REAGENT DI SPENSI NG APPARATUSES AND DELI VERY METHODS Field of the Invention
[ 0001] This invention relates to vapor and liquid phase reagent dispensing
appar at uswe 2twisesmay be used for di spensing vapor and | ipquit$2gamsror eagent s
respectively, such as precursors for deposition of materials in the
manuf acture of sem conductor materials &and devices. Background of the
I nvention [0002] Hi gh purity chem cals used in the sem conductor and
pharmaceutical industries reqU|re speC|aI packaglng to mai ntain their
purlty i n storage, S D | y t t with
ai r and/ or noi Tt T gt ai ically
supplied in contai ners such as bubblers or anpoul es. [0003] Mdern chem cal
vapor deposition and atom c | ayer deposition tools utilize bubblers or
anpoul es to d&ldebthedpwantipsor chemicals to a deposition chanber. These
bubbl ers or I [ tai ner of
hi gh purity I ?ﬁgﬁ?degpggﬁgg%¥nBﬁénﬁ@%ﬁﬁg%ﬁ&%gﬁ@g?%&n%ﬁ<9%§§ %Pglr vapor
along with thpp@aﬁmﬁnhmhe%dﬁpﬁsdﬁmahqﬁhaﬁ@emxnbﬁ@ﬂé@d@&akﬂk@gmﬁied circuits
have decreased in S|ze so have th dlnenslo s of .the |ntern conponent s
or features. IRPCERENSPYELSIERGUERERET AEPRSINDT TRsrigkbnehppiagu ﬁ‘él I's has
correspondin the effect of inpurities. Suppliers
t her ef or e, n%%%ugg&%%?§ﬁggﬁ%%?ﬁ%%$§&§anufacture hi gh purity chem cals, but
must also be able to deliver themin a container which will maintain the
hi gh purity. rd materials of construction for these
cont ai ners sh¥ted Picate quartz containers to stainless steel
in the late }§802)s. Héﬁ%uﬂf}p&heﬁﬁ@ﬂ@u&d itihe- seRaloBBictdoandphaRdalBEeal These
containers are knomn in the industry either as bubblers or anpoules and are
now rout i nel yndehiss remuedpedial paelagingste negintein their gurltysn@@ggesgglls Bor
Ie:ﬁ ?‘{rﬁle(ra IUn S. r%s)]g ac}a?lg ot %h%mglca(r-i:% @12% 1’Seaal‘c?[y0 galﬁ 91'117 /g‘rnr%m?stu(l)e? 1?1 ﬁe alb 0116]

high purity chernicals are typically supplied in containers such as bubblers or

[
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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] 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
impurities. Suppliers therefore, must be able to not only manufacture high purity
chemicals, but must also be able to deliver them in a container which will
maintain the high purity.

[0005] The standard materials of construction for these containers shifted from
the delicate quartz containers to stainless steel in the late 1990’s. See, for
example, U.S. Patent No. 5,607,002. These containers are known in the industry
either as bubblers or ampoules and are now routinely constructed of stainless
steel, e.g., 316SS. See, for example, U.S. Patent Nos. 3,930,591, 6,029,717 and
7,077,388.



means in order to increase the vapor pressure of the precursor and thus

i ncrease the anmount of chemcal in the carrier gas. It is inportant to
noni t or twe 20emsei7at ure of the |iquid precursor chem calpCirrzsiea/06520t he
anpoul e to control the vapor pressure. [0007] It is also inportant to know
when the liquid precursor chemical inside of the anpoule is close to
running out so that it can be changed at the end of a chem cal vapor
deposition or atom c |ayer deposition process. If the anpoule should run

d i h bat b d
Cetul o noS migstes e P EERCensdnfif sk iy B &F atBh by b, ofor e

desirable to rﬂl&ﬁyﬁl @&der tbtutldreusb ltma@opp@@wf@@frthe bﬁsmlﬁai ardlSthpomsidate i nsi de
of the anpoule to avoid wasting the valuable |iquid precursor chemcal. As

the cost of chfeameunt oppheariealdn shGaricgae, ltiaigtnongne monior dheccheni cal as
possi bl e bec?&ﬁﬁera@af Cof PR ﬁlayecukgf’l i gél u\gg?&g & hE ﬁéﬁlg@&&&l&omehe art to

provi de an easy to ean ase reagent dispensing
appar at us whwahnuﬁaﬁamable of mai nt ai ni ng hlgh purity of the precursor

chem cal and increasing the s ge of the precursor chenlcal in the
appar at us, A@@ir rlélsg;fiﬁ?dmi’gﬁ?mrt% r‘(&l%%? Bafif gregayeor shserien! ¥dsful d al so

be desirable ﬂtlé)a‘rﬁ]%&l\{é Q13 MRhidd d?u&' chﬁi%@[t o8 bl bisite8d RNASEnd SRGENT
di spensi ng apparatus design that could reduce nachlnlng and wel di ng

oper ati ons omhmhgahpparéﬂusnmammakmpahb@fdqummhmnwesoIfﬁ@mnuhekapparatus
coul d be used, fqr various, cust S re |n . a e i.nlet to
oot et i ot kel rifiad BRI SRR ohe Pt bp R Burdu B bERi ot o0 i n
part to a VapgultRipase pokRdeNbs b SRR IBRAYT BlivthefISRIdeSitdbk todeURSSE

whi ch conmprises a vessel top wall nenber, a vessel side wall nenber and a

vessel bot t ons Viglla liquichbiseurserrihicmiged as DQSSlf’Oéﬁrlﬁﬁléﬁ of eapmablotegseld conpart nent
to hold a Souragﬁn%{}% ut%hleliﬁ H) pr cur§4r chel%Y% ﬁﬂe c%st%q%h% 1caf5lI ly define an
ove vesse

i nner gas vol'l Sai o nenber havi ng a
single port @agaboss trehis @hastinpthsaditta@stendtal @apoiitde Bécﬁ)ﬁ%@mdﬂ@ a vapor phase

reagent; important.
[0008] It would be desirable in the art to provide an easy to clean, vapor or
liquid phase reagent dispensing apparatus which is capable of maintaining high
purity of the precursor chemical and also increasing the usage of the precursor
chemical in the apparatus, and correspondingly reducing waste thereof.
[0010] It would also be desirable to provide a simplified vapor or liquid phase
reagent dispensing apparatus design that could reduce machining and welding

operations of the apparatus, and impart flexibility so that the apparatus could be

used for various customers requiring different ampoule inlet to outlet distances.

Summary of the Invention

[0011] This invention relates in part to a vapor phase reagent dispensing
apparatus comprising:

a vessel which comprises a vessel top wall member, a vessel side wall
member and a vessel 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 single port having a branched configuration conprising a first port
portion extending generally vertically and exteriorly fromsaid top wall
menber, aweeommdeiyort portion extendi ng general |y hori z@eoTaiSkgosmnitol
exteriorly fromsaid first port portion, and a third port portion extending
generally vertically and exteriorly from said second port portion; said
first port portion having a port top wall nmenber and a port side wall
menber, said port top wall nmenber having an opening through which a bubbl er

extends; said bubbl el coURFi g . tubE.Shal extends, bhnoushoa.gentrally
| ocat ed portion of a1 a1 rét poP% p8r o) anagkﬁ?oug sard TRNee gas

vol une into tcheicsgw 4fl dikirAtieah vaps phhgcoglenwhi ch a carrier gas can be
bubbl ed into the source chem cal to cause at |east a portion of source
cheni cal vapor to petbweelenei Jpvieg aibrnshedicandigpragion gaaptiging g dbitiderta f | ow of

vapor phase r%ﬁﬂ)%]rgxtetnﬂi -e‘Herianngrtngl ) é&@&io@@ﬁ\éﬁﬂsﬁﬂ b Whll hR¥fcr, 52l d

tube having an 1 nlet en ocat generally ver 'y and exteriorly from
said first peetond@ottipontiancktaniggdnetallg hdrib@ceatyedhdgemeioalyl fyoradjiddestt to t he

vessel bottomwall nmenber; .and said first port portion having interstitial
space bet e FORZIOE Ay B A raPpLet e@?@ﬁ&&?ﬂ@fﬁ@ﬁﬁ&ﬂ%ﬂﬁﬁaﬁgﬁemfxh sai d
vapor phase rRAgeNY s&BAd BErtdbaR@nsed fromthe inner gas volume of said

vessel . [0012] This invention alSo relates in part to method for delivery

of a vapor phase reagefmist pat portiepbsving epodemivell meorher asd mgoert §idy watlovi di ng
a vapor phase reagent, di spensing a rat us conpri sjing:, a, vessel . which
conpri ses a vVe&dd ’%%ﬂPQﬁE%P“ﬁ@dﬂ@?ﬁgnggﬁé@ﬁmgﬁﬁé%vaﬁﬁlW@ﬁﬁér“%h@fa vessel
bottom wal | nrephgs; configured to forman internal vessel conpartnent to

hol d a source chem cal %E toa fill level and to additionally define an
i nner gas vol une ab@idebubbber tpmprisiag e tubedhitebxicads diroughn eealpliytoshied having a

S ngle POrt SRARNE B RSB hRA P FERAED BRI RIS LSRRI AL Phase

reagent ; sai d*si ngl e “por avi'ng ranc ation conprising a first
port portion chghRatinigh@Raehdlidhya efiéd @8 lchy babgbtged @td e kyurté ovnsiaild t op

wal | nmenber, a , : L

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 located generally vertically and
exteriorly from said first port portion and an outlet end located generally adjacent
to the vessel bottom wall member; and

said first port portion having interstitial space between said tube and said
port side wall member through which said vapor phase reagent can be dispensed
from the inner gas volume of said vessel.
[0012] This invention also relates in part to method for delivery of a vapor
phase reagent to a deposition chamber comprising:

(a) providing a vapor phase reagent dispensing apparatus comprising:

a vessel which comprises a vessel top wall member, a vessel side wall
member and a vessel 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 vessel top wall member having a single port capable of receiving a

carrier gas and dispensing a vapor phase reagent;



second port portion extending generally horizontally and exteriorly from
said first port portion, and a third port portion extending generally
verti cal Iwoand/issi7eri orly from said second port porti onpC3aisdooRiosx01 port
portion having a port top wall nenber and a port side wall nenber, said
port top wall nenber having an openi ng through whi ch a bubbl er extends;
sai d bubbl er conprising a tube that extends through a centrally | ocated
portion of said first port portion and through said inner gas volune into

the source chem Calsaﬁp 1n1 011%:I Vi ga%ran ec(fjlconfe{lra aR oGAD bl% a"f'b?[ % into the
source chemcal to causég%P easP a por IOﬂ 0] urgg BH%n% &onr to

become ent r aipdgibni sk tehding geacdallgke@iaslly &@éx@@ﬂlﬁ@ feorh ls@/ t6f wuR ﬂwmu@h&s e
reagent to said inner gas volume above the fill |evel, said tube having an

inl et end | oéa%o8d PGEMSFEAN §rtgding &eélplraywﬁazw%lb}f agraxeriorlyrframpydeintst por t
d b
portion an %Brt%%h#cﬁlt s i QG t(;?@ol 46 t@ﬁd@g{gg@I{t 5 ferfi@ 1§Qﬁd¥§é§ %g;t 22 g

wal | nenber; “sai rst port p avi n |t|a space
t ube and saldhmmsmdsmﬂedpahboﬂﬁmber t hrough whi ch said vapor phase reagent
can be di spensed froH#%Qe i nner, s,volune of S@Hl vesse sai d bubbl er

having a carrier ga$ quqm%ﬁm ??P%QPEHﬁW%E? OHhsF apha pert side pyadly gas

feed |ine ext@ngidga{d QR LP&yABhEMEEr B3t S8 chink Shrolibt Whidd URWBIA! Y and
exteriorly fromthe bubbler for delivery of carrrer gas into the interior

vol ume of thexieedsel, the carrier gas feed line containing a carrier gas

flow control valve therein for cantr arri as

ther et hrough:  sai d ﬁa}ﬁ%@”bﬂ%rc?mm%8311%&5?%59 HoS ot b FLIBER outi et
fitting connegtirsh dfREIIEtSE podibraoY ARPhrdM3A S8 BRI ERS velume hab gk dduf@
extending fromthe vapor phase reagent outlet fitting upwardly and

exteriorly fchbemicheandthrogshahichyoeariiorgas gan behwib¢d ivfo thapewrcpplesticeleagent
fromthe interlor. ‘éPl'eEﬁ% &2) nhoef sX f%% %h wQFV%S‘f{%r e@&%? eﬁt?eﬁﬁeed‘%. Al dTSC har ge

l'ine contalnlng a ase re erelrn
control of f |c@Mbie@§a§ tbQ)rU(am@Fa fnhﬁﬁievaﬁ)@ﬁglﬁﬂé rdageited baio tgler gas volume
above the fill level, said tube having an inlet end located generally vertically and
exteriorly from said first port portion and an outlet end located generally adjacent
to the vessel bottom wall member;

said first port portion having interstitial space between said tube and said
port side wall member through which said vapor phase reagent can be dispensed
from the inner gas volume of said vessel;

said bubbler having a carrier gas feed inlet fitting connected thereto;

a carrier gas feed line extending from the carrier gas feed inlet fitting
upwardly and exteriorly from the bubbler for delivery of carrier gas into the
interior

volume of the vessel, the carrier gas feed line containing a carrier gas
flow control valve therein for control of flow of the carrier gas therethrough;

said third port portion having a vapor phase reagent outlet fitting
connected thereto; and

a vapor phase reagent discharge line extending from the vapor phase
reagent outlet fitting upwardly and exteriorly from the third port portion for

removal of vapor phase reagent from the interior volume of the vessel, the vapor



(b) addi ng source chem cal to said vapor phase reagent dispensing
apparatus; (c) heating the source chem cal in said vapor phase reagent
di spensi nyoapparsei7ds to a tenperature sufficient to vapecras2admeexour ce
chem cal to provide vapor phase reagent; (d) feeding a carrier gas into
sai d vapor phase reagent dispensing appdratus through said carrier gas feed
line and said tube; (e) withdrawi ng the vapor phase reagent and carrier gas
from said vapor phase reagent di spensing apparatus through said vapor phase
reagent discharge |line:. and (£) feedi.ng the vapor pha reagent and carrier
G2 Tt o' sar bt PO Rt S RBHRE VA PR e BAD o b SRR s i
part to |i quitkkrpif@secon@apelowlbs iRRabHMphapPRaSdnY Shee@hfupli Ng: a vessel
whi ch conprises a vessel top wall nenber, a vessel side wall nenber and a
vessel bottom wal | (Renisdding seurce ghepicaldo sy vrper nbascicagant ¢sBYBINg onpar t nent
to hold a soggﬁgmﬁgenical up to a fill level and to additionally define an
a

i nner gas vol ove the fill level; said vessel top wall menber having a

singl e port capabl gcpf heaosy the seuradiclicnacdl igsdd amsbrhsyeangicngdigpdnisiopgi d phase
reagent; said single port havingga,branched configuration conpriging a
first port p3PPBHs 83(5 EmncrguIg sHEHAN P vapepizre icspuigh gheanical P ¢¥9%jds r om sai d
top wall nenngﬁmiﬁa§g%%ggnport portion extending generally horizontally and
exteriorly fromsaid first port portion, and a third port portion extending
general |y verti cal |(y) adcedexg ®edroel gasfintowridaiaporggeencagot dispersiigon; sai d

first port portion havi a, port to | | nber .and a port side wall
nmenber, sa!daBB??m§gB°Véﬁ%é . %ﬁgﬁg§¥ﬂﬂméﬁ58ﬁgﬁW%b t hrough whi ch a di ptube
extends; sai d di pt uhg) CTMdrSIing tiRe fapbepRlatcagXit@ndSartief MU oA sgignt ral Iy

| ocated portion of said first port pOF?IOﬂ and through said inner gas

vol ume i nto tvaporqdasisagent dispensing apparatus through said vapor phase reagent

discharge line; and

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

[0013] This invention further relates in part to liquid phase reagent dispensing
apparatus comprising:

a vessel which comprises a vessel top wall member, a vessel side wall
member and a vessel 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 vessel top wall member having a single port capable of receiving an
inert gas and dispensing a liquid phase reagent;

said single port having a branched configuration comprising a first port
portion extending generally vertically and exteriorly from said top wall member, a
second port portion extending generally horizontally and exteriorly from said first
port portion, and a third port portion extending generally vertically and exteriorly
from said second port portion;

said first port portion having a port top wall member and a port side wall
member, said port top wall member having an opening through which a diptube

extends;



chem cal and through which Iiquid phase reagent can be di spensed fromsaid
appar atus, said di ptube having an outlet end |ocated generally vertically
and ext erworbw/dsym said first port portion and an i nl erCens$26000632ed
generally adjacent to the vessel bottomwall nenber; and said first port
portion having interstitial space between said tube and said port side wall
menber through which said inert gas can be fed to the inner gas vol une
above the fill level to pressurize the inner gas volune above the fil

| evel . [0014] This jnvention vetl .further,relates.in part t hod for

del tvery of & vaporRrEEkbF Sy IRl R R e AT v ()

provi di ng a lpogtitnthfBhidse st @agstiodis@rsigh aid IR @hdiSolamapiito Sh@ur@ vessel
whi ch conprises a vessel top wall nenber, a vessel side wall nenber and a
vessel bot t oheice! #nsrBough sishgiguadiphase resgataan badispaaied iosserd conpar t nent

to hold a Soﬁgﬁ%atglg,esmdcﬂhtgﬂg Ih%\ﬁn?aﬁ-blt!let LRy cat%aggﬁ[\é}%@gg%r\g{;eﬁ%nldy define an

i nner gas vol ove t evel ; salrd ves menber having a
singl e port cafpabtle fioin sad &istpog panionraad tan gést addoditciyensiailg adjabérqui d phase

reagent; said single port haying a branched configuration conprising a
theossekbem g gerteren

first port pd?fhconsskretranngligarmerssi ¢ vertically and exteriorly from said

top wall menber, a secondhdOhdriBRhhiRfiRl@I At 9eRRALLY B idaaiel |y and

exteriorly fromsaid fir port portion, and a third port portion extending
gener al | y vemvitealel walbmdmbst thraugh Iwhidlr sand maitgas eobwfep ¢o thepondarigen; sai d

first port portion havin ort top wal] nenber and a ,port, sj |1
renber | sai § SBUPE 195° T HERR P RaY g S Epen AU UG BR di pt ube
extends; sai qo@li4pt UiRs FREMIdnSYdd Burthet ¥dMted artas @itk fohHOM@Ry ar central |y

| ocated portion of said first port portion and through said 1nner gas

vol ume into tAROISEsCISagtIEtA ¢d¢poaitignichrbyivompristgl i qui d phase reagent can
general by verti cal 1) aRieeerdny oS el ORe PR AR fonflisily n”™
inlet end | ocated genssalWhictadingate a vesstiep wai sedmief 4 ersaalde wathber ;
member and a vessel 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 vessel top wall member having a single port capable of receiving an
inert gas and dispensing a liquid phase reagent;
said single port having a branched configuration comprising a first port
portion extending generally vertically and exteriorly from said top wall member, a
second port portion extending generally horizontally and exteriorly from said first
port portion, and a third port portion extending generally vertically and exteriorly
from said second port portion;
said first port portion having a port top wall member and a port side wall
member, said port top wall member having an opening through which a diptube
extends;
said diptube comprising a tube that extends through a centrally located
portion of said first port portion and through said inner gas volume into the source
chemical and through which liquid phase reagent can be dispensed from said

apparatus, said diptube having an outlet end located generally vertically and



said first port portion having interstitial space between said tube and
said port side wall nenber through which said inert gas can be fed to the
i nner gaswoabuwmsezbove the fill level to pressurize thePCmusSzo0gas32onl une
above the fill level; said third port portion having an inert gas feed
inlet fitting connected thereto; an inert gas feed |ine extending fromthe
inert gas feed inlet fitting upwardly and exteriorly fromthe third port
portion for delivery of inert gas into the interior volune of the vessel,
the inert gas_feed |l.ine coptaining.an inert gas ,flo ontral valve therein
for controrarerpewsr e iRer PR P imfShno Al SRRy il i ng o

| i qui d phase t¢ aroekdc] Bottdretvallichdrhg; connected thereto; and a |iquid phase
reagent discharge line_extending fromthe |iquid phase reagent out| et
fitting upwardly ar@idefiiserqrbperion hgying Ht&erﬁﬁltﬁagtsp%rbtetvwﬂtsalé uboindrsgifpval  of
liquid phase Bﬁ%%%alf ﬁlgﬁbEMrdu h &I @Y saYPlnd aQI:antlgbefe?{.(?éﬁl%l 'nnf{; gs!11quid
phase reagenp ischarge I'ine optionally contai ning a |qU|d ph&se reagent
fl ow contr ol vehinweatiohertei fill fepel toprdsswtizeahe fonomgafvotunee dboyuitie: fillhésel; r eagent

t her et hrough; (b) addjng. liquid. phase reagent t ai d Jiquid phase reagent
di spensi ng appar at Lﬁgl,(f%leﬂpe tPPHFPQﬂTaW%é‘Qtl Thea éﬁ}néetéjﬁm%@neﬁ%ﬁﬁ? cal in

said liquid ghasg: reagent dispensing apparatus to a tenperature sufficient
to melt the solid’soqrce chem cal to provide liquid phase reagent; (d)
feedi ng an inert gam inert gasfaedling quentliphfiem theagdas dicdpelnsiittiggappar at us

t hrough said iner as feed |Lne; wi t hdr awi the |igui hase reagent
from sai o1 | danarppasterSRybnoa By osg B dery oIS B ube. and
said |iquid phamerio8RRfe FHSCRALAEhE intes gab ffdedAlR\ofialBn@ary MRRhg at i on
apparatus conprising: a vessel conflguredgto forman internal vesse

conpart ment tlowegudiol yeve Herdin fuicantydld dlomeelgha tnesgad therefhioggibhase reagent
di scharge |ine conngt &iBt%b% Hgvdlé g‘ﬁh%id%@l%?eereagent outlet fitting connected
thereto; and

a liquid phase reagent discharge line extending from the liquid phase
reagent outlet fitting upwardly and exteriorly from the first port portion for
removal of liquid phase reagent from the interior volume of the vessel, the liquid
phase reagent discharge line optionally containing a liquid phase reagent flow
control valve therein for control of flow of the liquid phase reagent therethrough;

(b) adding liquid phase reagent to said liquid phase reagent dispensing
apparatus;

(¢c) 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;

(d) feeding an inert gas into said liquid phase reagent dispensing
apparatus through said inert gas feed line;

(e) withdrawing the liquid phase reagent from said liquid phase
reagent dispensing apparatus through said tube and said liquid phase reagent
discharge line;

