfihi BYPbe AR a
copper alloys, silver, silver alloys, lead, nickel clad,” graphite,

ceram C.imdifds 't@}est 193?&:@/ biP¥notHePRARE wheFDRS lsxanﬂﬁ‘ﬂa @hskBYr aft B shijtable
pol ymers. A hol der for one or nore embodi nent s may be formed using a

conposi L&, Rfre FBILEL @Je?the bRt erials, and/or lined materials.
The mater1 al g? used to forma older may or may not be the same as

the materi al éﬁ orlﬁ?(ﬂgh&g r% Q{l‘%}l@ b&ﬁﬂ rf’ﬂrﬂ i)e lg? g"?ﬁ gbo&tﬁﬁerragﬂ'rqg% JW(% be

positioned. The materia use er may or
th
posi ¢1 o ssaEmEEL BElp St P Sﬂx%f?ﬁé@&ﬁ“ﬂﬂ?a%?”%ogﬁ?‘l dsﬁf*?fh%t“?a P& in

the exappl.g GaRadh IPAb. G sEROHE E5uty nﬂfﬁ 835MBlY 89 kb eg LAl body

defini ng upport sur ohe or nore

for anoéon?amer 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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enbodi ment may be forned from separate pieces to define one or nore
support surfaces and/or one or nore sidewalls and/or one or nore

supports. For one enbodi nent, two or nore holders in a
container may be simlarly forned to help support material to be
vaporized in the container. The contai ner and one or nore

hol ders for one or nore enbodi nents may be designed to help pronote
heat transfer fromthe container to one or nore holders in any

sui tabl e manner. The contai ner and one or nore hol ders for one or
nore enbodi nents may be designed to help pronote heat transfer from
one or nng er rsordethet haddad, firkeeansmintpasitiered beerdinchobder ami 1 hhiplddfinesa tegivough
one or nore sidewalls of such holder(s). As illustrated in the

exanpl e tleodghdihieingas afay Floguovessmaerddh dupportaidiyttad ndder 3 Aoty fol awve

sidewal | 302 to help define a generally cylindrical inter or region,
and hol debodhent dayrhaexaigur ord@yewaily slowg 4 dsasragortjony kiep8fime®t of a
sidewal | 312 the outer surface of which nay be used to hel p provide

t her mal sgpobitaaifacal ShchisiRwhllEEior Sitrdhido@in@ht BayievkRthed0 Relphiemtain@ahger
310 is positioned in container 300. The contai ner and one or

nmor e hok@ebk ahfdintuTeneMaDalbpatEd biehe hoRied. aah ke Rl(SyTMEna einbs BfledtGnay

all ow a cl earance between the i nner surface of one or nore sidewalls

of the epMnallyed grodktdlaltRg Gielies oHelp pR&GiBoE cRRA bBveBPIhe holudanakl s of a
hol der to be in a predeterm ned range, such as in the range of

appr oxi sfefhcéntioldB b ex@hpRn i nch to approxi mately 3/1000th of an
i nch for exanpl e. The pl acenment of one or nore holders in the

cont ai ner angl{ Pt ih IR RhpIO EmBSEm Ot oFPleEreiOhSl8L3 16 HAPULAR o generally
cont ai ner for one enbodi nent” may be eased by cooling the hol der(s)

rel ativehg shiRrGoani@i3e e %xfy%cm% 53 ¥ &SARYAk DELeriI§ 'cgﬁerid}a@alt 0

the holder(s). One or nore ders for one enbodi nent may or med

ust NG MBELIFS 1oNRAERG RrbRlefSf subRR{dieleay, Of thermal expansi on
relative to material used to formthe container to help allow

 ner eased ¢l £36ABGENRIMREM 108, AASE Ml A58 L RISl °A holder fo

sidewal | s of the co ner e ou

one embodiment may be formed using any suitable material that helps conduct heat to help heat
and therefore help vaporize material supported by the holder. Examples of suitable 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.
Although 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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surface of one or nore sidewalls of a holder at relatively |ower
tenperatures, such as roomtenperature for exanple, while helping to
pronote thermal contact between the inner surface of one or nore
sidewal | s of the container and the outer surface of one or nore
sidewal I s of a holder at relatively higher tenperatures. GAS

| NTRODUCTI ON Gas may be introduced at any suitable flow rate
into one or nore interior regions of a container at any suitable

| ocation. Gas for one or nore enbodi ments nmay be introduced into an
interior region of a container at or near one end in the interior

regi on embbdimenttroayetedomed tfloar separeke pizcdshe defllic@né o more gupport surfaces andas
for one or nore enbodinents may be introduced into an interior region
of a cophaémBadre didewillsnadbr éhelodirictvupptrfsace of the interior region
and/ or a | owernost hol der supporting material to be vaporized in the
interior regF&oneG@bodiMentoRe of Hoecholdi in ARYnthigerd ridyRAUGIEE yiTeinsg ehdlh e
| ower nost hol der supporting material to be vaporized and the bottom
sur f ace s@potth@itdrial Bbe@hpdrREi AMhe doatideQr one enbodi ment may be
introduceg bet ween t he ?omernnst hol der supporting material to be

vapori zed anghéconfider AMWRE BPSbreHel A TorSdAR RO MmbletehbdBkrRhis Mayite dB8gned to
vapori zed in the interior region. Gas may be introduced into an

interi Okelp S Rat RarkRPEBIIR confirRh oallbi ABleGoMBRAMCENy Hsb1d AhniRPE
enbodi nent may be introduced into an interior region of a container

t hr ough1ge BA3SFRY GndGfel P Gfdrd ID1EN BPbhel dr HBrEMMNb R dnBh S deQE@EhANo BLlp O
near the top of the interior region to any suitable l'ocation at or

near a bohlMMeathdRernth ohb6r hite SidbR4lls of He RbntRiRE 10 bndor AL hEABEE through
hol der supporting material to be vaporized in the interior region.

The pas§ang HRY sHewARGLE ARH nbideY A Uik RREFin TR RGHp I ShBBiRAEY: oF #lLARkE

structure.

and 4, container 300 may have sidewall 302 to help define a generally cylindrical interior region,
and holder 310, for example, may have a generally cylindrical sidewall 312 the outer surface of
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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The passage to introduce gas for one enbodi nent may be at | east
partially defined by a tube extending fromany suitable |ocation at
or near the top of the interior region and through any suitable
portion of the interior region to any suitable |location at or near
the bottom surface of the interior region and/or the |owernost hol der
supporting material to be vaporized in the interior region. The tube
for one enbodi nent may extend through an opening in at |east one

hol der in the interior region. The tube may be formed from any
suitable material and may define a passage of any suitable size and
shape. surface offtre dr mivee §idewabln ef elirdid arrehtivaiplowextemperaties amyh ssuodmabl e

| ocati on between the | owernost hol der supporting material to be

vapor i z egngeratirh orierimgple,ovhiledgiping t@pdniteahdmbl comastibefvaes thefindeh urface of
interior region. The |owernost holder in the interior region for one
enbodi mefd onrayre BidewalBpd tHeedntaiend theeoubd birtide 61tk o€ Rofkfsidehalld ¢ftatioldor
region by any suitable structure to define a region between that

| ower nosgt rehatilélg highdrderhpgathies.t om surf ace. For one enbodi nent, any

sui tabl e support structure nmay be defined by the container on, at, or
near the bottom surface of the interior region and/or may be pl aced
inthe interior region prior to placing a first holder in the

i nt eri ogAENTRODUOEIGN rst hol der may then be placed in the interior
region to rest either directly or indirectly on the support

structure. Fgks QREHATROHICERRany SIXEHIOHoWRALE intd SRWRhlofe iGferibi\@gibhd &Tal OF
regi on may define one or nore | edges on, at, or near the bo%ton1

sur f ace §,aih&!aPar AR 108atlocBWVBHIRS bnd R IndRE crARRURerid 1R PR b RGBS hRGS-
As illustrated in the exanpl e enbodi nent of Figure 3,” a generally

annul ar intdHP pé'gﬁon?tg 4 C%Xin%t QII' I?CQPQ‘AeQaHd 910&15 Qllfgxﬁy{egi%ﬁ@o §(ng‘ tdvﬁr& zm:t‘)ther end

interior regi on of container 300 to support holder 310 above bottom

sur f ace;30d inidok HRe305 may then extend through openings in holders

360, 350, 340, 330, 320, and 310 in a generally central portion of

the interior ' | QN ; | der 310
GhsHat 08 %o?@&ﬁ@ddﬂﬁénﬁsﬁg& I;GQnt??duQéaEiﬁt'o %E u{?&}o‘ﬁﬁ%g)lnmq a

and bottom surface 3 ube for another e ment may

extend Lo a0y ,Sul rfe?rbal %tt‘g&%ﬁﬁ%é&’bf Bq%gx\l@r‘?& rbdi6h QP L IR m AR LGRE: supporting

supporting naterial to be vaporized In tHe Interior reglon and’ &

hol d i . . .hol . )

hofder_ SRS GBSO L0t YRLBALY! 0875 e cppar ASHOMTEL e o
i 1abl i i h t A

oY 0 b5, 5L B, SRRSO BN AP TR GBS

h

| east a.portion of.the perijeter of such an nin uch si 11 (s)
For  oneBisbirhencohas BECHERI i Hes Shts AaR PR ke B AL AGYE oind
of material su rted.by a su rt surface of, the hol.der. Sych

of deval 1PEyTREREEHATE b SuORER SdapesdoyampadoKrt PRIy oL et be
material ta Qfl conduct .heat and therefore hel p vaporize materi al
suppor t ERBFEL REHBFI R ch si dewal | (s) for one embodi ment may be
defined to hel p support, one or nore other hol ders .positioned over the
hol der . SuchO%TBRURA FadRerplo gndntaTAs SR ARAIE SHEIGREE FORHITYC BeniF oFtod
along the top to.help sitiqQn a gasket between_the hol der and the

