REAGENT DI SPENSI NG APPARATUS AND DELI VERY METHOD Field of the Invention
100011 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
industries require special packaging to naintain their purity in storage.
This is especially true for chem cals that react with alr and/ or noi sture
in the air. SuchREAGENRURISPY sBPARAMRS ELYVE Pl cont ai ners
such as bubblers or anpoules. [0003] Nbdern chenlcal vapor deposition and
atom c | ayer deposition tools wutilize bubblers or anpoules to deliver
precursor chepjoefbiSht S@nfl&Posi tion chanber. These bubblers or anpoul es
work by passing a carrier gas through a container of high purity liquid
precur sor cheffilfa] Thlﬁdnvmtmyraigeiwal‘mpecmrmd Pb@p@?agan gﬂﬁmmﬁ the gas to

t he deposition chanb h%g The .cont ai ners ar e Ry i cal é manu actured as
ei ther one- pa?mxiﬁu%tatW' t dird febdispensineiapon ¢ ey U4BFES P10t he base)
or two-part (| gre@ ors 16 &%@sﬁ@ﬂ%fm‘afenalsqn theSmARTRMER! F séhRBhdgobase and can
be attached t %e base by bolts) containers. The one-part containers have
a hi gh degr eemaferiabstaagrdetiges.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 reusﬁadﬁ&@hﬁﬁﬂ?ﬁ@gﬂkﬂggﬁl'0“5 for the reuse of a two-part container
beyond what € achl eved W a one-part container. Reuse of containers
is |nportantUHmE]hﬁ@imﬁﬁyngmnmsksmahmuh¢snnm@mhsﬁwmn@ph@n&@@nwehcerns.
[0005] As integrated circuits have decreased i so hav he di nensi ons

of the inter u“&SﬁﬁHHEﬁﬁ@”&ﬂPﬁﬁﬁﬁﬁﬁégnuwgmpﬁgﬂgp?ggIHQQFgﬁs 5% he need
for more purg rp%&%ny &k %or%%m%wtﬁa%&(mgﬂ Mr Ad%iﬁlcfr%‘él@@ré @ R i "kg& the
effect of inmpurities. Suppliers therefore, nust be able to not only

manuf act ur e hhigh poiti ¢};e1n1cdiemeamlsall>fo&mpplmdsm cahsmepesuablae bulblerelor ver t hem in

a contai ner which wll
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 ccver or lid can be removed
from the base, the two-part containers are easier to clean but are more difficult 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
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mai ntain the high purity. [00061 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. [0007]
Further, in nost cases, it is necessary to heat the anpoul e by sonme neans
in order to increase the vapor pressure of the precursor and thus increase

the amount ofimphv@mdsCBuppliert Rretatel makt t@adle thtnot Snly MRauf&Nire hizhnmimity or t he

tenperature of the liquid precursor chem cal jnside of the anpoule to

control the vapunicalsy g susealsabeale te delivsr Hiegoinjagsataingitvhigh WHbw when t he

| i quid precursor gﬁgg@ﬁgfrhﬁ jde of the ampoule is close to running out so
t

that it can bgu%ﬁanged ‘end of a chem cal vapor deposition or atomc

| ayer deposi t i[g006¢ Mbk etand{rd nft@er@NPOd Bstredtiou ol thesd dhyaindds sHigedfrdall € of a
cycle, the entire batch of wafers will he ruined resulting in a potenti al
| oss of milli desdebicatg@upz eontipers &0 sthiatest oed iadyi lpd980tso Scedpe  as little

|iquid precur sor, chemical  aoNpoSSIPA® ISLAS, Olinkhe ATRO & deufahd

wasting the valuable T qui'd precursor em ca € cos

precursors i NeltRase bubBistsiod@mpdulek bid re@enoaaheclnSodsiclloE shrtages nore
i mportant. 100091 For tmo-gart hi gh-purity chem cal containers to gain

comercial acEehe&nddoSPt Sof.Ifer rempess E53 diajent dlogel @3 bp la 0fEde Iranfl abl e
seal. U S Pag%ﬁ?3§§. 6, 905, 125 relates to a netal gasket such as G ring
gasket to prevent l'eakage of fluid from sem conductor manufacturing

apparatus. H ghooay Fubthers hembaahsesf @is AddessaB! t8 GE41QRE 85 pbie S kbiie heghi r e
| eak-tight containers that are able to withstand high vacuum [0010] It

woul d be desi impider forinemascghe vapsr prassurde! B pserysor gné thaamncreasp thisar t  vapor
R N A S N R e s
t he precursor 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 little 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

electronics 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



chem cal in the apparatus, and correspondingly reducing waste thereof.
Summary of the Invention [0011] This invention relates in part to a vapor
phase reagent dispensing apparatus conprising: [0012] a vessel which
conprises a top wall nenber, a side wall nmenber and a bottomwall nenber
configured to forman internal vessel conpartnent to hold a source chenica
up to a fill level and to additionally define an inner gas volune above the
fill level; [0013] said top wall nmenber having a first face seal port
opening, a second face seal port opening and optionally one or nore other
face seal porpuﬂgpﬁhhmgscm@@ﬂiﬂhﬂ@mhmi&mmanﬁmogtmeahg@ofﬁwmpsmhng havi ng a
carrier gas feed jnl.et itting connected t [ 0015 adapt er
conprising a ﬁ@F%WaW86@3@ﬁ?ﬁ“ﬁhé&%fmrﬁpﬂﬁﬁp %ﬁ?ﬁﬁe‘pﬁé ere8§<tends t hr ough
the first face seal port opening and said inner gas volunme into the source
chem cal and through which a carrier gas can be bubbled into the source
chemi cal to causenay of dadbvantiporti on of source chemnical vapor to becone

entrained in arrier,. as to.produce a flow of vap hase reagent to
sai d i nner gaé&ﬁdgﬁﬁﬁﬁnﬁﬁﬁ r@ﬂ@SPFP?TVﬁvgworB%PB“F@B@“ﬁ%VﬁﬂBgan inl et end
adj acent to tgﬁmﬁwﬁ§gmﬁﬁgﬁn seal port opening and an outlet end adjacent to
the bottomwall nenber diG] said first face seal port opening and said
carrier gas f¢@u2inlet aﬁwmmim@khamhmgmﬂpmoswm@isunbacesﬁewWQHBanmhe

opposi ng surfac s are no ont a one .anot her; [0017] said netal
face seal gasRBf? t‘?fﬁ“éq Eerﬁﬁﬁgwe%%gé‘@taWFﬁnaﬁ KEssely ﬁ?ﬂg?}tﬁtf Eeraces of
sai d first fa%Sm%ﬁﬁhnEQ%kaﬂ?H%ﬂgaﬁﬂq\%@hQ1&@MHhﬁhagfédﬁ%%$1hﬂk%ks fitting;

[ 0018] fastening nmeans securin e carrier gas inlet fitting to
said first fackneedovpdrtfilbleenling through the opposing surfaces and said

rotal face seflyagaskel and S IONAYR. AR € 2852l ASH SRR POT T oPeni 1O

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



outlet fitting connected thereto, through which said vapor phase reagent can
he dispensed from said apparatus. [00201 This invention also relates in
part to a nmethod for delivery of a vapor phase reagent to a deposition
chanber conprising: [0021] providing a vapor phase reagent dispensing
apparatus conprising: [00221 a vessel which conprises a top wall nenber, a
side wall nenber and a bottomwall nenber configured to form an internal
vessel conpartnment to hold a source chemcal up to a fill level and to
additionally define an inner gas volunme above the fill |evel; 100231 said
top wall nmenb@018hvi ng &ﬂﬂkmsmdﬁamseﬂq&khnmnhgdpem@mgmparpmﬂcongmﬁace seal

port opening an tionall re 0 r face seal port ni ngs:
[00241 said fPP@"Et%%é%?ec‘s’é‘E te@ eteﬁ TouAR RN 13y W PERP 458?@@5@“@53& inl et
fitting connegted LHELRE Qid 2ads an adapter conprising a netal face seal
gasket | oi ned fg 5 tuge tﬁaéﬂgextends through the first face seal port
openi ng and s#ﬁﬂﬂ]ﬁhsnnga&onahunda&aMomnh@znmmmodénahewmqaﬁaamdomhrough

which a carrieh gas can be bubbhled into the source chemcal to cause at
| east a porti BAASEICAEERY IS deRatHiehrhapss FORBriBEonme ent rai ned in said

carrier gas t roduce [ gas

vol unme above ?ﬁglfill I25§+®H%ayéﬁﬂ&%é“ﬁgégﬁéagﬁgﬁnle g%ghggj cen to the
first face s¢@22port operssefwhitt campastsl etbpevudl mdpbaeatide gvallheebiotrt om wal |
menber; 10026] sajd first fac sea por t enln lﬁg sa|d carrier gas feed
i nl et fittin@niébP%ﬂn 20 mgﬁp 8@“) @ﬁ@lﬁmf VEP PS8R Rees ar e
not in cont act|gy éoﬁlrc%rb%eﬁ?}%Eﬁ[oaﬁiﬁ@@v%iarﬁ?ﬂo%ﬁﬁfoﬂbll} ageskahngasket being
aligned and in contact wth the opposing surfaces of said first” face seal
port opening andnmpaibdvedrrfileleveglas feed inlet fitting; 10028] fastening

nmeans for seCﬁFi ? t he carrler as fee i.nle f|tt|n to said first face
seal port ope (Hg t hr ougH @ﬁewﬁgﬁﬁsﬁﬁg A(ipe abisyt fagsped ogt FRSPIE: R ace sea

gasket; 4 second face seal port opening and optionally one or more other face seal port
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;



[0029] 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; [0030]
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 ofoogapor phaserrieeageRtd finomisalith exitiely gas votatfier ghavel t he
fill level, the vapor phase reagent discharge Iine optionally containing
one or nore vEPithraEs deberjrnt cariengasdniorsald spurog sgempsal diencarfigigagont r ol of
flow of the v . phase. r eagent therethr , ' - r hem cal
to said Vaporﬁ%ﬁé@gCP@%@@ﬁ%gﬁvgﬁg%EfﬁﬁwrQ%%g?ﬁ%%%%%%nggrgﬁﬁggﬁﬁ%gFﬁg source
chemcal in safﬂowa@gk(gh&g%aEQQngbugmspensing apparatus to a tenperature
sufficient to vaporize the source chem cal to provide vapor phase reagent;
[0034] feedi ndPWBO0tar ri epaigaecondtieresaildovigrsninghasiBgreagenphads &96e¥i ng
apparat us t Arough 34l d CALLLEA38 (8%t Ling A28 g ch0Q3RL

W t hdr awi ng t K& vapor® phase 't eagent and carrier ¢ vapor phase
reagent di speggpéige@pRal Qidigpafit@iighd sai d vapor phase reagent discharge

i ne; and [0036] feeding the vapor phase reagent and carrier gas into said
deposition ¢ br. [0037pormhiase fepgeahdisehpreqlinchertendingikextefighifrorio a

| i qui d phase reagent .di spensi.n arat us_conpti sing; [0038 vessel which
conprises at E)hﬁ ‘%5% p hr?lsa?rgeeag?mé)%g?tgfgtg%? f r%%ief?)f v noa%ga eortg %%e[tnlf %811]1 S%Ir%ea nber
configured toidner pasanlimé esd\althy BH $@le], a0 PRARE réa@entiibchaszedidr ce chemi cal

up to a fill level and to additionally define an inner gas volunme above the
fill |evel: -opgtionallycontaining one or more vapor phase reagent flow control valves therein

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] feeding 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] teeding 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;



——

[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

openi ngs; 100401 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; 100411 said second face seal port opening
having a |iquid phase reagent outlet fitting connected thereto; [00421 an
adapter conprising a netal face seal gasket joined to a tube that extends

through the sapapf facesfs@alp WAl neAMEPhNG AN H sk RReisBNQOtdpenvgl 4me into  the
source chem cal and through which |iquid B ase reagent can be di spensed

from sai d appsacandiface sedl gortwpeningundgptaanadyrhedr mat ebfrafeenseat port he second
face seal port opening and an inlet end adjacent to the bottomwall nenber;
100431 said 58@%W85face seal port opening and said |iquid phase reagent

outlet fittingoagyi ng 0RROFAFaRUEAIFRBSOPeW8Mal el dPPASEaDInRUTi@ELS are
not in contag% mrth one anoth%r; 13%44f sa?d ne?al fac%gseal gasgzgpbeing

al i gned and i porpeeicddteratp s thraugb wlogpaosinary gsuednadiselsd oifto ¢l ianeregsondluingce seal

port opening and id liquid phase  reagent outlet fitting, and 100451

f ast eni ng neaﬂ<“?§$3g%éﬂ@fhﬁ”?ﬁ&“?ﬁﬁﬁwa%ﬁha%%HWESQQ%ﬁ‘%E@ﬂé?“¥1ttipg to said
second face sggjqyport OQﬁans&_gmaHrg&%gﬂ_ﬁoh%p@ﬁimg%mg%uquue@ s@Rdosai d met al
face seal gasket. [0046] This invention yet furthér relates in part to a

met hod for debutlefijting cannestepthergidiase reagent to a deposition chanber
conprising: 1 providing, a |liquid phase reagent dispensin rat us
conprising. B4k "o veS okl s des g Tabekr et PR e el |
nenber and acRehdsaMoi@h khe"REDRS 2608l B 6kl 41Rr the Athel F&se\l’dmhe wessel
conpartment to hold a source chemcal up to a fill level and to

addi tional |y tefsonse sheisakandghrugh othighd iqaixbplease eagent danbewlespen®d 100491
said top vall frg%nstz)l?c{ ap%%}/aitlpsgsé’j}d ];Lilbre%{[avi]cn%%% o%lﬁgtl en%%ﬁ}acglri)te’;cr)] ithneg§ecc(§lnd 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;



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

port openings; [0050] 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 volunme above the fill level to pressurize the inner gas
vol ume above the fill level; [00511 said second face seal port opening
having a |iquid phase reagent outlet fitting connected thereto; [00521 an
adapter conprising a netal face seal gasket joined to a tube that extends

t hrough the second face seal port opening and the inner gas volune into the
source cheni cHI048hd t hr sud Fopwnilt membguhay ishaBest fagsages trosameniagd spensed

fromsai d apparat us, sai,d _tube .havi an putlet end jacent 1o the second
face seal po$?o%%§ﬁfﬁ8ﬂgﬂﬁ(QﬁmP%F%?ggﬁﬁmgﬁfg%%%WoFﬁﬁgﬁgg‘HF?%%F&Q|| menber ;
[00531 said sgs@nthsf ace seal port opening and said |iquid phase reagent
outlet fitting having opposin%%;urfaces, wherei n the opposing surfaces are
not in conta&WSQ]th ongdidAet e sefl poBAPesiaR daviae ah ifescgasdeed inlpASIKEE bei ng
aligned and in contagt with th Opposi ng surfac of sai.d second face sea
por ¢ opent ng. Snead fhersth PO aelOPRERER T IR Plo PRSI 8MRoS emng
means for secuidveghd filg dvieDitel fle ROASELE @REEPAs Wiihehbdvetthé AY leved, sai d second
face seal port opening through the opposing surfaces and said netal face

seal gasket; 06661 an saidpecopdéaceeed portmpering dadnag liaxidephase repgentom t he
i nert gas fee?wgﬁghﬁ% fltn#ggtfor delivery of inert gas into said inner gas

onne hereto;. . S
vol une above °eve the”i nert gas feed line containing one or nore

inert gas flopwosgntrol sahd@eericb@pabifg afnidtalaRed Jedl cRketfib@ed @f a tude tafert gas
t her et hrough; and [0057] a liquid phase reagent discharge |ine extending
exteriorly froffidsehronglythedephuistace wabpemt opsurgeandithe finggedsotolymersal  of

[ e opti anal 1 ‘ARt sty Blednig kR SR TG o ke BN AR SERRIRRS A cont ror

val ves ther ei fiohmaaidepptufaals, &fid flbeWaoihg hh@ulléiput ddjaphase tHearge it face

t her et hrough; 7 . , )
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 surfaces 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;



A

100581 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; [00611 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: [QUSHL a vesr@le BARA hEAE 8ok (HRAIN IR PaBE RAke M REHRhsin
conpart nent t@ §@aporize tﬁ% f?qgid phgée reageﬁ?; 0064]§saiJ§Fqu%d phase
reagent di schampgetusine connecting the |iquid phase reagent dispensing

apparatus to Ld vaporizatign apparatyus; [0065] .a port.ion of .the

vapori zati on @@%&ratus WQVWH@YQG Qgﬁf8ﬁgéggc?§5%rfﬂVQPMd 98K E°S hr ough
whi ch carri erreg@mt 8RPeiehe HhataisQo SabHpMARET fuFAtitANo ARPIEHALHE] §rcecause
vapor of said ITquid phase reagent to Becone entrained in said carrier gas

to produce veporcgtapevrdsdgunt phas@oweinta portion of the vaporization

havj h . ut, | i hy. h _whi ch id
vapor phase r SIU " Can sBNRG arCER e st b SR sPEs i SR lbar at us:

[0067] a carrihar@ashiReH shidnfere¥dsebel mek;from the carrier gas feed inlet
opening exteriorly fromthe vaporization apparatus for delivery of carrier

gas into sail@0¢Hpori zawvitbdrazppathaligsid phase reagant Epmgwsd Figwd phasse cont ai ni ng
one or nore carriﬁr g?s flom/%ogérollvahXQ§ tger@jp &Prh%oggrgh of flow of
the carrier g%gg“? &P SHﬁﬁﬁ@ﬁ?”f %@Flﬁgv‘bgﬁn REN éc?ea Eht §$§%harge l'ine
extendi ng fromsdagevaror phase reagent outlet opening exteriorly fromthe
vapori zation apparatus for renoval of vapor phase reagent fromsaid

vapori zati on WBpHr at us provsiaigk vajepasian appaghEfberistnige vapor phase reagent

di scharge |1 nﬁogﬂt i onal z|1¥es(s:8r2:toghgti1rggto 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
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;
[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; [0069] feeding the liquid
phase reagent into said vaporization apparatus; [00701 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; 100721 wi thdrawi ng the vapor phase reagent and
carrier gas fromsaid vaporization apparatus through said vapor phase
reagent dischawgﬁnkaQMXHWMaupﬁaiﬁ}ﬂbw&ﬂhm@\mh@swapdnfphammoteﬁ@@mbfand
carrier gas into sal deposi tion mber. 100741 This invention also
relates in paft VeRo'&® W§68%5B53§@ﬂp85 nt di spensing apparatus conprising:

100751 a Vesﬁ@ﬂ%ﬁé}?' ch C@%ﬁ%gﬁsh(ﬁ? @?ansg"?éageﬁfqﬂt‘%%rd éh%m‘ﬁ@ag er and a

bott om wal | conf i gur nt er nal rtnent to
hol d a sour cel067#n cal m$nn@ﬂalknﬁdpanemgandnsmdadmnhmnnmhpgndeiKme an

i nner gas volunme above._the fill 00761 said to nber having a
face seal por@mﬁﬁéﬂFﬁaﬂgﬁ@nt@@PPB%%VE?MS%@ “Hﬁ?%”%yhgpwgﬁééﬁeégw'port

openi ngs; [0Qﬁ%&e@a%§§e seal tee fitting having a face seal opening, a
carrier gas feed et opening and a vapor phase reagent outlet opening;
100781 sai d f[0%l]seal pioedingpenirivg ghawingidelpdrivacs gppatatisabrough saidg
connected thereto through the face seal opening, said face seal port opening
and said fad@”?ﬁé?s ggVﬁg havi ng opposi ng surfaces, wherein the opposing

surfaces. araohed) [ continghuiid fc oG ranakhers ent]-QQVc%;u@r d@genseal gasket

bei ng al i gned an n contact wth osing surfaces of salid face sea
por t openlng‘amdn&HKM¢®amBUsehbugpgmﬂmgwabﬂﬁo&ukasmeﬁwm@lnﬁaamifor securing