(f) providing a vaporization apparatus comprising:

a vessel configured to form an internal vessel compartment to vaporize

the liquid phase reagent;



reagent dispensing apparatus to said vaporization apparatus; a portion of
t he vaporization apparatus having a carrier gas feed inlet opening through
whi ch carwoeniogass’6an be fed into said vaporizati on app&CAtU$0MWO628USeE
vapor of said |iquid phase reagent to becone entrained in said carrier gas
to produce vapor phase reagent; a porticdh of the vaporization apparatus
havi ng a vapor phase reagent outlet opening through which said vapor phase
reagent can be di spensed from said vaporization apparatus; a carrier gas

feed line extending fromthe carrier..gas feed inlet opening exteriorly from
the vapori zat i on apps S ek PepuRG s HE b Mskling BRI B

vapori zat i on reqRat dbpedsing hﬁ]])eﬁr@t[lﬁ toNaidy@potiegibnl dpperaggnt ai ni ng one or nore
carrier gas flow contral valves therein for control of flow of the carrier
gas therethrough; a#RPTHOWAHE vaPRIFatipw aRpsrrtuThaEtnt erariey gre fesdtiBleli ng from
t he vapor ph . : i ( . - he i.zation
appar at us fo?ﬁggﬁgggﬁa%¥@@%%§%“%ﬁ§séﬁgéggéﬁ%hf%%%Yé%?%h%gﬁg%?ggkﬁgn
appar at us t o csaicdragepafShid [apuid pleasb erageithe byapar cnplhard in eddenticdgsabar ge
l'ine optionallg contai ning one or nore vapor phase reagent flow control

val ves t her ePFOJUSF VERIFPPBTC 1648% Fow of the vapor phase reagent ther et hrough:
(g) feeding the !'QH%Hﬁ&P&ﬁﬁe%%gﬁﬁﬁﬁoﬁQ@&wﬁééﬂpﬁ OUdmRbhQR réfear atus; (h)
heating the |liquid phase reagent in sald vaporization apparatus to a

t enper at ur e suflétiapicemg througlapbrchzeidtvhpot plase thapérasen bedgpensed Goprsewd de sai d
vapor phase rea eng' é&%lneeding a carrier gas into said vaporization
appar at us t hr80YIFeL8R aPRA3PY-er gas feed line; (j) withdraw ng the vapor

phase reagent and Cadili&@ gad dSediline¥x&alfle\RPPHeZati® BadRRAiAbWchitpough said
vapor phase reagent discharge |ine; and (k) feedlng t he vapor phase reagent
¥

and carrier gatstioHy drosuihg vepgrézstion eppacHninedeliyqp obgarmipn gasiintoenidli on al so
relates in p%ﬁf)or‘iz%tign Xﬁﬁa%tug %Scean[lgr%%g %edqln%%gﬂtainri] one Oor more carrier gas

flow control valves therein for control of flow of the carrier gas therethrough; and

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;

(g) feeding the liquid phase reagent into said vaporization apparatus;

(h) 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;

(1) feeding a carrier gas into said vaporization apparatus through said
carrier gas feed line;

(j) withdrawing the vapor phase reagent and carrier gas from said
vaporization apparatus through said vapor phase reagent discharge line; and

(k) feeding the vapor phase reagent and carrier gas into said deposition
chamber.
[0015] This invention also relates in part to a vapor phase reagent dispensing

apparatus comprising:



apparatus conprising:a vessel which conprises a vessel top wall nenber, a
vessel side wall nenber and a vessel bottomwall nenber configured to form
an i nter b 2oBase376conpart ment to hold a source chem calpCuust@omaci2ol | | evel
and to additionally define an inner gas volune above the fill level; said
top wall nmenber having a single port capgable of receiving a carrier gas and
di spensi ng a vapor phase reagent; said single port having a branched
configuration conprising a first port portion extending generally

vertically and exterjiorly.fromsaid to | | nber.. a secgnd, port portion
ext endi ng’ gener al | y¢ Fiord SIS ThSet SR ttopatl Mot TGS ernlt

portion, andngeribtraald peEdscsttionDOWalexicaibdi BehfRRReltalfbim wefdtdraalleyscand
exteriorly fromsaid second port portion; said first port portion_ having a

port top wal Icomppiaentipdold syurceshgaicphip thefibdevel and @ additionplbpdeiEiel nenber
havi ng an Op%H%ﬂ%rgQ{QHQBc9@8&ﬂh@ﬁPHQ%LeXte”dS; sai d tube extends through a
e b

centrally | ocat ortion of sald first port portion into said inner gas
vol ume and t hr ough sahi top vallaagmberhagag acinyldport edpabletad re@ivdng anaticgas

vol ume above the({LII | evel to cause vapor of said source chemcal to
become ent r aigAeeq NSRS AL AARPPRaRE2EH pr oduce vapor phase reagent, said

tube having an inlel;eneit B%h%n?ﬁ@%@hé&cdﬁﬂgﬁia@i@h l¥mPALnEX RstipRH Y from
said first port portion and an outlet end located in said inner ‘gas vol uneg;

and sai d fir gortpordaxtqpdmyg gencaly ivergicaliy erdstitericaly fspacadiet wekmesaticd a ube and
said port side | I _nmenber through which sai apor phas eagent. can be

i spensed T r ORVHETTIRE ey Rl S dar e DebE B o FaGTE) TR rE A ant | on
further rel atgs gotidabhd & ChirdBioROsbriion cklehdiNe bncpdllydeviadafl Rl agerisgpgent to
a deposition chanber conprising: (a) providing a vapor phase reagent

di spensi ng apisat &tidisccopdpeit HPHW a vessel which conprises a vessel top wal

cont i gurad to for mat et e PERRGhLENMe E oA PP AR 0T RO b err cal
up to a fill mhemedr, attpdrotopddill membdd havibgfanigening through which a tube
extends;
said tube extends through a centrally located portion of said first port
portion into said inner gas volume and through which a carrier gas can be fed into
said inner gas volume above the fill level to cause vapor of said source chemical
to become entrained in said carrier gas to produce vapor phase reagent, said tube
having an inlet end located generally vertically and exteriorly from said first port
portion and an outlet end located in said inner gas volume; and
said first port portion having interstitial space between said tube and said
port side wall member through which said vapor phase reagent can be dispensed
from the inner gas volume of said vessel.
[0016] This invention further relates in part to method for delivery of a vapor
phase reagent to a deposition chamber comprising:
(a) providing a vapor phase reagent dispensing apparatus comprising:
a vessel which comprises a vessel top wall member, a vessel side wall
member and a vessel 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;



an inner gas volune above the fill level;said top wall nenber having a
single port capable of receiving a carrier gas and di spensing a vapor phase
reagent ; waidigiseifbe port having a branched confi gurati eaTasaEPiosi2ny a
first port portion extending generally vertically and exteriorly fromsaid
top wall menber, a second port portion é&ftending generally horizontally and
exteriorly fromsaid first port portion, and a third port portion extending
generally vertically and exteriorly from said second port portion; said

first port portion havin ort top. wall nenber a ort. side wall
romper sai Bopor ¢ AR BEMR Bhl AR indlE AR kAR Bk PR | e

extends; sai Gat wltedigpdneinds apoiopige rrag@niral 'y | ocated portion of said
first port portion into said inner gﬁs vol une. and t hrough which a carrier
gas can be fed i nt casksieele ppwhayag apsnghed candigarating compiisipg g dirstypgricause

vapor of sai r ] ' | 0, :S5al ' as to
oroduce vapor BRae R e R R A Bk R o el &
general |y verstiondlpoyt mnibresterdiny genefatlpiosiaoralty arsit exjpaviotlyfeorh sad fasid an

outlet end located.in said.inner gas volupe; said first port portion having
interstitial pgﬁ&e&%m@%ﬂﬂgdaﬁoat@%%naﬂan@% ge aaﬂkyvmﬂmmﬁeﬁ%ﬁw t hr ough
whi ch sai d vapeK s§D3Bnld $899BEHomaN be dispensed fromthe inner gas volune
of said vessel; said tube having a carrier gas feed inlet fitting connected
thereto; a carrier sgasfifsepat poriien bxtiegdipng téy wall nivenbeannd @pogaide fradld i nl et

nto the | St VBICR op HottmupBEe et el h Sy Thibag wiSe ' 0%

contai ni ng acg@nad.er gas flow control valve therein for control of flow of
the carrier gas therethrough; said third port portion having a vapor phase
1¥S

reagent outlet fittsaikfuboerierdsdbiroublepsewrallyrdacased pgyben phusblirsepgént
o sehar oo LGBt FACL 08, O ARk IBF R AT LRl Raipng
phase reagentsailritdrighevolaimeabove tolfillmevedio tdige Va3 OF saill Beurv@@mical
to become entrained in said carrier gas to produce vapor phase reagent, said tube
having an inlet end located generally vertically and exteriorly from said first port
portion and an outlet end located in said inner gas volume;

said first port portion having interstitial space between said tube and said
port side wall member through which said vapor phase reagent can be dispensed
from the inner gas volume of said vessel;

said tube having a carrier gas feed inlet fitting connected thereto;

a carrier gas feed line extending from the carrier gas feed inlet fitting
upwardly and exteriorly from the tube for delivery of carrier gas into the interior
volume of the vessel, the carrier gas feed line containing a carrier gas flow control
valve therein for control of flow of the carrier gas therethrough;

said third port portion having a vapor phase reagent outlet fitting
connected thereto; and

a vapor phase reagent discharge line extending from the vapor phase
reagent outlet fitting upwardly and exteriorly from the third port portion for
removal of vapor phase reagent from the interior volume of the vessel, 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;



phase reagent discharge |ine containing a vapor phase reagent flow contro
val ve therein for control of flow of the vapor phase reagent therethrough;
(b) addi myo=owses7ehem cal to said vapor phase reagent @®CIAS2E0063201
apparatus; c) heating the source chem cal in said vapor phase reagent
di spensing apparatus to a tenperature suificient to vaporize the source
chem cal to provide vapor phase reagent; d) feeding a carrier gas into said
vapor phase reagent dispensing apparatus through said carrier gas feed line
and said tube; e) W% h%ygyﬁngg;hc &gggg pQ,%% Qe@ggptaqgg %a&{hgr gas from
sai d vapor phase re eng aﬁép ﬁ%lng pp%Pa usPe roug% %aig Baﬁoﬁ phase
reagent di schgpgetuki ne; and f) feeding the vapor phase reagent and carrier
gas into said deposition chamber. [0017] The vapor phase reagent dispensing
appar atus or assentfy d&eatingdhe supe chemigglyn prad spRar phas reeecat %ﬁEF‘élS%ri ety of
process syst i I : ] r [t yst ens
wherein the 3 ‘3?hgﬁg§e egggﬁfﬁﬁggﬁ#?%gﬁgﬁ%% §S§@§§5Tgﬁgggg??§§¢?o a
chem cal vapoenpdagmasd tchgamt.chanber for deposition of a material |ayer on a
substrate therein néon1the sour ce vapor.iEOO%%] The vapor,.or |liquid phase
reagent di spensi ng Bppdresiies? eATIsseas fP paigivappiehars BABTO AisPesdisy to cl ean,
mai ntai ns purybbia@f tirbEeH daftié B S WHAncGh8NhiAR)be; | NCr eases usage rate of
the liquid or solid precursor chem cal and thereby reduces waste. [0019]
O her aspects, featar esvithddhvenpdui vapnt phasé raagentiand emtricogasviirdrh spd nore ful ly
apparent fromthe.ensuin i scl osure and nded cl ai ns. Brief Description
oF P the T awt EROITTSETOR g RS nBe AR ERBEY S5 sbeiriiicdh St o vapor
phase reagenyyi@hspensénadapparatus having a bubbler, shown in
cross-section. The C- C distance is dependant on nmachi ning of the top wall
menber. [0021] Fig.D2 ifecdngstbhenpariphascappgontpdearoer g9 o sud depasitemal
2- port vaporcﬁg$ﬁ% reagent di spensing apparatus having a bubbler, shown in
Cross-section. e CC

[0017] The vapor phase reagent dispensing apparatus or assembly of the

invention may be employed in a wide variety of process systems, including for
example chemical vapor deposition systems wherein the vapor phase reagent from
the supply vessel is passed to a chemical vapor deposition chamber for deposition
of a material layer on a substrate therein from the source vapor.

[0018] The vapor or liquid phase reagent dispensing 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.

[0019] Other aspects, features and embodiments of the invention will be more

fully apparent from the ensuing disclosure and appended claims.



di stance i s dependant on machining of the top wall menber. [0022] Fig. 3 is
a schematic representation of a conventional 2-port vapor phase reagent

di spensi nyoapparsei7ds havi ng a bubbl er, shown in cross- s@cTiusr009/Db3201
apparatus is hooked to a chem cal delivery manifold. In this case, the
bypass and auto control valves are partlaf the manifold. [0023] Fig. 4 is a
schematic representati on of a conventional 2-port vapor phase reagent

di spensi ng apparatus having a bubbler, shown in cross-section. The
apparatus is 10 d to a chemcal delivery [0024] manifold. In this case,

t he bypass an&xggg%ggg%ﬁﬁgﬂﬁggﬁ¥g¥§are part of the renovabl e bubbler.

[0025] Fig. 500290]a Egheiyatdcherh&ff pRMndticarfafvagoNsaed reapertidibptskimhase
reagent di spensing apparatus having nmultiple valves on inlet and outlet,
shown in cro$BRyUs Baving pbphlershowpin goy-sgetpirathcCediplesetitat i on of a

l'iquid phase(%ﬁaﬂgg%ﬁgﬁgagﬁﬁ%ggﬂgg&$&gﬁﬂ%nn%‘ing a di ptube, shown in

Cross-section. gas enters the anpoul e head space fromthe outer

t ube, forcing0a¢ IFigul 8 aschanaietplckéntatipmedurcoaventionilepalt pipsb@hased out of
t he anpoul e. [0027]. Fig. 7 is a schematic representation of Vi phase
reagent di spéé?ﬁeﬁbjlgi?ﬁgifl&taﬂ%ﬂﬁ&%ﬁ%n%a %’Eﬂﬂﬁ?f’ gl‘rPd‘(/%mi FOETESONS Z‘EFig?Fr A
single port ighuRed ddhehdint ORUEENRAR drthe @pSylitmbgeampoul € head space on
one end in order to fully sweep the area above the liquid surface and carry
or ganonet al | i[8023] edtigsbrs asahonatoucpesentdimnadpaovhecntionadllgport hepoaphadcar space
of the port. 00%§l Fi%f 8 istg Fchena%i@%regﬂgsentationtpf vapor phase
reagent di spéf&Rg SFPAPAFERHEY MG & CHRES" SHOWh i hOer6E secki on. The
val ves are onppdigtusideoRbd techeantAideBver] @RAEDIIFIIA thid cdss, Be SGHEBAA C
representation of a liquid phase reagent dispensing apparatus having a

di pt ube, showtto genepbeyrvesars pahof thh@maadpldul e is on its side. [0030] Fig. 10
( ot e o i .
IS a schema 'fi(%fgﬁ 2rfﬁ?.S{‘f&gaes',cﬁés]ﬂ%&%%})Jﬁk%?ét%npoﬁsc%ne&?ﬁﬁaez-gép%%&? Igﬂgse

appar at us haJ 0Ss-sectl on aratds I's in
vertical |iquédpeiedispeasivig apsteatud hevitk pbtblier, Bhuwnduess-seaion. €fhegas t o push

liquid out of ampoule. This affords hjigh liquid utilization. A level sensor
can be mount égparatus is hooked to a chemical delivery
[0024] manifold. In this case, the bypass and auto control valves are part of the
removable bubbler.
[0025] Fig. 5 is a schematic representation of a vapor or liquid phase reagent
dispensing apparatus having multiple valves on inlet and outlet, shown in cross-
section.
[0026] Fig. 6 is a schematic representation of a liquid phase reagent dispensing
apparatus having a diptube, shown in cross-section. The push gas enters the
ampoule head space from the outer tube, forcing the liquid organometallic
precursor up the diptube and out of the ampoule.
[0027] Fig. 7 is a schematic representation of a vapor phase reagent dispensing
apparatus having a tube, shown in cross-section. A single port is used to introduce
carrier gas to the ampoule head space on one end in order to fully sweep the area
above the liquid surface and carry organometallic precursor vapor out of the
ampoule through the annular space of the port.
[0028] Fig. 8 is a schematic representation of a vapor phase reagent dispensing
apparatus having a tube, shown in cross-section. The valves are on the side of the

container.



fromthe top or bottomor on the liquid out line. [0031] Fig. 11 is a
schematic representati on of a vapor phase reagent dispensing apparatus
havi ng a woke10/esksyén i n cross-section. The anpoul e desi @aTits2000/063201 node.
A single port is used to introduce the liquid to the anpoule while

si mul t aneously venting the head space t®3avoid building up an excessive
head pressure. [0032] Fig. 12 is a schematic representation of a vapor
phase reagent dispensing apparatus having a bubbler, shown in
cross-sectio i s..sidgl e-port.. anpoul e desiqn. i ht r,oduces the carrier gas
Lo the 1iqui aO0R it hPrsrolntts o8 casraed o oo sh FaBan et a1 1 owe
the carrier g@gpparhi@s BevidghidyRird sidwinRoRtscttdin. fTiRMnigvalcsik bglits spier t
inlet/outlet resulting 1n the carrier gas flowi ng through the |liquid then
across the hd8@p0dpdds ks aghqmaiinrepressniationof afigomiahags wage disgepingchemat i ¢
representati I Qi & e i I; at us
navi ng. mut 1 prRvar pEARES dRffc, Sthih BARRS ERRE e e DRARE 108 BRRAT 2! 0034
Fig. 14 is algahieddivery medy eentigtuborintedduacsvapadr gas td pugtilidujshas ef r eagent

di spensi ng appar at us_connected to a generic chenjcal delivery ni f ol d,
Shown T or 0SGINEREY 1155 ar}%éﬁ%hlgef’m@slgﬁﬁzmqnorﬁ&fvgl HESQTHIB RE FIBWH{EE‘EO%] In
accordance Wl Hitsp bV 8on AR 11IRYH: Gnbas been devel oped with one
conbined inlet and outlet port, instead of two or nore separate ports as

di scl osed i n [00# ] prigr]1laista.schidmeatirpgkenpion of e dap@hascichginhdisperdingel di ng

dosi gned o PHRIEE PEdne a RO eToS ok, o "Rra Ay RaGE L R | exi b 11 Ly

to be usedf omyRI I204ifigle YoHQAEBRIE t6 BtdutNMhe dighidab e arhpdud whide OUt | et
di stances. This |nven%|on is directed tomargs conbining the two ports that

enabl e fl ui d stowianAeusHt Yanting shakead spare taapwdbuilding up s ceerspive Bfaddel i very

mani f ol d int%ﬁ%ne. The anpoul e may optionally have a separate fill port or

| evel sensor po??fbr t her nocoupl e port, or these ports nmay be incorporated
into the singo@s2Poriigar WalsthenhdM2IGpreddneativn gk &ap@phasoieaedn ddp&isgiy, in the
bubbl er configuration, is shown in Fig. 1. This anpoul e uses a single port
t o i ntroduce Ppaatygpayiag a@a@ble@@}ov{qut qy@ss-section. This single-port ampoule

design introduces the carrier gas to the liquid via a diptube with 90° extension.
The bend on the dip allows the carrier gas to be delivered at a point far from the
single port inlet/outlet resulting in the carrier gas flowing through the liquid then
across the head-space for maximum saturation.

[0033] Fig. 13 is a schematic representation of a vapor or liquid phase reagent
dispensing apparatus having multiple valves on inlet and outlet, shown in cross-
section.

[0034] Fig. 14 is a schematic representation of a vapor or liquid phase reagent
dispensing apparatus connected to a generic chemical delivery manifold, shown in

cross-section.

Detailed Description of the Invention

[0035] In accordance with this invention, an ampoule has been developed with
one combined inlet and outlet port, instead of two or more separate ports as
disclosed in the prior art. The single port reduces machining and welding
operations involved with ampoules. This invention also provides an ampoule

designed so that it can use a single, standard lid and have the flexibility to be used



anpoul e bubbl er tube and renove the vapor stream which includes the
organonetal lic precursor conpound (MJ). In this case, a single lid with a
si ngl e fewd-20twoseiyh port nay be fabricated to accombdaPeTuEsré09063201
center-to-center distance (C-C) and vertical offset distances (V) between
the inlet and outlet. The center-to-centér distance may be adjusted by
changi ng tube length (HT) while the inlet to outlet vertical offset may be
adj ust ed by changi ng tube hei ght (VT) In this case, a single lid design

for a given met er_can nsol i t|on of parts
o Poene o 38Rt PR S i AR R B000 RS dRRIRE, I kBt P27 3,

made after thediadgtbeakig@ymbired fhelt&ofpahs tlﬁaéxﬁﬁle fditl @dinAGinGatio 0 St ock
anpoul e bodi es or change the C- C distance on an existing arrpoul e. The

anpoul es of tﬁtvgeenmf‘e%mp%e #ihthg shengicalriehiveryvanitodd miRioRsan! GEmaws t o
exi sting ”ﬁ“'nfla%' cq)%gnhgl%% a%e Qt%efﬂfe%&{‘é‘ﬂ 1e\?e'189ﬂs§3 gmm ﬁ{enﬁ&éaﬁlgglﬁf ionis

shown in Fig emat| representation o convention port
vapor phase rnedgsaporti mpebsimgrpppped mtathe Baglaygpraasoudbl er, as depicted in
Fig. 2, is sh in.cross-section. The C.C distance i dependant on

machi ni ng of @%lto‘&wa c-RRTBEIPOU PN BB sy DRIFT Sp B EPIPHr ever se
wi th push gag, ey @r g dntoauditel Q@ln@}étﬂo?ttto‘{ﬁtwcﬁlc& thel QRS ghé AL ProURe and out
the tube and to a vaporizer. [0101] "An advant age provi de§ by this i nvention
is that, in cowppalitsibhleniubh and rreotei tberadpo2 speant whidhbhdndesahé i gur at i ons,

there is one |ess t for the anmpou el op a leak Th re| onIy one
port that _engERRRTE S FoERDTSH BRI BEH R REe: &t B A 3 Fan T of
in the 1id tgedewedu2R partlBakbe fBHERE] lohRBorhMBdRE WhSoRTcict-fo-6amment i onal
anpoul es. These ports on conventional anpoules are nore at risk for |eaks

because of t léstanse @Gtc)cﬁﬁldtVﬁ@IOa]aq)f\fS@t distapds| () b@ﬁv@znﬂg: iglst awd opledf Thhem The
single port S&lltﬁ} 102 nke %I ST rObLf%tad\ng g%'gpc%' 1?% %Eubte gtﬁL ng‘) v@lﬁl?e 9' e port

is typically a Targer ranch

support i s wehlded dudlciswapiet bffmena\yadevaajdstbaltbyvmuhging)tm)emu@e(myelnl ts own
separate port, and 3) for gi ven tube size and inpact during a.drop, an
ampoul e wi t h s g#ict & SiRgls ltdvqeé@ntWeagﬁv%%pwlt:QIametQié%b@aﬁeﬁigenablp%k than an

anpoul e W th 9n&R%idn Mrt@ afl hR%ém%Bpl%ﬁﬁénon. Additionally, changes to the tube

lengths can be made after the ampoule body itself is fabricated, allowing one to
stock ampoule bodies or change the C-C distance on an existing ampoule. The
ampoules of this invention can use standard valves and can hook up to existing
manifolds.

[0100] A conventional 2-port bubbler configuration is shown in Fig. 2. The
schematic representation of a conventional 2-port vapor phase reagent dispensing
apparatus having a bubbler, as depicted in Fig. 2, is shown in cross-section. The
C-C distance is dependant on machining of the top wall member. The bubbler can
also be used in reverse with push gas entering through the outlet valve to force
liquid up and out the tube and to a vaporizer.