{ ube  anti¥ GFC HbSHUBSR FAY OB &1t vcesefgoal@t?ﬁeﬁeg}e%ﬁfama&&rf ISP APRAT e
Such sidewal |l (s) faor one enmbodi nent nmay be coup| ed to the hol der

usi ng afgfnstfa eind fioaranyiskitablelpeation at orerr thedamp the infioseRioRtN G Yan at

| east partially threaded sidewall into a threaded opening. Such

si dewal fyigbledesationrionagar a hofinam sisfsee ofdhe Bieriprregign and/sr aflgwerasidioldsr t he

hol der, for exanple, to heLp(Pronqte.heap transfer to such )
si dewal $ypgyrting 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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As illustrated in the exanpl e enbodi mrent of Figures 3, 4, and 5,

hol der 310 may define through a generally central region of support
surface 311 a generally circul ar 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
hel p position an O-ring 316 between hol der 310 and tube 305 and

bet ween hol der 310 and hol der 320. For one enbodi nent, two or
nore holders in a container may be simlarly forned to define an
openi ng through which a tube may extend. The tube for one enbodi nent
may be i nser Thdpastage ughtraduce garfomnge embadidetimmaytie at ladt gatisilyadefigsd uch
hol der (s) have been placed in the container. The tube for another
ermbodi Metbie erydibefromary httdblk hdcatigihnt ammeaap®a tddd it itBLorQtgio4R! thohgems
before such hol der(s) have been placed in the container, and the tube
and hol éitabk)poftiy of einteorRbAaeEd ahsditable CRBicH A1 6f ndaPBE bB®Im surface of tHd1€
passage to introduce gas for another enbodi nent may be at | east

parti al nterite tdgi@chnt/Ar £XUSAEMYEt hbld8r sApSdrhedalibridl (BB APYriaH id ABtrferior
location at or near the top of an interior region of a container to
any sui texing The ek if@bnd em86diReRmad Rehd MFBusk b 858inefin hh&ast teBloldef in
region and/or a |owernost holder supporting material to be vaporized
in the tH%tiﬁtEﬂi&rr_e%i&W TR bt 182y AR IS RUR (5RYan)Suitl® R el bl Maf igins h deval |
to be of any suitable size and shape. Al t hough described in

connect bR, Mok BnyPRikcle §itd S2digRd through one passage at or near a
bottom surface of an interior region and/or a | owernost hol der

supporting mMpdShbefor bt o RRAS hEPekidnd 1§ BE e 108ftioh B8R thd ?o?vegx%st

anot her enbodi ment nmay be introduced into”an interior region o

cont ai nﬁ&dér@ﬁ@mg%ﬂéﬁm ﬁdelg%%g&%e@m@&?eﬁ]pg%gog?g% i bdnE At eab Qo ARY

sui tabl e | ocat’i on at or ottom sur e Interior reglon

and/ or el RARLIRS b Rhitfifiost HARGTH Sk TR SLih Rl rol e %(l))}%i&%ﬁ! fgfhd D the

interior regi a plurality of passages may rrse

mor e pa&%ggﬁe% a%g}/é tﬁ@%&%&?ﬁu&fa@é &Mh&ﬁfeh&%‘égi@ H}Z\%}g/l ﬁ%iétabg%)gtﬁlﬁ{euyebt%%eﬁr%nae or

nore passages aeril ne In one or nore 1 nterior

i on. ) ) ; h X |
ool B A8 306 510N G2 M B S8 e
interior i

i h h | | b
0t o1 Ohgh 90 B, BOBLALISL L IAAN o, BNl I
t abl

sidewal | ,surface of, the int.eri,or,,regi on at any su | ocati.on at
or near mtt Hior reeton %&gru W?%%%plgcr% }notrhe er1or region pr1¥r to pllacmg aTirst D5t 12 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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| ower nost hol der supporting material to be vaporized in the interior
region. Gas for one enbodi nent may be introduced through a plurality
of openings defined throughout a bottom surface of an interior region
and/or a sidewall surface of the interior region to help better
distribute gas in the interior region. Gas for one or nore
enbodi nents nmay be introduced into an interior region of a container
at or near a top end of the interior region and/or a topnost hol der
supporting material to be vaporized in the interior region to flow
toward a bottomend of the interior region. GAS FLON OVER AND/ OR
THROUGH MATERbeMub&Bick hiiethéARBRD diinéht may extehditorang suieble daatiormlyetbendhe ect ed
to flowin any suitable manner over and/or through material supported
by an eivestodt Aclderafuppoiting theteriad o teeGborized in the tddtontegidh aada helderby one
or nore holders in the interior region to help increase contact tine
of i ntr eshegednoBs wérdhobitokier.al bei ng vaporized. Introduced gas may
then nore likely contact vaporized naterial despite any variations in

the vapori zapiheRlef @F Enddr nidi€eriBidahén® maANEHIRAE aRY sMbieabdaBfbar dpehig of
concentration of the vaporized material in the interior region.

For one @nfaebiesng andh@s thRhel Wisith Hhe wld neRRIhd SA hbRerSUPRRhgdifRnd
bottom surface of an interior region of a container and where gas is

| ntr odugfd hade RAE oPRBFe SRR Rt 36RionloR e QHNEEE FRScHTRbpBEng.
directed to flow over and/or through material Supported on tﬁe bottom

sur f acegh siitwall) B bheOhRdfhdntmb i bEderRed AR IpESAER any shiB1eSR AR o
enbodi nent of Figure 3 may be nodified by coupling a baffle or

di ff usep aliat dfpiRd b9k stppf séﬁga%e Bgthbﬁbleefd iSﬁ%P%d%ﬁ{s; %%&é{%aﬁﬁéﬂm@

supported on bottom Surface 301. For one enbodi nen ere gas 1Is

i ntrod uﬁ@ﬂmﬁ&d f?&g Qﬁf‘guiﬁbﬂe %ﬁgwg thcejlpgbﬁjd?l{:t %liéa‘?ﬁ el dire 'ﬁ@l’i} Q/E]Bcﬁ“ize LReRR

vapori zed, 1 ntroduced gas nay recte
supported by the holder. Such sidewall(s) for one embodiment may be defined to help support

one or more other holders positioned over the holder. Such sidewall(s) for one embodiment may
optionally be grooved along the top to help position a gasket between the holder and the tube
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 integrally 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.
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fl ow over and/or through material supported by the | owernost hol der
usi ng any suitable structure. For one or nore enbodi nents, one
or nore holders in an interior region of a container nmay have one or
nore passageways defined in any suitable manner to help direct the
flow of any suitable gas fromone end of the interior region toward
another end and to help direct such gas flow over and/or through

mat eri al supported by such holder(s) as gas is directed toward the

ot her end of the interior region. A hol der for one or nore
enbodi mrents nay have at any suitable one or nore | ocations any

sui t abl e nunBerone Embodimertt, tworee npasksddpesia wsotithinaudy betsimiarlyasmisdyo f | ow
t hrough the holder. A holder for one enbodi nent may have at any

sui t abl definean@peniig Brdugh athichnsul@nyayssitehdblies tibt i Lsneimbotineat maphe
passageways through which gas may fl ow from bel ow t he hol der and over
and/ or idRéfdddhrotEH &1 dp2hing iperor e@drdholdecitnflapdudieholder(s) havd e sléded frOmhe
one enbodi nrent may define through a support surface an opening of any

sui t abl gorfdid&. TRENDHOIRANANE ABYLARMENSNR iertdDhduEh ﬁ&ewahln? i9bnedd ¥nore
suitabl e size and shape to extend up fromthe support surface al ong

at | easholderd BéfbieQNcholdd@) RAE bB&I fdce®@n B3 I6IAtARr, ARE e Mehel28d RO s?iﬁfay ne
a passageway for gas flow through the holder. Such sidewall (s)

one enbagd} BEplacdBY tRoH@ik@geth® hel p contain any suitable amount of
material supported by the hol'der. Such sidewall(s) for one embodi nment

may hel p di regdpag@se fol ifitbdule SdsTGUnahE: Mboliftieh! mBVE at [BL iRy defined to
supported by the hol der. Such sidewall (s) for one enbodinent” may be

formed {ram @%%@fa&@m ﬁoﬂ%}eg‘m&e ioqat lapoﬁ%&dtﬂ%p ) inffdr 6?( s?‘”?

hel p vaporize material supported Suc si dewal

one enbgéihm&%gfgysgﬁmf@g %oﬁ% s&emewﬁeﬁl@wfacu%mg uﬁaa{or%%g@aéah;%ra

t echni que anot enbodi nent Integrally

fornmed @é‘\%g? s?ﬁglﬁgj sql%o’rtn{g,Q:{:mtgi)l(a"Ii Me%apérpzeg'ﬁll e B‘Ee?i'SP}eEer%e pdsegs In%{r bt ©

such si

defined within the sidewall to be of any suitable size and shape.

Although described in connection with being introduced 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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As illustrated in the exanpl e enbodi ment of Figures 4 and 5, hol der
310 may define a generally circular opening through support surface
311, and a tube 317 may be inserted in that opening to define a
generally cylindrical sidewall to extend up from support surface 311
along the perineter of that opening to help define a generally
cylindrical passageway through holder 310. Tube 317 may have any

sui tabl e size and shape and nay define a passageway of any suitable
si ze and shape. Tube 317 nay be fonned fromany suitable material,
such as stainless steel for exanple, and may be inserted in an

openi nglawensop pokitr swpdracgem@érdal ushengpanined Suiht aldrior tegoinn iGys éor ofieibe 3 17
for one enbodi nent may be press fit into an opening in support

sur f ace emBddimeriuhey Blirddocedainot ghex pleratigdif opmingsdsfided eodhowatbertom

t hreaded surface and nay be screwed into an opening in support

sur f ace sitfate ofard inteeiadiedioh uordkidelvall swufiee efthetitarienicgivh Yo wdlp battef Or
adjustability to help optimze gas flow and/or contact |inme of gas

wi t h matdRfribate daeintge wapor icgRd. One or nore ot her passageways, such as
that defined by tube 318 for exanple, may be simlarly defined for

hol der’ 310. Gas for ot dFMAEEMBIAim EHREM S TRABEHRBEd 7R Yan Mddeor 8pgorUf aNDI €
sidewal | s to define one or nore generally conical passageways that

taper agodthiferst si61at 4 {op Xt iR teHBr debiohAl/&URBRhst B3lEdragsoftingtierial
hol der to hel p reduce, mnimze, or avoid backflow of gas. The w dth

and/ or  tJueCapasd A the URbios kdnab HE® kot R 2 o neeHAQR HEBREHIFaYgied. SO
taper as the sidewall (s) extend up froma support surface cﬁ t he
hol der . A hol der for one enbodi rent nay have one or nore

passageway sidewalls that define one or nore vents to allow gas to

f1 ow ragia ino Wt PrYANDIOR ﬁkl@@M@H‘MﬁiEﬁﬂQ BRNRHGAPORIZEH Over

mat eri al supported by the hold one or nore enbodi nents,

two or nore ﬁﬁb@g@& Mam\e%ea&ﬁo%m réﬁy a@ﬁﬁw m@fdﬁvér%d@@gmmgpw

t hrough such er&to all ow one or nore such ers to
posi ti OH]%%I’IB.&U%OY{CQ %?tan end surface of an interior region of a container and/or by one or more

holders in the interior region to help increase 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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partially overlie another such holder. Introduced gas for one

enbodi nent may then be directed to fl ow over and/or through materi al
supported by an increased nunber of holders to help increase contact
time of introduced gas with material being vaporized. A
supei j acent hol der for one enbodi mrent nay be positioned or oriented
relative to a subjacent holder to help avoid aligning one or nore
passageways of the supeijacent holder with one or nore passageways of
t he subj acent hol der. A superjacent hol der for one enbodi nent may
have one or nore passageways at different |ocations to help avoid

al i gni ndloereenamdn rleoyphssagahayportdd biyhie lsuperostdoiiet udigd dgrsuitdbld one
or nore passageways of the subjacent hol der regardl ess of how such
hol der s smuiceurposi ti oned or oriented relative to one another. By
avoi di ng al i gnnent of passageways, the bottom of the superjacent

hol der may hEdfondor @6t cgibSdibdes] @ iok bk BNRrsAh afiBiopREHAGE WAN Rainer

t hough the subjacent holder to circulate or whirl over materi al

suppor t afdyBve di@ of HidjeyueAkevIk HefineR i Ay shi@abRIThAkNg help /irddt tHIH Ry of any
passageways through the superjacent holder. Directing gas flowto

ci r cul ak@taBle gakifrbin oY Bfid dtakEintefibr R EBR B waRThnBihePerd@hdl & heBSditdBBsuch gas
material is vaporized hel ps increase contact tine of the gas mnt%

mat er i aho%ivaganmpaﬁ&zgﬁ%aeim éubﬁcsr%mg@uéemgionﬁr@rae R 6 dr QMdAEYar hel AR
U

gas with vaporized material. p acent and subjacent hol ders

for onecgtrad MRRbr ABYnOPti onal Iy define and/or have any suitable
structure to help position or orient themrelative to one another to

hel p avoi d ahingiicBr BforHorfBhGRASRAULVRY S a%g%ﬁ%bf%%@& ﬁs[l%%cawsder
wi th one or nore passageways of the subjacent holder. As illustrated

|0 the exAmRLie SHBOAMEN o Hord b AllsEnfls tﬁoﬁg@ﬁmﬂf%g ﬂgg%&%@ﬁ%ﬂ fed at

the top of si 312 to recelve a correspon ot uber ahce

ext endi H&d&pmglﬂeg ?aofto%@ eﬁP%cﬁi@é&é%%ag%ﬁgﬁg{l} %gg@s 0&0&%&&6 foQarRgh ByyPr i egt

t he superj acent er re or one or nor

embodi ”Eﬂiaﬁlfe‘i‘(ﬂﬁﬁa@r F3fte B mdR éﬁstsP%gxﬁgsgﬁ%ghu\?higﬁsggs'dl 5} SO g&gwftfxe?{;%l@er

support surface of a subjac sageway siI dewal

for o nemﬁ:{mpét{a%}tthrgﬁéﬁ lgﬁerial supported by the holder.

