DI SPENSI NG APPARATUS AND METHOD OF USE THEREOF Fiel d of the Invention
[0001] This invention relates to a gas phase reagent dispensing apparatus
t hat may Wwe 26dsd20r di spensi ng gas phase reagents suchpas/ge@suwisoss for
deposition of materials in the manufacture of sem conductor nmaterials and
devices . The di spensing apparatus has a |liquid reagent |evel sensor for
sensing liquid reagent level in the apparatus interior volune and a
tenperature sensor for sensing tenperature of the liquid reagent in the
apparatus interior volune . The floor of the apparatus has a cavity therein
ext endi ng domnmardl fromthe surface of the fl n ower end of
the liquid reagen 5M$I@%ﬁgﬁ?R§IHI%W%UE:H9938§€E§g£g§%% Fositioned in
the cavity. Background of the Invention [0002] Mddern chem cal vapor
deposition and atom c | ayer deposition tools utilize bubblers or anpoul es
to deliver pritetdRf SRERIBYENEION he deposition chamber. These anpoul es
wor k by passi pgoewrarrimelisgasvéit mighedacent 66 nergsy ghagei depgestir sor
chem cal and carrying the precursor vapor al on ith the gas. |In nost
cases, it is AeERITHMP PEPREAEUT hehaiHyl Eebysg%ﬁ% T EHFRPRIBP der to

i ncrease the gé@%hﬁé&%é@%nefs é&@h RiLpitesatsandl fidiusiepbsiease dthe anount
of chemcal in the carrier is Inpartant to_nonitor the fenperature

of the I|qU|dmﬁF%%&ﬁ¥ﬁ3anﬁ€ﬁ1E%Wuﬁ?ﬁﬁqﬁ? GF PRBIGBIAYT B2EGAtFOT the vapor

pressure. [ 0003hal deviddPOrrhanti tferdeiony whparihies IH=guizl 195aear sor cheni cal

inside of the anpoule is _close to
reagent level sensor for sensing liquid reagent level

in the apparatus interior volume and a temperature
sensor for sensing temperature of the liquid reagent in
the apparatus interior volume. The floor of the
apparatus has a cavity therein extending downwardly
from the surface of the floor, and the lower end of the
liquid reagent level sensor and temperature sensor are

positioned in the cavity.

Background of the Invention

[0002] Modern chemical vapor deposition and atomic
layer deposition tools utilize bubblers or ampoules to
deliver precursor chemical to the deposition chamber.
These ampoules work by passing a carrier gas through a
container of liquid precursor chemical and carrying the
precursor vapor along with the gas. In most cases, it
is necessary to heat the ampoule by some means in order
to increase the vapor pressure of the precursor and
thus increase the amount of chemical in the carrier
gas. It is important to monitor the temperature of the
liquid precursor chemical inside of the ampoule to

control the vapor pressure.



running out so that it can be changed at the end of a chem cal vapor
deposition or atom c |layer deposition cycle. |If the anpoule should run dry
in the mwdlheosmiss@7cycl e, the entire batch of wafers w pcThs260sionado
resulting in a potential loss of mllions of dollars. It is therefore
desirable to leave as little liquid precursor chem cal as possible inside
of the anpoule to avoid wasting the valauable liquid precursor chemcal. As
the cost of chem cal precursors increase , wasting as little chem cal as

possi bl e becorggeFPr e XIPGL! alord HR0LL WSl bhaWlihd Quehiaensors have a

dead space of several tenths an inch or nore which | eaves too much
chenical (up pueddssar aeméralninpideamfoshe aRRPLkhdsseAsde 9iggers . A

need exists tQuLAPIPURd 8 O8SLON: olad e BHRAME Ji0 dHNidfZ8e! fe amount of

| i quid precursor chemcal remnalning evel sensor triggers .
Because seni coheduttar vapouf depos i hiprprarc eédous ct i/@}’@ald%m@péliatle in a batch

process fashi gpr <151¥M:et ﬁ%ﬁtﬁéﬁ%&‘eg&éh& %O%BI ter Ictq]'réswlhgggtofmt erials on

t he waf er subs apori zed source non- used
reagent from sheyslpplghevessére bezoreofpartevs whd deerafihedaste fromthe

sem conduct or facturin [LRQQS] ! S the liquid
pr ecur sor chemn%%lﬂlfltms(25 costl ‘?Bl:é'xgﬁla Q%’% Lfsﬂ%: ﬂgvéarg{g)%of%{ﬂ%%i qui d
precursor chedtcas thkmeieley deppasghbbe tiwe lpaoeess btononildsiuids wel | as

b et S, BEAPAAL ARSI LA Bl S Aol et

di scl oses a cheosed wasting the valuable liquid precursor chemical.
As the cost of chemical precursors increase, wasting as
little chemical as possible becomes more important.
[0004] Most liquid level sensors have a dead space
of several tenths of an inch or more which leaves too
much chemical (up to 15% or more) in the ampoule when
the sensor triggers. A need exists to improve the
design of the ampoulg to minimize the amount of liquid
precursor chemical remaining when the level sensor
triggers. Because semiconductor manufacturing
processes typically operate in a batch process fashion,
with respect to the deposition of constituent materials
on the wafer substrate from the vaporized source
material, the non-used reagent from the supply vessel
becomes part of the overall waste from the
gemiconductor manufacturing plant.
[0005] In instances where the liquid precursor
chemical is costly and valuable, such waste of the
liquid precursor chemical adversely impacts the process
economics, as well as representing a significant burden
in terms of disposition of the waste liquid and its

environmental impact.



vessel liquid reagent dispensing assenbly of the type in which liquid is
di spensed froma dip -tube discharge conduit froma gas pressurized vessel
and i n whwohodduesd2rqui d | evel may be sensed by a sensor pextisnebisngs479
downwardly in the vessel and term nating just short of the floor thereof.
The fl oor of the vessel has a sunp cavity in which the |ower ends of the
dip -tube liquid discharge conduit and 3iquid | evel sensor are disposed.
The liquid reagent fromthe vessel is passed to a vaporizer and vapori zed

to forma sour por [y\/n%'c [ I t emi vapQr ition
chanber . [0007[]%%I°t%?v\oul d ’erbéé:%flg'aﬁ édﬁ'n&tﬁgggr@%@Opsre%vgdgggg%gs phase
reagent di spensisaglapparid usagredtndifppehasngc bseaob BaseEs thiee typege of t he

l'iquid precursor chemcal in.the.appara and.correspondi,ngl y reduces
wast e t her eof ,*"arl lgf]ni ﬁ‘i’%’t({e]slst ésﬁgrés #ol{frog‘daeglgt 6ps- aér)lldsdqr%]é—i‘% \%/ar e, e.g.,
vapori.zati on sice@uandfvapct igeer preegurisdl eskedui and eiageshticti spensi ng
vessels of the pri.qr.art.in flow co ication with a chem cal vapor

deposi tion ch%‘?ﬁ%‘]‘g leynhdidy &F° tsﬁlélgﬁ\r;bé"ntal g’ﬁnfﬁﬁo%’ftefhdll?gi nvention rel ates

to a gas phaseidgwsgedly dispansivegsappatdttesniaapingi hgit ahoyki afirical ly
shaped cl osed vessel bounded on ifs er end by a removable top wall
member and on tI\{‘tes ﬁ8%rulé?ﬁf a%&t?gﬁ?%ﬁn RENBEFSED WY ihe W Rer ewi t hi n
an interior vaaiey, intfieidotthemivwablt eeidbet haei age atoeé ntfduddr surface
containing a %%yg%h%%gétXéﬁéﬁ?%egﬁdefﬁgﬂfgr¥£ve1 sensor are disposed.

The liquid reagent from the vessel is passed to a

vaporizer and vaporized to form a source vapor which is

flowed to a chemical vapor deposition chamber.

[0007] It would be desirable in the art to provide a

gas phase reagent dispensing apparatus and method which

increases the usage of the liquid precursor chemical in

the apparatus, and correspondingly reduces waste

thereof, and eliminates the need for added steps and

hardware, e.g., vaporization step and vaporizer,

required by liquid reagent dispensing vessels of the

prior art in flow communication with a chemical vapor

deposition chamber.

Summary of the Invention

[ooos] This invention relates to a gas phase reagent
dispensing apparatus comprising:

a cylindrically shaped closed vessel bounded
on its upper end by a removable top wall member and on
its lower end by a bottom wall member to define
therewithin an interior volume;

the bottom wall member having a main floor
surface containing a sump cavity therein extending

dowﬁwardly from the main floor surface, the sump cavity



downwardly fromthe main floor surface, the sunp cavitybeing bounded at its
| ower end by a sub -floor surface, with at |least a portion of the sunp
cavity bewogoesessal |y | ocated on the bottom wal |l nenbercangabobaast a
portion of the sunp cavity being non -centrally | ocated on the bottom wal |
menber, - a tenperature sensor extending froman upper end exterior of the
vessel through a centrally located portjon of the top wall nenmber and
generally vertically dowwardly into the interior volune of the vessel to a
| ower end of that portion of the sunp cavity centrally |ocated on the

bottom wal | nm&fHee, Pareded i [ibReloter B9 Pieat BWpef 4PeF SWERSEr bei ng

located in noR;rhi AEeifLsd NO Jr@XbA1 &y die hepSHRvidy Aingur face of the
sunp cavity; a liquid reagent |evel sensor extending froman upper end

exterior of tifensEaddy ierdinth oa AbBA botlat Mallymeweek ed'dhétti on of the top

wal I member and gengrgblyi eide ¢ak! YufloWmakg Bek A tnddecditLr1ingr vol ume of
the vessel to a lower end of that portion of the sunp cavity non -centrally
| ocat ed on thddsetednPiatire havser, wad } awerlioner end of the |iquid reagent

llevel sensor being |ocafeded b RQRrel BLEESLTdREnRERY Fidry 40 ubpersub-fl oor
surface of the sunp cavity; ‘and the tenperature sensor being operatively

arranged in tadsgrperant tof ttdiedepased i aweht anpertrale’ PCrEgEi d reagent

in the vessel ,dhgohi ghi thd qag,e%lhemgsnbéxew_gféﬁwglppe&areimhxﬁarranged
in the sunp cavity to determne the level of liquid reagent in the vessel