Lhe face seal e |1 11n0,0,cad Tace, acal ROTLAPEI 1A LAY gl bt
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;



- 9 100811 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 he 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 tW8bott om amddaptre ntyeprisip®0 8Rlal Saiedcalagaskat joigadtof e@be ihat et

openi ng having a carrier gas feed jnle fittin ttached t.heretq; 100831
ahid carr er gtk B e e R A R R s SHSPPRRE TRIBE Ficti ng
havi ng opposi g s %ﬁéﬁ?r?g, aniNG e Rerl 26 vORRRS hidGhs Yir8CaR AL A aﬂ@&hrbggrpont act
wi th one another; [0084] said netal face seal gasket being aligned and in

cont act with whieh acppes igageaured abbdofitoghd shucerrahieavicad ascdusedt leadt et openi ng

and said carrier. gas feed. inlet fitting; 100851 fast. nin% nmeans for
Securing t he RAPPTBF YRS Selical KPRy ¢ PRIV eI R STRERJEs f eed i nl et

openi ng thrOuﬂﬁd&ﬁga@@@%%bﬂﬂn%H&%@G%&nﬁ@%aﬁﬁhgmﬂﬁ&@bhﬁﬁy%%ov§ﬁﬁHﬂ9?Sk6ti and
[ 00861 annul ar space between the outer wall of said tube and the inner

wal | s of sai dlieedr saiktubghsvihged inlel @ adpeeitig thesarmkrfgae &edenlet apseimigng and
said face seal, port opening, through which sai.d vapor phase reagent can be
di spensed fr&md%ﬁﬂ%@%ﬁh%ﬁ%@ﬁgt@ﬁ@%@ﬁﬁm§3?E”VQ%E?’phase reagent outl et
opening. [O008(psdhi s | nyventd AR fMrEdyEnict Sh@SShdvinPREdrribOpA fEREiad for

delivery of a vapor phase reagent to a deposition chanber conpri sing:
100881 provi diimggatiydpedtheutiase reagent di spensi ng apparat us conpri si ng:

100291 @ vessBhell! S cOIRTL 8658 SR UL TEITEL i S okl pber and @
18, %o SRR HR L el oo o
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;

- 10 -



10 [0090] said top wall nenber having a face seal port opening and
optionally one or nore other fact seal port openings; 10091] a face seal tee
fitting having a face seal opening, a carrier gas feed inlet opening and a
vapor phase reagent outlet opening; 100921 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 another; [00931 a face seal gasket being aligned and in contact with the
opposi ng surfoages of saiididpacdl membepiaavingopfant pgl aod opaiidg hate seal

openi ng; [00941 fastening neans for securing the face seal tee fitting to
said face se@UPALY OBHINPAG AR dUFHeRIROTUpBYIERg surfaces and said face

seal gasket: [@9Pr] an adaBel SoRRGL A, & 1BLE a6f,paliBASKeled of ned to

a tube that xtends through the carrier gas fee openi n e face
seal openi ng, intdiepérdagandeahpgp phiscaparnnoutkndpsang] | nner gas vol une into the

source chem cal and throqgh whi ch a carrken gas %%Q be bubbled into the
source cheni cl09th causeidfact serd poy oppyRe paYingfaid firesealdtehitedl vapor to

becone entrai ' ' rd : ase
reagent to sagggfﬁﬁéﬁégggﬁggT%neegﬁ%fggfﬁg&ﬁgﬁﬁﬁygg%g%¥b§gfga?ﬁéggﬁaving an
inlet end adj addfice sl bpanicghavirg ogasifgeadaca] eheromethe npposandkuafacaut | et end
adj acent to the bottomwal| nenber; [0096] said carrier gas feed inlet

openi ng havi n§fe¢ &t @raontaet Yok opearptheii et  fitting attached thereto: [0097]

sai d carrier @saf eed | bt soneningnandaBald AN Laadu Gedpbalet | FitLing

havi ng opposi rfaces, wherein t pposi hg surfaces are n cont act
wi t h one anot hiefaped ABRIfasascd] pat aperiacadsaal fagaskeedpdmeng)g al i gned and in

contact with th opposi.ng surfaces of said carrier gas feed inl et opening
and said carr fOQS"]gas fe@aten]n,gméqanp-qrtspﬂg}ngltbqggg S?aéé?eegﬁlﬁé UG EF or

A
[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 [01()11 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 |lace seal port opening, through which said vapor phase
reagent can be di spensed from said apparatus through said vapor phase
reagent outlet opening; [0102] 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
gas therethro{el] and [@mﬁﬂiwaaMﬁmmWemmmseumeagemfsﬂﬂeﬂh&mgehdﬁme‘extending
exteriorly fromthe . vapar ?se reagent outl et opening. for gnval of vapor

phase reagent “RHoA] @i %PmFrn%?é eggigley gpamRe. apdacc wal Q‘Heplnglaé‘f}é{il fa%%e vapor

phase reagent ¢ I r r phase

r eagent f|OM/C%% ro?ﬁgﬁ?%e@%y gg@%ﬁqgkyxmspﬂ%g%ﬂgg%“??%&?gsggﬁgdégggr phase

r eagent theretmdem@hmuiﬂﬂﬁgmsadﬂwngrpbmeumgmhenmbemmﬁmmﬁajd vapor phase

r eagent dlspen5|nﬁ appar at us; 6%05 heat.i ng the source chem cal sald
t

vapor phase r&48¢ht di sﬁéﬁ%ieﬁéas HpGetisndiee %t@%!ve e CHTIF #5ies
vaporize the §ourig, Fbg%ﬁ@ér b9 Hh@x"%;é!‘%nto‘éﬁia ouR@%ﬁ&n(c%ﬁQl?é’éa,rn&r%]aQ6] feec" ng
a carrier gas Into s vapo? ﬁase eagent di spensing apparatus through
said carrier (=d lifneedntlamlr@ @recbramﬂ chiiee pad f0HO édntval tvabreaviengn fdreouaplor phase
reagent and carrier froms vapor phase reagent dispensing apparatus
t hrough said 95%8W06 i dge e“ﬁﬂp§gh ge line; and [0108] feeding the
vapor phase r t and,¢ $abd 5 $18BEh thd 01091
This inventio ye furtﬁ Qﬁ&éﬁ%?%gﬁ‘%ﬁgg?‘ﬁ¥%1§§f8qU|H£&ﬂ%se r eagent

di spensi ng appaﬁmmh&waagpmtmnhgop@ﬁm;ﬂ*1anve$9évaMpthG@qwntﬁamsa@top wal |

menber, a side wall nmber and ? }on1ma|| menber co flg ed to forman
i nternal vess#INCESHP: Ltlpr%ﬁl?ovtedhe Il Tevel, 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;

_12_



hold a source chemcal up to a fill level and to additionally define an

i nner gas volunme above the fill level; - 12 [0111 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;
[0113J 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[Mdt] i n cosmidtip walt member kavotdreface @l pad operfingendeal gasket

being aligned and jn contact with the opposing surfaces of said face seal
port openi ng 4hitPna Y8“?%%@0§ﬁ£$mg$§ﬁﬁnggrﬁffg¥sTastening means for securing

the face seal [ohgg) fittipehckQedRdckitiag Bavif@altadeQbal PREMLNS fbfQHIRE he
opposi ng surfaces and said face seal gasket; [0116] an adapter conprising a

met al face semlctgasikeg andi heddiphag reagsat olthet openingnds t hrough the i quid
phase reagent et opening, the face .seal .opening, t ace seal port
openi ng and t“ﬁy%tner gﬁgé@%FaﬁﬂpPﬂf@eWH%ﬁgﬂﬁgéad@%@ﬁ?%ﬁ?eéﬁﬁ% t hrough whi ch
l'iquid phase fgREQRY tHedo RRoGiSIERRRAedIPBRNIRRT diPRPASAT Port op@ifls addibe having

an outlet end adjacent to the liquid phase reagent outlet opening and an
inlet end adj saéfice senl phenibphaung vepdsingesutieecs. wodrtinithe appbsinguirdcghase

r eagent outIe%gggs&P%%ngxgﬁgagF#hﬂuid phase reagent outlet fitting

connected the ' phase reagent outlet opening and said

liquid phase joneagent ontdcekedlighilenBeil@tliftdARRPS LoHad WillABESppoMiRr ei n the
opposi ng surfaces are not in contact with one another; 10119] said netal

face seal gasketacgeringidaiigrratiperhdpémnadsait fag ssal eprningpposi ng surfaces of
saL 8111, PIATR o R SORLOBBNE BOL A Bomppengent
outlet fittingal pet ednthd thewicl tRhasR sTeagEMesAHE kA faReBAINGAskdr ough the
opposing surf [6(1)%?65] and sz?rll gdapter 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. [01221 This invention also relates in part to a nethod
for delivery of a vapor phase reagent to a deposition chanber conprising:
101231 providing a liquid phase reagent dispensin% appar atus conpri si ng:
[01241 a vessfate whl pirt cpmprg, slesugh woiphwaliherhgasisen be &ekihgaughdhe inggigeer  and a

bott om wal | conf.i gure orman intern I mpar LNt to
hold a sourcggg¥5Wﬁ@QP“B g ?T?ﬁg¥§egﬁmz%ﬂv?§‘gﬁg%ﬁ%&ﬂ§ﬁi ‘define an
i nner gas Vq%Ha%wgbgM@ﬁLh%véﬂkHﬂl@V@J [01251 said top wall nenber havi ng a
face seal port opening and optionally one or nore other face seal port

openi ngs; 101@622[alliiacecseal alseeeldtes ltﬂlmq tha\ﬁilm@O@OF delevespaf a gprii ng, an
inert gas fee i nl et gFg hase reagent outl et opening;

[01271 said fREE LARTMY e%%éﬁwﬁ&awﬁ F&’face seal tee fitting

connect ed t hefgby t hr ouglyvidhe; 4 d@ﬁgﬂer@{@,@mdlgpenglagdpw@@ss@@bnmgt openi ng
and said face seal openi ng haV|ng opposi ng surfaces, wherein the opposing

surfaces arel0dd#] i n conveestl whithconprignetorwall pprds! wsidavall seabegasket

bei ng al i gned in contact w surface: ce sea
port openi ng %ﬁiﬁ%§ﬂ08lP&@&“@&EFC%HEﬁ?%ggqfﬁﬂigf“?Q%%“% com‘%ﬁggpég securing
the face sealpdgg s&nfc& ERn R §Rbd f1aRee] @b a@@flbnaqgmnﬁnlahmr@ugﬁ the
opposi ng surfaces and said face seal gasket; 101301 an adapter conprising a

netal face sewllugaskete thofildevelo a tube that extends through the Iiquid
openi ng. and tHZPhner 628 GorCReRPE Bt BPE R T b4 RET Shrough whi ch
| i qui d phase @ﬁﬁg@@&Oﬁ@@qhgethQQQ§ﬂgaMﬁ@ﬂhﬁah@SapparatUS said tube having
an outl et end oo™ & Rict seal tee Fiting having a Face deal oponing. an inert gas fed

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

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;

[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; [0131] said |liquid phase
reagent outlet opening having a |liquid phase reagent outlet fitting
connected thereto; - 14 [01321 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 e181jtti ng saidligdd phiseqedgdnphakseopenageatd sout litd phasai ng t hr ough
t he opposing surfaces and said netal fa%e seal gas et; [0135]. annul ar space
bet ween t he o6&t QRllgt THnGhaving QNROSIAR JUHH#ES: V?i}PFé In IhePRROSEE SYHAYS 14 qui d

phase reagent_ ot I H.anS@led face seal opening and said face seal
port opening,mgﬁﬁgﬁgﬂgaﬁﬂb 5ﬁ ?ﬁért gas can be fed through the inert gas

feed inlet op@addlg i nt csaichmeiahfier sgagaskel aieg algned anten €onthctivathehe t o
pressurize the inner gas vyol. ?e @b?ye the fill 1|evel, &&13@{ an inert gas
feed |ine extYwaring sestiss P WP@IHP PR RGO DU SPFURY NG 1! 1qlblaening f or
delivery of i@ﬁ%émﬁ@éﬁbﬂﬂ&dﬁﬁhg i nner gas vol unme above the fill |level, the
inert gas fee i ne“contai ni ng-one or nore inert gas flow control val ves

therein for ci@84jol of fakteningfmdahe farsertringase tiped phiveooadent ewttet [i0IZ7] a

i quid phase rea%ﬁnt.fischar%e que extendin% exteriorly fron1tq§ .%iquid
phase reagent 058t g PRast fFpRougherFaInedrrotl thePAPRYER SPHatge AT $3Dm sai d
vessel, the HB&HchQQ@ﬁgaﬂﬁﬁgent di scharge line optionally containing one or
more |iquid phase reagént flow control valves therein for control of flow
ofthe liquid [0pB3jse reagewntartsperdetwaughs ojta18d] obsial e landjthednphiase r eagent

(o 5ol 0 [ Tau d phose, Leagen, ol spenlg abpar atusi (ohoal sptionatly
apparatus to fcl &APEsRAbPESEnS Whiblgh SMfchtad iAB! fast 3B b3 Féd BhrSQMItESinert gas
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 |iquid phase reagent; 101401 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: 101431 a vessel configured to forman internal vesse
conpartnment to vaporize the liquid phase reagent; [01441 said |iquid phase
reagent discharge |line connecting the |iquid phase reagent dispensing
apparatus to [padl] vaporwizlatrawmgahphqat phasekOdutblrampaidt liqpnd pliase he

vapori zation apparatus having a carrier gas feed . ,inl et opening.through

whi ch carrieﬂf§5§t@éﬁ”ﬁé@ﬁﬁﬂmﬁﬂﬁ6m§5¥®5%%ﬂﬁ?@2 éwSAMU5H$&§aFﬁ§gFo cause
vapor of sai d;;ligl.4irhase reagent to beconme entrained in said carrier gas
to produce vapor %%ase’reagent; 101461 a portion of the vaporization
appar at us havjomg2]a vaposropllase vapeageinn appaiaet copenising: t hr ough whi ch sai d
vapor phase reagent can be qispgnseﬁ ‘%ron1said gqgoqization gﬁgaratus;
101471 a car rl0&f3lgas  cb¥Eses! rENBSHERH RN APORFIRE Y SAT PEIPAERS F 8ed i nl et
openi ng exter@%ths&&q@h&gﬁmggggg&gation apparatus for delivery of carrier
gas into saiélvaporlz t1on appafatus, the carrier gas feed |line containing
one or nore [0a44]i er gasmid liguid pbaeredgeniadivasrgeHmeaionndcoing dlomliquad pldse f | ow of
the carrier gas therethrou h;8[0148é a vggor Qhase reagent discharge |ine
ext endi ng froW?%%%dV8$§F@fW%Q§ Sle SYE VPPN R WRIEH g exteriorly fromthe
vapori zation gpgarat us { aiioh &M Aapdiz V3R APpRARGS RavifageRbicl LaNsal d

vapori zation apparatus to sal ep85|t|on c%anber, t he vapor phase reagent
di schar ge | i neleoppéromathryughorttiah narnigr gasrwen be farbing saapvapophais® r eagent 1 ow
control valves therein for control .reagent

_ qor . flow of the vapor has% _ _
t her et hr ough: *PPEFRE 10 CREE; VOt Held; ltﬂ}n‘:“{jplﬁﬁ%&e@gf”&g%?ﬁ‘f “?eh‘f’gra °d"V3Pori zat i on
apparatus:  carrjer 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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[ 01501 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 line; [01521

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. 101541 The vapor phase reagent di spensing apparatus or assenbly of
the invention[0lftly be eftpliogedairier gawingesaidripsrigapdn mpovesstheypeh eag,

i ncl udi ng for exagflﬁ d(ihem'cal vapor deposition systens wherein the vapor
phase reagent “¥P8m* he 'Wipply vessel is passed to a chenical vapor

deposi tion chpiggr for dap@aidOme Qhp@ phARtBhidcAl adPYRAeARs FrontRRd r at e
therein fromthe source vapor. 101551 %he vapor or |iquid Phase r eagent

di spensi ng apwawazmgmamp@@s@ﬁbmwgbﬁmdNaxnmhwganEmtdgﬂemgwlmnandean,
mai nt ai ns pur | of the.liquid precursor chenmi cgal,. increases . usage rate of
the 11 qu d or W8P a pr olstea i TERT Bane S HEr SBYSF BoEbL MR T8 01561

O her aspect sghah@Rf ures and enbodi nents of the invention will be nore fully
apparent fromthe ensuing disclosure and appended clains. Brief Description
of the Draw ni§dS#loTB7vaper ghask réagent deivasmg ppparaps esasembliyon thf insentmwpor phase

reagent di spensi apparatus.with no dip tube, a vapor ase reagent
i spensi ng_ apBaY Bt GEPRRER R Vbl e gt M gRE TP gent
di spensi ng apaiatdSapbriddpdsidbPsystRe widdrbin t180Mdr bRase ¥ ddedd fr&H PRS- sect i on.
[01581 Fig. 2 is a sc enaFlc representation of an adapter (i.e., nmetal face
seal gasket supglytyeses) isprond o chewssd saor deppsitio®idheinbei yr dgpdsgioa odehemat i ¢
representation of. ﬂ single ort contai.ner converted to a dual port

BET Qo

cont ai ner wi t R3%"f Strafe Mpdn ORLYF SRUC 5B Fig. 4 is a schematic
represent ati ofp185] TRIRHIEDE Bquhill Phascaba Rt USRAsG 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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bt oo

assenbl e a netal face seal gasket connection w thout an adapter, shown in
cross- section. ~. [0161] Fig. 5 is a schenmatic representation of
conponents that can be used to assenble a netal face sea] gasket connection
usi ng an adapter, shown in cross- section. [01621 Fig. 6 is a schematic
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 g g0f FRPPIY £&lheRRBe rddr&bABLaT 6 dopoRerts teRBiRbO g edwb t hout a
tube can be converted to a container capable of being used in applications
whi ch requi r eassemblgben¢ial face sdalibisketr conpprsionasingas adeptey shgwiin gogrp t ube for
l'iquid delivenyé, by inserting a gasket/tube adapter between one of the
ports and t heS¢8Ptesponding valve (see Fig. 1). The overall height of the
contai ner doef182f FzN8RNYLschbMati€ APk ésanihatibPoPNld0ha@dk throhfiea hithe fice seat wel ded
to the top of the container, so it can he renoved if nodification and/or
repl acenent i gashetomssentipn Witiosit aresdaptes ajdha ey feegsseal gasksticonpdctign [ 01641 The
practice of thi.s inv§£&ioqldoes not iqcrease the length required to add a
tube to a cont¥Mndt A AT RVFHRE CESFS0rt (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 acconplished using an adapter with a conpression

q eTitios eglafn fitting to the

desired | engt hen the compre s}on- fidti . iS_secured t ube. In
ternms of !eakﬂp%gﬂ?h@ég%mg8ﬂﬁ?§§§V§ﬁnP@P?ﬁﬁggnﬁﬁgr38%Igﬁg lg%ﬂgggﬁﬁ%%irable
than joi ni ng HMRr&GRAPANENESs. WA khndarfi 266 ps€AbnthineRMBHA®) tubOEanye Wel di ng (not
removabl e). Adding a tube to a port that uses a face seal fitting can be

acconpl i shed bynvgsthtp amernspposiapgble atcisgnseddnappliranons Which fregslirg at ube

welded to it. that is e posite gender (Jjm r feml he port. From
an overhead g@ﬁﬁﬁbdﬂWE&rpﬂgggfﬁﬁﬁﬁ Von 9’8 b&%?b&%%ﬁgﬂé%ﬁﬁﬁgg% tube to a
fitting, becals@ingt daskdwmibéakiapter hdtwBen oSt tB@SkeS didube caaapbding | | wor k

with 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 1s 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 (mmale 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 tace seal ports

that are either male of female).
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that are either male of female). - to 101651 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 be 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
more to correfX65] Thivpareadon singplgas Ketadtlitive oddapteery z(lioveing thealsaef of t he

oule is significantly higher than asket/tu r). 10166]
?/grr) i ous nodi f &E%f{af %?Fé Ogﬁ%{sk\?’ég‘gﬁf‘?ﬂ%%rs Mo(laff? UPIPIQé&‘F ﬂ‘et/?f gépt%cé‘nuse of
different matgy Hﬁ{es‘wﬁ{ou@ Qﬁﬁs[dﬁhé Q&t{u%r th Q@n@ﬂ@&éﬂoﬁ%s%@@t@f@ﬁﬁ gfes (e.g.,

copper. stainless steel, alumnum nickel- flon, etc.); the use of
di fferent nethmdékmUqummeﬁﬁhg gaﬂkésﬁwolmhénnmg@rmmkhm@nﬂﬁ@ lergh atlapt er

(e.g., weldin chinin rink  fitting, etc.); the use.of different face
Seal Gasket oityidE et b drnged it bod By S REHERGPAD: dPer o (eog .

