REAGENT DI SPENSI NG APPARATUS AND DELI VERY METHOD Field of the Invention
[ 00011 This invention relates to a vapor or |iquid phase reagent dispensing
apparatus that may be used for dispensing vapor or |liquid phase reagents
such as precursors for deposition of materials in the manufacture of
sem conductor materials and devices. Background of the Invention (0002]
Hi gh purity chem cals used in the sem conductor and pharnmaceuti cal
i ndustries require special packaging to naintain their purity in storage.
This is especially true for chemcals that react with air and/or noisture
AGENTL G ARPA R4 RHIVERMWMEIHOR cont ai ners
such as bubblers or anpoul es. 10003] Mdern chem cal vapor deposition and
atom c | ayer deposition tools wutilize bubblers or anpoules to deliver
precursor chemgahsihk fn@eng8RosSi tion chanber. These bubbl ers or anpoul es
wor k by passing a carrier gas through a container of high purity liquid
precur sor che#ﬂwalThﬁdnwaﬁkyﬂﬂ@wﬁhbabméﬁafb@NdP@aﬁUﬁa%¥%gﬂpﬁﬁﬂﬁ the gas to
t he deposition chamber, 100041 The ,containers are typical tured as
ei t her One_paPPW¥§P§§?iFW§%F8§“i@%95ngpﬁ#$@%}ggﬁ‘bng%§§a egagy%%%the base)
or two-part (iprRursofstBr HQRsERUST nffterlaidin thémbemavakd & semdontibeobase and can
be attached to the base by bolts) containers. The one-part containers have
a hi gh degr ee nofteriaht aglrdevyces.but are nore difficult to clean than the
two-part containers. Because the top cover or lid can be renoved fromthe
base, the two-part containers are easier to clean but are nore difficult to
seal and reusgackash®d ofthediicigo@l | ows for the reuse of a two-part contai ner
beyond what may be achieved wth a one-part container. Reuse of containers
is  inportant [0WR] digh pitysheminstssisadhin e semicopdushang hampageudGheer ns.
(00051 As integrated circuits ;have decreased.in. sSi . e the:.di nensi ons
of the interf tm%gﬁﬂ%ﬁ@ﬁﬁgﬂ%ﬁl?gg 1%%@§ﬁ%§agh@e§?§§g1§§g§§%géﬁ}§?he need
for nore pur @sghrMyGakFonaenteds eapeadiwigh yr indoeasscirt i i airmsaeh t he
effect of - 1 ‘inpurities. Suppliers therefore, nust be able to not only
manuf act ur e hihigh puity ghemicals are typically supplied in containers such as bubblers or

ampoules.

[0003] Modern chemical vapor deposition and atomic layer deposition tools
utilize bubblers or ampoules to deliver precursor chemicals to a deposition
chamber. These bubblers or ampoules work by passing a carrier gas through a
container of high purity liquid precursor chemical and carrying the precursor
vapor along with the gas to the deposition chamber.

[0004] The containers are typically manufactured as either one-part (i.e., the top
cover or lid is not removable from the base) or two-part (i.e., the top cover or lid
is removable from the base and can be attached to the base by bolts) containers.
The one-part containers have a high degree of integrity, but are more difficult to
clean than the two-part containers. Because the top cover or lid can be removed
from the base, the two-part containers are easier to clean but are more difticult to
seal and reuse. Easier cleaning allows for the reuse of a two-part container
beyond what may be achieved with a one-part container. Reuse of containers is
important for minimizing costs and also for environmental concerns.

[0005] As integrated circuits have decreased in size, so have the dimensions of
the internal components or features. As the sizes decreased, the need for more

pure chemicals has correspondingly increased to minimize the effect of



chem cals, but nust also be able to deliver themin a container which wll
mai ntain the high purity. 100061 The standard materials of construction for
these containers shifted from the delicate quartz containers to stainless
steel in the late 1990's. See, for exanple, U S. Patent No. 5,607, 002.
These containers are known in the industry either as bubblers or anpoul es
and are now routinely constructed of stainless steel, e.g., 316SS. See, for
exanple, U S. Patent Nos. 3,930,591, 6,029,717 and 7,077,388. 100071
Further, in nost cases, it is necessary to heat the anpoul e by sonme neans
in order to ingp@ars. SOEpIwaPOerdisreSHUstdeQble th@ops e uidaracard highysirincr ease
the amount of chemcal in the carrier gas. It is Inportant to nonitor the
tenperature 6fenpiges) hugaiugt peebaplle o ddest ham inmjoatint Wine Withboul e to
control the vapor. . Qﬁ§§§ﬁrﬁﬁt 00081 It is also inportant to know when the
i quid precursor cheni €&l PPhside of the anpoul e is close to running out so
that it can beodepngestaalart hert@nds of coastrednienifeaheséaparaitepssiied fomor at om ¢
| ayer deposition cycle. If the anpoule should run dry in the mddle of a
cycl e, the entherdslipait @Hares conigingrs taptpinlepestegliin & 1atﬁé§§0’tﬁi n§e-ifAr a potenti al

| oss of mlli I te ) er-gf i I - v little
liquid precurggin@kggﬁcg%£§§w%6%§§%ﬁq;ﬁ#%ggggxgﬁ ?ﬁggéﬁﬁgﬁﬂéq@%ﬁg$§ﬁh
wasting the vaithalk eubblepdiod apipecids st are Mewi roalinc Asodshaced st safniakeni cal

precursors increase, wasting as little chem cal as gossible becomes nore
i mport ant. [ 0609} cBoB16%w- pe forxgmpu ki3 atmehioeal. bt lat WP 1Y éngai n
conmmer ci al agQﬁgggbce, it wll be necessary to develop a nore reliable
seal, U S. Patent’"No. 6,905,125 relates to a netal gasket such as Cring

gasket to prey®wr| Feakagm 9bst chicy] idisfiecossssend dondhcimpourabyukant tching
apparatus. H gh purity chemcals for the electronics industry require
| eak-ti ght coft@idpeiogngragse the vapabPestuse af the Preeneson pththuy secieast theoo101 1t

woul d be desirahl & Jffahgngﬁg%teuﬁ&s ?ar{gl@gvasgﬁt B nBa2 &&m%hﬁ&nmg}@em%e?ﬁwe. vapor

or liquid phase reagen a which I's capa mai nt ai ni ng
high - 2 of the liquid precursor chemical inside of the ampoule to control the vapor
pressure.

[0008] It is also important to know when the liquid precursor chemical inside of
the ampoule is close to running out so that it can be changed at the end of a
chemical vapor deposition or atomic layer deposition cycle. If the ampoule
should run dry in the middle of a cycle, the entire batch of wafers will be ruined
resulting in a potential loss of millions of dollars. It is therefore desirable to leave
as hittle liquid precursor chemical as possible inside of the ampoule to avoid
wasting the valuable liquid precursor chemical. As the cost of chemical
precursors increase, wasting as little chemical as possible becomes more
important.

[0009] For two-part high-purity chemical containers to gain commercial
acceptance, it will be necessary to develop a more reliable seal. U.S. Patent No.
6,905,125 relates to a metal gasket such as C-ring gasket to prevent leakage of
fluid from semiconductor manufacturing apparatus. High purity chemicals for the
clectronics industry require leak-tight containers that are able to withstand high
vacuum.

[0010] It would be desirable in the art to provide an easy to clean, two-part vapor

or liquid phase reagent dispensing apparatus which is capable of maintaining high



purity of the precursor chem cal and al so increasing the usage of the
precursor chemcal in the apparatus, and correspondi ngly reduci ng waste
thereof. Summary of the Invention [00111 This invention relates in part to
a vapor phase reagent dispensing apparatus conprising: 100121 a vessel

whi ch conprises a top wall menber, a side wall nenber and a bottom wal
menber configured to forman internal vessel conpartnent to hold a source
chemcal up to a fill level and to additionally define an inner gas vol une
above the fill level; [00131 said top wall nenber having a first face sea
port opening, puritgefiepréaecersbahicploamt adqoéném@ilagﬂﬁhemlpztgecnfahd precurgoror nor e
ot her face seal peni ngs; [00141 sai d lace seal port opening
having a carri %hen@%fi i @@&pmﬂa@ﬁ a“FﬁCPffF?R?nék‘S‘ﬁ wdng apiethereofp11151 an
adapter conprising a netal face seal gasket jOIned to a tube that extends
through the first face seal port opening and said inner gas volune into the
source chenica$mamdnmﬁhmuhhemmMch a carrier gas can be bubbled into the
source chem cal o cause at ?ast a portion of source chem cal vapor to
becone entrain 81 Ji hig grvgntien relades lﬁé’érttt%aﬁﬁwd@ésearef‘g BPeRYPor phase
reagent to salﬁ,bgﬂgqm isingol une above the fill level, said tube having an
inlet end adjacent to the first face seal port opening and an outlet end
adj acent to th@Othton1mmk&mﬂemmehcmﬂﬁ@&@ﬁtqawdﬂhnmﬂmrﬁanéawehhumdmr openi ng

and said carrier, gas feed inl tin Vi ng. opposi ng . surf aces, mhereln
the opposi ng st @“hW@“HHPleﬁC %?mqaﬂ?ﬂgﬁﬁggé COMPHERFAL 1Q5i ¢

netal face seaj,g ?%5@1&: b&ifgaaly t@%qﬁl R0 dnfl t&Q&HlﬁSﬁalW&ehné he mdapg&S' ng

surfaces of said first face se port opening and sai'd carrier gas feed
i nl et f|tt|ngwﬂmﬂ@m&kmﬂhsﬁﬁdem@,neans for securing the carrier gas feed
inlet fittin ai d face seal port openj.ng through the opposin
surf aces andgsﬁgHﬁnetal §@§Fme@§§' Ving, Séhwgsaﬂpon%pm“n& PP ]

second face seal port opening and optionally one or more other face seal port

openings;

[0014] said first face seal port opening having a carrier gas feed inlet
fitting connected thereto;

[0015] an adapter comprising a metal face seal gasket joined to a tube that
extends through the first face seal port opening and said inner gas volume into the
source chemical and through which a carrier gas can be bubbled into the source
chemical to cause at least a portion of source chemical vapor to become entrained
in said carrier gas to produce a flow of vapor phase reagent to said inner gas
volume above the fill level, said tube having an inlet end adjacent to the first face
seal port opening and an outlet end adjacent to the bottom wall member;

{0016] said first face seal port opening and said carrier gas feed inlet
fitting having opposing surfaces, wherein the opposing surfaces are not in contact
with one another;

[0017] said metal face seal gasket being aligned and in contact with the
opposing surfaces of said first face seal port opening and said carrier gas feed inlet
fitting;

[0018] fastening means for securing the carrier gas feed inlet fitting to said
first face seal port opening through the opposing surfaces and said metal face seal

gasket; and



1() 0191 said second face seal port opening having a vapor phase reagent
outlet fitting connected thereto, through which said vapor phase reagent can
be dispensed fromsaid apparatus. [00201 This invention also relates in
part to a nmethod for delivery of a vapor phase reagent to a deposition
chanmber conprising: 100211 providing a vapor phase reagent dispensing
apparatus conprising: 100221 a vessel which conprises a top wall nenber, a
side wall nenber and a bottomwall nenber configured to forman internal
vessel conpartment to hold a source chemcal up to a fill level and to
additional ly de6i9je an idanksecgabfacy sdalipert apanigg hiéngd a Vhpdremede red 20231 sai d
top wall nmenber having a first face seal port aopening, a second face sea
port opening aidlcbptingsanteptegdibersio. Hupwehothigh s3id vapyhpssispgent 6yeRs ngs:

100241 said fif | pening having a carrier gas feed inlet
fitting conneé%%%n%ﬁgggﬁggdfggé %Qan adapter conprising a netal face seal

gasket j oi ned [002¢ Thib&vehiadn alexiebnetsintphrtao gmetinel for dsliveipofa sgar port
openi ng and sai d inner ?as volupe into the source chem cal and through
whi ch a carri thagasagat ha deRSBIBEARPY ORYISHEF ce  chemical to cause at

| east a porti sour hem - . j LRsal.d
carrier gas tgﬂgr duce gﬁPfgﬁﬁ%fgnggggﬁg%gmggg en%ﬁggﬁgggggf%%g¥ﬁg%s
vol unme above t[o82%]i | | | eaedsselsdiich ¢anyerisaay topgwalhmenibet, asidt wall acerer t o t he

first face seal port opening.and an outlet end adjacent to the bottom wal l
menber; [ 002612084 Rptiopy wall ﬂl&&é)eéeﬁgﬁmtogﬁ@h?lh@t%{ﬁ% EATeH CRUBPHTBINEAS f eed

inlet fittin [ | r.f ks pAshhehsHLfaces are
not in contac?uma%%ﬂggﬁgRgﬁg%ﬁgﬁgaf%%%i?Zégﬁégkg?gﬁﬂyggg iga rlga%set bei ng
al i gned and i nvatant aletvewhd hilltidhwel, opposi ng surfaces of said first face sea
port opening and said carrjer gas feed inlet _fitting; 100281 fastening

neans for secdpﬁﬁﬂ t he dﬁFPPEﬁW§H§mF@§ ay e firpt F?ﬁ%lPﬁigaWHn&Fﬁrst face

332L£9r t openioBghd AELUANL S ARSI BHETPGRSoraRt- SRl tiERtgh Joace seal

openings;

[0024] said first face seal port opening having a carrier gas feed inlet
fitting connected thereto;

[0025] an adapter comprising a metal face seal gasket joined to a tube that
extends through the first face seal port opening and said inner gas volume into the
source chemical and through which a carrier gas can be bubbled into the source
chemical to cause at least a portion of source chemical vapor to become entrained
in said carrier gas to produce a flow of vapor phase reagent to said inner gas
volume above the fill level, said tube having an inlet end adjacent to the first face
seal port opening and an outlet end adjacent to the bottom wall member;

[0026] said first face seal port opening and said carrier gas feed inlet
fitting having opposing surfaces, wherein the opposing surfaces are not in contact
with one another;

[0027] said metal face seal gasket being aligned and in contact with the
opposing surfaces of said first face seal port opening and said carrier gas feed inlet
fitting;

[0028] fastening means for securing the carrier gas feed inlet fitting to said
first face seal port opening through the opposing surfaces and said metal face seal

gasket;



4 10029] a carrier gas feed line extending exteriorly fromthe carrier gas
feed inlet fitting for delivery of carrier gas into said source chem cal
the carrier gas feed line containing one or nore carrier gas flow control
val ves therein for control of flow of the carrier gas therethrough; [00301
said second face seal port opening having a vapor phase reagent outlet
fitting connected thereto, through which said vapor phase reagent can be

di spensed from sai d apparatus; and [0031] a vapor phase reagent discharge

| i ne extending and exteriorly from the vapor phase reagent outlet fitting
for renmoval of[0929or phasearriecagsfted lienoxsaidthg dxmwitydfaan vied canerglaovedt he
fill level, the vapor hase reagent di scharge line optionally containing
one or nore vapbt gHesler dedaGene qam%g@éﬁtt?ézrld\?@llr%ghét%léalefh@ caftiy Eontrol  of

f1ow of ‘the vapos §ANASE,EAAENL: ST ELEOUANI\] 0932) AJAl g SPKECEyEen cal

to said vapor ase reagen I spensi ng appar at us; eat1 ng the source
chem cal |ns%mﬁﬂmmpbﬂmphaﬁfgﬂem@&ﬂﬁomﬂspen5|ng appar at us to a tenperature

sufficient to vagorlze t he sourcglchenlcal to gOVIde vap phase r eagent ;
10034] f eedi nglP83®lar ri ersaghiecPd Gics 474k POHOBFN PR ATENE 8 AGRMPIEFSITR#RN ng

appar at us t hr oygfl; §ald SAREAE thdkR, ftfﬁS@gH hAgh v% hHabRn %QQS‘&be

w t hdrawi ng t he vapor “phase reagent carrier fron1sa vapor phase
r eagent d|spen&m&gyﬁb@@h&hﬂ&mbmmomghxsald vapor phase reagent discharge
line; and [00361 feeding the vapor phas reagent and carrier gas into said
deposition chi@fdbr. [00%??*Tﬁh§wrﬁﬁﬁﬁﬁ ighargerlingeitongdingawd exisTigEY fromy o

0 phse eeagily flsbelil aRmieL S ARG S 0%BL eyl o o
configured to mnmqmamohmkﬁﬂmakdwﬁﬁsEWebdmpapmmﬁn$ekmgmhdhdhagsmuece chem ca
]ch ip| |t O| ZV](;: l . gp\{%lnal?}ll’] 9011ttz?1maﬁgdc;nte Io? gl%lr(le Xap%?fpilali’]see rgarée}itn c?vrv Cgl?t?ol vanes t ereai'rtl) ove the

for control of flow of the vapor phase reagent therethrough;

[0032] adding source chemical to said vapor phase reagent dispensing

apparatus;

[0033] heating the source chemical in said vapor phase reagent dispensing

apparatus to a temperature sufficient to vaporize the source chemical to provide

vapor phase reagent;

[0034] teeding a carrier gas into said vapor phase reagent dispensing

apparatus through said carrier gas feed line and said tube;

[0035] withdrawing the vapor phase reagent and carrier gas from said

vapor phase reagent dispensing apparatus through said vapor phase reagent

discharge line; and

[0036] feeding the vapor phase reagent and carrier gas into said deposition

chamber.

{0037} This invention further relates in part to a liquid phase reagent dispensing

apparatus comprising:

[0038] a vessel which comprises a top wall member, a side wall member

and a bottom wall member configured to form an internal vessel compartment to

hold a source chemical up to a fill level and to additionally define an inner gas

volume above the fill level;



- J [00391 said top wall nenber having a first face seal port opening, a
second face seal port opening and optionally one or nore other face seal

port openings; [0040] said first face seal port opening having an inert gas
feed inlet fitting connected thereto, through which an inert gas can be fed
into the inner gas volune above the fill level to pressurize the inner gas
vol ume above the fill level; [0041] said second face seal port opening
having a |iquid phase reagent outlet fitting connected thereto; 100421 an
adapter conprising a netal face seal gasket joined to a tube that extends

t hrough the s€003 f ace sebloppoit mepbernginzrdith@ce ssaéporgapeniog,ume into the
source chem cal and through which |iquid phase reagent. can he di spensed
fromsaid appaﬁeﬁ‘f‘lilsf,ac%%ﬁagp?r&B%erh%ﬁ/?wpé‘ﬁnﬁls}‘f ‘i’@toréﬂﬂeé)&?eégﬁtse?ld’%e second
face seal pon;egggging and an inlet end adjacent to the bottomwall menber;
[ 0043] said seébn ‘ace seal port opening and said |iquid phase reagent
outlet fitting0b#i ng oppabiingfsesdahpes opaheg baving heineppas ifeeg 1slat fimpes ar e
not in contact wth one another; 0441 said tal , face seal asKet bei ng
Al gned and | rFOBBTRSLTCTHE ATPRE: Wa[fg&gilﬁat SirerR e IE e dniss ¢an i e seal

port opening az{?)g]}/%ﬁ‘f-eqill JeQLtitd ppégé‘r?r?z_e tﬁéagﬁgxﬂéas%wlﬁé atfoivtettlilenlﬁlil |&Rd [00451

fasteni ng neans securing the [1qui ase reagent outlet fitting to said
second face sd@bD4Hort opan segotdhfaoeigtal phre oppposhngng atifjaidghasndagat d net a
face seal gasket, &00461 This invention yet further relates in part to a
met hod for del Wik §tige cannssigddhersivase reagent to a deposition chanber

conpri si ng: 1(@64@ pr OViaCilliz{Eigpt% Lélﬂwiﬁrﬁ%yﬂﬁe@al rf&%%@&ltgagie‘é P&Héd {och @BPRLAL US
conprising: [0048] a vessel Ich conprises a top wall nenber, a side wall
menber and a dxtdndethroegH thesadoed faentilgurtegehimgfaod theaimnémgas vnhimeviess el

conpartnment to, hold squr.ce chem cal. up. to fill level and to
addi tional |y d8fPoHEcH Wﬁaérane&goug)bwhwﬁ%aﬁ aphigagqn i e disperged

from said apparatus, said tube having an outlet end adjacent to the second face
seal port opening and an inlet end adjacent to the bottom wall member;

[0043] said second face seal port opening and said liquid phase reagent
outlet fitting having opposing surfaces, wherein the opposing surfaces are not in
contact with one another;

[0044] said metal face seal gasket being aligned and in contact with the
opposing surfaces of said second face seal port opening and said liquid phase
reagent outlet fitting; and

[0045] fastening means for securing the liquid phase reagent outlet fitting to said
second face seal port opening through the opposing surfaces and said metal face
seal gasket.

[0046) This invention yet further relates in part to a method for delivery of a
vapor phase reagent to a deposition chamber comprising:

[0047] providing a liquid phase reagent dispensing apparatus comprising:
[0048] a vessel which comprises a top wall member, a side wall member
and a bottom wall member configured to form an internal vessel compartment to
hold a source chemical up to a fill level and to additionally define an inner gas

volume above the fill level:;



[ 00491 said top wall nenber having a first face seal port opening, a second
face seal port opening and optionally one or nore other face seal port

openi ngs; [00501 said first face seal port opening having an inert gas feed
inlet fitting connected thereto, through which an inert gas can be fed into
the inner gas volune above the fill level to pressurize the inner gas

vol ume above the till level; [00511 said second face seal port opening
having a |iquid phase reagent outlet fitting connected thereto; 100521 an
adapter conprising a netal face seal gasket joined to a tube that extends
through the sqoodyj face sabdoppaiitmepbaiHagingndikhRcd agpogageniog ume into the
source chem cal and through which Iiquid phase reagent can be di spensed
from sai d appaeednisfacasgabipert peemzg andgerinylt pastoranere adjeadastsetldotthe second
face seal pon}eggﬁging and an inlet end adjacent to the bottomwall nenber;
100531 sai d second-tace seal port opening and said |iquid phase reagent
outlet fittingobsoji ng oppasiingfastkdaapes opwhieg Riving heireppas ifved isldr fidipgs are
not in contact with one another; 10054] said netal face seal gasket being
al i gned and i rfoBagrtethersia. fhronegh Whishasiinggt &isrera dedebintaiednigs Eahdlpmge seal

t ! AR Ui PET foctom
port opening %ﬂvéﬁ{eﬁgl qe?%’il}? 8?%%%% tﬁeeﬁ'ng%“&as%‘dﬂngetatﬁv%:tllﬁe“gu 1d,@055] fasteni ng

means for securing S€ reagent ou n to’said second
face seal port[0dopgni ng tdaidsegbnd free opPpsit bpersug hadesa Andidghast eegark face
seal gasket; [0056] an inert gas feed |ine extending exteriorly fromthe
i nert gas feedutlehiigingrppiscky thesetodel i very of inert gas into said inner gas

vol unme above t il leyve | F ; i i ni or nore
i nert gas floﬂbg%atrol J%V%%gwtE@Pgﬁﬁﬁé?ggﬁggﬁgsg¥g%?“%ﬁ%&?% Eg%g@?ﬁ%rt gas
t her et hr ough; emnchdi@Qbudh e lsé@utl daqelrasigoraagaint add slechiangegak ivoRiexihendi ng
exteriorly fromthe |iquid phase reagent. outlet fitting for renoval of

li qui d phase ﬂé%&@ﬁﬁ3@F@Hf%épéﬂ“@@§b@%Whﬁﬁé@Hﬂﬁﬁ?@a%ﬁé§@’P%éﬁﬁﬁﬁe%ischarge

e 2P one Ly s BB Ay o b g o cont o
t her et hr ough; seal port opening and an inlet end adjacent to the bottom wall member;
[0053] said second face seal port opening and said liquid phase reagent
outlet fitting having opposing surfaces, wherein the opposing surfaces are not in
contact with one another;
[0054] said metal face seal gasket being aligned and in contact with the
opposing surfaces of said second face seal port opening and said liquid phase
reagent outlet fitting;
[0055] fastening means for securing the liquid phase reagent outlet fitting
to said second face seal port opening through the opposing surtaces and said metal
face seal gasket;
[0056] an inert gas feed line extending exteriorly from the inert gas feed
inlet fitting for delivery of inert gas into said inner gas volume above the fill level,
the inert gas feed line containing one or more inert gas flow control valves therein
for control of flow of the inert gas therethrough; and
[0057] a liquid phase reagent discharge line extending exteriorly from the
liquid phase reagent outlet fitting for removal of liquid phase reagent from said
vessel, the liquid phase reagent discharge line optionally containing one or more
liquid phase reagent flow control valves therein for control of flow of the liquid

phase reagent therethrough;



[ 0058] adding liquid phase reagent to said |iquid phase reagent dispensing
apparatus; [0059] optionally heating a solid source chemcal in said liquid
phase reagent dispensing apparatus to a tenperature sufficient to nelt the
solid source chemcal to provide |iquid phase reagent; [0060] feeding an
inert gas into said |iquid phase reagent dispensing apparatus through said
inert gas feed line; [0061] withdrawing the |iquid phase reagent fromsaid
| i qui d phase reagent dispensing apparatus through said tube and said liquid
phase reagent discharge |ine; [0062] providing a vaporization apparatus
conprising: [(J068] a vessldingdanid phuseccapentftosand diquidyihasnshgare dsebnsing
conpartnent to vaporize the liquid phase reagent; [0064] said |iquid phase
reagent di schaP§&4ne connecting the |iquid phase reagent dispensing

apparatus to s[gbgbljvapor i@ﬁ@%h&lﬂy l?é%ﬂﬁg aLuRd sc[tﬁ)%gé%nﬁca@% L@ ﬂgﬁ?ﬁ{d %Q?e

vapori zati on apparatus having a carrier gas Inlet open t hr ough
whi ch carri er mgasntdinpdeirpegpamtio ts aitahpeagpore sefidian tappértbt sidid sourceause
vapor of said quuig phase reagent to beconme entrained in said carrier gas

to produce véﬁé@“ﬁ tsRroyids Jighid Phagisasens porti on of the vaporization
apparat us havifge® Vaporepiassn ide ?ﬂ#to?&!@llighid%%gé{@:_9§érﬂ_rd§§ ghsighi ch said

vapor phase reagéﬂt can be dr spense rom sai d ‘'vapori zati on appar at us;
[ 0067] a carriappagas theegh kdidéncexdasmetidigief rom t he carrier gas feed inlet

opening exterigrly fromthe vaporjzati.Qn apparatus for. delivye of carrier
gas into saidBQQ%orizaﬂW rﬁﬁg@ﬁ&iﬁ@? PH@wdﬁﬁprgoﬁéﬁl é%HYP&%S cont ai ni ng
one or nore L.en: ol : K r of flow of
the carrier ggg&#?ﬁg?g%§¥ld§ﬁ@% Og%g%gg§@§§§ﬁ%gﬁ§§g%ﬁggggﬁggﬁ%%%ﬁarge l'ine

ext endi ng fronditdhergedpor phase reagent outl et opening exteriorly fromthe

vapori zation 3, ggatus for . renoval .of vapor phase reagent from said
vapori zation BE lat us tRIOYSI 3 YERHEIHONGRPHARKHEPIIERE: vapor phase reagent

di scharge I'ingopgd)i onal |y, &ANt8AMLRE to form an internal vessel compartment to
vaporize the liquid phase reagent;
[0064] said liquid phase reagent discharge line connecting the liquid phase
reagent dispensing apparatus to said vaporization apparatus;
[0065] a portion of the vaporization apparatus having a carrier gas feed inlet
opening through which carrier gas can be fed into said vaporization apparatus to
cause vapor of said liquid phase reagent to become entrained in said carrier gas to
produce vapor phase reagent;
[0066] a portion of the vaporization apparatus having a vapor phase
reagent outlet opening through which said vapor phase reagent can be dispensed
from said vaporization apparatus;
[0067] a carrier gas feed line extending from the carrier gas feed inlet
opening exteriorly from the vaporization apparatus for delivery of carrier gas into
sald vaporization apparatus, the carrier gas feed line containing one or more
carrier gas flow control valves therein for control of flow of the carrier gas
therethrough;
[0068] a vapor phase reagent discharge line extending from the vapor
phase reagent outlet opening exteriorly from the vaporization apparatus for
removal of vapor phase reagent from said vaporization apparatus to said

deposition chamber, the vapor phase reagent discharge line optionally containing



- 8 one or nore vapor phase reagent flow control valves therein for contro
of flow of the vapor phase reagent therethrough; 100691 feeding the liquid
phase reagent into said vaporization apparatus; 100701 heating the liquid
phase reagent in said vaporization apparatus to a tenperature sufficient to
vaporize the liquid phase reagent to provide said vapor phase reagent;
[0071] feeding a carrier gas into said vaporization apparatus through said
carrier gas feed line; 10072] w thdrawi ng the vapor phase reagent and
carrier gas fromsaid vaporization apparatus through said vapor phase
reagent di schanmgermareyamnghaskd8aht fleedbnigoltvadyes apoein phiasatobagdow ofind
carrier gas iq%o sai d depositign chanber. [00741 This invention also

rel ates in parf€ V&P Phajsdragshaderegi@ht di spensing apparatus conprising:

[0075] 2 vessehoyd)i ch CORRIHSAR Ry PPt kas BRTASwipbifuRlbpiieber  and a

bottomwal | nmenber configure an internal vessel conpartnent to

hol d a source [0B&i cal umating thefliquid plesetcagad i eaiddeipdrizanah hypadehs toer an

i nner gas vol unme above ﬁhe fill |eve ,.%0%33% said top wal |l mgnber havi ng a
face seal port'BpeRIMGSUAAICDIRABARTY e HRRIdRAasrcasss] Hproyide saideiapomor ¢

openi ngs; 100%%%5@ﬁ£ g seal tee fitting having a face seal opening, a
carrier gas feed infet” opening and a vapor phase reagent outlet opening;

[ 00781 said fg687Heal padictdiogeramgr havintvgsaghyapofiagtenspahratwsahfough sad
connected thereto through the face seat opening, said face seal port opening
and said facémggﬁﬁaﬁgﬁaﬂﬁﬁ9having opposi ng surfaces, wherein the opposing

surfaces are @)l N CON AR aWdnO0EARALIGE k0L A e oRRaly gasket

being aligned and’in contact wth t posin surfaces of said face seal
port openi ng angoszitdnfappaEraseahrooglesiidigapor P8)redgast dpilnagenemnsnd or securi ng

the face seal fittin 0 said face seal port opening thr h t.he
opposi ng sur f a@ﬁibland Saﬁ%g&lp%gg @Ray pl@xé%{gég?nt%nd carrlgr gas mto salci)clfle%osmon

chamber.