t he tenper at urdowseazgly alet? itdsi dnfentntvolume of the vessel to a
lower end of that portion of the sump cavity centrally

located on the bottom wall member, with the lower end
of the temperature sensor being located in non -
interfering proximity to the sub-floor surface of the
sump cavity;

a liquid reagent level sensor extending from
an upper end exterior of the vessel through a non -
centrally located portion of the top wall member and
generally vertically downwardly into the interior
volume of the vessel to a lower end of that portion of
the sump cavity non-centrally located on the bottom
wall member, with the lower end of the liquid reagent
level sensor being located in non-interfering proximity
to the sub-floor surface of the sump cavity; and

the temperature sensor being operatively
arranged in the sump cavity to determine the
temperature of liquid reagent in the vessel, the liquid
reagent level sensor being operatively arranged in the
sump cavity to determine the level of liquid reagent in
the vessel, the temperature sensor and liquid reagent
level sensor being located in non-interfering proximity

to each other in the sump cavity, and the temperature



| evel sensor being located in non -interfering proximty to each other in
the sunp cavity, and the tenperaturesensor and |iquid reagent |evel sensor
bei ng i n woquidhesagent fl ow comunication in the sunp eavidsyeosjo@Ao9] The
internal configuration of the anpoule or vessel has a small well or sunp
cavity that the liquid reagent |evel sensor and tenperature sensor project
down into. The cross sectional area of ghis sunp cavity is substantially

| ess than that of the nmain body of the vessel or anmpoul e which nmeans the

remai ni n ol une wh t liquid t I trips.is.
Cubst ant Cal |ySFaae i Lt Svbndrte LPrh: Reters BeiRe. ML PBRSY of the

anmpoul e. Thi srehd@at inelwy cehinih Naitdsnt ha deadsspaceadiniyerent in ot her |evel
sensors such as ultrasonic.or optical |evel sens#£%P8[0010 n contrast to
(EES

. |
the closed ved8®P3Y i quitder LBERHAHicEPERSHRYT B & aﬁpo%ﬁ% Ptior art,

the gas phasevegageMasdizspaasi Nge BIPRAT a&p obviby Sthavenlel aigdo@s not
require a dip-tube liquid discharge conduit for discharging |liquid fromthe

vessel . In ad8res YN, 195 BRPEPT attd FTBPGEERTS HE9°h RTPRELont ext of

dﬁl ivering a hbﬁlﬂiQMﬁrmg t:bb§si§e/c€tl1tdnlam ES?\QG‘Tﬂ grad tomgel i ver a gas
phase reagent. Al so, this invention couples the |liquid reagent |evel sensor
and t enper at uF8viehsht BgseREF2HY JRSSsGRATCADRE VP tﬁi? RERPngeLhe
operation of bhecnessalsdinber anpbylsafifich [BAAL] s derdiiaahgd above, the
sunp cavity has_been extended to, include the tengerature,sensor, e.g.,

t her mowel |~ andOLWBe iU SE, 1iguihateagdsdt ilqUrY reuyent 9 8FelSsensor and
tenperature seisofad&1Ngt Nedt tieh what would be remaining in the

main body of the ampoule. This effectively eliminates
the dead space inherent in other level sensors such as
ultrasonic or optical level sensors.

[0010] In contrast to the closed vessel liquid
reagent dispensing assemblies of the prior art, the gas
phase reagent dispensing apparatus of this invention
does not require a dip-tube liquid discharge conduit
for discharging liquid from the vessel . In addition,
the prior art discloses a well in the context of
delivering a liquid whereas this invention is designed
to deliver a gas phase reagent. Also, this invention
couples the liquid reagent level sensor and temperature
sensor together in one sump cavity thus making the
operation of the vessel inherently safer.

[0011] As indicated above, the sump cavity has been
extended to include the temperature sensor, e.g.,
thermowell and thermocouple, so that the liquid reagent
level sensor and temperatﬁre sensor are both at the
same level. 1In this way, the temperature sensor is wet
as long as the liquid reagent level sensor is wet.

This is an important safety consideration. If the

temperature sensor was dry while the liquid reagent



sane level . In this way, the tenperature sensor is wet as long as the
liquid reagent |evel sensor is wet. This is an inportant safety
consi der avpeoos/déke2rhe tenperature sensor was dry whil e tpoe/dsbapsiossaro

reagent | evel sensor indicated the presence of chemcal, it could lead to
heati ng of the anpoule to unsafe tenperatures. The anpoul e design of this
invention ensures that the tenperatureeensor is still wet even after the

| evel sensor indicates that the anpoul e should be changed. [0012] The

ampoul e YD GLLY Sl 1hAPSaSLE A" BALALACL oIy 20pe 0 99% of a

chem cal that I's a so quid at room tenperature. I's heated to
del i ver chen calildnleshdo hephinamf d¢dweprinpesla wumpsedeity in its floor,

means for fillin nt ai.ner S . _.nLeoduci n to mx with
t he chem cal \958 ?]E%Eﬁl{%e’ hgggs%“éﬁlﬁa%b(#%lghe%aghll— iqglt]'%é&?%?erface, means
for withdraw egsthes rgsul thegtenpétavuegf sgasoands vatporl, wasaryehor

t enperat ure aggt!e]i_, ied &R eg(tamlsgyelncﬁ%%%%rsegﬁgé %hear;gn %?Qs for isolating
it fromits surroundings. The vessel or anpoule is characterized by the

sunp cavity wsbselédrlosshsagedonal area is significantly smaller than the

mai n body, it 5] oca r @ sor I quid,reagent | evel
sensor, is di r@gélz nedt@%c%m{jﬁ% g’t ﬁ;e}}siael%grﬁgga?m%ysqg%ﬁle?’gggli n liquid or
| i quefi ed cherbodhinand ddigveerpedatiy @9%enson aminidajuittiareagent | evel

sensor are posihigned avax of Lom e Walls ol Lhe soniaiqier gndoore tovards

its center. The ténperatlire Sensor is entra y p05|]t|one i'n the vessel

and the |iqui dei¢egenthdmevell in vapor form, and comprises a sump
cavity in its floor, means for f£illing the container,
means for introducihg a gas to mix with the chemical
vapor in the headspace above the gas-liquid interface,
means for Withdrawing the resulting mixture of gas and
vapor, means for temperature and liquid reagent 1level
measurements, and means for isolating it from its
surroundings. The vessel or ampoule is characterized
by the sump cavity whose cross sectional area is
significantly smaller than the main body, it co -locates
a temperature sensor and a liquid reagent level sensor,
is dimensioned such that these are always submerged in
liquid or liquefied chemical, and the éemperature
sensor and liquid reagent level sensor are positioned
away from the walls of the container and more towards
its center. The temperature sensor is centrally
positioned in the vessel and the liquid reagent level
sensor is non-centrally positioned within the vessel.
[0013] This invention also relates to a gas phase
reagent dispensing apparatus described above further
comprising:

a non-centrally located portion of the top

wall member having a carrier gas feed inlet opening;



sensor is non-centrally positioned within the vessel. [0013] This invention
also relates to a gas phase reagent dispensing apparatus descri bed above
further omopoectich@s a non-centrally located portion of the/use@soaids member
having a carrier gas feed inlet opening,-a carrier gas feed |line extending
fromthe carrier gas feed inlet opening upwardly and exteriorly fromthe
top wal | menber for delivery of carriev gas into the interior volune of the
vessel, the carrier gas feed line containing a carrier gas flow control

valve therein for contfol,of;d %‘é(soﬁeéﬁ'elﬁ?éré;&%n&@ﬁgtﬂ%n?tt@reough , a
non-central ly | ocated por?lon of” the top wall nenber” having a_gas phase
reagent outl etampeni ggs feetl dnjas phesing emyendldi aehagerlionéYext endi ng

fromthe gas has%gl%reg%%n&?ﬂgye%egpﬁg r&ﬂwk?g?r and, exteriorly fromthe

top wall nenber®%o va gas phase reage omthe interior vol une
of the vesselintdehgasnpbase redgeat ofli Swharegeeli neheopalr N PaF gas phase

reagent flow coniral valve therein for.con I as phase

r eagent t_here’[&?ﬁ dgie FoRL s & icﬁ\%%%?o(‘%%ufrltg El"effbg}é\?:g{e%%%gg a ggs phase
reagent di spetisémgnafipar abniscaleser fbed abowve fapndier eefprising: a

deposi tion chgénber S%| ect ed froma chem cal vapor deposition chanber and an
atom c | ayer %estih[rl OAthamber ; the gas phase reagent discharge |ine

a non-centrally located portion of the top
wall member having a gas phase reagent outlet opening;
and |

a gas phase reagent discharge line extending
from the gas phase reagent outlet opening upwardly and
exteriorly from the top wall member for removal of gas
phase reagent from the interior volume of the vessel,
the gas phase reagent discharge line containing a gas
phase reagent flow control valve therein for control of
flow of the gas phase reagent therethrough.