Par ker, Fly- T%Ret/ﬁw@g@alp@?’caf i lelﬁk @he&feg indepdili nﬂ-l'y'“;?roglf the dbAdBEENA l@d'kze
gaskets and tubes (e.g., 1 /8 inch /4 |ncR V2 1nch, etc.); the length of

t ube can be vartheskant biga dlpbebecwcﬂdcxbdlr@mlaltb W Chat\amehwlllésommg t¢ ¢verecengt h; and

th tub b fied. al engt h uni.
o1 085~ Seot msmg%%g{?fl Sk EPSadebler L ity he rmPo e Sy, i s

i nvention reI ﬁéwhﬁl@@@@g&@mﬂﬁzM%B&r phase reagent di spensi ng appar at us
conpri si ng: 68] a vessel which conprises a top wall nenber, a side wall

menber and a HbéélMﬂnmmhhomﬁHMGnm@o@nguKBdOfdn§mwﬂnammndué¢ﬁﬁhwweﬁsel

conpartment t old a e chenic to fill level and t

Car i onal |y Qe SR copgabn ahC aBvlet el KT EdoiobioL601 sai d
top wal | nenbgpimhayieg, ﬁuﬁﬁﬁ&ﬁ 1ia&e ’81h, RS HhORGN MGifeRNSAREADL hase seal
port opening and optionally one or nore other face seal port openings:
[0170] said fiheghskeateths edle ipdotmiog eriadgpthatei ngveldogr maeninggsstrméd i nl et

fiting conneeled theretor APRTLL AL, AUPRLEL: SAIPIIS! AR & RG] 200 So2

and manufacturers (e.g., Parker, Hy-Tech, Swagelok, Fujikin, etc.); the use of
different size gaskets and tubes (e.g., 1/8 inch, % inch, % 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

- 19 -



‘ e R —

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, whegiginticilhe cappasicag asuifi@ceSsoarce chahicahvapontalsdcomictehtraione

anot her; 101731 said netal face seal gasket being aligned, and in contact
with the oppodisagl casiiptress da proruesnd Howiol gapgrabaseasagenh B $IQPERE #§ and sai d

carrier gas feed inket fitding., .. f: i i t he
carrier gas fég H¥ﬁ¢§¥e????%%gdt%$£§%§L?v?§%Eﬂpggggggg%e%g§%ﬁﬁﬁgﬂ?ﬂg t hr ough

the opposi ng sdal hae eperangasbardourit ahd dds@ns@ahe bgask etall madbdr)175] said
second face seal port opening having a vapor phase reagent gutlet fitting
connect ed t het®{73) saith fissiGreomhitigrwrisencaingapd saigkag T anlseniniedHipe  di spensed

fromsaid apparatus. [0O17 e r - j NSbHRG.ARRRN at us
further conprﬁuggggp%%Plé%%h&%ag%gggﬁthﬁéﬁg§$§h P%Hgééggrior@§ fromthe
carrier gas fegdaidthet fitting for delivery of carrier gas into said source
chem cal, the carrier gas feed |ine containing one or nore carrier gas |l ow

control val ve807Rbpaf metdl facsowtlr gskgpemg ghignsgsk andpa centast with P OPPARRST hr ough:
and a vapor phase reage ksch | i I : I rom t he
vapor phase rggggﬁ%°§%?$§F9FFFF%ﬁ§8F§P&§8§§@ggg%nggﬁg%qéﬁggggfﬁ% gent from
sai d inner gagoMva| g¥enabomeadsier declifind v ehiriet bes feapmlctghasgtor eabfmt

di scharge line optionally containing one_or nore vapor phase reagent flow
control val vé&sesedpertppeaing dyabgivbihc eppesingpisfacendsaponeishise ssadagent

t her et hr ough. %177L The vapor phase reagent dispensing apparatus further
. gasket: ahd . X X
conprises the®vapor phase reagent discharge |line in vapor phase reagent

fl ow comuni cad1i78 syl kécoad f¥@Rpedl hegenie havaky Weposide engeystuden sai d
deposition system selected froma chem cal vapor deposition systemor an
atomic | ayer @épesionnentedsihisreéathrough 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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[01781 As indicated above and referring to Fig. 1, this invention also
relates in part to a liquid phase reagent dispensing apparatus conpri sing:

- 20 [0179] 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; [0180] 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; E0181] said first
face seal por0109eniegelhahicingomprijenerntp gald nfeagur.adide whil mangr agbtnect ed

t hereto, throuqh whi ch an iner as can be.fed 'ntolthe i_r%nertt %slvolune
above the filPo I%@f?”t%e“g?eéggl HIE ey ﬁﬂé“rte‘_&agv%ﬁi GHEPADOVE ?h8 Sy
level ; [0182] scﬁ@(%e.dch%ﬁl(f&mqgt@g?ﬂﬁg@l aRPId adARRINLNG db@ AinAed dadWbRinhase

reagent outl et itting connected thereto; [0183] an adapter conprising a
metal face seadovgalskell lgvel;ned to a tube that extends through the second
face seal port o&entng}an t he i nner gag v?lunelinto t.he sourqg chem ca
and t hrough wHILSH saidy v haemberlaying @ Rshia5e Sch! £BE PRERNE F4 BipLbfage
apparatus, saj ' ioQuiiy &t SMoRARS ek tA JoReopealmend face seal
port opening %%hbgﬂg?%?%%ag% gﬁjé%eﬁ} to the bottgn1égljlﬁenger; [ 0184]
sai d second f Hd81pedd fipoficespe mportgopamidg davidg lan aquerdgasHesseintee Aigeret  out | et
fitting having opposing surfaces, .wherein the posi surfaces are not in
contact wit hCUWECY 3eﬁﬁ%ﬁkfb@ggﬁnégFﬂnﬁﬁﬁﬁi“ngégigﬁgﬂﬁagﬂﬁﬁyﬁgPWHwaligned
and in contachy kbl i e QPRI Az SHE ifkesadlol 9@t bsranpdifiace seal port
openi ng and s%ﬁﬁ%ﬁkqu%d pﬁagg re%éentlout %t})fi;ting; and [0186] fastening
means for sec|MBapsditheecond liicd spdiase apesige htvioghllieuid pltasé regeerd osdétd  second

face seal port opening th&ou?h t he opposing surfaces and said netal face
seal gasket. %ﬁE@TPnWﬁgﬁﬁ gG§tY phase reagent di spensing apparatus further

Feed iniet 11 TEnh o g R o T s Vol ue
above the fil kxtbedsehrouphéhei seeoitd fgasschbpatt bpemgng 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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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 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. [0188] The |iquid phase reagent dispensing apparatus
further conprises the liquid phase reagent discharge line in |iquid phase
reagent fl ow eagenifioaatdidnesatlt thediquidaposé magimuisappae dnesptigrilyd vapori zati on
apparatus in vapar, phase reagent. flow co nicatign wth a.vapor phase

A gbgsersnt Bles Bt 79

del i very depoSiH3BRSSRE CEMOTSHIYHd dEHEIFIgeBh 0¥ geRiEmYa 'om a chenica

vapor depositj <§X§ﬁ§“%9“%1?3“ﬁ§@ﬁ%%§§a¥QB“egﬁﬁgﬁjti0” system [0189] The

vessel or anpoule 1's typical romstainless steel, e.g., 316L
and el ect r opo|(i18BeThé¢ hquid @hentreagnt dispamaingappaohtus ertipr ecmpsess the baiid or
solid source chemcal. The adapter .is akso t%%iCﬁlly machi.ned fr.om stai nl ess
steel . The cBRasf resgeRtghscharee lims i HAvA Phessrraeal HOWIComEVERTAr 4t | it at e

cl eani ng and S . sel: my Wl i ed side
wal | menber oy&gﬁﬁgxnwgﬁﬁ%ﬁ%ﬁgg?g%gggﬁﬂ@%é a“ﬁ%ﬁ*é??gﬁg%?i§¥g§ﬂ§%e. [ 0190]
Fast eni ng nmeassmangicus@dwith asaporghatdidelivanrdeppsigas systal. sarl dapofitibni ng to t he
first face seal port opening through the opposing surfaces and the netal
face seal ga®WEMm &le(‘tt%fra'aaﬁo“t}\?fmc%M?E%@FQ&F%‘&%Ygfeﬁba‘}f@’é‘rﬁomﬁ Pide, for
exanpl e, engag R%nsggeﬂ‘nale nut or body hex with a female nut. [0191]
Fasteni ng nmeans are u ed to secure the | i qui d phase reagent outlet fitting

t o t he second|[(fl88ETheatssgartangpeliingpidutlpuglchinke fioppsisintays stwelf ages and t he

metal face seal gasket of the adapter. Suitable stenin ans incl ude,
for exanple, JE‘?{géﬁéﬁJéﬁFoEﬂtheW RECYRM C‘BFa‘BB’BE}O‘hgit%Wpf%“?%f E&l&ﬁ@r nut .

1111921 In th%dﬁ;%ﬁ?ée%ﬁeﬂfca%.hfﬁe Ad&pﬁemg‘ 2% tyH&ﬁlil)gﬁl%Bﬁ%éﬂ Hhe assrEe (i - e,

adapter) wou ect the tlow pattern o t hrough the associ at ed
cont ai ner andl'be coyel amwipngall khmbawbis loptignally remdvatéeto fabiditdft¢ olmapag bt n of a

? ﬁisn?; i : lngw -?—ﬁ:glzsiqs: O"ﬁl?fg‘fs%lég §g$rgglpgr§¥ avgyﬁ%dgzalﬁfrs%ggg s?clieswgl? I;negneb%(r)g} gildeng

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 of 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.¢., adapter)
would affect the flow pattern of fluid through the associated container and/or
plumbing. The ability to redirect the flow 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
101931 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, unoi93]jLiss invention ¢an alodrtEdizedty reliees tisstlow peatteroof saetansan
decrease the |ikelihood parti clqe)- formati.on anﬂe}\ncrease f.i,l.m deposi tion

f
rate. 101941 (I"?’quiﬂ’éa%?r%?qr@glu@fph?ﬁ NP ATEHLIOBYESEhe B ESHBRIFPLBYS adapt er
woul d be pfﬂtﬁgyr kftﬁée ﬁ&iggé%oinrb?géatc%tsiﬁ%@férhﬁin%ﬁi dlé?a@gi@l@ﬁ.t Sephaibree seal

connecti on wou sealed i n the usual manner (e.g., by tightening

t he connect i anauaitnthat fre sustebeblandvipemphesematctipns Amtibxahpii@ tof a face seal

connection is VCR conponents .g., el k) ,. t other .t s _could be
oed. [ 01951 cA¥H s BReaR ovticfiogn atFee s boadbl Fimak Tl
conponent s t haly i£@Pasc BBmURGHsifion Agsenbl 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[0u4dnithe preati¢enyf thisarentiph.tthhgaskét@ube adaper WaubdbSwagel ok) . |t

[ disk with hole in th ter. 121 .is t f f t al ket 120
Lhat cont act SBGBH-EALE} ireed BSaPe FECEAAT 106 i50R SORNG L8 1S 1 he

surface of nefgl b&ée%l%%tm%@um%a&fw@% By ﬁglﬂ(gréi-i%-t}?e (%;glgeétﬁfﬁ%sﬁ%?\gefi tting

110 upon scaling. 100 is a face seal from gel ok) that

uses metal gaskietand 28ndle noshndotkxiopkadt faeakalfdonngatign i §CRI@muogents he bead

that forns the seSaIinPki rface of factl Eeal fitting 100 with surface 121 of
metal gasket ®Fo SWAgsiokd fupahenp@phetuld Py F3¢de of face seal fitting 100 in

contact Wi thgihg RE BRERSE I dbEld Hib i0YiadrQE-s8@Rhal HOW dfSomBendidkhefcahace seal
fitting 100, opposite the sealing bead 101. The end (103) of face seal

fitting 100 il ysed tegsserobleg. metagaikd)fateaeahwnotdion 130 ooyt ¢ gmperiaht s (e. g.
el ther ent er STSFHGR RS e RURIITE TR MG 1O ST D ogar et 1€

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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[ 01961 Face seal fitting 1 10 uses netal gasket 120 to connect to face seal
fitting 100. Bead 1 | 1 forns the sealing surface of face seal fitting 110
with surface 122 of nmetal gasket 120. 112 is the internal surface of face
seal fitting 110 in contact wth 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 - 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

t hrough end 1(3., Welded)rtatthel@der Isfomsgmlep@unaga.igngmblngxe/af\@ﬁa\{eesqlm@tca)go to
formthe assepbl ed. connecti on 150...1 7 i ndi cate bove i-g. is a
cross-section Fp?ﬂ%&% Qﬂ‘t%g(B’Fﬁ%lﬁgrgfasd“flﬁ’(]ﬁm%5@§er88%ﬂss%rc?x?t8?%f§§8@gg% net al
gasket face seplty QGHI1QB. WEIOHuE 3038 ket iddhRaind0@ptrahald 861400t hi s

i nvention. Metal gasket/tube adapter 220 consists of a netal gasket that

has beenj oi netbrmghgassgimbled2zRnn¢csionAé0sur f ace of gasket/tube adapter 220fthat
contacts head f.fac al fitting 200 upon sealing. 222 is . the surface
o "gasket bl 1dih e iS5 fRe. et Rk SoReuBT 2 MepiBel} i ng 510
upon seal i Ngbe 423 th asskh®ld d"ﬁl;@famgﬂis_kﬁﬁfaf:@%l &fnngasdfisiidbeaske@pber 220 in
contact with the process fluid (liquid or gas). 224 is the end of the

gasket /t ube aadgptesus@pin, thisopyrospreMeknd gevkdt/Whe rdapenF28cessign pl amptad22

contact beads 201 and 21 1 .respectively..Face seal fitti 200 (e.g., VCR
from Swagel ok?asggtetgatﬂ’@f éFen Jﬁé{éeég?f‘tt'ﬁkﬁe 22&&%@8?“%% G lﬁaﬁ@'gogta%?%t&f ace seal
fitting 210. Bepthal@htdcey BRADOE of sRBLENFGitSt TRCES BsedlaEe 29eal theishithdg 200
with surface 221 of gasket/tube adapter 220. 202 is the internal surface of

face seal [itefgigksat0obg sflapsnade thaperiadthleadZdd @f sacefspaliftiting 2 Huvrbror gas) .

203 i ff o £t 0, ife th ing bead
201, The. end(06% ot Pt B Sl T i uBte RRRREY fiebhBe Gl IS *To tne

ot her processproe@IPRIELgEid 6 Gis). 140k A, endf IRSgasN@aERI sdapRE 020,- Dependi ng
on the pressure gradient, fluid either enters or exits face seal fitting

200 through efrPo30Btherndgdireacticeedd] 22 wgnagbeades nwndall lgasket / t ube
soapiet 220, Rfa00est 10 LaFgsion) (AL YIEngRt R AR faupe e seal 19
220. 212 is tggkinubs fdiptes 2h aceobcfd¢Resealfitting 210. Bead 201 forms the

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 1s 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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g