A holder for one embodiment may define through a support surface an opening of any
suitable size and shape 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 any 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 suitable
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 suitable 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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of any suitable height to help define an exit region of any suitable
si ze between such passageway sidewall (s) and the bottom of a
superjacent holder to allow gas flow to exit one or nbre passageways
t hrough the subjacent holder and/or to help circulate or whirl gas
fl ow over material supported by the subjacent hol der. A

supei jacent hol der for one or nore enbodi nents nay have one or nore
sidewal | s of any suitable size and shape to extend down fromthe
bottom of the hol der along at |east a portion of the perineter of a
passageway openi ng. Such sidewall (s) for one enbodi nent may hel p

di rect gas fheilluswated ihehd exbmple embbdifknt@¥ Slgursgand &l hofidpPar hedddhye &
subj acent hol der prior to entering one or nore passageways through

t he supgéjedrirciiad dhefiing Suiedxh sipghewahdf{cs 311, and Hhide 8IMDALY bERterld@in g of
any suitable depth to help define an entrance region of any suitable

si ze bebye@iy 5 definesd ghawally ¢Bihdiddabsiddwr] 18 ¥asml . frdnhSiphSPsuEfES f0e s
mat eri al supported by the subjacent holder to allow gas flow to enter

one or fmrp@rlﬁééﬁaﬁﬁﬂt%)é&n%é%%%hmﬁm B8Ny &@MticalPlsei@Ewayfigh holder

sidewal | (s) for one enbodi ment nmay be coupled to the holder using any

sui t abl 14, eflbR AW fray Bl hn$ btg@w@siz(a gad dhape a?iﬁ% P%Eﬁl?e'mgéagmy Jrayy be

integrally formed wth the hol | ustrated in"the

exanpl esabRAABN sHape. Fudy @ﬁsm§y Qélfénﬁed M gx%fsu?tgtﬁe FRYrifeldcREs Rain gss

general ly circular opening through support surface 321, and a tu

327 may b8 fiNseh] medanurrnatym@tnse@e% @Qoéeﬂm‘%qx? ttﬁg?@s&ﬁegﬁﬂ' dsxlr%;atrt htm;tr; Ca'

sidewall to extend down fromthe bottom’o der 320 alo

assagenafel ?3‘5%913’”“43%2‘% SRR AR A e ORRPL R NinE Ml B i,
and shapg aﬂl%e g?’{f(‘)o? r%rlfé(g%? eAbAmRAYE ng n GERf tﬁéﬁdfé@@rﬁciﬁ agna% s§£@9§

Tube 32 may be rom any surta e materra ai nl'ess
st eel ihn [ 0
sur f ace i AR in SRR RaRPs %etr%?%&e%&?ﬂg%%@% %ﬂ%d*ra%ﬁ%%%b&ar%t

may be Pdéﬁ%a%dl tke l%en]; nag}x zei/%ag 'ﬂ'o@%n /Qr cso?r%lgtq née ?Jra]; X m%geljialdagﬁgyﬁvagoznéeé or

anot her an ou Fal& i

screwed |nto rf.ac aded .t ube

For -oncCah o RRIEP ERA b, YRR BB Rt e B e e
fl ow and/ i me of gas mnth naterral bei ng vaporized. One or
nor e ot é@‘%gégag 1@ such as that defined by tube 328 for exanple,

may be si I fined.f hol der 32 . al illustrated
in the exanp‘? édéﬁéeﬂ?%eeﬁtbo ?neﬁrﬁ PGB SI?TY@"@ ?Z‘ff’%ﬁ%?/nao(g more

i nserted th ou enrn upport.su 21 of hol der

def ine BB g el P Ve LR b AR e Lo Bime SPT siece
support rface 321 along the er| of that_open

gener al 8]3‘}13 RapFPasducs; %’\Wétel’ ’53’@ W AS- f]rb(?ﬁ’flf"hég‘y fg’é?ﬁ‘i‘eé? of
hol der 320 t he per ter of hat openi n ube 327 for one
enbodi n¥iE s ﬂs\yfgﬁ@ Brrcg%mrp imerRf gy, g iment e geral (= At yorfEPTe p SHRPAR
Tube 327 or anot her enbodi ment may have an outer t hreaded surface
and may® ceftbiwdditnt o the opening to any suitable position in the
openi ng. One or nore other tubes, such as tube 328 for_ exanple

al so defi ne dbelHerfoysEmbPineplPIHENE 078 or SicreRvsaEe vy sderalethy tpieﬁ%m

support surface 321 and a generally cylindrical sidewall to extend
down f reeor Ferhetssmelew g te dpwaadially through such sidewall(s) and through and/or over

material 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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For one or nore enbodi nents where one or nore passageway sidewalls
extend up froma support surface of a subjacent hol der and one or
nore passageway sidewalls extend down fromthe bottom of a

supei jacent hol der, the top of one or nore passageway sidewalls
extending up fromthe support surface of the subjacent hol der for one
enbodi ment may be hi gher than the bottom of one or nore passageway
sidewal | s extendi ng down fromthe bottom of the supeijacent holder to
hel p direct gas flow exiting one or nore passageways through the

subj acent holder to circulate or whirl over material supported by the
subj acepirtihity cherliganbiber duch beifer imgdoree gay fon@ifeenbadiaraanayshert b direglad
the superjacent holder. As illustrated in the exanpl e enbodi nent of

Fi gur e B fléahevdrapdoahrouptbmateddl dugpoeteBiyBarf intredied Aletibed dOhdldys Baekhi gher
than the bottons of tubes 327 and 328 for holder 320 to hel p direct
gas f| owcteaseCdonfatl iiheofdficrodntdd ga®Wah nixekiel bedls vapdrped.t ed by hol der 310.
A hol der for one enbodi nent may have one or nore passageways having a

cover over i ASupedfcdnPhdl@drForthnk 8fbodddsnt ila§We hadiidhel ¥r drivhRd dlarfiRgo 1
nore vents defined between the cover and a passageway sidewal | and/or

def i nedgitjacentNRRRAG \A%Yavﬁid(iﬁgﬁhé onel o nfold SasSREORSE of thB SuRRAABI hollRY whE

p05|t|oned or oriented relative to a superiacent hol der with reduced

or mini Bﬁ@&%&@ﬂﬁé@:fg@wﬁﬁofmglhwt R4 SN BB erfal enPRASR UG WRY Smbdd¥Rent
hol der may have any sultable structure for a passageway cover. Such

struct Upgy he ARG ﬁm%ggagéuaymlﬂ@@em YRR ko Wil &oﬁm{g%g AU Rt 0 @

passagemay sidewal | in any suitable manner. hol der for one or
more e 4%94 ﬁ%&f@%uﬂéﬁ@ex@ﬂ&dé%ﬁhao% Sr ﬁﬁulregﬁ saQJwa?Q@ftﬁé sme&té)@héﬁ of
any sui e sl ze and shape 1 n any suitabl ocatlon to exten

froma %ﬁ)ﬂa%g of 3% BGERA er§ e ng(?tlld}l@(ﬁ oPt{%gnt@&}[el Y% %%nﬁtﬁerng ealv01d1n

passage any SUIta ze and shape defined within one or

er‘:gg d:lvarrélli cnfc &r a k?gﬁ td’él& a\%}?tnhterg\gpng%eqﬁgcldé g E]i er\%\% asf @Jw %&ﬁg

or nore

ease pl 8&93&% gf[ss g%?vg%tthx%ﬂ OtF'x %@%%At éldgrt Efrcu?fﬂe oﬁ%él%@eﬂn@atélﬂ?

hol der relative to or exa passageway si dewalls

P! end LpsnaliSihe fuRlaRRLhoSHl AR GlL Morrr%égsggg\?a m%gfg%‘%ﬁé" ent

may be contai'n any su

q f
support £ £ erj%lclentl’lle c{ép ]Sl‘?ecup%g rho\é@’[o o c att of wid over m% ?naggugg néadé[bal agg?Pc%eﬁ

di rect 0 Clrcu over nater
hol d
e eﬁﬁe halffiid Papoligdas hefé’s A oM e et M G R K B
t | t f mbodi t
G A

f or another

exanple, to Fxgaclﬁlgtg%lslg)ﬁ %grgﬁi ﬁ fo&e %Bocg m rﬁ%@‘ﬁo&a?g&aﬁy d(bfO ne and/or havev

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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A hol der for one enbodi nrent nay have one or nore walls of any
suitabl e size and shape to extend up froma support surface of the
hol der to help partition the support surface and may have one or nore
passageways of any suitable size and shape defined within one or nore
such wall (s) for gas flow through the holder. Such wall(s) for one
enbodi nent may be defined in any suitable | ocation to help partition
the support surface into any suitable nunber of two or nore regions
over which material to be vaporized nmay be supported. As
illustrated in the exanpl e enbodi ment of Figure 6, a holder 610 may
defi ne af sdippiitle kdight ackelPdetina aal eitiégion ofargeviadble $kDettcan guchPassageway
perineter of support surface 611 and a sidewall 615 along the

peri met eidewall(§nd BRYotemioh i SupeHacsi Holdeatol lb® ghOflovd ASexitidhé BOMEki ON May
extend. Hol der 610, support surface 611, sidewall 612, and sidewal |

615 ge n@és@&ée%a?@thfdﬁ%@ﬂﬁ@uﬁj eehiQolRF antlld? to BP BitdulateSdthilae BasIoly 0wl Sateahll
312, and sidewall 315, respectively, of Figures 3, 4, and 5. Hol der