[0014] This invention further relates to a gas phase
reagent dispensing apparatus described above further
comprising:

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

the gas phase reagent discharge line
connecting the apparatus to the deposition chamber;

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

an effluent discharge line connected to the

deposition chamber;



connecting the apparatus to the deposition chanber; a heatabl e susceptor
contained within the deposition chanber and |ocated in a receiving

rel ati onslwppodemetdre gas phase reagent discharge |ine,- agd/usnooshidsent

di scharge |line connected to the deposition chanber,-such that gas phase
reagent passes through the gas phase reagent discharge line and into the
deposition chanber, for contact with asubstrate on the heatabl e susceptor
and any renaining effluent is discharged through the effluent discharge

| ine. [0015] ‘IhLg tﬁaftergasorgmx@te £é'£éé}€cf gagkak esntdudh ekhedsfor delivery of

a gas phase reagent to "a deposition chanber conprising: (a prOV|d|ng a gas
phase reagent pirspersrigrntagpacheuge akinfesf bREC abity eleposhliaddi ng a

reagent which hg.g.)1 g d c%rncagk fial 2hbeptateMmenalungat Qofai d gas phase
reagent di spensing appar at us Jheatl ng the reagent in said gas phase

reagent di spessbograppaTal @ovt @etaal@mgeleélfénd%n%uﬁ idgisehargedvapori ze the
reagent to prg_\ﬁl gﬁ%ﬁa&@@%ﬁueﬁé%ﬂchar@g)1%1‘?@‘1' ng a carrier gas into said

gas phase reagen I spensi ng appar at us W t hdrawi ng the gas phase
reagent and cd0PlBl gasTHiomnyghtigasyghdsethengeatattispengi ng appar at us

throth sai d g%%hggaég%réé%%@@&ydg§QQ%ﬁgﬁpﬂggg feéggkt to a
deposition chamber comprising:

(a) providing a gas phase reagent dispensing
apparatus as described above;

(b) adding a reagent which is a liquid or
solid at ambient temperature to said gas phase reagent
dispensing apparatus;

(¢} heating the reagent in said gas phase
reagent dispensing apparatus to a temperature
sufficient to vapo;ize the reagent to provide gas phase
reagent;

(d) feeding a carrier gas into said gas
phase reagent dispensing apparatus;

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

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

[0016] The gas phase reagent dispensing apparatus of
the invention may be employed in a wide variety of
process systems, including for example chemical vapor
deposition systems wherein the gas 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.



(f) feeding the gas phase reagent and carrier gas into said deposition
chanber. [0016] The gas phase reagent di spensing apparatus of the invention
may be enpboy@whesdz7a Wi de varie ty of process systens, ipatlusdeos@44409

exanpl e chem cal vapor deposition systens wherein the gas phase reagent
fromthe supply vessel is passed to a chem cal vapor deposition chanber for
deposition of a material |ayer on a sulsstrate therein fromthe source
vapor.[0017] This invention also relates to a nmethod for delivery of a gas

phase reagent (he1#) deposiild QRVERAIMLTa 1dRS ¢el heds ahove neeBRI 86P0: (9)
contacting the gas phase reagent wth a substrate on a heatabl e susceptor

wi thin the degesivénn cthanbes; Pamke (YFRIENE chard)iFpPofiy iPenelldidfy ef f | uent

t hr ough an ef fluept, di sﬂq{&@reg% hbPes nected to the deposition chanber.
[0018] This invention allows for a rmhi mal anount of seni conduct or

precursor chenical to régei ronhachenamicubesopPhdebieagenenitheal i quid
reagent |evel sﬁBQ?ﬁét@aosn s gnalefd, L %s%%%t?i’ WRER EONLRN R o BB Soh S

veryi nportant "as e conplexity and cost of sem conductor “precursors rises.
In order to mchiewbge; cost s, senm conductor manufacturers will want to waste

as little precursor as E@ssiﬂlsghakgil@gdgg@;]%mamﬁ%ién_f_yﬁrlllteingn pl aces the

tenperature sensor int sane recesse np cavity as the |liquid reagent
| evel sensor. thimbegensures tugat €hechange flénpererngeast tehehei qui d

sem conduct or RESSHE 8 Mldpcpe read as long as

[0018] This invention allows for a minimal amount of
semiconductor precursor chemical to remain in the
ampoule or bubbler when the liquid reagent 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. 1In addition, this
invention places the temperature sensor in the same
recessed sump cavity as the liquid reagent level
sensor. This ensures that the true temperature of the
liquid semiconductor precursor will be read as long as
the liquid reagent level sensor indicates there is
precursor present. This is important from a safety
standpoint. If the temperature sensor was to be
outside of the liquid semiconductor precursor it would
send a false low temperature signal to the heating
apparatus. This could lead to the application of
excessive heat to the ampoule which can cause an unsafe
situation and decomposition of the semiconductor
precursor.

[0019] This invention allows the semiconductor

manufacturer to use the maximum amount of precursor



the Iiquid reagent |evel sensor indicates there is precursor present. This
is inportant froma safetystandpoint. |If the tenperature sensor was to be
out si de owbd 20éweké2qui d sem conduct or precursor it woul dpsengd2esfoadsse | ow
tenperature signal to the heating apparatus. This could lead to the
application of excessive heat to the anpoul e which can cause an unsafe
situation and deconpositi-on of the semgonductor precursor. [0019] This
inention all ows the sem conductor manufacturer to use the maxi num anmount
of precursorwhile wasting very little before change -out of the anpoul e.
Thi S i ni o 2 80k (A BT LA Yo T BE G B 1SS AbeSEfrent i t he
sem conduct or ;RESEIE SOrThiE0RAZAImAdiefvagspesi® mdxaat neest @ dradiiaadi nent s of
the invention will be nore fully apparent fromthe ensuing di scl osure and
appended cl ai 8. t1B} | i@VepbEERT pt} diorS MHECRI ST My PIECU2ZEPTFIG 1 is a

schematic repipgsgt at i @inelk asgascPhasacheegeid Endpanabigs appar at us shown
in partial cross-section . [0022] FIG 2 is a top plan view of the bottom
wal | nmenber sbhfab®/ BTt icRewybb e "HEWTHY i FHRAERE CEAF ‘G ations of the
sunp cavity. LRskigy RAABduFt tan@BipdeMacar c1®iws i ntersecting circul ar
depressions can serve as a sunp cavity. In Fig. 2C, two or nore circular
depressions joined by a connecting trench can serve as a sunp cavity.

Detai | ed Description of gherl Buestigi dn0823thd heravassel or anpoule is

typically machi ned _ , .
[0021] FIG. 1 is a schematic representation of a gas

phase reagent dispensing apparatus shown in partial
cross-section.

[0022] FIG. 2 is a top plan view of the bottom wall
member surface of the vessel showing different
configurations of the sump cavity. In Fig. 2A and Fig.
2B, two or more intersecting circular depressions can
serve as a sump cavity. In Fig. 2C, two or more
circular depressions joined by a connecting trench can

serve as a sump cavity.

Detailed Description of the Invention

[0023] The vessel or ampoule is typically machined
from 316L stainless steel and electropolished to
prevent contamination of the precursor chemical. The
cover is removable to facilitate cleaning and reuse.
The temperature sensor is in the center of the ampoule
to ensure uniform heat conduction. The valves and level
sensor are attached via face seal connections to ensure
a clean, leak proof seal. Once assembled in a clean
room, the ampoule is conditioned to remove ad sorbed
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.



from 316L stainless steel and el ectropolished to prevent contam nation of
the precursor chemcal. The cover is renovable to facilitate cl eaning and
reuse. Theotesguesature sensor is in the center of the amrpouseodsosansure
uni form heat conduction. The valves and | evel sensor are attached via face
seal connections to ensure a clean, |eak proof seal. Once assenbled in a
clean room the anpoule is conditionediio renove adsorbed water and | eak
checked with a helium |l eak detector. The anpoule is designed to be used at

pressures fro?b@z‘{]ew( ggerfe} 11% htel y  abovepambisnd, (9924 ciRgferring to

Fig. 1, the trench Imed 1 nto the bottom of the stainless steel
anpoul e (4) piow dgs thmetsmnpfctdxﬂ tspathiesei shigrilz @apphée afpunt of materi al

necessary for_the. ésq yihd re egélé\f etlha%e%g{mﬁgés ttq1 delgghe dhe trench

al so | ocates The 19 qU| rea sensor and the tenperature sensor (1)
in the sarre smm:)enea/]l trgecsesah)atfduottrhledéthgttdrsew@f‘alhﬁayé #ensorn Fig. 1,

o o oKBF T heatleech 2oufe SLORRO L1 do AP0l e, LA agent T2 PO Nt o0

t hat any rerra Sterial i Scfunn nto urther mnimzing
chemi cal vvastEeag’g@ﬁ-za]evlei eresentodl mbet temberstume cenisby i(8) comf i gured as

a dual well ucture in the floor r’g%{g? essel ne wel |
cont ai ni ng théﬁ?ower © &I ecaVl %fs? e%(p)gra{l%?eeé/sensg,rre%gaa e ot her well
cont ai ni ng t heet owern ehdy.ofl, thbelflqmnj ofeagentmp@viel heensoslabenent. [0026]

The sunp CaV|t¥lon §%§§§aQ %a%&cu%%n%rgh”851ﬁéfgé'éﬂ%t &ng- 20%or less, of

the cross -secC
remaining material is funneled into the trench, further

minimizing chemical waste.

[0025] In one embodiment, the sump cavity is
configured as a dual well structure in the floor member
of the vessel, with one well containing the lower
extremity of the temperature sensor and the other well
containing the lower end of the liquid reagent level
sensor element.

[0026] The sump cavity may suitably occupy a minor
fraction, e.g., 20% or less, of the cross-section floor
surface area of the vessel, and be readily constructed
by machining, milling, boring or routing of the floor
member of the vessel.

[0027] The thermowell depicted in Fig. 1 may be made
from 0.375 inch tubing in order to accommodate a wide
variety of thermocouples. A small amount of heat
conducting oil will be placed in the thermowell to
insure proper transmission of heat to the thermocouple.
For the types of temperatures generally used'in
chemical vapor deposition, a K-type thermocouple is the
most commonly used.