[0074] This invention also relates in part to a vapor phase reagent dispensing
apparatus comprising:

[0075] a vessel which comprises a top wall member, a side wall member
and a bottom wall member configured to form an internal vessel compartment to
hold a source chemical up to a fill level and to additionally define an inner gas
volume above the fill level;

[0076] said top wall member having a face seal port opening and
optionally one or more other face seal port openings;

[0077] a face seal tee fitting having a face seal opening. a carrier gas feed
inlet opening and a vapor phase reagent outlet opening;

[0078] said face seal port opening having said face seal tee fitting
connected thereto through the face seal opening, said face seal port opening and
said face seal opening having opposing surfaces, wherein the opposing surfaces
are not in contact with one another;

[0079] a face seal gasket being aligned and in contact with the opposing
surfaces of said face seal port opening and said face seal opening;

[0080] fastening means for securing the face seal tee fitting to said face

seal port opening through the opposing surfaces and said face seal gasket;



- [ 0081] an adapter conprising a netal face seal gasket joined to a tube
that extends through the carrier gas feed inlet opening, the race seal
openi ng, the Pace seal port opening and said inner gas volune into the
source chem cal and through which a carrier gas can be bubbled into the
source chemcal to cause at least a portion of source chem cal vapor to
becone entrained in said carrier gas to produce a flow of vapor phase
reagent to said inner gas volunme above the fill level, said tube having an
inlet end adjacent to the carrier gas feed inlet opening and an outlet end
adj acent to tHeostt om valddapenbernpridifl08rletas &icd sedniiert jdas] theaadbd thhet
opening having a carrier gas feed inlet flttlnq attached thereto; [00831
said carrier gagenfieéwom tg@ Cepéhg%gfe%@leéapanea he Bee 5end opusme.ithg B€S fitting

havi ng opposi ng, Sirf aces, WISKRdNe: QARRSHNE RULIAREH RS DO i ont act
BT e GO U DRSO R RS TR PR

wi th one anoth ace sea bel ng I gne %nd in
contact with tvhlﬁch OPNoISH PG (Siurbfaaﬁabbled)ﬁntsﬂledsoﬁﬁ;lél’chaﬁmghﬁ) d‘aaedatnedseﬁ openi ng
and said carrier gas feed inlet fitting; [0085] fastening nmeans for
securing the dRFtiqreRf S@a@efcéealqahmorfq *chpws eﬂ%sa@af#aw%wrlerg@é% feed inl et

openi ng t hr ough, §e ,GPROS o5 HIBEERAN <5 thTBhal ol ACSnoed: rgasket ; and

[ 00861 annul a space e ou rdtu n e | nner

wal | s of said leal rgaeirtugaha\ﬁe@dn inkdtehd agacimg the aadict aeefesé allctapeningg and
said face seal port opening, thraough mhlch said vapor phase reagent can be
di spensed froﬁPd§§PHt%pﬁ§@§Pﬁ§“ﬂ%F oVl (8p8Ephase reagent outl et

openi ng. [ 008 [6(@3' s ”V%Wda?ﬁer‘;g;dg kg nlEPJép%%ﬁFg Ha@m%ﬁéa i&k g'%ls TELNRd,  or

delivery of a'v phase rea si°t1 on conpri si ng:

[ 0088] prOV|dthn@amahaiﬁphase reagent dlspenS|ng apparatus conpri si ng:
10089] a vessel which conprises a top menber, a side wall nenber and a
bott om wal | mdA¥EH conf |5§l§1r“é‘§l%r(£af @reﬁh %Jﬁt ?Hﬁle‘rgr?a?ﬂ 59’@§§€I‘er(g8ﬁfﬁ?1t“#§tnt to

hol d a source ﬁ%%ﬁkv%%ofsﬁ#g F +éesvlgﬁ¥r%in BOGpARi AL QAL by idebha& an

i nner gas volu
with one another;

[0084] said metal face seal gasket being aligned and in contact with the
opposing surfaces of said carrier gas feed inlet opening and said carrier gas feed
inlet fitting;

[0085] fastening means for securing the carrier gas feed inlet fitting to said
carrier gas feed inlet opening through the opposing surfaces and said metal face
seal gasket; and

[0086] annular space between the outer wall of said tube and the inner
walls of said carrier gas feed inlet opening, said face seal opening and said face
seal port opening, through which said vapor phase reagent can be dispensed from
said apparatus through said vapor phase reagent outlet opening.

[0087] This invention further relates in part to a method for delivery of a vapor
phase reagent to a deposition chamber comprising:

[0088] providing a vapor phase reagent dispensing apparatus comprising:
[0089] a vessel which comprises a top wall member, a side wall member
and a bottom wall member configured to form an internal vessel compartment to
hold a source chemical up to a fill level and to additionally define an inner gas

volume above the fill level;
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- 10 [0090] said top wall nmenmber having a face seal port opening and
optionally one or nore other face seal port openings; [0091] a face seal tee
fitting having a face seal opening. a carrier gas feed inlet opening and a
vapor phase reagent outlet opening; [0092] said face seal port opening
having said face seal tee fitting connected thereto through the face seal
openi ng, said face seal port opening and said face seal opening having
opposi ng surfaces, wherein the opposing surfaces are not in contact with
one anot her; [0093] a face seal gasket being aligned and in contact with the
opposi ng sur flAGHY of sakd thpoellgeahbyduringpdataryabput spinthd agle seal

openi ng; [00941.fa%£enin neanﬁrj r securing the face seal tee fitting to
said face sedlPUBBHtY YPFehimyce 6%6ﬁ5? @086%8@P%b surfaces and said face

seal gasket; 10§¢]1 an ad@pl &a) GMMIAShNMBa TRE al bP&ENS @BlanG@ S Tectioi Ned to
a tube that extends through the carrier gas feed inlet opening, the face

seal opening, inkeofecow ansgatappophase pegkmgudadorsaing; i nner gas vol une into the
source chemc d through. which carrier.gas.can be bubbl.ed into the
source chenic b0€% cause? &?%ﬁ?fp%?O$%V%i%ﬁm ’“@%ﬁ?%@*%ﬁ?ﬁ?%ﬂ? vapor to
become entrai nednddedS@b@ iRt hImSe sl oPEREHGRidaadd RW Rt czfj;ﬁatamg 4aase
reagent to said inner gas volune above the fill |level, said tube having an

inl et end adj aewhiace spat brenoay haverg gwesihgediagh.evhespethaneppoaing sarfaesat | et end

adj acent to the bqpton1mqjl.§enberﬂ 0096] said carrier gas feed inlet
openi ng havi ng"a"¢aP FPRACHE" PREYOMFet  fitting attached thereto; [00971

said carrier gagofjeed in@tc QREPARGE RNEL Saindd &R Il @ht@asitherdoppdkl fitting
havi ng opposi ng surfaces, wherern the opposi ng surfaces are not in contact

wi th one anot herfacds@do8] fawi sdalmsradpenmgeaind saild faeeskelonseingg al i gned and in
and oai o carri0PYas  edi e aRSET EPPraTE Y5THE FRLRENHET Rl Ger e M
securing the cRAIrioerof@ameliBRMgh Me&ppbiihf bitackafBiall feakedl @hsi@as feed inl et
openi ng through the opposing surfaces and said netal face

[(0095] an adapter comprising a metal face seal gasket joined to a tube that

extends through the carrier gas feed inlet opening, the face seal opening, the face

seal port opening and said inner gas volume into the source chemical and through

which a carrier gas can be bubbled into the source chemical to cause at least a

portion of source chemical vapor to become entrained in said carrier gas to

produce a flow of vapor phase reagent to said inner gas volume above the fill

level, said tube having an inlet end adjacent to the carrier gas feed inlet opening

and an outlet end adjacent to the bottom wall member;

[0096] said carrier gas feed inlet opening having a carrier gas feed inlet

fitting attached thereto;

[0097] said carrier gas feed inlet opening and said carrier gas feed inlet

fitting having opposing surfaces, wherein the opposing surfaces are not in contact

with one another;

[0098] said metal face seal gasket being aligned and in contact with the

opposing surfaces of said carrier gas feed inlet opening and said carrier gas feed

inlet fitting;

[0100] fastening means for securing the carrier gas feed inlet fitting to said

carrier gas feed inlet opening through the opposing surfaces and said metal face

seal gasket;
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seal gasket; 11 [01011 annul ar space between the outer wall of said tube
and the inner walls of said carrier gas feed inlet opening, said face seal
opening and said face seal port opening, through which said vapor phase
reagent can be di spensed from said apparatus through said vapor phase
reagent outlet opening; 101021 a carrier gas feed line extending exteriorly
fromthe carrier gas feed inlet fitting for delivery of carrier gas into
said source chemical, the carrier gas feed |line containing one or nore
carrier gas flow control valves therein for control of flow of the carrier
as therethro vr;and 101031 a vapor phase rea - di r li.ne_extendi ng
gxteriorly frgﬁ??He Vaﬁ%?“éﬁg%ﬁerggﬁg% ‘Hﬁ%?é%ﬁg%é%Fﬁ§B$8@FW£ﬁ§$ﬁ| of vapor
phase reagent Jf41RMfsald¢arridnRey fegdsnlMalpdnBgaey fict kel bpéding evedaid tloe vapor
phase reagent discharge line optionally containing one or nore vapor phase
reagent flow cenltnost opgaingethrevsdrehinh ssidyapamhpssl reegent pavpbodispansed/ @por phase
reagent therethrough; 04]. addi ng seurce chem cal to said vapor phase
r eagent dispeﬁ?#ﬁﬁgagﬂ%gﬁgwg%?mﬁdfggf%ﬁ%QF?6@ PW%§§8%P8§ chem cal in said
vapor phase regaget di Speasiifidas damteitfentiBgaxieivnefain iR Gkidrigas el to
vaporize the source chem cal to provide vapor phase reagent; [0106] feeding
a carrier gas inlst Bitegifar delpery piraseerrengensaidpependionycalahpsrarngat hr ough
said carrier s, feed line and said tube; [Q107 i t hdr awi ng. the v r phase
Fengent and odrrl BREGRUTREAME o R BT ssn by Pallgb R A DS LIR  ERGs A e
t hrough said WﬁﬂQmV@hﬁ@@a&@agﬁﬂ&emdﬁ§@ﬁ@ﬁﬂﬂ line; and [01081 feeding the
vapor phase reagent and carrier gas into said deposition chanber. 10109]
This inventi o0y} f urt herapoebhbase sedganiphsahares lie ek goilipeshtesierly dugethe
sl 0 PR MR RTBI A Lg oD s Pt ) e PIRE O5 B 0P vt

menmber, a side me ured to forman
i nternal vessghnGoaAPAbIuIRMUboVOthe fill level, the vapor phase reagent discharge line

optionally containing one or more vapor phase reagent flow control valves therein

for control of flow of the vapor phase reagent therethrough;

[0104] adding source chemical to said vapor phase reagent dispensing
apparatus;
[0105] heating the source chemical in said vapor phase reagent dispensing

apparatus to a temperature sufficient to vaporize the source chemical to provide
vapor phase reagent;

[0106] feeding a carrier gas into said vapor phase reagent dispensing
apparatus through said carrier gas feed line and said tube;

[0107] withdrawing the vapor phase reagent and carrier gas from said
vapor phase reagent dispensing apparatus through said vapor phase reagent
discharge line; and

[0108] feeding the vapor phase reagent and carrier gas into said deposition
chamber.

[0109] This invention yet further relates in part to a liquid phase reagent
dispensing apparatus comprising:

{0110] a vessel which comprises a top wall member, a side wall member
and a bottom wall member configured to form an internal vessel compartment to
hold a source chemical up to a fill level and to additionally define an inner gas

volume above the fill level;
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hold a source chemcal up to a fill level and to additionally define an

i nner gas volunme above the fill level; - 12 [01111 said top wall nenber
having a face seal port opening and optionally one or nore other face seal
port openings; [01121 a face seal tee Fitting having a face seal opening, an
inert gas feed inlet opening and a |liquid phase reagent outl et opening;
[01131 said face seal port opening having said face seal tee fitting
connected thereto through the face seal opening, said face seal port opening
and said face seal opening having opposing surfaces, wherein the opposing

surfaces  are pgfyjin CONALL Wi ORB HIOKRE! fucd YAk BpdAeameal gasket

being aligned and in contact wth e opposing surfaces of said face seal
port openi ng amptiosaliydorfearenseakheo frenised ;poft@bihihgs;ast eni ng nmeans for securing
the face seal e fitting.to said face seal port opening throughﬁ%?e

opposi ng surt dE@lang sdief st Hiinghaying a f4ce 19% PPAHNSARIPEF 88kt i sing a

netal face se e . 1ds through the |iquid
3hiePg5dRlg 4 anl%{n%l Eg&’sfeg%‘%%mt&ﬁ‘ltet o;?éﬁh?vf[‘ g q

phase reagent outlet opening, seal opening, the face seal port
openi ng and t Hé113¥ner gasid/atapml port opdrner sourceid feabedlteedindngt hr ough whi ch

| i qui d phase reagent can be di spensed from said gpparatus, said tube having
an outlet end %ﬁ%fé%@e%o ]ﬁ‘élgliitﬁ‘h? eﬁ%@@elv%geﬁtfgaﬁ%ﬁorbmwl nd an
inlet end adj : : : - i i QU ase

j aGRMcd Qaf ﬁlgenlﬁ}% ﬁagqq%v%oaﬁg T08Lces [\Odekdih (5@ Shosin@Ulibtadl

reagent outl et opening v hase Treagent outlet fitting
connect ed t herat oot ih@dd@dt wah dnd amgthed; phase reagent outl et opening and said
l'iquid phase reagent out]et fitting having opposing surfaces, wherein the
opposi ng surfd@gls are rfotacs F’F%S?ﬁkégtfel% {ll}gnsgéngﬂbqoﬁéqc} Wit?)ﬂiel@fiPoé%i’igd net al

face seal gasK%hhggkggm@qggqggé%ggﬁkghﬁg&ggghfy&ygﬁyﬁﬁpg%pposing sur faces of

said liquid phase reagent out ening and said phase reagent
outlet fitting011gh1201 flasttenynganeinseduning sieciace sl tekdittingjol didphese reagent

gg:)l)g} ngl ;LIr ][] %@@&%&i@egg{gld 1ruo|ugh Et)l?eaosp%ogigg ggrrf]gceg gxg seatld ?a%grsllear?%agkrég;OUQh the

[0116] an adapter comprising a metal face seal gasket joined to a tube that
extends through the liquid phase reagent outlet opening, the face seal opening, the
face seal port opening and the inner gas volume into the source chemical and
through which liquid phase reagent can be dispensed from said apparatus, said
tube having an outlet end adjacent to the liquid phase reagent outlet opening and
an inlet end adjacent to the bottom wall member;

[0117] said liquid phase reagent outlet opening having a liquid phase
reagent outlet fitting connected thereto;

[0118] said liquid phase reagent outlet opening and said liquid phase
reagent outlet fitting having opposing surfaces, wherein the opposing surfaces are
not in contact with one another;

[0119] said metal face seal gasket being aligned and in contact with the
opposing surfaces of said liquid phase reagent outlet opening and said liquid
phase reagent outlet fitting;

[0120] fastening means for securing the liquid phase reagent outlet fitting
to said liquid phase reagent outlet opening through the opposing surfaces and said
metal face seal gasket; and

[0121] annular space between the outer wall of said tube and the inner

walls of said liquid phase reagent outlet opening, said face seal opening and said
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nmetal face seal gasket; and 101211 annul ar space between the outer wall of
said tube and the inner walls of said |liquid phase reagent outlet opening,
said face seal opening and said - 13 face seal port opening, through which
an inert gas can be fed through the inert gas feed inlet opening into the

i nner gas vol une above the fill level to pressurize the inner gas vol une
above the fill level. [0122] This invention also relates in part to a nethod
for delivery of a vapor phase reagent to a deposition chanmber conpri sing:
[01231 providing a liquid phase reagent dispensing apparatus conpri sing:
[01241 a vesseghcewWdhiGhrcadnltes @sowht Wilcvah InehBibesn bafeltHeuphilc imembey and a
bottomwal | nenber configured to forman internal vessel conpartnent to

hol d a sour ce fedfeifict apenipe gy thefipner gpevapmggboteothe b leYd hapieysuget tke an

i nner gas vol. b t fihl ol ; 101251 said top wall menber having a
face seal porf%%%g%?ﬁéggﬁggogi¢Fg%§¥ﬁ%'one or nore other face seal port

openi ngs; [Olﬁﬁﬂzn Theceve@an dlerefatdstih part oy imdthod thaddivegadf opgpot ng, an
inert gas fee inlet opening and a |iquid phase reagent outlet opening;
[01271 said f abasegeagenpiora depssitionghyalersgmpardef ace seal tee fitting

ted th th he f - I | | ] [
and said facdOLBN  operthy R g SRRse FASCL Mps b ol RERL Eha R Bl g

surfaces are[0p24]i n contaeiel Whidh @AEprREOL RPrwall 2284, a sfdeoealb@ambgasket
being aligned and in contact with the oppaosing A surfaces of said face seal
port openi ng &ndadaitamfudbmemiir ¢pdigieg;lo f@mponinfeiayl ¢eshCHRRMENEGE securi ng
the face seal t fittl . ai k i t he

opposi ng surfé@gga%%ﬁu%gggn2%08t@%gﬂqgggégﬁk{g@%%gﬁﬁ9ghﬁﬁ%%g@gr Snprising a
nmetal face seablgasieivejie Mi¢tkved a tube that extends through the |iquid
phase reagent outlet opening, the face seal opening, the face seal port
openi ng and t HB13Mner gaaidvep wel meipkerhReing gdnescalhrart ergningsnd t hr ough whi ch

1 phase VARSI ity gt bIRERE GAGRR PRluRrPaL T o oar ube havino
[0126] a face seal tee fitting having a face seal opening, an inert gas feed
inlet opening and a liquid phase reagent outlet opening;

[0127] said face seal port opening having said face seal tee fitting
connected thereto through the face seal opening, said face seal port opening and
said face seal opening having opposing surfaces, wherein the opposing surfaces
are not in contact with one another:;

[0128] a face seal gasket being aligned and in contact with the opposing
surfaces of said face seal port opening and said face seal opening;

[0129] fastening means for securing the face seal tee fitting to said face
seal port opening through the opposing surfaces and said face seal gasket;

[0130] an adapter comprising a metal face seal gasket joined to a tube that
extends through the liquid phase reagent outlet opening, the face seal opening, the
tace seal port opening and the inner gas volume into the source chemical and
through which liquid phase reagent can be dispensed from said apparatus, said
tube having an outlet end adjacent to the liquid phase reagent outlet opening and
an inlet end adjacent to the bottom wall member;

[0131] said liquid phase reagent outlet opening having a liquid phase

reagent outlet fitting connected thereto;
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an inlet end adjacent to the bottomwall nenber; 101311 said |iquid phase
reagent outlet opening having a |liquid phase reagent outlet fitting
connected thereto; - 14 [0132] said liquid phase reagent outlet opening and
said liquid phase reagent outlet fitting having opposing surfaces, wherein
t he opposing surfaces are not in contact with one another; [0133] said
netal face seal gasket being aligned and in contact with the opposing
surfaces of said liquid phase reagent outlet opening and said liquid phase
reagent outlet fitting;, [0134] fastening neans for securing the liquid phase
reagent outl et[oi32]ti ng datl B@iid phasquiagephasiet spadeindcuaid @juidplstng t hr ough
t he opposing surfaces and said, netal face seal gasket; [0135] annul ar space
bet ween the outdgenhaitiet Hilingshaying Mposing Sehesnriareinilg PrPosMESHTTaces ki d
phase reagent el id.face seal opening and said face seal

port opening,]?ﬁﬁgﬁgﬁgﬁﬁﬁ%ﬂggﬁﬁ?%g?t gas can be fed through the inert gas
feed inlet opegoi3r] i nto dahbmeantke gas gydlktbEn@hityred ahé iif ¢ddtad: exlthé o

pressurize the inner gas volunme above the fill level; [0136] an inert gas
feed |ine ext mm@géw?@ﬁﬁ of $ajd Higwephpse TRagsnt oyles opeer andyaid lighgéni ng f or
delivery of i 5&3gg‘ﬂhggﬂﬁ§ﬂhﬂ%inner gas vol une above the fill Ilevel, the
inert gas fee I'ne ctontalning dne or nore inert gas flow control val ves

therein for coot34)l of flaawhiaf nidags foneedurigashd lgriéphaseugiyenamndlef Okihg] a
| i qui d phase reagent discharge |ine extending exteriorly mthe |jiquid

ent ( fr
phase reagent B§Riddud phase iraget oulpipipsningthmopgihg oprasie petasentng $2m sai d

vessel, the Ihﬂ&gp&gpgﬁp,%§?€ent di scharge line optionally containing one or
nore |iquid phase reageﬁ ow control valves therein for control of flow

of the liquid [op¥gse reapanlarthuee dtiweon gt olt@ @8] ofardddi tafe bndjthednphase
reagent to said Ii%uhd phase reagent di spensing  apparatus; [0139] .
optional |y heatdlgplgaiddiquil risse eagereniletepmesyidiace gtal arpHag and yaahgent

di spensing apPgLALyPpdPoftnt fRGOAI iR YR A ERlcah 8e TRI firddf iROILH 80U CO
feed inlet opening into the inner gas volume above the fill level to pressurize the
inner gas volume above the fill level;

[0136] an inert gas feed line extending exteriorly from the inert gas feed
inlet opening for delivery of inert gas into said inner gas volume above the fill
level, the inert gas feed line containing one or more inert gas flow control valves
therein for control of flow of the inert gas therethrough; and

[0137] a liquid phase reagent discharge line extending exteriorly from the
liquid phase reagent outlet fitting for removal of liquid phase reagent from said
vessel, the liquid phase reagent discharge line optionally containing one or more
liquid phase reagent flow control valves therein for control of flow of the liquid

phase reagent therethrough;

[0138] adding liquid phase reagent to said liquid phase reagent dispensing
apparatus;
[0139] optionally heating a solid source chemical in said liquid phase

reagent dispensing apparatus to a temperature sufficient to melt the solid source
chemical to provide liquid phase reagent;
[0140] feeding an inert gas into said liquid phase reagent dispensing

apparatus through said inert gas feed line;
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chem cal to provide liquid phase reagent; [0140] feeding an inert gas into
said liquid phase reagent dispensing apparatus through said inert gas feed
line; - 15 101411 withdrawing the |iquid phase reagent fromsaid |iquid
phase reagent dispensing apparatus through said tube and said |iquid phase
reagent discharge line; 10142] providing a vaporization apparatus
conprising: [0143] a vessel configured to forman internal vesse
conpartnment to vaporize the liquid phase reagent; [0144] said |liquid phase
reagent discharge |line connecting the |iquid phase reagent dispensing
apparatus to sf@idijvapor i wahdrawirgphetighidphaskOdddeht foposatd Wquidbhisee

vapori zation apparatus having a carrier gas feed |nIet openi ng through

whi ch carrier @é&“%éﬁpﬁ§nﬁé@pWﬁﬂ§tE%WélﬁﬁéBﬁFﬁﬁﬁﬁﬁﬁ K@ﬁbﬁ?ﬁ?ﬁ@gﬂﬁ cause
vapor of said } h% RRase reagent to become entrained in said carrier gas
to produce vapor se teagent; 101461 a portion of the vaporization

appar at us haV|mg4ﬂ vapor pphiase a vgegemionaipph@tusepapriget hr ough whi ch said
vapor phase reagent can be di spensed from said vaporization appar atus;
[0147] a carrilé¥4Yas feetiVisseleorligwrdinyrnasnnicHal vewelicomngaaeneed inl et

openi ng exterigrly from EDFIRQQQJg tion apparatus for delivery of carrier
gas into said vap orlzaql n Sppar us, the carrier gas feed |ine containing

one or nore cRn#d4jer gassafd quud(phﬁsrecrbagéai dischatdedirei confi@ting ot Ki@lid phaskl ow of
the carrier gas therethrough; 101481 a vapor. phase reagent discharge |ine
ext endi ng f r onfcegra! JRPYIINEIPRAIYSA §EA VAPRITAAEN APRAIIAY exteriorly from the

vapori zation a@ geptus fé)f)ortlf)glg?g%lvag&l%‘aeg Hgﬁgtﬁ?hé\ﬁﬁ%ﬁ%mef Q&th%@dd

vapori zation a paratus to sal ion c vapor ase reagent
di schar ge | i neintypbpatind {hyo@mlalbmmgler gieanibe Ifml’latc)/ﬁa}ixbtfamhlasteorr eagent flow
control valves therein for control of flow of the vapor phase reagent

t her et hr ough; JrPaEEd]s th sadRer@reThel spiddifur plvas éﬁdg@ﬁd@ﬁﬁcqnﬁﬁ %Ptéaé.‘iet‘i‘ i} &H6ri zati on

appar at us; carrier gas to produce vapor phase reagent;

[0146] a portion of the vaporization apparatus having a vapor phase
reagent outlet opening through which said vapor phase reagent can be dispensed
from said vaporization apparatus;

[0147] a carrier gas feed line extending from the carrier gas feed inlet
opening exteriorly from the vaporization apparatus for delivery of carrier gas into
said vaporization apparatus, the carrier gas feed line containing one or more
carrier gas flow control valves therein for control of flow of the carrier gas
therethrough;

[0148] a vapor phase reagent discharge line extending from the vapor
phase reagent outlet opening exteriorly from the vaporization apparatus for
removal of vapor phase reagent from said vaporization apparatus to said
deposition chamber, the vapor phase reagent discharge line optionally containing
one or more vapor phase reagent flow control valves therein for control of flow of
the vapor phase reagent therethrough;

[0149] feeding the liquid phase reagent into said vaporization apparatus;
[0150] heating the liquid phase reagent in said vaporization apparatus to a
temperature sufficient to vaporize the liquid phase reagent to provide said vapor

phase reagent;
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101501 heating the liquid phase reagent in said vaporization apparatus to a
tenperature sufficient to vaporize the liquid phase reagent to provide said
vapor phase reagent; - 16 [0151] feeding a carrier gas into said

vapori zation apparatus through said carrier gas feed |ine; 101521

wi t hdrawi ng the vapor phase reagent and carrier gas fromsaid vaporization
appar atus through said vapor phase reagent discharge line; and 101531
feedi ng the vapor phase reagent and carrier gas into said deposition

chanber . [01541 The vapor phase reagent dispensing apparatus or assenbly of
t he invention he e r

i ncl udi ng for WE&BX§9C£@W?%%43§H%E{zﬁ%ﬁzﬁcmggﬁéﬁaﬁé@§?%$gﬁe vapor
phase reagentchﬁﬂﬂghb&edﬁmeply vessel is passed to a chem cal vapor

deposi tion chanber for deposition of a material |layer on a substrate
therein from tiR&Hour ce Walbprwingghesaporpbasy aprgeniomnd Gagigr gap Hagesaibagent

di spensi ng appg an,

mai nt ai ns purltggﬁgﬁmﬁgpﬁﬁquggh. %iﬁ%@gﬁx*ﬁgﬁgégﬁﬁnh?%%ﬁ egg% %ggge rate of
the I'iquid or [9043]d pr ecueding tiehapbcglasandgdhanébyricegisdas sawbddpesitibf156]

O her aspects, features and enbodi nents of the invention will be nore fully
appar ent fronﬂ$ﬁ@ @th|ng di scl osure and appended clains. Brief Description
of the EXamnn ) rese r phase
reagent d sport g TepskpSenise i hef G Gl PRLCTENANID R BERR

di spensi ng appaa;a\bmanp\howti ma @Lﬂemaaétytdﬂpeoceamysalﬂs; qluhﬂlr@htas exdngsigent

di spensi ng apparatus wth a dip tube, all shown in partial cross section.
10158] Fig. 24 §1ne9a§&mﬂﬁwltr<éwét§@m“dter% thefvapar @miéf)ff‘étger(n rgan theppt al  f ace
seal gasket ematic
r epr esent at i Oﬁsﬂg?ﬁ/g}ggﬁ?ﬁ:h ﬁ:})%md t? a%é&ﬁ%fllﬁ\ﬁa&% 051[t19)ijlggé1n€ér§for gﬁoﬁltl%n%?g

contai ner wit hnaeﬁlalbeyer%h@mbitfht@ﬂ@&&;n ﬁemtth@sburwa@@} Fig. 4 is a schematic

representat| On[O(I)gS]CTQherv%ggrn érshc}u?c? %)ha%g?eaggxltudsxsei)%llglgg apparatus or assembly of the
invention is easy to clean, maintains purity of the liquid precursor chemical,
increases usage rate of the liquid or solid precursor chemical and thereby reduces
waste.