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 (2
13) 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

fl ow takes plaggotthiPughs@athilatetl RCB0S @3onfakdehiMigg2bAnecEbud0.ant eri ng or
exiting face seal fitting 200 thro;gh end 203 either enters or exits the

gasket/tube fhddfoertaapladertbioysh endi2 bhaf faposeabiittmgdg 1 06 FRHAGRICHAE % anpl e of

the fl ow paths.through e [ 150 a 250 r [ [ 6
i ndicate the %ﬁ?%%@?%ﬁ”gﬁﬁ“%gkh%%‘ug i :ﬂ%ggl qggf%e%ﬁ%&eggggggmfhe
gasket/t ube qggﬁk¢22@a$bﬂgh€®aggnbly 250, the path of fluid flowin assenbly
250 is different than assenbly 150. [0201] The ampoul e can include inlet and

outl et val ves/02@0lalikofshices anxainodd of thollopeathe|thipaglzasserblisel Witduse
cheor cal | evet sensaf s TaEIER RN R R TaRubihof QR PP IR T

chem cal |ev when

material in the faakhiubSaddplel YBY Bhsedriblensonge pathas uid fifwrinl ow vapor
pressure chem cals, or using an inert gas to sweep the vapors out. The
mat eri al nmay abereblnO0 vedijfetrat dehiaysemedy &%0-a 1iquid through a dip tube to

the end wuse i nt where it n. vapori i S eded.
[ 0202] A tenp@?ghﬁfgz%gﬁgl?C?%mﬁﬁg?3$§§P§OP%%ﬁ%ggg%?%hﬁﬁggéﬁggﬁﬁgq§o ensure
uni form heat GOMGNEEct @8 theAndQidé 6Guiset CRtioh&vehpRN&iiprhdnt prictfiderafll y

included in the anpoule to ensure efficient use of the source chem cal. The
val ves and soRartand asnsigecdiemica) éfveksensarto delermaing ydise dhea/Arape e i nsaEy

connections to ensyte a.clean, | k. pr.oof. . I Jn a cl ean
room the anﬁ%nt@’i§683ﬁafﬁPb%%ﬁgﬁ%”wfgﬁ%&g§§%é%?%gﬁﬁﬂgggﬁﬂgﬁggPé%k checked

wi th a hel i umdpeakredRir€eiicdiicaldne usREPAhEt 8 tdesegnid viporbeuusHe at
pressures froma fewtorr to slightly above anbienthé£0203] In an

enbodi ment of met§rial mey alitrnasivelit bredalivgisd s e bigeidstarigh aehp Bivgdo thesmy
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
prootf 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 chem cal |evel sensor being |located in non-interfering - 25

proxi mty to priveémstyrtd dwesuofact hithb oo ttamwedl | TheThiaperaivpe seaseiris ogeRBRIY i s
operatively arranged in the vessel to determne.the t er.at of source
chenical in t¥&ne @é@?Y“?Héoggﬁpﬁgmé%%%@@gﬁquggfmg%%§%B“%§1%%§rativer
arranged in tReY 8RS QurdcheABER1dVN&nENEs b &livedf a@ibcden tRamkato i n the
vessel, the tenperature sensor and source chem cal |evel sensor are |ocated

i n non-i nt er fdetdirminepthedvel efsoureshenicet ahe vessel He gmpyalure winser atde | ower
end of the tenperature sensor being |ocated at the sane 0 roximty
to the surfaégﬁﬁ?cbﬁguﬁi@¥ FWP%”FQ%SFﬁ%ﬂHTEmfﬁgregﬁépﬁgﬁﬁﬂ%fgé¥ﬁgﬁggurce
chenical |evej, tRENS /L, wARthet 1b& et &RSTRE té[@eﬁaﬁﬂ%@éns@ﬂdeiﬁ@ﬂt&ﬁ&d(‘ah&m cal level
sensor are in source chemcal flow communication in the vessel. The source

cheni cal | evelansensbisei mosetibctoake furtae of theasens i rslatien e thedpwercad ofensor s,

capacitive sensors and f.l qgat - e SsensQr and said te r r ensor
conprises a TharHp eP“&ﬁ%“Fié%ﬁ%%8@%&%%6?336%56*ﬁygﬁ%ggﬁg%?ﬁgﬁ S%f this
invention, theydQtieMahkotBaBiIRinPAINGvIEsnAuniSktith iGaké vesséln Tisclrcé he | oner
end of a tenperature sensor, source chem cal |evel sensor, dip tube and/or

bubbl er tube ¢mnidélaicbposeds sdenttd Bowoniisguicatnens. eahcal parspiss a hi gh
percentage, e.g.,..95% or greater referably 98% or greater f th vol une
of t he originé@%?h?ﬂ?ﬁ??ﬂégn$ﬁaﬂﬂapg$“§%FVHM§3ﬁﬁggpgﬁgﬁg%apo%%gﬁgkﬁf?Iized in
the applicati@fnfRlelMidaRediRosgUr ce chenmical is selectively dispensed. This
configuration can also inprove the econom cs of the source chenical supply

and di spensi [#304lylstasronzhediperd oé deemviriamihstbotthe Wils pentedpyideed chem ca
LR NN TR N B TR T W
the source cheRidadipl@eind/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

Is important from a safety standpoint. If the temperature sensor was to be outside
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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 be read as long as the source chem cal |evel sensor indicates there is
precursor present. This is inportant froma safety standpoint. If the

t enper at ur e seEnBosenviesnduotob erasutssi devoul@@nd offalsh Ve tem psorag signe | rtBeur sor it

woul d send a false lowte erat the . heati.ng,a jatus. Thi s
coul d | ead t dPHRS AMBFaESt ﬁc%‘fdi%?aé‘gg]e\fé’pﬁ%aélton O(gef(%eéswgheaql??e whi ch can
cause an unsaefn?po?ﬂé\%ﬁfch‘egn@MeQEﬁﬁm@ﬁdah@Haﬁd dé&éaqpom@h@@m&uct or precursor.
102061 Referring again to the vessel or ampoule, the vessel can be equi pped

wth a sourmlmctteuduciatpﬂeemed)r sensor whi ch extends from an upper port| on

exterior V, down on centr portion
of the top \A/aﬁtOP86]n§?T%€‘r“ ggeaat ‘é%‘? Orf‘%‘g%ml:b%yeséﬁl an lé’ﬁ? y | ocat ed
on the bottom {],0Qf cheMRH Rivel éeﬂs@r'v@ﬁ@h Mt@%dsrﬂdlﬂ ah Q@é’i@mﬁt%ﬁ@@&ﬂi’bﬁ he sunp
cavity of the vessel to permt utilization of east 95% of source

cheni cal reagtdamves&bledowowmtdéy thedeti acradn- creeaglémtOCﬂ@d@oﬁthlCIié]@? iop e vessel .

Th t h ted b
LA GO W s A At Rt W RS B e e e e

processi ng unhtmpE0in 515@}%63{1%?1’[)&6 1R s R8s 8ihe QUmpR avieNeNhe aksskiewel signal s
fromthe source chémcal level "sensor to the central ~ processing unit during

operation of pdmitsyidizemn df0RGast 950 af $dukes dharmen reatgh@t wlegiselicgan he equi pped
with a tenpergture sensor., i t her no n oupl e, whi ch
extends from %ﬁ%%é‘?agﬁlg ip F%ri’}amgt}drbﬁh%’?ss ]fmﬁﬁeup\pgrs%o ton ng%ﬁ\ﬁg? '§fy through a
central ly | ocafgcR@nki Qhs@ mhge E&ﬂect\‘,\@by a@@nﬁm@f:h&lfuc&lh@vé{@éﬁsﬂ{g, sigal @ | ower
end, centrally located on the bottomwall~ nenber, in close proximty to the

surface of t htear§um$1<malmetty accfemtradearwssag uniTHer trmpe$s1quts|em¢d@ﬁumhe
tenperature sensor

transmi ssi on FICARCH J)e‘él ?:‘81?:3[ necﬁigg%lggq ﬂﬁnﬂ{%f evei %J)e:n%?r tgﬁ i ngrl f)lnggfl

processing unit during operation of the system.

[0207] In a like manner, the vessel can be equipped with a temperature sensor,
i.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 unit during operation of the system [02081 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 transmission |ine to a second flow control valve
(e.g., via acoﬁUotmbHscMagwefammuatbmmébbmnmt%xnbﬁgmnb@vﬁwél?badjust t he

flow control valve a 7 .coptrol the |IC|UId phase
reagent from Rulli%oﬁfi%% tgfs inpesption iy SaRiEol Ffjvteﬁ(?ﬁ%a?]l ﬂglélﬁ? fs8% 1Ofllvgk/ve(font r ol

val ves shal | 1h&€}1h'§i€alb§soir@tth9ﬂké/a| ves, netering valves and the |ike. [0209]
This invention allows the sem conductor manufacturer to use the maxi num
anmount of pre[ﬁmﬁls]oThlv\,fnvleetmmadtqwsglweemylcmctuptoe ntﬂ@flfﬁflélr@ﬁar‘ﬂg@ﬂ@ut of t he

anpoule. This m.nimzes waste and imzes the tu t he strment in
the seni conduBPHMUR} FEOYYQF PLESHTSEHY ﬁ? W@Stb{‘ﬁp‘ie%g{(s &’ Oriﬁg‘qﬂﬁ % ur ce

chem cal s usezfn%ou'l@ T ﬁnhﬂﬂ?&t\bé%fb &ﬁ%é’)@l’iﬂze@‘t’fﬁ:rreﬁlrl\%ﬁiﬁwﬁﬁﬂ@@nerﬁﬁﬁi i ncl ude,
for exanple, liquid or solid precursors for a netal selected from Goup 2,

G oup 3, G oupe4emiGrodystd prequoipp asd sy@cxﬁurmthCE@OOUp 8, Group 9, Goup 10,
t he

(Lafa(r)l;J Eaﬁilaeqsgﬁdgéézgfe Scoﬁég)lﬁé?]inb(i(%s us%%‘i rpthig IPY{iE]tOPaf?’il V@rys Vﬁr %é” @Wéln% cal s

include, for ,@XaNRLE for éx‘Qpr‘lje (Hﬁui%QJr sHliPpREUkESArS £ MetalsdTBlt@l fre@l ected from
rut henium hafnium ‘tantalum nolybdenum platinum gold, titanium |ead,

pal | adi um m@m@tpﬂuﬁ&;roupb} Smotih 4, Staugrit. Guep Gariou’. Sadtgi frgroamPi @oNp and

thallium or urs r taILodsIeted .1.germani um and
tel lurium Pr ?{ érﬁ%i%’e(glgﬁupl FRPUrs fOLlPo(%gﬂ]ﬂlﬂ% {3 Pt e

rut heni um Conﬁﬁhlﬁﬂnﬁ& selad bff the Peri6@PTabIRI MBustrh@ fJubd® SRR @l NinbEdeartef or

mol ybdenum cont ai ni ng organonetal lic precursor conpounds. [0211] Solid

sour ce cheni cadampldhdinuisiulsisphe peadrsesiiviok Botw sdedebirpvantdentuat, haBivm, upon

heati ng can be is invention. ,For .exa Jid sour.ce chem cal s
9 tantaFum morlybcpenum pla%num gold, titanitim, [EBd palla&um zirconium,

bismuth, strontium, barium, calcium, antimony and thallium, or precursor for a
metalloid selected from silicon, germanium and tellurtum. Preferred
organometallic precursor compounds include ruthenium-containing, hafnium-
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. 1 and the 1|iquid phase reagent dispensing apparatus
shown in Fig. 1. Wien using solid source chemcals that sublinme, it nay be
necessary to enploy dust entrapnent equipnent. 10212] The vapor or |iquid
phase r eagents:qusﬁdffmm iGroumE,squupénGil@m & dovab yGrovigro, Srowi désoapge and

i ncl ude, for , ecur sqr,s .for taI - 2s selected
from Goup 2, @“8 p l&% IE%BPQE 0 65T P p@ 2 Lﬁzf 8 Goup
9, Goup 10, (@ QH@thje]Lan@’aﬂHQ s@ﬁes S RY Perdcdlic @@lelﬂtﬁtra@%c&%rs G oup 16,

and the Lanthani de series of the Periodic Table |Illustrative precursors
i ncl ude, for mladplfer e@mﬂﬁ@msmwofsbforamﬁéalablesteﬁé@tmwthmmnn;mfmgm,um

haf nium tant a at i n| u | ead, pal | adi um
Dt Contum - ot Py UGaa A B bk bl Ehe TR AR eRa | O o
precursor forpigmuffe§@ddi@id bﬁﬁblﬁcéa‘?&uﬁ]r AMNrsdy £@NhalI8HMBNHE SR £1 | uri um
Preferred organonetallic precursor compounds include rutheni um cont ai ning,

haf ni um contaktallog, sebatﬁdaﬁtoumslbwt,gﬁmmuamdd tellunoiny Rtefeomd cont ai ni ng

tall d 31 Th h t
i Spensi ng. apEPRPORES e PP G edingr bt mbgnk PR E B oupl e 10

the carrier gantdi@gg, thhtRm-bdiEMr28mdlorerdIyEHehGmRA&Snin @?ﬁ&‘heﬁll&pen& ng
apparatus can furthér conprise an inert gas source couple the inert gas

feed |ine. [OXtaA]rsoFreempapads. phase reagent di spensi ng appar atus can further

conpri se: epasition ch er se ecte em cal vapor

Gepbsi 1 on orbdr PreGTRSE bisE B o en i B SiFH it EhRBEr S TIDT8L & he vapor
phase reagentcaelm@?a@wﬁcé EAPIGOBNREL A dal €ccdaRR! TRRAGE, A thﬂ;’eSPGnS' ng
apparatus to the deposition chanber; 102171 optionally a hea e susceptor

cont ai ned wi tlehgent ﬁ@p@gp@sappa@mscpham)@w 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 [02181 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 susccptor, and any renai ning
effluent is discharged through the effluent discharge |ine. [02201 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 harri g20Ht£ddpakitioh chembelslct @l erohsa plicaiieslapyr deppsitibe cheobanaf er .

[ 02211 The liquid phase reagent di spensing apparatus can further conprise:

- 29 102221 @ddepdnicilarer dregriem damdgted from a chenical vapor deposition

chanmber and tom.c | hytel -%ﬁgﬁh' . WeTH]! hase
r eagent disch@?é @FHé“@gﬁﬁ%%%?¥%§?ﬁgﬂﬁ$§gud p %?g%ﬁggggﬁ@%m5$§§§%??ng
apparat us to d@speapiap iappdra@s tap pajoaizaton ddpaids; a portion of the vaporization
appar at us having a carrier gas feed inlet opening through W@ifh carrier gas
can he fed i nt0824a3 pPiapef theaPPeizaipp APRATYYS DY ING & GYECY &FdFedMdai d 1 qui d
phase reagent_ta. - Al i I i.er 3.0 apor
phase reagenﬂﬁmﬁﬁggﬁ%gghg@é#ﬁ%ﬁﬁgﬁkgﬁé?%g%gﬁﬁégt98%92%%2?3?B§gﬁ§€$¥g a vapor
phase reagentcadsd Vglor oDpediiggdiphaughzenhiocizcsat dniaped inphabernaapent can be
di spensed from said vaporization apparatus; [0226] a carrier gas feed |line
ext endi ng f r oPFOHYE \@RPT PIESC a8 Heed i nl et opening exteriorly fromthe

vaporli zation @Efg]rgf)&’?ioifl gftkg%g&%a)ﬁoﬂfa ga%tﬁk ﬁ5v19§§ vhptiHrS & dagdhpBRId zat i on
apparatus, the carrier gas feed Iine ¢b taining carrier gas flow control
val ve ther ei nofeaimgabrtugbwhidh faidwipot phdse reaent can bgasspeheddtdm saigh; 102271 a
vapor phase reagent discharge |ine extending fromthe vapor phase reagent
out | et openi NPPEREEKINAPPYT4fWom t he vapori zation apparatus for renoval of

vapor phase !@asent oiaMadtdh VAnRileatl £ ARPAFALUSS fRSRlfofeags! ti on
chanber, the vapor phase reagent disclhiarge |1 ne contalning 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 ot tflow 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 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.
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control valve therein for control of flow of the vapor phase reagent

t heret hrough; 102281 optionally a heatabl e susceptor contained wthin the
deposition chanber and located in a receiving relationship to the

vapori zati on apparatus, and 102291 an effluent discharge |ine connected to

t he deposition chanber; [0230] 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.
[02311 The sub2i2dnenctinr frababmpnt. dedingentipnrmiostelasds I8 @pEEP ay2RTPRAE netal , a
nmetal silicide, a a netal nitride, a sem conductor. an

net al . carbi de, )
i nsul at or andeﬁxnbg?P?gygﬁQP@PﬁgP@nfﬁgngubstrate is preferably a patterned

wafer. - 30 [h92H2]vdstel MU RO E kdPRALl niehibsr, aRwRNWIDMealbsParidel at es in
part to a vapor phase reagent dispensing apparatus conprising: [0233] a
vessel whi ch otopr ivalesieanbeo ponfeguredne bt an iteyhaievosel Fompabaentanhold a bot t om

wal | nmenmber configured to for n jnternal. vesse rt old a
sour ce cheni6?P“ﬁgﬂ?8“ﬁ}V9LﬂaﬁQ$%Flgﬁﬁbﬁgdlﬁﬂ%ﬁf%ﬁ%@gg%gggﬁﬁévgﬁngnner gas
vol une aboveyhheeidll 1chavel ; [0234] said top wall nenber having a face seal
port opening and optlona!lg_one or nore othFr face seal p?rt Ppenlngs;
][0235_1 a Iace[ﬂgé‘!allsat@@pfwal mwgbwdxﬁivmg aafaewét B@éfll)%?‘%@fhbozp @n@%grgeg]r gas
eed inlet opening.and a vapor ase reagent outlet opening; sai
face seal por’qﬁﬁgﬁﬁﬁé%ﬁEQFﬂdmgéﬁﬁn?é%e seal tee fitting connected thereto
through the f@Q@ﬂSﬁﬁbeQﬁ@&kﬁﬁﬁn@ﬁbﬂné@ﬁ@e%@abpaﬁﬁgeam@ﬁﬁqgs&ﬁdimaid face
seal openi ng havi ng opposi ng surfaces, wherein the opposing surfaces are not

in contact wirnehingrmadaneppiephas§ 32gat otl¢tapenigeal gasket, e.g., netal, being

aligned and i ntact with the opppsi.ng Surf of ~.saj seal port
openi ng and s@?§ﬁﬁ§5§5§%§ﬁ?8%%RP%B§E&F@%3§T¥%§§§§§ﬁﬁ&“ﬁ@%gg&gggdsecuring t he
face seal teehbietd thittigh@hSaicd sdah6pers®dlsailOhide seQRRM GY@nindradghidtthe opposi ng

surfaces and said face seal gasket; [0239] an adapter conprising a netal
face seal gaskelofesingdwving @ppiibe strfses, 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 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:

[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 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
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 gasobggkaidihetal fact tdahgaskat bachathncd anéirocontft241th thabpbosangr i er gas
feed inlet opening and said carrier gas feed inlet fjttin h?ving opposi ng
surfaces, whewsleestheaidspuerggs bad inlelewening apdsaid sagisheaciccdit!t  one

anot her; - 3%&ik8242] said netal face seal gasket being aligned and in
contact with tH8 ‘opposing surfaces of said carrier gas feed inlet opening
and sai d car rog43]oasehiagehdans &ir seduriniititgcarfi@243feddaskeefiiting treadsafrer
securing the carrier gas feed inlet fitting to said carrier. gas feed inlet
openi ng throu@ﬁf@ﬁ@n@g9@@?%@“@@%¢éb%§m%ﬁ@g§5ﬁﬂ*ﬁ@?§Fm aedeldacqseayasket : and
[ 0244] annulazmggaﬁﬁibetmeen the outer wall of said tube and the inner walls
of said carrter gas feed inlet opening, said face seal opening and said

face seal por[244paiiuagspdchbetglen iy @hersedlbofapbiubphad therimagenitlsoin be
di spensed fromsaid apparatus through said vapor. pha e,r?agent out | et
openi ng. [ 024%]d cadenanp deedgniss epeningy sxe [RECSHYMPERYL APHaAHAIYUS SEtlCHer

conprises a c jer y ) j J t carrier gas
feed inlet fi e.“n% 6@&@?@8@9R’%ﬁ?&?*ﬁ“&?&aﬁl@ﬁ%‘ﬁ%ﬁf%’@%““JF’?;@ cheni cal ,
the carrier gawafaegdhtoupk said @ap@iphiasgreogeat outlatopeniag@rri er gas flow contro
val ves therein for control of flow of the carrier _gas therethrough; and a
vapor phase r@a#@intheayapenahase req2art dsaeanas Apparave BIEThSF F9MPHSH P CARISY apor

"iner gas - vol i bR R R ETIRAR Lo AR (RUTE, LAEREE" | coharge
| i ne opti onal defivegnifaatriengaoineo eiid sore: slepdcal phasariceggeiatd ihow contro
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 tlow 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.
[ 0246] 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 [0247] The vapor phase reagent dispensing
apparatus further conprises: [0248] a deposition chanber selected froma
chem cal vapor deposition chanber or an atom c |ayer deposition chanber;
10249] the vdgzfl] phasfuenedigentgdiiscirangded forthe dopnsdemiohgmbpie vapor phase

reagent dispensing apparatus to the depositio hamber: [0 optionally a
heat abl e susd®pt%righ EYWQHPWSFH‘?%W%Q%@&%P@? @’Fi V@B(érn%@%e r%gg%iltl gcat ed i% a

receiving rel 'hé}gé'Tﬁh@aﬁ&’irﬁ@ﬁhe}/cﬁBQ{m&h@%ﬂ{eﬁ,&gﬁwmwt seMar @osttde;  and - 32
[0251] an effluent discharge |ine connected to the deposition chanber;