610 may siip¥RedbiPhd hd)jdctM HefdeMal | s, such as walls 617 and 618 for
exanpl e, that extend between sidewall 612 and sidewall 615 to

partition SuRR@Sdiasihf hA&& fBlohe bPnBreBrHbbiiRleRts RGN YoM i deralls of
material to be vaporized may be placed or forned. One or nore

passage : d i Lt I :
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regi on O any’sul 4] ween sucl om of

t he supei jace ol der to all ow gas flow t Xit one_ or. norge

pass agonipLERTes Sk Eh e drflont PR Ru b ol R o BRI FBeh at e or
whirl gas fl over terial sypporte t subj acent . hal der .

ho 111 anrim ) o5 B mS AR G Mot W SRS Slae e o
hol der 620 define a.s ort surface 621 and. hav si dewal | 622
al ong t ﬂée"ff’gﬁs Agampt S?CI%bL?g t m@’ﬁ#‘? . %@r 8% f",m E‘é’ftg g\ﬁg'Pfde’BZS al ong the
peri neter of an openi.ng through .ch a_tube for s, ntroducfion may
extend, and & ‘E‘f‘ﬂ?‘”‘é% g e&ﬁﬁf}}ﬁ? F‘%‘,%]‘lé'ﬂﬁrﬁ of Kiglrep IIS §n‘16g$‘°'51ﬁ6§2@2%a3’f“£?fme a
exanpl e, that extend hetween sidewal | 622 and sjdewal|l 625 to

partiti %?’Fe?ﬂﬁ ﬁ’(ﬁ?‘{‘a@BF‘f‘%é?%l@E SYPRPTS SHHACE P én‘f%‘@‘l’%% TBRYERe fsrieghin that
material to be vaporized may be placed or fornmed. Hol der 620, support
sur f ac eRFAE tQ fefuRes genesally Cyglp%éiﬂgilq%“ﬁlﬁe‘,? extend dgrp (fromeghe boftom efpglder 320
generally correspond to hol der 610, support surface 611, sidewall
612, si tlanibe perimetergfghajapauingdq help defing pgengralbirybindrical Bpssagenay threught
hol der 620 for one enbodi ment may be positioned or oriented relative
t o subj dénB20oeher328 1y haveraly suidablesize agdshape s rei defingya paseagsyvayefaay
passageways defined within wall 618, for exanple, to flow over

mat er i afuitgblp giee ardishapes 'Tubp 8271 ey Beiopoed fray pawdatlenhiond, wdh acsrinlessal |
618 prior to entering one or nore passageways defined within walls
627 andsteg2&or ekanpleyeadpiay be dfsertadie pi opraing iheipgdent swaf20e 324 ustigehy Slidbleay
optionally be defined at the top of sidewall 612 to receive a

cor r esperdiiquy. gubd 3RTdonsreendrdiaredi may wiqgwess fit mn anhpetiog tnowppdit surface

superjacent hol der 620 to help orient superjacent holder 620 rel ative
t 0 subj 3entubkd? tfer afmitiker embodiment may have an outer threaded surface and may be screwed
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A hol der for one enbodi nrent nay have one or nore walls of any
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 may have one or nore passageways of any suitable
si ze and shape defined within one or nore such wall (s) for gas fl ow
t hrough t he hol der. As illustrated in the exanpl e enbodi nent
of Figure 7, a holder 710 may define a support surface 711 and have a
sidewal | 712 along the perineter of support surface 711 and a
sidewal | 715 along the perineter of an opening through which a tube
f or gas intBth opkndiclio Bupieyt sexfdce BRL. Althrehded 4BO327SfapRRrenbsiffeaic@ay/allbw for
sidewal | 712, and sidewall 715 generally correspond to hol der 310,

support aajugtﬁlﬁﬁ@ t3 hdlp optidi2vads floslahd/on Beht ek RWaF %as 3 mAt@BPBhid Vbiized Of
Figures 3, 4, and 5. Holder 710 may have a wall 717 along the inner

si de of Cue@ewakd otifek aRACEWATY sbB S tHRNERfREd BB PRISAGAMBIESmEEHd diafarly
within wall 717 rather than, for exanple, spread throughout support
sur f ace géfdedtssr Haglep3BRSE placenent or formation of naterial over, on,

and/ or in holder 710. A hol der for one enbodi ment may have one
or nore wall gsgfo ﬁI&Xtra'iéH 1‘&1@@ é%‘cax% lé%m%tﬂméﬂf%@?lghfés @&E&S‘%%Q%Z%&W
support surface of the hol der near a general [y central fegion

of the m&@éartmoﬁgﬂ L%ir%nﬁg% aworh&\lﬁcé)m PholiB 390 RAGTAY smxsrm%fra@ny

sui tabl e size and shape detfined wthin one or nore such wal

gas fl O\A%H%?élgl?ie%'l?to@ &Ly from su o‘lét%u}flléeg.é; 51%5&%?@11&1&& cﬁ’ﬁ?aﬁ’?ﬂ;e%mg

enbodi ne Figure 7, a hol der I ne"a support surtace 721

and havgu g, SLARNS L iR 3lenal {oaﬁtef;@ang&ﬁ RiboRtRRPhIIAG bD A e

and a s ong the perineter of an opening roug Ich a

tube fop, ftfx' or}};l‘&a?gé;e% o TylEy ﬁ’éx;%clmbbﬁ’ln@ m 326% résl BPR chY {?{;@

721, si genera y “co respon

| ?égpec t B cEn 1%% f(%%l%ng bgs;ibg ?&@Lé}h% jegﬁl’lg‘gﬁgl nt n}agfgm\g@é l\n (ﬁ.la%ghreaded lfrfa?§7
al ong t Qr?d 1(1)1 %g sc?e cfﬁ 118{) F]h o?)gmﬁg Oﬁ}? ?ulfal Fl% é)OSI n 11 I?%O%gl%nor ei or more other

passageways i ne Spredd
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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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a hol der having one or nore walls having one or nore passageways at
or near a generally central region of a support surface to help
direct gas flow exiting one or nore passageways through the subjacent
hol der to fl ow over nmaterial supported by the subjacent hol der prior
to entering one or nore passageways through the supeijacent hol der.
The hol der for one enbodi ment nay be positioned or oriented relative
to the superjacent holder with reduced or m nim zed concern for
avoi di ng alignnent of passageways. For one enbodi nent, one or nore
wal I s having one or nore passageways for the subjacent hol der may be
of any 3827 tahi2® fivchiojdet 32MtothelpplidefganBovarm @xiliateroe ghohovef mawrialsupgosted e
si ze between such wall (s) and the bottom of the superjacent holder to
al | ow gaghbldend100 exit one or nore passageways through the subjacent
hol der and/or to help circulate or whirl gas flow over materi al
supported byAtHarles fvh pReantiodientlfby have one oAfork phddgdetvaysaving atcbeer over its
exanpl e enbodi nent of Figure 7, holder 710 for one enbodi nent may be
posi ti ongcto hlbjdaca ks e d@ially 2onigh oiebPmelicrvemt dgmsd bétRvenaké tdvefardne
or nore passageways defined within wall 717 to flow over materi al

Suppor t geksOethy SIUBPAT dndfor HEMRE in'aldasipb Wiy didewal! BY thidthadha, BE h&MESnay be
passageways within wall 727 of superjacent hol der 720. A hol der

havi ng ?Sﬁ‘ti&fed BP& R rb18V23Y h BpeQRRNHol¥PivRh RATSARE WY iRl cceGRY @
generally central region of a support surface for one enbodi nent nmay

be posi tiQMmagd aifg At HassBoddlfletheBMicNRaPhfe Ay IRERle WRlchSe Y1 N one

or nore passageways along or near at |east a portion of the perineter

of a suppRidewdEdRE esilcR shliRe HirofS LmBRBm s QW%; 8 Inkd P wR Endbr dBped to a
passageways through the subjacent holder to flow over materi al

SUpportggmgém%ﬁﬁdéMﬁhﬁ%ﬁﬁ&nﬁﬂkﬁﬁﬁm&fiOr to entering one or nore

passageways through the superjacent holder. The hol der for one

embodi ment nﬁylgﬁgr 1@9 Sd (ir%ger%og%&ﬁ%%dharvg Ln%r éu)‘t?oéé f?untﬂtréf ?S&E%rr Jnﬁ)?e? nt

hol der with reduced or mnimzed concern for "avoiding a nment o

oot 7R VBSOS RO RS YL I SR S

gﬁld P . ﬁg%@? P@?ﬁrga%ﬁh %ﬁg‘ﬁ%e"d}xe Of mBRYaSHLwADL 6r Ml 4RBRINE Ga SHUEDaRkS (S)
within one or more such 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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superjacent holder to allow gas flow to exit one or nore passageways
t hrough the subjacent holder and/or to help circulate or whirl gas

fl ow over material supported by the subjacent hol der. A
superjacent hol der having one or nore walls having one or nore
passageways for one enbodi nent nay optionally have one or nore walls
of any suitable size and shape to extend down fromthe bottom of the
hol der to extend one or nore passageways through the superjacent

hol der. Such wall (s) for one enbodi nent nmay help direct gas flowto
circulate or whirl over material supported by a subjacent hol der
prior to entArhohigr fonenoe¢mbudingenpmsy hgyeway sr thére satihoft dng ssitsptsiza@adithape
hol der. Such wall (s) for one enbodi nent may be of any suitable depth
t 0 hel ptdedéndapdrmentuppadt surfaegéfihe bflda nyhdppdratinahsspporbeiriseeamdsuagh
wal | (s) and, for exanple, the top surface of material supported by

t he subpaeent chmblgasdagevadyt 6fungasitdbleaivetand sapedefimB® withinBRE 6r more such
passageways through the superjacent holder. Such wall(s) for one
enmbodi meatl(syRy ghefleoihpduel thetoldef $ih dall(s) Dk Bigk cibddBibnt ALY Be dBiGENINGHE -
Such wal | (s) for another enbodi ment nay be integrally formed with the

hol der . suitable loda@btiRheGRAridfon i IeceaRtB afy sEEble ahmbir@0Ho & mdrer
exanpl e, may have one or nore walls that extend down fromthe bottom

of hol dey; &3&&@@1@@1{1&%%@%@{2@&% bOsupperkdas partitioning support
surface 621, such as walls 627 and/or 628 tor exanple, to extend one