[0028] The dimensions of the trench should be deep

enough to allow the liquid reagent level sensor to



surface area of the vessel, and be readily constructed by machi ni ng,
mlling, boring or routing of the floor nenber of the vessel . [0027] The
t her nowelwode@iesed in Fig. 1 may be nade from 0. 375 i nebTtusheos®4dane or der
to accommopdate a wi de variety of thernocouples. A small anount of heat
conducting oil will be placed in the thernmowell to insure proper

transm ssion of heat to the thernocouplle.-For the types of tenperatures
general ly used in chem cal vapor deposition, a K-type thernocouple is the

nost comonl y sugeg: 4028]idhg1dd nensiansaebuithed anch sheatshdee deep
enough to allow the liquid reagent |evel sensor todetect the fluid plus a

smal | anmount betugemEhe ddcaiberprIsRen MR FFEEPE F¥hddrt PPEVET sensor and

the bottom of Sehend renghn Thehershowbth Alaggobse clraiance areund the
tenperature and liquid reagent |evel sensors thenselves so that the sides

of the trenchtle hkemrsraterfepBdwl i@ ithee8gRBEr seVRppfPEME el y 0. 125 i nches

of clearance igoquifi&i e hat PRStsSRNASOESthé 0029 cH @oFhee 1, the liquid
reagent |evel sensor is an ultrasonic type sensor. This sensor has a dead

space of onlyioteBi¢rrhdh tiResemseisoni’PrEeniBrtel s Ha$ anaPafret er of

only 0 .5 inches.$0;thiate tike diramel &hc Oort RBstT 88¢dbds. M ni mi zed. Using
t hese nunbers and assum ng a one |iter anpoul e, the anpoul e can, be
confi gured sudRORRht tH& [Fégel lseBdrliguid SPgaaRt tHy<dnFeoF rateri al when

only 1%is rem®i Qi Pasod Q030beAbthoMoh ardirereRshasndean gzpeci fied, in this
case due to ease of machining, alternate geonetries of

space of only 0.3 inches. The ultrasonic sensor also
has a diameter of only 0.5 inches so that the diameter
of the trench is minimized. Using these numbers and
assuming a one liter ampoule, the ampoule can be
configured such that the level sensor will signal the
end of material when only 1% is remaining.
[0030] Although a trench has been specified, in this
case due to ease of machining, alternate geometries of
the sump could be employed. As shown in Fig. 2A and
Fig. 2B, two or more intersecting circular depressions
could serve as a sump cavity. Alternately, two or more
circular depressions joined by a connecting trench can
serve as a sump cavity as shown in Fig. 2C. These
configurations would allow for minimal cross sectional
area and thus the least wasted material.
[0031] In preferred embodiments, the sump cavity of
the gas phase reagent dispensing apparatus of this
invention may have a dumbbell shape in top plan view of

- the bottom wall member surface. The sump cavity may
also comprise two transversely spaced-apart wells in
liquid flow communication with one another, with one of
the wells having the lower end of the tempe rature

sensor disposed therein and the other of the wells



t he sunp coul d be enployed. As shown in Fig. 2A and Fig. 2B, two or nore
intersecting circular depressions could serve as a sunp cavity.

Al t er nat elvp,20é6M85627 nore circul ar depressions joi ned bypaTagaseiisng trench
can serve as a sunp cavity as shown in Fig. 2C. These configurations would
allow for mnimal cross sectional area and thus the | east wasted materi al
[0031] In preferred enbodi nents, the-suhp cavity of the gas phase reagent

di spensing apparatus of this invention may have a dunbbel| shape in top

plan view of fheiRptehamuabl smibgr tﬁ@riﬁ@@ld TRagsHaD 162Ul t Yerm@yr al SO

conprise two transversely spaced -apart wells in liquid flow communication
wi th one anot 8&7Posfid [Fhereinf tRHerthan. stﬁﬁv?%@P%qu¥9%@®§F efEebf the tenpe

rature sensor odhaposei 1t yoho athddhecoLher Glnidiacuebl shayng the | over

end of the liquid reagent Tevel sensor disposed therein. Further, the

li qui d reagenvelev aséfﬁlfr@rpwqgm;thﬁéeﬁbrﬁ%fd{ré’dlﬁ G &urBRpet at ure sensor
wel | by a yoke,passagSont Berehy HgfJ rhpdcq. dunbbel | conformation of the
sunp cavity. &0032 The nethod to deliver 90%to 99% of a chemical that is
a solid or |i&8P¥ Rt rdbm rerprt fudelesfpriCednddti A The chenical in the

vessel to a tefpelahungagboye;ids: el mgq@m e %@mpi’:@ﬁwﬁé:?éﬂ%eto a
tenperature appropriate for its use in a chem cal vapor deposition or

atonmi c | ayer depesigdsoheptdrgsthe HhgsedldingtMeateTsedmtethe side walls as

wel I as the b%&a&ﬁurtehiséS% He1€9RLAHHEE LRNprAYEUSh Y, NENig or i ng bot h
the tenperature and the liquid |evel in a sunp cavity at the bottom of the
cont ai ner; adfesp¢yaFure approprlate for its use in a chemical vapor

deposition or atomic layer deposition process, by
providing heat from the side walls as well as the
bottom of the vessel or container, continuously
monitoring both the temperature and the liquid level in
a sump cavity at the bottom of the container, adjusting
the heat input to control the liquid reagent
temperature below the lower of normal boiling point,
boiling point at the container pressure, and
decomposition temperature of the liquid reagent,
passing an inert gas into the container to mix with the
vapor above the gas-liquid interface, and withdrawing
the mixture of gas and vapor for delivery to a chemical
vapor deposition or atomic layer deposition process.
[0033] The ampoule is installed on the chemical
vapor deposition or atomic layer deposition tool by
connecting to the two valves (5 and 6). The two valves
(5 and 6) are isolation valves used during transport.
Once installed on the tool, the valves are opened, the
thermocouple (11) placed in the thermowell (1) and
enough thermal conducting fluid is added to the
thermowell to cover the thermocouple. The ampoule is

placed inside of a heating mantle, block or bath (9)



the heat input to control the liquid reagent tenperature bel ow the | ower of
normal boiling point, boiling point at the contai ner pressure, and
deconposiwbanodimesger ature of the liquid reagent , passi pgTas2e0804i47gas into
the container to mx with the vapor above the gas -liquid interface, and

w thdrawi ng the m xture of gas and vapor for delivery to a chem cal vapor
deposition or atom c |ayer deposition pgocess. [0033] The anpoule is
installed on the chem cal vapor deposition or atom c |ayer deposition tool

by connecting to the two valves (5 and 6 . _The t valves (5 and 6 ) are
i sol ati on val 98¢ ?Eﬂﬂ?hﬁJPPnﬁotS%&ﬁﬁﬁﬁﬁtFeﬁﬁﬁﬁ9ﬁqﬁﬁzxwigf on the tool, the
val ves are opes@ferdtie-d ber aneosphidnbil)-tprapedcirsdhe st henmovedd (1) and
enough thermal conducting fluid is added to ihe,th rmowel | to cover the

t her mocoupl e. LRREUANIAIR &sesOhl e FHSHEPIR DT atThéafi RSHENG .- bl ock or

bath (9)and bpodghtidwp da@ dgl ixersadRaEpPenablgie. thhanbagpey atane of the
sem conduct or precursor i s npnitored through the use of the thernocouple in

the ther mowel Pasaeg driirasbghie| ReadinasqueRaveE nriudi ®Ae $aHut (7) and

passes throughntberdeadgpacenabpventieckkqut dvgas dnat erface (12) which
saturates it wth the sem conductor precursor. The giecursor saturated gas
exits the anpSERECPRIURIGH PRECBEEPRt pot& PESTUARYT i L EAFFEd97 At o t he

deposi tion togkit¥Were theduevethfdudihenki aut degars-tbelpvnahdieidll trasonic
transducer in the level sensor (2).1t causes an alert signal to be sent.
The signal cafebEiedidinso FheudePodtiadyitesar: THRSR odit &V§haPtenabl es the
liquid reagenthbeyeduSERRRE bBlow the ultrasonic transducer in the

level sensor (2) it causes an alert signal to be sent.
The signal can be audio, visual, or logical. The logic
signal enables the liquid reagent 1level sensor to
communicate directly with the deposition tool.

[0034] During the deposition process, it is
generally necessary to heat the vessel or ampoule by
some means in order to increase the vapor pressure of
the precursor and thus increase the amount of chemical
in the carrier gas. It is important to monitor the
temperature of the liquid precursor chemical inside of
the ampoule to control the vapor pressuré. This
monitoring of the temperature of the semiconductor
precursor can be accomplished by means of a
thermocouple in the thermowell. As the semiconductor
precursor is consumed, it will take less heat input to
keep it at the target temperature. The heat source for
the ampoule will need to be monitored by the
thermocouple and the temperature of the heating block,
mantle or bath adjusted accordingly.

[0035] It is necessary for the thermowell to be at a
distance from the floor of the sump cavity such that it

is still immersed in the liquid semiconductor precursor



comuni cate directly with the deposition tool. [0034] During the deposition
process , it is generally necessary to heat the vessel or anpoule by sone
means i n wo@edss/dess2rncr ease the vapor pressure of the precunsessand7d hus

i ncrease the anount of chemical in the carrier gas. It is inportant to
nonitor the tenperature of the |liquid precursor chem cal inside of the
anpoul e to control the vapor pressure.15This nonitoring of the tenperature
of the sem conductor precursor can be acconplished by neans of a

ther ocoupl € (i Ml RELEPELA o 1Rl D SO RANCLEr i eCUTSOT 115

consuned, it w ake lTess heat input to keep 1t at the target
t enper at ure. Jhenivedt. sOpeceay oro temsuzapblul e 34 o meked the beviedni t ored by

t he ther m)cougl e and rEngB%gFR%Mrﬁ g;%iglgt :istgﬁgb(?ﬁgé%n&ant l e or bath

adj ust ed accor%‘?sn%ﬁﬁ I'S netessary fo ernowel | to be at a
di stance fromitie fraporthef coher sufhisavphyiguecst itdratakesis still i nmersed

in the |iquid_ sem conduct pr ecur sor I 3 i ndi cates the
end of the chaé(?r‘{a(l:% age &%egg/\lﬁyé T e %S\rggg?h%ggiieq{eg ﬁ%ﬁg§§%ed%vc(eél sensor
and the ther nowetdsypreojtbat the Swmmmodedl abcealdews fvebm t Abisov®er. This

configuration,takes advantage of_ th Bﬁ% . I |, .sensing device
to ensure tha%m?%%i?ﬁépﬁ%mgﬁfyi%sa %gggggeg. %¥§%Fggﬁhﬂ§¥$§ﬁi not only as
a safety consates adrismxesbthatttled goregnggpestetpgrativeepdeesirs®r t enperat ure

0002 L SACSERLALR JECOME A STRRE AL . [0036] e mystem desorbed
{o036] The system described is for a vessel or
ampoule with both a liquid reagent level sensor and a
temperature sensor. It may be possible to combine a
level sensor and a thermocouple into one probe. In
that case, a singular circular depression would be the
only sump needed. It is also possible that an ampoule
would not need to be heated, thus obviating the need
for a temperature sensor. In such a case, a singular
circular depression would be the only sump cavity
needed.