[0101] An advantage provided by this invention is that, in comparison with
conventional 2-port bubbler configurations, there is one less port for the ampoule
to develop a leak. There is only one port that enables fluid communication
between the ampoule and the manifold in the lid to develop a leak, rather than two
ports as with conventional ampoules. These ports on conventional ampoules are

more at risk for leaks because of the height of the valve assembly sticking up on



[ 0102] Anot her advantage provided by this invention is the quick
turn-around tinme on neeting custom connection di nensions with
pre-fabriwatet/gpesws. [ 0103] Yet anot her advant age rel aP€3/useonpani2el
consolidation and reduction in machining steps. As previously stated, this
invention allows a lid with one hole fotSboth the inlet and outlet to be
used rather than two holes (one for the inlet and one for the outlet). This
design allows a fabrication shop to stock one l'id and one dip tube assenbly
and then cut th 1@or|§%nt%>l onpon p%}o g rb tQ ]bemass n? L0 | engt h
prior to fi ndtP aBrcatt SR ea %ﬁ%#?c%?“b%‘%ys Ri*SPROF2 ot alstance

bet ween val vemg@pdrh® tasicallyad laghicp diauleecragieentitiyd infy ok Wk, eytht bRgcand
wel di ng tubing. angi ng t he di stance bétnachlnln t wo ports inablank Iid
s

i nvol ves i | ISEPRPTE I tp KiRest onerppicd Bt woulhothgwise hayiedieovay pmRkss st eel
plate, and final,pol 'fﬁfé Q&enhﬁ)%%dz]e a}i{} ﬁ%\éa{fﬁg@gve WhGodiaincAat i on time

is difficult 'to quantify~as a sal es cust ners 1n the

sem conduct omoitetasstwige the @rdbabHitngf d@eloghigddealempm as enpoolvithesre uppl i er s.
The value in proyiding a custonllnlet to outlet distance on an anpoul e can
be econonica@g %ﬁﬁ A PEYEd as market captured due to a faster response tine

than conpeti t@ﬂﬁz L QAL A0 SFRGULIBN Ol Lich, | DHARIION] Lo T2t ed 1

Fig. 5 the anpoule consi sts t he bo whi ch conprises a base,
wal | (s) and Itingt athineétingeypstoen @dnmewtmndhmenmorrmnth picefabrentaimmtss  bol t ed

t oget her as i |nes t he, practi The singl 20 into the
hooul e consilB@ToY e HER G BN ESh e b TanS shmaRaf sl Telkuor 58 1) the
annul ar tube rﬁa%ﬁﬁﬁngmipsf |A%V}5r6ﬂ611@!§' kgt O el &ridhlaows b Midtwien &féatdﬂes pace and
the push gas valve ? is connected to a source of pus m@fs Vi a

fitting (241)orbath thm ig eéwmtmmbe usgdl veéhf(r\vlaf)n twe holese{anaforylag inect and t hough
it could easi| %f&e[h%]n?e?)ﬁtﬁ}ls 4R nSTlélue{T%tv&!’SCa f%nfaln%ﬁ E&(PC%' s'té’ckaq%klf%ta%ﬂ)oHe Ihfvd' P

t ube (201)0f°P e sih nmuni cation wt

(M), which alip b6 atdambly &tdi tled QutfthoMsrizantaheordpdncat ofahe Hipttubdigsém@bE) . 1 n
this case, valve nanual val ve althou% this could al so be an

aut omati c valtkngt mgoa'upﬁaﬂrfabwﬂem &he Bbrirationeat his dprizonsd digsincsont al
di stance bet \B%%eh@% vlephﬁtm(a%ﬂ&l)artg%ﬁé‘&@%&%@?&@%@%ﬁ%ve%ﬂhgSted by

varying the lengt orizon annu
tubing. Changing the distance by machining two ports in a blank lid involves

milling through thicker (typically Y4 to 17 thick) stainless steel plate, and final
polishing.

[0104] The advantage in quick fabrication time is difficult to quantify as a sales
figure, however customers in the semiconductor industry are looking for quick
response from their suppliers. The value in providing a custom inlet to outlet
distance on an ampoule can be economically manifested as market captured due to
a faster response time than competitors.

[0105] In an embodiment of this invention illustrated in Fig. 5, the ampoule
consists of the body (200) which comprises a base, wall(s) and lid which may be
all welded or multiple components bolted together as is sometimes the practice.
The single port (202) into the ampoule consists of a dip tube (201) and an annular
feed tube (231). The annular tube (250) has flow communication directly with the
head space and the push gas valve (V4), and is connected to a source of push gas
via fitting (241). In this embodiment, valve (V4) is a manual valve, although it

could easily be automatic (pneumatic or electrically actuated). The dip tube (201)



[0106] On the outlet assenbly, fitting (222) could be connected to purge
gas, vacuum solvent or a conbination of all three to be used to purge or
cl ean t hewprewunsssrs fromthe lines. Valve (V2) allows tRCI/USR@w063201
conmuni cati on between (204) and (222) through tube (230). Valve (V2) is
preferentially an automated val ve with pheurmati c actuation, however it
could be electrical or a nmanual valve. Valves (VM) and (V2) may be two
separate valves or, preferentially, a single body, dual opposing actuator

mul ti-port block valve (203) .commonly nmade by.valy n ctures such as
Snagel ok, P TR Sorg ARPOuS SRR e Eaig PRt F IR L PO WS, S

descri bed i nadewaite liguidto fow Rathedutid¥at fiGindG80BA48n tHi0245¢] vad (W Ingsa ( 204) ,
(222) and (241) nmay be of the face-seal type manufactured by conpani es such

as Swagel ok @#eikvalcRalthayep typ cpuldialeppecEnipaiomatg Rapac isepleudtic RE | oner
dead-space URGa fid %‘uﬁ%?) -Tthle?&tél\éi%anc(e‘é@we%p‘i.’hq(bi}{fe)t 28y Lld B otHkd ed for
use in the semconductor industry and typically be of the style

manuf act ur ed (b§4)aac bapdinyted b hagigahe thinghhsfaberhor@intabasyuldralibe, 8260) ot her s

manuf act ur ed onpani es such as el Fujikin, AP Tech, Parker, and
the Iike. [oig%q@ﬁ@?ﬂw&%}%a%y 183{\%%&1(%3691&?6&8!088“&@&%@% &M the vapor
pressure of tv'ﬁ,@ulﬁl}ﬂ%mv%ﬂorparc%%iﬁé?fon%@'aﬂ,%r@@%Wﬁs'%ﬂ'fb%l%gol; fchfesi ngl e port

design, attention to heating of the horizontal tube 50) shoul d be given
speci al att eprécorsor froastbatiacs. Neéalee (\62)rdloprs difie flent doaimwoerdiondatwasn of

precursor in t | his is ticC riy inmportant. if the anpoule is
bei g used | f2rBver S BTy GpP ol VaResta) FageiRBlisky ol fodHBY et *and
(241) as the aREMIR! prRaElaBE SEUASA hOWEI Rt cofibd d1E®Rrite 3t h Rtn@4l vaBRl i Ng i's
required, it is inportant that a relatively uniformtenperature is

mai nt ai ned f r\odYasKHY 1y and/ 882) deanrbat ty opeparatcyetves po iecteisatialyan singbecdbadsy,
d iti : h | ' b t
P00t na. 1 0108ft opRgyfle SRS, RSP Mo ERE PR RREI AL A T e

cl oggi ng. [ 01 are rmu € practiced in
addi tion to twhsubishhésduchasswhgelbt, WP TedhOVkinFaid tBx 8kP! &n ilfisgatibe | S a
schematic representation of a,Liigid phase reagent di spensing apparatus

a
havi ng a di ptvabg is desevbed in detaylds §tf6ﬁﬂfw%éﬂﬁ%§ﬁmgas enters the anpoul e
head space f r[@ﬂht] heFiRHl%? E2(f4')',t(§22)fa91|a(@m may be of the face-seal type

manufactured by companies such as Swagelok (their VCR line) or Fujikin (their
UJR face seal or the lower dead-space UPG fittings). Valves (V1), (V2) and (V4)
would be suited for use in the semiconductor industry and typically be of the style
manufactured by a company such as of diaphragm, bellows, ball and others
manufactured by companies such as Swagelok, Fujikin, AP Tech, Parker, and the
like.

[0108] The ampoule may be heated or cooled depending on the vapor pressure
of the chemical precursor contained within. Due to the single port design,
attention to heating of the horizontal tube (250) should be given special attention
to assure there is no preferential condensation of precursor in that leg. This is
particularly important if the ampoule is being used in reverse as a bubbler with
(204) as the carrier gas inlet and (241) as the carrier gas/precursor outlet. Any
time heating or cooling is required, it is important that a relatively uniform
temperature is maintained from the valves down to avoid hot spots that can lead to
decomposition or cold spots that could lead to condensation and subsequent

clogging.



the liquid organonetallic precursor up the di ptube and out of the anpoul e.
Fig. 7 is a schematic representation of a vapor phase reagent di spensing
appar at uswbaviogeszét ube, shown in cross-section. A singlPeTasRe09i063206ed t o
i ntroduce carrier gas to the anpoul e head space on one end in order to
fully sweep the area above the liquid surface and carry organonetallic
precursor vapor out of the anpoul e through the annul ar space of the port.
[0110] Various anpoul e configurations can also be used in this invention
For exanpl e, s.a sc tic sent ation . of ase reagent
di spensi ng a é% tﬁgl %W?ﬁﬂla ngﬂﬁs a%ﬁﬁs%ﬁﬁ%ﬁgggwg%é¥lon e vaIves are

on the side cbhblblhﬁm@@@hamger abdvied FoPexdinpe, Fah @M laischdnepicaspiiatdton of a
| i qui d phase reagent dlspen5|ng apparatus having a dlgtube shown in
cross- sect i off aiguidhgeRIcagns dispensing ewpaetusmagmgmhp@ & SHeWB HhEops-

representati Qo.pf, Fpliau sQBﬂ§§t %ﬂﬂ%ﬂklQhéﬁgﬁg%%gléggﬁ&ghﬂﬁ P?%Egg :

di ptube, shown I'n cross-section. The apparat in verti cal

del i very nodehe Mdued digandmbellicirecee @p ticadipivbe agdsuttad tiuahpdulguiig. Dut  of
anpoule. This affords high liquid ut|I|z tion. A |evel. sensor can be
mount ed f r om't hEIEBRLBF %“F?%ﬁ?%? f¥enona ?Siediﬁﬁgﬁn $POPFIRE APPAHARS | | n

addition to \hﬁhhglé?tul@gﬁﬁm?fn QOKLRLHAN Aaé?f? 8 pokt HEuRARO HBAuQT calidrS
invention offer flexibility in contal ner ape e.g., cylindrical, cube,

rect angul ar @n$EmheamothéemikEpebmoeﬂ¢ndmn®e$ﬂ¢¢ﬁdbewatpdmzH31MEvel sensor,
ei ther conti ous gISCF can be unted into the Cﬁﬁtalner at the

appropriate It %%TP@H? ccB §@ﬁ%8“?ﬂ@ﬂ? R GiPECqUERPL VaPOF ROt ABB BINBRUISF ¢ hi s

invention, besbdestdiapaBasifase 6h@eHeARl . can be used in the opposite node to
col | ect chenlcal Exanpl es ‘i ncl ude use as a waste collection tank, overflow

reservoir, tHBLKOf |V¢r1q@1|s euweslesanaguradensean alsotbﬁ@S¢Ch1@ttbltsynVe[nOQ112f0TAn
exanpl e Of O% arg le 1%3§15b a %Cﬂgm];tléll f%s%tﬁat?&om ! Iﬁl}PF élgdsp%%agetﬁ (gs egfélin S a

schemat i ¢ representari on o ase reage PHg apparat us

havi ng a t ubappghewhavifg anmsmlmmsslieamwmelvelveesmgm thssida of tHel node.
A single port 1sused to introduce the liquid to the anmpoule while
si nul t aneousIcnigst i Hg- 9 Het yrbaaligiepEesesatfnn e Inid ahasg 1eAscln excessi ve

hoad pr essur sk Phor ARG RA Y BDRBL! SEwHA clods-BIABH! Tfic pSIeWd 1 Fi 0

its side. Fig. 10 is a schematic representation of a liquid phase reagent dispensing
apparatus having a diptube, shown in cross-section. The apparatus is in vertical
liquid delivery mode. The dip tube introduces carrier gas to push liquid out of
ampoule. This affords high liquid utilization. A level sensor can be mounted
from the top or bottom or on the liquid out line.

[0111] In addition to various modes of operation above, the ampoules of this
invention offer flexibility in container shape, e.g., cylindrical, cube, rectangular
prism, and the like. In all modes of operation, a level sensor, either continuous or
discreet, can be mounted into the container at the appropriate location(s) to sense
the liquid level. The ampoules of this invention, besides dispensing chemical, can
be used in the opposite mode to collect chemical. Examples include use as a
waste collection tank, overflow reservoir, the refill process on a tool or at the
factory.

[0112] An example of one of these being filled is shown in Fig. 11. Fig. 11isa
schematic representation of a vapor phase reagent dispensing apparatus having a

tube, shown in cross-section. The ampoule design is in fill mode. A single port is



schematic representati on of a vapor phase reagent dispensing apparatus

havi ng a bubbler, shown in cross-section. This single-port anpoul e design
i nt roducewotzhw/ased76i er gas to the liquid via a di ptube RCTHSI@IPKEI2ENSI ON.
The bend on the dip allows the carrier gas to be delivered at a point far
fromthe single port inlet/outlet resultBng in the carrier gas flow ng

through the liquid then across the head-space for naxi mum saturation. The
end of the dip tube is extended to reach across the anpoule, providing a
| onger flow path over,th recursor for the.carrier gas. on.it out .
T singre. ot oiiice PR I 85 b Bou i A b et P desi gns

wher e the gasparaedsvdia bagdidglpuarcretstive hbgl fredsuam of a stack of trays such
as disclosed I1n U S Patent No. 7,300,038 or dispersed through a porous
frit or showd®hedd. Apghasftemative van i pigpctiqeie shawiyindigol Fgpduse i s shown
generical ly configur, I 1.0, i I . FITR, I sent ati on of
a vapor or I%qU|Jg%ﬁ ggﬁggggﬁfégﬂ%géﬁgﬁﬁga%%%g?ggﬁs h?@%ﬁgﬁﬁﬁﬁﬁggle val ves
on inl et and babbleethowhmMrosssectia@s SEiEs bingle-pornarhoute dsipn ihBodideet@npoul e

consi sts of the. bod 00Q) .which conpri.ses a base, || (s) and |lid which
may be al | wéPdEge tO%q b ‘Bfiéflacao%B‘rk?SPi‘ti‘%ol%@BSIPB-g\ﬁ%gﬁ’nd;@ ¢ dynet i mes

the practice.idhe sl e ROl vd idbcli Bt PpbieRRMRAMKE SEANSIG fi@bufeidi p t ube
(201) and an annul ar feed tube (231). The annul ar tube (250) has flow

conmmuni cat i omesditimeon lthe euirtiér gab dowerrithsprb ¢hainglid Henduamiss thethead-spackl ock
val ve (240). .The i.nlet and.out].et are each shown w two actuators that
ray i ther b HpuRtEREr UV BE o € e By St Gitslast bk val ves

and al I ow t henipBliRt plofftilie Hlonbit iy phBRALr the phauBof f&\ehec&m%@ahin@n with a
purge/vacuunisolven? flush/refill |ine é222 t hr ough tube (230).

Preferably, tteyuar Ehisisiiglepdbaypoudaetuldplse o nepddssold srureadmpondort bl ock

| 203 2 T l.oek val ' Vi d
RIS ekt R R AR S R G N
si ngl e act uatagdisclow@ PAVS. Patmeso.i7{300038 9% dispetsbthirblighds fa@sis fi2d2) 1S not

needed. [ 0115] The_ singl e port anmpoul e described in this invention may be
hooked up tosRO¥hPAd cated chenical delivery manifold as shown in Fig. 14.

g: gioe ﬁgi 'n; gégglgi%&cﬁﬁ&ﬁ%?ﬁﬁ WhRid Rt Ahpdh1y RRAGwR zehdr R cRIAREed RATEN
Fig. 13. Fig. 13 is a schematic representation of a vapor or liquid phase reagent
dispensing apparatus having multiple valves on inlet and outlet, shown in cross-
section. In this Fig. 13, the ampoule consists of the body (200) which comprises a
base, wall(s) and lid which may be all welded or multiple components bolted
together as is sometimes the practice. The single port (202) into the ampoule
consists of a dip tube (201) and an annular feed tube (231). The annular tube
(250) has flow communication directly with the head space and the dual actuator
block valve (240). The inlet and outlet are each shown with two actuators that
may either be independent valves or single body, dual actuator block valves and
allow the inlet (241) or outlet (204) to have flow communication with a
purge/vacuum/solvent flush/refill line (222) through tube (230). Preferably, they
are single body, dual opposing actuator multi-port block valves (203) and (240).
These block valves (203) (includes valves (V1) and (V2)) and (240) (includes
valves (V3) and (V4)) may be replaced by standard single actuator, two port
valves if access to the third port (222) is not needed.



connected to a generic chem cal delivery manifold, shown in cross-section.
In Fig. 14, pairs of valves can be associated with single body, dual,
opposi ng wotaewmsss7aul ti - port bl ock val ves (203) whi ch i merase@wedzoes (V)
and (V2); (205) which includes valves (V5) and (V6); (207) which includes
valves (V9) and (MO ; (209) which inclufles val ves (V13) and (V14); (240)
whi ch includes valves (V3) and (V4); (242) which includes valves (V7) and
(V8); (244) which includes valves (M 1) and (V12) and (246) whi ch

e o st oaedt b Deafie ot e B Basphls iR Ry ERRMY RheRed 0 By &

cont ai ner ( 2QQbniplichtedl vhahidsll detesry niaiidld ausbweas Fig. om thndmma(243) can be
del i vered through bl ock di aphragm val ve assenbl i es ([242) and (240), through
tube (250) anehamRptichepraseatatian of Avapor©p dgyidgthasg iage GPensRmppatags

pressuri ze tQSn&%@%ZB%%%n&E@%%W&Iﬁ H]%.P H]‘ﬁicﬁ-l g}hﬁn@kd’ss-ts fon( 1%0131%. (the

i nner tube of sing ragm val ve asseénbly
203, through 14, pow deab<s pace: sesviecd Mth(sﬁ@ﬂe)bodtyhdmhgippbtmgkctdhtaphr agm

I rrbl 205 h | bubbl
mode. a carr i (lgagt)hlgckd\@ﬁwmﬁew 5@@@&9@%&?@{%&?26@ MM&@ WhBhock
di aphragm Va'lﬂ&u&%%m@é g\eﬁ a(naQ@S) Q@@)(v%ﬁé‘}ﬁ mcfd&%Q%@lOest h@%hﬂd‘w mj' (@OQ)Jbe
(201) of single port 2)" wher et he ‘gas bubbl es through the chenmical in

cont ai ner (2@@)1011mcmesm&mse(&’lé)sande(bﬁﬂ),t(a%wmcluh@hainwdtlaes O laed (231) of

dead space oSSR EN i PeRGeoud e PR AL B Sl hnd out to
condui t (243)v1 ﬁ%ﬁ(]v@mﬁa@zm mﬁ ineludesided (WBP&ﬂdO(Nﬂ%b t Wiagffoldbe

mani fold shown in Fig. have nore or |ess bl ock di aphragm val ve

assenbl i es t taeh Wted:@&hlefmwre diorlaseids @rezaﬂnnlp in((250RatedNq.208) nmay be

connected to I g solve G condui t
(220) hooked 6?604183%\71\63 st &ﬁlt 1\?&‘%6%(%6) 1n[1 d }1\(713? depﬁ(;uesh a%&ﬁﬁo cl ean

out the nmani feohdhif @43y @ml t@c@%nea’ed tHi@ug:hngﬁ( gaphragtd anAe\a@mnbAmJ (Th2be
avail abl e thr ou%h val ves (V14) and (V13) respectively and could flush out

(V2)t hrough (3B {ef0Adhireeh fbeddiNendde thezppylar et 53 Vaf %gkezamt)@ﬂ%i) But to
L5172 RS BRS UEE Lt Byt R LD Gy fpu o 5o

tube of single port (202)) through block diaphragm valve assembly 203, through a

low dead-space connector (204), through block diaphragm valve assembly (205)

and to a chemical dispense conduit (206). In bubbler mode, a carrier gas is

delivered through conduit (206), through block diaphragm valve assemblies (205)

and (203), through the inner dip tube (201) of single port (202) where the gas

bubbles through the chemical in container (200) to be removed as vapor through

the annular outlet (231) of single port (202) and through block diaphragm valve

assembly (240), low dead space connector (241), block diaphragm valve assembly

(242) and out to conduit (243).

[0116] Depending on the desired functionality of the manifold shown in Fig. 14,

it may have more or less block diaphragm valve assemblies than shown. For

example, conduits (211), (210) and (208) may be connected to purge gas, solvent

and bulk refill respectively with conduit (220) hooked to a waste line and (206) to

the liquid vaporizer. To clean out the manifold for replacement the purge gas and

solvent would be available through valves (V14) and (V13) respectively and

could flush out (V2)through low dead-volume connector (222), check valve (221)



acconpl i shed by delivering precursor frombul k system on conduit (208),

t hrough val ve (V9), block di aphragm val ve assenblies (205) and (203) and
i nt o contwOrer)/5ee) via the dip tube (201) in the singlPeTasz09(02028) .
[0117] The conduits (248), (247) and (245) and val ve assenblies (246) and
(244) on the non-dip tube side of the a#poul e could have simlar
functionalities of purge, vacuum solvent rinse depending on the desired
functionality. [0118] Various nodifications and variations of this

i nvention |ncI§de g<£%s %328519 rergggwggt ef f &9 Eﬁﬁg%ﬁ n for the
anpoul es and a 85&8 % 0., cgﬁﬁgﬁ e p %@ ?%ef g?unlnuﬁf ni cke
Teflon, etc. purdehRs us;ew@ulddiefah%&@m?lerm’ramnm cpaej picRutsberdflltdoungse and val ves
(e.g., welding, machinin shrink fittin etc.); the use of different

val ve styl es apeongpl 1sh¢¢bxg@r VCHBA PEGHEEY fram&%wf%@w@}@lt(@@ thrgmghyer | Hy-
Tech, Swagel %we'i*fgb '6'1&# a‘%@%x%%m@e H&@m%%sd('zpé)ea{ Q&o@' i ﬂﬁ'%ﬁ%@?‘d tubes

(e.g., 1/8 inc tube can be vari ed;
the tube can (@(pﬂ)imﬁbld;pﬂubv(ﬁd*l@he&mimgt@drh(aomsngth, and the tube may be

nodi fied al on | engt uni f orm Ss-sec n [0119] As

i ndi cat ed ab&&’ehi 5?4%83%(4@\073@3 @S anduivaagn 16?4& i nventi on
relates in PB4 R, tﬁe H@rp@ﬁ) PS8 Bﬁtﬁgﬁﬂl oﬁb%@@lﬁ%ﬁa(’&sﬁﬁﬁ?ﬁﬁkﬂ@naﬁﬁ@?&f sing: a
vessel which conprises a vessel top wal a vessel side wall nenber

and a vessel powget vauwal, bolmentiiese depehiligg roadhtt dﬁSfl‘Qd fonationaliter nal vessel

t Tt t h
S e omet | V&R R SRS SR bR s drvenfi B A Quse sy essel

top wal rremai@ﬂfer&avmﬁsnﬁs &f &gﬂs@ucﬁ%tfopﬁeaﬁip@u@@ ah®ERIPWIrNG. @, &Ppéd, er gas and
di spensing a vapor phase reagent; said sin port having a br anched

confi gur at i ontaddegsrsiost, ﬁgmanﬁmr @,ltckqioﬁﬂqmr:@%oihe@m @ﬁ@lffﬁ@n@@ﬁﬁméﬂi foyjoin
vertically ang, ﬁ@% %Oofvaxv (8? w‘%'l(ﬂgé, c‘ﬁ%l Hi}i?ﬁmn QH9u$°6§ portion
a e Iy rom

extendi ng gener or 1 zontaFl'y an Xer d”firrs ort
portion, and daffdtiitd aperstylfetd. ot X b@ﬁ!@ﬂr@@) @anﬂmﬁlkdcyurmr(é G ®htk¢r, eHgd

exterlorly fromsaid second port portio
Tech, Swagelok, Fujikin, etc.); the use of different size valves and tubes (e.g., 1/8

inch, Y4 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).
[0119] As indicated above and referring to Figs. 1, 5, 12, 13 and 14, this
invention relates in part to a vapor phase reagent dispensing apparatus
comprising:

a vessel which comprises a vessel top wall member, a vessel side wall
member and a vessel 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 vessel top wall member having a single port capable of receiving a
carrier gas and dispensing a vapor phase reagent;

said single port having a branched configuration comprising a first port
portion extending generally vertically and exteriorly from said top wall member, a
second port portion extending generally horizontally and exteriorly from said first

port portion, and a



said first port portion having a port top wall nenber and a port side wall
menber, said port top wall nenber having an openi ng through which a bubbl er
ext ends; weai2diondbisber conprising a tube that extends thirougis2a@dnesral |y

| ocated portion of said first port portion and through said inner gas
volume into the source chem cal and thraugh which a carrier gas can be
bubbl ed into the source chem cal to cause at | east a portion of source
chem cal vapor to becone entrained in said carrier gas to produce a fl ow of
vapor phase reagent,t0o said_ inner gas volu abave fill, level . . .said
Vibe having an i ni dtrgRatPBelel it s g SRS PR S et B 51 % Fom
said first pgedong@ottippiticad an outlet end | ocated generally adjacent to the
vessel bottomwall nenber; and said first port Portion having interstitial
space between sai d Sishi@rsaprit Beitien paying gipae el mepthsr andh Bergpidamiath sai d

vapor phase {Sj?&%ﬁeg,t sa%rpg)ﬁ iaglpr:ﬁéﬁggg lfa(ng@ atnrbﬁef-liﬂg ?ﬁrogﬁwﬁﬁh lérﬂ%lbg{% sai d

vessel . [012 v gent di'spensi ng apparatus further
conpri ses thexteubyl er having a carrier gas feed inlet fitting connected

thereto, and a carrie feed line extending fromthe carrier s feed
inlet fitting upmrsa@blgﬁﬁér@szm@%lwag ot eha b et aqearraléseﬁﬁcefgay of
carrier gas iRhRntdRaid TS ol porRdtiRi @fouhRaMEREE oas THEmE bR s feed
line containing a carrier gas flow control valve therein for control of

fl ow of the chemicelanglabrougk méiidr oegher giheaw bpbubhdtbise theagwnt cliingpednsi ng

t furth [ .the. third t t] havi . h
reagent out | 49 SHISE £ 1Tt gRIR OHRg FRTBICLIOL O FhGRAC SROWRCd gt

di scharge |i RerrR¥LeNdipdduct @Mdwef WpBPHhaARE asBekt@a9aa inRY Ehelolihé t i NY
upwardly and exteriorly fromthe third port portion for renoval of vapor

phase reagentebpyaihe filldcyaltseid twbe balingren wictiché lacatpdepencrabe vartipdlly plase
reagent di schayge,| 'ﬁ%?n ? o4 Ak E{n{? %orqio\ﬁaa% fan ﬁﬁﬁ&%mﬁ?&%e’&t e&ér?tﬁ’ %&ﬁ%é pl valve
of "or oW o e vapor p ] { h

therein for coﬁgr ase Teagent eret hr'ough. [0121]

The vapor phas eherea@ebbttch SpaRsdmigeragdar at us further conprises the vapor
phase reagent discharge |ine in vapaor phase reagent flow communicationwth
a vapor phase del i veid/ligepsspertion havyiag ayigrsatial apie hetyacn spiddyha e skl ect ed

port side wall member through which said vapor phase reagent can be dispensed
from the inner gas volume of said vessel.