Of More passRgaN@Yed RreUEAmpIe Ieﬁil%dn%&g of FRLAY, a e 10009 d@ﬁmu ort

enbodi nent of Figure 7, for exanple, nmay have one or nore walls at

extend dowRe 6110/MdtHAGe PQH&v@A‘l‘I‘ @b gk 91% ex?x%&exo&ﬁ%o}t%m\@e%l 1 %dd 4 Qaesiiend
one or nore passageways through hol der 72 A superj acent

hol der Bf’ﬁ/ él&%t tﬁ@ﬁerﬂﬁet%f @n K‘?An&n% tllﬂgﬁ{ gl{\QmSl{‘?tuBé f&%éﬁnﬁ@&%&&ﬁw é(tefnﬁ r

one enbodi nay opti onal have One or nore Sidewalls of

sui t abl g,&i261 025 &J@aﬂﬁcs 8}1%(1&0&1 oVl {g?ﬁ Bes g%%ram&;fesgola@ tchwie@r

along at least a ortlon of ’the perlneter a passageway open
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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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As illustrated in the exanpl e enbodi ment of Figure 8, a holder 810
may define a support surface 811 over any suitable at |east partially
perneabl e material and have a sidewall 812 along the perineter of
support surface 811 and a sidewall 815 along the perineter of an
openi ng through which a tube for gas introduction my extend. Hol der
810, support surface 811, sidewall 812, and sidewall 815 generally
correspond to hol der 310, support surface 311, sidewall 312, and
sidewal | 315, respectively, of Figures 3, 4, and 5. For one or
nore enbodi ments where a holder has any suitable at |east partially
per neabbetweed eich alall(sp arcithalSot@mpsIniRUuSp&iaadnd hel8& 16 hIRed gRfflodny esitibhead| €
density for exanple, the holder for one or nore enbodi nents may help
suppor t nved Rissaatwiy@ thtustabosibiecht Byldahad Bt dthelphtercdbte e ¥ak] f8 Abwahvby
perneable material with material to be vaporized in any suitable
nmanner  gaekiar subyorfd BR@d subigcoihidd-al to be vaporized over one or nore
support surfaces over at least a portion of the at l|least partially

per meabl e napefiiuddratedil heddxah iR Shb OB bR FYeuREY, H@@&hﬁ‘cenﬁ&o@dek 8bohey one
enbodi mrent may have pores of a larger size towar or near a
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of a small si'ze toward near an OppOSI te second
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the at least partially perneable material Tromexiting th
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flow exiting one or more passageways defined within wall 618, for example, to flow over
material supported over the two support surface regions adjacent wall 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 of 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 a 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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SYSTEM TO DELI VER RESULTI NG GAS The container in which one or
nore hol ders supporting material to be vaporized are defi ned,

posi tioned, and/or coupled may be coupled to receive any suitable gas
fromany suitable gas source in any suitable nmanner, may be heated in
any suitable manner using any suitable heating equipnent to help
vaporize material in the container, and may be coupled to deliver gas
resulting fromcontact of the received gas with vaporized material to
any suitable process equi prnent, for exanple, in any suitable manner.
Figure 9 illustrates, for one or nore enbodi nents, a system 900
conpri si ng aAwdpwoiratzeem Bd &ampleeobsdimenuif Figand 7, 320]deaTid reaygrinsosuppart
930. Vapori zer 910, process equi pnment 920, and gas source 930

gener al kyrfaco 7t Eapidrase b sideegdoT 2 28mg HkGeripreocefsspmatsupfaeitl 1 22da sidevehligas
source 130, respectively, of Figure 1. Vaporizer 910 may conprise
cont ai nét5 A6Ag the getraattr af@n opetingrbmogh WHigh & abb @rRayiapodicien fay ettérdl i N
contai ner 300. Container 300 may be coupled to gas source 930 to
recei ve Hafi¢r 310, bw@pbe sgdie A sideyalbel 2 sddideball 01 PsOeRES cathdb@idrn holdetO
to deliver gas resulting fromcontact of the received gas with

vapor i zed), FBpRFtisatade 1 DI RIeRQE 3 €Z) UhPEBHIIBL6), respectively] EFiGREE BUNgid 5f or
one or nore enbodi nents may receive gas at any suitable flowrate in

one or mRIRr 710 A5} Rive hRGIIONS alohs B ihePNE: GHsideRAIET7 POSA MG Tatd oredk Blofe
defined in any suitable manner through any suitable one or nore lids

coveri Nga@iRways d¥ned RABAWANT 1 Pfatilel fhak GH e?daﬂFl"e, HRAA rod RE@UGEb oA Wrface
suitable one or nore walls, such as a sidewall and/or a bottom wal l

for exanpl @ helf eabdiRacetiehidr Bnatidd6r e RO L onl Hd/RRELMer TD6.E
enbodi ments may deliver gas resulting from'contact of the received

gas w th vapghbretrolBiEd Rbindnt ABY hadoh@H fork WAt 85§ stiRbRYER RN aPL

nore passages or outlets defined 1n any suitable manner through any

sui t abl g QR&AXp HFH EsuppllS srAYESH C{M@ aldr ngﬁraegeﬂé}ﬂ% ciQ,thZaIQ;gic; the

cont ai ner and/or through any suitable one or nore , such as a

si dewal L, ABALAFacR aRPInb P IR o{r%re gggegg%@ys Hand {610 ei%@m%%pe%ehhéa

for one odi ment may  opti ona ave one or nore 1nlets t recel ve

gas and ane Ot ofRbR U W ALS) el Ao Ebudfe nfI@%, ONe enbodi ment, one
Y Fe Used 1 e?

or nore valves may optiond : p regulate the

ot ot oyl Y & e A PR IEPER TR e 0 e

gas fr Omr{‘agg 75;10{1%%&0@ 1 sidewall 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 one or more
passageways defined within wall 727 rather than, for example, 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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The container for one or nore enbodi ments may have any suitable one
or nore lids that may be of any suitable size and shape, that may be
formed using any suitable nmaterial, and that may be nounted to cover
one or nore openings of the container in any suitable manner. For one
enbodi nent, the container may have a collar around at |east a portion
of an opening to help nount a Iid over the opening. Alid for one
enbodi nent may then be secured to the collar using any suitable one
or nore nechanical fasteners. The container for one enbodi nent nmay
optionally be grooved around at |east a portion of an opening to help
posi t i omegorgeisksuppdyetwierto bblp dewigad fimy exiting aue lof thorepassagaivayy trough¢he
opening. Alid for one or nore enbodi nents may hel p secure one or

nmor e holsatgaceni llden td fhave pvep mategigl suppdrted py évsitjeceagmides prisuic bntbddgohee 05)
in the interior region when the lid is secured to the container. For
one or morepasdgodaysaiuoagh thelclipetjaand hokler. Ulitethokler fou e ansbodinspamey bd or
exanpl e, may optionally be used to help press a |lid against such

hol der ( ppsitioned or orentdd relatterta tiedupdjatdnehada spthaediocbbeh miiizeall coftegiifor

3, container 300 may have a collar around the opening at the top of
cont ai nevoidia aligsknof JackagdmystFordae pabsdimanathe oF Abretvwidls Gatih@dneand
secured to the collar using screws, such as screw 307 for exanple. A
groove mye patdgenays fyr hestbpkimadidarmayst dragy apesle Rggito hé)e déDR agkxit he
collar to help position an O-ring 308 between container 300 and |id

306. O- kdgitth c¥Q8y FEMbIRRIZE QEtREh SutRHAEYnd Whd RBLA ofMtHe@lipeRiacehtikdldaso f Or
exanpl e, Teflon(r), any suitable elastoner, or any suitable netal,

such as aBévki RStoSdkBBhe b10fi08 paIReayd thfbugDfc SByacd@iHoRer 40V dokblR

generally central region of Iid 306 an opening through which a

passage cpéuldtdbekhidght N&F oddr nhfRn! s&ggor&"arbfy thYsubjdbet Rigernay extend into
the interior region of container 300. As'|lid 306 is secured to the

col lar for caehRsRaEd RS exhinglec 388 o MBYnIIr ¢ 520 8b&T710 Forl dnB mBABmER
hel p seal lid 306 over the collar and may press against a collar

ar ound : : § i i .
S0 "5 5V 8e il DA RaRBRR 1oty G 4RORRAMoWOAY e SPllarc ilmeciille |

310, i Fi : .
conmr os Aoy sl D8 Feto Bl oh R 5 Qlpp XA g sl BR47 1 1 brioctp
i nst i St . havi
foer el B R lor ARl AR I o e . at oot e
S s o ! . .
opentna ol R AREALAS LS AT S ok Pl ARSI,
a tupbe | V. . A
coupl ng&%&?fﬁ%%é%%o%uogﬁéév%eﬁ?érﬁiﬁ@gﬁgge %@#%dém%n%gS?Fg?%l@%%%f&grty
(6] as . S nie S (0] Qne Qal n
mypo PO SCSARR8 s hayinperd 3Pl PebPeit St P B R TR
ot cebolt RERe G0N 3P I R et bR TR PR o Rk Bk
it d t t.h I t introducti i.nto th
Cont ai niroEhdhs SPREET hetae T peR e sibonms b RSPt Shnufiraehi €
i nl et ling 391 f | 81 b t fl ter 932
by & ga A Qe R, TTCTESS P PR PO B Ag OB TEEAUREIoT Begas
So T ) ST G e POSUeE b SR 16 e BT W S B 8 ner
300 for one or nore enbodinments nmay receive any suitable gas at a
f1 ow r afmeimizef fencemfgeaviding henmsnl Rf Passacsppso X PHeieSMpOGR s Pus Ry ARoge
cubic centineter per mnute (seen) to approxinmtely SOO seem
Cont ai n¥FplSYinEGne ghworsbagiasavaxnions diesubipcnihelde é’é‘égi’/@f agppuigabicthsighito

gas at a flowrate in the range of, for exanple, approximately one
seem t ohdp gelsne amerid rsgiongdeny seiable size betwpra syelswall(e)|aad the)bottem obie
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Gas delivery lines for gas introduction into the container and for
gas delivery fromthe container may be formed using any suitable
material, Such gas delivery line(s) for one enbodi nent may be forned
using any suitable material, such as stainless steel for exanple, to
al l ow for higher tenperatures and/or pressures. Such gas delivery
line(s) for one enbodinent may be fornmed using a material having a
relatively |l ow coefficient of friction, such as a polyner for

exanple, to help allow for relatively high flow velocities. The
contai ner may be heated in any suitable manner to any suitable

t enper atsuyregatent hadqy tyappor gas dlowed exit @le or motdmswegeways tesughshegabjatdnows

t hrough the container. The tenperature at which the container is to
be heat édldtlomdene lelp croukteerivddll gasiloss avaymeteyd mahpofted byethasgbjaeentdnldehe
material to be vaporized, on the anmount of material to be vaporized,
on t he conceAtsnpdrjacent hbldérthaviug pmy draede galts hasing/one orafiort Passaeesad fonghe
condi tions of the processing equipnent, for exanple, to which the
resul ti ebodimentSndyooplienalighaveasne @r mbfeendl e Bpatyahititte iy andBEape fo dRdnd
enbodi mrents nay be in the range of, for exanple, approxinmately 40
degr ees d&@h HohiShé BotRAPS Ak iidee to/exBR0 ofle@TRR S psed Bkl through th&perjacent
sui tabl e heating equi pment nay be used to help heat the material to

be vapohbl@ed Subh Whgsy b dxodaiefl Bky Kelp MedcPgds BOW i tgcul d€ort BVt ur e
in the container. As illustrated in Figure 9, heating equi pnent 912

for 0nenﬁferlﬁpsfuﬁﬁ&t’éﬁ%g|a@%ﬁ&n%¥deb&1&$@%t&ﬁlghﬁébr ﬁ@ﬁtpaésagerwa?%ouéﬁ the

exanpl es, suitable heating equi pment may include, wthout [imtation,

a ri bbogyREaaT Lo NGk frl8e GAA@RhER ay Be BF ATKuIROH REHIAKEPY 2
shape covering the container, a strip heater, a radiant heater, a

heat ed ﬂgfﬁleQﬁléB@anc@reglJnQiflaﬁ}t éuﬂgolé kil &hb@eﬁtsﬁéh wﬁl(é’) Qi Sf&aéﬁlmﬂg athé g
system and/or an inductive heating system Heati ng equi pnent

for oneggrRodi ABBal ¥EpoREd %Qgﬁbﬁé%@nt%ld@m/aﬁéw lgggifw Rieatlr Yad & nfdie

contai ner. The container for one enbodi nent may define and/or have

any sui LRl RwSWIRRLEL &U%tre et HoRdeR C5 RN SRR bdr oAD Yl h AR %Y

GQUIannt around, on, I'n the container in any sulta ner

Such StHRE HiRer % agy b Bgtdhnifld B, aNGARY) GOMRLEL d{,ﬁégﬁ&ﬁg@pg@' ner

in any suita ner. con alne or one e ef i ne

in any r r more cavities of any suitable shape and
fhitd %ﬁgﬂuflﬁ?@%% thORHa&!