[0156] Other aspects, features and embodiments of the invention will be more

fully apparent from the ensuing disclosure and appended claims.

Brief Description of the Drawings

[0157] Fig. 1 is a schematic representation of a vapor phase reagent dispensing
apparatus with no dip tube, a vapor phase reagent dispensing apparatus with a
bubbler tube, and a liquid phase reagent dispensing apparatus with a dip tube, all
shown in partial cross-section.

[0158] Fig. 2 is a schematic representation of an adapter (i.e., metal face seal
gasket and tube) shown in cross-section.

[0159] Fig. 3 is a schematic representation of a single port container converted to
a dual port container with a tube, shown in cross-section.

[0160] Fig. 4 is a schematic representation of components that can be used to
assemble a metal face seal gasket connection without an adapter, shown in cross-

section.
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assenbl e a netal face seal gasket connection w thout an adapter, shown in
cross- section. - 1~ [01611 Fig. 5 is a schematic representation o f
conponents that can be used to assenble a netal face seal gasket connection
usi ng an adapter, shown in cross- section. [01621 Fig, 6 is a schenatic
representation of flow paths through a netal face seal gasket connection

w t hout an adapter and a netal face seal gasket connection using an
adapter, shown in cross-section. Detailed Description of the Invention
101631 This invention reduces the nunber of container designs required to
support di ff goEs1] Fapl is eathemsic répistaandian df tomppomts wentaaibeesedot hout a
tube can be converted to a container capabl e of being used in applications
whi ch reqU|rea§WK¢Ub%“FFﬂ§me55@5%N€?¢@H5é“@b¥“@ﬁ@’ %W eYWEAN AT p t ube for
l'iquid delivery);,,oy inserting a gasket/tube adapter between one of the
ports and the correspondlng valve (see Fig. 1). The overall height of the
contai ner doeq0rsY] Khange. scmmatmoaplfewﬁatitoﬁ of floar paaltst thrdufgl atridiel fase seat wel ded
to the top of the container, so it renpved if nodificatjon and/or

repl acenent i €3HEEeAYFFYoN vrﬁh%utraé§dmt§r m@lam?felrf@a%éedd £185 GIPFRUPD 10164] The
practice of t 99$ ase the length required to add a
tube to a contaﬁﬁgﬂ%ﬁgﬁgpgh a%gﬂg%aeaggft (i.e., the gasket is already
bei ng used to seal the connectlon) Adding a tube to a port that uses a
face seal fitting can be acanpllsPed u5|ng an adaoter Wi th a conpression

fitting. The tube is insertedS'BfiColeRIPHRN GIdAHrBERIYH fitting to the
desired | engt h i be. In
terns of Ieakq?ﬁﬂﬁgﬁg§@V&nﬁmq§§§%?§%IﬁB#Fig%&hggg&%e§ ﬁy&ﬁﬂng?ess %ﬁlrable

than j oi ni ng tdiferemnpplienions V\Atslthrﬂaifda% ;ﬁ)ﬁﬁion(alimwﬁbheé tubercalbbe wel di ng (not
removable). Adding a tube to a port that uses a face seal fitting can be
acconpl i shed tﬁynwgieﬁgo aﬁoﬁtﬁ’é’ééF%P@bl{ea}fé’e@éallse%@rﬁﬁ’ﬁh%plﬁ MaNChSQUIE 3 ube

wel ded to it, g@ o1 BubllE: ARPR A RRACL: 4B e%r;]gmak@]w@rg) ke port. From

an overhead StANUPOIRL, this 1 My n wel di tube to a
fitting, becametingta g8kenuveidpler betveen ohdref ga@bat hidithe Cad&ﬁioﬁding/i 1 work
wth face seal ports _. ] .

valve (see Fig. 1). The overall height of the container does not change. In

contrast to prior art, the tube is not welded to the top of the container, so it can be

removed if modification and/or replacement is necessary. This results in

increased flexibility.

[0164] The practice of this invention does not increase the length required to add

a tube to a container using a face seal port (i.e., the gasket is already being used to

seal the connection). Adding a tube to a port that uses a face seal fitting can be

accomplished using an adapter with a compression fitting. The tube is inserted

through the compression fitting to the desired length and then the compression

fitting is secured on the tube. In terms of leak tightness, compression fittings are

generally less desirable than joining two components with a face seal (removable)

or by welding (not removable). Adding a tube to a port that uses a face seal fitting

can be accomplished by using an opposing face seal component that has a tube

welded to it, that is the opposite gender (male or female) as the port. From an

overhead standpoint, this invention is better than welding a tube to a fitting,

because it is universal (i.e.. the gasket/tube adapter will work with face seal ports

that are either male of female).
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that are either male of female). - ~8 [01651 This invention sinplifies the
addition of a tube by allowing the use of standard set of gasket/tube
adapters. Mdification of the gasket/tube adapter can be done wi thout
exposi ng the container to contam nation associated with the nodification
process (e.g., particles frommachining or welding). The length of the tube
can easily he changed by cutting it shorter or extending it. The

gasket/tube adapter can be | eak checked i ndependently fromthe container. A
| eak at the seamof a dip tube welded directly to a container will cost

nore to corregrles) qampavediohGimplgasked dddihs @dapbeby bllowing thahsefof the
anpoule is significantly higher than the ?asket/tube adapter). 10166]
1

Vari ous nodi f Seadardset AraskesfubstadanisrsoMaedificationwd Hie gisketiebasfepicheanuse of
diff t materi,al uction. for. ..,
i erent It S Lok Ao RORBH AP 0l KNS AR S5 PR s (-9

di fferent nethedsiidabon @tdtesst(8g. Fagkeds fian hehinidpeoriwelfiopm Tig lehgethadapt er
(e.g., welding, nachinln%, shrink fitting, etc.); the use of different face
seal gasket sflytabe ¢an qgsily pe ghanged by aegng Edjoupdr rakodaeturBiss (e. g.,

Gacket s vt pdsTAROguRyy GH et FCeulnahBGIHRE Rl EGRERRE' (LEC,

tube can be varihedeant bea Hiprabe arldepidironial toyr ddavendielizoslmng té berdcgngt h; and
the tube nmay be nodified along its length (i.e.. non uniform

cross- sect i onfompEEd TIa aaskeabe adanicrdbovealuhel thepreppiisds signigeantyy, this

i nvention rel at in r v r, phase reagent dispensing apparatus
conprising: 1 %%%ﬁﬂgn@ggég%QthﬁCﬁ@%ﬁ%rises a top wall nenber, a side wal

menber and a [@6] Omrvas motdEThesnscRvaghiti@d of ehif fvimidsh indluelt niad useessel
conpartment to hold a source chemcal up to a fill level and to

addi tional | y d&fdrend maicridinel cagasusivndfithe appoales ped adapters ey copperi69] sai d
top wall nenbey.. i fi : nt ' sea
port openi ng St asel ehdl i EheEES £, PO P REEL LA AL HEALS: LFRR,

[ 01701 said f ilestask@ce ttzaabe Pobim@pen Abipteavd Agwaldid, aehingas shiged i nl et
fitting connected thereto; 10171] an adapter conprising a netal face seal
gasket j oi ned fitténga ccupthctusapf different face seal gasket styles (e.g., flat or contoured)

and manufacturers (e.g., Parker, Hy-Tech, Swagelok, Fujikin, etc.); the use of
different size gaskets and tubes (e.g., 1/8 inch, % inch, 2 inch, etc.); the length of
tube can be varied; the tube can optionally have holes along the length; and the
tube may be modified along its length (i.e.. non uniform cross-section).

[0167] As indicated above and referring to Fig. 1, this invention relates in part to
a vapor phase reagent dispensing apparatus comprising:

[0168] a vessel which comprises a top wall member, a side wall member and a
bottom wall member configured to form an internal vessel compartment to hold a
source chemical up to a fill level and to additionally define an inner gas volume
above the fill level;

[0169] said top wall member having a first face seal port opening, a second face
seal port opening and optionally one or more other face seal port openings;
[0170] said first face seal port opening having a carrier gas feed inlet fitting
connected thereto;

[0171]} an adapter comprising a metal face seal gasket joined to a tube that
extends through the first face seal port opening and said inner gas volume into the

source chemical and through which a carrier gas can be bubbled into the source
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extends through the first face seal port opening and said i nner gas vol une
into the source chem cal and through which a carrier gas can be bubbl ed
into the source - 19 chemcal to cause at |east a portion of source

chem cal vapor to becone entrained in said carrier gas to produce a flow of
vapor phase reagent to said inner gas volune above the fill level, said
tube having an inlet end adjacent to the first face seal port opening and
an outlet end adjacent to the bottomwall menber; [01721 said first face
seal port opening and said carrier gas feed inlet fitting having opposing
surfaces, whekkémichie capeasidagt spirfiac ebscare dhoimidah vegntadbécomd dntragre

anot her; [01731 sald netal face seal gasket heing aligned and in contact
with the oppost pyd catier easds PEtdusap élow HSBPPLIESSEARCTPE? t2I0 JEIT B4 and sai d
carrier gas f t n pcke! t he
carrier gas f§§%||H&§@¥qﬁqqﬁge%%ﬁgéﬁ%%?L@%%ﬁ #%g% segﬁfggégﬁﬁgggF%g t hr ough
t he opposi ng suﬁmaﬁe@emngaﬁ@aﬂonmﬂahdﬁ@aﬁms&mmebga&hemmlmaﬂb&@l?Sl sai d

second face seal_ port opening having a vapor phase reagent Oﬁtlet fitting
connect ed theﬂ@k8?S@ﬁ#Bﬂdﬁ*mﬁﬁﬂﬁﬂé%ﬁﬂ”Wéﬁéﬁaﬁﬁé§§“@é%&@ﬁﬂn%b (UHE  di spensed

fromsaid app%\% ‘r?ri’gs@ﬁfawse gﬂ:‘?ﬂ{ tlﬁg%ﬁégslggtg%r&s Q%%B?&Sdoﬂ%yﬁgﬂﬂr at us

farther conprlses eed I ng exterior romthe
carrier gas f@edaMﬂhﬁt fltting for delivery of carrier gas into said source
chemical, the carrier gas f | ine containing one or nore carrier gas flow

control vaIveéoyﬁ%ﬁ@ﬁﬂ“ﬁ@ﬁh%ﬁﬁﬁ¥%Fkﬁﬁmﬂﬁ§w “ﬁ*th@‘@BF*i@Ph§§§ﬂPH§P%through
and a vapor p@@ﬁ?ce% %Pga?(?]ﬁr asc%ré%lga%]ptldrp@ﬁm ?QHPerle?gésefeE&)Hlé’t flelif %n the

vapor phase reagen Ittin ase reagent from
sai d inner ga$0MMﬂdﬂmnahpMEMﬁHelkmhhnéé%ehumﬁ@es&ﬂ@ﬂﬂﬂﬁh&sgﬂfﬂﬂ@ﬁﬂﬁ

di scharge line optionally containing one or npre vapor phas rea ent flow
control  val vé%cetsﬁ@rpé’FtrPWBWgéBrm‘g]bFhec?PPf’ﬁflPa%vS%f"‘CFﬁ@ sibinefshfse ssdagent

t her et hr ough. %Q%]?% The vapor phase reagent dispensing apparatus further
conprises the vapdr phase reagent discharge |line in vapor phase reagent

f1 ow comuni c§0i75i sidtshecand fr@penl pirasgenidgl Haveigya dppophdst oengsysivelm  sai d
deposition system sel ected froma chem cal vapor deposition systemor an
atomic | aver é@tﬁ&qqml%ﬁe%g@{eé%through which said vapor phase reagent can be

dispensed from said apparatus.

[0176] The vapor phase reagent dispensing apparatus further comprises a carrier
gas feed line extending exteriorly from the carrier gas feed inlet fitting for
delivery of carrier gas into said source chemical, the carrier gas feed line
containing one or more carrier gas flow control valves therein for control of flow
of the carrier gas therethrough; and a vapor phase reagent discharge line extending
exteriorly from the vapor phase reagent outlet fitting for removal of vapor phase
reagent from said inner gas volume above the fill level, the vapor phase reagent
discharge line optionally containing one or more vapor phase reagent flow control
valves therein for control of flow of the vapor phase reagent therethrough.

[0177] The vapor phase reagent dispensing apparatus further comprises the vapor
phase reagent discharge line in vapor phase reagent flow communication with a
vapor phase delivery deposition system, said deposition system selected from a
chemical vapor deposition system or an atomic layer deposition system.

[0178] As indicated above and referring to Fig. 1, this invention also relates in

part to a liquid phase reagent dispensing apparatus comprising:
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[0178] As indicated above and referring to Fig. I, this invention also
relates in part to a liquid phase reagent dispensing apparatus conpri sing:

- 20 101791 a vessel which conprises a top wall nenber, a side wall nenber
and a bottomwall nenber configured to forman internal vessel conpartnent
to hold a source chemcal up to a fill level and to additionally define an
i nner gas volunme above the fill level; 10180] said top wall nenber having a
first face seal port opening, a second face seal port opening and
optionally one or nore other face seal port openings; [0181] said first
face seal por{0U9¢nivegschaichgoarpriserer topges! themten aket Walltihemnber andnnect ed

thereto, through whi an. i ner be fed into the |nner ol une
above the 1110 t@véva?{]laela})%rs@& lggréﬁtt%%rlnrm@me@%ﬁé VESE et Rrhod ) |
llevel ; 101821 séﬁ’c@'cl%&ﬁ%%g t@%eﬁlﬂ%%l 2% JQREMADY RauE ngllﬁlel‘ gékuddﬁmﬁ@ase

reagent outlet fitting connected thereto; 101831 an adapter conprising a
nmetal face seabmgahkéﬂlpaﬂned to a tube that extends through the second

face seal and. .t he i nner. ga |l ume into the source _.chem ca
ot b gk AT o8 o e oA g & it T e P enstiing: 7 Sifoad f4he
appar at us, Salsgaltth%pgﬁM% A8d @Btl&}éil!y%he 69&0?@&?}&%& {Ql fb&?oﬁ&fﬁ%d face seal

port opening and an inle adj atent to the bottomwall nenber; 101841
said second f4¢E81$eaid fpsxrfacmehpmgo;mmmg_slwvdlgj anqueml gphizse inledgeng out | et

fitting having o sur.fac erein the o S|n urfaces are not in
contact i t h CpRECAGRED: rosenER s SHABoNUMA GaLkEr CHatHgna | gned
and in cont aCtabWettﬁ:le tf'li’!ge\%l)%jﬁl'e@&nzéﬂ{e 1319&3’39(/01%%!6(11%@@%%11( ReE. seal port

openi ng and sai d hase reagent outlet fitting; and [01861 fastening
nmeans for sec lﬁﬂlm SalkiesectqmiLfBazb ELhgset mmggrhavmgtd lequid phasemepgeot @alied  second
face seal port ggg) % $rou h t he opposing surfaces and said netal face
seal gasket. et MRt phase reagent dispensing apparatus further

foed il et I 'J‘?‘.""ﬁ"] a?%?g’%@f‘?’%ﬂf’i“% R e 8 "Vol une
above the fil Iextee@setlhroughehe steptd (pas séa@drtlopar@ng and the inner gas volume into
the source chemical and through which liquid phase reagent can be dispensed
from said apparatus, said tube having an outlet end adjacent to the second face
seal port opening and an inlet end adjacent to the bottom wall member;
[0184] said second face seal port opening and said liquid phase reagent outlet
fitting having opposing surfaces, wherein the opposing surfaces are not in contact
with one another;
[0185] said metal face seal gasket being aligned and in contact with the opposing
surfaces of said second face seal port opening and said liquid phase reagent outlet
fitting; and
[0186] fastening means for securing the liquid phase reagent outlet fitting to said
second face seal port opening through the opposing surfaces and said metal face
seal gasket.
[0187] The liquid phase reagent dispensing apparatus further comprises an inert
gas feed line extending exteriorly from the inert gas feed inlet fitting for delivery
of inert gas into said inner gas volume above the fill level, the inert gas feed line
containing one or more inert gas flow control valves therein for control of flow of
the inert gas therethrough; and a liquid phase reagent discharge line extending

exteriorly from the liquid phase reagent outlet fitting for removal of liquid phase
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A )
containing one or nore inert gas flow control valves therein for control of
flow of the inert gas thcrethrough; and a |liquid phase reagent discharge
| ine extending exteriorly fromthe liquid phase reagent outlet fitting for
removal of liquid phase 21 reagent fromsaid vessel, the liquid phase
reagent discharge line optionally containing one or nore |iquid phase
reagent flow control valves therein for control of flow of the liquid phase
reagent therethrough. 101881 The |iquid phase reagent dispensing apparatus
further conprises the liquid phase reagent discharge line in |iquid phase

reagent flow cromrup%?c{%tsia%nve\é\getl qP@ﬂU‘é?ﬁ%%%ﬁﬂ%?ﬁ%%ﬁffeﬁdpg%\%lgyovapori zation

. cagen
apparatus in vapor ase reagen r phase

delivery deposbhiafingysd &Mogdiq@idgResdaken flosysined sabechedid foom a chemi cal
vapor deposition systemand an atom c |ayer deposition system 101891 The
vessel or anpcogheold flopppiclk liguidadiasanisaednt Bierasbabah.ess steel, e.g., 1161

and el ectropolj t Q. prevent contam nation of recursor  |J.quid, or
solid source clhggrfhﬁgrahiea@flha:p}g %f)etaé?midrsgpgvssl%g ?%Pﬁfaéghﬁ‘{/‘%%%%q?lﬁgs s #hreglr%ug% ai nl ess

steel . The cohefe Rigdn®BisWRirbe IRMREIquiBplRRE @palifiow enmvakiceidowfiaei litate
cl eaning and reuse. The vessel can conprise a cylindrically shaped side
wal | nmenber orvagpratiopapparatpseidsvageriyationgpearabin it yanonghisgabagshbip@y [ 0190]
Fast eni ng neans _are.used t.g secure, th arri.er gas feed inlet fitting to the
first face seaP"RoPtBEaATMY VARG BuHe O tsh HBRsH it e e st ShP il ot al
face seal gaskatmakictiee fRRRLREMicBWHIPEGbi@SH MO afBaRStnilEIdyde, for
exanpl e, engagenent of a male nut or body hex wth a female nut. [01911

Fast eni ng nmearfspagigonsst¥nt.o secure the |iquid phase reagent outlet fitting

h d I i h h th i. dth
metal face sdiFSaaaRet BT of #ERETL R UG ARG PRBREIM AT e,

for exanple, BHaGRIEEHPbIishelad BreRbiit cOhtalREi RS N prBc@sdrafieomut . 101921
In the practice of this invention, the gasket/tube assenbly (i.e., adapter)

woul d af fect tshbd sowoe pemiedin 1ot aflppierds elip txmtnllyHeachswddran s@indsasErher
and/ or pIunbLﬂ%: The redirect, the fl 9 a gas or

i qui d nos. usedtien Hra kb SR B B BRSO g BulfD T e

The cont ai ner scigdstIhB&essel can comprise a cylindrically shaped side wall member or side
wall members defining a non-cylindrical shape.
[0190] Fastening means are used to secure the carrier gas feed inlet fitting to the
first face seal port opening through the opposing surfaces and the metal face seal
gasket of the adapter. Suitable fastening means include, for example, engagement
of a male nut or body hex with a female nut.
[0191] Fastening means are used to secure the liquid phase reagent outlet fitting
to the second face seal port opening through the opposing surfaces and the metal
face seal gasket ot the adapter. Suitable fastening means include, for example,
engagement of a male nut or body hex with a female nut.
[0192] In the practice of this invention, the gasket/tube assembly (i.e., adapter)
would aftect the flow pattern of fluid through the associated container and/or
plumbing. The ability to redirect the tlow pattern of a gas or liquid has uses in the
delivery of precursors for depositing thin-films. The containers must be
fabricated using a material that does not react with the precursor. As indicated
above, stainless steel is commonly selected as the material for constructing the
precursor container. The gasket tube assembly would be composed of a similar

material (e.g., stainless steel or nickel).
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fabricated using a material that does not react with the precursor. As

i ndi cated above, stainless steel is commonly selected as the material for
constructing the precursor container. The gasket tube assenbly woul d be
conposed of a simlar nmaterial (e.g., stainless steel or nickel). - 22
10193] This invention can also be utilized to redirect the flow pattern of
reactants (vapor phase and/or liquid phase) into a reaction vessel. An
exanple of this wutility is the co-injection of reactants used for thin-film
deposition. Separation of reactants that are susceptible to vapor-phase
reactions, unt[@193]dsis jpremiontean aboe atticaigtotrbdirsutistitcat patsun bﬁmectaman

decrease the I i kel i ood article formatiaon and i creas m deposition
rate. [0194] I(HRORE 1??&8@%@%#%%@%H}tﬂ@éml%ve%srale% ?B!b ®isdapt er

woul d be pr efuﬁgf}l S HED- ﬁa"%nbﬂ%ﬁféa&qnﬂs”&éh fo?%lnﬁiffﬁhlrc%goﬁf?éﬁ SIBﬁaﬁ&}P@f seal

connecti on woul t hen be seal ed i n the usual manner (e.g., by tightening
t he connect i omeassintthateee suratEitdanth \f@nnphaasnmdms)lonsmntebgastmrmrm a face seal

connection is VCR conponents her t s cauld be
used. [0195] ASMEHRY Bt abuBs b »gan ﬁeqr?sslﬁ)@ lageﬁh%%i@# RoFATLE Gt
conponent s th%d%peaspghg%ggostlt@m%geenbl e a netal gasket face seal connection
150 wi thout a gasket/tube assenbly (see Swagel ok catal og M5-01-24). Metal

gasket 120 i s [GEMd I thegeradticagf tHiaowehtidt, thegsske/tghe, addRr fvookd t8wagel ok) . 1t
is adisk with holelnthecnter s the surface of netal sket 120
that contacts PEEaRIICHEE 45 1psgele g@aﬁherqzeﬂr?%ort g'@ﬁ\%ﬁ%ﬁe EAIMeAon ¥odd s t he
surface of ne L tting 110
upon seal i ng. tﬂ%!dl &?%Klgﬁf\%%g utgggl 215‘}19'[9% (i%? %ﬁméﬁ%g@ O“‘ﬁ&%ﬁgg%: tﬁel) t hat

uses netal gaskad¢ adPntabe cwsNekt e>tatm;ﬂaoéa ﬁaealseaﬂ cotreagorl sV CR @dmipsnertthe bead

that forns the se Ilnq guyacr of face seal Fitting 100 with surface 121 of
metal gasket 198 T’GECP) HeOth e PG A0UK ferised of face seal fitting 100 in

cont act W t h I ce seal
T\ 100 " BDRIPERERRCALHS () Gl SenteRthu i Byl ol e

Fitting 100 i dejusthechsseneblg a menal gdetd) ftco sedeomideann [bﬁ(ﬁ)@eﬁasutmgqsbﬂémbes (e.q.,
(ubing. vl oo veseel ok 16, . PRGDAINS O, L B, guadicpt, 1uid

face fittings (e.g., VCR from Swagelok). It is a disk with a hole in the center.

121 is the surface of metal gasket 120 that contacts bead 101 of face seal fitting

100 upon sealing. 122 is the surface of metal gasket 120 that contacts bead 111 of

face seal fitting 110 upon sealing. 100 is a face seal fitting (e.g., VCR from

Swagelok) that uses metal gasket 120 to connect to face seal fitting 110. 101 is

the bead that forms the sealing surface of face seal fitting 100 with surface 121 of

metal gasket 120. 102 is the internal surface of face seal fitting 100 in contact

with the process fluid (liquid or gas). 103 is the end of face seal fitting 100,

opposite the sealing bead 101. The end (103) of face seal fitting 100 is joined

(e.g., welded) to the other process components (e.g., tubing, valves, vessels, etc.).

Depending on the pressure gradient, fluid either enters or exits face seal fitting

100 through end 103.

[0196] Face seal fitting 110 uses metal gasket 120 to connect to face seal fitting

100. Bead 111 forms the sealing surface of face seal fitting 110 with surface 122

of metal gasket 120. 112 is the internal surface of face seal fitting 110 in contact

with the process fluid (liquid or gas). 113 is the end of face seal fitting 110,

opposite the sealing bead 111. The end (113) of face seal fitting 110 is joined
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101961 Face seal fitting 110 uses netal gasket 120 to connect to face seal
fitting 100. Bead 11 | fornms the sealing surface of face seal fitting 1 10
with surface 122 of nmetal gasket 120. 112 is the internal surface of face
seal fitting 1 10 in contact wth the process fluid (liquid or gas). 113 is
the end of face seal Fitting 110, opposite the sealing bead 1 11. The end
(113) of face seal fitting 110 is joined - 23 (e.g., welded) to the other
process conmponents (e.g., tubing, valves, vessels, etc.). Depending on the
pressure gradient, fluid either enters or exits face seal fitting 110

through end 1{gg., Waldedniatthd et protésglb @pettnag@igistibinpeval eypl@sdsitetc 40 to
formthe assenbl ed connection 150. 101971 As i ndi cat ed above, Fig. 5is a
Cross-secti onQGPWdéW@‘1‘tf@d}*fﬁiﬁh@rﬁr%dlﬁfﬁaﬂméaﬁ1ertf‘é1t€l§§@ﬁe’%1t§ fageseAbiEng et al

gasket face S?"fl(:) thcfa%geﬁq/jthn Y34 Qg%lerﬂ)?gggfﬂlleﬁap%auﬁgﬁﬁtfg&aféﬁ%g1!1 (thi's

i nvention. ube a ap consi asket that
has been jOInﬁﬁnimﬁa&kﬁﬂ&ﬂ(%&ﬁaﬁ&nﬂﬁe surface of gasket/tube adapter 220
that contacts bead 201 of face seal Fitting 200 upon sealing. 222 is the
surface of g&&I0d{ Asindicaiedpbase, DizoS imeropoirchend Visduel ompasents shat cafea

Fitting 210 uBQﬂsedst‘g%ltﬁevﬂ\l?otl%gﬁﬁé&l%g%@?fac@gegall g@{dme?#{;%ﬁsﬁ% 9%a@<@§ gL/t ube

adapter 220 in contac ocess 224 is the
end of the gaamﬁértwb@lratﬂaph%nuzaoMetsarg@@laeit/h&)etaldeptenwOmlftexr'setssafraﬁaaels 221 and
222 contact beads 201 and 211 respectively. Face seal flttlng 200 (e.qg.,
VCR fron1Smagéﬁ%%}ﬂ@%@§lﬁﬁ@éﬁ”“ﬁﬁ@ﬁé@qt%%ésaﬁéﬁﬁ€%3%@ﬁ“¥%tﬁ%ﬁﬁ@éﬁrto face

seal fitting 319 tl'?g%ﬂg?c%g ﬁglc%()rfsoftf&% saagﬁ 509%(2‘8{56(1%21119% ’f% i§ thsees%kfa&% tting

200 with surface /tube a i nterna
surface of facegskealtube hddpng 220Qhdt kot dedd wltdff‘adfeaeplrMQegalohbmn d (I iquid
or gas). 101981 203 is the end of face seal fitting 200, opposite

seal i ng head @lingTR&3 ISéhauttgo@l)suaffacefafosaasgqééwb@rthameh@%tﬁqnéacr b’llthé]éF (e g.
wel ded) to th ro%E&%n @‘?cgﬁégr %&Z.”EQ gﬁéelﬁoﬂp F%HE’M e ad P850 vessels,
gr

etc.). Depending on t ressur adi en elt nters or exits
face seal fi tbpptg;lta(ﬂﬂa driarolugl seffute2 031 al{mgcbnl%ﬁcbeaﬂgamﬁmd 2iing 210 uses
net al gasket/tube adapter 220 to connect to face seal fitting 200. Bead 211
forms the seaf§SReFtvals dose sfal fisng 204p-gf. MQM@HQ%&%W usg%mﬁfabe 222 of

gasket/tube aggﬁteﬁ{ubgagapt&lﬁdﬁ bRl fAtELNAL) ﬁt‘[’i‘hé%@@. Bad 86Er5 G he

sealing surface of face seal fitting 200 with surface 221 of gasket/tube adapter
220. 202 1s the internal surface of face seal fitting 200 in contact with the process
fluid (liquid or gas).