[0120] The vapor phase reagent dispensing apparatus further comprises the
bubbler having a carrier gas feed inlet fitting connected thereto, and a carrier gas
feed line extending from the carrier gas feed inlet fitting upwardly and exteriorly
from the bubbler for delivery of carrier gas into the interior volume of the vessel,
the carrier gas feed line containing a carrier gas flow control valve therein for
control of flow of the carrier gas therethrough. The vapor phase reagent
dispensing apparatus further comprises the third port portion having a vapor phase
reagent outlet fitting connected thereto, and a vapor phase reagent discharge line
extending from the vapor phase reagent outlet fitting upwardly and exteriorly
from the third port portion for removal of vapor phase reagent from the interior
volume of the vessel, 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.

[0121] The vapor phase reagent dispensing apparatus further comprises the

vapor phase reagent discharge line in vapor phase reagent flow communication



froma chem cal vapor deposition systemand an atom c | ayer deposition
system [0122] As indicated above and referring to Figs. 5, 6, 9, 10, 13
and 14, tWO=0i0se3Thi on al so relates in part to a |iqui dPpihaseomearent

di spensi ng apparatus conprising: a vessel which conprises a vessel top wall
menber, a vessel side wall menber and aZ¥%essel bottomwall menber
configured to forman internal vessel conpartnent to hold a source chem ca
up to a fill IeveI and to additionally define an inner gas vol unme above the

fiII_IgveI; sa esgghgﬁggg %§g«<mﬂb . avin d§ﬂ§)ﬂgn§3595%e gble of

receiving an "l ner |ng ayflqﬂl sard single

port having drdai aaﬁéiﬁldalmpt)t @spbﬁfhb@ Byst@nand sh B@mic falyeisdeppSitibn P@tdoh.oN
extending generally vertically and exteriorly fromsaid ggﬁkmall menber, a

second port pBFEA oﬁ%@&%@ﬁﬁ@oﬁeﬁ@rrﬁfﬂn&@rﬁi% At & 3y Oahbianditde thivr 1y from
df t i . i [
verticaly aeoBREbgla@ Al gl PREL RGN S Y

portion havi rgmaripagt top wall menber and a port side wall menber, said
port top wall nenber haV|qg an o nlng t%dough mhlch a di tube eﬁtends
sai d di pt ube conpr sV A HPRONINEES BXEWAEP it SRR e Al cyalbcat ed

portion of sadnfd-hid a ROk lRQtrohl Q11 AhtcPEQHHr &b ForlnD REMmtEAS WY i1 nto
t he source chem cal and through which |Iiquid phase reagent can be di spensed

fromsaid ap pam@almmf:ntstalhdldoh sundzechhandahgp &ma Glitdvet amhio dddtmnelly damer al | y

vertically and.exteriorl i irst port portion and an inlet end
| ocat ed gene@ﬁl"ﬂf%ﬁi‘é@%‘%’? {)%Vﬁ‘ttﬁ ﬁﬁé%"seél bottom wal | menber; and said first

port portion havi nGaidW&g§ds tdp wall nﬁﬁ%ﬁhmﬂgf\@gﬁg&?ﬁ dapdiftc @ﬂféc@iﬁin(g‘ aport side
wal | menber through which said inert gas can be d to the inner gas vol une

above the fi linerf gagaind dspprergsuhiqyid phive reegser gas vol unme above the fil
| evel . [0123] The lhﬂHﬁﬁggggﬁﬁawﬁ g%ﬁnwﬂ&f&ﬁl '%ﬁogggﬁgﬁ%ﬂgn t;ﬂlttlng

conprises the third por ion aV|ng an
connect ed t hgogiod; ex@d’mdlr@’generally vertically and exterlorly from said top wall member, a
second port portion extending generally horizontally and exteriorly from said first
port portion, and a third port portion extending generally vertically and exteriorly
from said second port portion;
said first port portion having a port top wall member and a port side wall
member, said port top wall member having an opening through which a diptube
extends;
said diptube comprising a tube that extends through a centrally located
portion of said first port portion and through said inner gas volume into the source
chemical and through which liquid phase reagent can be dispensed from said
apparatus, said diptube having an outlet end located generally vertically and
exteriorly from said first port portion and an inlet end located generally adjacent
to the vessel bottom wall member; and
said first port portion having interstitial space between said tube and said
port side wall member through which said inert gas can be fed to the inner gas
volume above the fill level to pressurize the inner gas volume above the fill level.
[0123] The liquid phase reagent dispensing apparatus further comprises the
third port portion having an inert gas feed inlet fitting connected thereto; and an

inert gas feed line extending from the inert gas feed inlet fitting upwardly and



inert gas feed line extending fromthe inert gas feed inlet fitting
upwardly andexteriorly fromthe third port portion for delivery of inert
gas i nto wbheoiwmses7eor vol ume of the vessel, the inert gaeTfusea9losizel
containing an inert gas flow control valve therein for control of flow of
the inert gas therethrough. The |iquid pBase reagent di spensing apparatus
further conprises the di ptube having a liquid phase reagent outlet fitting
connected thereto; and a quuid phase reagent di scharge line extending from

the liquid pha e r.eagen merd d exte |orI fromsaid
first port porergHyTo pedblafonportibhitha el it o ncer or

vol ume of t heoWessel the vésell th@lihéi“[ gﬁs&s@i lia@atlinidi a6 Raiges fiokecdmpbl onal |y
containing a liquid phase reagent flow control valve therein for control of

flow of the IViab’Glﬂéefﬁlﬁaf%anéfab%ﬂOW REthetipgrbersherphiough. ke liqpigigsphase
reagent dis agent
dlsghargellpﬁ ﬁ@qqu|ég%ﬁ§HéH§§gg%ﬁg dﬁggghn@ﬁF%g%?%%aHH&Q%h&% °
vaporlzatlonra@pﬁw@ﬂhgﬁnm@mdmmanmnhaakm@miapmad@hm& i n vapor phase reagent

fl h el d d
deposi L1 onsyetes duthare e RO R anE L AL50e BoRUiotEnTGYSt em and an
atori c_l ayer ,iRRRE) hiPESIGH SRR W8 b R 3nahRYe AR pheder ring to

Figs. 7 and 8, this invention relates in part to a vapor phase r eagent
di spensi ng apmeaitmndmmtar@r Mglume Qfelsﬁselsswﬂlchqmdmbasestesgeat deslwege t op wal |

nmenber, a vessel menber a vess botto

ot Tur aa- ¢ e gphosly! Qo s hudafedsiatnt hencob STt uiB8Ifte chem ca
up to a fill cheyalordmred mh@ﬁqlmalpﬁmlrkygeﬂ%b%raﬁgﬂ nner gas vol une above the
fill level; said tgF nber having a single port capable of receiving

a carrier gaiﬂb%dl I@déhlsd nlgasaraﬂgpmrdlq@ﬁa%g prragEw further eprepirisgs Bicport  havi ng
b hed i t
General y. ver ClES eBB-EFRERE: N Rk EBn st P b e o

port porti on véaxi enghofigatigingatatus, Mtimlﬂﬁzahdtyap@ﬁﬁtch@E}b&rﬂh)tseflé@gﬁns aid
first port paortion, and a third port portlon ext endi ng generally vertically
and ext eri or IFPv sORMEBEHIReREha VR Phpwrdelisery sispesition Sutegbtidpor ti on havi ng

a port top V"%l'efaos%@@%teﬁﬁ&le%teﬂ%&m sicHemnat Jfapor deposition system and an

atomic layer deposition system.
[0125] As indicated above and referring to Figs. 7 and &, this invention relates
in part to a vapor phase reagent dispensing apparatus comprising:

a vessel which comprises a vessel top wall member, a vessel side wall
member and a vessel 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 single port capable of receiving a carrier
gas and dispensing a vapor phase reagent;

said single port having a branched configuration comprising a first port
portion extending generally vertically and exteriorly from said top wall member, a
second port portion extending generally horizontally and exteriorly from said first
port portion, and a third port portion extending generally vertically and exteriorly

from said second port portion;



menber, said port top wall nenber having an opening through which a tube
extends; said tube extends through a centrally |ocated portion of said
first porwoperwisestéi nt o sai d i nner gas vol une and t hr oughTise@la/0e320ar ri er
gas can be fed into said inner gas volune above the fill level to cause
vapor of said source chemical to beconeZéntrained in said carrier gas to
produce vapor phase reagent, said tube having an inlet end | ocated
generally vertically and exteriorly fromsaid first port portion and an
outlet end located in sajd jnner gas volune:; and sai.d first port rtion
navi ng i nterstrt o CpREPuL AR Al Eon AT Rl i EhrBSRal enber

t hrough whi chingabed, saasort Phasgtl meapaHavi@hnpeting paosgdwhicamtybe i nner gas
vol une of said vessel. [0126] The vapor phase reagent di spensing apparatus
further conprk§edsithe tube having a carrier gas feed inlet fitting

connect ed therEtO’sﬁﬂpmﬁ%gﬁé%#%ﬁmﬁgﬁa% 9ﬂ%ﬂ?§“§?%ﬁ?@%§ﬂ”iﬁgﬂ%E@$ carrier

gas feed inlet fitting upwardly and exterl tu del i very
of carrier gagsrtiantiototdasl innéregas ooluvel andehobigh haichesseaticr gabearclar fedéntogas f eed
| i ne containing.a carrierﬁgag flow_control valve thgrein for control of

Pt Hr

flow of the CHFANREE ggh¥oly GEH. levighée causevanms 9& gaid sayenehgietiensi ng

appar at us funé B&lonfQH a8 $n 4§ chriter ShsROPEoRIBE VAR phadeirBhcRt, VAR Phase
reagent outlet fitting connected thefeto, and a vapor phase reagent

di schar ge | i meviegtemdicnagudflooted grmcradporcriphbs end exiereaty womlsetd firstfidring

upwardly and exteriqrly from.the third port portion for renoval of vapor
phase reagen@oﬁF%WWgﬁg0?&@6?939”&@“8ﬁ@d6?m? Syduwgi and he yapor phase

reagent di scharge |JaREfiGOPSrBHEHiDE haviMaRIErsASFad BRERRN shidavb ot val ve
therein for control of flow of the vapor phase reagent therethrough. [0127]

The vapor phae# sidsagdhmeabepbrmichgvhaghpstivaper phaseieagerigigpibeslespensed vapor
phase reagen%h%gﬁﬁq%&g% éb&ﬁ %%fgﬁﬁggsgpase reagent flow conmunication with
a vapor phase delrvery 8eposF&ion sys%eﬁl sai d deposition system sel ected
froma chem ged26yaphic Wppostiast fagsylisponandagiaraiOfivttced @ygiriséedositic on
system [0128] The vessel or anpoule is typically machined from stainless
steel, e.g., M31ing 2 canier epeloed spet fitdpe sonmgeted dsctprand aafig ganfrgddige pr event

contam nati Or%xf%Ldith §rom the carrier gas feed inlet fitting upwardly and exteriorly from the
tube for delivery of carrier gas into the interior volume of the vessel, the carrier
gas feed line containing a carrier gas flow control valve therein for control of flow
of the carrier gas therethrough. The vapor phase reagent dispensing apparatus
further comprises the third port portion having a vapor phase reagent outlet fitting
connected thereto, and a vapor phase reagent discharge line extending from the
vapor phase reagent outlet fitting upwardly and exteriorly from the third port
portion for removal of vapor phase reagent from the interior volume of the vessel,
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.
[0127] 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 and an atomic layer deposition system.
[0128] The vessel or ampoule is typically machined from stainless steel, e.g.,
316L, and electropolished for ease of cleaning and to prevent contamination of the

precursor liquid or solid source chemical. The cover or top wall member is



precursor liquid or solid source chemcal. The cover or top wall nenber
isoptionally renovable to facilitate cleaning and reuse. The vessel can
conpri se woeylowmsas7scal | y shaped side wall nenber or si decCraiskooronizer s
defining a noncylindrical shape. [0129] Fastening neans are used to secure
the fittings to the single port opening2bhrough the opposing surfaces.
Suitabl e fasteni ng neans include, for exanple, engagenent of a male nut or
body hex with a fenmale nut. [0130] The contai ners nust be fabricated using
a material t %afimga ot r?l()ta rlee %Cfta i\f\fit tteh tearsnem rne r%r SeorTh Ase geli'ccieimcgg edrisagove’
stainless ste 1576 n feé}eg'as & titer i 81 VPO con%?@ugting t he

precur sor conyhhdially Shepct yhie widlihémbe of 8iiRasImehbEs Ybfihihgh noat eri al
(e.g., stainless steel or nickel). [0131] The anpoul e can Include inlet and
outl et val vesytedrigal §i@be-he chenicals to be delivered to the end use

equi prent . \Sﬁ?i%@ﬁ'Fa@féﬂ&%‘dﬁeaﬁg%&{E@@ 0 d

1 rce
chemcal le sor to-determ ne eﬁgﬁﬁggiﬁ%%%Fg;?ggﬁ‘5%?%“3?%?1. The

materi al in theuglothicappesing surthetd. Variatlcehdtbreng nraey inviadelfor cfaatpld,ow vapor
pressure chem cals, or_using an inert gas tQ sweep the vapors out. The
material ey ABYESPIGAL PhAmglcput Bbocdiad i %ﬂ}%ﬁﬂﬁwa through a dip tube to

the end use qatigpTetc dWhRffurd hnuGAR 1R AR S erif MRSRRE fo@Syeeded.

[0132] A tenperature sensor Is preferably included in the anpoule to ensure
uni f or m heat votntiaptdcorsor. AAs odraéedoibend, stilinltssaicl senswronlssqheatddeasabl y

included in th t fficient t hem cal . Th
Val ves and ot BECRRE CuRRRH e rebRo S i, dhedtl SRS oo ' T

connections tc@m?ta&!drcﬁfa%irﬁi_lﬁaﬂateﬂiﬁq&gprsﬁﬁﬂes%@@El-ox%a&l)assenbl ed in a clean
room the anpoule is conditioned to renove adsorbed water and | eak checked

with a hel i ud®13ddk Thetasenoyte canheclagpiaiat end suitis ypkyase® allowpibe ghamicals
ressures fr torr, t | iahtl . I . l.n &
gnbodinent o?gkﬁﬁégﬁﬁﬁﬁﬁﬁ?%%FﬁPﬁ%HFgﬁ%§$§%§¥§H§%ﬁ@%ﬁe%@%@ﬁ%&l g%%%%n upper

end exterior fof pdrhgndvessuede dhbmidagitval $easdrit® Betofmihb &/htd themhpouneigber and
generally vertically downwardly into the interior volune of the vessel,
with the | onwdeadnemply. Ihe maierye imthgcaniarigs rdchEerg cithw ander yaguum, for

non-interferigg V%Mrégsﬁﬁé c‘thicals, or using an inert gas to sweep the vapors out. The
material may alternatively be delivered as a liquid through a dip tube to the end
use equipment where it can be vaporized or dispensed as needed.
[0132] 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 scal connections to ensure a clean, leak
proof seal. Once assembled in a clean room, the ampoule is conditioned to
remove adsorbed water and leak checked with a helium leak detector. The
ampoule is designed to be used at pressures from a few torr to slightly above
ambient.
[0133] 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



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
menber armiQensr@bi7zg vertically downwardly into the intePCoruSe@v0sonpf the
vessel, with the | ower end of the source chem cal |evel sensor being

| ocated in non-interfering proximty toZ2the surface of the bottomwall. The
tenperature sensor is operative |ly arranged in the vessel to determne the
tenperature of source chemcal in the vessel, the source chem cal |evel

sensor is operatively .arrapnged in the vessel tq det ne the.] evel of
source chem & elrialr\fy Y%rgc%/ﬂé'sdgogwwatr@lg ! t8 r%%eelrnz " e Olsu(ranrlesogtgéa\r’\eﬁses}bvdlrdé ghec hem cal

| evel sensor @& dndedtiRtouiftet@dmicat RYE6Ehdg bpih@Xddatddyin henedetfe@didher in the
vessel, with the | ower end of the tenperature sensor being |ocated at the
sane or cl os@®oxmgyxiteheyutface ¢fdhe botfone walls Thpdengiosaure sepsarét R CHo t he

| ower end of ahjaﬁ%e;?]% lrﬂge\%e]%?&% atmhifiy fle tér‘ﬁgér%re gﬂs‘gu%ecpéﬂ%ﬁfn%é” € sensor

and source chem sensor are I n source m ca w conmuni cati on
i n the vesselvessthehswureaehehenl katl ersoelis gengorlyi arangtenttad vésselnoul t rasoni c
sensors, optical se , acitjve sensors and fl oat-type sensors, and

nsors, ca i ve,
sai d tenperatdateémgléﬁﬁ%fev d%#agwgﬁgfleanlfﬂépﬁ%ﬁm@welaihatw SEpIeEant 0134] In

an embodi ments, Qe bRdSichINY&NséMBr ark M6calAtih ABh WAL RISk i P! A5 ofes UMD
cavity in which the Iower end of a tenperature sensor, source chem cal

| evel sensor in thcpessehevitntdit dowdriebb o thettapemtiye fmsoli lwpusledatedutche a
configuration can permt a high_percent e.g.. 5% or greater

orof erably o89RP" Gosdraraimiy % e Yt e veRe b rIgoeIGE RiRrhel 11 qui o
or solid sourgesdui@nihemlical RvBEscHidr! indafe tdhpehRuRRBAE ahd Quirddheiidath t he
source chem cal is selectively dispensed. This configuration can al so

i nprove the dewshemisesarefn sayecosthamicsl Eperrosanunienion yn eiscycatick pERsIoNECesy st em
anq pr Ocess.eschérﬁ'cmegg s%r?s%rgs' S%PQ%&%%H? OHL gni? Qé?l%l%% tle3l eegg)grg)yed. [0135]
This i nventi on &l fows £or a m ni mal Anount  of “eem tanductor pr ecur sor

chem cal to repaithec sondoRearainsitht e etendvid) ahé Kaidbanpdrit@resebsct @ompardsaal | evel
sensor has signaled the end of the contents. This is very inportant as the
conpl exi ty anereweellgnd emmeemidlct or precursors rises. In order to nininze

costs, sem copiuft A MAMHLARAH SF fitalbntHANthe tBHYRIY A1 ASmbbi fibGiaBy gour sor

as
sump cavity in which the lower end of a temperature sensor, source chemical level

sensor, dip tube and/or bubbler tube may be disposed. Such a configuration can
permit a high percentage, ¢.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.

[0135] 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



possible. In addition, this invention places the tenperature sensor in the
sane recessed sunp cavity as the source chem cal |evel sensor. This ensures
t hat t he wouelwmssyyer at ure of the source chenical sem comduatSEE09PsIOUr SOr
will be read aslong as the source chenmical |evel sensor indicates there is
precursor present. This is inportant frama safety standpoint. If the
tenperature sensor was to be outside of the sem conductor precursor it
woul d send a false | ow tenperature signal to the heating apparatus. This

could lead to the | i cat,i on excessi.v eat, to the anpoul e jch can
Couse e dold 6 AL RS B o B SR K G NE el ds b ARPRRIG ST o0

[0136] Ref er rid igpoa@ai Moh@ sahedy MesdRint ONf BERPRatuichiensoe &€ ko B&sutbide equi pped
with a source chenmical |evel sensor which extends from an upper portion

exterior of th&hossadmdugianpisaernit vArdwghd afalwovdpmpepiue sisedtethcpor ti on
of the top V\@lle%tfr?e{ﬂ%raﬂg Tthﬁ‘keco\ﬁﬁfl%% to th@a licho‘:ﬂ oPO&essNA KGR I'l'y Tocated
or “nenber, ty to t

on the bottom I'n close prox e surtface of the sunp
cavity of thampeskebhitiocqperamsd arLiinshiczsatiation ofd dtompastiod&lthof source

chem cal reagent when source chem cal reagent is contained in the vessel
The upper porPPERANSHCRHECAEWY ce chenical |evel sensor may be connected by a

source chem ¢g3¢) eVigdfe3RBILMY 15 HRNRLscl bARRPIES 1ROvEkL & af B Bqffpdd @l |
processing unit, for transm ssion of sensed source chem cal | evel signals

from t he sourdth cmemicdicmiey bivekensorwlich ettendsdrim ah uppawpes®inregtamert duri ng

operation of e syste 0137],. In .a like ner, the vess an

caut pped wi ¢ T35 RpbrR e D teapes et Sl Sensior G n St upi .
whi ch ext endsndnii@ofhcURBRI, t®11dW&EneXiRLIRralf [dchRd b8 $&EbottodoRbyar di y
through a centrally located portion of the top wall nember of the vessel,

to a |ower emekmbesnncliskyraxoaty éuthenurties ddke vmmedvity wétiseicssal 1o cl ose
proximty 1o ten‘ﬁit SHILRGR oPhe (K08 084G sga%letcﬁergfcalilggg h %ﬁ% soub® upper
errpera]tu sSor % connecte eby a

portion of t B8 re sen may be enper ature sensing

si gnal transhssicanrchgdh® id @nanim@nih ted vasscdCERS ipyger Poition of dlic Joiegesm ssi on of
sensed tenperature signals fromthe tenperature sensor to the centra
processi ng urkhemigaliengl sepor gray b connackd byyastosrse qhomam] leyplescpiing pignal

processing URihemiibe inbRYa CORRI ﬁﬁ@es@inﬁlﬂnﬁt‘?‘mr ®ransmission of sensed source

chemical level signals from the source chemical level sensor to the central
processing unit during operation of the system.