size in a one or nore walls of the contai ner

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.



and/or in any suitable one or nore lids to hel p support one or nore
heater cartridges, for exanple. The tenperature at any suitable
one or nore |locations around, on, and/or in the contai ner may
optionally be nonitored for one or nore enbodinments to help regul ate
the tenperature in the container. Any suitable one or nore
tenperature sensing devices may be supported at any suitable one or
nore | ocations around, on, and/or in the container in any suitable
manner. As exanples, suitable tenperature sensing devices may
include, without limtation, a thernocouple, a therm stor, and any

ot her sui t abAdoldenfoe pag emtwdiemms mayhivepesshgewaps thobegh whichigasamgeflow or
contacting any suitable thermally conductive surface in the

cont ai némough the holdénby defirtiag in@ny §wiable mengsr atisast a gortionl bfeesupportmyfakeover
heated in any suitable manner to help better distribute heat to help
vapor i zenymiteble af leashpdrtidlypenteablenataiat sach o @ ph@hpstaialdsscstsel of any gnizmdle
and/ or avoid cooler locations or cold spots in the container where
vapor i zeehsiaf@ekahplansiioara hghisr meptibi supgort maricldRingVhpodized oier GG drt
gas with vaporized material may condense. For one or nore enbodi nents
wher e sedrfade whil€slicating Sny\saitdbld Za€€h fléve thidigh the sibpbriBurfhdtGnd &RAMGbugh
avoi di ng cooler locations or cold spots may help reduce, mnim ze,
and/ or  aMpérbveOmhitkidg beiap OgiotiSed. Bath £Rellig fadonk @ABEdiRBMtnha3/ sb%pcﬁ?ﬂ &g or
obstruct any suitable one or nore passageways through which gas fl ow

i's to beniflble@igh@dnaterial. SUCAQ hoRIBE Bt HIRS en{lRHIRALMEY supPrCarS HARBITRIES MRy
be formed using a heat conductive nmaterial to help better distribute

heat . FgftefRiEn @hy {REBle €60 GubEN LA IMIS! e @S0 MmetRE sHSHoHehS shifbR solid
container are formed using a heat conductive material and are

def i nedmaRAsl ih kR84 ofDSHWRIer £RUR a8Hoh &l BB OB Bihd rcréafb 4 AABHiPE bed.
contact with the container, heating the container helps to heat such

hol der (s) angl Hlﬂ?tfa@é&ﬁ%e@brﬁ le 'eﬂ%cﬁﬁéﬁ oReRLRk, §H51Eél%0%{a9%eﬁ& i8¢ ort
container to help better distribute heat to vaporize matérial 1nthe

cont ai NgLfaceBNoVaPAERL e §PasQRRiaAY pBReBble material and have a sidewall 812 along
the perimeter of support surface 811 and a sidewall 815 along the perimeter of an opening
through which a tube for gas introduction may extend. Holder 810, support surface 811, 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,
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enbodi ments nay be defined, positioned, and/or coupled in the
container in thermal contact with one or nore sidewalls of the

contai ner. The container for one or nore enbodi nents nmay be heated
fromone or nore sidewalls. For one or nore enbodi nents where such
hol der (s) have one or nore walls, such as one or nore passageway
sidewal I s for exanple, and/or supports formed using a heat conductive
material, such wall (s) and/or support(s) may al so help to increase
heated surface area in the container. The container and/or one or
nore hol ders for one or nore enbodi nents may be forned with an

i ncr eas edthtas e topadndrfsscampleha] the lmdden toedielp firbenhweatedd it wrpeeat pargallyn t he
cont ai ner. For one or nore enbodi nents where solid material is

t o be vaparealie chabryiabfitah iexisihg the holdberisapdicingrvapaitedadas flbes sedugh the
material at a given tenperature is the partial pressure of the solid
mat er i aholdér.its vapor/solid interface where the nunber of nol ecul es
in the vapor condensing on the surface of the solid naterial is the

same as the Retopebr AbreBbBEHeaS, $28 nialBe 8Rdoted 16 bW ioNBANH HOMIduBE material
surface of the solid material over a given tinme period. This

equi | i beidpBitedbytdnsdnd Rbigete BY arl RBYAlegioh oNDEREL End/dt byb8e ¥ARGE haldedk e
vapor/solid interface due to contact wth gas introduced into the

cont ai Nefe.inBEGIHEEn Sy irg&&i&m Aktld or QEFRUdEr sBrhct@reh isgalegimeta;eqn%ﬁeri%%&r e
equi li brium provided sufficient heat is supplied to the surface o

the sol iknHRA/BF dePhrate FroRPEHRRP BRFSo s HoltRr(s PnBAF tHR M aiRr. SHE du¥BlilIDy
i ncreasi ng heated surface area in the cont'ainer may hel p i ncrease the

rate of oNARJdEAL By 8 idQird] YitiBh&b! @upled & 2 INr R helfPifecEIHR Ak TRAL S
where vapor fromsolid material and/or gas resulting from contact of

intr odugggorgﬁl%u%ﬂéﬁlgteﬁﬁ%ﬂpﬁéﬁg@w #HEolaB! SLdrub RS r AR bini2ht HEAe

such i ncreased ated surface ‘area, such i1increased heated sur

area mayakg %iiﬁgyhﬁ’/op%uﬁpﬁfi té Eg.{/fagxﬁacte 118143} el adgg«g%s Mh%r(éﬁtg\%&ﬂ]%ﬁéﬂ on

of the vaporized material an e resultin
sui t abl j #ﬂ%ﬁ{ may be used to hel p vaporize
nateriaﬁmﬁﬁggﬂ’m%%ﬁpg?%gﬂgm e anount of power for vaporization of
material in the container may depend on, for exanple, the chem stry
of the material to be vaporized, the chem stry of the gas introduced
into th I . / I rate of the gas resulting from
cont act §‘5§%@2’%§@§§%@@§§%&n zed material. For one or nore
enbodi ment s, wheatin Qwer, nmay be avai l able in ch an. anpunt
Chat the amst OnpRe BRHRG (e PO P A ey B OB
relativel mall. fraction of the .avail.abl e heating.power, . helpin 0
i nt o foRE TRalioll R S o B8, B PlrsBlofeck Ry BB Biotg =By atné
avai |l abl e heating po f for one Br mor.e enbodhﬂents n%§%?e in Pe
range of’® SPYFe PPl REPER MR% PR St oh SRRaY Hebls Banshy %ts‘élf%’ 3000
watts. . _For. one or nnre.enbodh@eq%s, as introduced igto the

cont ai nEFURGGIHEPBE EHFIR EROTFP T4 I PeArl kRS oy 8° SRHpIe P feliypisas
tenperature t helg mai.ntai n_the heated tenperature in_the container.
| nt r odute&YH go B oﬁa’éﬁ%’t"é S PENAPRTFeh atefigh o ARaTHHERIS PGS t he
container (is heated, the length of the gas delivery line(s) for gas

i nt r oduBURIRENL AAFFRETPIeNE apY SiAPSERIBR | nt r oduced gas. Any suitabl e
heat i ng equbgnent,na¥ be used to help preheat introduced gas and/or
to hel p regulgie dilstraishburoge f BorsemIbAdiEHIS TSRS 00 FRIPPIHE aJ1aPeRFeR
enbodi nents, any suitable heating equi pnent may be used to hel p heat
one or Pk arogess e@épmw%oalapﬁésasrseﬁrcga%&iYﬂppméi(?,@rpCPsrste@ulpmetlt9 0, and
cont ai ner. For one or nore enbodi ments where solid material is
to be vagserureelBO geasraliygoreepirdnd tavappritse 180, peasess ganipmentdah.tahd sasghurany
suitable one or nore filters to help prevent any solid material in

t he gas130, mapdctively.lodiFigpredb| Yaporieat 910 may tdmepriso nordaing 300 sutheafiigd t er (s)
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being delivered fromthe container. Such flit(s) may be of any

sui tabl e size and shape and may be fornmed using any suitable porous
mat eri al of any suitable density. As one exanple, a fit formed using
a porous stainless steel having a pore size in the range of
approximately 1 mcron to approximately 100 m crons, for exanple, may
be used for one enbodi nent. As illustrated in the exanple
enbodi nent of Figure 3, a generally circular fit 370 may be
positioned over top holder 360 to help filter solid material from gas
flow directed over material supported by holder 360 prior to delivery
t hr ough egiipmeni Ol 2to Iblyf vapedzet thateriad i dondin@0BN0. Elontaing7H00maay ebabiypled to gas
through a generally central region of frit 370 a generally circul ar
openi ng sturcaoBPho vdekigh atydnéatd® basrmy mex be cahipleB e proSéOeduipmeandicko melivter
may be pressed over holder 360 in any suitable manner using any

Sui t abl gasresulitvig fream asntddt df tBOfectisedsgae utth dafovizebinhtatial € prdfids ednigiednp920.
seal flit 370 over holder 360. The exanpl e enbodi ment of Figure 3 for
one enbodi NeThe doRinRd iR ohS 6r théte afBodimexts @y Rkeil dlgdsiaCahyGhitdbld oWk i
flit positioned in the passage or outlet for gas delivery from

cont ai nehe SQflord NAérDT réidhs rowhloRe bt inbi2 pRRSdek bPMBE defin@iR 28y sUMAFIe
passageways t hrough one or nore of holders 310, 320, 330, 340, 350,

and 360 manner throudhQhy SiEabR onBBF BoRHAOEVIRAL Sne R ARrSpcARECARScHABlideY ET Y
lines for gas delivery fromthe container to processing equipnent,

for exapml/gs thﬂ%ﬁ%h b DR Eshel P AR WAL Juohha BN and/6r DWW oSN {IEMRE €
tenperature to hel p reduce, mnimze, and/or avoid condensation of

the resgkdnpld o888 chitaifibtC ThE t&RLiSer for@R8 oPhofREBodARntd &lal, UEIEr bisHERitngr
one enbodi nent may be heated, for exanple, to a tenperature

appr oxi EBdoYtadt ok thed S @ R A $a R ISV dporiNA i &lrial RARy bfi@ble Aowl e 1GOEHAINB B -

Any suitabl e heating equi pnent may be used to %elp heat one or nore

gas del E%%ﬂas%%&etﬁ olilts B3Rl dny Shidable @M N0k isB@ble one or mord 1R
one or nore enbodi ments where gas Is introduced al or near a first

end of e&ehgg gf;a' @%&9 L o0 b e CQRiRE Qﬁ/oﬁ%r&i gsngzgaﬁa%let ool W PURI d

a second en he Interior region, materia ported toward the

first eggynmy siﬁgwilﬁéF@yO?QbBéf%L t@hﬁ ?&%ﬁggpd&m@tc Oa&%tAefdfogggee S Alhe

1
to material supported towar e SecC r one or

enmbodi ”'E{Agﬁpt‘{mﬂgha%%ﬂé bi ﬁ%regﬁéts iosrei[efi\ﬁerggg e ‘op&8retoﬁﬁet8%”&eﬁbé}§gﬁs. fope
carrier gas may becone nostly or fully Saturated wth vaporize

teri . . . _ . h
o bR cERGB YERPRL AR e Rl RSSO0
cont ai ner_.t o reac{ mﬁt(n%ggorgz d materi al troduc