[0198] 203 is the end of face seal fitting 200, opposite the sealing bead 201. The
end (203) of face seal fitting 200 is joined (e.g., welded) to the other process
components (e.g., tubing, valves, vessels, etc.). Depending on the pressure
gradient, fluid either enters or exits face seal fitting 200 through end 203.

[0199] Face seal fitting 210 uses metal gasket/tube adapter 220 to connect to face
seal fitting 200. Bead 211 forms the sealing surface of face seal fitting 210 with
surface 222 of gasket/tube adapter 220. 212 is the internal surface of face seal
fitting 200 in contact with the process fluid (liquid or gas). 213 is the end of face
seal fitting 210, opposite the sealing bead 211. The end (213) of face seal fitting
210 is joined (e.g., welded) to the other process components (e.g., tubing, valves.
vessels, etc.). Because the connection was made using gasket/tube adapter 220,
fluid does not flow through end 213. Instead, fluid flow proceeds through the end
224 of gasket/tube adapter 220. Male nut 230 is tightened against the female nut
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fitting 200 in contact with the process fluid (liquid or gas). 213 is the
end of face seal fitting 210, opposite the sealing bead 211. The end (213)
of face seal fitting 210 is joined (e.g., welded) to the other process
conponents (e.g., tubing, valves, vessels, etc.). Because the connection
was nmade usi ng gasket/tube adapter 220, fluid does not flow through end
213. Instead, fluid flow proceeds through the end 224 of gasket/tube
adapter 220. Male nut 230 is tightened against the female nut - 24 240 to
formthe assenbl ed connection 250. Upon assenbling connection 250, no fluid
flow takes pl adetd ﬁﬁmugélaﬁlﬁllb%ﬂ&oﬁﬁechaﬁeSSealboﬁ hisemibtjng tOnneElion 25Enberi ng or
exiting face seal fitting 200 through end ei t her enters or exits the
gasket / t ube éﬂ%bﬂewt@@@PFWF§U@HQE%H“¥24fﬁT@ZG@FhPP%2 & Eh%%@nﬁﬁ¥@¥anple of

i ndi cate bhe i AergneanaRRRehT Sy dah A S s 8 bR BeRbfpR
gaskeUt ube adaﬁMﬁaﬁZZthmgaeﬁ@amiy 250. the path of fluid flowin assenbly

250 is different than assenbly 150. GOZOl] The ampoul e can.include inlet and
outl et val ves [0¥0hFink shRws @peiiBReS! ths T1dy Pyds W%ﬁ‘é’é’oﬁsﬁ‘ﬁ“’t’ll‘f’é leHd@ndise

equi prent. Ohbigndhe SABOYY LRSI RIER oL GUAR Bl o MO 81D SaHE c8

chem cal |evel "sensor rmne e I's nearl npty. "The
material in thee 60t ghsiet/tibs adghtenvEIad asietrbey Zﬂndlwpaﬂaouﬂmd ﬁaw 1ri ow vapor
pressure chem cal s using an_ inert gas to sweep the vapors out. The

mat erial may @ﬁﬁéﬁﬁh@?@@ﬂ?ﬁﬁénﬁ%ﬁﬁW@?@gwdé Oa liquid through a dip tube to

the end use Zﬂiﬂl@rﬁl@ta \rg%ﬁfe cahtmcq iRRy ?ﬁ?tp&qtle%g v%{ oI BREAS Gl ﬁ]l%alg?(?ded

10202] A tenperature se era inclu in the a e to ensure
uni f orm heat o®eniduedredn thAeﬁ@Uf@@uqimesﬁtc@Ipubleueinpselrasaqmpmnprremearﬂly
included in the anpoule to ensure efficient use of the source chemcal. The
val ves and solPB&Nd @repice shemispllevel spasor toadederatiarhetthgiamnoyteds sely

connecti ons t% Ef)yufﬁe fa ﬁ?ﬂ thé C?Kama‘rlggéh\%? lelth%)rﬂ'gﬁ e?%ﬁ&mﬂl ggr 1'0(1/ a cl ean

room the anpou is conditioned renove adsor wat er and | eak checked
with a hel i umhpakpreigtiecdhemicald)er udnponirertigas desigpebk tapobeouts dtle at
pressures froma fewtorr to slightly above anbient. 102031 In an
embodi ment of ma¢réal mpyeieraHyvely e dFBYﬁief?f at uhieuid dhopeh @ dtnanbe tor the gnd

use equipment where it can be vaporized or dispensed as needed.

[0202] A temperature sensor is preferably included in the ampoule to ensure
uniform heat conduction. A source chemical level sensor is preferably included in
the ampoule to ensure efficient use of the source chemical. The valves and source
chemical level sensor are attached via face seal connections to ensure a clean, leak
proof seal. Once assembled in a clean room, the ampoule is conditioned to
remove adsorbed water and leak checked with a helium leak detector. The
ampoule is designed to be used at pressures from a few torr to slightly above
ambient.

[0203] In an embodiment of this invention, the temperature sensor extends from
an upper end exterior of the vessel through a portion of the top wall member and
generally vertically downwardly into the interior volume of the vessel, with the
lower end of the temperature sensor being located in non-interfering proximity to
the surface of the bottom wall. The source chemical level sensor extends from an
upper end exterior of the vessel through a portion of the top wall member and
generally vertically downwardly into the interior volume of the vessel, with the

lower end of the source chemical level sensor being located in non-interfering
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an upper end exterior of the vessel through a portion of the top wall nenber
and generally vertically downwardly into the interior volune of the vessel,
with the |ower end of the tenperature sensor being |ocated in
non-interfering proximty to the surface of the bottomwall. The source
chem cal |evel sensor extends froman upper end exterior of the vessel
through a portion of the top wall nenber and generally vertically
downwardly into the interior volume of the vessel, with the |ower end of

t he source chemcal |evel sensor being |located in non-interfering - 25
proximty to theisityftade saffatdhel thobdwsm walll ThEhenpeaper shsoras spastvely s
operatively arranged in the vessel tq determ ne fhe tenperature of source
chemi cal in t REAGRSE e VaSH (@ Gl emng Feriearal gt el Soélécr?s%’fm‘i“‘satlti’p Fatively
arranged in thewpeneloutd cnbfiel TR il ¥ELiRly SAHLEEIFETEGR] ol N the
vessel, the tenperature sensor and source chem cya ével‘ sensor are |ocated
i n non-i nt er f @eienginprioxientltof sborceabdmiotlnerthe vaisdlhide vasisehtpradentortahé | ower

end of the tenperature sensor being |ocated at the., sane or closer proximty
to the surfacdOWee thanigalssiq! seiof ArAPGabH nGopHRleIiBiRg PORHNISY 10 Ga5R OlKEr ce

cheri cal | eveli, aeNSQ A0Ku LIS, LATASIAMULE SN0t RN SAILECFhrELCal | | evel

sensor are in source chem cal ow conmuni cation 1 n the vesse The source
chem cal | evelsamensobsirpredingtte thd suofar bt thasentlcinsensar ®, thopiweahd sénsor s,
capacitive sensors amiil flo E-t pe sensors, and said tenperatur senﬁor
conprises a FIiG3d [ VREYCRRRT o151 1S TIERER4 eI SAN SR 2 %F‘?’rgf?ﬂmﬁﬁ this

| nvention, t g RpLd oM b TRISenRR YbHED oftoyAUIBRGRYId st Wi Efiytdne | over
end of a tenperature sensor, source chem ca llleve sensor, dip tube and/or
bubbl er tube rhynhel divdposedis Sicleddr@onftragomiatesnrscapricapsmyors, a hi gh
percentage, e.g.,.95% or greqaéer, preferablg 9_8% or greater, of the volune
of the ori gi n&FPAFIHErSRNERREN] HloAlitiPoenEdss-i28d SHH IUBPLRYH LAFOTOMPEISEHE | | zed

in the appli¢atiohefiohd Wi 4§ Source chenical is selectively di spensed.
This configuration can also I nprove the economi cs of the source cheni cal

supply and di|6ekdh ag espsd @mnaofithpriocassasthe bowmotult hemdergpendeda sour ce
chemcal is enployed.. 10 ,05#i This invention allows for a mninmal amunt of
seni conduct or SPMEEATEHI WhiRR thedgpves gnd-of R PETRLYH NS SOHTES BRENHEHIRFE! when

the source Ch%@fils%ﬁldi;g 8¥€land/or bubbler tube may be disposed. Such a configuration can
permit a high percentage, e.g., 95% or greater, preferably 98% or greater, of the
volume of the originally furnished liquid or solid source chemical to be utilized in
the application for which the source chemical is selectively dispensed. This
configuration can also improve the economics of the source chemical supply and
dispensing system and processes in which the dispensed source chemical is
employed.
[0205] This invention allows for a minimal amount of semiconductor precursor
chemical to remain in the ampoule or bubbler when the source chemical level
sensor has signaled the end of the contents. This is very important as the
complexity and cost of semiconductor precursors rises. In order to minimize
costs, semiconductor manufacturers will want to waste as little precursor as
possible. In addition, this invention places the temperature sensor in the same
recessed sump cavity as the source chemical level sensor. This ensures that the
true temperature of the source chemical semiconductor precursor will be read as
long as the source chemical level sensor indicates there is precursor present. This

1s important from a safety standpoint. If the temperature sensor was to be outside

- 26 -



sensor has signaled the end of the contents. This is very inportant as the
conplexity and cost of sem conductor precursors rises. In order to mnimze
costs, sem conductor nmanufacturers will want to waste as little precursor as
possible. In addition, this invention places the tenperature sensor in the
same recessed sunp cavity as the source chem cal |evel sensor. This ensures
that the true tenperature of the source chem cal sem conductor precursor
will he read as long as the source chem cal |evel sensor indicates there is
precursor present. This is inportant froma safety standpoint. If the

t enperat ure Seﬁ&mrseMHﬂﬁx:tbxeprewrsdrdEwoulaGencbzi fdldedosapimpenadue tighalps €eur sor it
woul d send a false low te erature S|§§p9 to. the 6Peatlng ap arﬁtus Thi s

coul d | ead t oPEHBCAPPIRRAL | éﬁ Grldlgrd apHiation of eyeessiErisauicdNsni ch can
cause an unsagg, 58&1%%&9& A ARCHIRRSILARN, Bl dbBnaSERLEGAUC o precur sor.

[0206] Referring again to the vessel or anp vessel can he equi pped
with a sourceemiendear preveedorsensor whi ch extends from an upper portion
exterior of the vessel, downwardly through a non-centrally | ocated portion

of the top wall206hRefaringaeaing R}/’éé@@rﬂ Ortaaﬂpo?l#eo\ﬂkerveéﬁ‘éCathW%PRefiawﬁy | ocat ed
on the bottom,f}gaL hém%%wel.salsa ﬁ:h%&f@ﬂhmr% p;p'afe &gg nelfoft he sunp
f: to permt as;[) /00

cavity of the vesse |zat|on 0 source

chemi cal reagéitvessdedesawaedly tmhegdn e;abn-k:aagelwtloctasecbmtiam nedheitop tvhk vessel .
The upper portion of the source chem cal level sensor may be cqnnected by a
source cheni calembsyef thsagssehde alwaiend sogrshiraldy tpgated ga “’t“bb%{toé% PPral

| I
ﬂg(r:netsﬁle ngoﬂp%ﬁeemc Prlntcfo‘@@ﬁeverﬁltg'ﬂo gt sﬁﬁ&%ﬁ}hﬁé’s‘{&ﬁ? ﬁvﬁQ%ﬂl&a\Lesgeqry(@ si gnal s

ensor to e cen rocessli ng uni t duri ng

operation of bh@nlsysm@ﬁbnbﬁaﬂﬂstDﬂ%aaﬂsbkree ghemiel, res deat wﬁssed)urcean be equi pped
with a tenperature sensor, i a thernmowcl | and thernocoupl e, which
extends from ﬁhelﬂlﬁb]erﬁa%F tslc@ﬁtal@kitlélﬂieo‘fes%?ﬁ ﬂh‘é“%§@1t10“cﬂf\mﬁ/\?é¥léﬂey t hrough a

central ly | ocafad RALLd Y mtag%e cBfhec llJyarE% c%rchgltmctalp vER58he si Rala | ower

end, centrally %ocate on t ottom wa in close proxi to the
surface of t h&aﬁs&ﬂ‘ﬂi}@smﬁihhé Y ©fentiabproessle.unfihir t112[p$iﬂ1r551pﬁ) of B@llgecbsfoufrd’ee
tenperature sensor nmay be connected by a tenperature sensing signal
transmi ssion FF%@C?He‘éFlé@ﬁlﬁ]rseﬁo%F}EcS@ﬁ’scFﬁbell}’ﬁ?]tICV?IéFn%OFéfh@ﬁl%%tif%n of

processing unit during operation of the system.

[0207] In a like manner, the vessel can be equipped with a temperature sensor,
1.e., a thermowell and thermocouple, which extends from an upper portion
exterior of the vessel, downwardly through a centrally located portion of the top
wall member of the vessel, to a lower end, centrally located on the bottom wall
member, in close proximity to the surface of the sump cavity of the vessel. The
upper portion of the temperature sensor may be connected by a temperature
sensing signal transmission line to a central processing unit, for transmission of
sensed temperature signals from the temperature sensor to the central processing
unit during operation of the system.

[0208] The central processing unit, which may comprise a suitable
microprocessor, computer, or other appropriate control means, may also be joined
by a control signal transmission line to a flow control valve (e.g., via a suitable
valve actuator element) to selectively adjust flow control valve and control the
flow of carrier gas to the vessel. The central processing unit may also be joined
by a control signal transmission line to a second flow control valve (e.g.. via a

suitable valve actuator element) to selectively adjust the flow control valve and
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sensed tenperature signals fromthe tenperature sensor to the centra
processing wunit during operation of the system [0208 The central
processing unit, which may conprise a suitable mcroprocessor, conputer, or
ot her approprlate control neans, may al so be joined by a control signal
transnission line to a flow control val ve (e.g., via a suitable valve
actuator elenent) to selectively adjust flow control valve and control the
flow of carrier gas to the vessel. The central processing unit nay al so be
joined by a control signal transm ssion line to a second flow control valve
(e.g.. via a caukﬂahhﬁmmah&eﬁa@pmahdkmﬁﬂmnmmﬁ$gmmﬁ®eiémhkvelyF@ﬁjust t he

flow control valve a roI th i sC e o | i qui d phase
reagent from PW@O% 5?15 ”l’—”’SP“OIb fjvo%"é]érog‘l’g‘(% galll ?I\F@H{e lﬁcﬁg g W\Yeéont r ol

val ves shal | hf%?ér e«alv%%@d jranik¢al ves, netering valves and the like. 102091
This invention allows the sem conductor manufacturer to use the maxi mum
anmount of pre{ﬂlﬂ)ﬁbﬂ"hmm@mmstlowgthteswudoinﬂudtel befwWrguchange-tbat  of the
anpoule. This mnimzes vva e and Xxjimzes the r on the |nv tnment in

1
£he_ser conduBESI SR SEGHEGT FHATSS SR U AR PSS i

chem cal s usealuboﬁle trms%nﬂnnﬁﬁeé (% Qﬁcﬂm‘éi‘ﬁﬁ’xz&"tﬁé r@u H8hE ARE8&meANE 1 ncl ude,
for exanple, liquid sol1d precursors a netal selected from Goup 2,

G oup 3, Grouﬁleé‘s;:ln@andpct& prérosq dbid sﬁmﬁmaﬂghc@l@up 8, Group 9, Goup 10,

Goup 11. Go G ou 3, up and t he
Lant IElani de ser&ééfgbe ts%g@éﬁ%ﬂ?lﬁugeé‘é I thip P]Vﬁgtf%ﬁn\,@l)gi}{ﬁfé 'ChEH%Eal s

nclude, for GXAIRIE, fol LA dle S u%p%ﬂ SIATFCUESA or hoferd STRLAL Al ected from
rut henium hafnium tantal um denum platinum gold, titanium | ead,

pal I adi um zi Geouy mrﬁrroubbsﬁmdp 4, ﬁroumﬁ |®rr®upl6a6rmm7 (beC}D 8nfrrcantd, oeyp and
el 1 uri um _Pr OParioen || o Guivorte BTN - SREBUNSaroterpada ongrbe
ol yhdenum 23%?%?%‘.“%%S‘%?ﬁé?%“r?eﬁeﬁ%%ﬁ %23??35%%%8‘%@“&3%&‘%”@8{ i d
sour ce chem cakanplhdiqusdibt sohd paeroireod fod asrmnerlcselecﬂaéMOuahshetnhuan Iméhitim, upon
heating can bteanltJ 1?191 1Inr(}lytbglensurr|1 r}) aetpr}ulmo réolng{an?u)g ad pal?a(zilulm(iI 2518:%}’11(1:1%1 chem cal s

bismuth, strontium, barium, calcium, antimony and thallium, or precursor for a

metalloid selected from silicon, germanium and tellurium. Preferred

organometallic precursor compounds include ruthenium-containing, hatnium-

containing, tantalum-containing and/or molybdenum-containing organometallic

precursor compounds.

[0211] Solid source chemicals that sublime and solid source chemicals that melt

upon heating can be used in this invention. For example, solid source chemicals

that sublime can be used in the vapor phase reagent dispensing apparatus shown

in Fig. 1. Solid source chemicals that melt upon heating can be used in the vapor

phase reagent dispensing apparatus shown in Fig. 1 and the liquid phase reagent

dispensing apparatus shown in Fig. 1. Likewise, liquid source chemicals can be

used in the vapor phase reagent dispensing apparatus shown in Fig. 1 and the

liquid phase reagent dispensing apparatus shown in Fig. 1. When using solid

source chemicals that sublime, it may be necessary to employ dust entrapment

equipment.

[0212] The vapor or liquid phase reagents useful in this invention can vary over a

wide range and include, for example, liquid or solid precursors for a metal
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that sublinme can be used in the vapor phase reagent dispensing apparatus
shown in Fig. 1. Solid source chemcals that nelt upon heating can be used
in the vapor phase reagent dispensing apparatus shown in Fig. | and the

i quid phase reagent dispensing apparatus shown in Fig. 1. Likew se, liquid
source chem cals can be wused in the vapor phase reagent dispensing
apparatus shown in Fig. | and the 1|iquid phase reagent dispensing apparatus
shown in Fig. 1. Wien using solid source chemcals that sublinme, it nmay he
necessary to enploy dust entrapnent equipnent. 102121 The vapor or |iquid

phase reagent sclasaf ﬁbml(rrrotlbesGrdupemt(}r@rp £aBrovip ISy GEMEY 6, &rowp deroalp@e and

i ncl ude, for exanple quid or solid precursors for a netal - sel ected
from Goup 2, S&@WUD @Ou@@@roﬂp 1& Gupips 2. Graypl 36 Cravith @YOUI@@L@YOSP G oup
9, G oup 10, 0 1 p G oup 16,
and thepLanthgﬁrg@téﬁr?gEBHE %%msgé@?% %&M% ?M I%??ﬁﬁ??ﬁ%rég precursors
include, for axampl @®r emlﬁlﬁlul’rirech&scfrgforar mi@hladel s eddefedg dutheome hidfhrimi, um

haf nium tantalum nol ybdenum platinum gold, titanium I ead, paIIadrum
zi rconi um  biaSHA, mgkygérntrlmrnlatwm gad. H@P&‘ilmrlﬁadaﬁ{‘li%ﬁlﬁh’gl ZAF@NIUARI | i um  or

precursor for b%muﬂ?%&{a:}nﬁhﬁ b%?h%CEeﬁgluf ‘RHPU% by SR BGHTS Fﬁ:%&&dfo’r?' hurium

Preferred or onet recurs eni-um cont ai ni ng,

haf ni um cont aienillogi seue@tttdeﬁcumsﬂmah agenhﬁngu@ndl/d@rmrrmnybraherhtmdcont ai ni ng
organonetal [ ic precursor conpounds. [0213] The vapor phase reagent
di spensi ng apB’%raé@fH@aH@r?WW%%éf’mé ilgadude ruggpiinEEoRagings hafaBitoupl ed t o

the carrier (? ﬁﬁl ; a'n{}i?mn IC'OE‘[%YMM? andt/%}qné)lggéjéngmopcﬂ’ﬁﬁnmlb%?gsﬁl%}ne?a:ﬁcp ensing

apparat us can sourcée cou e inert gas
feed line. [Oﬁﬁﬁks&h&nwﬁmﬁdsphase reagent di spensing apparatus can further
conpri se: [0215£ a deposition chanber selected froma chem cal vapor

deposi ti on ch#Rdél Theyangs phesieecenhdisperg@sGEPAR A Ceh BHDSF COPPRES] t he vapor

prase [ eaqent  LSERLALLIG,PINSPLA PR LIS-XEORL PSR FEARIL ydlopert o
cont ai ned wit Fﬁageﬁthiﬁpdﬁ@@ghﬁpamiuﬁmrfbﬂher comprise an inert gas source coupled to
the inert gas feed line.
[0214] The vapor phase reagent dispensing apparatus can further comprise:
[0215] a deposition chamber selected from a chemical vapor deposition chamber
or an atomic layer deposition chamber;
[0216] the vapor phase reagent discharge line connecting the vapor phase reagent
dispensing apparatus to the deposition chamber;
[0217] optionally a heatable susceptor contained within the deposition chamber
and located in a receiving relationship to the vapor phase reagent discharge line;
and
[0218] an effluent discharge line connected to the deposition chamber:
[0219] such that vapor phase reagent passes through the vapor phase reagent
discharge line and into the deposition chamber, for contact with a substrate,
optionally on the heatable susceptor, and any remaining effluent is discharged
through the effluent discharge line.
[0220] The substrate is comprised of a material selected from a metal, a metal
silicide, a metal carbide, a metal nitride, a semiconductor, an insulator and a

barrier material. The substrate is preferably a patterned wafer.

[0221] The liquid phase reagent dispensing apparatus can further comprise:
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and located in a receiving relationship to the vapor phase reagent discharge
line; and [0218] an effluent discharge |line connected to the deposition
chanber: [0219] such that vapor phase reagent passes through the vapor
phase reagent discharge line and into the deposition chanber, for contact
with a substrate, optionally on the heatable susceptor, and any renai ning
effluent is discharged through the effluent discharge |ine. [0220] The
substrate is conprised of a material selected froma netal, a neta

silicide, a netal carbide, a netal nitride, a sem conductor. an insulator
and a barri ef2oHt edémbkitiohbasbliskleated fictn predeicablapoadgatitiencbanbaf er .
[0221] The liquid phase reagent di spensing apparatus can further conprise:

- 29 [0222] @dgeppepiclaverdsaemien dwpdsted from a chenical vapor deposition
chanmber and t omi istd.on., , : L O hase

r eagent dischggég %?W@u%@%%é%gﬁﬁgﬁFﬁ%ﬂ¥ﬁgﬂﬁgggrﬁggﬂﬁéggghgq*%$§%% g?ng
apparatus to @ispapepiappiraen @ppas@izdson ifpdddds;a portion of the vaporization
appar at us having a carrier. gas feed inlet opening through mhiﬁh carrier gas
can be fed i nt03Zdhi BOWIaP 6 HEatAPORZAOPAPRATAHY'S NBVINg & GBIy dpoicedildai d 1 qui d

phase reagent Qge%ggtgg@lgﬁ@fwﬁa 44 cARhAranldl Gl B3 RionDLARKER 1y anor

phase reagent; on o[the vaporization aratus having a vapor
phase reagent cut bgior ofpadiliggidtfhaoughgandichecsmiedniraipod ipduad earrieagend can be
di spensed from sai vapori zation apparatus; 102261 a carrier gas feed |line

ext endi ng fr oPiOHHEE \aRPT Plese gpgcleed i nl et opening exteriorly fromthe
At . ‘ . of ! . . . ot
appar at u 'O?h@ﬁggig%g@méggﬂgééQXﬁgxmﬁagﬁgg@%ﬁggﬂgﬁghg&ﬂﬁﬁazgﬁg%ﬁBeﬂaza tro

appar at us, ne c arrier ow control

val ve t her ei nopedingCirdugilwioth §didvamk phive reaeni @n tgalspeheadetdm eaigh; [ 02271 a
vapor phase reagent discharge |ine extending fromthe vapor phase reagent
out | et openi NHRREXERIGIOHIPHHYSom t he vapori zati on apparatus for renmoval of

vapor phase r F&%Eﬁ& cirﬁi@ﬁ%a%afieéjd I\{I?E{)%él %ﬁ&nQFQ@E{rﬁ&P%stfpecﬁﬁieq ofGRQSI ti on
chanber, the vapor phase reagen Ischrarge 1 ne contalining a vapor phase
reagent fl ow exteriorly from the vaporization apparatus for delivery of carrier gas into said

vaporization apparatus, the carrier gas feed line containing a carrier gas flow

control valve therein for control of flow of the carrier gas therethrough;

[0227] a vapor phase reagent discharge line extending from the vapor phase

reagent outlet opening exteriorly from the vaporization apparatus for removal of

vapor phase reagent from said vaporization apparatus to said deposition chamber,

the vapor phase reagent discharge line containing a vapor phase reagent flow

control valve therein for control of flow of the vapor phase reagent therethrough;

[0228] optionally a heatable susceptor contained within the deposition chamber

and located in a receiving relationship to the vaporization apparatus; and

[0229] an effluent discharge line connected to the deposition chamber;

[0230] such that vapor phase reagent passes through the vapor phase reagent

discharge line and into the deposition chamber, for contact with a substrate,

optionally on the heatable susceptor, and any remaining effluent is discharged

through the effluent discharge line.

[0231] The substrate can be comprised ot a material selected from a metal. a

metal silicide, a metal carbide, a metal nitride, a semiconductor, an insulator and a

barrier material. The substrate is preferably a patterned wafer.
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control valve therein for control of flow of the vapor phase reagent

t heret hrough; 10228] optionally a heatable susceptor contained wthin the
deposition chanber and located in a receiving relationship to the

vapori zati on apparatus; and [0229] an effluent discharge |ine connected to

t he deposition chanber; 10230] such that vapor phase reagent passes through
t he vapor phase reagent discharge |line and into the deposition chanber, for
contact with a substrate, optionally on the heatable susceptor, and any
remai ning effluent is discharged through the effluent discharge |ine.