[0137] In a like manner, the vessel can be equipped with a temperature sensor,
1.e., a thermowell and thermocouple, which extends from an upper portion
exterior of the vessel, downwardly through a centrally located portion of the top
wall member of the vessel, to a lower end, centrally located on the bottom wall
member, in close proximity to the surface of the sump cavity of the vessel. The
upper portion of the temperature sensor may be connected by a temperature
sensing signal transmission line to a central processing unit, for transmission of
sensed temperature signals from the temperature sensor to the central processing
unit during operation of the system.

[0138] 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



m croprocessor, conputer, or other appropriate control neans, may al so be
joined by a control signal transmssion line to a flow control valve (e.g.,
via a suiwaekbw/osed?ée actuator elenment) to sel ectively aeCuats260v063200nt r ol
val ve and control the flow of carrier gas to the vessel. The central
processing unit may al so be joinedby a 2bntrol signal transmission line to
a second flow control valve (e.g., via a suitable valve actuator el enent)
to selectively adjust the flow control valve and control the discharge of

vapor or liqgyid phase.reagent from.the vesse|. Faor rppses of .this
venton, 1 ioo SRBFUPEE AR GRTIHORARERE el Rhr RO e vidilt o f ng

val ves and t Reitdblk@alv 8ckdQdr lbinsnt) veRidctiofly alijusihe 66 @atrbcaiheigidor
manuf acturer to use the nmaxi mum anount of precursor while wasting very
little befor €ortFRlibedischargyoftpponeriiwidphapy reagertdTom thesroigbt Botand maxi ni zes

the return ofy bl MERLRAIoh Mo e AR AORGH Al RLSRHE A vand, SPeci (1 ¢

application. e source chem ca n thrs invention can vary
over a w de mangégavuivasnad tiddjkef or exanple, liquid or solid precursors for

a netal sele from Goup 2, Goup 3,. Goup 4, oup 5, Group 6, Goup 7,
Group 8, Groﬁéle:g,] o gvesiongiongs tﬁ%@t@%@é@a@{ fyrardo ug Gip 14, Group
15, Goup 16manduiiend@nbNaetdsorSHilctSasthe VB 1RBE bABLehhal -Sut Irlhdist rati ve
source chem cals 1 nclude, for exanple, liquid-or solid precursors for a

met al sel ect ethpbnlemTihix aminures Wastk and maxiraimesthangtumodnythd ervestmept @t i num

gold, titani | ead,, pall adi u i rcopi um.. bj.smuth, strontium barium
cal cium anti Wlﬁq{]diugtﬁémelcwn} SBF%@&P%}C#I%?' a metalloid selected from

silicon, germanym BRGohRk!cHEMKALs USERT BY thRAn@EGBH QAR &Y lover PHERURSLRY
conpounds i ncl ude rutheni um contai ni ng, haf ni untont ai ni ng,

t ant al um contead mohlcatod cormpls) Yodeé au @dﬁ@@iwfh@r@ﬂ@@ﬂcﬁﬁg’mﬂlﬁo@ precur sor
e 1 . . . '
chemcal's t haltombmy OB PRAR BT SRRy b B SPY B B SRt R ©°

exanpl e, sol i1d, Gesipcle, Ghaup LRlGolh a3, Grobp il #eGvap 18eGrepd 6 tmd fhe vapor phase
reagent di spensing apparatus shown in Fig. 1. Solid source chem cals that

mel t upon hed@ntghidgrcnrs abdkaPqripdimbablepllustiiyssonsa ghimicas SpaHic /Y
apparatus s h%%bl@, lli_'dpﬂd op'scﬂfadprgaﬁsdré fblf'aqnéwlas%faec{ea%%{uthenium, hafnium,

tantalum, molybdenum, platinum, gold, titanium, lead, palladium, zirconium,
bismuth, strontium, barium, calcium, antimony and thallium, or precursor for a
metalloid selected from silicon, germanium and tellurium. Preferred
organometallic precursor compounds include ruthenium-containing, hafnium-
containing, tantalum-containing and/or molybdenum-containing organometallic
precursor compounds.

[0141] 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.



di spensi ng apparatus shown in Fig. 1. Likew se, liquid source chem cals can
be used in the vapor phase reagent dispensing apparatus shown in Fig. 1 and
t he |i quinwophagses7eagent di spensi ng apparatus shown in PCE/US2009¥6E01 USi Ng
solid source chemcals that subline, it may be necessary to enpl oy dust

ent rapnent equi pnent.[0142] The vapor o0E°liquid phase reagents useful in

this invention can vary over a wde range and include, for exanple, liquid
or solid precursors for a netal selected from Goup 2, Goup 3, Goup 4,
Goup 5 Go G ou G.oup 12,

; oup..7 oup 8, G aoup. 9 .0 10 11
& oup 13, cr a2 TR Bndr ot plise Rty Beorii M IR enRiE Bethea ST e
Peri odi c Tablagvidt kdﬂg&Taﬁ@iﬂc%&iepfoﬁ?@ﬂirﬁplé,slicwﬂ@bﬂﬂﬁid prévurexafopheénctglr ecur sor s
for a netal selecte fron1rutheniuq% haf ni um tantaluq%pnolybdenunl
|

pl ati num golsslected fiap1 Grup|Ze SHourhdl G1aHP dnProrprie SHPWNY> Gioypnit Hrouwt ont i um
bar i [ ci i t ' t id
ol eatba’tr o ASHLY, SR, Rt 005 L8 BTl 0

sel ected fromsilicon, getnantun an erre ano
precur sor conppanidic Lacthudde satick @fitherRetiodicalabiand]lustaftine praconsbai ni ng,

tant al um cont ai ni ng and/ oy nol ybdenum cont ai ni ng. or ganonetal | | ¢ precursor
conpounds. [011043%6, S yplsr Prﬁﬁ‘&é%“?%%?g@ﬁ‘ta} %ﬁl‘%‘ﬁ%ﬁ%‘?fﬁ @%&%L?ﬁ‘“’_&‘gn further
conprise a Caffhiff, BR% LRICKIH SHISAHRY, 881 Gtdniifn QBAd, pElladd@s, JiRSHiuki, Ne-

Li kewi se, the liquid phase reagent dispensing apparatus can further
conpri se an ibmenith.gé&engour lpeiuog uplcaun,taptimoay anéfhallgas of pedutsontor af 0144

Referring to Figs..,K 1 2 3 and 14,. the vapor phgse reagent dispensing
npparat s caP O AEequhErmHito GepaLin O CIAHBEr POLTEd ad from a

chem cal vapeigfeRRaillid HBcEhGHRIpodidsdnclad ORitikenhaY-LbndRRAS hhfn@iin chanber ;

t he vapor phase reagent discharge |ine connecting the vapor phase reagent

di spensi ng apaieEiis tantalpmecontaipsg ender BhkvhBeum-eithisng drgangnivedbiabl e

susceptor co i .Lhin. the deposition chanber and | ocated in a
recei vi ng reﬂégwgﬁgﬂ¥%£$gﬁfhe vapor phase reagent discharge |ine; and

[0143] The vapor phase reagent dispensing apparatus can further comprise a
carrier gas source coupled to the carrier gas feed line. Likewise, the liquid phase
reagent dispensing apparatus can further comprise an inert gas source coupled to
the inert gas feed line.
[0144] Referring to Figs. 1, 5, 12, 13 and 14, the vapor phase reagent dispensing
apparatus can further comprise:

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

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

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



an effluent discharge line connected to the deposition chanber; such that
vapor phase reagent passes through the vapor phase reagent discharge |ine
and i nt o wbheotapesist i on chanber, for contact with a sub®Cratsego9opi2opnal |y
on the heatabl e susceptor, and any remaining effluent is discharged through
the ef fluent discharge line.[0145] The SObstrate is conprised of a materi al
selected froma netal, a netal suicide, a nmetal carbide, a netal nitride, a
sem conductor, an insulator and a barrier material. The substrate is
referably a erned fer, [ 0146 ferri. 0, Figs. 5 ,. 9,10, 13 and
24, t he | ?qui[gﬁ%&as@lers é\%léa(r%\ RO RS ‘l§q Onga %ﬁt lél?aehes?tegan nflﬁrn%eﬁqgragl tr?%ri se: a

deposi tion cRaiFhR! a sekeech®itd & attta naies arinistadactot] ap dsutat@nghanber and an
atom c | ayer deposition chanber; the |iquid phase reagent discharge line
connect i ng tt‘i’é“leif&lﬁff‘cllaﬂ)h%%squé‘féﬁémPféf%%%)ﬁ%ipﬁ’éel’a?ﬁp‘é(?%f-us to a vaporization

apparatus; a i . per4 zaatd r havi rrier gas
foed ini'et obihith WPsnbiF AHRER4. 27130 AT ALHB R ELT
vapori zat i on digppaviad aypataducandarthvagompoike:sai d | i qui d phase reagent to

becone entrained in said .caryier st r odyce .vapor ase .reagent; a

portion of the vap&‘ifei’ﬁﬁlfl%cgif‘b]%ﬁ‘g? ﬁ%teﬁ&gwgagnv gﬁpﬁprég%sl?%ggnt out | et
openi ng t hr ougin ¥k a6l a8 Atdhi¥ RBRE dRR®NRAGEHE can be dispensed from said
vapori zation apparatus; a carrier gas feed [ine extending fromthe carrier

gas feed inlet operthayqedipbaseorcigenf dischargedincapponéctiagitonli@ppahatcus f or

delivery of carrige .@p%as. into sai g)élaeror.i zation appar atus, the carrier gas
S

feed |ine cont BRI HYPASEEAPREF YR YIPOR XM 825t ve therein for control

of flow of the carrd giti@asf thbeafiriaase lppatatdRAind e Aer @3 inkt SChar ge
| i ne extending fromthe vapor phase reagent outlet opening exteriorly from

t he vapori zatoperng gpewngh which sarrice gancan beffed mppsaip Mepsizpieenpmnperatysdt sai d
i Sahar g 11 GAREAPa kS R EpBRe ARk O b i T KD BB ot Per i
for control @koducowagr phbe reapar, phase reagent therethrough;

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 a heatable susceptor contained within the deposition chanber and
| ocated in a receiving relationship to the vapori zation apparatus; and an
ef f | uent Wp=e0twSEE6! | ne connected to the deposition charb@ms2eeebs2bhat
vapor phase reagent passes through the vapor phase reagent discharge |ine
and into the deposition chanber, for condtact with a substrate, optionally on
t he heatabl e susceptor, and any remaining effluent is discharged through
the effluent discharge Iine. [0147] The substrate is conprised of a

mat eri al sel ectf.ed,froma t.al, a tal ,suicide,. a tal. garbide, a netal
ntride, a somashadae o nufplEh A Ry Shifnd ofhis ARERAER,

substrate is tipoaglethakiffucat pRtiaegiket. waf er. [0148] Referring to Figs. 7 and
8, the vaporﬂghase reagent di spensi&ﬁ apparatus can further conprise: a

deposi tion chétbiér S bstede srompaisehein waterighisictcddpua pridH. eRaitber or an
atom ¢ |ayer sﬁﬁpcféshﬁﬂegﬂ c&r'%?d@bghietitl %ﬁﬁ&é‘%%nﬂ&%ﬁﬁct&e%ﬂ%hla‘ijdrsaﬁ%r ge line

connecting the vapor ase reagent di spensing apparatus to the deposition
chanber; opt ibanalr mataiahe@hahlbetrsta sc@pifonably @ phiadrnatiwadet.hi n t he deposition

chanmber and | ed. in a receivin el ationship to the vapor phase reagent
di schar ge i AR Reffrdety é%%ﬂalg%%ﬁh? @%pqrPﬂ%ﬁé%ﬁ%@wnﬁﬁg@g@%ﬁosi tion
chanber; such,f RatheyahapriRhase reagent passes through the vapor phase
reagent discharge line and into the deposition chanber, for contact with a
substrate, optionalddepositivhehdnetxrableetcd froveptlomicandpardeposne ni ng ef f | uent
i s discharged trﬁéou h tpe effl ugnt kdBj scﬁarﬁe, line. [0149] The substrate is
conprised of HURRFSR 4R RIOINE ke denosion ShiRbdi | a netal suicide, a netal

carbide, a nmetal nithg i8R pRaeBidean@isdiaiie li@rbohﬂ&‘ﬁhgftl%rva%ﬁﬂ%@sgar rier
material. The substrate is preferably a patterned wafer. [0150] As

i ndi cat ed abdtagent dippenping epparetns foethg deposttwnghpmbpiod for del i very of a vapor
phase reagent t0 a (eROS\| | AN ARATRELGOMRELSIdNGinik He RHSKITh Dhrcraror
phase reagent di spensi ng apparatus conprising:
and located in a receiving relationship to the vapor phase reagent discharge line;
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.
[0149] 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.
[0150] As indicated above, this invention relates to a method for delivery of a
vapor phase reagent to a deposition chamber comprising:
(a) providing a vapor phase reagent dispensing apparatus comprising:
a vessel which comprises a vessel top wall member, a vessel side wall
member and a vessel 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 vessel top wall member having a single port capable of receiving a

carrier gas and dispensing a vapor phase reagent;



a vessel which conprises a vessel top wall nenber, a vessel side wall

menber and a vessel bottomwall nenber configured to form an internal

vessel cowpantmssi’et o hold a source chemical up to a fi lPCTIUSe@/0632d1 t O
additionally define an inner gas volune above the fill level; said vessel
top wall menber having a single port capable of receiving a carrier gas and
di spensi ng a vapor phase reagent;said single port having a branched
configuration conprising a first port portion extending generally

vertl ol Ly 2 o oL T g BB AR il o o

extendi ng general | y nori y Xteri i'rs ort

portion, and partichi oxen@diptgchoratly obrtieXilendi dder@eReidh kyid s Walt addnmbeand
exteriorly fromsaid second port portion; said first portjportLon havi ng a

port._top wal SCIRBAFOF PRREPTECBINEssceray IhPrireHpler andsataioplorttor spdiatt  member
2 tube that. Sut and  RrGL R R AP P Sl B RR AR BRI G Dort

portion and tffohosdth sscand ponpertiogas vol une into the source chem cal and

t hrough which a carriget gas can be hubbled into the source chenical to
cause at |east a po¥td BCeT RSP SRS APEH R AR Mo eh BRG#HBOE NAF Aalled i n

said cartier \gasdQaRr QUGS Il hONAMaVRROh PUARE WiBAAPANichA RBbM: | nner gas

vol une above the fill sald tube having an'inlet end | ocated
general |y verxicodd;ly and exteriorly fromsaid first port portion and an

outlet end | ocated generally adj.acent .to.the vessel bottom I nber ;

cai 0 Tirst port porBiORI RGP INreR L i bR E et rely eeife and

sai d port si ggrtil df BRI porfFREENaiheduch 3hid iNRR Qhs PHIBES ifBAREHur&an be

di spensed fromthe inner gas volune of said vessel; said bubbler having a

carrier gas fchemicalynstthroughwidchcbemiaen gad cambe bekbledaingathe seyrcgelentiedd | i ne

ext endi ng fr? C&ﬂ ag%%&ier gas feed inlet fitting upwardly and exteriorly
rde

fromthe bubb?gr 0 Fivery of carrier gas into the interior volunme of

the vessel, the cargdréén gadufRetehidabvapontcbdtomng catrgiatd inedai@sriéd @w
to produce a flow of vapor phase reagent to said inner gas volume above the fill
level, said tube having an inlet end located generally vertically and exteriorly
from said first port portion and an outlet end located generally adjacent to the
vessel bottom wall member;

said first port portion having interstitial space between said tube and said
port side wall member through which said vapor phase reagent can be dispensed
from the inner gas volume of said vessel;

said bubbler having a carrier gas feed inlet fitting connected thereto;

a carrier gas feed line extending from the carrier gas feed inlet fitting
upwardly and exteriorly from the bubbler for delivery of carrier gas into the
interior volume of the vessel, the carrier gas feed line containing a carrier gas flow
control valve therein for control of flow of the carrier gas therethrough;

said third port portion having a vapor phase reagent outlet fitting
connected thereto; and

a vapor phase reagent discharge line extending from the vapor phase
reagent outlet fitting upwardly and exteriorly from the third port portion for

removal of vapor phase reagent from the interior volume of the vessel, the vapor



control valve therein for control of flow of the carrier gas therethrough
said third port portion having a vapor phase reagent outlet fitting
connect edwOheroases76and a vapor phase reagent di scharge PPcmaseoowesstong from
t he vapor phase reagent outlet fitting upwardly and exteriorly fromthe
third port portion for renmpoval of vapor3phase reagent fromthe interior

vol unme of the vessel, the vaporphase reagent discharge line containing a
vapor phase reagent flow control valve therein for control of flow of the

vapor phase reagent therethrough; (b). addin ource chem cal. t.o said vapor
bhose Feagentara sl T ook ind LA HEN AL E AR Btdd ¢ n0al o
vapor phase niagaTor ¢inspEoSlRY ofRaRpSUshabOrcagdne MRestRlouple, sufficient to
vapori ze the source chenmi cal to provide vapor phase reagent; (d) feeding a
carrier gas into sdPl wAHHE SPHES eheaisydn saidivaperdipfycagivh Aupesinghr ough said
carrier gas fgﬁgmhgne and said tube; (e) w thdrawi ng the vapor phase

a ; . . .
reagent and carrier gas from said vapor phase reagent dispensing apparatus

t hrough sai d vapor (phaseatireptesturck sichacdeén kdit eapampiadcfrpadeaedispasinge vapor
phase reagent and carrier g?s inhp.said deposi tion chﬁnber. [015%% The
met hod can f GPPHEMS EpHFIRSEAUIE GPTICHTE SR YaRRE 2T Hs sQuise chypisaldopEidént with a
substrate, ORLHGYMaldrc@fkn@ heatabl e susceptor, within the deposition
chanber; and (h) 'di schargi ng any remai ning effluent through an effl uent

di scharge |ine conrért dekding 2 breridegrositbisad vehaniiesc relgat deposiitg on chanber

can be selected froma chemcal. vapar depositi.gn chanber and an atom c
| ayer deposiﬁpﬁﬂm3ﬁg#8 _Sq%%%ﬁ?fﬁﬁ%ﬁﬂgFgﬁﬁgﬁmﬁm¥%e syst em descri bed

above, source chenigggl v&i&ldpivaﬁg@lei@ﬁbhﬁla\é@%% bntand chert ek fkén 8ajienper at ure
sufficient to vaporize the source chem cal . rrier gas is allowed to fl ow

t hrough t he oapetinhesqigegdnédypetsie appatatis thigpgh sgid gappr phase reagent

discharge line; and

(f) feeding the vapor phase reagent and carrier gas into said deposition
chamber.
[0151] The method can further comprise:

(g) contacting the vapor phase reagent with a substrate, optionally on a
heatable susceptor, within the deposition chamber; and

(h) discharging any remaining effluent through an effluent discharge
line connected to the deposition chamber. The deposition chamber can be
selected from a chemical vapor deposition chamber and an atomic layer
deposition chamber.
[0152] 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
source chemical. A carrier gas flow control valve controls the flow of the carrier
gas that is discharged into the source chemical. Vapor from the source
chemical becomes entrained in the carrier gas to produce vapor phase reagent.
[0153] The vapor phase reagent is discharged from the inner gas volume
through the vapor phase reagent outlet opening and the vapor phase reagent

discharge line. The vapor phase reagent is flowed in the vapor phase reagent



feed inlet opening and through bubbler tube fromwhich it is bubbled into
the source chemcal. A carrier gas flow control valve controls the fl ow of
t he carriwo 20804056378t i s di scharged into the source chenmPcalus20606320f rom t he
source chem cal becomes entrained in the carrier gas to produce vapor phase
reagent. [0153] The vapor phase reagent3#s di scharged fromthe inner gas
vol une t hrough the vapor phase reagent outl et opening and the vapor phase
reagent di scharge |line. The vapor phase reagent is flowed in the vapor
phase reagentdl ne to the de ion c apo hase
Feagent 11 ow Lshiee s bE bRl tFRE 4 i ERe Sbespb o BRRt, e agent

that is flowedlve@ohiiéls depsi bf OB vapapdase rehfent teat d;efmﬁddttbtﬂﬁb ddpasibien, the
vapor phase reagent is deposited onto the wafer or other substrate el enent

Chat S mountcBembiY. An Rwaicant Hom disethcatBe B#PosphEse PSSR S SEPaNIEUPBo Ef | Lont
vapor from thg \%%Péf Sth@ 6 H?a[f@@lrenfeﬁt fheSic RRLARE oh tf‘efafabtées%st{jdt%mr ge line.
The effluent may be passe to recyc recovery, waste treatnent, disposal,
or other di sm)dmrtnomnt seense. Eﬁ]hﬁﬂi vaﬁaur from thhdSpcmnema:thamber ik Ideclmged:e

chemcal fill e n the vesaﬁr éﬂldetec ed bg a source chemcal |eve
sensor. It |§nFﬁ]b‘6 phates asowhGRERCERBAY PE DR HIOSEEY LD FEONEN: WANC| nsi de
of the vessely ch@ndnk WB&okA, SUINGpRLitios thebfi@t 1t can be changed at the end
of a chemnical vapor déposition or atonlc | ayer deposition process. The
source cheni d&154ﬂ evlemmtgtbgﬁm@ssxmm the daotd clesieaidillelvestiniclvesdcdiser s i nto the

sunp cavity t nlnunt uid hea hei ght. of in the unp cavity),
ot ot on po il o arprise cfitoiealERd st £t Rincrb ! hoaR MSuR g censan
source cheni ¢@hid R¥&lrscticdtdlcabimside SPHeGRsNRMIE8 o hewelg &ﬁ@@tﬁwlt%hﬂnal
transm ssion line. The central ﬁagce55|ng unit responsively transmts a
control si gndk chinggd ebtiercall o§ p ghemicelranendepeopivan by ﬁtenn@lavﬁrede@atntwer gas
f1ow control p¥&e¥ "f"l}e s% Pc%ech&glcayll%ve’[l%rg%gss%z@? deocfllglest{h egtual? oL ler gas
to the vessel, so concurrentl S5 ¢on I a
control si gn&ﬂltottlli@ﬂﬁsﬁp &S/it9 o lalrrﬁﬁlnh@n ﬁhmaeletdtglev@p@fh@hasretheeaglpnt flow
control valve, to shut off the flow of vapor phase reagent fromthe vesse
[0155] Al so, SAvifn¥ WHEsPIBEtha CPuiRl DEFaSHEmIET SEQIV e ofortenRondiie aseheni cal

n vessel s (JatechathoiMcdt LRIRAUAL WiReck ARG 14 LfishfRRREANT TO moni tor

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.