. i d may, r eact
wi th vagsind B alaindt. ForRP Snbidinen tnlor More valted mayGrriopalfithe lReq do pfp

near the s d.end. FEor .one.or re enbodi nents, nore material may
be suppgﬁFgﬁgﬁaﬁﬁyﬁyfﬁ%M?%¥%ngﬂgggﬁd less material may be supported
romoval of vIBOPMERA REON T AOR FBPBRG R P E SErBOA PR S AT RE G
o b Lo SR Bt S HRR S B P o
si zed and/ or spaced to hel p support nore material toward the first
end and™@¥s8 té‘f ?Oé’PV?f&%&BHm? @P%‘lé%ﬁéﬁ’éﬁﬂmﬁ%efﬁ’éﬁw wemantes Fojpone
such disprggortionate renoval of vaporized material. For one or nore

enbodi nERPLIRERL, the eQitaing glay dpe arallar ornd 3t lepsh p @ortipy el qpening gy help

exanple, two or nore of such hol ders may have sidewal | (s) of a )
di f f er e FOUHS; lgimv_er 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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For one or nore enbodi nents, any suitabl e equi pment may be used to
hel p identify when the container, any suitable one or nore hol ders,
and/or a bottom surface of an interior region of the container are
enpty or near enpty of nmaterial to be vaporized. For one or nore
enbodi ments, such equi pnent may be used to help identify when a
bottom hol der and/or a top holder in an interior region of the
container are enpty or near enpty of material to be vaporized. For
one or nore enbodi nents, such equi prent nmay be used to help identify
when a bottom surface of an interior region of the container and/or a
t op hol dieycontairichend mliemburted @y tha opanénge fplid/foo pne@anore epbaodiroéntsmat ehdlal
to be vapori zed. For one or nore enbodinents, any suitable

| evel seasoromray nivee idéals inginlebniorirehiot byf pressing agansh micﬂ @olde(s) an the friterior
surface of an interior region is enpty or near enpty of material to
be vapomregi@dwhan thnlid Bueduadal te thieron@inea Rdr b @ ingdabmisaddferity] eddifidnacat i on
in any suitable manner. An optical or infrared |evel sensor, for
exanpl e stridayre M clseOsphcer GirfeRhplé,attyaipti Okl Ovased t@hdl@ oSl lidazalmbipe t
surface over which material to be vaporized is supported and to

det ect tBRex®fl ection of such radiation when material has been
renoved fromthe reflective support surface. As other exanples, an

ul trasoni c | aYy@husG2BERIthe ekafPRAGIDoHMRN FFEIurS € REMbinerBVIhQly havd PEHIBF
switch may be used to help identify when a holder or a bottom surface

of an i BtRhd Me opBFhOR thetof BPEMtater BERAnPATRY Y06Ghay Bk tiddedloedBe collar
vapori zed. As yet another exanple, an optical or infrared sensor, for

exanpl e and®¥ule® td e dollap uslhg Kedws! adh 84 dcRRy id?r@yaamﬁﬁa%egre&%rmd%bﬁsﬂaﬁb
bei ng vapori zed and to detect such radiation to help nmonitor the

concent Lakémied Afoud@BRb &AL ReRb) 8f the Ebl}%i-'{%)hleﬁ)%%ﬁon an O-ring308 b&@v‘é‘erpr
nore enbodi nents, the container may have one or nore sight glasses

t hr ough WhhiGdr 300 8n®lid 58Y. O-BRE BEPha P oBhed fp&ﬁ %&fs@xtﬁﬁ@@%ﬁal@ﬁ% Ai gect

radiation into the contai ner and/ or detect ation fromt

cont ai n%Jzan; e, AehPn®, q%&fﬁme UHGHmA, Bk ShiraBle lﬁeth% R s&m&meﬂﬁr an

interior gl on 1S ty or near errpt of materia be vaporl zed

The CO“EQelnIIB‘é ﬁlarngﬂlgrvgaﬁmmu@@g&gﬁﬁpﬁ&t@égw& 8 gémlgg%ﬁ,%h

gl asses to help a an operator-to Ident VI sua

or ab Owh%ﬂ]a}%sfagecgr 181 1 %%né@&t%a'st%h 851? g%ﬁlae 5&5 Sgg)éx%n(armtg ﬁ?erlntglna'trggu?lI of

mat eri al pori z | ner
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compressed to help seal holders 360, 350, 340, 330, 320, and 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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val ves 381 and 382 nay be used to help purge valves 381 and 382,
inlet coupling 391, and/or outlet coupling 392. A valve 383 may
optionally be coupled to tubing 395 to help regulate fluid flow

t hrough t he bypass passage. An inlet/outlet coupling 397 may
optionally be used to help define an additional inlet/outlet for the
interior region of container 300 to help purge the interior region.
Al t hough described in connection with receiving a gas for contact

wi th vaporized nmaterial, vaporizer 110 for one or nore alternative
enbodi ments nmay not receive any gas but rather nay be used as a vapor
draw wher e atle gasiitlai) dorrpat embedimeniynayde vaypiadite e gas soume soing @iyrseitabdand
delivered to process equi pnent 120, for exanple, w thout being

carri ed obyommoregacddlingrywineh Eanyneagmshodiviant kiflpermddOndyaptiondy be conpled of
such enbodi ment (s) may support material to be vaporized to help

i ncr eas éewmxposecbrsnoré gasanlals ead the gaesberce al hetpomddtoy apidoricasteb] tie flved jate of

pronote vapori zation of material. In the foregoing description,
one or ey iatredustoh merthe c@ftaitidie Apilksendd in Fged 9 0 ofivotendre efbetimedts, heet.
It will, however, be evident that various nodifications and changes

may be wadting ber R oalvé s$1onsy staparpled G oo gs2yaadedelbpiviline, M8 flow
scope of the present invention as defined in the appended clains. The

speci f i aatdr OB MAHbLEEARPIAYS g sBurc@TIDWYH dAgHdlivetyQinB € CHREFAEDBDO iy réive

illustrative rather than a restrictive sense. CLAIMS 1. A vapor

del i ver ¥ny&saklk gasCfdi basSdoi@e 930 at any suitable flow rate. Container 300 for one or more
embodiments may receive any suitable gas at a flow rate in the range of, for example,
approximately one standard cubic centimeter per minute (sccm) to approximately 500 sccm.
Container 300 for one or more embodiments may receive any suitable gas at a flow rate in the
range of, for example, approximately one sccm to approximately 1000 scem.

The gas outlet(s) for one embodiment may be coupled to process equipment, for example,
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 by a
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
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a peripheral vessel wall bounding an interior volunme; a gas outlet
arranged in fluid communication with the interior volune; and at
| east one support structure disposed within the interior volunme and
adapted to receive vaporizable source naterial within the at |east
one support structure and to support the vaporizable solid source
material within the interior volume, characterized in that the at
| east one support structure disposed within the interior volunme
conprises any of (i) a nesh material, and (ii) a porous body, wherein
the at | east one support structure is configured to be charged with
t he vaporaybalitrered using e naterialliazing a rdativElydow apaficidelof Gatign, sedssla pofymer
claim1 wherein the support structure is configured to enable gas in
t he vesdaextioplt] tohelphilowddr reldvebt higlefior velodtisupport structure as the
vapori zabl e source material is vaporized. 3. The vapor delivery
vessel of cl @herchiaimderagibahéard ineshsuitsilemh@ler ooty shisdk tampaeitade tovkadp
material. 4. The vapor delivery vessel of claiml1l, wherein the at
| east ORepsidp pAtetalsh thecdotitamecaEps fiGasthioigh e konsin&0 die temperature at which
the container is to be heated for one or more embodiments may depend, for example, on the
material to be vaporized, on the amount of material to be vaporized, on the concentration of the
vaporized gas, and/or on the operating conditions of the processing equipment, for example, to
which the resulting gas is to be delivered. The temperature for one or more embodiments may be
in the range of, for example, approximately 40 degrees Celsius to approximately 300 degrees
Celsius.

Any suitable heating equipment may be used to help heat the material to be vaporized in
the container and/or to help regulate the temperature in the container. As illustrated 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 heater 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 manner. 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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5. The vapor delivery vessel of clains 1 or 3, wherein the porous
body conprises a porous netal. 6. The vapor delivery vessel of
clains, wherein the porous netal conprises porous stainless steel.

7. The vapor delivery vessel of claiml, wherein the at |east one
support structure is charged with the vaporizable solid source
material. 8. The vapor delivery vessel of claim1l1, wherein the at

| east one support structure is charged with the vaporizable solid
source material by pouring the vaporizable solid source material into
the at | east one support structure. 9. The vapor delivery vessel of
cl ai m 1 anélheinaennstitableane boask lidnw® elpopppdt e pusbrerteatescaaridgasgied t o
receive the vaporizable solid source material in the formof any of
powder , eaggplener ated particles, and crystalline form

The temperature at any suitable one or more locations around, on, and/or in the container
may optionally be monitored for one or more embodiments to help regulate the temperature in
the container. Any suitable one or more temperature sensing devices may be supported at any
suitable one or more locations around, on, and/or in the container in any suitable manner. As
examples, suitable temperature sensing devices may include, without limitation, a thermocouple,
a thermistor, and any other suitable temperature sensing junction or device arranged for
contacting any suitable thermally conductive surface in the container,

The container for one or more embodiments may be heated in any suitable manner to
help better distribute heat to help vaporize material in the container and/or to help reduce,
minimize, and/or avoid cooler locations or cold spots in the container where vaporized material
and/or gas resulting from contact of introduced gas with vaporized material 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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10. The vapor delivery vessel of claim1, wherein the at |east one
support structure is configured to be one of positioned and coupl ed
In thermal contact with the peripheral vessel wall. 11. The vapor
delivery vessel of claiml1l, wherein the at | east one support
structure is received within a holder configured to be received
within the interior volune. 12. The vapor delivery vessel of claim
11, wherein the holder includes a perneable support surface bounded
by a sidewall extending along a perineter of the perneabl e support
surface. 13. The vapor delivery vessel of claim 12, wherein the
si dewal lembgdiments gy be defingd oeitingdd] andéoo neuwddd it e cparinghie thekmal @sstadt with
wall. 14. The vapor delivery vessel of claim1l, wherein the hol der
i ncl udesnomenat seewhlisredlithctcpniainer dit coadihgr fatme katbe dablodiarests may be
configured to be received within the interior volune. 15. The vapor
del i ver jreat@bfi@h ond orahat widdwalfsaFhieone oonipre esibodingengatherersuet holder(s) have
one or more walls, such as one or more passageway sidewalls for example, and/or supports
formed using a heat conductive material, such wall(s) and/or support(s) may also help to increase
heated surface area in the container. The container and/or one or more holders for one or more
embodiments may be formed with an increased thermal mass to help maintain the heated
temperature in the container.