[ 0231] The supEBRpteaaier ke bodiynt,aBd idfendomalse télatks Bepecioedvdppbophage et al , a
netal silicide, a netal carbide, a netal nitride, a sem conductor, an
i nsul at or andr@geBaisPERYNGBRRIFLEY COMMBINg bstrate is preferably a patterned

wafer. - 30 L&%%ﬁll vgﬂeﬁ\%)itcﬂ%{nngﬂpe%% tg? Qail nHJHﬂ?er' QMQQWaH%%@e?_anBat es in
part to a vapor phase reagen I'Spensi ng apparatus conpri Sing: 233] a
vessel which beumgn vaifism@nb@rowabhredrentaen, ananteimevevatll compahiarenagchodd a bot t om
wal | menmber configured to forman internal vessel conpartnent to hold a
source cheni c&uregchesigal pp|te ajfidhlayel apd ta #ldagaiatly daling §n vaes gis VaHMner gas
vol une abovea&gstﬂéhhlégrel; [0234] said top wall nenber having a face sea
port opening and optionally one or nore other face seal port openings;
[0235] a face|(@3a] sdie¢eop whil heghbaakivige afdcaceal pealopemapiand opioradly bher gas
feed inlet opening and a vapor phase reagent outlet opening; [0236] said
face seal porPr@96ﬁﬂh@*ﬁ%¥$ﬁ8ﬁ§hP@”W&éé seal tee fitting connected thereto

through the f S g?&lce%@ﬁ%@ﬁ%ﬂgﬁ?&%@é%%V%ess%gil Or{J%ﬁ{lllg, % ge?rpiiep asafggd I "laejtd face

seal opening havihg opposi hg er ei posi ng surfaces are not

in contact Wopdhigihgndeipoephask@2péht auteassnsal gasket, e.g.. netal, being
aligned and in contact with the opposing surfaces of said face seal port
openi ng and sH236} saié fage seal Meervipgping hpping sgidifacstse oy iHBRFONRiek ecuri ng t he

ace Scal tcoyfid 0B, 0yEA 0SP-AFRL BRIy RS0 DAL S e, cppcsi
face seal gaskef op&iinebhvtify ppodp@ stiFfades, wherein the opposing surfaces are not in
contact with one another;
[0237] a face seal gasket, e.g., metal, being aligned and in contact with the
opposing surfaces of said face seal port opening and said face seal opening;
[0238] fastening means for securing the face seal tee fitting to said face seal port
opening through the opposing surfaces and said face seal gasket:
[0239] an adapter comprising a metal face seal gasket joined to a tube that
extends through the carrier gas feed inlet opening, the tace seal opening, the face
seal port opening and said inner gas volume into the source chemical and through
which a carrier gas can be bubbled into the source chemical to cause at least a
portion of source chemical vapor to become entrained in said carrier gas to
produce a flow of vapor phase reagent to said inner gas volume above the fill
level, said tube having an inlet end adjacent to the carrier gas feed inlet opening
and an outlet end adjacent to the bottom wall member;
[0240] said carrier gas feed inlet opening having a carrier gas feed inlet fitting
attached thereto;
[0241] said carrier gas feed inlet opening and said carrier gas feed inlet fitting
having opposing surfaces, wherein the opposing surfaces are not in contact with

one another;
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extends through the carrier gas feed inlet opening, the face seat opening,
the face seal port opening and said inner gas volune into the source

chem cal and through which a carrier gas can be bubbled into the source
chem cal to cause at |least a portion of source chem cal vapor to becone
entrained in said carrier as to produce a flow of vapor phase reagent to
said inner gas volune above the fill |evel, said tube having an inlet end
adj acent to the carrier gas feed inlet opening and an outlet end adjacent
to the bottomwall nenber; [0240] said carrier gas feed inlet opening having

a carrier gas gsgnaér?sal%é gea asﬁéttb%ﬁlgfeagléh c}pL@%&?lth ﬁﬁag&p(&?{ﬁ I er gas

feed inlet op n|n CAFrrer gas ting pp05|ng

surfaces, wheggifitet bEsappPasicNgasT S Abe Sp@tify ﬁmi sahmcam&t @sticoi infet one
anot her; 31 %O242] said netal face seal gasket being aligned and in contact
wi th the oppo ﬂ%@; surfaces of said carrier gas feed inlet opening and said

carrier gas f g plehiyd hELNG: J0343L4LANRPLAGIIRANG Ak REGH] LG he

carrier gas f Mg t0 said carrier  gas openi ng

through the og@@&e@maufpfeﬁmgsmngh gRiggpoeb@bufaceasbald mgasket seand 102441
annul ar space between the outer wall of said tube and the inner walls of
sai d carrler @&ief@é@ i nl et opening. said face seal opening and said face

seal Port o AanhOUE. MOLSD, B8 Y ARALBNGISARARD I ERR.fE, Al sPensed

fromsaid appara sard vapor phase re t opening. 102451

The vapor phasgidrceageqis ﬁe@ peaSIpogind PpAT At éiscal upem@g alosat fagescahpear ri er
gas feed |Iine extending exterlorly fromthe carrier gas feed inlet fitting
for delivery opgniggrthioagh yhichi satovapar phase igaeentche b dipensedrogasaider gas feed

i ne contalnln O%ﬂghﬁguqﬂwﬁi%ﬁk¥§ﬁ%ﬁg$§FH“RWEﬁ&£%hll val ves therein for

control of fI4 rrier a vapor phase reagent

di scharge |i ngoxes| amdivagor mgee;reagtrnk &Ilsbélﬁmgtefp?n\éﬁ@%rtﬂé}&:%ﬁlpﬁﬁwmmﬁu'[ | et
opening for renoval of vapor phase reagent fromsaid inner gas volunme above

the fill |evelgas fchelipapeenginasstcriedy&am thecaeisagaecsd wéetcfmlmg)f@al ly
cont ai ni ng On%el?ver}mafgar}/lglpgas 119t%asesu% Sl%g%pénncalomecc%'ﬂrtlgl gas feed line

containing one or more carrier gas flow control valves therein for control of flow
of the carrier gas therethrough; and a vapor phase reagent discharge line extending
exteriorly from the vapor phase reagent outlet opening for removal of vapor phase
reagent from said inner gas volume above the fill level, the vapor phase reagent
discharge line optionally containing one or more vapor phase reagent flow control
valves therein for control of flow of the vapor phase reagent therethrough.

[0246] The vapor phase reagent dispensing apparatus further comprises the vapor
phase reagent discharge line in vapor phase reagent flow communication with a
vapor phase delivery deposition system, said deposition system selected from a
chemical vapor deposition system or an atomic layer deposition system.

[0247] The vapor phase reagent dispensing apparatus further comprises:

[0248] a deposition chamber selected from a chemical vapor deposition chamber
or an atomic layer deposition chamber;

[0249] the vapor phase reagent discharge line connecting the vapor phase reagent
dispensing apparatus to the deposition chamber;

[0250] optionally a heatable susceptor contained within the deposition chamber
and located in a receiving relationship to the vapor phase reagent discharge line;

and
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val ves therein for control of flow of the vapor phase reagent therethrough.
102461 the vapor phase reagent dispensing apparatus further conprises the
vapor phase reagent discharge line in vapor phase reagent flow

comuni cation with a vapor phase delivery deposition system said
deposition system selected froma chem cal vapor deposition systemor an
atom c | ayer deposition system [02471 The vapor phase reagent dispensing
apparatus further conprises: 10248] a deposition chanber selected froma
chem cal vapor deposition chanber or an atom c |ayer deposition chanber;

[ 0249] the vapesiphastiueesadsihhrgdiiteRangetdditoehacdoposicbn ogarhke; vapor phase
reagent dispensing apparatus to the deposition chanber: [02501 optionally a
heat abl e suscHB03k SuchribativaBer RiaphicAZEh @agehBETUEhdhe ¥HRQkipBRsE r838§nf ocated in a

abl e susclBoel o . _ Wrkocated in
02511 an of f e Y B R A R P B e

[0252] such t bpdonddpon tiphiasebicagaptorpagisaes rthaoughe filbentvapicchaphrise r eagent
di scharge line and into the deposition chanmber, for contact with a
substrate, optpuhdhe ¢ffyignt diechaesstltsl e susceptor, and any renai ning ef fl uent

I s di schar QEd([iOZISQ{ PHY btsngtle% %élﬁﬁ&ed%iﬁ%‘%{rgﬁ stibA&d frgﬁzél%%‘apﬁq%éth'lbﬂ rate is
conpri sed of mat eri al sel ecte roma netal, a neta sili'cide, a neta
car bi de, a netisitidaj 4 me@ecarbids emmeahdiugdQ b se@itondsubratwinsancrandharri er
material. The substrate is preferably a patterned water. [02541 I n anot her

embodi ment , t hirsies MRl olhereibsrae isipelsEdly 2 Baternqdgytfer phase  reagent

enbodi m T SPBUS I el . reagent |
menber . o s abaal 1 G RRE TRt JER e Rt MRl RATBL 8% S f o m an

internal vessghgaomppeidiBnipfatatioddng@isigour ce chemical up to a fill level
and to additionally define an inner gas volune abaove the fill |evel: [02561
said top wal | [(Rehbaressahvhigh somaeesadap Walmenplsar Hde #al nspeicsaad By one  or

][“;r:g gtegler Ogggﬁﬁogswggqﬁéﬁ%?g%gg@ggg ghl%ﬁxﬁéfx ifte [ AF Fesi@FontpGfinfeht fiHg havi ng a
source chemical up to a fill level and to additionally define an inner gas volume
above the fill level;

[0256] said top wall member having a face seal port opening and optionally one
or more other face seal port openings;

[0257] a face seal tee fitting having a face seal opening, an inert gas feed inlet
opening and a liquid phase reagent outlet opening;

[0258] said face seal port opening having said face seal tee fitting connected
thereto through the face seal opening, said face seal port opening and said face
seal opening having opposing surfaces, wherein the opposing surfaces are not in
contact with one another;

[0259] a face seal gasket, e.g., metal, being aligned and in contact with the
opposing surfaces of said face seal port opening and said face seal opening;
[0260] fastening means for securing the face seal tee fitting to said face seal port
opening through the opposing surfaces and said face seal gasket;

[0261] an adapter comprising a metal face seal gasket joined to a tube that
extends through the liquid phase reagent outlet opening, the face seal opening, the
face seal port opening and the inner gas volume into the source chemical and

through which liquid phase reagent can be dispensed from said apparatus, said
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opening and a |iquid phase reagent outlet opening; [0258) said face seal

port opening having said face seal tee fitting connected thereto through
the face seal opening, said face seal port opening and said face seal
openi ng havi ng opposi ng surfaces, wherein the opposing surfaces are not in
contact with one another; [02591 a face seal gasket, e.g., netal, being
aligned and in contact with the opposing surfaces of said face seal port
opening and said face seal opening; 102601 fastening neans for securing the
face seal tee fitting to said face seal port opening through the opposing

surfaces and &@Eda%aganSeangaaaﬁtmnﬁ@ﬂﬁ1muanﬂadanmgmn¢mﬂ@mﬁ$hmgaadneta
face seal gasket joined to a tube that extends through the liquid phase
r eagent outIe@16%%ﬁpﬁ@dW@%%“¥ﬁ@@0§@§PWBHQWPH§3 the face seal port opening

d the i th h | d
phase reagent 2aal 18! HIEGSRed et Ol B Rl &t AN Qu R 2 g

an outl et endmadﬂamﬁﬂgcdhﬁmnherkﬁmuld phase reagent outlet opening and an
inlet end adjacent to the bottomwall nenber; 102621 said |liquid phase
reagent out | et0263bsiic§awdhaty rsaganyantet pRadRS ?%ﬁ%{lqu‘%’ﬂ“f‘s@tre%eﬂl ng

connected t heé&i@? ’httEn %@a%hgéc?ﬂpglslk %gﬁ%%ﬁ?%?e?mﬁ?lg%@fbﬁsﬁgtshﬁgcegg V\tﬁgn and said

l'iquid phase reagen avi ng op aces erein the
opposi ng surf asgsct @it dhetanbther;cont act wi th one anot her: 102641 said neta
face seal gasket being aligned and in contact with the op ilng surfaces of

said |iquid pHaéd] saggem f%?ﬁtSP@tgaélﬁéﬁPlﬁg algerdsayddn Ppléfa?td“ﬁ}h 1§ OPPRURFent
Out ot fitt i 020rsid ARHERLAS BARCOLRL o AREH DR B liBRe T oagent

out | et flttlng 0 sal reagen et op eh t he
opposi ng surf agés fiadeh; sai d netal face seal gasket ; and [02661 annul ar space
bet ween the outer wall of said tube and the inner wal said Ijquid

phase reagent [(B6f] &Steﬁﬁéﬂp‘%@s ferequingce dguid p@ﬁ%’rf eh%enaﬁﬂt@aﬁtﬂng‘ ’é?csélds eal
Feed it ohafRHGLE JAlehno by RSNk BR%RAR: BERckBR AR RN, O
pressuri ze th&mb@ﬂ&@a%@tand

[0266] annular space between the outer wall of said tube and the inner walls of

said liquid phase reagent outlet opening, said face seal opening and said face seal

port opening, through which an inert gas can be fed through the inert gas feed

inlet opening into the inner gas volume above the fill level to pressurize the inner

gas volume above the fill level.

[0267] The liquid phase reagent dispensing apparatus further comprises an inert

gas feed line extending exteriorly from the inert gas feed inlet opening for

delivery of inert gas into said inner gas volume above the fill level, the inert gas

feed line containing one or more inert gas flow control valves therein for control

of flow of the inert gas therethrough; and a liquid phase reagent discharge line

extending exteriorly from the liquid phase reagent outlet fitting for removal of

liquid phase reagent from said vessel, the liquid phase reagent discharge line

optionally containing one or more liquid phase reagent flow control valves therein

for control of flow of the liquid phase reagent therethrough.

[0268] The liquid phase reagent dispensing apparatus further comprises the liquid

phase reagent discharge line in liquid phase reagent flow communication with a

vaporization apparatus, said vaporization apparatus in vapor phase reagent flow

communication with a vapor phase delivery deposition system, said deposition
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gas vol une above the fill level. [02671 The |iquid phase reagent dispensing
apparatus further conprises an inert gas feed |line extending exteriorly
fromthe inert gas feed inlet opening for delivery of inert gas into said
i nner gas vol une above the fill level, the inert gas feed |line containing
one or nore inert gas flow control valves therein for control of flow of
the inert gas therethrough: and a |liquid phase reagent discharge |ine
extending exteriorly fromthe |iquid phase reagent outlet fitting for
removal of |iquid phase reagent from said vessel, the liquid phase reagent
di schar ge |i neystamptdlanal frymensticaiicul Rgparniepasitiorogystel gjui <h phiaselayeagent fl ow
control valves therein for control of flow of the |iquid phase reagent

t her et hr ough. Y¢RPSEVY SYHEM} i qui d phase reagent di spensing apparatus further
compri ses the gJodlifle 1iAARaLAR0RM oLhaRRRBablRuliflr bt phase T eagent
fl ow comuni cation wth a’ vaporTzation apparatus, said v pori zation
apparatus i n W200J a dhgsaidnadgmiber fdl@wd femmmehemail vapondt fosaionaghambphase
delivery deposition system said deposition - 34 systemselected froma
cheni cal vaporndi@pyenis BrcisdrepaHPafr s at omi ¢ | ayer deposition system

102691 The | i gy - i i, s o f i ses:
10270] a depolt T b arihERAE Kol R RED A PORRICB U il O R
chanber and drpatsofg apphaysrto deppsiationagfuaatber ; [0271] the |iquid phase

r eagent dischazse | ine connecting the |liquid phase reagent  dispensing
apparatus to HA/Zhappuionddibayaparattes: apperateshaging grariyn e8¢ faefénl§tapor i zat i on

appar at us havi . i . : i - i : [ rrier gas
can Do fod | neBid BROENSENOREHERLs b B R koM A8 Qi
phase reagent cdBe bepat ssidtligaidygddsé reagait tb batonieamntigasd tosaip catucgaswapor
phase reagent; [02731 a Eg&tion of the vaporization apparatus having a vapor
phase reagent PEGHFEYaPOH BBHEHGASERE ough whi ch sai d vapor phase reagent can he

G speneed 1S dpgU PRI HEL PR B RS A ORT AN By EIAL eyl 1
vapori zati on appatigthusughorhidiebdiv eaporgphagatiideat cgas: disgensshiron said
vaporization apparatus;
[0274] a carrier gas feed line extending from the carrier gas feed inlet opening
exteriorly from the vaporization apparatus for delivery of carrier gas into said
vaporization apparatus, the carrier gas feed line containing a carrier gas flow
control valve therein for control of flow of the carrier gas therethrough;
[0275] a vapor phase reagent discharge line extending from the vapor phase
reagent outlet opening exteriorly from the vaporization apparatus for removal of
vapor phase reagent from said vaporization apparatus to said deposition chamber,
the vapor phase reagent discharge line containing a vapor phase reagent flow
control valve therein for control of flow of the vapor phase reagent therethrough;
[0276] a heatable susceptor contained within the deposition chamber and located
in a receiving relationship to the vaporization apparatus; and
[0277] an effluent discharge line connected to the deposition chamber;
[0278] such that vapor phase reagent passes through the vapor phase reagent
discharge line and into the deposition chamber, for contact with a substrate on the
heatable susceptor and any remaining effluent is discharged through the effluent

discharge line.
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vapori zation apparatus, the carrier gas feed line containing a carrier gas
flow control valve therein for control of flow of the carrier gas

t her et hrough; 10275] a vapor phase reagent discharge line extending fromthe
vapor phase reagent outlet opening exteriorly fromthe vaporization
apparatus for renoval of vapor phase reagent from said vaporization
apparatus to said deposition chanber, the vapor phase reagent discharge

| i ne contai ning a vapor phase reagent flow control valve therein for
control of flow of the vapor phase reagent therethrough; [0276] a heatable
suscept or con{®78pdhekitsiratetiheoderediof b omtahdstiected idm omatakch metal a

receiving relationship to the vaporization apparatus; and [02771 an effl uent
di scharge |i né‘thé’éiﬁrfé@ﬁ@élC"’Eréldﬁh%”ﬁ@'bag\'l@‘?v6@6‘@%%%9@’ ali@??‘@gorsaﬂéﬁ t hat vapor

phase reagent b%%§ﬁ§te%i'af.0ﬂ%‘su%9t?at¥ ?sﬁ%fe%%?i?ﬁét?@g@db afefll scharge line and

into the deposition chanber, for contact a substrate on the heatable
suscept or and[(®39] Asnmdicdtadatefve]| thenhvémsiodirsletearge chethoddugeliiveey &fd | uent

di scharge line. - 35 [02791 The substrate is conprised of a materi al

sel ected from'a8PPNale rcagcRbion depgitipg copmbey cREPHFGar bi de, a netal nitri de,

a sem conduct gf», N - ' tenh Thersigstrate is
preferably a g(gztstlgpﬁev g\%gggéor%&g%%fa%[ ?Fﬁglnéa eagba%gr&é:, ?)Hl sgi nventi on
relates to a [282pd veorl @hkichcemyriads aaop watlonephasesideagdmerhlerandeposi ti on
chanmber conprising: 10281 J prqviding. a vapor phase reagent dispensing
appar at us conpPitan gl mgpbyxen g\lfé%éﬂaforwwcﬁteE@hﬁ?ﬁsglé@@aftaﬁnmﬁw@%moer, a

si de val | mn@&frc@ﬂ%nﬁ&%f&ﬁ&é Qrﬁli\’\@%l aﬂg@gcfdit@cﬁﬂg%glggﬁgar$ ﬁn%péz{pv%pmil@t ernal

vessel conpartnent to source chem ca evel and to
addi tional | y dedvenke ill léweher gas vol unme above the fill level; 102831 said
top wal |l nenber havi,ng a first face seal port opening, a second face seal

port opening M%Eﬁliﬂ WP@IWH@%P&‘W %ﬁésttlii@_FSF é’é’rts‘é’ﬁf“nﬁo?‘ §ec85‘é?ﬁcﬁgs;
102841 sai d fiLshofd6&is %Ld PO mBRV G 1SRN b oftdhebeed 1nlet
t 0; me

fitting connect ere an adapter conprising tal face seal
gasket | oi ned[0284psdid Biesttthatscaleporenaaingihnoingh dahéerfgas stedlisleefisiegl port
openi ng and SECi(I)r(ljneICtrg %geré;tg;s volume into the
[0285] an adapter comprising a metal face seal gasket joined to a tube that
extends through the first face seal port opening and said inner gas volume into the
source chemical and through which a carrier gas can be bubbled 1nto the source
chemical to cause at least a portion of source chemical vapor to become entrained
in said carrier gas to produce a flow of vapor phase reagent to said inner gas
volume above the fill level, said tube having an inlet end adjacent to the first face
seal port opening and an outlet end adjacent to the bottom wall member;
[0286] said first face seal port opening and said carrier gas feed inlet fitting
having opposing surfaces, wherein the opposing surfaces are not in contact with
one another;
[0287] said metal face seal gasket being aligned and in contact with the opposing
surfaces of said first face seal port opening and said carrier gas feed inlet fitting;
[0288] fastening means for securing the carrier gas feed inlet fitting to said first
face seal port opening through the opposing surfaces and said metal face seal
gasket;

[0289] a carrier gas feed line extending exteriorly from the carrier gas feed inlet

fitting for delivery of carrier gas into said source chemical, the carrier gas feed
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source chem cal and through which a carrier gas can he bubbled into the
source chemcal to cause at |east a portion of source chem cal vapor to
beconme entrained in said carrier gas to produce a flow of vapor phase
reagent to said inner gas volune above the fill |evel, said tube having an
inlet end adjacent to the first face seal port opening and an outlet end
adj acent to the bottomwall nenber; [02861 said first face seal port opening
and said carrier gas feed inlet fitting having opposing surfaces, wherein
t he opposing surfaces are not in contact wwth one another: [02871 said
nmetal face sehhe gasdgingbakc ogmakdé gitack @rdlomnconant adteswhelirt foe coppo st ng
surfaces of said first face seal port opening and said carrier gas feed
inlet fittingllowpddwgenrrgiamgticigihiouahs for securing the carrier gas feed

inlet fitting j: [ f lpQhL. ' pposi ng

surfaces and g%?gﬁﬁggg%bkggge§%§&039 SE@?PET§§§3?5%4%25€#%‘“%ggﬂgeed l'ine
ext endi ng ext éttingrboyindctaintht e, davuglewhighsaitieaporn phasd reagéittcambe f or del i very
of carrier gas into said source chemcal, the carrier gas feed - 36 |I|ine
cont ai ni ng on&SBENSEbHEMCRIG FRPRTES %4 ow control val ves therein for control

of flow of t I : . Q&%@ i seal port
openi ng havin giﬁégggﬁ5%%%8%%§§ggﬁﬁﬁﬁg¥?%{ |%F?ﬂgqgﬁﬁgggﬁggﬁ?ﬁ%reto,

t hrough whi chvgair ghaapergephaskt figagebt reamvabe vagosyens edgéntdmns siid
apparatus; and 102911 a vapor phase reagent di scharge |jne extending and
exteriorly frBWeEeE V%ﬁ%?bodﬁé%flpi%ﬁbﬁlﬂe GRRer Bhase i"ffatgF‘ngJl?cgﬁrgFéWBval of vapor

phase 1 eagent o{ i3 ebilaindl e A3 bR S RO Bl sk RBley thgnvapor

phase reagent rge lime optiona taining one or nore vapor phase
reagent flow Gerbnwdl ofdlowest thbesgirphafearaganthesithrofiglf;l ow of the vapor phase
reagent therethrough: [02921 adding soqurce chem cal to said vapor phase

r eagent dispeHQP%bm&bﬁéﬁ&?ﬂ%@““?@ég%%“%é%%ﬁMQMFH@%§BE§%@”EH§ﬁWB§PU§h sai d

yopor phese ! ST SREARTSIG Rpiel g% P TIEith UL Lo 0,
a carrier gasappraus®sidewnaparurpbadieicheagapbrigh thpensts ghappartapus/ide
vapor phase reagent;
[0294) feeding a carrier gas into said vapor phase reagent dispensing apparatus
through said carrier gas feed line and said tube;
[0295] withdrawing the vapor phase reagent and carrier gas from said vapor phase
reagent dispensing apparatus through said vapor phase reagent discharge line; and
[0296] feeding the vapor phase reagent and carrier gas into said deposition
chamber.
[0297] The method can further comprise:
[0298] contacting the vapor phase reagent with a substrate, optionally on a
heatable susceptor, within the deposition chamber; and
[0299] discharging any remaining effluent through an effluent discharge line
connected to the deposition chamber. The deposition chamber can be selected
from a chemical vapor deposition chamber and an atomic layer deposition
chamber.
[0300] In operation of the system described above, source chemical is placed in
the vessel and heated to a temperature sufficient to vaporize the source chemical.

Carrier gas is allowed to flow through the carrier gas feed line to the carrier gas

feed inlet opening and through bubbler tube from which it is bubbled into the
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t hrough said carrier gas feed line and said tube; [02951 wi thdraw ng the
vapor phase reagent and carrier gas fromsaid vapor phase reagent

di spensi ng apparatus through said vapor phase reagent discharge line;: and
102961 feeding the vapor phase reagent and carrier gas into said deposition
chanber. [0297] The method can further conprise: [0298] contacting the vapor
phase reagent with a substrate, optionally on a heatable susceptor, within
t he deposition chanber: and [0299] discharging any remraining effluent

t hrough an effluent discharge |ine connected to the deposition chanber. The
deposition chamhenmcmmmbeAsahén@edﬂoWKDnvd\@h@ﬁb@abSvupBOWdﬁﬁ@EWMm@n chanber

and an atom c Ia 0 chanber 0 ation qf system
descri bed abo¥&:! ?6% @ Zﬁﬁ%hﬁ PGF@”STQE@g i Q%Pﬂl BE@%Vm%ﬁﬁf dto a
tenperature Sb'é(cfoin%'s 61“;‘211;1& MAROLAAS: §R8 ﬁ%ﬁ@@v%?ﬁh&s@lrea el@rrier gas i's
allowed to flow through the carrler gas feed line to the carrier gas feed

inlet opennngﬂﬁﬂu]Thrwu@hpbmhbeaxntmbscmnguiﬁhmdheunwrgmbmbbh@dnomﬂn the -
37 source chemical. A carrier OM/qfﬂtro | ve control fl ow of

the carrier JApH AN SRR Y ?jé’él’ell“H% 8nq s Vapor RIRSFrags T grse ‘Vﬁﬁﬁfl fromthe

source chem cale vQREBARS r@argﬁmaﬂsm%%um ’éhléevaﬁ@x’fﬁﬂa%reﬁ@&tﬂ%e@é@gﬂﬁ@tovtﬁ@or phase
reagent. [03011 The vapor ase reagent is discharged fromthe inner gas

vol une thr oug@ﬁposmgnvhqunberp Hasapor phapemeagont flav cmpimiwabyeamdtr@lhéhevﬁtmr phase
reagent discharge |ine The va r. phase r a s flo t he vapor
phase reagent %ﬁ%@ﬁﬁ?é@a$”ﬁ%g¥% hQQﬂﬁﬁﬁég' i Hoﬁhﬁﬁﬁ%?Wgﬁ bbB r phase
reagent flow gopkiieh (HahN&, GHRREPSH p‘hag%aéén@w de%gsﬁéaeon‘t'@-ﬂférwaqaao?r%t}’ié?agent
that is flowed to the deposition chanmb deposi tion chanber, the
vapor phase rsdge#t clesnedeposistreainggtt @ 4 h@tahdﬁ grbswate or hther lr@ub@ttlruatuee el ement

that is nount on a heatabl e ,substrate or .other no tru Ef f | uent
vapor {1 om ¢ nETHERERET BT AoeRiow Wi geahariet prordui ke oo 1 ne.
The effluent pry ﬁ%&ﬁﬁ@rﬁ%e{)ﬂoé @yeelts1ec@@réol\é@wery,vvaess%eetrég&ﬁ@ﬁtn&l@fmsaﬂI sposal
or other disposition neans. 1 During this operation, the source

cheni cal f|IIOﬂ@h@MhumwﬂMGnMassel is
[0302] During this operation, the source chemical fill level in the vessel is
detected by a source chemical level sensor. It is important to know when the
liquid precursor chemical inside of the vessel is close to running out so that it can
be changed at the end of a chemical vapor deposition or atomic layer deposition
cycle. The source chemical level progressively declines and eventually lowers
into the sump cavity to a minimum liquid head (height of liquid in the sump
cavity), at which point the central processing unit receives a corresponding sensed
source chemical level signal by a source chemical level sensing signal
transmission line. The central processing unit responsively transmits a control
signal in a control signal transmission line to the carrier gas flow control valve to
close the valve and shut off the flow of carrier gas to the vessel. and also
concurrently transmits a control signal in a control signal transmission line to
close the vapor phase reagent flow control valve, to shut off the flow of vapor
phase reagent from the vessel.
[0303] Also, during this operation, the temperature of the source chemical in
vessel is detected by a temperature sensor. It is important to monitor the
temperature of the liquid precursor chemical inside of the vessel to control the

vapor pressure. If the temperature of the source chemical in the vessel becomes
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detected by a source chemcal |evel sensor. It is inportant to know when the
| i quid precursor chem cal inside of the vessel is close to running out so
that it can be changed at the end of a chenical vapor deposition or atomc
| ayer deposition cycle. The source chem cal |evel progressively declines
and eventually lowers into the sunp cavity to a mninumliquid head (height
of liquid in the sunp cavity), at which point the central processing unit
receives a correspondi ng sensed source chem cal |evel signal by a source
chem cal |evel sensing signal transmssion |ine. The central processing

uni t responsi welhygH, tlensiirhispraceing alt recivgnalcoirespandiontseiled séngpeature

transm ssion line to the carrier gas flow control valve to close the valve
and shut of f $iEealbyGicHpPeraire sesingaenabrangmissedsile. HREeardPro@stibdrrent | y

and_shut FBPCIBRY FBrTgAs HrdcarSgroet e
the vapor phaddt PR BhEN g AR Chp gL Ao ERR AR R BTy apor

phase reagent a i¢aitetnheny esékcas¢ M3Qahpdhses. during this operation, the
tenperature of the source chemcal in vessel is detected by a tenperature
sensor, It isl0BRpblbarror pharsrracsnt diprensing AP g opuhbHa: ¢ d precur sor

chem cal i nsi t 0 he I re. LTt h
t enperature oﬁﬁ?ﬁgngg rgiﬁ%ﬁ@g?kgﬁgﬂ%&ﬁhéhggggéﬁﬂ ég§%§%&%a§8&gfgg&ﬁigh, t he
central process fofidydiitce Fegeny @SedinGhemeapopdi dgpsansestonénfageat ure  si gna
by a tenperature sensing signal transm ssion |ine. The central processing
unit responsi $RAOyItOR AR AN IGIPAAEYHIYRIPCES TS n AR TAT eaEume LoD Biteial

transm ssi on 5b9¢3 opHa heating nmeans to decrease the tenperature. [0304]
The vapor phase r’eagent di spensing apparatus, e.g., bubbler, of this

i nvention may[03es5usefindicdiar aboapohiszatdn0on eflatts upatistoandethod fa detiteyi al s,
e.g., liquid and soljd source reagents used in chem cal vapor deposition,
atom c | ayer OFeYRPST Phasa reasqnt o depplition ehanys pPBBEY8Es. See, for exanpl e,

n part to a IoURR i [ e o A DB sposi 1 on
chanber conpr [B07Pa vEHRS806hichrompdicda tap Walluidhiphasdds ealendmige spensi ng
apparatus conprising; 103071 a vessel which conprises a top wall nenber, a
side wall ne fony M@l gnember configured to form an internal vessel compartment to hold a

source chemical up to a fill level and to additionally define an inner gas volume

above the fill level;