[0155] Also, during this operation, the temperature of the source chemical in
vessel is detected by a temperature sensor. It is important to monitor the
temperature of the liquid precursor chemical inside of the vessel to control the
vapor pressure. If the temperature of the source chemical in the vessel becomes
too high or too low, 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 or increase the temperature as

required.



tenperature of the liquid precursor chem cal inside of the vessel to
control the vapor pressure. If the tenperature of the source chemcal in

t he vesseWObenusewet oo high or too |low, the central pro®esaisegnnizol
receives a correspondi ng sensed tenperature signal by a tenperature sensing
signal transm ssion line. The central pBbcessing unit responsively
transmts a control signal in a control signal transmssion line to a
heati ng means to decrease or increase the tenperature as required.[0156]

The vapor ph eagent di spensi_n aratus, e.q., bubbler, .qf this
Tvent Ton g0 et SR erpLRRSE Ry B3NS Smefifs Satiesh o6%inc or ot s,
e.g., |iquidiandtis®hiag bsauEfiEfor eagevatonsiiyids alderiié alatarange. gdeiari tion,
atom c | ayer deposition and ion inplantation processes. See, for exanple,

U S. Patent ndyoliGmareacagepisgppd mschchusad ypraT dgpoviEon. atonyc jaygent i on rel at es

n Dart o a IRSNAh flioEhbNLNo bR P PRESEABISN! plitn@ deposi ti on

chanber conpri pro I qui'd phase reagent di spensing
appar at us comA7988d@2.a vessel which conprises a vessel top wall menber, a
red to form

vessel side | mepber . an vesse|l bottomwall nenber confj

an internal 3@&7& fggws&ﬁte PV PIRBIVENELISEI SN PR R 2 1oy fopdelivery | | evel
and to addi tig@nahhy figld Re@Rtd NEGosBE ML IR oAREVRt he Till level | said
vessel top wall nenber having a single port capable of receiving an inert

gas and di spensi ng @) | ipqeiidinghdseid pagersagens disgessimgampapdsst comprismg: a
branched configuration conprising.a first port. portion extendjn eneral ly
vertically and ext étYG? )‘fvrgf‘)?ho?ﬂ g ?B%SSQ\HEP Wi Ppsgpber ‘éeét%%ﬁﬁfed’garl? portion
extendi ng gengdndr ¥nd @K b&eNSRohy wall ¢heftef EdiFTduYedf to F6Ins @h thtdrhilSleseor t
portion, and a third port portion extending ?eneralky vertically and

! o

exteriorly frcompsdmantdedolic worec ghomidabnp tosafil levet and fedditiprlly defitavi ng a
P00, oLy TIRSE, AR ROULuHBL] omoer, said port op val | menter
a tube that extendssaldweeudopawslenichidlet Navificasiagle port capable of receiving an
inert gas and dispensing a liquid phase reagent;
said single port having a branched configuration comprising a first port
portion extending generally vertically and exteriorly from said top wall member, a
second port portion extending generally horizontally and exteriorly from said first
port portion, and a third port portion extending generally vertically and exteriorly
from said second port portion;
said first port portion having a port top wall member and a port side wall
member, said port top wall member having an opening through which a diptube
extends;
said diptube comprising a tube that extends through a centrally located
portion of said first port portion and through said inner gas volume into the source
chemical and through which liquid phase reagent can be dispensed from said
apparatus, said diptube having an outlet end located generally vertically and
exteriorly from said first port portion and an inlet end located generally adjacent
to the vessel bottom wall member;
said first port portion having interstitial space between said tube and said
port side wall member through which said inert gas can be fed to the inner gas

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



portion of said first port portion and through said inner gas volune into
the source chem cal and through which |iquid phase reagent can be di spensed
from sai dweppavesirs, sai d di ptube having an outl et end IPotatseaogesrer al |y
vertically and exteriorly fromsaid first port portion and an inlet end

| ocat ed generally adjacent to the vesseBobottomwall nenber; said first

port portion having interstitial space between said tube and said port side
wal | menber through whi ch said inert gas can be fed to the inner gas vol une

fooer. saca 1 intidgfiEE bort BaRbRYRRE 3R i MRS iR B o Re RO ldlE 1

connected thereto; a’ilrintﬂﬂgiislfeg@-ﬁné @&@hdmglﬁoﬁnh@ﬁﬂtt@sfdfe@rimltehﬁttmgert gas feed
inlet fitting upwardly and exteriorly fromthe third port portion for

delivery of iuRwitdlyard pxiedprbhgomihethirdmoyigiogien or delhecry,abgert 223 W0 i nert gas
feed line Co@ﬁeafnwrfwv@mﬁlefb%& e&!e%§ 1 h@YHEO 0 %Srf@é MR Bcatdife édér}{heh%f control of

flow of the inert gas theret roug sal e havi ng |qU|3 phase
r eagent outIéknﬁ¢mﬁmmgdc®ﬁmenmﬁﬂcbh@mﬁﬁdmwamdhanhnqysdwphh&mgheagent

di scharge line exten m.t he I| iid phase re outlet fitting
upwardl y and exterﬁ@#‘¥8WL6ﬁ?Wﬂ%a#¥W‘ 8??35349W%% %m%%%m% of 1iquid
phase reagent,dLgmjde interior volune of the vessel, the liquid phase
reagent discharge’ line optionally containing a I|qU|d phase reagent fl ow
control valve thereﬂmnﬁ@phm@m@@@mxbﬁmﬁh@dnﬁﬁxwh@ngm@m1dwﬂhmshﬂmaagent

t her et hr ough; hase reage t ai d hase reagent
di spensi ng aﬁﬁ%ﬁ@ﬁﬂgg{ﬁgyg F@Hﬂgﬁ? @ﬁggyﬂ’ﬁ t@%ﬁ?%p%%ﬁgggnéﬁénlcal in
said |iquid phaseloeagEphcspRRat ﬁgmaﬁ@ﬁﬁ&{dﬂ&otm@ofttﬁém@s@at thegiqaf {1 Ci ent
to melt the solid source chem cal rovide |iquid phase reagfnt (d)

feedi ng an i maase rgeaent gisehased lend qpqlon@l ganipg adignid pliaspeaginigloappar at us
U SO R Ll 0 (VDR AR, o0
said liquid phase r@ageaddindiligaligihgs: tehfdt to said liquid phase reagent dispensing
apparatus;
(¢) 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;
(d) feeding an inert gas into said liquid phase reagent dispensing
apparatus through said inert gas feed line;
(e) withdrawing the liquid phase reagent from said liquid phase
reagent dispensing apparatus through said tube and said liquid phase reagent
discharge line;
(f) providing a vaporization apparatus comprising:
a vessel configured to form an internal vessel compartment to vaporize
the liquid phase reagent;
said liquid phase reagent discharge line connecting the liquid phase
reagent dispensing apparatus to said vaporization apparatus;
a portion of the vaporization apparatus having a carrier gas feed inlet
opening through which carrier gas can be fed into said vaporization apparatus to
cause vapor of said liquid phase reagent to become entrained in said carrier gas to

produce vapor phase reagent;



(f) providing a vaporization apparatus conprising: a vessel configured to
forman internal vessel conpartnent to vaporize the |liquid phase reagent;
sai d |i guwo 2ptwases7seagent di scharge |ine connecting thePCirgisea9opbizee
reagent dispensing apparatus to said vaporization apparatus; a portion of
t he vapori zation apparatus having a carBiVer gas feed inlet opening through
which carrier gas can be fed into said vaporization apparatus to cause
vapor of said |iquid phase reagent to becone entrained in said carrier gas
to produce vapor phage,reangnt, & Dohibl ofh.0l.d (% APOLLE BhI Q0. ARpar at us
havi ng a vapor phasé?re g%n o1&t %p I'ng %%ro WS BR™os & vapor phase
reagent can batlei speeigekioligiowhiaisdidwaper prast icaperappabatidfensad Gdfdaly gas
feed line extending fromthe carrier gas feed i1 nlet opening exteriorly from
t he vaporizaﬁ?ﬁ%“@gﬁ%ﬁﬁﬁﬁ§u$or delivery of carrier gas into said

vapori zati on appar -z i f ine. LAk e.Qr nore
carrier gas flow cgatr#r%% ré)lgFé\;egé}{nte%;e(tregla%gff%?gaﬂgnctgﬁgﬁ%g% Pelte{i]g\{/iv&oogjgt%ﬁg carrier
gas t her et hr exghiprlgfichnathe apporijahias eppaeagefir ddiisehaf garibi g iewtseiddi ng from
t he vapor phase reagent outlet opening_.exteriorly.fromthe vaporization
apparat us f or aPQIHR aparafp e ﬁwa%rega?é%%éw PRIBIHAESTF QFAPAIF ICFANT 8

apparat us 10 Ral hntiePPalLd REHBIPSrol bPAoW I Me RRASS AL BREGMough.SRar ge

line optionally containing one or nore vapor phase reagent flow control
val ves therein for aapor phasotcagbnpwlisshangh ding apiondiph v theagpertphiaseer et hr ough

(g) feeding the |iqui hase rea i nto sai.d vaporizati.on apparatus; (h)
okt | ng t ha rrsT L baE R Raorn i BBt ARP bR e RRE ] o
temperature sudpdr Iﬁﬂa%‘ﬁe_a%éht YidROdal & RapohiBatidnClippraRRAS Saifl @8gRMont Dafbeyi de sai d
vapor phase reagent; (i) feeding a carrlezw%as into said vaporization

appar at us t hitlugipos phase eepgentetischargelise @ptiomdly coptpining piehr Ginorg veper vapor
phase reagent hg&qe%g%é{ h&W cggtzolrviraﬁvgs ﬁ%‘ﬁ%n\f&pc%rn{rgf%fl B3 BPRATALHS Rk ough said

vapor phase reagentodi scharg
reagent therethrough;

(g) feeding the liquid phase reagent into said vaporization apparatus;

(h) 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;

(1) feeding a carrier gas into said vaporization apparatus through said
carrier gas feed line;

(j) withdrawing the vapor phase reagent and carrier gas from said
vaporization apparatus through said vapor phase reagent discharge line; and

(k) feeding the vapor phase reagent and carrier gas into said deposition
chamber.
The method can further comprise:

() contacting the vapor phase reagent with a substrate, optionally on a
heatable susceptor, within the deposition chamber; and

(m) discharging any remaining effluent through an effluent discharge
line connected to the deposition chamber. The deposition chamber can be
selected from a chemical vapor deposition chamber and an atomic layer

deposition chamber.



(k) feeding the vapor phase reagent and carrier gas into said deposition
chanber. The nethod can further conprise: (1) contacting the vapor phase
reagent Wohow/Sedrstrat e, optionally on a heatabl e suscepraso00iotizon t he
depositi on chanber; and (n) discharging any renaining effluent through an
ef fluent discharge line connected to the8deposition chanber. The deposition
chanber can be selected froma chem cal vapor deposition chanber and an
atom c | ayer deposition chanber . [0158] In operation of the system descri bed
above, sourc e n e and a nert s is all owed
to flow thr oﬁ%ﬁkﬁh 1%088“‘ 1098%%%5&6?“.‘18%“#’ 3? Qe R Cheml?al s eddp openi ng
and into the théWi8kclgas aﬂﬁiewgasaémmveﬁh@ﬂbwhrd gkﬂﬁie 1h@n pieksdilihe® thbe inner
gas vol une above the fill level. An inert | ow control valve controls

the flow of Rt gasdred ighes openane angd lar%t@ﬁarrtjéaas yalgme plovierthe fill devsl 9ol une
above the filf.Jd& xz%lthe [ %5%4% vOilfnd Ak GhPR ‘%ef CRYAT gggﬂgbvsc%ﬂ Bﬂed from

t he vessel tﬁroug T qui ase reagent out et openin I'p tube) and
the liquid phasecbmmgeﬂmfﬁnsohﬁ&gmxigmehmThasﬂmqudmmhhsembeggent is flowed
in the |iquid phas req%aﬂi ischarge line to the vaporization apparatus. A
| i qui d phase YP itk ol val ve controls the flow of the I|qU|d

phase reagenfo{dsgt TR ﬁdu?d‘ﬁl@as& ?ea"g@@c 1Y 8RO ZH AR tRPRAEA S ugH P In

vapori zation apparatus, the |liquird phase reagent is vaporlzed 0 forn1a
source vaporphmwrth3n5mbk$qp@nmg&apampddpbsmiﬂmmmppbﬁa$¢mngmﬁhe

vaporization ara o, receive a arrle r conbi |ng with or
Shroudi g ¢ nérEBEE NG 2 DBy i3 ahtEaciyy B gERel it ThsRid Rt Rt "anase
reagent. Alt Qlﬁé@ﬁ&ﬂgé’ &h¥ to thB®asPatien YRS tudray hq@ldmma @t FIBR dampst r eam
vapor deposition operation in neat form In any event, the source vapor

from vapor i zaeivesonispathetfley pEthe|liguiscohese wagnt thap srlgsteide theagent  di schar ge

line to dep05| In the deposition chanber, the vapor phase
reagent is dep%hggnﬁgoﬁgﬁ&y%e waf er or other substrate el ement that is

mount ed on a [BE6] alth & apositivRbEp@itu el qui® phisc $Edpdnt i K &porized 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.

[0161] During this operation, the source chemical fill level in the vessel is
detected by a source chemical level sensor. It is important to know when the
liquid precursor chemical inside of the vessel is close to running out so that it can
be changed at the end of a chemical vapor deposition or atomic layer deposition
process.

[0162] The source chemical level progressively declines and eventually lowers

into the sump cavity to a minimum liquid head (height of liquid in the sump



Ef fl uent vapor fromthe deposition chanber is discharged in effluent

di scharge line. The effluent may be passed to recycle, recovery, waste

t r eat mrentwodnepssxb, or ot her disposition nmeans. [0161] PDuRiSRg9tobi261
operation, the source chemcal fill level in the vessel is detected by a
source chemical level sensor. It is inpéPtant to know when the Iiquid
precursor chem cal inside of the vessel is close to running out so that it
can be changed at the end of a chemi cal vapor deposition or atom c |ayer

deposition process,, [,0162]. The squrce chem cal |evel progressively declines
andovent ual 5 Pou PR EntHE SO SRR G e S BN AT ok (et o

of liquid in sbiec shummicaMbtdl signaltbywhidubicendienlical ke clcRAtingkigpilocessi ng uni t
recei ves a correspondi hg sensed source chem cal |evel signal by a source
chenical | evélangBKSPAHNG| FharfentiahproaessdigdmitrPiRensivelx t@asitsd cyitgéessi ng
unit respons 's?’%%lab’intarc%ﬂﬁm &%ﬂx&ﬁﬁﬁi‘é&@ Fh&f&athe Ldlrigr gé%’ﬁofv&’&orﬁf Dalbe ¢

t ransm ssi on ne to the carrier gas ow control valve to close the val ve
and shut of f ctdse tid alwveodndchunt df€thegflsy bhcadrtier gae ssthk vessl] aad slsoconcurrent |y
transmts a control signal.in a contral signal trapsmssion line to close

Sl
the 1iquid pRASEITRUEEARSTI P PigRalyap ROl g ERLTABTESI R Bw of 1 qui d
reagent fromddie agRfd phds@ A3kt RO eorfid LRGe D sRur@Rrhaitodof 1dik

tenperature of the source chemcal 1 n vessel is detected by a tenperature
sensor. |t i scdgepiofreramic Yassaloni tor the tenperature of the liquid precursor

chem cal insi f the vessel. to control the vapor  pressure. If .the
Cenper at ur o ofTEhe ABTrdERE P Baronh PHempeebEf SheBRE EBsmtidh or ¢ oo
| ow, the centkgl] RUCELRIILNG tbitbérafRE &INVES 1RisGRPbASAN fHoRfos@psed
tenperature signal by a tenperature sensing signal transm ssion line. The

central procéygspagturagfithe Bewe medovesioy chamipd iside of thoressel tosprfralith¢ n a
ol o | . et o i .
controt si gn%a%&;ﬁ@s%mé ﬁf%g _té%e%%tﬁfe c?fﬁcgg dré‘egcé{éﬁﬁé‘a? it fhe &&%ﬁ@%‘%m%ﬁ | hcr ease

t he tenperat ur s require 1 qui ase reagent dispensing

appar at us of tédhighioRuRNbivothetBtrdlHroteeding udidfeceivepLostdigomfing &agant s such
as precursors used in chem cal vapor deposition, atom c | ayer deposition
and ion i npl dSMRRMYFE sggl&l; by @damperature 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 or increase the temperature as
required.
[0164] 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,
[0165] and can achieve a high level of withdrawal of liquid reagent from the
vessel. See, for example, U.S. Patent 6,077,356.
[0166] In another embodiment, this invention relates in part to a method for
delivery of a vapor phase reagent to a deposition chamber comprising:

(a) providing a vapor phase reagent dispensing apparatus comprising:
a vessel which comprises a vessel top wall member, a vessel side wall member
and a vessel 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 single port capable of receiving a carrier

gas and dispensing a vapor phase reagent;



[0165] and can achieve a high level of withdrawal of |iquid reagent from
the vessel. See, for exanple, U S. Patent 6,077,356. [0166] |n another
enbodi merwp 20twesei7aventi on relates in part to a nmethod Pom/usednowes2gr of a
vapor phase reagent to a deposition chanber conprising: (a) providing a
vapor phase reagent di spensing apparatu$Oconprising: a vessel which
conprises a vessel top wall nenber, a vessel side wall nenber and a vesse
bottomwal | nmenber configured to forman internal vessel conpartnent to
hol d a source chem'sca;l1 ﬁ%ﬁ toﬁgrﬁiIhbhg%ﬁ&igngit%ﬁad%g&qugl5¥ﬁgefhne an

i nner gas vol une above THe PP Vv ere salémt§5 wal OB Ef havmﬁg a single
port capabl e poftiohek@indinggreaci@lly Mekicaltpsn dnderibrBpfedsa isiig tep walaicnida e
reagent ; sai d single port having a branched configuration conprising a first

port porti on SeSANERAFtIGriavREending sraetaly Arigomaly awketsriprvframn i gt t op
|1 nber, d . : . . . q
e oo pBr BN RPL InRldH AiGX LABNG  IRATLAHNcNPLhAQMEALRY. a7

exteriorly from'sai I'rst rtion, a ort portion extending
general |y verftoncsdidl yecand pestipertiont | y from said second port portion; said

first port portion having a port top wall nmenber and a rt side |
menber, said port ﬁ@ﬁi%ﬁf@mﬁgﬁﬁg?kﬁﬁ9gﬁ@oﬁﬁnbﬁéﬂpﬁﬂﬂFﬁP@ﬁ@ﬁ?@ﬁﬁEN’ t ube
extends; sai dydhe, Gxf ﬁd?gﬁptvb‘ilﬂﬂ&ﬂbé’r H&%ﬁfglra%' dp}énilng ‘El%ﬁgh RAfchiaqfbof said

first port portion into said inner gas volune and through which a carrier
gas can be fedtchdt;0 said i nner gas vol une above the fill level to cause

vapor of said source.chem cal,tp becone entrained in said.carrier gas to
broduce vapor phascaEHGERYEnsd e AAHETPIGAT THTeL LA TBLEY b

general |y verbittsl iht saitinfetdk vofumé dndARtosgh dhfdhraSdari@idas B 6d 8 i@gd an
outlet end located in said inner gas volune; said first port portion having

interstitial saigdeecrigas velomeshow thabidl layad teedude penor o8 palé sqyare chresiipdr t hr ough

whi ch said v nt can be di spensed fromthe i nner gas vol une
of said vess%F?&§§?%%%ﬁ%§8%gving a carrier gas feed inlet fitting connected

t heret o; said carrier gas to produce vapor phase reagent, said tube having an inlet
end located generally vertically and exteriorly from said first port portion and an
outlet end located in said inner gas volume;

said first port portion having interstitial space between said tube and said
port side wall member through which said vapor phase reagent can be dispensed
from the inner gas volume of said vessel;

said tube having a carrier gas feed inlet fitting connected thereto;

a carrier gas feed line extending from the carrier gas feed inlet fitting
upwardly and exteriorly from the tube for delivery of carrier gas into the interior
volume of the vessel, the carrier gas feed line containing a carrier gas flow control
valve therein for control of flow of the carrier gas therethrough;

said third port portion having a vapor phase reagent outlet fitting
connected thereto; and

a vapor phase reagent discharge line extending from the vapor phase
reagent outlet fitting upwardly and exteriorly from the third port portion for
removal of vapor phase reagent from the interior volume of the vessel, 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;



a carrier gas feed line extending fromthe carrier gas feed inlet fitting
upwardly and exteriorly fromthe tube for delivery of carrier gas into the
i nterior wolzarmsed7eét he vessel, the carrier gas feed |ineCrarst@o0632gl a
carrier gas flow control valve therein for control of flow of the carrier
gas therethrough; said third port porti éh having a vapor phase reagent
outlet fitting connected thereto; and a vapor phase reagent discharge |ine
extending fromthe vapor phase reagent outlet fitting upwardly and

exteriorly fromthe,third port rtion . for..removal of vapqr phase reagent
From the 1nterior ol uiddsE SireP PR g GfiPestsul P BRI schar ge
| i ne cont ai niapgaratuy;apor phase reagent flow control valve therein for

control of flow of the vapor phase reagent therethrough; (b) adding source

chemical to said vdpbr hsangehe seusenehcaticy dh i yangs Parstgagent SFPEEdELi ng t he
source chem %gf?afrhtﬂs R %nﬁ)%%ﬁregﬁﬁﬁ?enﬁ Rl RRGREE @%ﬁ%%g{rﬁ&gdé 0 a

tenperature s Icrent t0o vaporize the source chemcal to pr e vapor
phase reagentvapdrhhaferedgangg a carrier gas into said vapor phase reagent

di spensi ng apparatu tgrough sai.d carrier. gas feed line and said tube; (e)
wi t hdrawi ng t he vadﬁ? FRALIE ¢ eUeingas dME SEd R PIGESTPEOHIERF Y REapor  phase

reagent _di Spapsiis ARARIIALIPCAAEUITAIM MaRAY BRase reagent di schar ge
line; and (f) feeding the vapor phase reagent and carrier gas into said

deposi tion chanber .(e] 0 ¥6H#drafhieg thet Vapdr plaase faageniend camgr gasefrorigdidcont act i ng

t he vapor phase reagent with a substrate, optionally on a heatable

SUscept or . wiERIPE e gED SRPR ST B RaHBLR. M RHE CHY YR BRAR PG hny  emi ni ng
ef fluent thr Qu@hagpligéfdndent discharge Iine connected to the deposition
chanber. The deposition chanber can be selected froma chem cal vapor

deposi tion chanber (&nd feading thaiveparapfase rgegros ind eanriereanbde said deposition

chamber.
[0167] The method can further comprise:

(g) contacting the vapor phase reagent with a substrate, optionally on a
heatable susceptor, within the deposition chamber; and

(h) discharging any remaining effluent through an effluent discharge
line connected to the deposition chamber. The deposition chamber can be
selected from a chemical vapor deposition chamber and an atomic layer
deposition chamber.
[0168] 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
source chemical. A carrier gas flow control valve controls the flow of the carrier
gas that is discharged into the source chemical. Vapor from the source chemical
becomes entrained in the carrier gas to produce vapor phase reagent.
[0169] The vapor phase reagent is discharged from the inner gas volume
through the vapor phase reagent outlet opening and the vapor phase reagent
discharge line.
[0170] The vapor phase reagent is flowed in the vapor phase reagent discharge

line to the deposition chamber. A vapor phase reagent flow control valve controls



[0168] In operation of the system descri bed above, source chem cal is

pl aced in the vessel and heated to a tenperature sufficient to vaporize the
source chegizosloseCarrier gas is allowed to flow throughPChase@9ns3n1 gas
feed line to the carrier gas feed inlet opening and through bubbler tube
fromwhich it is bubbled into the sourcézchemical. A carrier gas flow
control valve controls the flow of the carrier gas that is discharged into
t he source chem cal. Vapor fromthe source chem cal becones entrained in
the carrier Sqlo oduce wvapor phase.reageni. .[0169]. .The, vapor phase
eagent 1< orBonal sRlRFERy RS IR G L0 ot aRi R BBEL R phace
reagent outl elic @4poKitiog caaﬂbdrhtﬁewammrph@m‘é@gdheagﬁ bsidt satahgealdriog. [ 0170]
The vapor phase reagent is flowed in the vapor phase reagent discharge line

to the deposiothessubsfiaterrdement thas forowHeden  Bagjee subsgarccspthcsmopat ve
control sthe f f LSy .

deposi tion cﬁgﬁ 3&:fﬁﬂﬁ?ﬁ39@3535???6%$§%§§%Q%Eﬂ%ﬁ3935%%&§gﬁ%ggﬁgg%gent i's
deposi t ed ontdischinrge Wat.eThocfflatitanayshdysissat to redyelerdcotdrat wasse reasmeetd on a

heat abl e substraéﬁ or other mopunt structure. Effluent vapor fromthe
deposi tion cKiRE. TOhRr RIPYRY™MEA S f | uent di scharge |ine. The ef fluent

may be passeqoiq)r W&A_/g%is&%%?a‘ﬁ%ﬁ)fth,e VartEctidnfigd TRNMbvel $h BRARJC1 jsor ot her
di sposition neans. [0171] During this operation, the source chem cal fil

| evel in the dewsdlbyiasodetebetmablgve ssmor.cl icherireal tolkevel wisartbor . It is
i nportant to know when the |iqgui. cursor.chem cal inside qgf the vessel
Sl ose. t o HoRR RrgtE T cBEmicn it ie BE R RS iEGRS Binntrieo B e Mot Miknern cal

vapor deposi theQRarted at Michd bEY SherfiRPIOSIHbE %oﬁ’i’ﬁ@ﬁ@ﬁ@tom-f@ﬁ%rém&ﬁ)ﬁﬁtﬁ@em cal

| evel progressively declines and eventually |lowers into the sunp cavity to
a mni mum | i gueaEsheky sehecghemistl levejuiregrpssivehedeslings aghvaveytpallalowgrs ch poi nt
the central SSi uni Gcel ves.a Gor i sen source chem ca
| evel signalq@§%%3§b r%QQXE%%58%?“&@&@W8§E%§ﬁ%§ﬂgPS%%PSP?§%§HI§sion i ne.
The central preegssiwtgciipsiht thesears prekikitg @isiitdiscstn @RRbp@ldirgl @Addd i n a
control signal transmission line to the carrier gas flow control valve to
cl ose the valsowcagkenaikptlov pignpldyrg spresrehemyigal tovclywasipg sighel vessel , and

al so concurr ‘?ﬁ%}l%]r}e{is%igﬁ‘ﬂﬁg" i Ber®ANproBLssfig MR redfindvay MahGhitsd Gditol

transm ssion
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.
[0172] Also, during this operation, the temperature of the source chemical in
vessel is detected by a temperature sensor. It is important to monitor the
temperature of the liquid precursor chemical inside of the vessel to control the
vapor pressure. If the temperature of the source chemical in the vessel becomes
too high or too low, 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 or increase the temperature as
required.