[0252] such tdpeibnaliyporthpheseble eageribr, pad sesrentinog hiftusat ialpshargpdise r eagent
di scharge |ine aglg intH thg. dl%ﬁos'l.ti on chanber, for contact with a
substrate, operghtheISlEmt FFEhHEaIShI e susceptor, and any remaining ef fl uent

i s di schar geqo243)ragindihe: Bicbipantd o Sehrigieseldcna. frdf3odalThmerlibst rate is
conprised of ‘a terial selected froma netal, a netal silicide, a netal

carbi de, a neilalidenitudtdeartads emaanduide o serdEeonidusior. Angpswder &@d harri er

material. The substrate | referably_.a patterned water. [02541 | n anot her
embodi ment , ﬁﬁfréeril?ﬂ}‘érﬁﬁl gﬁe g‘éﬁ%@@? P%feﬁé}ﬁf/ atpél{tgmﬁi qdid phase reagent

di spensing a tHSnS@BPLH Bd i@ end fRomle RicnaeRRs iMphe b £nGHEdipaes a top wal |
menber, a si ﬂg%vﬁlﬁ Flrerrber1 ané gn’botto% {/\O/all nerlrft‘{)\gr conf%urpgd to forman

i nternal vessedgeobdippansimgrapparatusebapasingour ce chemical up to a fill |evel
and 10, 200 el .y Sef e o100 BES AphEE ARNS TR L) gve (62501
more ot her fag@osedhll RRAbePREFINES to [fORPA] inferhAGRsRE8dmpRENéHLtd holg ahavi ng a
face seal opening, an inert gas feed inlet

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; [0259] 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; [0260] fastening neans for securing the
face seal tee fitting to said face seal port opening through the opposing
surfaces and telai thvirgom wulgl enyhadiatent qootz@ﬁqnulémhwamg@m ewleppplingand net al
face seal gaske 0i hed tota upe t hat exH§nds t hrough the liquid phase
eoft%ecgo E all member

-
reagent out | &0 O5EHdAIAER! e

cal opening, the face seal port opening

and the innerogag svRl LRI pRdse rédientSRUECSH et @MacRly sdifhid phasougireihi ch 1iquid
phase reagent can be dispensed from said apparatus, said - 33 tube having

an outl et encduddj Edearonnscieddhdrpiqui d phase reagent outlet opening and an

inlet end adj t tg.th ottom wal | er; 62 i L.gyLd phase

r eagent outIéﬁﬁgggﬁrﬂgnwggﬁﬁﬁr%@F%%ﬁ?%pﬁﬁgg%E?ggégﬁhU§g@gF%¥£%%@ting
connect ed t heyy@tOfittihPA83he S8pshind AiabesPhdsRin @RYePssivutlreiceogenbnig and said
| i qui d phase reagent outFet fitting having opposing surfaces, wherein the

opposi ng sur feaokst Witk onpandther; cont act wi th one anot her; 102641 said neta

face seal ga bei ng al gned,and jin.co it h i rfaces of
said quuig gﬁ@@ﬂS?@dﬁgﬁlh@%??%%“%ﬁ%%?%ﬁﬁgﬁﬁaéﬁﬁ51?#%§f§m§ﬁ§i§&¥€§gent
outlet fittingifadR2024idlRSIEFMHBYreABSNSull@lopSLIBY hdgaill Niguld ghabdreppase reagent

outlet fitting to said |I|iquid phase reagent outlet opening through the
opposi ng sur faglesfiging, sai d netal face seal gasket and 10266] annul ar space

b h I.l. of ' . and ' sai.d l.kquid
etween the ﬁﬂ%ﬁ]lf\é\ﬁe%ng queﬁlgsl, %rtsgcg!%]n@?he lﬁ(gugji })fg%gl}eagghgaoﬁglggg‘ﬁt@@'tg se{ﬂi qui

phase reagen p sai ce s eni face sea

port openi ng,liduld pugh remak@lbudst dRaly thaagk ik dppofiad stffdceuaid tdémengrt gas
feed inlet opening into the inner gas volune above the fill level to
pressurize t Hecqd sgakgasket; and

[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 nesteopticordlfiom e ohd¢mical vagoodepositionvyeethiagdiad aphas éayeeagent 1 ow
control valves therein for control of flow of the |iquid phase reagent
therethroughﬁmE@?@@lﬁ$ﬁ€Lliquid phase reagent dispensing apparatus further
conprises th L uin il 1 P ty: 4y -Jid i M ds-phase reagent
i ow communi dutt T B R o 2t on
appar at us i n [02pra qépasidon ergebdr séleawnd froommeheindedl iveporwdephsiaow elporbephase
delivery deposition system said deposition - 34 systemselected froma
chemi cal vapcinddesEnitildisr dRASHIAN nBﬁ'?atom'c | ayer deposition system

[0269] The 'gw%ﬂ d}@ﬁﬁﬁdr %a&%{igem & @&%@Jﬂ%@&ﬂﬁé@ﬁg%é HELiBShakqBRhE es:
anber se I

[0270] a deposition c ected froma chemc vapor deposition
chanmber and dspeatiogppdratyeto deqposiziticompphanser ; [ 0271] the |iquid phase

reagent discharge |ine copnecting the |iquid phase reagent i spensi n
appgratus tolﬁzgﬂﬁbﬂﬁE%ﬁP ﬁmdﬁﬂﬁgﬁpﬁg?pﬁgﬁ?§@£%ﬂ%%F?FBﬁgﬁﬂb?ﬂ@ﬁgaporigation

appar at us havijag;, It@%\{}%ﬁ Shi@as e eds LN Kl fed ARERAiBYapLHAMER apfiralls RAr ri er gas

can be fed into s pori zation apparatus to cause vapor of said liquid
phase reagentcatise \apoooksaghliquai peabeireagsai td beaome entrges] moaidpraodurges wapor
phase reagent; 0273% a portion of the vaporization apparatus having a vapor
phase reagentPTBtHEEPOIHRM F7§2%Hr ough whi ch sai d vapor phase reagent can be

ext endi mg 11 Omy e B O e B e he
vapori zat i on qpepagabiesgl ehidiehidepyr pfase argewcaghs dispewsed diiogh 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 eftluent 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; [0275] 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 conlVa7 Hethanubkiraic iteonguises Pt & oatcekihsiestcdafnem|agneipked maty a

receiving relati.onship to t.he vapori.zation apparatus; an 027 an effluent
di scharge i nséh%g?iﬁé]&&%lcfaflgg?’ﬁemg%{)lgﬁrﬁei’ %F]e%lﬁgn ueC%O;r’ arﬁﬂ_ﬁ‘gét][or %%%1 that vapor
phase reagentbpagsesictifll qwgRubliRtVidpesfedb3sepat@agentafedi scharge |ine and
into the deposition chanber. for contact with a substrate on the heatable

suscept or and0388] Aeingicaiadgbers.|thie nevengoriieda eralogancthpd Sudglslivere odf | uent

di scharge line. - 35 1027 The substrate i s conprised of a materi al

sel ected from & hRt4f ,reagewg{)gldep%ﬁlﬁl?llc(fh&&bef';lLOrlr% ré%)%ar bi de, a netal nitride,
a sen conduct [@p81]aprol iasiyl B¢ Hor pRshe deagbr disRAsiABbFFdrAks cdiprisipstrate is
preferably a lﬁgtter ned&\!;klf/af_ea{r?’.r F02801 As i ndi cat egf5 above, this invention

rel ates to a WB8Houveses! vdueh camyrisst adop valporenpisasesidenglémentbsr andieposi ti on

chanber conpri sing: 102811 pravidi vapor phase_ reagent di nsi_ng
cpparat us. conhielr gl Meit8 SAmid fel® Py AP e RARRS B B e o

side wal | nenfgfccaRemaal BPtd HMIv@lel afertadiceanty giirdintifndr@agvanment er nal
vessel conpartment to hold a source chemical up to a fill level and to

addi tional | y ahev¢ Hhe tdhlevelner gas vol ume above the fill level; [0283] said
00, vl e B el B5 a5aPReL PRI D Ry SRR, >
10284] sai d fdehSporf Gaigeald o%ﬂbﬁal idtghdraviheg fae &l hbRlope@sed.eed inl et
fitting connected thereto; 102851 an adapter conprisi n?. a netal face seal
gasket j oi ned02¥Hasatdibest fasascal pait opering haoug h camigr pasrised fndgiditéaml port
openi ng and S@nﬁeét@&%@re@o‘%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 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;

[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 be 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; 102871 said

met al face sdale @aslehg be¢ ogmatd @med gandowrroowal wdteswhdrbintthecanyobsi ng
surfaces of said first face seal, port opening and said carrier gas feed

i nl et fittindﬁ“”? D Sprrics S LR s for securing the carrier gas feed

inlet fitti ng[OQ?OJSs%icfiseEbﬁcﬁface E@a‘??oﬁ%ﬁéni hiviRPERhRE phiécadghnt b&IQPPOSi Ng
surfaces and said nmetal face seal gasket; [0289] a carrier gas feed |line

ext endi ng extfetingconynetiedherbio, taoughevhiglasaid segbriphhsstreadent ednke f or del i very
of carrier gas into, said source chenical, the carrier gas feed - 36 |Iline
cont ai ni ng ond@SEPSHOT AN A APBF AHEsY ow control val ves therein for contro

of flow of tfpeonal vdRE paae rédpeheditvhan@nine[:R290iIhssal dxegeAndohage seal port
openi ng havi ng a vapor phase reagent outlet fitting connected thereto,

t hr ough whi chvapai phasapagephaslet fidiagdmtremanallyd vapirghesesigazdnt dnenmsseidl
apparatus; and [0291], a vapor reagent di.scharge |.ing ext.endi ng and
exteriorly frofyt&aY V&E’o&%?}ﬁggﬂfgé@e 1?— VERe RIS fetag?lﬁéhsfﬁ?rg? Roval of vapor
phase reagent oAl &intaininBRHRE of BRrd PAPsFBhAL Q¥R eh ol Lbhtrd|@¥Bks tHehgn vapor
phase reagent discharge Iine optionally containing one or nore vapor phase

reagent fl ow ivonentull oy bwed theneapei phast egagentriherethrafghf | ow of the vapor phase
Feagent i spol g s arce SR gb B bk At R kP Rue A eg . sai d
vapor phase r@ag®Mtcatlhs ﬂf@%hh@ ché&BRar AtsHel \Ia901apﬁa§mgé’t§tlﬂﬁs%eﬁé~iﬁ% icient to
vapori ze the source chemcal to provide vapor phase reagent; [0294] feeding
a carrier gasappatpisgaidempgraturphdieentdagyepnrizditepengiatheapgatapueside

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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through said carrier gas feed |ine and said tube; [0295] w thdraw ng the
vapor phase reagent and carrier gas fromsaid vapor phase reagent

di spensi ng apparatus through said vapor phase reagent discharge |ine; and

[ 0296] 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
through an effluent discharge line connected to the deposition chanber. The
deposi ti on chauberchemicabeAgetargeslowcontrel veherdootblsvgpdewdé prssdariiasn chanber

and an atom c | r. depositi.on  chanber. [.030 In.o ation of the system
desor T bed abot MW gu aREelin R4S PR Hisatiotn Y epraroB et B heiila Yo o
tenperature spdcbingt emtaih@ HAROELAE: dH% pRUMUESY o Ph&RIcagef@r rier gas is
allowed to flow through the carrier gas feed |line to the carrier gas feed

i nl et openi ngl03AH Tha vapghphasbbtagent igdschiarped fpinghe innei gasbwbbnedréugho t he -
37 source chemcal. A carrier s fl.ow control valve controls the flow of
the carrier  GasornaviiecCoralhurgoncrie 8¢ s Saurmbe CHarm AR R gpEre f  om t he
source cheni Cahe vApREPRRS r@dbhEk Bl M th&ap& Pha refigdnt URcRIrgdUsStoMapor phase
reagent. [0301] The vapor phase reagent is discharged fromthe inner gas

vol une t hr ougdepositien ghgnoberp hasapor phage meagouit laey copunivalye aautrelhéheviipor phase
reagent disch e line The vapor. phase .reagent .i.s flowed [n,the vapor
phase reagent%ﬁﬂ%Xﬂﬁ?ﬁgmﬁfﬁ%¥?€ﬁ?L39ﬂH@§5%ﬁF%%HO%hgﬁgé]ﬂ%ﬁ bﬁ%Sr phase
reagent flow gatifieh cNahNE, GORhFSR phadd@adenOW depbsitcl®nuAPE fvdbiias @tHepagent
that is flowed to the deposition chanber. In the deposition chanber, the

vapor phase radgedie clesedeihobisteeingastan 4 hratabdd sibste of hidier moubistugee. el enent

that is nount on a heat abl e ;substrate or .other nount structure. Effluent
vapor 11 om  HETHERoaPE DR CREATERT o6 MBS hBE s b Sl s ge. 11 e.
The effluent Ry TR PASERadyDbeRE)AIE rech 86 ONEEVry WSt rdaiBaktNBRposaldi Sposal ,

or other disposition neans. [0302] During this operation, the source
chemical fillonahs|dispasitine megssel is

[0302] During this operation, the source chemical till 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 1s 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 responsiteehight thamsntirdl precesomg nwl receivgnatorrgspandogsansed igpgedture

transm ssi on LinF to the carrie S nlom/conlrgj v%gve to, close the valve
and shut of f Y& PY 85 oFerads Sl%?‘“éé@“? JrRASyeR e ThR el 8O S M&ur rent I y
transmts a %MrE$0n§1Ngl@Qfaanﬂ1@aQQIMCH@I ndl @n&lontrb PASKEl S8 h@RissibAEné & cl ose

t he vapor phase reagent fl ow control % to shut off the flow of'vapor

phase reagenvimmbngnhenw@stemaﬁmbgﬁgmmeS@ durlng this operation, the

t enper at ure source chemcal jn vesse t emperat ure
sensor . i glfor”%epie POt %har?ﬁﬁ‘?a%’?t dt‘sr?gm?%?ﬁ)o@faé‘tl%&g %5%& (ﬁt 48i d precursor
chem cal I nsiideeRon s Beassel férova?éhniartl@h ot NBuidY &RPEo I RINBSEHAIS. .4 f liGihe
tenperature of the source chemcal in the vessel beconmes - 38 "too high, the

central proceméwn@d&mnteﬁ@@%ﬁwesdanchmm@@p@p@ﬂhgogéﬁseﬂmn@d@ﬂnature si gna

by a tenperatyre .sens transm ssi raI processi ng
uni t responsﬁ%@? ?9%H£ﬁ4 n@@ﬁPPHFegfﬁngﬁ FﬂfﬁaWBE%#F§ dGhal
transm ssion 4 pnezggog2.a heating nmeans to decrease the tenperature. 103041

The vapor phase reagent di spensing apparatus, e.g., bubbler, of this
i nventl on rraylﬂb%]ufsfefndlcafedrabvaq)@lms atenon sfates iqurdgo anmektiawl foel defisteey i al s,

e.g., liquid fand sol.id sou ce rea q S in chem cal vapor dep05|t|on
atonic | ayer &'68%?@Fﬁ%“§h8ﬁ Of Fﬁﬁ 5Wt§?W A protEdses. sSee, for exanpl e,
U.S. Patent [636%]75r8G8inB2: h(ﬂt@@@ﬁ«]%ﬁ@&(kﬂdﬁ%hﬁﬂ R Bus Edﬂh?rlﬁlﬁ'g’ent' on rel ates

in part to a nethod for delivery of a va ase reagent to a deposition
chanmber conprlP39Hag Vqsm%mcw@wrwﬁﬁgtw W@lgmedlbpha%der\edg@ﬁmbdu gplensi ng

2‘?8? 3\;?? COF%)rét:len;{a}%l gle[n%er C(]nff’igure% el‘orl V\QA ﬁlrt]ergﬁr%sse gc%nf)iar ment to lqoldmanber 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
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;

[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 be fed into the inner gas volunme above the fil

| evel to pressurize the inner gas volume above the fill level: [0310] said
second face spal3paid nepeftdaGedlapMbiig béin) afgicd fpbas eoneagat thowpp&ding fitting
connected thereto; [0311] an adapter conprising a netal face seal gasket
joined to a tsHsEceheltsaidesecniice prapefh opgEN S lﬂ%épbwﬂe%flwﬁgéni ng and
t he inner gasﬁgolune into the source chem cal and through which liquid

phase reagent Can be di spensed from said apparatus, said tube having an

outl et end adji3egniasteinightcanet@ndcihrapahe H§all ppodetreop@nbinget dinthgeato shial et end
adj acent to the bottomwall menber; [03121 said second face seal port
openi ng and ssicand fageisen! prasecrieaduntchobe PBPOSIFY turfage Wehsrisgnpbass ng
surf aces, mhereyn %gg opposi ng surfaces are not in contact wth one
anot her; 39 [8? 37P*€ai d netal face seal gasket being aligned and in contact

with the oppofiang] asineftane sedfling @k@ndiag @REribAG Eroae ik iRt tasdp&hiniy and sai d
|'i qui d phase reagent outlet fitting;, [0314] fastening nmeans for securing
the |iquid phESagriendpivenoutingt g4s intd sy maersess golusecahvue theclell kxal thsor ¢
openi ng through_the.opposing surfaces and.sai face e et;
03157 “an | neftgiS PRBRE PR Hld ERGT HiOE AR PoTR) ok Frle S RerelPBES f ce

inlet fittingdu@l ofBbivoEine ikrtchethbredasudntad sai d i nner gas vol une above
the fill level, the inert gas geed | ine containing one or nore inert gas
f1 ow control (081¢ks ligmdmbipse ®agent disphare] linstextensipgofxteraly fiem thgylgud

ext er 1 or Ly 1t BT fecequs B MR POSEE RER eSS REOTRARAL e AT ot
l'iquid phase meagart pHak©reagaitdixBsgeline 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 qui d phase reagent therethrough; [03171 adding |iquid phase reagent to
said liquid phase reagent dispensing apparatus; [03181 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; [03191 feeding an inert gas into said |liquid phase
reagent dispensing apparatus through said inert gas feed |line; [03201

wi t hdr awi ng tmébﬂthMdophﬁﬁe\Mﬁ@@&hpnhpmnmsahddngqlﬁmmpgas@edéagent

di spensi ng ap ratu sai.d t ube said hase rea

i sonarge” | eniedBsueh ST GG G abBT o aRp SHaApunAPiGE SERHERT S ng:
[03221 a vessceahs&@aryok Ef‘§a%ih§19df «Rasr@ra e'nf‘foecfe@@ilne\éﬁt%ﬁﬁéd GO A as §0

vaporize the |Ii1quid phase reagent; 3231 said |iquid phase reagent

di schar ge I|maoémmnepbnﬁgm¢hmghan|d phase reagent di spensing apparatus to

said va oriz apparatus; - 40 103241 a por.tion of he va or|z tion
Sopar o e naok) SREALR b s s e auon apetats RS ere Rhodli i er gas