[0308] said top wall member having a first face seal port opening, a second face

seal port opening and optionally one or more other face seal port openings;

[0309] said first face seal port opening having an inert gas feed inlet fitting

connected thereto, through which an inert gas can be fed into the inner gas volume

above the fill level to pressurize the inner gas volume above the fill level;

[0310] said second face seal port opening having a liquid phase reagent outlet

fitting connected thereto;

[0311] an adapter comprising a metal face seal gasket joined to a tube that

extends through the second face seal port opening and the inner gas volume into

the source chemical and through which liquid phase reagent can be dispensed

tfrom said apparatus, said tube having an outlet end adjacent to the second face

seal port opening and an inlet end adjacent to the bottom wall member;

[0312] said second face seal port opening and said liquid phase reagent outlet

fitting having opposing surfaces, wherein the opposing surfaces are not in contact

with one another;
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bottom wal | menber configured to forman internal vessel conpartnment to hold
a source chemcal upto a fill level and to additionally define an inner
gas volune above the fill level; [0308] said top wall nenber having a first
face seal port opening, a second face seal port opening and optionally one
or nore other face seal port openings; [0309] said first face seal port
openi ng having an inert gas feed inlet fitting connected thereto, through
which an inert gas can he fed into the inner gas volunme above the fil

| evel to pressurize the inner gas volume above the fill level; [03101 said
second face sEBﬂ3p9ﬁdnﬁp&@kﬁgehgmﬂ&gbanghngkﬂemhasemﬁaagedtﬂmmmb@mngfitting
connected thereto; [0311] an adapter conprisin tal face seal gasket
joined to a t SH5ERCehfsaideSecanrhiice prabDejih OPHENS ¥ pe @pgﬁﬁﬂaﬁGPimB%éning and
the inner gasgyglume into the source chemcal and through which |iquid
phase reagent cafi’ be dispensed from said apparatus, said tube having an
outl et end adjidténfasteainzhecanecarndcdraneahe Sgaild phoget reagran bmipt ditdngato serll et end

adj acent to the bottomwall menber; 103121 said second face seal port
openi ng and s#fcang faﬁaﬁ%ﬁlﬁﬁa@@em@&&éﬁ%glb@?P@POSIH& priage Rl eiahBss ng
surfaces, wherg %g%%e opposi ng surfaces are not in contact wth one
anot her; - [ 1 said netal face seal gasket being aligned and in

contact with Hhespmpbﬁhqgsﬁ&dﬂ%ﬁ@@&n&hg&akdOSgﬁ@ndﬁkamﬁtg&dhapmkﬁ openi ng
and said |liquid phase reagent outlet fitting; [03141 fastenlng nmeans for
securing the [itegiter %ﬂ%@(@@y ¢engeats lamaéimfl?rt&aﬁﬂ@lww e thesldd gl thece seal

port L9PeNi NG LRQUON e SBRGR N AU AGES AL Sph AL IRLA ul aCGerchPR) dasket

[ 0315] an inert feed I'lne e ext rom the | nert gas feed
i nl et f|tt|ngnﬁmMoﬂﬂbwmﬁmW1@&1gmambmg38ugnhﬂdsald i nner gas volune above
the fill level, the inert gas feed I|ne containing one or nore inert gas
fl ow control 31 Qbéhﬂwérr@.aw repgent dispharen Ly extensimgoixtempaly; g tthgghiguud

ner et oua: g LOSASly kil s el o gRLag,exbend. o
| i qui d phase thedgeitpHasorsagaitdiseRageline optionally containing one or more liquid
phase reagent flow control valves therein for control of flow of the liquid phase
reagent therethrough;
[0317] adding liquid phase reagent to said liquid phase reagent dispensing
apparatus;
[0318] optionally heating a solid source chemical in said liquid phase reagent
dispensing apparatus to a temperature sufficient to melt the solid source chemical
to provide liquid phase reagent;
[0319] feeding an inert gas into said liquid phase reagent dispensing apparatus
through said inert gas feed line;
[0320] withdrawing the liquid phase reagent from said liquid phase reagent
dispensing apparatus through said tube and said liquid phase reagent discharge
line;
[0321] providing a vaporization apparatus comprising:
[0322] a vessel configured to form an internal vessel compartment to vaporize the
liquid phase reagent;
[0323] said liquid phase reagent discharge line connecting the liquid phase

reagent dispensing apparatus to said vaporization apparatus;
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the liquid phase reagent discharge line optionally containing one or nore
liquid phase reagent flow control valves therein for control of flow of the
| i quid phase reagent therethrough; [0317) adding |iquid phase reagent to
said |iquid phase reagent dispensing apparatus; [0318] optionally heating a
solid source chemcal in said |liquid phase reagent dispensing apparatus to
a tenperature sufficient to nelt the solid source chemcal to provide

| i qui d phase reagent; 103191 feeding an inert gas into said |liquid phase
reagent dispensing apparatus through said inert gas feed |line; 10320]

W t hdrawi ng t (0824 qpbmﬁophﬁsl& \ra@agmtonfappmslaihaivihgqut'an‘ieplgasﬁ:ed gdgent

di spensi ng appa ratu sai.d tube said | hase reagent
di scharge |i ?31113 ﬁYLiB&P eAHY %i‘sﬁé‘bg‘? ?eiidfl Ooﬁqlda%‘ﬁﬁpé 198 aPBAEIY %é? ng:
[0322] a Vess@:{us@ %Hddrwgaqal hhﬁldfgﬁ?faﬁg I%F%én@&fs&ahle\émﬁkd GPORREL BN a5k O

vaporize the I qui'd phase rea sald |1 quid phase reagent
di schar ge I|npmﬁommﬁnmrp@mth@gthU|d phase reagent di spensing apparatus to
sai d vaporlza arat S, 03241 a portion of the vaporiz tlon

appar atus hav %3913 fop ﬂ&a%apf)%ad PAPBIrAIS BRANRG \ERYTIUGR WAETH OBATr i er gas
can be fed i n&;%éo ecoc}rfrlgﬂ%ﬂlgf%a'l@Uaﬁ;‘?Bﬁ{is%tréla%ehpcan%gﬁ;%)eﬂ%%orﬁ kajgai d i quid

phase reagent entrained in said carrier produce vapor
phase reagent yafofid@&jn @pppadsi on of the vaporization apparatus havi ng a vapor

phase reagent t] et openi t. hr ough which a|d vap e reagent can be
di spensed from%gﬁl g cang %EFslfngq HReX F&Fga#rﬁ@t E[?)5'3‘2‘%‘] ﬁaé lln eéPpﬁé feed |ine

extending frog L& ﬁ&l’h'tﬁé v%ﬁﬁzsﬁaﬂaag@%a%s 8P8A1Rgy o@as&ﬁ& oS d;}f ofdigm the

vapori zation appardatus for delivery carrier gds into sal vapori zation
appar at us, themnmmam@napmm&nkeédchhheg&@ﬁkéhnen@nmmﬁggnmnmmﬁncamrkegmgas

fl ow control vyal ves there| or control o w of the carrier
therethrough;ﬁowd@w‘f BINPY elaﬁa%@nfr@L@fef W&?%W&F&égﬁ% *@reél%%%a. ng from

the vapor phagR27] a vapor phase reagent discharge line extending from the vapor phase
reagent outlet opening exteriorly from the vaporization apparatus for removal of
vapor phase reagent from said vaporization apparatus to said deposition chamber,
the vapor phase reagent discharge line optionally containing one or more vapor
phase reagent flow control valves therein for control of flow of the vapor phase
reagent therethrough;
[0328] feeding the liquid phase reagent into said vaporization apparatus;
[0329] heating the liquid phase reagent in said vaporization apparatus to a
temperature sufficient to vaporize the liquid phase reagent to provide said vapor
phase reagent;
[0330] feeding a carrier gas into said vaporization apparatus through said carrier
gas feed line;
[0331] withdrawing the vapor phase reagent and carrier gas from said
vaporization apparatus through said vapor phase reagent discharge line; and
[0332] feeding the vapor phase reagent and carrier gas into said deposition
chamber.
[0333] The method can further comprise:
[0334] contacting the vapor phase reagent with a substrate, optionally on a

heatable susceptor, within the deposition chamber; and
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reagent outlet opening exteriorly fromthe vaporization apparatus for

renoval of vapor phase reagent from said vaporization apparatus to said
deposition chanber, the vapor phase reagent discharge line optionally
cont ai ni ng one or nore vapor phase reagent flow control valves therein for
control of flow of the vapor phase reagent therethrough, [03281 feeding the
| i qui d phase reagent into said vaporization apparatus; [03291 heating the

| i qui d phase reagent in said vaporization apparatus to a tenperature
sufficient to vaporize the liquid phase reagent to provide said vapor phase
reagent; 1033QB336panthggidgeay éedingailhotsaugh anagindz aischargappar at us

t hrough said carrier as teed line; 103311 w thdrawi ng the vapor phase
reagent and cé&eiiceted gadherdeppsiden ehambgpof he dgnosition spaPaeTsan p selggRd sai d vapor
phase reagent .di schar l.ine; - Ri I : apor -phase reagent
and carrier gggn}%p%mggﬁ a %ﬁ%@? PBﬁgé%ﬁ%%%@?gh?%3@@%W¥h@§ﬁgﬁﬁgd can further
conprise: [033Hdnisent acti ng the vapor phase reagent with a substrate,

optionally on a heatable susceptor. within the deposition chanber; and - 41
[03351 di schali3ty lmagerrereniihagysem Hepsribed Hrosagiubss caemicgeitplaficddhar ge | ne
connected to e Jepas| 1 ANGARTORw INEASERORL b AR ShATDEE 57N, Raygel ect ed
from a chem cal” vapor dep03|ﬁﬁon chanmper and an“atom ¢ Payer eposition

chanber. [ 033&krd gus dggiriakt operdig ddleinsyiat ainedesordliad abbevie fildevet® cheni cal
is placed in the vessel and an inert gas is allowed to flow through the
inert gas feedrdsiuieetle inner gasyetumaphove Sedill lkvek Apuwrtegs daw Gontrel the i nner

gas volume aboyie, LOG {1l Ll AEYSHL fuci PSRN SELARANASE: B35, ¥l ume above

the fill level. Aninert gas oW contro ve | ow of the
inert gas thatvolupetibechaiegitlieheit o the i nner gas vol une above the fil

| evel . [0337 The |iquid phase reagent is discharged fromthe vessel through
liquid phasel®Bdhdhe ligwd phasoisaginhé ¢iechgreed diom thgheysehhdoudhdiquidui d phase
reagent phase reagent outlet opening (e.g., dip tube) and the liquid phase reagent
discharge line. The liquid phase reagent is flowed 1n the liquid phase reagent
discharge line to the vaporization apparatus. A liquid phase reagent flow control
valve controls the flow of the liquid phase reagent that is flowed to the
vaporization apparatus.

[0338] In vaporization apparatus, the liquid phase reagent is vaporized to form a
source vapor for the subsequent vapor deposition operation. The vaporization
apparatus may also receive a carrier gas for combining with or shrouding the
source vapor produced by vaporization of the liquid phase reagent. Alternatively,
the source vapor may be passed to the downstream vapor deposition operation in
neat form. In any event, the source vapor from vaporization apparatus is flowed
through vapor phase reagent discharge line to deposition chamber. In the
deposition chamber, the vapor phase reagent is deposited onto the wafer or other
substrate element that is mounted on a heatable substrate or other mount structure.
Effluent vapor from the deposition chamber is discharged in effluent discharge
line. The effluent may be passed to recycle, recovery, waste treatment, disposal,
or other disposition means.

[0339] During this operation, the source chemical fill level in the vessel is

detected by a source chemical level sensor. It is important to know when the

liquid precursor chemical inside of the vessel is close to running out so that it can
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di scharge line. The liquid phase reagent is flowed in the liquid phase
reagent discharge line to the vaporization apparatus. A |iquid phase
reagent flow control valve controls the flow of the |iquid phase reagent
that is flowed to the vaporization apparatus. 103381 In vaporization
apparatus, the liquid phase reagent is vaporized to forma source vapor for
t he subsequent vapor deposition operation. The vaporization apparatus nmay
al so receive a carrier gas for conmbining with or shrouding the source vapor
produced by vaporization of the liquid phase reagent. Alternatively, the
sour ce vapor hayhdngepaisthednd of § bHendcainsporekposiapopr depasiayerotepopeomt i on in

neat form In an vent, the source vapor .from vaporizati on apparatus is

fToved 1 hrougH b aptt S%lﬁ%es@emé el RIPERAMY YR TFSIRES oo ERAgBEI IR harber . 1 n

the depositi r f i i to the wafer
Hio %asﬂgﬁ) c’avft?ﬁ)t %g{i’ﬂfnuﬂhmd h@ﬁgﬁlgfghk 2% ?ﬁﬁiﬁ) Zﬂ fh@‘%ﬂp

or other substrate enen I's mounted on substrfate or other
mount st ruct ucevity),Bft fthikdngoimapecerftrabmocbmsingepitsetdiors achvarcbpmdig fhsdhar ged
in effluent discharge. |ine, The effluent nmay be passed to recycle,
recovery, wasP@!t§ @“&ﬂ%tl‘?vebﬁlgﬁgsbéﬂ% SOUge Cé?lﬁtﬂap @ivglpssg%lflg S8%eans. 10339]

During this operalion, HBJ‘.?TIEO&&YPHQI @B@é&iﬁg:}m{tilr%slpohs‘?\yﬁ% tafshils VG3Re! 1S

detected by a source chem c evel sens I's Inportant to know when the
l'i qui d precur signaldherbs@bl sigrai gdensofisdidreliivesgbd cirsecindbw omwhnalngtout so
that it can - 42 he changed at_the end. of .a chem cal vapor deposition or
atomic |ayer 8OpoLEMRbE a“%%‘l‘té’.ﬁ ﬁiﬁgloévo‘ﬂfr(@émiﬂ%ﬁf%@f? VF%“\?EF‘“ AlSgr essi vel y

decl ines and eyeRtUal) ¥ahQWR"Scontrdf QoddiSh £ LERrdft Rnt MrdRmssiinnieug | i qui d
head (hei ght o? Iyqﬁé% ?ﬁﬂﬁﬁe(gﬁﬁg %avi%y), at §%%cﬁlpgﬁﬁtrk e central
processi ng untclos¢ thediquebplase anpas pondiangoberisedo sisowficike cloendfdajuid evel

signal by a source cheqical | evel sensing signal transmssion |ine. The
central proce&SEHy MM ther&&isdnsi vel y transmits a control signal in a

control si gna'[ostmﬂsz&m, ISR tfh'ig't Oferdifont e 1GRbdrhEle Fafie fhpLk ﬂ%{mhn valve to

cl ose the val ve anhd shut o ow of carrier gas to the vessel, and al so
concurrently wveaelsedesctad bpatteapersiugnsensaern lais Gapontaolt tsimgnabr theansm ssi on

line to close the qu¥id phase reagent fI?m/c n%rPI val ve, to shut off the
flow of Iiqui Ele?eé%{b@rﬂ tlperlé 1{ peecyis8gjemical inside of the vessel to control the

vapor pressure. If the temperature of the source chemical in the vessel becomes
too high, the central processing unit receives a corresponding sensed temperature
signal by a temperature sensing signal transmission line. The central processing
unit responsively transmits a control signal in a control signal transmission line to
a heating means to decrease the temperature.

[0341] The liquid phase reagent dispensing apparatus of this invention may be
useful for dispensing of reagents such as precursors used in chemical vapor
deposition, atomic layer deposition and ion implantation processes, and can
achieve a high level of withdrawal of liquid reagent from the vessel. See. for
example, U.S. Patent 6,077,356.

[0342] In another embodiment, this invention relates in part to a method for
delivery of a vapor phase reagent to a deposition chamber comprising:

[0343] providing a vapor phase reagent dispensing apparatus comprising:

[0344] a vessel which comprises a top wall member, a side wall member and a
bottom wall member configured to form an internal vessel compartment to hold a
source chemical up to a fill level and to additionally define an inner gas volume

above the fill level;
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10340] Al'so, during this operation, the tenperature of the source chem cal
in vessel is detected by a tenperature sensor. It is inportant to nonitor
the tenperature of the liquid precursor chem cal inside of the vessel to
control the vapor pressure. If the tenperature of the source chemcal in
the vessel becones too high, the central processing unit receives a
correspondi ng sensed tenperature signal by a tenperature sensing signa
transm ssion line. The central processing unit responsively transmts a
control signal in a control signal transmssion |line to a heating neans to
decrease the ((3appsad wpewall A3blr fhénd & Gt dePhasepesagand opliEpENSHOQ
apparatus of this invention may be useful for dispensing of reagents such
as precursorsob@éﬁ(ﬁﬁﬂéh@WWé@N”V%ﬁ@ﬂgsdeposition, atom c | ayer deposition
and ion inpla ' r : : . [ . Lah .l ev £, t hdr awal
of liquidr eal}*éﬁﬁ‘i 4 ?aé’msgﬁgge\s/@%?éf%.gg‘éég&d‘%egsr% ‘ﬁégﬁ% 2?%?%&35318?02%%6\“6, 077, 356.

103421 | n anobpeiingaiatvapenphast iéagehtouedt o@ningel ates in part to a nmethod for
delivery of a vagor_phase reagent to a deposition chanber conpri sing:

[0343] provi diRG7hsaidpse spHRSE apepigahavige spehaieigaldppHHEonesisst i si ng:

[ 03441 a vess I (o) [ S I: er and a
bot t om v | - maiSESy 1ot R g 3Pes bR ARl ralE e pory BudlitPultdd BRECEY Mol

a source chepdatapeniv havide dpposink@uEhceanehdreinandbpiodinal suyfactsfardigotan i nner
gas volune above the fill level; - 43 [03451 said top wall nenber having a
face seal por ompenyilgPrEfdodsti onal |y one or nmore other face seal port

[ ; 103 f fitting hayi f- : i ng,
chrrior gas 1 LGHr AEE Se SRR it al P R B B AEPLUPED Cpent g

[03471 said fagmsigalurtaedstofep@ihddehiayrnghestigthntiagid fheadecal @@nfrgt ti ng
connected thereto through the face seal opening, said face seal port
openi ng and sH349% fsteningareans peiicagriieaiae ge 6pPded higing e faeé dace saHd@Oli n t he

oPRos! 1, SU1 1 55,00yl SRRl A0, g 03401 2 Tace seal
surfaces of s#380f agedealcop@rikingpandiFagdabaisdeifjaimed seatubepieni ng;
extends through the carrier gas feed inlet opening, the face seal opening, the face
seal port opening and said inner gas volume into the source chemical and through
which a carrier gas can be bubbled into the source chemical to cause at least a
portion of source chemical vapor to become entrained in said carrier gas to
produce a flow of vapor phase reagent to said inner gas volume above the fill
level, said tube having an inlet end adjacent to the carrier gas feed inlet opening
and an outlet end adjacent to the bottom wall member;
[0351] said carrier gas feed inlet opening having a carrier gas feed inlet fitting
attached thereto;
[0352] said carrier gas feed inlet opening and said carrier gas feed inlet fitting
having opposing surfaces, wherein the opposing surfaces are not in contact with
one another;
[0353] said metal face seal gasket being aligned and in contact with the opposing
surfaces of said carrier gas feed inlet opening and said carrier gas feed inlet
fitting;
[0354] fastening means for securing the carrier gas feed inlet fitting to said carrier
gas feed inlet opening through the opposing surfaces and said metal face seal

gasket;
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[ 0349] fastening nmeans for securing the face seal tee fitting to said face
seal port opening through the opposing surfaces and said face seal gasket;
10350] an adapter conprising a netal face seal gasket joined to a tube that
extends through the carrier gas feed inlet opening, the face seal opening,
the face seal port opening and said inner gas volune into the source

chem cal and through which a carrier gas can be bubbled into the source
chem cal to cause at |least a portion of source chem cal vapor to becone
entrained in said carrier gas to produce a flow of vapor phase reagent to
sai d i nner gag03s8| unmulabpue: bdieedn tht ouleewall of s@i dulicuing thainnagwalls éfhl et end
adj acent to the carrier gas feed inlet openin and an outlet end adjacent
to the bottonsHAchTige ed g OPpNigg; sgidclass seak oppasng welFaidiags ss3pRH ng havi ng

Feed |l et opShy oe-dATe ctiatt bl BERFRAARIGER Be ol PARER B im0 ng

surfaces, wheagpanattheiropdhosidgpstipliac esigaiteudet openingont act with one

anot her ; [035%% said netal face seal%gasket,being al i gned and_in contact
with the oppodi3ngl aswiricagestesd lisapeceding peerighsPedhe FHTet 2ades] Wiftand sai d
carrier gas f i AN X 3541 . eni npans . kng the
carrier gas fggg@hﬁ*ggv%##§€%ﬁg?giggﬁgﬁ%g§§®ggkﬂg%£9fg%dgﬁ%¥239%%%ning
through the oppesim@niigrdn@eesnadarsiat ghsrtiivatordftal ealseathercgatkebntrol 9 [ 0355]
annul ar space between the outer wall of said tube and the inner walls of
said carrier oy dfabricarripregasdpapinmyehssidd face seal opening and said face

rom ol aporal b B kT Dok BROb DALl AR o f TR Bl S350

a carrier gasph&ededdeneo@ikt epshimgfoexdmeevadol yapor phast heagear fidilsaiddsndreed i nl et
fitting for delivery of carrier gas into said source chemcal, the carrier
gas feed |indacunvapabeng hadlldevakghe vanar phase rgaent disehasesmineatptivgpives

Cheret I or CBERahy LR e IS LT PSS OSSN g, P72
of flow of the vapor phase reagent therethrough;
[0358] adding source chemical to said vapor phase reagent dispensing apparatus;
[0359] heating the source chemical in said vapor phase reagent dispensing
apparatus to a temperature sufficient to vaporize the source chemical to provide
vapor phase reagent;
[0360] feeding a carrier gas into said vapor phase reagent dispensing apparatus
through said carrier gas feed line and said tube;
[0361] withdrawing the vapor phase reagent and carrier gas from said vapor phase
reagent dispensing apparatus through said vapor phase reagent discharge line; and
[0362] feeding the vapor phase reagent and carrier gas into said deposition
chamber.
[0363] The method further comprises:
[0364] contacting the vapor phase reagent with a substrate, optionally on a
heatable susceptor, within the deposition chamber; and
[0365] discharging any remaining effluent through an effluent discharge line
connected to the deposition chamber.
[0366] In the above method, the vapor phase reagent dispensing apparatus further
comprises the vapor phase reagent discharge line in vapor phase reagent flow

communication with a vapor phase delivery deposition system, said deposition
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A

phase reagent outlet opening for renoval of vapor phase reagent fromsaid

i nner gas volune above the fill level, the vapor phase reagent discharge
line optionally containing one or nore vapor phase reagent flow control

val ves therein for control of flow of the vapor phase reagent therethrough;
103581 addi ng source chem cal to said vapor phase reagent dispensing
apparatus; [0359] heating the source chemcal in said vapor phase reagent
di spensing apparatus to a tenperature sufficient to vaporize the source
chem cal to provide vapor phase reagent; [03601 feeding a carrier gas into

sai d vapor phasge 60884 feirsPeRsiitgd vaphalepbdifon HiRtveNasabmicRLEl er gas feed
line and said tube: 103611 withdraw ng the vapor phase reagent and carrier

gas from sai dderpdionghisise. reagent di spensing apparatus through said vapor
phase reagent  dj ar | i ne; .and 0362] feeding.the vapor,h phase reagent
and carrier gé@*ﬁﬁ? a@i?%ﬁﬁﬁ%@&??ﬁ&h”IBH%WBQHQa%géh%Ht?ﬁ@“ﬁ@?ﬁ@ﬁ further
conpri ses: [ 036terg 8N4 &3dr PHadeNBagdtaP@a RPBSHOH ERAEHH: cWinphAsiagsubstrat e,

optionally on a heatable suseeptor, within the deposition chanber; and
103651 di schal@i68¢ penyding pdiiqnidnghaed feh g dispersonggdpparatesf fompistngdi scharge | i ne

connected to eposition chanber. [03661 |n, the above nethod, .the vapor
phase reagentﬁgﬁggéﬂgﬁﬁgwgﬁﬁéngﬂﬁﬁVh Prgy’ ™ 8@3r?§§§“@ﬁén98 %fmgﬁase
reagent di schap@énhidMembRbMaRatighkass oreasaftertd QWse COMPaRinat oIkt h a
vapor phase delivery deposition system said deposition - 45 system

sel ect ed fromsauchermnvedl uwdperfilbiepdsintito addyetadmdefingan amenias Voayee
deposition sys em, 19ﬁ§7%ljn anot her enbodinent, this invention relates in
part to a met RBAFBF MdeYslvery of a vapor phase reagent to a deposition

chamber conpr @379 said tOPEI nRNDE Hh\ﬂg% afeldeqblmoahﬁ)_%ﬁin@eaag%Bﬁoxs:yu?nﬁaesI ng

apparatus conpri sing: }03691 a vessel which conprises a top wall nenber, a

side wal | nembemognether faposaabpemap¢nimgsnber configured to form an internal
a.fill l.evel gnd to

;S?jis'? : Oﬁgm);‘ ' ﬁj{gﬁ]ﬁ] gtfgcﬁhsi%%ﬁ[g? ﬁg;}%lf{?gﬁﬁc a(r:Te]; sCe%i opue%ir;[g?an nert gas feedinle
opening and a liquid phase reagent outlet opening;
[0372] said face seal port opening having said face seal tee fitting connected
thereto through the face seal opening, said face seal port opening and said face
seal opening having opposing surfaces, wherein the opposing surfaces are not in
contact with one another;
[0373] a face seal gasket, e.g., metal, being aligned and in contact with the
opposing surfaces of said face seal port opening and said face seal opening;
[0374] fastening means for securing the face seal tee fitting to said face seal port
opening through the opposing surfaces and said face seal gasket;
[0375] an adapter comprising a metal face seal gasket joined to a tube that
extends through the liquid phase reagent outlet opening, the face seal opening, the
face seal port opening and the inner gas volume into the source chemical and
through which liquid phase reagent can be dispensed from said apparatus, said
tube having an outlet end adjacent to the liquid phase reagent outlet opening and
an inlet end adjacent to the bottom wall member;

[0376] said liquid phase reagent outlet opening having a liquid phase reagent

outlet fitting connected thereto;
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above the fill level; [0370] said top wall nenber having a face seal port
opening and optionally one or nore other face seal port openings; [03711 a
face seal tee fitting having a face seal opening, an inert gas feed inlet
opening and a |iquid phase reagent outlet opening; [03721 said face seal
port opening having said face seal tee fitting connected thereto through
the face seal opening, said face seal port opening and said face seal
openi ng havi ng opposi ng surfaces, wherein the opposing surfaces are not in
contact with one another; [03731 a face seal gasket, e.g., netal, being

al i gned and i p37ontdatiquid phatheagappositngesiig hatedd Ofjuisigihdsd megenseal port
opening and said face seal opening; 103741 fastening neans for securing the
face seal teeopil¢ttitieg hayirpeRrposmesuEaces. Wogein hpapRasHLtHFIBERSRIE AY Bpposi ng
surfaces and i.d face seal sket; [0375] an adapter conprising a netal
face seal gas @Fgfaﬁﬁkﬁﬁvgog%’ube that extends through the |iquid phase
reagent outl ef0378¢RAI0MctilTecd Rekgsealbenpeamizngl artdnia cohacewskedle qppoiingpeni ng
and the inner gas volune into the source chem cal and _through which |iquid
phase reagent sedirepel #iid fand phaserreracab¢loappayiag il sashiiguid phgss radfhhg an
outlet end adjgﬁﬁqﬁﬁ 0 the liquid phase reagent outlet opening and an inlet
end adj acent t0 the ttomwall nmenber; [0376] said |liquid phase reagent
outl et openi ngIMYifRgndnd indatisdopitasend dadignid plaw teageriiottléttis@naed ed
thereto; - 46 103771 said |iquid phase reagent outlet opening and said

li qui d phase Hignigeniese sagdndputlgiiopprge HEQIgghe pppsinys usiacestdsaidineaki n t he
opposi ng surf Ce3. Al 8anet in contact with one another; 103781 said netal
face seal gasket Beﬁ%g aligned and in contact with the opposing surfaces of

said liquid phesse] aeagerdpadibdt@terofenutg wandrsaduld diditle phaseallesfgent
outlet fitting; 10379] fastening nmeans for securing the |iquid phase reagent

outlet fittingaiddiqyisdRhasq fegaerd opheiswenidageit fapeisqabppapehingsathiastigial t he
Opposi ng surf %8§%pglﬂgg,%ﬁlio%gm€\;h%h anf A& o3E i b%afﬁéf%rbugh the inert gas feed
inlet opening into the inner gas volume above the fill level to pressurize the inner
gas volume above the fill level,
[0381] an inert gas feed line extending exteriorly from the inert gas feed inlet
opening for delivery of inert gas into said inner gas volume above the fill level,
the inert gas feed line containing one or more inert gas flow control valves therein
for control of flow of the inert gas therethrough; and
[0382] a liquid phase reagent discharge line extending exteriorly from the liquid
phase reagent outlet fitting for removal of liquid phase reagent from said vessel,
the liquid phase reagent discharge line optionally containing one or more liquid
phase reagent flow control valves therein for control of flow of the liquid phase
reagent therethrough;
[0383] adding liquid phase reagent ta said liquid phase reagent dispensing
apparatus;
[0384] optionally heating a solid source chemical in said liquid phase reagent
dispensing apparatus to a temperature sufficient to melt the solid source chemical
to provide liquid phase reagent;
[0385] feeding an inert gas into said liquid phase reagent dispensing apparatus

through said inert gas feed line;