[0037] A solid insert could be devised to create a
sump cavity in order to modify an existing ampoule.

The insert would have to be permanently attached to the
ampoule by welding or some other method in order to
prevent movement of the insert during shipping and
ensure that the trench lined up with the level sensor

and temperature sensor.

[0038] The system illustrated in Fig. 1 is for use
with an ultrasonic level sensor. An optical level
sensor could be used but may require a deeper well. A

magnetic float type of sensor could also be used but
may require a larger diameter sump cavity to

accommodate the diameter of the magnetic float.



tenperature sensor . It may be possible to conbine a | evel sensor and a
t hernocoupl e into one probe . In that case, a singular circular depression

woul d be wbeoensys2sunp needed. It is al so possible that pamao@swharsoul d
not need to be heated, thus obviating the need for a tenperature sensor. In
such a case, a singular circular depression would be the only sunp cavity
needed. [0037] A solid insert could beigevised to create a sunp cavity in
order to nodify an existing anpoul e. The insert would have to be

permanently a dt ul.e n . t he hod in
order to previhﬁggﬁvengh g?ﬁgiﬂn§%$tg%%ﬁ#nglﬁﬁViggﬁaggﬁdi%ﬁggre that the
trench lined uenwatwidnadn&yebnsedenﬁcuand peiperitsubeesensor . [0038] The
systentlllustrated in Fl .1 is use wi.ith_an Itras n|c | evel sensor. An
optical |evel éﬁﬁ%%ﬁeQKJ lﬁep %%gb% 9 ?ereqU|re S'sePer well. A

magneti c floabohyrmndﬁs:mmqmaﬂ ﬁémééhEﬂIEWeDESBSSdrbukimﬁmltequthe a | arger

di aneter sunp caV|t% t o acconmodat %fthe di_anet e

float.[0039] PRPFETRMS! &F &78 IR Cﬁﬁrl?E&cPéﬁaéntSVQVét gSh%%r with only

one detectionupeant hﬁ&jb&%ﬁedbéﬁﬁﬂ&ﬂdmsh&elSh@@&ﬂkbhestOpdSﬁtEbﬁnﬂtIpOInt

or continuous I|qU| reagent l.eve enso and noni t he_consunpti on of
seni conduct or SFFECLTLbrSad PELdfs© % © & &dt° 194 Hﬁééﬁgggiﬁ ?% ensure t hat

the | ast poi nthef ifledecidman is inside of the well to get t he benefit of the

I nventi on. [0q48L0;he %Xft%§E £$“1 féﬁé?gtéﬁ gblg ° 1s Eogsgge
with a thermowell (1) and thermocouple (11). It will
be appreciated that other types of temperature sensing
devices may be used in the practice of this invention
and may be widely varied in practice.
[0041] The system depicted in Fig. 1 is for an
ampoule with both a liquid reagent level sensor and a
temperature sensor. As a result of this, the trench
has been designed to handle two tubular probes. This
system could also be used with a tube attached to the
carrier gas feed inlet opening, thus turning the
ampoule into a bubbler. It may be desirable to have
the inlet tube extend down into the sump cavity as well
so as to maximize the path length of the bubble. This
will maximize the amount of dissolved chemical in the
bubbler and make the bubbler more efficient. If a
bubbler tube is added, a third cavity may need to be
added.to the sump cavity or the trench may need to be
extended.
[0042] The vessel or ampoule includes side wall
member (s) which may, for example, comprise a
cylindrical wall or wall segments corporately defining
an enclosing side wall structure, e.g., of square or

other non-circular cross-section, a top wall member and



with a thernowell (1) and thernocouple (11) . It wll be appreciated that
ot her types of tenperature sensing devices nay be used in the practice of
t hi s i nvewbi2oss/@sse7may be widely varied in practice. [09étjusidvs/osass em
depicted in Fig. 1 is for an anpoule with both a |iquid reagent |evel
sensor and a tenperature sensor. As a result of this, the trench has been
designed to handl e two tubul ar probes.1Thts system could al so be used with
a tube attached to the carrier gas feed inlet opening, thus turning the

anpoul e into g PyblLrya1ht mERYe Peoresidabhenbor haved ke gknl£11 f ube ext end
down into the sunp cavity as well so as to maxim ze the path Iength of the

bubbl e. This &PP|wadeliandz ®othematipttoroft 1ePE sBEWRRr THEFiLBEl 2 n t he bubbl er

and make the QH9£%§gdrB%£%r§B£'9éfﬁﬂe dff tacbybbler, tyhen $nadded, a third
cavity may need to be a to the sunp cavity or the trench may need to be

ext ended. [ 004R}raHion @vyelcoptatfpbae SRefadeswivdaonal Lidertber (s) which
may, for exarrelgfmﬁpgrry llgauédc%/uwﬁaé el cuel éaé)[li’\?llld S6@UeRLSe COr porat el y

defining an encl osi ng si structure, e.g., square or other
non-circul ar didss -section, a top wall nmenber anda bottomwall nenber or

floor menber. ghespide M@lalcco&agna@lv&lt@lnqhQOfLﬁ@éne@n Rhef E OGS, MeNbErS
define an enclosed interior volume of the vessel, which in operation may

contai n a gasmepber eE Yy §1¢¢¥uﬁQTfé§ﬁ|ﬁpﬁgl%.PWQﬁkdﬁdsHFic% at the gas
-liquid interfage £dA)cy JnRQ43) .1 NridccRrglange: W tdkddh@si nvention, the floor

downwardly from the main floor surface into a subfloor
surface with a bounding side wall surface of the
cavity.
[0044] The vessel (4) is equipped with carrier gas
introduction means which comprises a carrier gas input
(7) having a carrier gas flow control valve (5) couﬁled
therewith to control the flow of carrier gas into the
interior volume of the vessel. The carrier gas feed
inlet (7) is joined by coupling to a supply line from a
carrier gas supply unit (not shown in the drawings), so
that the carrier gas from the supply unit flows through
the supply line to the carrier gas feed inlet (7) and
is discharged in the interior of the vessel. The gas

- supply unit may be of any suitable type, as for example
a high pressure gas cylinder, a cryogenic air
separation plant, or a pressure swing air separation
unit, furnishing a carrier gas, e.g., nitrogen, argon,
helium, etc., to the supply line.
[0045] Gas phase reagent discharge line (8) receives
the gas phase or vapor reagent which is discharged from
the interior volume of the vessel, and flows same to a
chemical vapor deposition chamber (not shown in the

drawings). In the chemical vapor deposition chamber, a



menber has a main floor surface and is provided with a sunp cavity therein.
The sunp cavity extends downwardly fromthe main floor surface into a
subf | oor wonbamsseart h a boundi ng side wall surface of tlpeTasviosws44f9044]
The vessel (4) is equipped with carrier gas introduction neans which
conprises a carrier gas input (7) having a carrier gas flow control valve
(5) coupled therewith to control the-fi®w of carrier gas into the interior
vol une of the vessel . The carrier gas feed inlet (7) is joined by coupling

to a supply 'ugﬁeér%ﬁga,Cg%{e'tgfn&ma%g&lpl ¥ruBthet Nlosthgpa in the drawi ngs)
, SO that the carrier gas fromthe supply unit flows through the supply

line to the catenent gasmbgated reta (Eptandei sueeeRivar g&dotheX he interior of
the vessel . Tmsu%gs%q%g%ggnm LB Re g rafe SUidAR! Bt ¥Re. as for exanple

a high pressure ga a cryogenic alir separation plant, or a
pressure sw ngoarce separatinonodwded tioutheshhagoer daom dhegqss e. g.

ni trogen, argoHiﬁ%’ueI}eia teh??ﬁgéﬁim}]&”%"y line. [0045] Gas phase reagent

di scharge li ng ecei ves ( ase or vapor reagent which is
di scharged frdaPt6k i ntThe grpovl isrecaftachedvessie| theam@tfrob® sane to a

cher cal vapor.depast (i E1aRe ol N0k RBMoAE g deW0Shycd the

chem cal vapor deposition € er, awafe patterned wafer, or other
substrate el enentri sambetradaoresultdagabhtesiztelptver or debetitrount

structure, ingrecglving el ahLo0sh R0 Lae s SONrGR YaRAL htyglyced to the

chanber from tHe gas phase reagent % scﬁarge ?rlHne (\895'Tll .
deposition is discharged from chamber in an effluent
discharge line, and may be passed to recycle, recovery,
waste treatment, disposal,lor,other disposition means
(not shown in the drawings).
[0047] _ Referring again to the vessel or ampoule, the
vessel is equipped with a liquid reagent level sensor
(2) which extends from an upper portion exterior of the
vessel, downwardly through a non-centrally located
portion of the top wall member of the vessel, to a
lower end, non-centrally located on the bottom floor
member, in close proximity to the sub-floor surface of
the sump cavity (3) of the vessel to permit utilization
of at least 95% of liquid reagent when liquid reagent
is contained in the vessel. The upper portion of the
liquid reagent level sensor (2) may be connected by a
liquid reagent level sensing signal transmission line
to a central processing unit, for transmission of
sensed liquid reagent level signals from the liquid
reagent level sensor to the central processing unit
during operation of the system.
[0048] In a like manner, the vessel is equipped with
a temperature sensor, i.e., a thermowell (1) and

thermocouple (11), which extends from an upper portion



[ 0046] The vapor is contacted with the wafer to deposit thereon the desired
conponent (s) of the source vapor, and forma resulting material |ayer or
deposit owotbes/ossf2er. The effluent gas fromthe chem calpcrapesos@deposi tion
is discharged fromchanber in an effluent discharge line, and nay be passed
to recycle, recovery, waste treatnent, disposal, or other disposition neans
(not shown in the drawings) . [0047] _-Reberring again to the vessel or
anpoul e, the vessel is equipped with a liquid reagent |evel sensor (2)