[0173] The vapor phase reagent dispensing apparatus, ¢.g., bubbler, of this

invention may be useful for vaporization of liquids and solid materials, e.g., liquid



cl ose the vapor phase reagent flow control valve, to shut off the flow of
vapor phase reagent fromthe vessel. [0172] Also, during this operation,

t he t enpewetzarosef’et he source chem cal in vessel is det@ecras2@y/06e3201
tenperature sensor. It is inmportant to nonitor the tenperature of the

| i quid precursor chenical inside of the4vessel to control the vapor
pressure. If the tenperature of the source chemcal in the vessel becones
too high or too low, the central processing unit receives a correspondi ng
sensed tenperajure, signal by .a t rature sensing.sigpal. tranpsm ssion
ine. The certt SCRsEEIs e TP ELRIHL FoRFI RO IE ARG i B o s gna

in a control dspeitedn dnddos ithplantation pidecdses. Bk cRGnPIEANS . P@rchlecr ease or
increase the tenperature as required. [0173] The vapor phase reagent
di spensi ng apgd’eX8H2-e. g., bubbler, of this invention may be useful for

vapori zation &6?{74']i %iaﬂ%nﬁa’aﬁirﬁéﬁ't bR EL RS an &g om+t51%9ic91glggu§c9i'si d source
reagents used I n chem cal vapor deposition, atomc [ayer position and ion
i mpl ant at i on cprpbgyed $ie sapoBehascidepogti@mptleniqids Sor fBahmgtpor;dek/ fiBB8oB2. [ 0174]
In an enbodi ment of this invention, an organonetal lic conmpound i s enpl oyed
in vapor pha§8aterb%;§o§§*? P%p?%@%ﬁ%ﬁ@?pﬂwd S A MR YT CUOF Phanghe

coatings. TheGPRIBAYBGRRBnOS BOR ANEDraRrdrs Fh§akRUL AR vﬁﬁgcﬁc ursor or can
be used together wth one or nore other precursors, for instance, with

vapor gener atgetkerhigd bgdtitmy aicaseastotbmerginoectab gamprend ok imstat onpound or
nmet al conplex.ﬁ% 175] Deposition can be conducted in the presence of other
vapor phase &8 ents. In an enbodi nent of the [0176] invention, film

deposi tion i ormpduséRdition chiBe BéRHERE S M Résch@aSHotRiSapSphagact i ve
carrier gas. Exanples of non-reactive gases include inert gases, e.g.,

ni trogen, ar gompopRilty. umangsbpdimeraof heher gases that do not react with the
organonetallwﬁ}ﬁﬁrgr%ggm rﬁﬁ#&?%@ﬁ%ﬁﬂ%%glﬁﬁ%@ﬁﬁg@%ﬁ%&&%%@%tkhgp %her

enbodi nment s, eposition s con sence o east one
reactive gasnofee@tiof cirfier 8adHxhinglcdas asn-tdiativegichdcRidp iyeghsés)elgude but

are not limted ) )
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 (N20), water vapor, organic vapors, ammonia and others. As known in the
art, the presence of an oxidizing gas, such as, for example, air, oxygen, oxygen-
enriched air, O3, N20O or a vapor of an oxidizing organic compound, favors the
formation of a metal oxide film.
[0177] Deposition methods described herein can be conducted to form a film,
powder or coating that includes a single metal or a film, powder or coating that
includes a single metal oxide. Mixed films, powders or coatings also can be
deposited, for instance mixed metal oxide films. A mixed metal oxide film can be
formed, for example, by employing several organometallic precursors, at least one
of which being selected from the organometallic compounds described above.
[0178] Vapor phase film deposition can be conducted to form film layers of a
desired thickness, for example, in the range of from less than 1 nm to over 1 mm.

The precursors described herein are particularly useful for producing thin films,



to hydrazi ne, oxygen, hydrogen, air, oxygen-enriched air, ozone (03),
nitrous oxide (N20O, water vapor, organic vapors, ammonia and ot hers. As
known i n wbheoavases7bhe presence of an oxidi zi ng gas, suclrCagis2dooneranpl e,
ai r, oxygen, oxygenenriched air, 03, N20O or a vapor of an oxidizing organic
conpound, favors the formation of a meté&f oxide film [0177] Deposition

nmet hods descri bed herein can be conducted to forma film powder or coating
that includes a single netal or a film powder or coating that includes a

single nmetal oxide. .M xed i%ns .powders or. cogtings alseo c be deposited,
For | nst ance ‘it 18 bl PR EIER R hsf P Rk L pfo o i En “be
formed, for eXxamplfe, by enpl oying several organonetallic precursors, at

| east one of which being selected fromthe organonetallic conpounds

descri bed abd®¥791] chipgpvoptiperiopinagacs crmbiepisiicraddar BhrcHBeBrauct ed to
formfilml a%fercﬁoﬁ)gs, f ﬁﬁdlﬂﬁ%}%mhﬁm%alfefgcgg&%qﬂ llc%&c,'a@ c%é‘a%it&ange of from
mm escri b

| ess than 1 nmto over e precursors herein are
parti cul arly cicsebdds fboDRpM dpglicagohd)iand &4 dinkcteicanatedidls.ns havi ng a t hi ckness

in the range from apout. .1 nmtqo abqut 100. nm Fjl of [0179] this

i nventi on, f&?{qor]lst_ e@powp Bethog aliederader Pieatshy éiffir?fb%lr‘?%% al

el ectrodes, iyheRaA bl leht &0 BB tHA1HRANMREL Bk & @SiPolfBR. ERathPRL6f aS
capacitor el ectrodes for DRAM applications, and as dielectric materials.
[0180] The dépmsid filoningkidhodtalismldter-smitadutior, qpd epdaliingnldtasrmectdl fil ns,

wherein at | t of the | ayers differ in phase or conpasitian. Exanples
of I ayered 1 AP noltiqaera e comae s Tee eI G igd i alorsic o

net al - i nsul atigfer A8Rltion] &kBdital Thfordcfadi@ed 2 hlor€ sfeelRau dn RiLastpaRics can be
enpl oyed in atom c |ayer deposition, chem cal vapor deposition or, nore
speci fi cal | y che¢micakyapobaenmsition pheasbssaknewip 8y thgegodior instangs. deeesses known in

h . For | . I ]ic. i bed
anove can'be CARATT s ISR EP PR TBLR e S TR s B ko SR

vapor deposi tak QRIIRK HCRSSESssuld) ShEDIPIOLIPEL dGakitibe pedtebsey.eThd torhgdundgl |
chem cal vapor deposition, a method in which the entire reaction chanber is
heated, as wsRR bggmpleyedmghaswalghemigal vanoy depeskiam 8 glethodisviddpbsi ti on, a

techni que in phiGh, ORh¥hilBerSYRSEERLE W 0 H Qd BERLET wall type chemical

vapor deposition, a technique in which only the substrate is being heated.
[0182] The organometallic compound precursors described above also can be
used in plasma or photo-assisted chemical vapor deposition processes, in which
the energy from a plasma or electromagnetic energy, respectively, is used to
activate the chemical vapor deposition precursor. The compounds also can be
employed in ion-beam, electron-beam assisted chemical vapor deposition
processes in which, respectively, an ion beam or electron beam is directed to the
substrate to supply energy for decomposing a chemical vapor

[0183] deposition precursor. Laser-assisted chemical vapor deposition
processes, in which laser light is directed to the substrate to affect photolytic
reactions of the chemical vapor deposition precursor, also can be used.

[0184] The deposition method can be conducted in various chemical vapor
deposition reactors, such as, for instance, hot or cold-wall reactors, plasma-
assisted, beam-assisted or laser-assisted reactors, as known in the art.

[0185] Illustrative substrates useful in the deposition chamber include, for

example, materials selected from a metal, a metal silicide, a semiconductor, an



[0182] The organonetal | i c conpound precursors descri bed above al so can be
used in plasma or photo-assisted chem cal vapor deposition processes, in
whi ch t hewenerugpes7Toom a pl asnma or el ectromagneti ¢ ener gPCTIUS@RO6320El Yy, S
used to activate the chem cal vapor deposition precursor. The conpounds

al so can be enployed in ion-beam el ectfbn-beam assisted cheni cal vapor
deposition processes in which, respectively, an ion beamor el ectron beam
is directed to the substrate to supply energy for deconposing a chem cal
vapor [0183] .d ecurson. Las d che or deposition

processes, iﬁmﬁﬁt%ﬁmﬂgggﬁﬂ?] ?ﬂ Aﬂ?? gfgas?&nﬁ%%aéhggP?a?b ‘0 affect

photol ytic rﬁ@ﬁiplﬁ@%f@tﬁbs’trh@s meaaxptad coatRUmlefns tHel Rpofifi@cmetiod, al so can
be used. [0184] The deposition nethod can be conducted in various chem cal
vapor deposi Qv selid subsirates sueh apgmetplpyubptidesa e Alndt TorCeditdlasamgtal

reactors, plagpass %8@%‘% b%?g% 3815 L6flic ﬁddc?o?%atéﬁeﬁ% %tge‘%lr %%t g;'éu'i as

known in the art. O rative su strates usef’ul eposition
chanber i ncI unle, dlstrmsndemm;lSﬁ: 1maﬂaztmtsada 8., SE B S, FHOD, Eams,aékl,ZOa net al
sui ci de, %nlconductor. anl(%% tor .and a garrler terial. A preferred

substrate i s PATPRSITApHEY oAk d%ﬁ?@gnﬁ@“ Bl5str Bted 2MhEE %% an be coat ed

enpl oyi ng t hg,pleRasidd: iRl dathitdohydemsRtihd. SHERHGG, $8mS BEAR @Et aI
substrates, e.g., Al, N, Ti, Co, Pt, Ta; metal suicides, e.g., %

CoSi 2, Ni Si 2 calsbﬁfm‘mad@otgdass,mtmmalp@,sn@ therm@ict p&y@rlcmﬂtam 212l onh armnd

GaN, S C t 1203, h
Soront) o 11 kRSt Fim LS erarin Rapalred Sboai AR Rym e dasRiong S op ™

substrates tRabstiaRClsddeh e HMnlBchROSr frlocEBInGrof dlcgtrohib caMgbidn@.Inf i | M8 or
coatings can be formed on glass, ceramcs, plastics, thernoset polymeric

materi al s, a@&leéﬁmbpdﬂ@rentswwbtggteoté employed tpysupBOTt R A0V r¢isiVEY certlustitodi ment |
fi1m deposi tiQ osnsth{&'ls ?tﬁt?l%?ﬁ]heap &e nﬁée dodfan't}x‘icﬂzerr&?ﬁ% qgr%]'?%rgtu% offpocessi ng of

el ectronic co oyed to
support a | owptiegiystdnymitying 6ikduct or deposit that is stable in the presence
of an oxidizer at high tenperature or_an optically transmtting film
[0186] The ddBbdltiBis depes @p@ﬁﬂws(sa%taﬁa%f $dite derRosB i flmorr 3 subsic a

substrate thaf, has, dnSoRORLsufth@ 11Uh"ARGdindAL AR HARRHITEMuckA method i

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

instance, the method can be conducted to deposit a film on patterned substrates
that include features such as trenches, holes or vias. Furthermore, the deposition
method also can be integrated with other steps in wafer manufacturing or
processing, e.g., masking, etching and others.

[0187] Chemical vapor deposition films can be deposited to a desired thickness.
For example, films formed can be less than 1 micron thick, preferably less than
500 nanometers and more preferably less than 200 nanometers thick. Films that
arc less than 50 nanometers thick, for instance, films that have a thickness
between about 0.1 and about 20 nanometers, also can be produced.

[0188] Organometallic compound precursors described above also can be
employed in the method of the invention to form films by atomic layer deposition
or atomic layer nucleation techniques, during which a substrate is exposed to
alternate pulses of precursor, oxidizer and inert gas streams. Sequential layer

deposition techniques are described, for example, in U.S. Patent No. 6,287,965



deposit a filmon a substrate used in wafer manufacturing or processing.
For instance, the nethod can be conducted to deposit a filmon patterned
subst r at e¥0O2hB0565761 ude features such as trenches, hol e®COMUSLIQH63201
Furthernore, the deposition nmethod also can be integrated with other steps
i n waf er manufacturing or processing, e#4§., nmasking, etching and others.
[0187] Chem cal vapor deposition filns can be deposited to a desired

t hi ckness. For exanple, filnms formed can be less than 1 micron thick,

preferably | ess.t 0. qan nd,.more preferably . | ess than 200
nanoneters t I‘EIIII@ K Bﬁ?lpsﬁgq ﬂgté)g%ﬁ gs@let%gclr?lo%lb Snog’:%[:lrleqaé%%s thi ck, for
i nstance, fi lifgrpdratkd hancth By telidrehdras shddednean about 0.1 and about 20

nanoneters, also can be produced. [0188] O ganonetal lic _ conpound precursors
descri bed abd¥E39% Jorexpmple. Braye giapcilayct Aeposionsaclssa spstrgtadent i on to form

films by atomg. l.ayer.de Ll I ] ; I L ; L ques,
duri ng whi ch%ﬁossﬁg’slfl rsgie Spﬁggh{gkg%é@da olplg]s 1‘?5%%2’?? énep Sé‘%gﬁ%@ ¢ B%eggﬁrmsor,

oxi di zer and vapat t) gas gsd; raddpoxiSaay atnt al tdgasher witkpiosi gdsorin pachali ques are
descri bed, for exanple, in U S. Patent No. 6,287,965and in U S. Patent No.
6, 342, 277. TRECHHIER tRFBSIOR abot h patents are incorporated herein by

reference inhiwr ROLifh¥nt iRIRRhit TOL. AHAMRbRLs) hiti ANBn@hOMe Hro@YET

deposition cycle, a substrate is exposed, in step-w se nanner, to: a) an
inert gas; b)yequmes {c.gasvaalrscgomly opmecwiesoThe dpoitipn of onheyrcle gade aand d)

oxi di zer, alope or together with inert. gas. . ln neral , each ste an be as
ahor t "6 [ 01081 PhEBETPRTAN PTE BaprES 2hg oS5 FrPietariigs TarerEs | ong
as the procesgatlc@tink€$rofifa bw SANEL3b hs@GOPds HOdidcaLhe S a fhiie duration of
one cycle can be as short as mlliseconds and as |long as mnutes. The cycle

is repeated awermeiciydhingy thipkar, oanl miligectér@ma few ninutes to hours. Film
pr oduced Canmﬁ?fbﬁ‘ f”@n"g rﬂ%ﬁﬁgﬁ& ﬁfe otdmf'f'higrinvteﬂﬁ&kﬁqs a L Gl ddareter (nm.
and nethod o U

[0191] The ans I's i nvention AR VB M Ebst ant i al

advance in thévaict in ihd atth the Prividienofod sydtcsy folr 8tplP ind digpdnyingiod adi spensi ng
of a vapor or liquid phase reagent, which permts 95-98% of the volume of
t he ori gi nal VP oy Kerhagoisrg@tonbsh pamits Spe o of theredmaokthe appl i cati on

for which t h%riginally 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.
[0192] 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 the volume originally loaded into the dispensing vessel, and to re-
use the ampoules many times over.
[0193] Accordingly, the practice of this invention markedly improves the
economics of the source chemical supply and vapor or liquid phase reagent
dispensing system, and the process in which the dispensed vapor or liquid phase
reagent is employed. The invention in some instances may permit the cost-
effective utilization of source chemicals which were as a practical matter
precluded by the waste levels characteristic of prior art practice.
[0194] Various modifications and variations of this invention will be obvious to

a worker skilled in the art and it is to be understood that such modifications and



vapor or liquid phase reagent is selectively dispensed. The ease of

cl eaning of the two-part anpoule allows for re-use of these anpoul es beyond
what may we 2atowes3ted with t he one-part anpoul es. [0192] pCoruse@postongl y, in
operations such as the nmanufacture of sem conductor and superconduct or
products, it is possible with the nmeans4@and nethod of this invention to
reduce the waste of the source chemcal to levels as |ow as 2-5% of the
volune originally | oaded into the dispensing vessel, and to r e use the
anpoul es many t.imes over. .[Q1 ccor di nal e pract.ice t hi
Mvent  on marRedtg Rt R ER A RVt R aBURELOE e oy anc
vapor or |iquhds@pesefthiccagant di spensing system and the process in which

t he di spensed vapor or liquid phase reagent is enployed. The invention in
sone instances may permt the costeffective utilization of source chemcals
which were as a practical matter precluded by the waste | evels
characteristic of prior art practice. [0194] 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 andvariations are to be
included within the purview of this application and the spirit and scope of
the clains.Clains 1. A vapor phase reagent dispensing apparatus conprising:
a vessel which conprises a vessel top wall nenber, a vessel side wall

menber and a vessel bottomwall nenber configured to forman interna

vessel conpartnent to hold a source chemcal up to a fill level and to
additionally define an inner gas volune above the fill |evel; said vessel
top wall nenber having a single port capable of receiving a carrier gas and
di spensi ng a vapor phase reagent; said single port having a branched
configuration conprising a first port portion extending generally
vertically and exteriorly fromsaid top wall nmenber, a second port portion
extending generally horizontally and exteriorly fromsaid first port
portion, and a third port portion extending generally vertically and
exteriorly fromsaid second port portion;



said first port portion having a port top wall nenber and a port side wall
menber, said port top wall nenber having an openi ng through which a bubbl er
ext ends; weai2diondbisber conprising a tube that extends thirougis2a@dnesral |y

| ocated portion of said first port portion and through said inner gas
volume into the source chem cal and thréggh which a carrier gas can be
bubbl ed into the source chem cal to cause at | east a portion of source
chem cal vapor to becone entrained in said carrier gas to produce a fl ow of
vapor phase reagent to said inner gas(ﬁo%%pe above the fill level, said
tube having an inlet end | ocated genera%¥y-vertically and exteriorly from
said first port portion and an outlet end | ocated generally adjacent to the
vessel bottomwall nenber; and said first port portion having interstitial
space between sai d-t ube 59T $hisg repgent diFREESERPPHEHD EPMPIRTBZigh whi ch sai d

vapor phase r eage%tvegs%ﬁwﬁ?chdcio eRseydstd %Sﬁ D1 bR Qlav%sé’e? Li‘d?‘?xf.aﬂf sai d
p n cl ai

vessel . 2. The vapor ase reagent dispensing appardtus o m 1 further
conpri si ng: sandntizubhd evedsaMbaignaweldnfeider gadiguesidoifodnetn frt¢rhalngswbnnect ed

thereto; a carrier gas feed line extending fromthe carrier s feed inlet
fitting upmrcawalawgmészthe ao%quycefﬁ%s%wta Bp %Bﬁé?ver nd @éﬂdﬁv@fl%l%b@efﬁlgrn er
gas into the ahntRE LA viehEaBoR tht R 1Me$Sel . the carrier gas feed |line
containing a carri ér gas flow control valve therein for control of flow of

the carrier gas thederhkcbtogphyalbmienbetiavehgrovinglppoiticaprblacfimeeiangapor phase
reagent outlet fittin onnected thereto; and a vapor phase reagent

di schar ge | i N8I S ATESAERTIAS f AP P8 15REYE reagent outlet fitting

upwar dl'y and ext erhi@rsing]d 1?&[7115\@1%;&Bfah@hd%l(ﬂohﬁgéﬁfa{ib@E'orﬁﬂﬁsiﬁgﬂﬂﬂ}/s@!poﬂf vapor
phase reagent fromthe interior volune of the vessel, the vapor phase

reagent di scipartipa dxiandingagenealy nertigamput cxripsly fraragelditor walvmeorer.él  val ve
et or Sanl bl AP BRI ST AR, 2, ™
bottom wal | peripeftidnaanda Hirpoepdrtiyn theddhd gaxtaRdicagcatlo\whdaxdtiyrly
from said second port portion;
said first port portion having a port top wall member and a port side wall
member, said port top wall member having an opening through which a bubbler
extends;
said bubbler comprising a tube that extends through a centrally located
portion of said first port portion and through 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 located generally vertically and
exteriorly from said first port portion and an outlet end located generally adjacent
to the vessel bottom wall member; and
said first port portion having interstitial space between said tube and said
port side wall member through which said vapor phase reagent can be dispensed

from the inner gas volume of said vessel.

2. The vapor phase reagent dispensing apparatus of claim 1 further

comprising:



fromthe surface of said vessel bottomwall nenber. 4. The vapor phase
reagent di spensing apparatus of claim1 further conprising a carrier gas
sour ce cowpleti/ases7she carrier gas feed line. 5. The vapecTaisa@e/osxagent

di spensi ng apparatus of claim 1l further conprising: a deposition chanber
selected froma chenical vapor depositiéB chanber or an atomic |ayer
deposi tion chanber; the vapor phase reagent discharge |ine connecting the
vapor phase reagent dispensing apparatus to the deposition chanber;

optionally a heatabl cept.or contain i thi-n.the deposition chanber and
Tocated i h & recerviRCh B B GhaFRRCE bt Dl o nB R Sena oe

line; and an effl uentridigachad gae bxtordiag foacthedatrier piefesleposifitign chanber ;
such that vapor phase reagent passes through the vapor phase reagent

di scharge | i newarty ped exteahoipmdhe behbleHandrdiveryrofcapsn gatintaghen  a

substrate, opti : : ﬁﬂgi [ ffluent
i's dischargeg&%ﬂgghg%n?Egﬁgs?gﬁgﬁﬁgﬁﬁgﬁﬂ%%g%h?#ﬁgsag#l %%t odﬂ%g%“gelivery
of a vapor phasteolrabgeahércindoacaepdst flownf deanbér gaothprdtisiongh; (a) provi di ng
a vapor phase reagent. dispensing apparatus conprising: a vessel which
conpri ses a vesse%mgdﬁwﬁﬁgﬁpWQ dpving apgpaidphag H@gﬁﬁgPﬂﬁ%ﬁﬁ%% and a vessel
bottom wal | EARLIdGRAEIYMEd to forman internal vessel conpartment to
hold a source chemcal up to a fill level and to additionally define an

i nner gas vol une abayer phaec faagéntldesekdrge ba¢ dxtombsgefromgpe waddr pheseber havi ng a

single port capable L eceiving a carri.e as ngw?is ensj.ng.a vapor phase
eagent | sai dCBeRgERLGREERRVRREY AP B Y SRR IR o1 g &

first port peéhb@i ofxiRNphird re@RET RbhYhy Ridrio? @bluheasTdh&xdssdll @E hipdr om sai d
top wall nenber, a second port portion extending generally horlzontally and

exteriorly fmbmegaiasnt disghargrdine qeotainioga vapes phaschicagenpBew cpaireliwhivcext endi ng
generally ve rtlIlérgi%lf&y co%'f'rgl SPASK IoﬂhleXfapor phase reagent therethrough.