can be fed i n(gp%m?n%'tgroYlgﬂQ\rHl&astaﬁcp%p%PBﬁd’s@tré%lsreﬁtc}:an%@lﬂ%eﬂs%ﬁcffon‘?gaﬁa' d liquid
phase reagent to becone entrained in said Carrier gas to produce vapor

phase reagentwmpﬁaﬁﬁhfappmnm;on of the vaporization apparatus havi ng a vapor
phase reagent | et .opening thro ‘@ ch said.vapor e reagent can be
di spensed frowgg i geary p%’rslf?gitlﬂ%r?xa‘g H}\%%%E the[“(??%] aj fee rlgfé?peé‘ feed |ine
extendi ng fromd g1yCR6h R v%ﬁﬁzitﬁﬁldapgmaﬁis FOP&MVRE, ofR%ERT169¢ Yo §4i@m t he
vapori zati on apparatus for deliver f carrier gas into said vaporization

appar at us, th@poamnumnmgasukeédchmmegmdhﬂhhm:ugnmnmg@mennnmn@annmqysgas
flow control Halves t here

t her et hr ough; ‘iﬁ@??ﬂvéfﬁa.E#g%ﬁggghﬁggﬂéki éf@%géfégg$f ééggé Hlng from
the vapor phaﬁ)g27] 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; [0328] feeding the
| i qui d phase reagent into said vaporization apparatus; [0329] 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; [0330335] dedhaging aaremeiningasiliat dirsagldanvelfloentzagchamge dippar at us
through said carrier gas feed |ljne; 103311 w thdraw ng the vapor, phase
reagent and éﬁ??ﬁgﬁt@é§3¢¥@WP§&F%““W%pgﬁF%QFFBHméﬁﬁgkggﬁgqFﬁfggﬁﬂ sai d vapor
phase reagen ' ine; - , [ ; itRRase reagent
and carrier 3%%“?% %ﬁggfhbggggg???gﬁgég aﬁ%gggaFggg%?@¥ﬁ§Qﬁe?hod can further

conprise: 103B4itba@ontacting the vapor phase reagent with a substrate,
optionally on a heatable susceptor, mﬁ%hin t he depo itLon.cqa er; and - 41
[0335] di schdP3i0dn ansratienal Be systendegrelhed fprsuii e Er sl énk adiddB har ge 1 ne
connected to tﬁ?@esgeqaﬁéhﬁ i %agm?c{]wedﬁg?loqﬁtﬂﬁdgh'tﬁ@inﬁh flcd¢RR hhesel ect ed
froma chem cal vapor deposition chanber and an atonic 1ayer deposition
chanber. 10336t pas fopkmadtiopeniof atdhmtsihstiemr deseoliilpedbabothe filldowl ¢e cheni ca

is placed in the vessel and an inert s.is allowed to f]l ow t hrough the
inert gas feéHe$P%%”g%“Fﬁégaﬁﬁ%N@e§%§@%@%@hiﬁFLthb%ﬁfﬁﬁ aIME0 the i nner

gas volume abayg %Hﬁ’olfsitl{lé fé(g\g\éf:ihetiﬂert PISRRYE UABhd P& inR@E i9RS o¥Ql une above

the fill level. "An | ner ow cofitrol valve controls the flow of the
inert ,,as thalumsatdivechafilgédel.nto the i nner gas vol une above the fill

| evel . 103371 The liquid phase reagent is discharged fromthe vessel through
liquid phaséo?’gé&ﬁﬁl%&ﬁ phase Ef'ﬁéﬁri‘tgbd‘(s%haége% fg(?“b%f% éﬁelél?ﬂq”%}hﬁqql qui d phase

reagent phase reagent outlet opening (e.g., dip tube) and the liquid phase reagent
discharge line. The liquid phase reagent is flowed in 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. 1t 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 Iiquid 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. [03381 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 |iquid phase reagent. Alternatively, the
sour ce vapor breghahgeduaigheehd @ aﬁelml@msmqr@lamswtapmr depospydrekpepémat i on in

neat form In_ a vent e so ation,a aratu5|s

owed 1 hr oGNS aiSopirasE P BaLERT RirSemarbetiee: v SebGeny R Ehanber . 11
the depositigmp &@@@Frcawtm MARPHuRNAREd h&AYRELK & IRRRPRI thesuRpt 0 the wafer
or other substrate elenent that is nounted on a heatabl e substrate or other

mount st ruct usaity), Bf thhmomzaﬂmenfrabmpcdsemgelptﬁsmeu@ﬁ achuntponding sdissdhar ged

in effluent dischar ssed t.o recycle.

recovery, wasie %rC@gP%ib] eve]d?‘%‘bai@éla sourSF C%?Iﬂlé?lanfgﬁﬁ 15 YA heans. [ 0339]
During this opgisatidstih lidheNRQAUhEA pﬁ&%aalﬁgahmt Fdspors@Me) trhrn,nmea apesel s
detected by a source chem cal level sensor. It is inportant to know when the

liquid pr ecursgﬂral chendwal! signsl wansofissidndingds gl carrsercga@élewt@ntrgh‘mlwgtowt o)

that it can - be chan end of. a che a deposi tion or
aton ¢ | ayer HEBderErSh Aty ol bAogah eRiieE hEnioahs VTeYer HHELr ess! vely
declines and @yentédly qus&%%%onﬂr&tsﬁ)gﬂah% SHRof §¥hdNrahOmAsidh Mnfwm | i qui d
head (height of liquid in the sunp cavity), at which point the centra

processi ng unélpsertbe Envidphaseciorgans fowdiongolsahseth shwoaffdlee o mif bighidl evel
signal by a sourc fchemcal Level sensing signal transmssion line. The
central proce§§$ﬁ’lﬁﬁwpevg§ﬁ nsively transnits a control signal in a

control signajo3yepRKG @tﬁ[l%ﬁhiS'dfb@rah@n tih&tehietdt@ (Fak JouRW Gemidapln val ve to
cl ose the valve and shut off the flow of carrier gas to the vessel, and al so

concurrently W$aﬂ$ﬁdm®ﬁqi@omﬁmmkﬂﬁu@n@nMMnﬁasU@mnﬁmtkgngmakthqansnlSS|on
line to close the. |i e rea pw can rol va hut off the
flow of 1iqui gmpFragggﬁf }FH'(%H{(fWSCI{%%sC@mea inside of the vessel¥o éontrol the

vapor pressure. [f 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 t he [D34fjeraltop evalli03U i hﬁhmﬁlaifqo;ﬂ' stajprat epanerymdtoptiiospeneieng
apparatus of this i . useful for dispensing of reagents such

ention . ma
as precursoré)ﬁggﬁoqﬁ @ﬁgﬁ?HQPﬁﬁgﬁﬂpésdep03|tlon atom c | ayer deposition

and i on i npl g0844)i LAPERF RS IRENg ﬁ’de Catice @&mbﬁé’rﬁné altaifierl Y @led Qe t hdr aval
of liquid reagent fromthe vessel ee, for exanple, § Patent 6,077, 356.

[0342] In anamhmmg@n@@dnnunﬂmﬁiwagﬂnnu@ﬁwp@mngelates |n part to a nethod for

delivery of ase ent to a.deposjtion rlsing:

103431 br ovi dOSE i REEs SphBSESPump it B hir G TS HAR: S EBRr T o7 g
[03441 a vessglreithfIugh Pfats &l @petn‘?i% ‘é‘ﬁh'tad@%@ﬁqﬂbrt (ﬂ)eﬁhﬂ%nﬂ@ﬁlﬁ faRmber and a
bottom wal | nenber configured to forman internal vessel” conpartnment to hold

a source chewiloglening hawving oppdding svéiceamdhetamn tatdippponabijacdedicriet an i nner
gas volune above thﬁ fill Eevel - 43 [0345] said top wall nenber having a
face seal por®IBHENItRG GAPBYti onally one or nore other face seal port

openi ngs; [ 0368483 Fa@@?ea?@é’s]kett €%., fn'lét&l' B&n@ﬁ%d’éﬁ aftd iResAe | itHaReni ng, a
carrier gas feed inlet opening and a vapor phase reagent outlet opening;

[0347] said ﬂamemsgamﬁpmsbf@p@ﬁmngmh@vn@gmgagdndan@ﬁgeaﬁﬂme@nhLit|ng

connected t 0. t hr.ou face seal . open . said f

openi ng and g§§§hﬂ3§g“n§ n% & TG MR SRR 1RG 53L6%#“%P%EF?§@§§ GﬁL@?Eln t he
opposi ng Surf(?})%ﬁ?ngéllﬁr%ug'l‘?{he'dblpoﬁﬁg'gtﬁ%eé"&ﬂchsaﬁf‘ﬁc@%‘l bgdker;[ 0348] a face seal
gasket, e.g., metal, béing alignéd and in contact wth the opposing

surfaces of ﬂﬂsﬂﬂﬂanems@atMppmmn@@emumquandﬂsaﬂﬁtﬁamEHQQaub@@@h|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;
[ 0350] 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 gal)3%5] amelalspxe Heheeehithd outbewall of sad tibt abe theawnnergvalls dfnl et end

adj acent to the carrier gas. feed i.nlet eni outl et end adj acent
tojthe botton?ﬂ%??“ﬁ%%ﬁé?(ﬁﬁ%égﬂTngéﬁﬂd ‘FFF&(Wﬁﬁggﬁ@g&aﬁﬁ%ﬁ?RSHgﬁ ng havi ng

a carrier gasyf&ed inb&h \f’VhItCBISQig vapdipahedaghecst & gkP3rel fieai dicarrier gas

feed inlet opening and said carrier gas feed inlet fitting having opposing
sur f aces, mhemamnnmhbnngb@@ﬂn@p@mﬂh&tesg@n@uﬂ@nnmmmgontact with one

anot her; [035 id neta seal asket bei ned an nt act
Mth the bppollabls Serrhcideaf S HdR e B u e G 8B ana sai o
carrier gas fﬁﬁﬁhglf&l &llivefyl $ttdaRgbr gbé)?fé&;al& @&ﬁ@@wwn&matm@ chi®fer gRCMEA NG the
carrier gas feedinlet fitting to said carrier gas feed inlet opening

t hrough the ob@@@nmgmgumﬁaoesmmndnsauws@@MaMnﬁabGHS@ahmega®kemmﬂﬂ0ﬂ4 [ 0355]

annul ar space beaﬁﬁgp t he ou ra lof said tube and the inner walls of
said carrier 83@ dmpﬁvé?sgﬁgﬁ oyeh: a8y f ace seal opening and said face

seal port Opmsmga VAR QSR kY G Nd S @lafbeRRUx (AR XE REB ok Ak RPoFi spensed
fromsaid apparatus through said vapor phase reagent outlet opening; 103561

a carrier gasplissedcagtmeugrt enedinggoescnevibell wapbr prmase mg@arfrmlesa@aswf eed inlet
fitting for deliver f carrier S, into said sourc hem.cal carrier
Gas T od 1 i ngabRis i hnbl i RS e PR e S RSP IOy oo
therein for cof4ifing®he oF v Ozipotf BRase REb B 1RSoARRNARRL Bldeh f@NEnl:O357] a

vapor phase reagent discharge I'ine extending exteriorly fromthe vapor
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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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;
10358] addi ng source chem cal to said vapor phase reagent dispensing
apparatus; 10359] heating the source chemcal in said vapor phase reagent

di spensing apparatus to a tenperature sufficient to vaporize the source
chemi cal to provide vapor phase reagent; [0360] feeding a carrier gas into
sai d vapor phasiemrselsgedtiradn 8 pbeiicalgyaRPHAGPAEILEN SYHPIB G AN SWINHC EWEF i er gas feed
line and said t8£§6n30<§&1 w t hdrawi ng t he vapor phase reagent and carrier
gas fron1saidm9apor Bﬁ S€é reagent dispensing apparatus through said vapor
phase reagent[osbAqhane@el éfibsdiabat, tHidB62tidheedicdgn phe w/apethoghase reagent
and carrier gas into said deposition chanber. [03631 The nethod further
conpri ses: [ OBBuJrycdatvape phgse rregsd ot deivasioncaagber COMRTFIE: subst r at e,
optionally o heat.abl e ;susceptor, w thin the de ition. nber; and
03651 di 2cha? ST MBI BB Ersaend p gl BBt R B T echar g 11 ne
connect ed to [H8®]derasd] hilih cairhes a h03A6hembet, AgiRboMEMERLBOSA 4 he vapor
phase reagent dispensing apparatus further conprises the vapor phase

reagent di schuttga Walhmembeyegrdieupsslde donmeaiysyarndl vsosc! eonpiinedte beldwi t h a

vapor phase delive deposj tien, syst e . jtion - em

sel ected froﬁ?ﬁmgﬁé%Pgﬁ m%%ﬁ%ﬁ“5@%@%@??3§%§§g%§ﬁ%§%65ﬁlgygég%vﬁééér

deposi tion syghemhe[fBIRV4l; | n anot her enbodi ment, this invention relates in
part to a method for delivery of a vapor phase reagent to a deposition

chanber conprlf3THgeid top368Imenbsriay g adacd gal rPrporeseng BElgPHonYspEnsi ng

apparatus conprising. . 6 vessel which conprises a top wall nenber, a
side wall ne é?mgﬁgmgﬁkgggﬁkﬁﬁﬁgfwnﬁ%nber configured to forman internal

vessel conpar[pBef)ta fabe fal GedittiSOrVGR £RELE&Abpeng, Andndrt bds fe@Viletand to
additionally define an inner gas vol une
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; [0371] a
face seal tee fitting having a face seal opening, an inert gas feed inlet
opening and a |iquid 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
openi ng havi ng opposi ng surfaces, wherein the opposing surfaces are not in
contact with one another; 103731 a face seal gasket, e.g., netal, being
aligned and i[03Thnhaiciqud piast h@gemppmlsi sgnsigrandces lirmlicslaliaﬂe fagentseal port
openi ng and sald‘%ace seal opening 103 41 f stenln ns for securing the
face seal te@UlEtiiinghayng apPOsingRroesy S’Eefnt 8;981%?5&‘@# %”ﬁ Ebfl"fef’ﬂbmoppom ng

surfaces and sgi.di {agsnssdingasket; (0375] an adapter conprising a netal
face seal gaé%e%gﬁo?neg a tube that extends through the |iquid phase

reagent outl e[DSmJesmdngetat faee fat gaskewbeigpditinad and heconfacwitheld oggosingopeni ng
and the inner gas valune intq the source chemi cal r h which Iiquid
phase reagentSUEAFFSH Sﬂﬁéﬁéﬁggﬁy?FB&?%&F@ﬁéﬁﬁﬁP&PU%Sm&&ﬂﬂgigﬁg%mﬁ%VHng an
outlet end th@%Fﬁ&m,o the liquid phase reagent outlet opening and an inlet
end adj acent to t ottomwal |l nenber; [0376] said |liquid phase reagent
out| et openi @37THaneniag irequd fbr phasiag tiedgend phautdagtnfatici igingonsedt ed
thereto; - 46 10377] said liquid phase reagent qutl et OE 9 and said
liquid phase F@éb@ﬁﬁe“@ﬁ?ﬁéﬁtFVﬁFPH@th%ﬂ&%gmdﬁﬁ8§P%§m§%ﬁ é%%%‘ AW ein the
opposi ng surf §:ﬁ$§ th in contact with one another; 103781 said netal
face seal gasket b ng aligned and in contact with the opposing surfaces of
said |iquid gh3&y aneagesniacobtivetn drpeanitargvaind saal tdbd mglihd ipleasells efgent

outlet fitting; 103791 fastening neans for securing the |iquid phase reagent
outlet fittirgidlyuddphase reaggnipubisberenpatidhiace sed! é‘Pe‘E)‘B%ﬁP%aliiﬂaﬁéﬁﬁaﬁ t he

opposi ng sur fp’i‘)?teo?)eﬁfﬂ%, &%&h%l% an Tr%ﬁ%s@ e b@ﬁ%lfﬁttough 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 to 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:
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103801 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 face seal port opening, through which an inert gas can be fed through
the inert gas feed inlet opening into the inner gas volune above the fil

| evel to pressurize the inner gas volunme above the fill level; [03811 an
inert gas feed line extending exteriorly fromthe inert gas feed inlet
opening for delivery of inert gas into said inner gas vol une above the fil

| evel, the inert gas feed |line containing one or nore inert gas flow
control val vge3séjerieidrawingrthe baiid phaswefreddeownroh shhldiquikphasgasgeiter et hr ough;
and [03821 a |.iquid phase reagent d'scharge,ALne e tgndinq géteriorly from
the liquid phapsesingapramaiugiivough saiqupgigng gid ignd pApsedrageipdisdiapifase” r eagent
fromsaid vesggl, the liquid phase reagent discharge line optionally
containing one or nore liquid phase reagent flow control valves therein for
control of fl[098fprondingaquipdriphiaseppareagenmptikieget hr ough; [ 03831 addi ng

| i qui d phase reagent to said |liquid phase reagent di spensin appar at us;
(03841 opt | orl8FFY) At Agne el 1dosB NSRS LR ELICOMAALRFE PGBt phas o
reagent dis i tus to a tenperature sufficient to nelt the solid
source cheni@gﬁﬁi@%wggggﬁgé i qui d phase reagent; [0385] feeding an inert
gas into sai doB89yuwadl [had ehaseagepht dschperdinagoappangthediquidplmsgh said inert
gas feed line; [0386] mjthdramﬁnq thg | i qui d phase reagent fromsaid liquid
phase reagentcagfEPISPEISHG 2RpPaFatiosalE NARRILAUSAPRPHAIBE and said |iquid phase
reagent disc i.ne; i di J ! rakus

compri si ng: [03ag airiaeL e R SporPlatih Shitte  ERAL £ PRLTORERTY

conpart ment tapeumgahiongh théch darriprigds pdvalscefed é@g emitl;vapQ3B9pn appatatus qui d phase
reagent discharge |line_connpecting the Iiqyid phase. reagent di.spensing
appar at us t o <G8V aPapet jFALIYA paﬁﬁar%&eag%otire@‘g@fntaa%# nySgit Bfriqrigas o

vapori zation i carrier gas feed inlet opening through
&BMC%H&U%@& geggéht

whi ch carrier gas ca nto said vaporization apparatus to
[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 flow 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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cause vapor of said liquid phase reagent to becone entrained in said carrier
gas to produce vapor phase reagent; 103911 a portion of the vaporization
apparatus having a vapor phase reagent outlet opening through which said
vapor phase reagent can be di spensed fromsaid vaporization apparatus;
[0392] 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 feed |ine containing
one or nore carrier gas flow control valves therein for control of flow of

the carrier gasofheiRiriwRddhs vadP3R3L réngeaRal dahras @as fragentd di scharge |ine
extending fromthe vapor phase reagent outlet opening exteriorly fromthe

vapori zat i on vappazasivosppasatus direvell sast vappaplasc pereset digdgesstline ¢ sai d
vapori zation ratus to said deposition,ch oo 1 . phase reagent
r‘[@?%%tf?%da‘%% fhf VaBYt pgfaséa Ic gént M gal?ier ngs vlgtp()) Os?ﬁi %6%891[1019

di scharge i Ni Nng=one or no ase reagent flow
control val vegahlerein for control of flow of the vapor phase reagent
t her et hrough; [0394J feeding the liquid phase reagent into said vaporization

appar atus; [l03%H] Theanethpd furter tompiigsphase reagent in said vapori zation
apparatus to e ratur.e suffi,cie or | 1L gul hase reagent
PP allﬁé()d\} ac?éfacﬁ%{he va %r aphcascE r%tag%g é‘)é?lpaf %fgét?z}]té,%gjtlohﬂw gn P g

to provide s ase gen carrier gas into said

vapori zati on |gpRslealubcptdt! @UBIR tBald€hositibh icBimbgasnd eed |ine; 48 [03971
wi t hdrawi ng the vapor phase reagent and carrier gas from said  vaporization

appar at us t hrl84@H dsshargiemery sraging dilyertthgusl paeghicpt dechaggedine 0398]

feedi ng the vapor a reagent d,.carrier gas into said deposition
chanber. 10399 n%ﬁgpﬁﬁﬁ%ge()ﬁppﬁggng%hprises: [ 0400] contacting the vapor

phase reagentwwﬂnhnahéﬂ@ﬁiﬁawﬁw;ﬂﬂﬂhpm@hh¥eamganchﬁﬁhabgep@maoeﬁh@mn wi thin
t he deposition chanber; and [04011 di scharging any . remaining effl uent
t hrough an efdompsises e dighishpiwse reagent disaisas Hae o1 ¢Ud PRRSE 62A2E MO hanber .

communication 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.