For one or more embodiments where solid material is to be vaporized by sublimation, the
vapor pressure of the solid material at a given temperature is the partial pressure of the solid
material at its vapor/solid interface where the number of molecules in the vapor condensing on
the surface of the solid material is the same as the number of molecules in the solid sublimed
from the surface of the solid material over a given time period. This equilibrium is disrupted by
removal of molecules in the 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.
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16. The vapor delivery vessel of claim1, coupled in gas delivery

rel ati onsh o sem conductor process equipnent. 17. The vapor delivery
vessel of claim 16, wherein the sem conductor process equi pnent
conprises ion inplantation equipnent. 18. A nethod of providing a
vapori zabl e source material within a vessel, conprising: formng a
vessel bounding an interior volume wth at | east one peripheral
vessel wall and having a gas outlet in fluid conmunication with the
interior volune; positioning within an interior volunme of the vessel
at | east one support structure, wherein the at | east one support
struct ure i sAagaptablt anpunieddkatimg papermaydisl veedto hielpeapmize matekialin e n
the at | east one support structure and to support the vaporizable

sol i d scontgigemdthe emahntwif pbrvex forhepiridéon dmaralalimghe @hairee iney depedd bm) for
that the at | east one support structure conprises any of (i) a nesh
mat er i alexaraplel thd chemistyoff digsndonidyto bakeporized, theehahistre abthe gasdntsadupalrihto
structure is charged with the vaporizable source material. 19. The
met hod e cohaingt, 13d/vhthe Gow rithef the Rtk Meel dohRct oF itRdhded gaewith O

enable gas in the vessel to flow through the at | east one support

st r uct unepciized MBteMAP Tbi R thoSdniodiniBatsChdaBthg pSwey 3AQ be &RMe available in
such an amount that the amount of heating power absorbed by the resulting gas is a relatively
small fraction of the available heating power, helping to maintain the heated temperature in the
container. The amount of available heating power for one or more embodiments may be in the
range of, for example, approximately 100 watts to approximately 3000 watts.

For one or more embodiments, gas introduced into the container may be preheated in any
suitable manner to any suitable temperature to help maintain the heated temperature in the
container. Introduced gas may be preheated depending on, for example, how the container is
heated, the length of the gas delivery line(s) for gas introduction, and/or the flow rate of
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 container.

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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20. The nethod of claim 17, wherein the at |east one nesh materi al

conprises a netal wool material. 21. The nmethod of claim 18, wherein
the at | east one support structure conprises the porous body. 22. The
met hod of clainms 18 or 21, wherein the porous body conprises a porous
metal. 23. The nethod of claim?22, wherein the porous netal conprises

porous stainless steel. 24. The nmethod of claim 18, further
conprising charging the at | east one support structure with the
vapori zabl e solid source material. 25. The nethod of claim 24,

further conprising charging the at | east one support structure by
pour i ng being delapedifmablhe cemting. Soclr ftie(s)ratyere oflany switablt kiee atd shgmsnd ong
support structure.
be formed using any suitable porous material of any suitable density. As one example, a frit
formed using a porous stainless steel having a pore size in the range of approximately 1 micron
to approximately 100 microns, for example, may be used for one embodiment.

As illustrated in the example embodiment of Figure 3, a generally circular frit 370 may
be positioned over top holder 360 to help filter solid material from gas flow directed over
material supported by holder 360 prior to delivery through the outlet defined through lid 306.
Frit 370 may define through a generally central region of frit 370 a generally circular opening
through which tube 305 may extend. Frit 370 for embodiment may be pressed over holder 360
in any suitable manner using any suitable structure as lid 306 is secured to container 300 to help
seal frit 370 over holder 360. The example embodiment of Figure 3 for one embodiment may
comprise in addition to or in lieu of frit 370 a frit positioned in the passage or outlet for gas
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 o 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

-49.



26. The nethod of claim 18, wherein the at |east one support
structure is arranged to receive the vaporizable solid source
material in the formof any of powder, agglonerated particles, and

crystal
one of
t her mal

line form 27. The nmethod of claim 18, further conprising
positioning and coupling the at | east one support structure in
contact with the at | east one peripheral vessel wall. 28.

The nmethod of claim 18, further conprising receiving the at |east one
support structure within a holder configured to be received within
the interior volune. 29. The nethod of claim 28, wherein the hol der

i ncl udesumopet towatdl the Sspgudmayderémased b inndéiteh gasoat aifdenedtd reitendi ng
al ong a perineter of the perneabl e support surface. 30. The nethod

of cl ai

Malial sobgoretd towdié thsisel@nakild. iPor ot ingid @fbddimérteniat b yarGaphant

t he peripheral vessel wall.

introduced into the container, the carrier gas may become mostly or fully saturated with
vaporized material prior to reaching vaporized material at or near the second end. For one or
more embodiments where a gas is introduced into the container to react with vaporized material,
introduced gas may react with vaporized material prior to reaching vaporized material at or near
the second end. For one or more embodiments, more material may be supported toward the first
end and less material may be supported toward the second end to help compensate for such
disproportionate removal of vaporized material. For one or more embodiments where a plurality
of holders are used to help support material in an interior region of a container, two or more of
such holders may optionally be sized and/or spaced to help support more material toward the
first end and less material toward the second end to help compensate for such disproportionate
removal of vaporized 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 a;l 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.
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31. The nethod of claim 28, wherein the holder includes one of a
plurality of vertically stackable holders configured to be received
within the interior volune. 32. The nethod of claim 18, further
conprising formng the vessel to include a gas inlet.

For one or more embodiments, any suitable level sensor may be used to help identify
when a holder or a bottom surface of an interior region is empty or near empty of material to be
vaporized in any suitable manner and to signal such identification in any suitable manner. An
optical or infrared level sensor, for example, may be used to direct radiation toward a reflective
support surface over which material to be vaporized is supported and to detect the reflection of
such radiation when material has been removed from the reflective support surface. As other
examples, an ultrasonic level sensor, a capacitive level sensor, and/or a rocker switch may be
used to help identify when a holder or a bottom surface of an interior region is empty or near
empty of material to be vaporized. As yet another example, an optical or infrared sensor, for
example, may be used to direct radiation through space over material being vaporized and to
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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valves 381 and 382 may be used to help purge valves 381 and 382, inlet coupling 391, and/or
outlet coupling 392. A valve 383 may optionally be coupled to tubing 395 to help regulate fluid
flow through the bypass passage. An inlet/outlet coupling 397 may optionally be used to help
define an additicnal inlet/outlet for the interior region of container 300 to help purge the interior
region.

Although described in connection with receiving a gas for contact with vaporized
material, vaporizer 110 for one or more alternative embodiments may not receive any gas but
rather may be used as a vapor draw where any suitable material may be vaporized in a container
and delivered to process equipment 120, for example, without being carried by or reacting with
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 forggoing 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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CLAIMS

1. A vapor delivery vessel, comprising:

a peripheral vessel wall bounding an interior volume;

a gas outlet arranged in fluid communication with the interior volume; and

at least one support structure disposed within the interior volume and adapted to receive
vaporizable source material within the at least one support structure and to support the
vaporizable solid source material within the interior volume, characterized in that the at least one
support structure disposed within the interior volume comprises any of (i) a mesh material, and
(ii) a porous body, wherein the at least one support structure is configured to be charged with the

vaporizable source material.
2. The vapor delivery vessel of claim 1 wherein the support structure is configured to enable gas
in the vessel to flow through the at least one support structure as the vaporizable source material

is vaporized.

3. The vapor delivery vessel of claim 1, wherein the mesh material comprises a metal wool

material.

4. The vapor delivery vessel of claim 1, wherein the at least one support structure comprises the

porous body.

5. The vapor delivery vessel of claims 1 or 3, wherein the porous body comprises a porous metal.

6. The vapor delivery vessel of claim 5, wherein the porous metal comprises porous stainless

steel.

7. The vapor delivery vessel of claim 1, wherein the at least one support structure is charged with

the vaporizable solid source material.
8. The vapor delivery vessel of claim 1, wherein the at least one support structure is charged with

the vaporizable solid source material by pouring the vaporizable solid source material into the at

least one support structure.
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9. The vapor delivery vessel of claim 1, wherein the at least one support structure is arranged to
receive the vaporizable solid source material in the form of any of powder, agglomerated

particles, and crystalline form.

10. The vapor delivery vessel of claim 1, wherein the at least one support structure is configured

to be one of positioned and coupled in thermal contact with the peripheral vessel wall.

11. The vapor delivery vessel of claim 1, wherein the at least one support structure is received

within a holder configured to be received within the interior volume.

12. The vapor delivery vessel of claim 11, wherein the holder includes a permeable support

surface bounded by a sidewall extending along a perimeter of the permeable support surface.

13. The vapor delivery vessel of claim 12, wherein the sidewall is configured to thermally

contact the peripheral vessel wall.

14. The vapor delivery vessel of claim 11, wherein the holder includes one of a plurality of

Verticélly stackable holders configured to be received within the interior volume.
15. The vapor delivery vessel of claim 1, further comprising a gas inlet.

16. The vapor delivery vessel of claim 1, coupled in gas delivery relationship to semiconductor

process equipment.

17. The vapor delivery vessel of claim 16, wherein the semiconductor process equipment

comprises ion implantation equipment.
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18. A method of providing a vaporizable source material within a vessel, comprising:

forming a vessel bounding an interior volume with at least one peripheral vessel wall and
having a gas outlet in fluid communication with the interior volume;

positioning within an interior volume of the vessel at least one support structure, wherein the
at least one support structure is adapted to receive vaporizable source material
within the at least one support structure and to support the vaporizable solid source
material within the interior volume, characterized in that the at least one support
structure comprises any of (i) a mesh material, and (ii) a porous body, wherein the at

least one support structure is charged with the vaporizable source material.
19. The method of claim 18 wherein the support structure is configured to enable gas in the
vessel to flow through the at least one support structure as the vaporizable source material is

vaporized.

20. The method of claim 17, wherein the at least one mesh material comprises a metal wool

material.

21. The method of claim 18, wherein the at least one support structure comprises the porous
body.

22. The method of claims 18 or 21, wherein the porous body comprises a porous metal.

23. The method of claim 22, wherein the porous metal comprises porous stainless steel.

24. The method of claim 18, further comprising charging the at least one support structure with

the vaporizable solid source material.

25. The method of claim 24, further comprising charging the at least one support structure by

pouring the vaporizable solid source material into the at least one support structure.
26. The method of claim 18, wherein the at least one support structure is arranged to receive the

vaporizable solid source material in the form of any of powder, agglomerated particles, and

crystalline form.
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27. The method of claim 18, further comprising one of positioning and coupling the at least one

support structure in thermal contact with the at least one peripheral vessel wall.

28. The method of claim 18, further comprising receiving the at least one support structure

within a holder configured to be received within the interior volume.

29. The method of claim 28, wherein the holder includes a permeable support surface bounded

by a sidewall extending along a perimeter of the permeable support surface.

30. The method of claim 29, wherein the sidewall is configured to thermally contact the

peripheral vessel wall.

31. The method of claim 28, wherein the holder includes one of a plurality of vertically stackable

holders configured to be received within the interior volume.

32. The method of claim 18, further comprising forming the vessel to include a gas inlet.
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