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

from the surface of said vessel bottom wall member.

4. The vapor phase reagent dispensing apparatus of claim 1 further

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

5. The vapor phase reagent dispensing apparatus of claim 1 further
comprising:

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

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

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

an effluent discharge line connected to the deposition chamber;



fromsaid second port portion; said first port portion having a port top
wal | menber and a port side wall nenber, said port top wall nenber having
an openi nyotzaroandgitewhi ch a bubbl er extends; sai d bubbl ePCtarspeoos®s3zgr a t ube
that extends through a centrally located portion of said first port portion
and t hrough said inner gas volune into bhe source chenm cal and through
which a carrier gas can be bubbled into the source chem cal to cause at

| east a portion of source chem cal vapor to beconme entrained in said
carrier gas to praodyc flow of vapar phase r ent to,said inper gas

vol ume above the phi TravEPt DAkt P bBle-Ray Mg dE Nhegr PoRE asetl e

general |y verdigchalt Yinaned 2xd geidepdsytid ehanbat, dorf dongict #ih ta spB¥ttateyn and an
outlet end | ocated generally adjacent to the vessel bottomwall nenber; said
first port poPtpwRlyathebcataitlepiseentpnpnd pacemsatneeilusaf iy disgipsgethd sai d

port side waly . ar-eli L PHA MM Gh, sai d vapor phase reagent can be
di spensed fromtfe 1 nner gas vofune of said vessel; said bubbler having a

carrier gas feed inlet fitting connected thereto; a carrier gas feed |line
extending fromthe carrjer s.feed inlet fitting upwardly and. exteriorly
fromthe bubbler for dét W@%@ T dediyp] o YGRS PO TRHE e SPRSHIPol umre. of
the vessel, thensardhiris@gs feed Iine containing a carrier gas flow control
val ve therein for control of flow of the carrier gas therethrough; said
third port portiofahavipngyidingapepoygihasercaganydnperpitg appafaiitstdongprismgnect ed

t hereto; and a vapor ase. reagent discharge line . extending fromthe vapor
phase reagent out Iae‘ieS%%rYV?fcrt}gco $Soqngﬂgquﬁlémeg}qeyaf\fegﬁ?glﬂgW[aﬂl]i rd port
portion for nemeakn®h v¥apbotRhAREll hRadRAtod TR d B Foin b lt@halwkdeme of the
vessel , the vapor phase reagent di scharge |ine contai nlagg a vapor_ phase

reagent fl owcempearmenitahokd a yoaresi dheminal apin ¢ 611 lofel andig adflitionelly dgftne phase
rcagont di spandii CApriPhe BNy RUGER Gt he” Sour ce cher cal i Sai d vapor
phase reagent di speidsicigl top wall member having a single port capable of receiving a
carrier gas and dispensing a vapor phase reagent;
said single port having a branched configuration comprising a first port
portion extending generally vertically and exteriorly from said top wall member, a
second port portion extending generally horizontally and exteriorly from said first
port portion, and a third port portion extending generally vertically and exteriorly
from said second port portion;
said first port portion having a port top wall member and a port side wall
member, said port top wall member having an opening through which a bubbler
extends;
said bubbler comprising a tube that extends through a centrally located
portion of said first port portion and through 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 located generally vertically and
exteriorly from said first port portion and an outlet end located generally adjacent

to the vessel bottom wall member;



apparatus to a tenperature sufficient to vaporize the source chemcal to
provi de vapor phase reagent; (d) feeding a carrier gas into said vapor
phase reayonbiodiseyensi ng apparat us t hrough said carri er pPgagisb@emdéizone and
said tube; (e) withdrawi ng the vapor phase reagent and carrier gas from
sai d vapor phase reagent dispensing appatatus through said vapor phase
reagent discharge line; and (f) feeding the vapor phase reagent and carrier
gas into said deposition chanber. 7. The nethod of claim®6 further

conprising: (g) caontacting the vapor ase. reagent. with. ubst.r at.e,
optTonal 15 on’a noRidfiidg iolfon BRMe MR SHREBhlos Ll eRMAANE, 1)

di schar gi ng g0t sicer@dlnmegber thtdu@htwHidl Qidbapan peisk Iretgaht dAin$ehiapeesedi ne
connected to the deposition chanber. 8. The nmethod of claim®6 wherein, in
the vapor phd®s thedpeseayyepessf sydapysakat us, sai d vessel bottom wal l

menber has a sunp .cavi . @] ﬁﬁ%ﬁ i g%@} .surface of
sai d vessel bottoﬁ%agkﬁmﬁéﬁggﬁ%yg. %%négwgg¥@pﬁ%ﬂ%%ﬁ%% %&g%n, in the
vapor phase reagentcaticsgenticd finappandihg sont the caoier gas febbmla dittiepnpri ses a

liquid or solid materjal. .10. The method of c¢laim6 wherein, in the vapor
phase reagenﬁp&?gﬁﬁﬁ§iWﬁmgﬁgh?%@ﬁg? @%’ré%%?ﬁ%eﬁﬁgﬁ?HEFgﬁ%Wﬁ¥ﬁ es a

precursor f oh,@ i Fefdhms 6 88 eef, IR QURs Zocd Hn@¥Bntdinifd L:Rrid %_ag'ff?)%p S5,
Goup 6, Goup 7, Goup 8 Goup 9, Goup 10, Goup 11, Goup 12, Goup 13,

G oup 14, G eopird5ahetberpinifer camcl phBow afthranirde geethicaghrofigh;he Peri odi c
Table. 11. The nethad, of claim6.wherein, in the vapor e reagent

di spensi ng appara?ﬁ@?h¥%gp%83?@8h@W@ﬁ?éﬁPmagﬁﬁﬁ“@%?Rau%$gﬁﬁ?%or for a neta
sel ected frogpursich@nhstBio; haf ni um tantal um nol ybdenum platinum gold,

titanium |lead, palladium zirconium bisnuth, strontium barium calcium
anti nony and t hal laivanr Rhasaropgend dissbarge bpe extamding fromdhe shs plesef r om

silicon, ger Q&@emu@l@g ﬁ{tl%lglu'ﬂwawgr and exteriorly from the third port portion for
removal of vapor phase reagent from the interior volume of the vessel, 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;

(b) adding source chemical to said vapor phase reagent dispensing
apparatus;

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

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

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

discharge line; and

6] feeding the vapor phase reagent and carrier gas into said deposition
chamber.
7. The method of claim 6 further comprising:

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

heatable susceptor, within the deposition chamber; and



12. The method of claim®6 wherein, in the vapor phase reagent dispensing
appar atus, the vapor phase reagent conprises a precursor for a netal

sel ect ed woamo@sewrp 2, Goup 3, Goup 4, Goup 5 G oupPET/USe@9p63201 G oup
8, Goup 9, Goup 10, Goup 11, Goup 12, Goup 13, Goup 14, Goup 15
Group 16, and the Lanthani de series of bhe Periodic Table. 13. The nethod
of claim®6 wherein, in the vapor phase reagent dispensing apparatus, the
vapor phase reagent conprises a precursor for a netal sel ected from
ruthenium hafniu tantalu nol ybdenum -pl ati.nu ol titapium | ead,
bal 1adi um - 21 contbin - i iEe e FRRRIR rBut P A RPHERY anc
thal lium or liacRo@drcdad tHeQdepasiti®i eldnticdl sel ected from silicon, germani um
and tellurium 14. The nethod of claim6 wherein the vapor phase reagent
di spensi ng apparatus further conprises a carrier gas source coupled to the

carrier gas feed @ine.1§éTn§h&j&thmgp@ﬁgeﬁg?gﬁggaagﬁﬁﬁﬁékagm@pparatus

conprising: a vessel which conprises a vess r, a vessel
side wal | menfispenamgampaverss edid botstiobotwal aliarchéer bond sugnyr editt ohdreinm an

i nternal vessel ﬁonpartnen o hold source chemcal up . to %)fill | eve
and to addi ticifafing dqunpaedlyfomy slsu%:f@ Stifrressgberront Wallmaniderevel ; said
vessel top wall nenber having a single port capable of receiving an inert
gas and dispensing a |iquid phase reagent; said single port having a
branched confi gur & i on Themmthad efgclanf 6 whercppirt thoorporgrhasexitcegmit ng general |y
vertically and exteriorly fromsaid top wall nmenber,..a second port portion
ext endi ng. gerEPRITYE HERTem oy s shomlke Ko ¢ Raidos e mashahor
portion, and a third port portion extending generally vertically and
exteriorly fromsaid second port portion; said first port portion having a
port top wall mendér ardicangiend ofsilaim Guarhfrerre ibiie vapesimhagsoicegandép wal | nmenber

havi ng an openi ng.. h | C { nds: sai i pt conpri si ng
hay 00 oD PR AP OB S im0

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.

11. The method of claim 6 wherein, in the vapor phase reagent
dispensing apparatus, the source chemical comprises a precursor for a metal
selected from ruthenium, hafnium, tantalum, molybdenum, platinum, gold,
titanium, lead, palladium, zirconium, bismuth, strontium, barium, calcium,
antimony and thallium, or a precursor for a metalloid selected from silicon,

germanium and tellurium.

12. The method of claim 6 wherein, in the vapor phase reagent
dispensing apparatus, the vapor phase reagent comprises a precursor for a metal
selected from Group 2, Group 3, Group 4, Group 5, Group 6, Group 7, Group 8,
Group 9, Group 10, Group 11, Group 12, Group 13, Group 14, Group 15, Group
16, and the Lanthanide series of the Periodic Table.

13.  The method of claim 6 wherein, in the vapor phase reagent

dispensing apparatus, the vapor phase reagent comprises a precursor for a metal



portion of said first port portion and through said inner gas volune into
the source chem cal and through which |iquid phase reagent can be di spensed
from sai dweppavesirs, sai d di ptube having an outl et end IPotatseaogesrer al |y
vertically and exteriorly fromsaid first port portion and an inlet end

| ocat ed generally adjacent to the vesseb3bottomwall nenber; andsaid first
port portion having interstitial space between said tube and said port side
wal | menber through which said inert gas can be fed to the inner gas vol une

above the fill, leyvel to. .pressuri.ze the, inner vol u above .the fil
fevel . 16. TRECUSHTPHRYRRNHE Helbm el he Bk PSR 8 m 15 f ur t her
conprising: sadrurhhicid] paRidiuBEzitdodunfaidnigh Mrontiemt b4asn,feeReirh,nl et fitting
connected thereto; an inert gas feed line extending fromthe inert gas feed
inlet fitting"tpaay ardthaligneer apresurspr forgmetpidoid pelecicd Bpm iéon; on f or

del i very of %@ﬁﬁ&ﬁ&ﬂ%mhﬂﬁﬁﬁhﬁ? interior volunme of the vessel, the inert gas
feed line containing an inert gas flow control valve therein for control of

flow of the inert gas therethrough; said diptube having a |iquid phase
reagent outlet fitting _connected thereto; and a |iquid phase reagent

di scharge line ext'éndi J}ew%hﬁfwﬁqlmﬁwgerﬁwa @Vﬁ@_&%ﬁﬁ%@ HBRHPLLISPG Peng
upwar dl'y andaﬁ?ﬁ%ﬁb9&M%XE&9H&§§%QM&%&%ESQﬁ&&ﬂﬁﬂbkhgyﬂkQﬁﬂﬁﬁ%ﬁyﬁkdOf liquid
phase reagent fromthe interior volunme of the vessel, the |liquid phase
reagent dischiacge |ine optionally containing a |liquid phase reagent flow

control valve therein for control of flow of the |iquid phase reagent
theret hrough. 17. The liquid phase reagent dispensing apparatus of claim 1l

in which said vesggl bo{t hders%rmﬁdis Sin@ appArRIuS d¥pMsihfrer ei n ext endi ng
downwardly fromthe surfa@gug? sai vesggﬁ'b%t?gn1mall %enb%r. 18. The
| i qui d phase reagéntesyil ypwhsioppriappayesdlsopwvald meinthens vosyel bide wadnpri si ng an
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compartment to hold a source chemical up to a fill level and to additionally define
an inner gas volume above the fill level;

said vessel top wall member having a single port capable of receiving an
inert gas and dispensing a liquid phase reagent;

said single port having a branched configuration comprising a first port
portion extending generally vertically and exteriorly from said top wall member, a
second port portion extending generally horizontally and exteriorly from said first
port portion, and a third port portion extending generally vertically and exteriorly
from said second port portion;

said first port portion having a port top wall member and a port side wall
member, said port top wall member having an opening through which a diptube
extends;

said diptube comprising a tube that extends through a centrally located
portion of said first port portion and through said inner gas volume into the source
chemical and through which liquid phase reagent can be dispensed from said
apparatus, said diptube having an outlet end located generally vertically and
exteriorly from said first port portion and an inlet end located generally adjacent

to the vessel bottom wall member; and



(a) providing a |iquid phase reagent dispensing apparatus conprising:a
vessel which conprises a vessel top wall nenber, a vessel side wall nenber
and a vesweoloastym wal | nenber configured to form an i RCEUSA009WERSE]
conpartment to hold a source chemcal up to a fill level and to
additionally define an inner gas vol unmeSébove the fill |evel; said vessel
top wall nmenber having a single port capable of receiving an inert gas and
di spensing a |iquid phase reagent said single port having a branched

configuration conpl Ror t ortl endi_n e

vertically and extepﬁ%gﬁx’]¥bn95aﬂ%Pgnlemnt ﬂhﬁ%%gP@ %“ %ﬂ)fnsgfg portion
ext endi ng gerpefta;idewehpmbﬁl@a[ttafdughaznﬂc}esaﬁ@fnleﬁrghyceﬁfmeaad) thefihicgtgapor t
portion, and a third port_ portion extending generally vertically and
exteriorly frvehar%%hweél@ofﬁﬁ leyelrte parssuizshe Baphessivobimgghave gy il Biychavi ng a
port top wall nenber and a port side wall nenber, said port top wall nenber
havi ng an openi ng through which a di ptube extends; sai d di ptube conpri sing
a tube that extends.thriheghpar phast reagdny dispesirechpparatis@if chimdaifdrthérr st por t
portion and through said inner gas volune into the source chem cal and

t hr ough mhicﬁOWWngg phase reagent can be di spensed from said appar at us,

sai d di ptube havi @Qldf%ﬂlr&’bl&ﬂt ﬁ&rtr%ﬁ%alzﬁ%@%%@e gL ﬁﬂét ‘ﬁﬁ[ngl Gahdfednd
exteriorly fromsaid first port portron an an inlet end |l ocated generally

adj acent to thactoessel bottomwall nenber; said flrst port portion having

interstitial space betwee i.d tub i de menber through
whi ch sai d inert GARLEHet iy SendiE Yo Bl isiel the t i1

level to pr e%ﬁWafcﬁﬁaﬁd‘&téM fr&@$h/ Dlird PR riafoeieh foRGelivery of B¥RIgas mad d third
port portion having an inert gas feed inlet fitting connecte§ thereto; an

inert gas fedkP infoner sxluamedifiiee Yasenh tﬁlhélqrtr@ﬁtfeeg*émefcee@mlm @t infrttees ng
upwardly and Xt ert oy w}iv% 2P fo% hﬂﬂr&do sy ofﬂﬁé ne%’t}r a{eéegﬁ%oeé@ry. of inert

gas into the’i nterior vo l'ine
contai ning an i nershidgiysubd hnNu@mlth ph@ée%@agehedilﬁleﬂﬁftﬁfg coandédt@l thedetd; | ow of

the inert ga%néherethrough;

a liquid phase reagent discharge line extending from the liquid phase
reagent outlet fitting upwardly and exteriorly from said first port portion for
removal of liquid phase reagent from the interior volume of the vessel, the liquid
phase reagent discharge line optionally containing a liquid phase reagent flow

control valve therein for control of flow of the liquid phase reagent therethrough.

17.  The liquid phase reagent dispensing apparatus of claim 11 in which
said vessel bottom wall member has a sump cavity therein extending downwardly

from the surface of said vessel bottom wall member.

18.  The liquid phase reagent dispensing apparatus of claim 15 further

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

19. A method for delivery of a vapor phase reagent to a deposition
chamber comprising:

(a) providing a liquid phase reagent dispensing apparatus comprising:



sai d di ptube having a liquid phase reagent outlet fitting connected
thereto; anda |iquid phase reagent discharge line extending fromthe liquid
phase reayorbiomitizet fitting upwardly and exteriorly fregcTiuseooiosxb1 port
portion for renoval of l|iquid phase reagent fromthe interior volune of the
vessel, the liquid phase reagent dischabge |ine optionally containing a

| i qui d phase reagent flow control valve therein for control of flow of the
| i qui d phase reagent therethrough; (b) adding |iquid phase reagent to said

i quid phase reagent dispensing apparatus: (c) optionally heating a solid
source themtoal T Ay R GreaERaCE SedlTont A rBRUEAS BB NS £o%a

tenperat ure swdnibegafih ve@eMBitont Well sRhikdr seifighecdab @ine ah int@nglrveydetie | i quid
phase reagent; (d) feeding an inert gas into _said |liqguid phase reagent

di spensi ng appawatiyenitahglighsosrserhemigel upbasa fildeyel pbto addytiopphlheefigi ng t he
i qui d phase i L gyl hase reagent di spensing appar at us

t hr ough saida%ﬁ%ggg%%&ggﬁgﬁﬁ?gﬂ#%ﬁgﬁggg reagent discharge line; (f)

provi di ng a vapor iszidtvicese] epped] bitisiberdrpings siggle pont essble afonédiguged to form
an internal vessel cgnpartnent.tq vgg%rize the |iquid phase reagent; said
liquid phase 'REbgEANIdiperitgR Y ASNESIR P ng the 1iquid phase reagent

di spensi ng appar athiy sify 1 SFdrfhHAROE b?aﬁEHé?irboﬁHg%raﬁ&&‘éém PR 4 R peft the

vaporization apparatus having a carrier gas ed inl et opening through
whi ch carri epogam axémdbe deedrallptvortisallydandagpxderiorbt fran saigpep wall snenbecause

f said liquid ph t to.b trajned. i id. i

o br oduce. vABBIIRESEN AT oY BT Rt Uaporiosi T Oh U ST at us

having a vap@bmgj@&&ﬁl, bR eHid Mﬁcﬁﬁo@@ﬁ@ﬁ&ﬂ% bR a0l afdbgeMafpr phase
| a

reagent can be spensed from said vaporization apparatus; a carrier gas
feed |ine extieongpaidsdoopdperi@odn: i er gas feed inlet opening

said first port portion having a port top wall member and a port side wall
member, said port top wall member having an opening through which a diptube
extends;

said diptube comprising a tube that extends through a centrally located
portion of said first port portion and through said inner gas volume into the source
chemical and through which liquid phase reagent can be dispensed from said
apparatus, said diptube having an outlet end located generally vertically and
exteriorly from said first port portion and an inlet end located generally adjacent
to the vessel bottom wall member;

said first port portion having interstitial space between said tube and said
port side wall member through which said inert gas can be fed to the inner gas
volume above the fill level to pressurize the inner gas volume above the fill level;

said third port portion having an inert gas feed inlet fitting connected
thereto;

an inert gas feed line extending from the inert gas feed inlet fitting
upwardly and exteriorly from the third port portion for delivery of inert gas into
the interior volume of the vessel, the inert gas feed line containing an inert gas
flow control valve therein for control of flow of the inert gas therethrough;

said diptube having a liquid phase reagent outlet fitting connected thereto;

and



exteriorly fromthe vaporization apparatus for delivery of carrier gas into
sai d vaporization apparatus, the carrier gas feed |ine containing one or
nor e carrwenogasei’bow control val ves therein for controlPCofustéoomsizdl t he
carrier gas therethrough; anda vapor phase reagent discharge |ine extending
fromthe vapor phase reagent outlet opehbng exteriorly fromthe

vapori zation apparatus for renoval of vapor phase reagent from said

vapori zati on appar at us to sai d deposi ti on chanber, the vapor phase reagent

di scharge line optllprllle v, ec%)eréta |Sré r F’lerext n(il ¥ap '?1 ? pheagent fl ow
control val ves th&r&i'n ¥6ret ?gf: Ow-ot"the "V vap o? SH é’e 'eagent

t her et hr ough;redggnt cftﬁl%dﬁﬂ@gtu:pﬁlafdlﬂ bhdlepbiase freagedfirst p@@psmod fyapori zation
apparatus; (h) heating the uid ghase reagent in said vaporization
appar at us toreﬂ@‘é@#ﬁéheﬂld@éa@ﬁ?ge@t ﬁmtbw%wm@qqféhfr vepselathshiaye reagent

to provide said.Mapah &’i@ lﬁr?egcgl?lgnal glr antaqt‘ﬁqggq#qee abd Rhg %f'i‘?low‘to sai d

vapori zati on appar at us t rier I ne; ) Wt hdraw ng
t he vapor phaeetrdsleagertheram(for:armnoebf fias of ﬂ@m@ai phasamagémahereﬂhr(mghar at us

t hrough sai d vapor_ phas ent .di scharge |i. fee |n t he vapor
phase reagent and(l?)grrl gﬁilnéi u1drﬁh85%’§?%lang ‘?f‘fﬂﬁap ?’ﬁ&ﬁ%‘:’t’ent ‘I¥RE net hod
of claim19 ﬁggﬂug in the |iquid phase reagent di spensi ng appar atus, said
vessel bottom wal | menber has a sunmp cavity therein extending downwar dl y
fromthe surface d¢f) salootlvleélsfdieamgamhdwmcewhmmmal inZdid Iichved pletshod of claim
19 wherein, in thed ui d haste é]ea%ent gl sp Igglgr at ur t he source
chenical conprigsBsdisp g?l&%ﬁ g ‘I‘reé‘é ’&ﬁn QT &t Eitn

haf ni um t antcaéMreal @Yy EdENGIN pRhRUEAPeM; gol d, titanium |ead, palladium
zirconium bismuth, strontium barium calcium anti nony and thal lium or a

precursor for a méfal | deadingansiveis@ay inémsaid [ing@mhasgeraasni dispeasiagt el | ur i um

apparatus through said inert gas feed line;

(e) withdrawing the liquid phase reagent from said liquid phase
reagent dispensing apparatus through said tube and said liquid phase reagent
discharge line;

() providing a vaporization apparatus comprising:

a vessel configured to form an internal vessel compartment to vaporize the
liquid phase reagent;

said liquid phase reagent discharge line connecting the liquid phase
reagent dispensing apparatus to said vaporization apparatus;

a portion of the vaporization apparatus having a carrier gas feed inlet
opening through which carrier gas can be fed into said vaporization apparatus to
cause vapor of said liquid phase reagent to become entrained in said carrier gas to
produce vapor phase reagent;

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

a carrier gas feed line extending from the carrier gas feed inlet opening
exteriorly from the vaporization apparatus for delivery of carrier gas into said
vaporization apparatus, the carrier gas feed line containing one or more carrier gas

flow control valves therein for control of flow of the carrier gas therethrough; and
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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;

(2) feeding the liquid phase reagent into said vaporization apparatus;

(h) 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;

(1) feeding a carrier gas into said vaporization apparatus through said
carrier gas feed line;

) withdrawing the vapor phase reagent and carrier gas from said
vaporization apparatus through said vapor phase reagent discharge line; and

(k) feeding the vapor phase reagent and carrier gas into said deposition

chamber.

20.  The method of claim 19 wherein, in the liquid phase reagent
dispensing apparatus, said vessel bottom wall member has a sump cavity therein

extending downwardly from the surface of said vessel bottom wall member.

21. The method of claim 19 wherein, in the liquid phase reagent
dispensing apparatus, the source chemical comprises a precursor for a metal
selected from ruthenium, hafnium, tantalum, molybdenum, platinum, gold,
titanium, lead, palladium, zirconium, bismuth, strontium, barium, calcium,
antimony and thallium, or a precursor for a metalloid selected from silicon,

germanium and tellurium.