[0403] In an embodiment of this invention, an organometallic compound is
employed in vapor phase deposition techniques for forming powders, films 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 (O3), nitrous oxide (N,O), water vapor, organic vapors, ammonia and

others. As known in the art, the presence ot an oxidizing gas, such as, for
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10402] In the nethod above, the liquid phase reagent dispensing apparatus
further conprises the |iquid phase reagent discharge line in |iquid phase
reagent flow comrunication with said vaporization apparatus, said

vapori zati on apparatus in vapor phase reagent flow communication with a
vapor phase delivery deposition system said deposition system selected
froma chem cal vapor deposition system and an atom c |ayer deposition
system [0403] In an enbodi nent of this invention. an org, anonetallic
conmpound is enployed in vapor phase deposition techniques for formng
powders, fi |l nxamiple, anabiypgs.. oxyben-eanghodin, ©amNbeorenpipoy eflarasxidizgigngl e sour ce
precursor or can . he use %o et er. wth ope or nore other precursors, for

i nstance, w tHEYHpEHTP APE % {PraLen A aﬁ?“ﬁ@ég?f@We ot her organonetal lic

conmpound or r@a@é D@&Jmio%et[u%%}cr%eq@em%%neﬁcta@a%%%ohum the
o) por

presence of her phase conponents. In an enbodi nent of

i nvention, fi;tcmctéepnsoaltmgmatmc(tmw(sngtb metal orheefilor geenlceoinfoating Hmast one

non-reactive carrier g anp e%ﬂOf non-reacti ve ases.i nclude inert
Fi

gases, e.g., AFQ fi%sgaeﬂng se ped flmgpopdgs g epdinggabeLab Rt do not
react with tftgp 8§1%n%s@2lnlcleﬁngmgﬁpgxleé ﬁﬁH§ smmsmﬁl%ta%%@ﬁm GRBdi tions.

I n other enbo Pnents I mdeposition is conducted I n the presence of at
| east one reabhnmhfgagam$ﬁnby@ﬁuﬂMengﬁﬂemivgmg@saanthMREHmsbekaﬂmhoyed

include but are not |limted to hydrazine, ygen, hydrogen, air,

oxygen- enrlcH@dmﬁ?bEmn%éﬁﬁ%e?%Qyilﬁpﬁﬂ8ﬂ§e%ﬁde”@NE@¥‘kﬁgﬁ§p2®8ﬁ%r or gani c
vapors, ammn['oaoﬂnﬂapo?tpn efilnf e léaamcapbé&ﬁdaakd td PEmPTIESRPGS off an
oxi di zi ng gas 49 exanpl e, air, oxygen, oxygen-enriched air,

03, N20 or a &ﬁpﬂiﬁmmmam,ﬁxmdmnphgmmbcgm@eofﬁomﬁeundmliaudnswthbnmmrnat|on

of a netal oxjde film 040 posi tion descri bed ?ln can be
conducted to f¥rREEGFG SCHB md¥eE%HFH yy ! fopRiogHEaS “E ke metal or

a film powder, o O Ml m@ktness‘ mﬂl@ﬂﬁ e 8f $6:A9bEuRE B (X A1 0dvhxed filns,
powders or coatings also can deposited, for instance m xed netal oxide

films. A nixdﬂhnebﬁ%nnnvdﬂmh;ﬂmnm&mch@anboca&mﬂmﬂdﬁnéﬂﬂﬂpﬁ@gmbmlenploy|ng
several organ ne;gllic precursor s, Ieagt one whi ch belng sel ect ed

fromthe orgd & 115 B eaWﬁbmghfa@@cwtﬂ ?Je%{?&%m 1ottt S capadit

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 1on-beam, electron-beam assisted chemical vapor deposition
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[ 0406] Vapor phase filmdeposition can be conducted to formfilmlayers of a
desired thickness, for exanple, in the range of fromless than 1 nmto over
1 mm The precursors described herein are particularly useful For producing
thin films, e.g., filnms having a thickness in the range of from about 10 nm
to about 100 nm Filns of this invention, for instance, can be considered
for Fabricating nmetal electrodes, in particular as n-channel netal

el ectrodes in logic, as capacitor electrodes for DRAM applications, and as
dielectric materials. [0407] The deposition nethod also is suited for
preparing Iapsmaueihﬂwhmhwmsmeﬁwﬂyamib@bsmnbmde@ﬁntmgniEy@rswdidﬂ@r i n phase

or conpositi ered film

netal-lnsula§@PU§@ éﬂﬂﬂ%ﬁ?ﬁgy ﬁ@cﬂﬁggpwi%gﬁpﬁf%raWEF&PO“f@QOS] The

or ganonet al | becGRFPOUE- E)srs%?éélr&@ﬁ]%aq:aﬁbol?%eﬁ‘&md?ﬁfﬁgcésﬁksahﬂ%&h hAayer
deposition, chem cal vapor deposition or, nmore specifically, in metal organic
cheni cal vapbgMd@pasﬂtdwnhpsdmﬁsseeaﬂh@meKhwuh@aqnms0?6&Chﬂ®uahce t he

organonetalllc compound recursqrs descri bed above can be used in
atnnspherlc ?%“%k TPRTPYGn B 685U €% cheni cal vapor deposition

processes. f"l‘ﬂ@'d@[ﬂﬁltlcﬁﬁﬂetl%@d eaPboRdudBd ofaritab bh&aheal wabr vapor
dep03|t|on, hod in which the entire reaction chanber is heated, as
well as in cdb@mannwmwmnm%wmhayﬁérmhemkthbﬂnwabbwaﬂe®@SHLm@nnwa technlque in
whi ch only the. s%ggtrate be%qg heat 0404] The. Oﬁganonetalllc conmpound
precursors da¥EfS ﬁ”ﬁﬁﬁ%ge%P% éﬁ“ﬂg ‘%@ & AR R S A phot o- assi st ed

chem cal VapT’(Ml(i?E’lﬂﬁs‘tﬁaﬁ@@sﬁ"s@&t@§§s‘%§ul ih ﬂw%b@ﬁtloﬁ hengenduder @M a pl asma or
el ectromagnetic energy, respectively, is used to activate the chenical

vapor dep05|txmmmpnemund@sdemhéﬁomwpmlmdgmHMBbﬂbamsbeemgnmﬂoyeuann i on- beam

el ect ron- beam assi st d chem cal r deposition .- cesses in which,
respectively?“&ﬁ“ﬁ@ﬁ BOAFHS M Al 'tgdﬁ %Bg W§“ﬁeléépgﬁgg% ' substrate to

supply ener gExﬁﬁRleg%PMQ%Q%a@cmoﬁéh ngiﬁ,@%b&h% mrafh%eur sor. _
Laser-assi sted chem cal vapor deposition processes. In which laser |light is

directed to hhéubwbbdsdmeaw@saﬂtecndﬂhmePW$LconéGCNldhsC@ﬂ%fﬁen@ménlca
vapor depositi

rec an be u 1041 "1 ition
ot hod" con b Ee R el P o8k S ek b bt i st S PRRS: ore. such
as. for instaeeianhiald, BaNncgld- Hﬁllle{t01rs,e@-§.§ 915, SHN@,SPH@L, Ta,0s, AlLO3, barium

strontium titanate (BST); barrier materials, e.¢.. TiN, TaN; or on substrates that
include combinations of materials. In 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 filim 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 water manufacturing or processing. For
instance, the method can be conducted to deposit a tilm 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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assi sted, beam assisted or | aser-assisted reactors, as known in the art.
[0411] 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
waf er. Exanpl es of substrates that can he coated enpl oying the deposition
nmet hod include solid substrates such as netal substrates, e.g., A, N ,'fi.
Co, Pt, 'l a; netal silicides, e.g., TiSi,, CoSi,, N Si2; sem conductor
materials, e.g , Si, SiGe, GAs. InP, dianond, GaN, SiC, insulators, e.g.,
SiQ, Si3M, [04162 Chfmzc%vamziesositbmiﬁlmmcastbﬁdnm&';m‘l 19 & derated tlQiBSie[Ss-; barrier
mat eri al s. strates that  .i.ncl ations

of - mat eri al SF%T ﬁxaé%?’tﬁlﬁlﬁ forﬁl?qdrfﬁnz)F???Bé%nr#g@lcé%t%%( # ng?ﬁ‘? Tass,

ceram cs, plagp h&%mét&@raﬂ@%?drngfék&ﬂﬁ&'l&s e 3lagemael 1ARKOFNGTs (Raat i ngs  or
filmlayers. In a preferred enbodi nent | m deposition is on a substrate

used in the arelnssf that HO ealmnlqurreclask;ﬁmgm@tﬁn@l 6bts dwi baveonpokeesss. |1 n ot her
enbodi ments, ,a substrate t o support resi stivity conductor
deposi t that bF%”‘J@P&E 0%6‘%@"‘5@@8?1@8’%‘?“ Oo‘i?flg’ei’é?dllﬁ?ghi gh tenperature or
an optical | yofgsqmes ﬁc;nhéwhébblﬂbo&%&lnﬁed&%ﬂ@&l iHR8 alBltchp@c can be
conducted to deposi | mon a substrate that has a snooth, flat surface.

I n an enbodi Werpﬂoyetihlethmhdrtb@ti Dfsth@(rm@utwlew foon ﬁdﬁ@pbs|at01mCﬂaM€nﬂmDSalogubst rate
used in wafer manutacturin %éoces |n ce, the thod can he

conduct ed t o GBRBYE V5 49 “8ﬂt P‘tqé}?%g B’E{Cla?tsé‘ Strat?léfteﬁpﬂ%eld Qe features

such as trenghesatchpl s%§ oPpre¥hdSr, oﬁ'd[zteh%{dméﬁgai ﬁ?eaﬂﬁp(%hﬁér@lﬁl lag@t hod al so
can be integrated with other steps in wafer manufacturing or processing,

e.g., maski ngepaitoin taghraquees etddassribed, &1 exfiople3in @ﬁeﬁat@ath%épb‘W Weéposi tion

films can be deposited to .a i hi ckness xa films forned
can be |ess taﬂgﬁ‘@#n&%&QBﬁNPh‘?S@ Eﬁj —héGrcglml?/gufeé Hh‘ﬁat ggﬁr “hanonet ers and
nor e pref erabhosrhpged hbam gpgfa@imqﬁtﬂ%rlse,ﬁlmtgk Filnms that are less than 50
nanoneters thick, for instance, | ms that have a thickness between about

0.1 and about[0421(5] ranovmt@e.sp oak stmlma&aybedqmoaduceylcle[aowbatlate)ISgcamOMt allic
conmpound precursors described abave als in the gethod of

the inventiof® ftBPT“Gferﬁlf*’i‘rfel’i’stob@) AR &% g%‘é’?”&éﬁ&rfﬂ% Dbt vapor; ¢

inert gas; and d) oxidizer, 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., I 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% of 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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or atom c | ayer nucleation techni ques, 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 U S
Patent No. 6,287.965 and in U S Patent No. 6,342,277. The disclosures 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-wi se manner, to: a) an inert gas; b) inert gas carrying precursor
vapor; c) inert gas; and d) oxidizer, alone or together with inert gas. In
general , eachhey@pmeeagingdydepdse e thesdisneasiag ipypleand ietuspéiari t (e. g.

m || iseconds) s | ) e process requires (e.g. several seconds or
m nut es) . Thgn%%gggfgﬁgg?m%ﬁg%gycle can be as short as mlliseconds and as
| ong as mi nUt[%lS]MoﬁMﬁ%l?, ths pfeieabfdisanentian npekddddihhatecdd range from a
few mnutes to hours. Filmproduced can be a few nanoneters thin or

t hi cker, e. g.economycs pf theseyrce fhgmicloypply amp gapas 06 diqdlo st Kegedf t hi s
invention th | e t ial ce | rt..Ln.t provi si on
of o syst em Areppr s e R Bk R R RCE bbb ity LIS Cogent
whi ch perm t se@enOi8%ployetie Tholinuate infdehe i0sthiied alalypefit Mhesdisd sour ce
chemcal to be utilized in the application for which the vapor or liquid
phase reagentefliestiwaytdizpiiquplsoyregshpmedls Wiheh pgeeaser prastcahmageiof t he

t wo- part anpaqyul |l f I e-us . the Qul yond what may be
attai ned mﬁtﬁﬁ?ﬁé%g%&ﬁg%Pg&S#ﬁgﬁﬁ%%%CFg%%iﬁhggﬁ%ﬁéﬁ%ﬁggng|y, i n operations
such as the raguaciloue nfdis@pbsoaduetationsadtdhis penadondie bobbabeduet s, it is
possi ble with the neans and nmethod of this invention to reduce the waste of

t he source chetkeraikilleg ip diecdrsangkit jsggybg gindersipp@hat sush medidcaisngied or i gi nal |y
| oaded into t ' i | - . the. | Ay tinmes
over. 104151‘%@@%&%%&5 J%gPﬁgagfggP?@geé@v#ﬁ¥§§ﬁﬁvgﬁpf%%nggﬁ%zPylinproves
the econom asdeéodeld tisotlsige. chem cal supply and vapor or |iquid phase
reagent dispensing system and the process in which the di spensed vapor or
i quid phase reagent is enployed. The invention in sone instances nay
permt the cost- effective utilization of source chem cals which were as a
practical matter
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precluded by the waste | evels characteristic of prior art practice. [04191
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 within the purview of this application
and the spirit and scope of the clains. - 53 Cains 1. A vapor phase
reagent di spensing apparatus conprising: a vessel which conprises a top wall
menber, a side wall nenber and a bottomwall nenber configured to form an
internal vessel conpartnment to hold a source chemcal up to a fill |eve
and to additionally define an inner gaSlawo$ une above the fill level; said
top wall nmenber having a first face seal port opening, a second face seal
port opening and optionally one or nore other face seal port openings; said
first face seal port opeRhfig Jhawd @Gt GRP&IsEIL a@?§rat@%@mpﬁls§1tg;flttlng_
connected thereto; an adapter conprising a netal face seal gasket joined to
a tube that extemd@SKHNdmghmeﬁwﬁ$asn)deewséetap@hﬂNdbmﬁm%gramhlsaid i nner
gas volune into the source ¢ nicalfand throu%h mh&ch a farrieL @as can be
bubbl ed i nt o 1HEMSWH Bmbeheoitered's femapigilagate! SOBBHTNGH P8 dur ce
chem cal vapag,fe cRERRABuSRES fll NEAI aldto2BIdoEAN d@Me3AInd® oRE Pluge a flow of
vapor phase reagent to said inner gas volune above the fill level, said

t ube havi ng aovaihetiileledeladj acent to the first face seal port opening and
an outlet end adjacent to the otton1mq;l nenbe[; zaid.first Eﬁc seal port
openi ng and said cAKPRMYJERRI MV Red IE iaeq 8! PHEOPHY b Bp6 d[g%eurfaces,
wherein the %@ﬂ%‘r%eﬁﬁgﬁ%@%@ti?ﬁa@ly%@ o'rqu@@BﬂﬁlcFacé!\’Eéa\%p?ﬁ%?erﬂﬂé’st;her? sai d

netal face seal gasKet being aligned and in contac he opposi ng

surfaces of said fsardstirsf icessdadrt ppertinphenihgcandr gaifdetmtatifidingas f eed
inlet fitting; faigﬁning means for securing the carrier gas feed inlet
fitting to saCd™s%¥ite seal port opening through the opposing surfaces

and said nmetal facg R@pkr cQRASKSHE a BRI face scal 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; and

said second face seal port opening having a vapor phase reagent outlet
fitting connected thereto, through which said vapor phase reagent can be

dispensed from said apparatus.
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sai d second face seal port opening having a vapor phase reagent outl et
fitting connected thereto, through which said vapor phase reagent can be
di spensed from said apparatus. - 59 2. The vapor phase reagent di spensing
apparatus of claiml| wherein the vessel is made of stainless steel. 3. The
vapor phase reagent dispensing apparatus of claiml| wherein the tube
conpri ses a bubbler tube and is nmade of stainless steel. 4. The vapor phase
reagent di spensing apparatus of claiml wherein the fastening neans
conpri se engagenent of a male nut or body hex with a fenmale nut. 5. The
vapor phase reagerit. di spensipngplapparatusiigpendh@appatathucitdam 1 edagid si ng: a
carrier gas feed line extending exteriorly fromthe carrier gas feed inlet
fitting for defVyesslys srdesfsipigiesys&el nto sai d source chemical, 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; and a vapor
phase reagent di schar gellid vapoepliaadiapgntekdpensiog hppatatonof dlany dphereiphase
reagent outlet fitting for ﬂg@ val of vapor phase reagent from said inner
gas vol une dB®ibeCA@Drisgsa pubblar tubead yhmade phiaslesesisdnt di scharge i ne
optionally containing one or nore vapor phase reagent flow control valves
therein for control of flow of the vapor phase reagent therethrough. 6. The
vapor phase reagent. di spensipngplapparagtntsligpensh@appatatunowiaiohl whaieth bot t om
wal | nmenber hﬁ? a sunp cavity therein exteEqinq domnﬁgad y from the surface
of said bott dfif EININEREAS COMPriThHEnaFapprt Shastls B ACIYIehEH8iang appar at us
of claimé6 fugthgr,comprising: a tenperature sensor extending fromsaid top
wal | menber generérﬁy vertically downwardly through the inner gas vol une
into the source chemcal, SS wth the |ower end of the tenperature sensor
being located in non-interferin : o
g 5. 1t"he vapor phase reagent dispensing apparatus of claim 1 further
comprising:
a carrier gas feed line extending exteriorly tfrom 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.

6. The vapor phase reagent dispensing apparatus of claim 1 in which
said bottom wall member has a sump cavity therein extending downwardly from

the surface of said bottom wall member.