._47_



[ 0380] annul ar space between the outer wall o f said tube and the inner
walls of said |iquid phase reagent outl et opening, said face seal opening
and said face seal port opening, through which an inert gas can be fed
through the inert gas feed inlet opening into the inner gas vol une above
the fill level to pressurize the inner gas volune above the fill |evel;
[0381] an inert gas feed line extending exteriorly fromthe inert gas feed
inlet opening for delivery of inert gas into said inner gas vol ume above
the till level, the inert gas feed |line containing one or nore inert gas
fl ow control BB6psithienennthefliguidignts ehgoft fifohovaidfiqtidehhsearigenas

t her et hrough; and 103821 a |jquid phase reagent djscharge |ine extending
exteriorly fréﬁ?@ﬁégﬁwaﬁﬁawt%ﬁéé%S@% gé@ﬁﬂ%@“ﬁﬁ?@?ﬁ3g@BF“WBﬂﬁ%aI of

| i qui d phase P&@gent fromsaid vessel, the liquid phase reagent discharge
| i ne optionally’containing one or nore liquid phase reagent flow control
val ves t her ei 380} peoitingh veforizhtom afpatdnes danguisthgohase reagent

t her et hrough; 103831 adding |iquid phase reagent to said |iquid phase
reagent di speHsd baV%ﬁﬁ%?@%&BWgF@ggﬁT“UﬁFW8ﬁ§F$§l?%%R%W%&“é“gﬁﬂpﬁg%gﬁrce

chem cal in sajdqlhHQui,d ase reagent dispensing apparatus to a tenperature
sufficient toﬁhgﬁpht g ?% I'd source chemical to provide liquid phase
reagent ; 1038HB8PEedi higudrphasterctgapadistinirge Biad cbnheqingdhphasid phesgent

di spensing apparatus through said inert gas feed line;, 47 [0386]

wi t hdr awi ng t FESF i GIAPANRGIRPF UG EeId ABRTIERIOR APPYATY: phase reagent

di spensi ng aPﬁg?ﬁEgggggkggggiﬁ?ﬁgz&ﬂﬁﬁggQQuﬁ%EQnQBQHthgﬁéﬁ%d%ﬁégeﬂt

di scharge |Ii a vapori zati on~apparatus conpri sing:
103881 a vessepertgnthrgighedhitlocdraengaran bt érdnato sagbsglorieanparpparnts td o
vaporize the Iliquid p?ase reagent; 103891 said quuig,pha e reagent

di schar ge | i neAwseNARAA! Ay ddRBIA RGN EFapHA debecrREFEHAINGH ShEts FHECREIA? at us to

sai d vapori zat]Q Sireadp@01 a portion of the vaporization apparatus
having a carr }eor G((E:jas i%egg ééi rﬁ?aétgtg

[0391] a portion of the vaporization apparatus having a vapor phase reagent outlet
opening through which said vapor phase reagent can be dispensed from said
vaporization apparatus;

[0392] a carrier gas feed line extending from the carrier gas feed inlet opening
exteriorly from the vaporization apparatus for delivery of carrier gas into said
vaporization apparatus, the carrier gas feed line containing one or more carrier gas
flow control valves therein for control of tflow of the carrier gas therethrough;
{0393} a vapor phase reagent discharge line extending from the vapor phase
reagent outlet opening exteriorly from the vaporization apparatus for removal of
vapor phase reagent from said vaporization apparatus to said deposition chamber,
the vapor phase reagent discharge line optionally containing one or more vapor
phase reagent flow control valves therein for control of flow of the vapor phase
reagent therethrough;

[0394] feeding the liquid phase reagent into said vaporization apparatus;

[0395] heating the liquid phase reagent in said vaporization apparatus to a
temperature sufficient to vaporize the liquid phase reagent to provide said vapor
phase reagent;

[0396] feeding a carrier gas into said vaporization apparatus through said carrier

gas feed line;
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openi ng through which carrier gas can be fed into said vaporization
apparatus to cause vapor of said |iquid phase reagent to becone entrained
in said carrier gas to produce vapor phase reagent; 103911 a portion of the
vapori zation apparatus having a vapor phase reagent outlet opening through
whi ch sai d vapor phase reagent can be dispensed fromsaid vaporization
apparatus; 103921 a carrier gas feed |line extending fromthe carrier gas
feed inlet opening exteriorly fromthe vaporization apparatus for delivery
of carrier gas into said vaporization apparatus, the carrier gas reed |line

cont ai ni ng on@397] Mhéradadd the vag@hald RugRontd elrrivedagémnt kddei n for contr ol
of flow of the carrier gas therethrough; H&9393] a vapor phase reagent

di schar ge | i neE2RoxE@ifdi apgaratusionsh vap yrrgimhate repgeagdisehaset et aBheni ng
exteriorly fr g i r f I - r phase

r eagent fron1§§?§P§§%%§??%‘%%%8§%§§€ e@%%?gaggfgggg%g%P?Pgﬁ%g gnber, t he
vapor phase reagenrt. di scharge |ine optionally containing one or nore vapor
phase reagent flow control valves therein for control of flow of the vapor
phase reagent03PRklbe medwgHurthazomprisesedi ng the |i quid phase reagent into

sal d vapor | Za{d48{?] &H%Ri%gléﬁe’ a 3093}?%% réhgéltn'&%m??s#ﬂa&?b iARF Gnlacagent in
sai d vaporization apparatus e enperature sufficrient to vaporize the

| i qui d phase h&adniustetpr Oxdhileths depbswapathampbasad r eagent; 103961 feeding a
carrier gas into said vaporization apparatus through said carrjer gas feed
line; - 48 [ 49%] dosharepaanneaeing sp8enpheaghrs 4wt dsahaes Hier gas from
said vaporizat]j r & ai d vapor phase reagent discharge

i ne; and [oggkﬁaFggﬁﬁﬁg%? %ﬁ@g%%gnfﬁase reagent and carrier gas into said
deposi tion c[e0REn thk @39R]d aboee k¢ Hgad plindehesgeandippdnseg:app@400]furciant act i ng
t he vapor phase reagent wi.th a substrate, optionally on a heatable

suscept or, wi tdinprisehehedipind Phase reagraitbichares dge polauifl phassaragegt Hawany

remaining eff L&%%m%@ﬁ&&‘&ﬁh @Qd%%{)ér%ﬂgn g;gpsagﬂég,gﬁdl\jaﬂgrization apparatus in

vapor phase reagent flow communication with a vapor phase delivery deposition
system, said deposition system selected from a chemical vapor deposition system
and an atomic layer deposition system.

[0403] In an embodiment of this invention, an organometallic compound is
employed in vapor phase deposition techniques for forming powders, filims or
coatings. The compound can be employed as a single source precursor or can be
used together with one or more other precursors, for instance, with vapor
generated by heating at least one other organometallic compound or metal
complex.

[0404] Deposition can be conducted in the presence of other vapor phase
components. In an embodiment of the invention, film deposition is conducted in
the presence of at least one non-reactive carrier gas. Examples of non-reactive
gases include inert gases, e.g., nitrogen, argon, helium, as well as other gases that
do not react with the organometallic compound precursor under process
conditions. In other embodiments, film deposition is conducted in the presence of
at least one reactive gas. Some of the reactive gases that can be employed include
but are not limited to hydrazine, oxygen, hydrogen, air, oxygen-enriched air,
ozone (Oj3), nitrous oxide (N,O), water vapor, organic vapors, ammonia and

others. As known in the art, the presence of an oxidizing gas, such as, for
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connected to the deposition chanber. [0402] In the nethod above, the |iquid
phase reagent dispensing apparatus further conprises the |iquid phase
reagent discharge line in liquid phase reagent flow conmunication with said
vapori zation apparatus, said vaporization apparatus in vapor phase reagent
fl ow communi cation with a vapor phase delivery deposition system said
deposition system sel ected froma chem cal vapor deposition system and an
atom c | ayer deposition system [0403 In an enbodi ment of this invention, an
organonetal lic conmpound is enployed in vapor phase deposition techniques
for form ng pewtepls, aif. iokpBerovxy oatriobst aiil iy, Nebpoundpaar anexehphgyed as a
singl e source precursor or can be _used to ethe{ wﬁtg one or nore other
precursors, fOFEHsEORROENd iRy s spBrmatyard pdpeial 59dhBERi ng at 1 east one

ot her Or 9anomgajs) AR HAML 4BRHALI haoRhR%e LARREL PIRAS) AN can be

conducted in resence er vapor phase conponents. |In an enbodi nent
of the invent ipowderf orlcontdiephai intloded ssicglaductled aifim, pbedprasenoe: thit at | east

one non-reactiv arrier gas anpl.es, of non-reactive ses include inert
gases, e.g., Pﬁéﬁ%@éﬁ?gé?ﬁﬁﬁ}0%%??3ﬁ¥“%§mﬁkp?wé§sBfﬁﬁ?mégg%%C?WEﬁ do not
react With tNeeosaeRauPhalaht EmERIROUAGRICEMS o ikl AL, PEAGERR cfPRLi t1 ons.

I n other enbodi nents position Is conducted Iin the presence of at

| east one readdimed, ffrsxaiBplebpémplegingeaciralveggasesaltibatecoanrsba leaspbixy ed
include but are not [imted to hydrazi ne, aoxygen, hydrogen, ajir,
oxygen-enriché&“@i fm”5§8k€K@d§¥?tmi@gﬁﬁ§“6%PééoTR@B¥$dﬁﬁ?@nggﬁ@r, organic
vapors, ammn'[@i‘ﬂ%@%a Bf PELsS ﬁhﬁ‘ij KO@M¥h dofd HeRBn@idied B TBRENAGEs Hfa an ,
oxi di zi ng gas, such gs, or - 48 exanpl e, alr, oxygen, oxyden-enriched air,

O N20 or a vapgaredahichmesexiodezannge, iotlganhge afdingolesd thahavionso b Ifremmat i on of

a netal oxide film 10405] Deposition nethods descri bed herein n be
conduct ed to flEFRICEUFOrTRCSCIRARSFCID ATIRAGUG M Hratt ST shg) HEe metal or

afilm pomere.g(?,rﬁlﬁﬁg]ltabngattni%hrews.%Ekg{l%qg’lfgeeg)f%}og?g&uw&)%ln g 1M pped il s,

powders or coatings so -can posi : i nstance m xed netal oxide
films. A m xedilmstdlthioxivadetibn,lfon @standre carf tor comdidefedrfoetabripdtag rgtalenpl oyi ng
several organonetallic precursors, at |east one . _ _

electrodes, in particular as n-channel metal electrodes in logic, as capacitor

electrodes for DRAM applications, and as dielectric materials.

[0407] The deposition method also is suited for preparing layered films, wherein

at least two of the layers differ in phase or composition. Examples of layered film

include metal-insulator-semiconductor, and metal-insulator-metal.

[0408] The organometallic compound precursors can be employed in atomic layer

deposition, chemical vapor deposition or, more specifically, in metalorganic

chemical vapor deposition processes known in the art. For instance, the

organometallic compound precursors described above can be used in atmospheric,

as well as in low pressure, chemical vapor deposition processes. The compounds

can be employed in hot wall chemical vapor deposition, a method in which the

entire reaction chamber is heated, as well as in cold or warm wall type chemical

vapor deposition, a technique in which only the substrate is being heated.

[0409] The organometallic compound precursors described above also can be

used in plasma or photo-assisted chemical vapor deposition processes, in which

the energy from a plasma or electromagnetic energy, respectively, is used to

activate the chemical vapor deposition precursor. The compounds also can be

employed in ion-beam, electron-beam assisted chemical vapor deposition
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of which being selected fromthe organonetal lic conpounds descri bed above.
10406] Vapor phase fil mdeposition can he conducted to formfilmlayers of a
desired thickness, for exanple, in the range of fromless than | nmto over

| mn. The precursors described herein are particularly useful for
producing thin filns. e.g., filns having a thickness in the range of from
about 10 nmto about 100 nm Filns of this invention, for instance, can be
considered for fabricating netal electrodes, in particular as n-channel
metal electrodes in logic, as capacitor electrodes for DRAM applications,
and as dieIecpnkewaamewhmhsfqﬁeﬁﬂﬂyzmhendepmsiﬂb@nndﬁmmdddatgodi@ﬁ@uited for
prepari ng Iayered filnms, wherei t least t af the ers differ in phase
or conpositioﬁ“SE&@ﬁﬁﬁﬂgﬂb?H?ﬁ¥gF c?WP%*”ﬁ%@%GHgﬂvam“ osition

met al -i nsul at ?fec&%m C@dlgygs%ried @1@911&’5‘139%01 'd@ﬁ&ht%rpﬁroé@gél mn \(fﬁ)i{]:%a]ser-r he

organonetal | i ¢ conmpound precursors can be enployed in atonmic |ayer
deposi tion, chighticdlrestechorthdepmsiatei tonflort, phatol gicspedions oathieyeheinrralret al or gani ¢
chem cal vapor dep03|t|on rocesses known in the art. For instance, the

organonetalll8 %ﬁﬁ%@ﬁﬁﬁp%ﬁ EHIP Yot S0 FULRG¥658d above can be used in

at nospheric, yght dgﬁosﬁtﬂ)n AYYhBd @éﬁw &mdm@m&@dno@w&nl@ btion
processes. The conpoun can be enployed in hot wall chem cal vapor

deposi tion, admmthMIﬁmeMJmmhvhébrmm@nmehobacpkbwaﬁhawbmmrmﬁnheated as
well as in cold.or rn1mall%8¥ﬁe chem vapo 05|t|on a technique in

whi ch only t h&SSsiphPFypasyiye ¥FIredtE ‘“ﬁﬁﬁ%@f WH@ B}ﬁﬁﬁgnetallic compound

precursors degsqyi PaeAROVE Rk ERe SRR MN8N tué%%goglnorp&%mr g{clmor& assi sted
chem cal vapor deposition processes. in whicC the energy froma plasm or

eIectronagnetecmemengweHMQsﬁe@tdﬁehyanmsﬂuwedakmhmécwnmamgnﬂh@onhenlca
vapor depositio prec or. The c ounds al so can be in ion-beam
el ectron- beanf%@kﬁ a iﬁ@ﬁ?@%ﬁm' mﬁgﬁggﬁ?fﬂﬁWISg@aﬂﬁggigé €s in which,
respectively, FRBmbRE oPS@Nles alae@atﬂmog%r&ﬂpsoﬂh& %ta%?oshﬁ’oﬁ hethogubstrate to
supply energy for deconposing a chemical vapor deposition precursor.

Laser - a55|stedw@h@ﬁpbébmmap@ssdépﬁsnunbmbgrw@esgesﬂ Nn e Bserctall i ght is
directed to th 1 QStratﬁ ,8 s §§$ %ho&pl tk&wreacHgons %f t aC% ?lca
vapor dep05|tfﬁﬁ(%Féﬂ%T 12 8 2h Sp8 85 (DAL Frie: Hepbys: { net hod
can be conduct@d didhmr GaNs smqm&ﬁbrsy@g%oz, SisNy, HfO,, Ta;05, ALO5, barium

strontium titanate (BST); barrier materials, e.g., TiN, TaN; or on substrates that

include combinations of materials. [n addition, films or coatings can be formed

on glass, ceramics, plastics, thermoset polymeric materials, and on other coatings

or film layers. In a preferred embodiment. film deposition is on a substrate used

in the manufacture or processing of electronic components. In other

embodiments, a substrate is employed to support a low resistivity conductor

deposit that is stable in the presence of an oxidizer at high temperature or an

optically transmitting film.

[0412] The deposition method can be conducted to deposit a film on a substrate

that has a smooth, flat surface. In an embodiment, the method is conducted to

deposit a film on a substrate used in wafer manufacturing or processing. For

instance, the method can be conducted to deposit a film on patterned substrates

that include features such as trenches, holes or vias. Furthermore, the deposition

method also can be integrated with other steps in wafer manufacturing or

processing, e.g., masking, etching and others.
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deposition reactors, such as, for instance, hot or cold-wall reactors,

pl asma- assi sted, beam assisted or |aser-assisted reactors, as known in the
art. 10411] Illustrative substrates useful in the deposition chanber
include, for exanple, materials selected froma netal, a netal silicide, a
sem conductor, an insulator and a barrier material. A preferred substrate
is a patterned wafer. Exanples of substrates that can he coated enpl oying
t he deposition nethod include solid substrates such as netal substrates,
e.g., Al, Ni, Ti. Co, Pt, Ta; netal silicides, e.g., "fiSi2, CoSi2, NSi2;
sem conduct or [oHB3¢(hamdqal eapr deSisiti@i Beys @ahs depisnty tah desored thiGeiNss. Si C,
insulators, e 9. Si ’f[Si ;fN4, HfO%. lTa 0;, Al20 thi ar i um tlroqgi um
titanate (BSTYY" Bt iTerfiRadeited @ bg s hapn miearl tHr BFTSabst P e ¢ hat

i ncl ude conbi rgh A QbrsTRE GldrébRferhBly @ddiidn0®0 ahb B thkRAF RBShAan be
formed on glass, ceramcs, plastics, thernoset polyneric materials, and on

ot her coati ngsre less tha hf) hayenders Iicla fprieftencee lesthethavent thickhésn deposi ti on
is on a substrate used int manuf act ure or processi f electronic
conponent s. IrlPeB‘fGﬁBrago‘gr%gﬁ‘?%%‘%,%ﬁf‘%‘??’ﬂsé’_‘ia§ 8%?%8 to support a low
resistivity coaAuiRband@RARE tohPaind ;ﬁe&&s?b% gedeAbd B REGRERGEHOT an oxidi zer
at high tenperature or an optically transmtting film [0412] The

deposi ti on nmethptbyednn te nnghdlict éd invendepwosiotm dilfs bpnatmia lagbdtpaattion t hat

has a snmooth. flat .surface. |.n an enbodi nment, the thod.is conducted to
de|ts)ositS a fil r?thr‘i’“%\g BsRycAasion dednidesidpape ﬁ‘&ﬁ@faa%‘gm%t%g Woﬁﬁgg%ssi ng. For

i nstance, the aﬁ%ﬁ@%u@s@@opﬁre@ﬁ}@%@;{ﬁ%& 5’11cﬂi%91‘?%5§ stfeafs! Qe Qe nRiat [fa%rned
substrates that include features such as trenches, holes or vias.

Furt hernore. tdhposdeposéliniques aneddsodbeall o esanploeini e fatantddo i, 28Y. BtSher st eps

i n waf er manufact uri or rog i e..qg., masking, etching and others. -
51 08131 Cneit ehS 35 HBpSEF LT bh The HE It POUHRRT TR T o a desi red

t hi ckness. F%co@ﬁ@é‘f%ﬁereid lLﬁF%:fér@ﬁdE‘%Q us‘ea[nenbi@etyess than 1 mcron thick,
preferably | ess than 500 nanoneters and nore preferably |ess than 200
nanonet er s t hi[@kl5] Fiok psantfiatin oae etones syehdgpoSidionandast bstrithiiscdposedy
instance, filns that. have a thickness b%t ween about. 0.1 and about 20

nanonet ers, al'® S RAASHIDIAcRA 1943251 DONGHFEHETRYING RrCBRBOYIPAT Y ecur sor s

descri bed aboyg.ab80a6Ad) dB8dizer, alone or together with inert gas. In general, each step

can be as short as the equipment will permit (e.g. milliseconds) and as long as the
process requires (e.g. several seconds or minutes). The duration of one cycle can
be as short as milliseconds and as long as minutes. The cycle is repeated over a
period that can range from a few minutes to hours. Film produced can be a few
nanometers thin or thicker, e.g., 1 millimeter (mm).

[0416] The means and method of this invention thus achieves a substantial
advance in the art, in the provision of a system for supply and dispensing of a
vapor or liquid phase reagent, which permits 95-98% ot the volume of the
originally furnished source chemical to be utilized in the application for which the
vapor or liquid phase reagent is selectively dispensed. The ease of cleaning of the
two-part ampoule allows for re-use of these ampoules beyond what may be
attained with the one-part ampoules.

[0417] Correspondingly, in operations such as the manufacture of semiconductor
and superconductor products, it is possible with the means and method of this

invention to reduce the waste of the source chemical to levels as low as 2-5% of
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enpl oyed in the nmethod of the invention to formfilms by atomc | ayer
deposition or atomc |ayer nucleation techniques. during which a substrate
is exposed to alternate pul ses of precursor, oxidizer and inert gas
streans. Sequential |ayer deposition techniques are described, for exanple,
in US Patent No. 6,287,965 and in U S. Patent No. 6, 342,277. The

di scl osures of both patents are incorporated herein by reference in their
entirety. 104151 For exanple, in one atom c |ayer deposition cycle, a
substrate is exposed, in step-w se manner, to: a) an inert gas; b) inert
gas carrying phezalssronggdly;loaded intedhe digeensingngssy). avgitaiezese, thal one or
together with iner%%qas. Jn general, each step can be as short as the

equi pnent vm||aﬁ§§” an?giﬁ?eﬁpﬁﬁiseconds) and as long as the process
requires (e.g.[oaesjeAddor&aeQnNds dp%ctim; BEi@Shventia 1ﬁié,irké’dl%€lﬂp@;ve§ﬂ1@ cycle can
be as short as mlliseconds and as long as mnutes. The cycle is repeated
over a peri odeccohamnics af theaayeefchemical supnlyninduaper erdicuisiplaase Riagpntpr oduced can
be a few nanopeters thin or thicker, .e.g. illimeter (my...10416] The
means. and_ et oo ny 8B 81 Sesd i o Bipe TRyl i RS e F
the art, in theaRmew hMey@f TheSangbh i0fonsdPRldcanthydpspanie bgtof a vapor
or liquid phase reagent, which permts 95-98% of the volune of the
originally furgffeshegusliation of bamsedientienlpwhighiwarg aga practi¢ed meadisr i cati on f or

whi ch the vapor eLectiv di spensed. The case

or 1. guid phase.reagent. i.s el
of cl eaning oﬂ“?ﬂéd“i%ﬂﬁﬁéﬁ?ggﬁﬁ%ﬁﬁEQ%WF8§&OfB?mFE-EE%g%ﬁ t hese anpoul es
beyond what mey4pg vatidaimeHfivitdods bitevangoRast thamaesies will@ bblious to a
Correspondingly, in operations such as the manufacture of sem conductor and

super conduct or Vpikedikellesd injthe frg apdy 4§ 1ol b unideistaod shatsaeismaddicagasdddof thi s

invention to reduce the ste,of ‘the.source.chepjcal t.0 |levels as.l.ow as

2 sobof - 52 VRACOm ek Bt 1R DR eER A ST I el S rE e “ana
to re-use the anpepd &hevAynd.i nes over. 104181 Accordingly, the practice of
this invention markedly inproves the econom cs of the source chem cal
supply and vapor or liquid phase reagent dispensing system and the process
in which the di spensed vapor or liquid phase reagent is enployed. The
invention in some instances may permt the cost-
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effective utilization of source chem cals which were as a practical matter
precl uded by the waste | evels characteristic of prior art practice. 104191
Various nodifications and variations of this invention will be obvious to a
worker skilled in the art and it is to be understood that such nodifications
and variations are to be included wthin the purview of this application
and the spirit and scope of the clains. - 53 Cains 1. A nethod for
delivery of a vapor phase reagent to a deposition chanmber conprising: (a)
provi di ng a vapor phase reagent dispensing apparatus conprising: a vessel
whi ch conprises a top wall nenber, a si{é&imall nmenber and a bottom wal
menber configured to forman |nternal vessel conpartnent to hold a source
chemcal up to a fill level and to additionally define an inner gas vol une

above the fill leve|: sajhd{Apd PRlde1iPBIBER VRN IDREscchddnslo { aGRsRiBAl pOrt
opening, a second face seal port opening and optionally one or nore other

face seal portdnmémimngHSEgd first face seal port openi ng having a carrler
gas feed inlet f|tt< connected the

t t
face seal gasket joi*hed POVY" Q%%ﬁmFﬁQE§WE§E§HH§$FﬁF§é§HP¥R@sFWPEP“P%ce sea

port opening and saj deslsm@mc}g@&nwie@%o;s WL niddeber SOHICEa L ARMAhn@nd t hrough
which a carrier gas can he bubbled into the source chemcal to cause at

| east a porti obotwin selnuentshemitalred/@pform tao ildemeoreesed) tcomiparigient tn hels a

carrier gas to produce.a, fl vapo e.re sai d i nner gas

Vol une. above. ¢HrRaEiayup e Bl REE RaR R SR Fimg Sehferd REBRCTS < ne
first face sealoPeidfPRLRI:Ng and an outlet end adjacent to the bottom wal l
menber; said first face seal port opening and said carrier gas feed inlet
fitting having oppg&ih@\&dkMac@srmmmqgeﬁntHMeSQ@poswpqnsgnﬁac@si@ﬁ@ not in

contact with ong another sai face se asket beln aligned and in
contact with t??é GhBRIIE 2 @W‘an e %rémfef)?]}eégacieéﬁaé POE A B‘(S‘gf openi ng and

said carrier gas feggy HRk @lcefsbditoRBpening having a carrier gas feed inlet fitting

connected thereto;

an adapter comprising a metal face seal gasket joined to a tube that
extends through the first face seal port opening and said inner gas volume into the
source chemical and through which a carrier gas can be bubbled into the source
chemical to cause at least a portion of source chemical vapor to become entrained
in said carrier gas to produce a flow of vapor phase reagent to said inner gas
volume above the fill level, said tube having an inlet end adjacent to the first face
seal port opening and an outlet end adjacent to the bottom wall member;

said first face seal port opening and said carrier gas feed inlet fitting
having opposing surfaces, wherein the opposing surfaces are not in contact with
one another;

said metal face seal gasket being aligned and in contact with the opposing
surfaces of said first face seal port opening and said carrier gas feed inlet fitting;

fastening means for securing the carrier gas feed inlet fitting to said first
face seal port opening through the opposing surfaces and said metal face seal
gasket;

a carrier gas feed line extending exteriorly from the carrier gas feed inlet

fitting for delivery of carrier gas into said source chemical, the carrier gas feed
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fasteni ng neans for securing the carrier gas feed inlet fitting to said
first face seal port opening through the opposing surfaces and said netal
face seal gasket; a carrier gas feed line extending exteriorly fromthe
carrier gas feed inlet fitting for delivery of carrier gas into said source
chem cal, the carrier gas feed - 34 line containing one or nore carrier
gas flow control valves therein for control of flow of the carrier gas

t hcrct hrough; said second face seal port opening having a vapor phase
reagent outlet fitting connected thereto, through which said vapor phase
reagent can béine dpeipiamgeehefaromrs giudicappaitaw aentrdndlvas tapon fpeaseckdagent

di scharge |ine extending and exteriorly fromthe vapor phase reagent outl et
fitting for rzﬁﬁvﬁﬁﬂ%Fmggb%Pt ﬂgi(nﬁéagent fromsaid inner gas volune above
the fill Tevel, thgaMap@inddh@sfal A6 HETRAT Ofpot PRase 0k ANAltley

contai ning one or nore vapor phase reagent flow control valves therein for
control of fl dwiefcannectodpsretphhmach sdhadraid vrpeephase uepgenydan baddi ng sour ce

chemi cal to sajd vapor phase reagent dispensing apparatus; (c) heating the
sour ce chenic2?“?WREEVHP§E§SPW$%E§€DQeagent di spensing apparatus to a

tenperature suffi cig@Rpot pha¥@RALEARidche o8 AHE 6QehdIBIhEBEXEQoPY B¥indBe Vapor
phase reagent; (d) feeding a carrier gas into said vapor phase reagent

di spensing appeerathase rehgany ghtlgditdng B rgreevad aEvinse gheserieaggndiremisaidt ube; (e)
wi t hdrawi ng t he vapor phase re t, and, carrie as_from sai d ..vapor phase
reagent di speﬁ%rfeﬁégsa\bﬂg?lgtaﬁgvettﬁ?%‘@dﬁv%’gﬁh%V%pé)ﬁgpa%ﬁgi%n?@ﬁ%leaﬁ%e 1_”531 schar ge
line; and (t) ohaesiiRGohRiNABR oPNB&E apSALREE redPéht ERFY ¢Ritrog g véstherefai d
deposition chanber. 2. The nmethod of claiml further conprising: (Qg)

cont acti ng t hdoneapap! phidee of degener Miashreagenybsrethtoaighopt i onal ly on a
heatabl e susceptor ’(b)Wi t Qlidgintgrggur%ee%ﬁgi%itcialotg sgigavgggrrﬁhagen%agent dispensing
apparatus;

(c) heating the source chemical in said vapor phase reagent dispensing
apparatus to a temperature sufficient to vaporize the source chemical to provide
vapor phase reagent;

(d) feeding a carrier gas into said vapor phase reagent dispensing
apparatus through said carrier gas feed line and said tube;

(e) withdrawing the vapor phase reagent and carrier gas from said

vapor phase reagent dispensing apparatus through said vapor phase reagent

discharge line; and

(f) feeding the vapor phase reagent and carrier gas into said deposition
chamber.