whi ch extends from an ypper portion exteri of, the.vessel war dl y

t hrough a non%‘éﬁ’f’roaﬁ IO;# E%Sa?%sds%lo'r t(foc‘)”rlllwgfghlletlf%opu i SN _gﬂgf t he
vessel, to a Lowete®nbrrion-cénthaltop lwadat edmoer tdfe diet vessé&l por nenber,
in close proximty to the sub -floaor surface of the.s cavity (3) of the
vessel to per Pt utS19 2z &0 onCBR 5 e ﬁcaggg/o%? '?rfeqtﬂogrgg@a"g”%n]} when | i quid
reagent is contab&ed im dibeevpsseimitylhe uppesulpoflidan safrfbhe of qui d
reagent |evel sensor (2) ng)/ 9 connected by a l.iquid reagent |evel sensing
signal transni88i 9HW iHFEIEY 4 geﬂ?r e ﬁﬁgfgisi n%h%ﬁ’ﬁgerf BEIPi*%‘hsm ssion of
sensed | i qui doEegigeniedmalkusegsahsof r @Dt eyl bguechrieagenbyl eavel sensor to
the central processing unit duri nﬂ%r? eration,of . the s s%em [0048] In a

li ke manner, CABPTELSH® iS§PEGHP pPpEH W ttﬁaESF‘éﬁf)’e?%tilﬁé En8or, i.e., a

t hermowel | (1reapgal heroreeetipyeudiltl) forwhirahsexdseirnds offr eanaed upper
portionexterior of the vessel _, gommq{?dlsty t hr ough a centrﬁllg | ocat ed
portion of th&STBEHIe FEFBELS of PP P SETPETRL ST | BWE T i, “B8ntral I y

| ocat ed on theehotdDpmledssing unit during operation of the systemn.

[0049] 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 the valve (5)

(e.g., via a suitable valve actuator element not shown
in the drawings) to selectively adjust the valve (5)
and control the flow of carrier gas to the vessel. The
central processing unit may also be joined by a control
signal transmission line to the valve (6) (e.g., via a
suitable valve actuator element not shown in the
drawings) to selectively adjust the valve (6) and
control the discharge of gas phase reagent from the
vessel.

[0050] The sump cavity may preferably occupy a minor
portion of the cross-sectional floor area of the
vessel. In general, a plan view cross-sectional area
of the sump cavity is preferably less than about 25% of
the total cross-sectional area of the vessel floor, and
more preferably less than about 15% of the total cross -
sectional area of the vessel floor. For example, the
cross-sectional area of the sump cavity may be in the

range of from about 5 to about 20% of the total cross -



menber, in close proximty to the sub -floor surface of the sunp cavity (3)
of the vessel. The upper portion of the tenperature sensor (11) nay be
connect edwbyoes/dessrper at ure sensi ng signal transm ssion lpicmasbasasaent r al
processing unit, for transm ssion of sensed tenperature signals fromthe
tenperature sensor to the central processing unit during operation of the
system [0049] The central processing ypit, which may conprise a suitable
m croprocessor, conputer, or other appropriate control neans, may al so be

joined by a control signal transmssion |ine to the valve (5) (e.g., via a
sui tabl e val v&S5ELO% 0 r@laef?ﬁnnh%o‘fe gwrﬁf?‘ﬁ(’? He™ T awi ﬁé?)gi%e sel ectively

adj ust the vakue165)f alit GRpr 8hvithe dayoveofleped,i etrgaght oot hef vessel
The central processing unit may al so be joined by a control signal
transm ssi on PPHeCERY HEVRLTE PB)°EG2 10 a a suitabl e val ve act uat or

el enent not sh@esiin the driaw BESippeSeleat tnet yetadjdesifolrher v ve (6) and
control the discharge of gas phase reagent fromthe vessel 0050] The

sunp cavity mePCHREFRE dihisy SHRBGpyICR e 2PSr LR DO Ehe L RS - sect i onal

floor area of duhg ¥8sS8} .inl RhECPLREI@A ical ol AMi%i eW EROSSH wRgcbeonal area of
the sunp cavity 1s preferably | ess than about 25% of the total cross
-sectional ar @396yt YRrifgs 48 PFRGICe-and nore preferably |ess than about

15% of the tot@lbsayoss rForsethnpnal @eaump theivesag) ddmgariseFor exanpl e,
the cross -sectional area of the sunp cavity max be in the range of from
about 5 to ab&§P228Y% dtiRIFEEotRFCEFIRECTEL ¥ronal T3F ed'%f t he vessel

(floor area) .refBecEi#® remperature sensor and liquid reagent level
sensor lower end portions. These wells should be
communicated with one another by a passage extending
through the floor member of the supply vessel and
communicating at respective ends with the wells in the
vicinity of the sub-floor surfaces of the wells. Such
interconnecting passage may for example be a generally
horizontally extending passage, or it may for example
comprise a U-shape or manometric-type passage between
the respective wells of the floor member of the vessel,
or it may have any other suitable shape and
configuration for the purpose of communicating the
wells or constituent parts of the sump cavity.

[0053] The sump cavity may be formed in the floor
member of the liquid reagent supply vessel by any
suitable manufacturing method, including casting,
molding, etching, machining (drilling, milling,
electric arc machining, etc.), or any other method
providing a cavity structure in the floor member which
provides a liquid holding volume of reduced cross -
sectional area in the lower portion of the interior
volume of the vessel or ampoule, so that a given volume

of liquid occupies a greater height than would be the



wal I's of the sunp cavity may be sl oped, straight or of any other geonetry
or orientation. [0051] It will be appreciated that the conformation,

i ncl udi ngwoheosalsaqre, geonetry and di nmensi ons, of the suwrpTasvedswsdanot he
practice of this invention nmay be widely varied in practice. [0052] For
exanple, the sunp cavity may conprise separate discrete interconnected
wells for the respective tenperature-sgnsor and |iquid reagent |evel sensor
| ower end portions. These wells should be conmuni cated wi th one anot her by

a passage extending through_the. fl.oor f the _supply. el and
comuni cat i ng“at°® rlglsﬁélctlfl\g/%rleonlgsvovﬁu?‘ﬁ f%%ggﬁéf(?xémi@nmtsﬁse%%f%llﬁﬁffl of the sub
-fl oor surfacesedfoutdre inel bstiSctentitel coxrmdt.i ng passage may for exanpl e

be a generall i zontal Ly extendin a €,.0r 1| y | xanpl e
conpri se a U—i?@%{e’ or r%r&ng%llefﬁ%si ryaﬁgv%aéégg%tjb% V\c/)efter?rgt%hgygée%%’ecti ve wells
of the floor peghed wfagehe vesskElcednini theayedwmale @y, akheedsamd abl e shape

and configuration for the urg seeng comuni cat | n%ﬁt he vveIlI S, Of consti tuent
parts of the BuRp oA &F° Fﬁo %Tw 80P ERVFY* mf® BEPPSY & T n the fl oor
menber of thethicuild 8 eagentrsyapl suprassalinbytanyhes yatsalibed manlétact uri ng

met hod, i ncludipg_castin nol di ng, etching, machini.n drilling, mlling,
electric arc gﬁ hfflﬁ‘?%d’,hlg{hc.lf,l%r‘%ac’rfglaﬂggﬁgri%? htgﬁ" 6Pg$§%ﬁ”ﬁg a cavity
structure in tBeuhd asr umenbessahi chitprievindessaaty qud thehal dhag vol une of
reduced CrOssvésggftg;”ggmea&gghér&&'g%dggmgg Eﬁggéégé %getggbépterior

pressure of the precursor and thus increase the amount

of chemical in the carrier gas. The resulting vapor

and carrier gas are discharged from the vessel through

the gas phase reagent discharge line and flowed to the

chemical vapor deposition chamber for deposition of the

desired material layer or deposit on the substrate .

Effluent vapor and carrier gas are discharged from the

chamber in an effluent discharge line.

[0055] During this operation, the liquid reagent

level of the liquid in vessel (4) is detected by a

liquid reagent level sensor (2). It is important to

know when the liquid precursor chemical inside of the

vessel is close to running out so that it can be ‘

changed at the end of a chemical vapor deposition or

atomic layer deposition cycle. The liquid reagent

level progressively declines and eventually lowers into

the sump cavity (3) to a minimum ligquid head (height of

liquid in the sump cavity), at which point the central

processing unit receives a corresponding sensed liquid

level signal by a liquid level sensing signal

transmission line. The central processing unit

responsively transmits a control signal in a control

signal transmission line to the carrier gas flow



vol une of the vessel or ampoule , so that a given volunme of liquid occupies

a greater

hei ght than woul d be thecase in an interior volune of uniform

Cross -sewbi2otwalss@rea over its entire vertical extent. [pe@arkhoosnsane
illustrative operation of the system liquid reagent is placed in the
vessel (4) , heated and a carrier gas is flowed froma carrier gas supply
unit through a carrier gas supply line2z2o-the gas feed inlet (7) from which

it

is discharged into the interior volune of the vessel

It is necessary to

heat the Vesssgn%lyoﬁq;ﬁv%ea@? i ardler cthe {oveas thee Vappry essure of

t he precursor an

t

us i ncrease the amount of chemcal in the carrier gas.

The resul tingflaporf asdrdgrr ges Yadher ¥egfsthafe@ltPom t he vessel through
t he gas phase (S .lJjne t0:1h 1.cal vapor
e i o SeebaauRiln diSEhatan Id ne BRd-4] arphhoshhe chgrion

eposition of t

e desired materi a

| ayer or deposit

on the substraienal BEffdngentssiaporirendgocateserthfasgas @hdisschaagrtr from t he

chanber in an fl
liquid reagenf§%w &

reagent | evel phassoregd®nt. from|tthe messeant to know when the liquid

ever the [Tquid in vesse

%P%rfoqi %85?&9?6)| i ne, SLQQS&E%HA_; gqggpiégtggsrati on, the

by a liquid

precur sor_chef,gghy i Nsixde of alpe.yassel cbs.alage Lad Wabag.oute SO that it

can be change

he én m cal vapor

position or atom c | ayer

depositi on cyoEethdheiduiquiid vesgfEnt (4)eviesl dpregreddiwel y decl i nes and
eventually lo

' { i ~ i i quid head (heigh
liquidin PERSe I @F“«tn%?gp (EAVI Y 3) § o8 Wi %n}nb{qgﬁ%g ead (height

of

e sunp cav at whi'ch poin

e centra

processing unit

recei ves a cothespemhimagugsensfdciig guiakid precursor chemical inside

of the wvessel to control the vapor pressure.