7. The vapor phase reagent dispensing apparatus of claim 6 further
comprising:
a temperature sensor extending from said top wall member generally

vertically downwardly through the inner gas volume into the source chemical,
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proximty to the surface of the sunp cavity; a source chem cal |evel sensor
extending froma third face seal port opening on said top wall nenber
generally vertically downwardly through the inner gas volunme into the
source chemcal, with the |ower end of the source chemcal |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 chenmical in the vessel, the source
chem cal |evel sensor being operatively arranged in the vessel to determ ne
the level of whbuicloweherd efahe iempcheurass®l beihpéodaexipe natunterfsemsor and
source chem cal |evel = sensor ?elng | ocated in non-interfering proximty to
each ot her i nPrORBENGROSRE surfgee pT ther@MPHABIY ‘end of the tenperature sensor

bei ng | ocat ed at tfe, R ic I AR Lons KoV (0 BLLAASOAT The sump

cavity in relation to ower en our ce c em cal level sensor,
and the tenpemamum@n&em5m$\anun&mbmqgnahéyweﬂkauyéw@hwaﬁnsmnngﬁnmg in source

chem cal flow comunication in the v 8. The vapor ase reagent
di spensi ng apWapaEAIyOBMEING he sowige ’Eleé’PIC"lchﬁBrﬂilesllOWGr F‘Pféo Bé?urﬁ‘hase r eagent

di scharge | Dehled(ARA BRAG RS0 1 AU RIIIBLAALHOR, Wetfrdeiapor phase

delivery deposition system said deposition roma chem cal
vapor dep05|tﬂmmump$hem1@ndan atom c | ayer dep03|t|on system 9. The vapor
phase reagent dispensing apparatus of claim1l wherejn the vessel conpri ses

a cylindrically shBdamBTaRTSEENPOTREHSAPCHIVEl Jraiasd in theMtis'dodef i ni ng a
non-cylindri C@éterﬁnﬁ@ﬁle téﬁgerlﬂaﬁ Efias%gfceQHéﬁ?cafﬁlatggo%ssg' ﬁ;g%eﬁlc@gpagﬁair atus of
claim| wherein e source che urd or so

m ca rises a material . -
56 11. The vapdmemhaﬁdng@@@anvagmﬁpaﬂﬁnn@mappaﬂatdacnﬁmeﬂ&nawﬂo@hereln t he

source chem cal conpri d or solid precursor for_ a metal selected
from Goup 2, SWGSHY e@lca@rb@s Vasseblwsmgera@%w%r andseHpseEhem3lsve, G oup 9,

Goup 10, Go sérloemgs edlﬁl L R ilﬁw P%ﬁ@lﬂﬁy W eacHoRR i the VERURViAP. and

t he Lanthani de seri Per i od
the lower end of the temperature sensor being located at the same or closer

proximity to the surface of the sump cavity in relation to the lower end of the
source chemical level sensor, and the temperature sensor and source chemical

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

8. The vapor phase reagent dispensing apparatus of claim 5 further
comprising 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.
9. The vapor phase reagent dispensing apparatus of claim 1 wherein
the vessel comprises a cylindrically shaped side wall member or side wall

members defining a non-cylindrical shape.

10.  The vapor phase reagent dispensing apparatus of claim 1 wherein

the source chemical comprises a liquid or solid material.
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12. The vapor phase reagent di spensing apparatus of claiml wherein the
source chem cal conprises a precursor for a netal selected fromruthenium
haf nium tantalum nolybdenum platinum gold, titanium |ead, palladium
zirconium bisnuth, strontium barium calcium antinmony and thallium or a
precursor for a netalloid selected fromsilicon, germaniumand tellurium

13. The vapor phase reagent dispensing apparatus of claiml| wherein the
vapor phase reagent conprises a vapor phase precursor for a nmetal selected
fromGoup 2, Goup 3, Goup 4, Goup 5 Goup 6, Goup 7, Goup 8 Goup 9,
Group 10, Group 11,11G odferaporghospreagent dispeip zapparadisp i ehimg wogrems, and
the Lanthanide series of the Periodic. Table, 1 he v r eagent

di spensi ng apg}éersé)tu S %F mé‘i%?%“ﬁ“%ér 1eqimnd Ortsﬁgd\lljfe{%grrsgb Oéggggélasgtekﬁfe%conpri ses a
precursor for fanetalp Zaeep edGidgm, Gradhemip chatdupumGrbams abiomp 9,

nol ybdenum platinum gold, titanium |ead, palladium zirconium bisnuth,
strontium barGranp 1@dFeinrhl. @ripngnraid 3, Gietn 14ikroep | & @rogedpsyrd ther a
nmetal l oid selected fraom.sild . ger iumand tellurium 15. The vapor
phase reagent T P@lﬁglﬁigisﬁréesa(gﬁ}ge?g rhslcof%g‘f‘ai m5 further conprising a carrier
gas source coupled to the carrier gas feed line. 16. The vapor phase reagent
di spensi ng apparatus of claim5 further conprising: - 57 a deposition
chamber sel ected frldm a TdKenperathagarsegend dispstisingorpraiafoe claigr | wheraoni ¢

| ayer deposition ch r. the vapor phase re i schar | i ne connecting
t he vapor phasﬂge i 5‘%3%1:% lmcc'il:i g%rg%%%ga pg%cﬁlésroétf%gaqﬁ%ta{ %éecgfggfé(glgtr?tg%ng anber;
optionally a heafiah! @nsUseepslobdeant, dlaiadmwedlbi taking, dRpOsd lati@m, chamber  and
| ocated in a receiving relationship to the vapor phase reagent discharge
line; and an ZEEPnin@npisgiuds Kaereink.ihaaue pHeigne dntigomhanddapdgm, oon chamber ;
such that vapor_ phase rea - through the v r r eagent

di scharge |i ng)r%:ﬁr O?%{roa ngrgﬂéjlggg%?tt% ?(f)rr?mc 1§ I]eg?r'qagﬁglg%%(?ge@t% ?I\L}ﬁnt h a
substrate,

13. The vapor phase reagent dispensing apparatus of claim 1 wherein
the vapor phase reagent comprises a vapor phase 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.

14. The vapor phase reagent dispensing apparatus of claim 1 wherein
the vapor phase reagent 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.

15. The vapor phase reagent dispensing apparatus of claim 5 further

comprising a carrier gas source coupled to the carrier gas feed line.

16. The vapor phase reagent dispensing apparatus of claim 5 further

comprising:
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optionally on the heatable susceptor, and any remaining effluent is

di scharged through the effluent discharge line. 17. The vapor phase reagent
di spensi ng apparatus of claim 16 wherein said substrate is conprised of a
material selected froma netal, a netal silicide, a netal carbide, a netal
nitride, a sem conductor, an insulator and a barrier material. 18. The vapor
phase reagent dispensing apparatus of claim 16 wherein said substrate is a
patterned wafer. 19. A liquid phase reagent di spensing apparatus conprising:
a vessel which conprises a top wall nenber, a side wall nmenber and a bottom
wal | nmenber confi gudgwsitonfebamberselentedira a veasighl wprpdertomtion chambal d a
source chemcal up to a fill level and to additionally define an inner gas
vol ume aboveO%WkﬁﬁmFﬂar§6@P?“%%]ﬂwpgﬁnmalI menber having a first face sea

port opening, a segERApdAftase 28&Int AREAarPPRMN SinddtchoQRE b%@lphxs_eofe@%?af_ nhor e
ot her face seal port openings; said first face seal port opening having an

i nert gas feedispanbiag apparpiuagp thealepesti@dchahdest o, t hrough which an inert gas
can be fed into the inner gas volune above the.fill lLevel.to, pressurize the
i nner gas vol une dﬂngaﬁ%@%?wPWeP%%@P@r9m§§na£gf&n§h%8ﬂﬁmpﬁg§hlggr port

openi ng havi nghdaokdtetinth RB&SRLERESRhiPith€lapok bhise LA NISHagE IiRer et o; an
adapter conprising a netal face seal gasket joined to a tube that extends

t hrough the sasbnd face seal port opening and the inner gas volune into the

source chem cal and throu ich. liquid ase reagent can be di spensed

from sai d apparat u$!°© &FﬂqgﬁgggﬁéWFﬁamﬁﬁ“ﬁﬂ?ﬁ@fk@ﬂ%ggﬁf%%% to the second

face seal port 0pﬁmmﬁat@ago%awﬂeggengagss@sdﬂhmntthé@aﬁohgh&@tréa%mﬂfalI nenber ;
an

sai d second face seal port opening and said |iquid phase reagent outl et
fitting havi ndisdppesslinepnduntodbedeposition shambdrefon spogsingtisysitstels. are not in

tact with ther: sajd netal f | t bej ligned and i
contact wi th PRETEEpES Migiea ety Cahy "R Y ke &R opent ng.
and said |iquindophaseceagenichapk!ige. fitting; and

17. The vapor phase reagent dispensing apparatus of claim 16 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.

18. The vapor phase reagent dispensing apparatus of claim 16 wherein

said substrate is a patterned wafer.

19. A liquid phase reagent dispensing apparatus comprising:

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;

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;

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;
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fasteni ng neans for securing the liquid phase reagent outlet fitting to said
second face seal port opening through the opposing surfaces and said netal
face seal gasket. 20. The liquid phase reagent dispensing apparatus of
claim 19 wherein the vessel is nmade of stainless steel. 21. The liquid
phase reagent dispensing apparatus of claim 19 wherein the tube conprises a
dip tube and is nade of stainless steel. 22. The |iquid phase reagent

di spensi ng apparatus of claim 19 wherein the fastening neans conprise
engagenent of a male nut or body hex with a fenmale nut. 23. The liquid
phase reagent di spengbergnapgrarsadlpsriafpeningihaying aflignidwrase wogprtiostlelg: an i nert
gas feed |line %xtendin %teglorly fromthe inert gas feed inlet fitting
for delivery QFH%ﬁQP?“%Es F't% sai d i nner gas vol ume above the fill |evel
the - 59 inert gasaded cbinPEsiaeAtRR A& RBLyRketTBMEd tefube s f1 ow control
val ves therein for control of flow of the inert gas therethrough; and a

| i qui d phase exemsribrodizk dteascgend fereseskpahopangngeandaghe omey gdsreimaatd i qui d

phase reagent ,outlet fitting for r val..of . liquid ase . reagent .fromsaid
Deosel | "The IFqarat phirbie B BheEarBiuiSl pia EePRaREer FHERedi ni g one
or nore |iqui gomPRAaBfHphRasetdid ilRWMacRBLEQutlvadnded;jdkhareki esndcapd rol  of
flow of the liquid phase reagent therethrough. 24. The |iquid phase reagent

di spensi ng appat aeruspafingira an m@tiend edipesint tosthe dotven tvewth meiberrenber has a
sunp cavity therein.extendi.ng dowhwardly from. .t.he. surface of said bottom
el menber. o5, TS HeGHR RS REO R RGube b S SR D SRt B ol m 24
further conpritsig@ving dpBHNRE Ahrtices, SAIEQH t&ﬁp@ﬂﬁh%%ﬁfef&ﬁh@%ﬂo@iﬂ amaoal |

menber generall vertically downwardly through the inner gas volune into
the source chemd ®aban0tw:3mh the lower end of the tenperature sensor being
located in non-intgrf &l 0% REPYaMe Yethg alilea iR e Rl HilPR YRS 1Y

surfaces of said second face seal port opening and said liquid phase reagent outlet
fitting; and

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.

20.  The liquid phase reagent dispensing apparatus of claim 19 wherein

the vessel is made of stainless steel.

21.  The liquid phase reagent dispensing apparatus of claim 19 wherein

the tube comprises a dip tube and is made of stainless steel.

22.  The liquid phase reagent dispensing apparatus of claim 19 wherein
the fastening means comprise engagement of a male nut or body hex with a

female nut.

23. The liquid phase reagent dispensing apparatus of claim 19 further
comprising:
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

- 59 —



a source chem cal |evel sensor extending froma third face seal port
opening on said top wall nenber generally vertically downwardly through the
i nner gas volune into the source chemcal, with the |ower end of the source
chem cal |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 determ ne the tenperature of source chemcal in
the vessel, the source chem cal |evel sensor being operatively arranged in
the vessel to determne the | evel of source chemcal in the vessel, the

t enperat ure seersgas fapdilisocrdanimgent eamoreinert gas aysonyel ygvasdbaeddos n

non-interferin roximty,.to each pther in. vessel, with the |ower end
of the tenpeﬁ?ﬂﬁgggﬁkﬁg8¥ﬂ%é?a &F6@%F§YLE£’%E§ same or closer proxinity to
the surface of the pR@¥irtapchidis@hitel R ck@nting ck@werlydroh dfe liqued - 60

source chem cal |evel sensor, and the tenperature sensor and source chenica
| evel sensor esawgagent spietdutichiovirenpval Pbid e phessiretenbiiommsatdiesydssel . 26.

The liquid phase reagent di spensin ar.at I r :

conpri sing {HE T AGG A BHEee dagene: Broanared Finghis Bt anr e el | cagent
flow communigatd RAgMt FIdwAconBBPUAIZa theBindBPasatol ST feaiof tivealpqrid phdston
apparatus in vapor phase reagent flow communication with a vapor phase

del i very deposaganbiheretlyotgim sai d deposition system sel ected froma cheni cal
vapor deposition system and an atom c | ayer deposition system 27. The
i quid phase reagent dispensing apparatus of claim19 wherein the vessel

conprises a cylindid cal Ty SQAPBHass réigeM@dibpeBinBappe4tus belalwal § in whizher s
defining a non-cylindrical sha%e. 28." The liquld phase reagent di spensing
appar at us of swidhboriorowaleresiber haheswopeaetlydheaineatendgptavarerdy|fiagui d or

solid material. 29. The .liquid r ent di spensi ng apparatus of claim 19
wherei n the %%Sﬁwf%méﬁéﬂpégﬁo@Gﬁgﬁi @émé liquid or solid precursor for a

netal selected from Goup 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, Group 16, and ¥he Tamlididipbescserdenisdigiensing apearpigsipEclamyf further

comprising:

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
the lower end of the temperature sensor being located at the same or closer

proximity to the surface of the sump cavity in relation to the lower end of the
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30. The liquid phase reagent dispensing apparatus of claim 19 wherein the
source chem cal conprises a precursor for a netal selected fromruthenium
haf ni um tantalum nolybdenm platinum gold, titanium |ead, palladium
zirconium bisnuth, strontium barium calcium antinmony and thallium or a
precursor for a netalloid selected fromsilicon, germaniumand tellurium
31. The liquid phase reagent dispensing apparatus of claim19 wherein the
vapor phase reagent conprises a vapor phase precursor for a nmetal selected -
61 fromGoup 2, Goup 3, Goup 4, Goup 5 Goup 6, Goup 7, Goup 8,

G oup 9, Goamr(ibﬁ:he@i@llltrvillsen@ro&l’@ th@;en@emjprels@nsoeam@wmdq clegmoegd 15, G oup
16, and the rlt hani de. seri helPerl odi t%l e.. \39]2. The |iquid phase
reagent di spelﬁ¥ T Rgep ﬁlrnﬁtl%uéo%?e ‘Eheéﬂl?ﬁ i@“ﬂ/ﬁ?@?”éﬁ”?‘lca RN EpOT Phase reagent
conprises a precursor for a netal selected from ruthenium hafnium

tantal um nol ybdenum platinum gold, titanium |ead, palladium zirconium
bi smut h, strontiun6. barThﬁﬁlqtuélpbasgrwa@ntdlﬂmmymgﬁdparaﬂualot clarm 18tfur§l€pr ecur sor

for a metallmd sele{l}g S|I|con glgﬂ umlan tr’&

|iquid phase TWHJEHE GF Lgbidd: @erﬁﬁ%eéllt Hispiargs ling 1y fﬂui(bplfaﬁﬂ??é?n (errl SI ng an
inert gas Soué&ﬁnﬁﬁ%'ﬁi&ldwftl?at\@ﬁorlzﬁﬁéﬁ a;%ﬁ%tt@@ﬂd'vbﬁ&izaaén agptathd Ui d phase
reagent di spensing apparatus of claim further conprising: a deposition

chamber sel ectapdr phasarergehicthdw abmuapsatidepdbiatvaper Phsgriddveradepositiont oni ¢

I d t h t h i h t t
Lhec i qui d phSSBT eagaRpos el e AR e o b oh RO P TR Bpar at us.

a portion of flenVARAld 1ZAiepodRRAsRIHS having a carrier gas feed inlet
openi ng through which carrier gas can he fed into said vaporization

apparatus to cause vapor of said |iquid phase reagent to beconme entrained
in said carrier g to r d vapor se reagent orti f the
vapori zati on appa?gz'us Eg?/ﬁ‘ilm Qh@gﬁﬁﬁ}geg%%%%en?‘@é Bﬂatrhtélﬁf)?%ltalmgg K t hr ough
whi ch said vam@rveﬁ@p&ﬁnﬁrﬁsaggeyluﬁﬁtr&an@sl%émﬂée\qllflﬁaﬂb&aﬁ dide wall

members defining a non-cylindrical shape.

28.  The liquid phase reagent dispensing apparatus of claim 19 wherein

the source chemical comprises a liquid or solid material.

29. The liquid reagent dispensing apparatus of claim 19 wherein the
source chemical comprises a liquid or solid 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.

30. The liquid phase reagent dispensing apparatus of claim 19 wherein
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.

31.  The liquid phase reagent dispensing apparatus of claim 19 wherein

the vapor phase reagent comprises a vapor phase precursor for a metal selected

- 61 -



vaporization apparatus; 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
feed line containing a carrier gas flow control valve therein for control
of flow of the carrier gas therethrough; - 62 a vapor phase reagent

di scharge 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 ragdnoup2sgrapge Growed.domvtniontnyipad. fapep 7 ghesie & Gagem?. f 1 ow

control val ve~thereip for. contro flow of t apor, phase agent
therethrough;GH%PﬂﬁnQWW§)g“ﬁ%ﬁWég%g£§ﬂ%2éﬁgﬂPpggn¢§? é&’ r?ﬂ%ﬁf@ﬁgﬂw
deposi ti on chpahinideadeeie OCHRE Peribdic FabRcel ving rel ationship to the
vapori zati on apparatus; and an effluent discharge |ine connected to the

deposi tion chanber; such that vapor phase reagent passes through the vapor
phase reagent disgharge |i.ne and intao the deposition chamnber, far.contact
R iha supstrate oot + ohalge B Rat M SRE oo BT ARG 19 Rl i mg
ef fluent is dihsehgdrgdse lehgt 8bmbhis afprduesat feHsabar geeckddfeom35. The 1iquid
phase reagent dispensing apparatus of claim 34 wherein said substrate is

conpri sed of mthratuwn.ihainigel BotabenfmekyPdenvet alatindamageld) ighivsilend, a  net al

carbi de, a net nitride.. a sem gonductor,. an_insul ator..an arrier
e torrar aa bilagltn i, BEMLACRANTIGE vl RAMLEL Bhu RS G2 L1 o o
wherein sai dihsiRat, bak rdcarsdr Rttatreétledd Wak@éd from63licon, germanium and

tellurium.

33.  The liquid phase reagent dispensing apparatus of claim 19 further

comprising an inert gas source coupled to the inert gas feed line.

34.  The liquid phase reagent dispensing apparatus of claim 19 further
comprising:

a deposition chamber selected from a chemical vapor deposition chamber
and an atomic layer deposition chamber;

the liquid phase reagent discharge line connecting the liquid phase reagent
dispensing apparatus to a 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 a carrier gas flow

control valve 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
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;

optionally a heatable susceptor contained within the deposition chamber
and located in a receiving relationship to the vaporization apparatus; and

an effluent discharge line connected to the deposition chamber;

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.

35.  The hiquid phase reagent dispensing apparatus of claim 34 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.

36.  The liquid phase reagent dispensing apparatus of claim 35 wherein

said substrate is a patterned wafer.