2. The method of claim 1 further comprising:

(g) contacting the vapor phase reagent with a substrate, optionally on a

heatable susceptor, within the deposition chamber; and
(h) discharging any remaining effluent through an effluent discharge

line connected to the deposition chamber.
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(h) discharging any remai ning effluent through an effluent discharge I|ine
connected to the deposition chanber. 3. The nethod of claim1 in which the
deposition chanber is selected froma chem cal vapor deposition chanber and
an atom c | ayer deposition chanber. 4. The nethod of claim2 wherein said
substrate is conprised of a material selected froma netal, a neta
silicide, a netal carbide, a nmetal nitride, a sem conductor, an insul ator
and a barrier material. 5. The nmethod of claim2 wherein said substrate is a
patterned wafer. 6. The nethod of claim1l wherein, in the vapor phase
reagent di spensi ng. appdihamsghod ¢felaieskiel whigh thedisposition hambes ss ssfested. 7. The
met hod of cl ai.m | erei.n the tu i ses.a bubbl and i s nmade of
stai nl ess ste@on1%WQ$H8MRQPWHFp8P%8 ﬂﬁ%%ﬂﬂﬂ%ﬂ%ﬁwnnfﬁwfhgPV&%%P phase
reagent di spershig. apparatus, the fastening nmeans conprise engagenent of a
mal e nut or body hex with a female nut. 9. 'I he nmethod of claiml in which
said bottomwall nenber has a sunp cavity t herein extending downwardly from
t he surface of said bot m 9 wherein
the vapor phase redgent 10 Shaie WP i ERERe B hup U B2

tenperat ure sens&al @eq&&&ﬂfraﬂl 4 hei, sahdalt PRcidehImderdaesidgangeal dividevertical Iy
downwardly through the inner gas vol ume into the source chemcal, wth the
| ower end of sémicPedpérratumeuigongod a beirymatesiat.ed i n non- |nterfer|ng
proximty to the surface of the sunp cavity; - 56 a source chem cal |evel
sensor extending froma third face seal port opening on said top wall

nmenber general Iy varti caihkyndpwnyendhy? dheeiohid aBstritb s phasnddohatee into

t he source chemical, with the |ower end of the source chemcal |evel sensor
being located in non-interfering proximty to the surface of the sunp
cavity; and 6. The method of claim 1 wherein, in the vapor phase reagent

dispensing apparatus, the vessel is made of stainless steel.

7. The method of claim 1 wherein the tube comprises a bubbler tube

and is made of stainless steel.

8. The method of claim 1 wherein, in the vapor phase reagent
dispensing apparatus, the fastening means comprise engagement of a male nut or

body hex with a female nut.

9. The method of claim 1 in which said bottom wall member has a
sump cavity therein extending downwardly from the surface of said bottom wall

member.

10. The method of claim 9 wherein the vapor phase reagent dispensing
apparatus further comprises:

a temperature sensor extending from said top wall member generally
vertically downwardly through the inner gas volunie into the source chemical,
with the lower end of the temperature sensor being located in non-interfering

proximity to the surface of the sump cavity;
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the tenperature sensor being operatively arranged in the vessel to

determ ne the tenperature of source chemcal in the vessel, the source

chem cal |evel sensor being operatively arranged in the vessel to determ ne
the I evel of source chemcal in the vessel, the tenperature sensor and
source chem cal level sensor being |located in non-interfering proximty to
each other in the vessel, with the |lower end of the tenperature sensor
being |l ocated at the sane or closer proximty to the surface of the sunp
cavity in relation to the lower end of the source chem cal |evel sensor,
and the tenperat ur essepsorcnzng lewlisosoctrderidiz fromenbirddaagsor! o ng i n source

chem cal flow conmmunication i.n the vessel. 11. The netho f claiml| wherein
t he vapor pha%e_nt“éga%‘?a?ﬁlé iﬂps‘ﬁ%lﬂg]ie@er %eblﬁ'e?r”gtvﬁihc?ﬁ?{?jﬂvevaébcﬂ)bﬁlr@é@%ﬁe vapor
phase reagent jfieseRailand (& tHeRoMRRRheRRAS & ithtBE AR chd @Mhe@pdRI cation with
a vapor phase delrvery deposition system said deposition system selected

from a cheni cehemviggdeved epvsi béinglosyisd emor-indgrfeatngrmrexinligyte thagwipase of on
system 12. The net hod.to_f ]sl aim1 wherein, in the vapor phase reagent
di spensi ng apparatWs?Vthéessel conprises a cylindrically shaped side wall

nmenber or side wal {heBip@hHGIrEQhk& Righofeeinel dridib & &l thehapel (013. The net hod
of claim1 wherein, in the vapor phase reagent dispensing apparatus, the

sour ce cheni cattenonptliesesperapirgaf ghuore domiai! rathevesskl, thelpurcervbemisahod of

claim1 wherein,, in the.vapor phase reage di spensing a rat us,. the source
chen cal " conpiEbeRstr iRy RS T ERP e LR BEP SheRh BRTE B ' &oup 3.
G oup 4. G OURyRee EHcRHPalfn tHehRERI, fhe hiMRRe serrsoPdnd {Fulddh8mi&al @Bl 10, G oup
11, Goup 12, Goup 13, Goup 14, Goup 15 Goup 16, and the Lanthanide

series of thes®epikrangloTatbil & nABInteFresingwrdroahiigfto edchi ather infeer ebssel. With t he

vapor phase reagent [ nsin arat us,. trﬁ(‘aﬁ urce chemcal conprises a
precur sor forﬁlfqﬂ’g?raﬁfn% Oﬁﬁ%@f@gmﬁﬁgﬁﬁsﬁf ﬁ%‘ﬂ% atseﬁzﬁ% _ﬁ}e&mmfaﬁ?);;?rum .

nol ybdenum  phakifidno @ektktacetdftiddumP cdve@dh rddaldnadithiMont ELPH W  bi snhut h,
strontium barium calcium antinony and thallium or a precursor For a
met al | oi d sel extrediclienoenl d¢vel sansor, agdihwasih parr@ardsenedrapd sgwce chemical

level sensor being in source chemical flow communication in the vessel.

11.  The method of claim 1 wherein the vapor phase reagent dispensing
apparatus further comprises the vapor phase reagent discharge line in vapor phase
reagent flow communication with a vapor phase delivery deposition system, said
deposition system selected from a chemical vapor deposition system or an atomic

layer deposition system.

12. The method of claim 1 wherein, in the vapor phase reagent
dispensing apparatus, the vessel comprises a cylindrically shaped side wall

member or side wall members detining a non-cylindrical shape.

13. The method of claim 1 wherein, in the vapor phase reagent

dispensing apparatus, the source chemical comprises a liquid or solid material.
14, The method of claim 1 wherein, in the vapor phase reagent

dispensing apparatus, the source chemical comprises a precursor for a metal

selected from Group 2, Group 3, Group 4, Group 5, Group 6, Group 7, Group 8,
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16. The method of claim| wherein, in the vapor phase reagent dispensing
appar atus, the vapor phase reagent conprises a precursor for a netal

selected fromGoup 2, Goup 3, Goup 4. Goup 5, Goup 6, Goup 7, Goup 8,
Goup 9, Goup 10, Goup 11, Goup 12, Goup 13, Goup 14, Goup 15 Goup
16, and the Lanthanide series of the Periodic Cable. 17. The nethod of claim
| wherein, in the vapor phase reagent dispensing apparatus, the vapor phase
reagent conprises a precursor for a nmetal selected fromruthenium hafnium
tantal um nol ybdenum platinum gold, titanium |ead, palladium zirconium
bi smut h, st ro6triup, (ranp Uy Goap dil uiyoupdadt Gropyl 3akdouhid, IGranp 1arGmupr ecur sor

for a netaIIO| |l ected fromsili iumand tellurium 18. The
met hod of cl al %@TSNHEV%FH”¥%%WVﬁbBﬁ%Bﬁﬁ@%ﬁ?gag@nt di spensi ng appar at us
further conprises a carrier gas source coupled to the carrier gas feed
line. 19. A nethod for delivery of a vapor phase reagent to a deposition

chanber conpr|5|ngiS(a)Tb¢nmﬂdﬂmgc@nhﬂquhﬂemhmsbeWaag@thdE&pehS|ng
apparatus conprisin a vessel which conprises at menber, a

e T rorEpaisie appirg B, Wh VRS Chered RN A P ey f‘ﬁ@?m% "t er nal

vessel conpar e #Omhetheni@m, %Qﬁ'ﬁ&ﬁ tgﬂglrﬂrpﬂ{olﬂmeh@ma ahhum and to
additionally define an i nner gas volume above the | eve sald top wall

menber haV|nguanhmrémuﬁad@dseahnwoanopsnuwgsuan@mndmmuma@ekumeal port
openi ng and optional | or nore other face se orf .ope s; said first
face seal por “Bﬁ@ﬁi‘étﬁgﬁPﬁboﬁ%pﬁﬁ@F@féh%“ﬁ&é@‘?ﬁﬁg?‘# ‘g ﬂ&o tonnect ed
thereto, thro%ggmﬁhhggxg@“hgﬁﬁt gas can be fed into the inner gas vol une
above the fill level to pressurize the inner gas volune above the fil

| evel ; said second face seal port opening having a |liquid phase reagent
outlet fitting con ect g r an adapter. conprising a netal face sea
gasket joined to a ube? hak %12%géhﬂ@ HWE%E@h”VﬁgB§¥E@ﬁ%£P§%?n§eal por t
openi ng and t BRpd AN apPRS e WBpdriGse reagent comprises a precursor for a metal

selected from Group 2, Group 3, Group 4, Group 5, Group 6, Group 7, Group 8§,

Group 9, Group 10, Group 11, Group 12, Group 13, Group 14, Group 15, Group

16, and the Lanthanide series of the Periodic Table.

17. The method of claim 1 wherein, in the vapor phase reagent
dispensing apparatus, the vapor phase reagent comprises a precursor for a metal
selected from ruthenium, hafnium, tantalum, molybdenum, platinum, gold,
titanium, lead, palladium, zirconium, bismuth, strontium, bartum, calcium,
antimony and thallium, or a precursor for a metalloid selected from silicon,

germanium and tellurium.

18. The method of claim 1 wherein the vapor phase reagent dispensing
apparatus further comprises a carrier gas source coupled to the carrier gas feed

line.
19. A method for delivery of a vapor phase reagent to a deposition

chamber comprising:

(a) providing a liquid phase reagent dispensing apparatus comprising:
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t he source chem cal and through which |Iiquid phase reagent can he di spensed
fromsaid apparatus, said tube having an outlet end adjacent to the second
face seal port opening and an inlet end adjacent to the bottomwall nenber;
said second face seal port opening and said |liquid phase reagent outl et
fitting having opposing surfaces, wherein the opposing surfaces are not in
contact wth one another; said netal face seal gasket being aligned and in
contact with the opposing surfaces of said second face seal port opening
and said liquid phase reagent outlet fitting; fastening nmeans for securing
the |iquid phase reagssitwloct t@bprises titoygwald meaiber, asedromal | freodeseal 2 por t

openi ng through the opposi ng surfaces. and said netal face seal sket; an
inert gas feéﬂ“@?h@a@%F@ﬂﬁF%@ﬂu _?J?V?a?PB?P?H@S?%8?Wpﬁggmﬁé%8g@ﬁlet _
fitting for .ds%luk\é%'h&n?gfaéléﬁd]%{é fiasvel B PLroSAlHioh MLl IR%INViRhdHRSs abewue the fill

| evel, the inert gas I ne contalning one or nore inert gas flow
control val veshovhéredilhlevel; control of flow of the inert gas therethrough;

and a liquid phase reagent discharge |ipe extending exteriorly fromthe
liquid phase read@ﬁf“@d?@%@emgPﬂF&§¥¥% m?éﬁ% p8$OP?Hﬂ%d“ﬁﬁ fra'?eeagent

from sai d vesgg port épe'i_’l%]g 38 phib AN o RNASEorE BBRE Mee dba GRAT@BnInbHe optional |y
contai ni ng one or nore |1 qui phase reagent flow control valves therein for
control of flow ofsaihBrsk igaisehl pheiopening hgeng an rertegak feadghtet {ikingaddi ng | qui d
phase reagent to said liqujd ase reagent dispensin apparatus;, (c¢)
optional |y he%&“inﬁ"deéag?liﬂt‘i”dh@&ga Wi‘%"rf’éﬁﬁ%régési cﬁmgﬁ:}sﬁé l’ﬁ%ﬂ]edgﬁﬂfgﬁvél?@ggent

di spensing_apgak@iiisil fval LGFRSERAIURE lE biCiobfthe bRnamhd lihaesol i d source
chem cal to provide liquid phase reagent; (d) feeding an inert &as into said
li qui d phase reagesuid sticepéfisk nepl pappaeangsating elighidsaiase feaget ogag f eed | i ne;
(e) wthdraw pg. the Iiﬂ%ig hase reagent fromsaid |liquid phase reagent

di spensi ng apPRPEHRECHd ﬂ%“%aid tube and said |iquid phase reagent

an adapter comprising a metal face seal gasket joined to a tube that
extends through the second face seal port opening and the inner gas volume into
the source chemical and through which liquid phase reagent can be dispensed
from said apparatus, said tube having an outlet end adjacent to the second face
seal port opening and an inlet end adjacent to the bottom wall member;

said second face seal port opening and said liquid phase reagent outlet
fitting having opposing surfaces, wherein the opposing surfaces are not in contact
with one another;

said metal face seal gasket being aligned and in contact with the opposing
surfaces of said second face seal port opening and said liquid phase reagent outlet
fitting;

fastening means for securing the liquid phase reagent outlet fitting to said
second face seal port opening through the opposing surfaces and said metal face
seal gasket;

an inert gas feed line extending exteriorly from the inert gas feed inlet
fitting for delivery of inert gas into said inner gas volume above the fill level, the
inert gas feed line containing one or more inert gas flow control valves therein for
control of tflow of the inert gas therethrough; and

a liquid phase reagent discharge line extending exteriorly from the liquid

phase reagent outlet fitting for removal of liquid phase reagent from said vessel,
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di scharge line; (t) providing a vaporization apparatus conprising: a vessel
configured to forman internal vessel conpartnent to vaporize the |liquid
phase reagent; said |iquid phase reagent discharge |ine connecting the

| i quid phase reagent dispensing apparatus to said vaporization apparatus; a
portion of the vaporization apparatus having a carrier gas feed inlet
openi ng through which carrier gas can be fed into said vaporization
apparatus to cause vapor of said |iquid phase reagent to hecone entrained
in said carrier gas to produce vapor phase reagent; a portion of the

vapori zat i on tiplparidplisse meagenigdischargsdime pinsigral yepgring g et moggihiidhg t hr ough
whi ch sai d vapor phase.reagent, can be di spens hd i.zation
apparatus; aP gﬁf?@?anng§8E0N%ﬁ%ﬂ2§¥%H§1ﬁ§“§§%§§@ e%gggHFé?P éggfeed inl et
openi ng  ext g&dRf ektPBhdie vapori zation apparatus for delivery of carrier
gas into said ‘vaporization apparatus, the carrier gas teed |ine containing
one or nore carriéb) gasddingdiqusbpitasoreageityesiid HavidiphascoeagedhsBEnssr f | ow of
the carrier gas therethrough; a vapor phase reagent discharge |ine extending
fromthe vapgwpﬂﬂ%ge reagent outlet opening exteriorly fromthe

vapori zation appar@f us dp@bndlBR¥ahg 8Folid sce chap@ial phaseligeagame from said
vapori zation apparatus to said deposition chanber, the vapor phase rcagcnt

di schar ge | i meagopt disprabing apparati i mipranseatene spiceeny apoielt hepdid spaggent f 1 ow
control valve? the¥ein f. r.CO%tﬁOk”QEIﬂLOMIOf t he vapor phase reagent
t her et hr ough,“"f'g)? E@HPW@ePﬂglﬂ{ﬁﬁlﬁ $iikise reagent into said vaporization

apparatus; (h) heajindeddife hi dithaphAs 6aill Biggidfhasdrea@ind disppasinigzat i on
apparatus to a tenperature sufficient to vaporize the |iquid phase reagent
to provide saipdarg@pairroughsmeé ineglaggemted lne) feeding a carrier gas into said

vagor [ zation apoatglue | GHON.ARL B8N BBy RRAAINR pfdd W Thoran o
reagent dispensing apparatus through said tube and said liquid phase reagent
discharge line;

€] providing a vaporization apparatus comprising:

a vessel configured to form an internal vessel compartment to vaporize the
liquid phase reagent;

said liquid phase reagent discharge line connecting the liquid phase
reagent dispensing apparatus to said vaporization apparatus;

a portion of the vaporization apparatus having a carrier gas feed inlet
opening through which carrier gas can be fed into said vaporization apparatus to
cause vapor of said liquid phase reagent to become entrained in said carrier gas to
produce vapor phase reagent;

a portion of the vaporization apparatus having a vapor phase reagent outlet
opening through which said vapor phase reagent can be dispensed from said
vaporization apparatus;

a carrier gas feed line extending from the carrier gas feed inlet opening
exteriorly from the vaporization apparatus for delivery of carrier gas into said
vaporization apparatus, the carrier gas feed line containing one or more carrier gas
flow control valves therein for control of flow of the carrier gas therethrough;

a vapor phase reagent discharge line extending from the vapor phase

reagent outlet opening exteriorly from the vaporization apparatus for removal of
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vapori zation apparatus through said vapor phase reagent di scharge |ine; and
(k) feeding the vapor phase reagent and carrier gas into said deposition
chanber. 20. The nmethod of claim 19 further conprising: (1) contacting the
vapor phase reagent with a substrate, optionally on a heatable susccptor,
Wi thin the deposition chanber; and (m discharging any remaining effluent

t hrough an effluent discharge |ine connected to the deposition chanber. 21.
The nethod of claim 19 in which the deposition chanber is selected Ctoma
chem cal vapor deposition chanber and an atom c |ayer deposition chanber.
22. The net hod,of pahRim20 M%rsgidma%ahgiam%f;gr%@td §a1&:@£wsltmcth%b@r

mat eri al sel ected fron1a metal, a netal silicide, a netal carbide, a neta
nitride, a sémvepmdmas@reagan dusabfargahm olamablybamtmlmg oret@mek vagg. The

met hod of claim 20 wherein salq rate.is a rnep waf 61 24,
The et hod_of PRIAAALLS GHEFErHT FHoT 6 GRS aR TP GiP B nsi ng
appar atus, the.yags®lrethiougade of stainless steel. 25. The nethod of claim19
wherein the tube conprises a dip tube and is made of stainless steel. 26.
The nethod of clai @19 Whedmgithg qundtphesellﬁwndlnmm@var@ag@mn aPREBEN S | ng

apparatus, the fastenin t o

now it hoa fomal o Bt BeAtnere TR BhESrERERMRTS o uA IR Salats 3t om wa
nmenber has a (P n wewas ety ptdvada dahe rface of
sai d bottom vvél I t%n§g$%1éd§% ?’Aﬂea)rlr%ré%lﬁogfuﬁo}?ptg@al m é2]7 tV\/Rer ein at hveaﬁjlél qui d

phase reagentpmdﬁﬁﬁenang apparatus further conprises: a tenperature sensor
extending from sa

dly th h
the inner gas volu p%ﬁpﬁé“?ﬂﬁ §ﬁ§%$g§¥mnuwﬂonapmn%usgnmy%%amy o

carrier gas feed line;

6 withdrawing the vapor phase reagent and carrier gas from said
vaporization apparatus through said vapor phase reagent discharge line; and

(k) feeding the vapor phase reagent and carrier gas into said deposition

chamber.
20. The method of claim 19 further comprising:
)] contacting the vapor phase reagent with a substrate, optionally on a

heatable susceptor, within the deposition chamber; and
(m)  discharging any remaining effluent through an effluent discharge

line connected to the deposition chamber.

21. The method of claim 19 in which the deposition chamber is
selected from a chemical vapor deposition chamber and an atomic layer

deposition chamber.
22. The method of claim 20 wherein said substrate is comprised of a
material selected from a metal, a metal silicide, a metal carbide, a metal nitride, a

semiconductor, an insulator and a barrier material.

23. The method of claim 20 wherein said substrate is a patterned

wafer.
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with the lower end of the tenperature sensor being |located in
non-interfering proximty to the surface of the sunp cavity; a source

chemi cal |evel sensor extending froma third face seal port opening on said
top wall nenber generally vertically downwardly through the inner gas
volume into the source chemcal, with the |ower end ofthe source chenm ca

| evel sensor being located in non-interfering proximty to the surface of
the sunp cavity; and the tenperature sensor being operatively arranged in
the vessel to determne the tenperature of source chemcal in the vessel

t he source chemcal |evel sensor being operatively arranged in the vessel

to determne the |evel of squrc heni,cal i.n.the vesse t he tenperature
sensor and source g%eniigﬁnFﬁV&FEC@@ﬂggﬁﬁﬁg?ﬁdnﬁg%%lggpb%wﬁ Mt erfering
proximty to @i@ﬁéﬁsﬁ%ﬁ%ﬁaﬁaﬁs}ﬂﬂ@v)!@éﬁ@'mad%f faml&d stetlhe | ower end of the

tenperature sensor being | ocated at the sanme or closer proximty to the

surface of the sunp cavity in relation to the |ower end of the source

chem cal |evel sensor, d the t er atur,.e sensor, and_source,.chem.cal |eve
sensor being in so%?ce i %ﬁ?@@ﬁcfggﬁpggﬁﬁﬁﬁ?%é5?8%39ﬁn?ﬁ353§§%e%?a58_ The
met hod of cl ajshak@® oMereea sthe |1 qui d phase reagent di spensing apparat us
further conprises the liquid phase reagent discharge line in |iquid phase

reagent flow conmuni cation with said vaporization apparatus, said

vapori zation apparatus in vapor, phase .r,eagent flow.co ni.cat | with a
vapor phase delivgéy dZE%EF Cgﬁggég?é%fN 5?%”8%%%%1??§ﬁm§§%§%n?selected

froma chem Cé‘i'spen‘éﬂaﬁ%bpﬂﬁﬂ@,sﬂh_é if&'fbn%ﬁ&@dﬂs%@ﬁﬁ_pﬁ@e atQEtBehtfarmadenasst i on
system 30. The nethod of claim19 erein, in the liquid phase reagent

di spensi ng appatydieysviti héemadesel conprises a cylindrically shaped side wal
menber or side wall nenbers defining a non-cylindrical shape. 31. The net hod
of claim19 wherein, in the |iquid phase reagent dispensing apparatus, the

source chemical coppri Sgge thetHodWdlanh 19Gh mthidiBdagl balom waR mehiter iedhod of
claim19 wherein, in the |iquid phase reagent dispensing apparatus, the
source cheni csimperypiyitbersingxgndoigrdvomviagtly dromethg|surfaed efepsidbatioamvad oup 2,
G oup 3, C?ougwémegioup 5 Goup 6, Goup 7, Goup 8,

28. The method of claim 27 wherein the liquid phase reagent
dispensing apparatus further comprises:

a temperature sensor extending from said top wall member generally
vertically downwardly through the inner gas volume into the source chemical,
with the lower end of the temperature sensor being located in non-interfering
proximity to the surface of the sump cavity;

a source chemical level sensor extending from a third face seal port
opening on said top wall member generally vertically downwardly through the
inner gas volume into the source chemical, with the lower end of the source
chemical level sensor being located in non-interfering proximity to the surface of
the sump cavity; and

the temperature sensor being operatively arranged in the vessel to
determine the temperature of source chemical in the vessel, the source chemical
level sensor being operatively arranged in the vessel to determine the level of
source chemical in the vessel, the temperature sensor and source chemical level

sensor being located in non-interfering proximity to each other in the vessel, with
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Goup 9, Goup 10, Goup 11, Goup 12, Goup 13. Goup 14, Goup |5 Goup
16, and the Lanthani de series of the Periodic Table. 33. The nmethod of claim
19 wherein, in the liquid phase reagent dispensing apparatus, the source
chem cal conprises a precursor for a netal selected from ruthenium

haf nium tantalum nolybdenum platinum gold, titanimm. |ead, palladium
zirconium bisnuth, strontium barium calcium antinony and thallium or a
precursor for a netalloid selected fromsilicon, germaniumand tellurium -
63 34. The nethod of claim 19 wherein, in the |liquid phase reagent

di spensi ng appataversndiohehaigpoeraphasenspebientoceledpt the sama opelestir sor for a

nmetal selected fr. oup. 2 oup .3 0 o 0 G oup 7,
Goup 8 G oar;()) X§T,“?y(r’r5}r0(c)?lf}%s r&ce@r%)}%fpﬁff 4 %ﬁgreiaél,ogé‘? (&)}% dg%g‘@]‘%&% 14, G oup
15, Goup 165ouadtkhefcal Bvkhasnkcteasiihe @sn@rattiResePeriagdiscurf@bhegnicds. The

met hod of claim 19 wherein, in the |liquid phase reagent dispensing

appar at us, th@Vﬂdﬁﬁﬁﬂbﬁﬁgénﬁ@&&éﬁﬁnﬁﬁgékWé@%n@UWF@#ﬁ?@éheY%ﬁda net al

sel ected fromruthenium hafnium tantalum nolybdenum platinum gold,
titanium |ead, palladium zirconium bisnuth, strontium barium calcium

antinony and thallpam Ohe fiefHo@@kRdn 1Darhedeinicdliddd ghaekegerd from silicon,
germanium and tellurium 36. The nmethod of claim 19 wherein the |iquid phase
reagent di sp@isBinigappaiatsdartiacomeriseschphgwa phaseagrgenbdisgusssivigrise coupl ed

to the carri efiquig%ﬁasfeergggelrl{ Aw cbm(?nd'unication with said vaporization apparatus, said
vaporization apparatus in vapor phase reagent flow communication with a vapor
phase delivery deposition system, said deposition system selected from a chemical

vapor deposition system and an atomic layer deposition system.

30.  The method of claim 19 wherein, in the liquid phase reagent
dispensing apparatus, the vessel comprises a cylindrically shaped side wall

member or side wall members defining a non-cylindrical shape.

31.  The method of claim 19 wherein, in the liquid phase reagent

dispensing apparatus, the source chemical comprises a liquid or solid material.

32. The method of claim 19 wherein, in the liquid phase reagent
dispensing apparatus, the source chemical comprises a precursor for a metal
selected from Group 2, Group 3, Group 4, Group 5, Group 6, Group 7, Group 8,
Group 9, Group 10, Group 11, Group 12, Group 13. Group 14, Group 15, Group
16, and the Lanthanide series of the Periodic Table.

33. The method of claim 19 wherein, in the liquid phase reagent
dispensing apparatus, the source chemical comprises a precursor for a metal
selected from ruthenium, hafnium, tantalum, molybdenum, platinum, gold,
titanium, lead, palladium, zirconium, bismuth, strontium, barium, calcium,
antimony and thallium, or a precursor for a metalloid selected from silicon,

germanium and tellurium.
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34. The method of claim 19 wherein, in the liquid phase reagent
dispensing apparatus, the vapor phase reagent comprises a precursor for a metal
selected from Group 2, Group 3, Group 4, Group 5, Group 6, Group 7, Group 8,
Group 9, Group 10, Group 11, Group 12, Group 13, Group 14, Group 15, Group

16, and the Lanthanide series of the Periodic Table.

35. The method of claim 19 wherein, in the liquid phase reagent
dispensing apparatus, the vapor phase reagent comprises a precursor for a metal
selected from ruthenium, hatnium, tantalum, molybdenum, platinum, gold,
titanium, lead, palladium, zirconium, bismuth, strontium, barium, calcium,
antimony and thallium, or a precursor for a metalloid selected from silicon,

germanium and tellurium.

36. The method of claim 19 wherein the liquid phase reagent
dispensing apparatus further comprises a carrier gas source coupled to the carrier

gas feed line.