If the

temperature of the liquid reagent in the vessel becomes

too high, the central processing unit receives a

corresponding sensed temperature signal by a

temperature sensing signal transmission line.

The

central processing unit responsively transmits a

control signal in a control signal transmission line to

the carrier gas flow control valve (5) 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 gas phase reagent flow control valve (6),

to shut

off the flow of gas phase reagent from the vessel.

[0057] By acting at the end of the gas phase reagent

dispensing operation on a reduced cross -section, the

increased height liquid volume in the sump cavity in

accordance with this invention, the liquid reagent

level sensor and temperature sensor are able to monitor

the liquid reagent level and temperature to a closer

approach to complete liquid utilization.

[0058] The means and method of this invention thus

achieves a substantial advance in the art, in the



| evel signal by a liquid |level sensing signal transm ssion |ine. The
central processing unit responsively transmts a control signal in a
control swonads/dss@rsni ssion line to the carrier gas fl owconseasovabye (5)
to close the valve and shut off the flow of carrier gas to the vessel, and
al so concurrently transmts a control signal in a control signal

transm ssion line to close the gas pbagg reagent flow control valve (6) ,
to shut off the flow of gas phase reagent fromthe vessel. [0056] Al so,
during this operation, the tenperature of thecii uid in vessel (4) is
detected by aPFewticxt GfedsB8AGI™ (EPF) SUPplya r‘fﬁ&i@feﬁﬁfn?oo itor the

t enper at ure ofat hehddedHedgPher Whisin ¢hefii eal 95 hsgdeOfththeovassel to
control the vapor pressure, |If the tenperature of the |liquid reagent in the

vessel beconeStteee MIgEinehey caiHaerr beeet? dFagrt FecRFves a

correspondi ngygeisad tieNRREahME B &itdkal £8Y whigpRekatdisepsassi ng signal
transm ssion line. The central processing unit responsively transmts a
control signaFepgeRt donBrorcsiya diSRARBATFSsion line to the carrier gas

flow control yabye) (5) dRrekpseaideiyvaliveopashsiviis eibnt he fhow of carrier
gas to the vessel, and also concurrently transmts a control signal in a
control si gnaMaRRERREHESs PENS PR HEPTIHIHOFs @nfhBUREECPHRSEFeagent f 1 ow

control val veptBiuctd 0 i$hit pbisihe Wiew ohe dnsarthase heegsdtod romthe
vessel . [0057}3 By acting at the end of the gas ghase reagent di spensing
fic?

operation on &hfedirReaRterssso- sedtiorther wast s &Rt 1iquid vol une
in the sunp ca¥bg¥nd to levels as low as 2-5% of the volume

originally loaded into the dispensing vessel.

[0060] Accordingly, the practice of this invention
markedly improves the economics of the liquid reagent
supply and gas phase reagent dispensing system, and the
process in which the dispensed gas phase reagent is
employed. The invention in some instances may permit
the cost-effective utilization of liquid reagents which.
were as a practical matter precluded by the waste
levels characteristic of prior art practice.

[0061] As a further benefit of this invention, the
reduced liquid reagent inventory in the vessel at the
end of the gas phase reagent dispensing operation
permits the switch-over time, during which the
exhausted supply vessel is changed out from the process
system, and replaced with another vessel for further
processing, to be minimized as a result of the greater
on-stream time for the supply vessel owing to increased
usage of the originally charged liquid therefrom,
relative to such prior practice.

[0062] The liquid reagent precursors useful in this
invention are preferably organometallic compound

precursors. The organometallic precursors may be



accordance with this invention, the liquid reagent |evel sensor and
tenperature sensor are able to nonitor the liquid reagent |evel and

t enper at we 2v6s/@se2roser approach to conplete |iquid utilpczatscesnsds0958] The
means and nethod of this invention thus achieves a substantial advance in
the art, in theprovision of a systemfor supply and di spensing of a gas
phase reagent, which permts 95-98% of 2¢4he volune of the originally
furnished liquid reagent to be utilized in the application for which the

gas phase reagent, |5 seleatiuely. diphensedeol A5Gk 1Cor respRRdiqgly, 1n

operations_su e manuf acture of senlcondyctor and super conduct or
products, it hafpogsi bantailuh,thelykdammanglabinegd, ¢folidhi s i nvention to

reduce the ma§%§§gt“&h%ﬁ£%%?%g%%%ﬁgﬁntZEQCE§¥S£§§g%mLF§baS 2-5% of the

vol une origin odde I Spensing ves 60] Accordingly,
the practice etrohtsu nentivon makkadly angproyesanhahaddaom-cs of the

| iquid reagent._s | y. and gas _phase. r i | : and t he
process in mh%Eﬁygﬁﬂi%ﬁﬁﬁﬁﬁﬁﬁﬁeﬁggl% gggﬁgégge% |5I£%bﬁ%§%§HéThe i nvention
i n some instamoeBemrhym peimtiatintihg, chsfrnieif-eonteenimg/ itaattiednmof | i quid
reagents which were as a ctical tter d | evel s
characteristi EOBFADIIST AT /%5r gg??’%%&”[“b(%’?’]&gigyggf%r%/%réotﬂ\%ﬁ\éﬁg(?t of this

i nvention, thereedused dangouddseagent inventory in the vessel at the end of

o e R RSB PR IR DB 5 S e e,
organometallic compound is employed in gas phase
deposition techniques for forming powders, films or
coatings. The compound can be employed as a single
source precursor or can be used together with one or
more other precursors, for instance, with vapor
generated by heating at least one other organometal lic
compound or metal complex.

[0064] Deposition can be conducted in the presence
of other gas phase components. In an embodiment of the
invention, film deposition is conducted in the presence
of at least one non-reactive carrier gas. Examples of
non-reactive gases include inert gases, e.g., nitrogen,
argon, helium, as well as other gases that do not react
with the organometallic compound precursor under
process conditions. In other embodiments, film
deposition is conducted in the presence of at least one
reactive gas. Some of the reactive gases that can be
employed include but are not limited to hydrazine,
oxygen, hydrogen, air, oxygen-enriched air, ozone (03),
nitrous oxide (N,0), 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, 03, N,O or a vapor of an oxidizing



system and replaced with another vessel for further processing, to be
mnimzed as a result of the greater on- streamtine for the supply vessel
owi ng to woeueassstyusage of the originally charged |i quirdTiUsesosfosom
relative to such prior practice. [0062] The liquid reagent precursors
useful in this invention are preferably organonetal lic conmpound precursors.
The organonetal | ic precursors may beeodpri sed of expensive netals, for
exanpl e, ruthenium hafnium tantalum nolybdenum platinum gold,

titanium I ead apfilé i UBLndi I EQRIUMenBi 85RthdY i i LeNhi HERaD@diue cal cium
anti nony and tﬂga lum . Preferred organonetal | i c precursor conpounds
i ncl ude rut hehilmm - cont ai ni ng, haf ni um cont ai ni ng, tantal untontai ni ng

and/ or nol ybdegsa, contalning; gr ganeakabbher H5&E WesQhnCOMPANds . [0063]
In an enbodi ment of this invention, an organonetallic conmpound is enpl oyed

in gas phase depdsitddorot §obmigudstf.oporderi oly akdessthdEl ns or coati ngs.
The compound ¢ap, e #UPIOXEY: A5 1S BOLE L SOH! GRRIECUESQEaingran be used

t oget her with one or nore precursors, I nstance, w t'h vapor
gener at ed by heat i hiplatdelseassingke oeted oxgddondtiaded félwdwnpound or net al

compl ex. [ 0064, 2EROSY:! -0 £A0 DA LORAUChEdadfbd Nl 252G @l AL her gas
phase conponeht$ - 1n an enbodi nent. of the inventi of, iI'mdeposition is
conduct ed i n nheepregericexofieafilwenst Aonexedmeradacride Ehit i gas.

o2 B LSRR 95 ) Wk assS o Cogen. argon
organometallic precursors, at least one of which being
selected from the organometallic compounds described
above.

[0066] Gas phase film deposition can be conducted to
form film layers of a desired thickness, for example,

in the range of from about 1 nm to over 1 mm. The
precursors described herein are particularly useful for
producing thin films, e.g., films having a thickness in
the range of from about 10 nm to about 100 nm. Films
of this invention, for instance, can be considered for
fabricating metal electrodes, in particular as n-
channel metal electrodes in logic, as capacitor
electrodes for DRAM applications, and as dielectric
materials.

[(0067] The deposition method also is suited for
preparing layered films, wherein at least two of the
layers differ in phase or composition. Examples of
layered film include metal -insulator-semiconductor, and
metal-insulator-metal.

[0068] The organometallic compound precursors can be
employed in chemical vapor deposition or, more
specifically, in metalorganic chemical vapor deposition

processes known in the art. For instance, the



with the organonetallic conpound precursor under process conditions. In

ot her enbodi nents, filmdeposition is conducted in the presence of at | east
one reactwoeogasss23one of the reactive gases that can becenphegeddncl ude
but are not limted to hydrazine, oxygen, hydrogen, air, oxygen -enriched
air, ozone (O 3) , nitrous oxide (N 20, water vapor, organic vapors,
ammoni a and others . As known in the-aké 5 the presence of an oxidizing
gas, such as, for exanple, air, oxygen, oxygen-enriched air, O3, N2O or a

vapor of an oxj é&éuﬁ&%&%@' EOW%%C&@MSQ dherfiecaribore fara et al
oxide film [00065] posi ti on net hods descri bed herein can be conducted to

forma film b@wmﬁ#d(ﬂn esmePReT i S Welldes i dioWgPees®e%d: or a film
powder or coa h&gléat@%a'pggl Hgﬁésﬁzl% ngl-scaBiad . oxirde cofbs&ckd id4m®, powders

or coatings also can b eposited, for instance m xed netal oxide filnms. A
m xed netal okedempldwadcan b@tfmlrﬂeophel’“@lcaéxﬁﬁm% deppséfpPByidg several

Or ganonet al || o phEgUS Qs chal nl S5t NG ke YL CtrhglBos schegted 1om the

organonet al I i ¢ conpounds descri bed above . Gas phase fil'm deposition
can be conducaedW$tﬂfaﬁ’¢mfpbhﬁl@yem@mbﬁméldéxp¢e@KWhPéRnéésorfor exanpl e,

in the range out e T r cri bed
8{:;? cfhg Ut ¢ g; % ghlcmnmeag SGHESPLSe dfss i

herein are par use producing thin filnms, e.g., filnms having
a thickness henh@ hQﬁHﬁ@ of from about 10 nmto about 100 nm Films of this

I nventi on, for b@§{ ancapmd CaRghBoRANSI1deS ednbOind 3 LaLbRg Net al

el ectrodes, in particular as™n -
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
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.
[00701] 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.

[0071] Examples of substrates that can be coated
employing the deposition method include solid
substrates such as metal substrates, e.g., Al, Ni, Ti,
Co, Pt, Ta; metal silicides, e.g., TiSi,, CoSi,, NiSi,;

semiconductor materials, e.g., Si, SiGe, GaAs, InP,



channel netal
applicati ons,
al so i s swoteeh/dess27preparing | ayered filns, wherein at lpeaats2dososafot he
| ayers differ in phase or conposition. Exanples of |layered filminclude
metal -insul ator-sem conductor, and metal -insulator-netal . [0068] The

organonetal | i ¢ compound precursors canhz2be-enpl oyed in chemn cal
nore specifically, in netal organic chem cal vapor deposition

processes knowi jlBnkhecaf t siflar 1hBsIaNGes, thgor ganperetal (i ¢ gempound

deposition or,

el ectrodes in logic, as capacitor electrodes for DRAM

and as dielectric materials . [0067] The deposition

precursors described above can be used in atnosp eri'c,” ds*'well ’as
pressure, cherfide@d, Papor, Sepévint $oreniriveesskbanafhelBSGNpobadsiean be

enpl oyed |0 Nfac@h Ly shalfal Aok deRASIch BinserdBINgaLn whi ch the
entire reaction chanbe wel I as 0
cheni cal vaporingdpdsi tomrinag ivashaf cquatdniadsi. chImmdditthensubstmate i s bei ng

r 1S heated, as inc or warm wal

nmet hod

vapor

in | ow

type

heat ed. [0069],,The,pL { 8l EGROMANING Lecll sof 8. LepghLbed, above al so

can be used in plasna Oor photo - assiste

processes,

The conpounds al'so c

em cal vapor

ep05|?1on

i n bilermhsehepaEnvmegy cf mapeal glsas mdorn edEwinr aoagheys coxener gy,
respectively, d.§_use e}% aq%ﬁ%aé% Eggrqugh%éﬁmgggorfdﬁposition precursor.
n be enplo ed inton -

eam erec%ron - beam assi st ed

chem cal vapordegepdtion o proeessbstratemviseld, inespeatanndglygtuaa ¢on beam or

el ectron bea

a chenica

vapo

embodiments, a substrate is employed to support a low
resistivity conductor deposit that is stable in the
presence of an oxidizer at high temperature or an
optically transmitting film.

[0072] The deposition method can be conducted to
deposit a film on a substrate that has a smooth, flat
surface. 1In an embodiment, the method is conducted to
deposit a film on a substrate used in wafer
manufacturing or processing. For instance, the method
can be conducted to deposit a film on patterned
substrates that include features such as trenches,
holes or vias. Furthermore, the deposition method also
can be integrated with other steps in wafer
manufacturing or processing, e.g., masking, etching and
others.

[0073] 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 are less than 50
nanometers thick, for instance, films that have a
thickness between about 0.1 and about 20 nanometers,

also can be produced.

My BcAbEess otk L9 D8RSR SUPR) Yorlter 0Y for decomposing



deposition precursor. Laser -assisted chem cal vapor deposition processes,
in which laser light is directed to the substrate to affect photolytic

r eact i onswohoédngsehem cal vapor deposition precursor, alpew/usasshesused.

[ 0070] The deposition nethod can be conducted in various chem cal vapor
deposition reactors, such as, for instance, hot or cold -wall reactors,

pl asma - assisted, beanmtassisted or Lagsgr-assisted reactors, as known in
the art . [0071] Exanples of substrates that can be coated enpl oying the

deposition ne i nclude solid substr uc net a ! tes, e.g.,
A, N, Ti, Ci@(?-&]’ Ta?)-rgﬁ‘ﬁ?g?t%ﬁlilcﬁ 8@‘%8‘2?‘3‘?&@%505% %:%%élgﬁgc],erdﬁ“ Si 2

seni conduct or apaterd1aics caf. Pe , elploy8idCGen Gadsmetindd difavbad, GN, SiC,

i nsul at ors, e._g. , SIO 2, Si3N4,. Hf Ob2, ;I'aZCB, Al 2CIéé barHJOrp1 sOtIr ontium
titanate (BSTIIVeHa & ARFB LI BY §EO0MF NAYFENTEBP b Fubdt rat es t hat
i ncl ude conbi gabhDNS Blermatiel éat Son Itecaddigiéon,dddihgswbicltcat i ngs can be
formed on gl ass, ceram_cs, i ic materials, and on

| astics, _-thernoset .pol yner
ot her coati ng€™oFt¥395micay nge‘i& % %FEF%??%(P%&?’%EH{?C‘%W%’deposi tion
is on a substpaigirsedindn ihbet nparIfackuns . ors@recedalnyapér el ect roni c
conponents. In other enbodinents, a suébstra e.is_.enpl Oﬁwei to,support a | ow
resistivity coRBeRtorPHeFEEPETERRAESs 9EEEB1R% N 1He FPERERce™df an oxi di zer
at hi gh tenpegasureatintaNo0pt| &t J 965t maBSMhtisg Hatkn: §6072] The
deposition nethod can be conSuct ed to deﬁgﬁit a filmwn a substrate that

has a snoot h, 6 B4R St f ad®e PRSP BHESdPheRtt? (9 SMEPh3ESi s conducted to

incorporated herein by reference in their entirety.
[0075] For example, in one atomic layer deposition
cycle, a substrate is exposed, in step-wise manner, to:
a) an inert gas; b) inert gas carrying precursor vapor;
c) 1inert gas; and d) oxidizer, alone or together with
inert gas. In general, each step can be as short as
the equipment will permit (e.g. milliseconds) and as
long as the process requires (e.g. several seconds or
minutes). The duration of one cycle can be as short as
milliseconds and as long as minutes. The cycle is
repeated over a period that can range from a few
minutes to hours. Film produced can be a few
nanometers thin or thicker, e.g., 1 millimeter (mm).
[0076] 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 variations are to be included within the purview of
this application and the spirit and scope of the

claims.



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 esot2b@bossere! ude features such as trenches, hol epcerusydds44479
Furthernore, the deposition nmethod also can be integrated with other steps
in waf er manufacturing or processing, e.g., masking, etching and others .
[ 0073] Chem cal vapor deposition filas2xan be deposited to a desired

t hi ckness.: For exanple, filnms formed can be less than 1 micron thick,
preferably | ess than 500 nanoneter s,apgd,a0{e preferably I ess than 200
nanoneters thick. Filns that are | ess 1 50 nanoneters thick, for
instance, fil f®0%Hat haveokid Hitclnmbisnbeismmaragpsat Tetrakié about 20
nanomnet ers, S . L ogle s, al )i d precursors
descri bed abgl\gllerg%ﬁ%?g gﬁﬁ%e emqrgg/ggaﬁ%\ﬁ&@%?%gdg%b%%ﬁ@%ggenti on to
formfilns by2atwn cal gytraiepdeit veny arengtesaiore ayErl mecbeatvéamn

techni ques, during which a substrate is exposed to alternate pul ses of
precursor, oxi@iamt 188d °F nerfheygdrstpedas RYdeREi arY | WA défosi ti on

t echni ques ar i f -@@gg,l ! S. fat rebpR e 965 and in
U. S. Patent N%uggsa%%lggg%m%ﬁe di'scl %gu!riggsé% f bot %ﬂ%;tygnts are

i ncor por at ed #i@$ edan bprvebeterrie 4 AeWhBPFY &ift i &Y. PFDO75] For exanple, in
one atom c | ayer deposition cycle, a substrate is exposed, in step-w se
manner, to: a ) an inert gas; b ) inert gas carrying precursor vapor ; C )
inert gas,- and d ) oxidizer, al on&EX¥Plegét her with

[0078] A liquid at ambient temperature: Tetrakis

Diethyl Amino Hafnium (TDEAH) has a lower vapor
pressure even though it is a liquid. A suitable
delivery temperature will be between 80 and 120 °C.
The carrier gas could be any inert gas such as helium,
nitrogen or argon. The pressure of the gas can vary

between a few torr to a few psi.



inert gas. In general, each step can b e as short as the equi pnent wl|l
permt (e.g. mlliseconds) and as |long as the process requires (e.qg.

several swoQuekwess27mM nutes) . The duration of one cycl epecanusbogasrshort as
mlliseconds and as long as mnutes. The cycle is repeated over a period
that can range froma few mnutes to hours. Film produced can be a few
nanonmeters thin o r thicker, e.g., 1._mjlimeter (mm. [0076] Various

nodi fications and variations o f this invention will be obvious to a worker
skilled in the art and it is to be understood that such nodifications and
variations are to be included wthi n%&%urvi ewo f this application and
the spirit and scope of the clains .Exanple 1 [0077] A solid at anbient
tenperature: Tetrakis Dinmethyl Am no Hafnium (TDMAH) nelts at approxi mately
29 0C . A suitabl el del ivERY PB%%rIé%a@teé‘tV\ﬂ‘FP%%sH@ iR raguand 100 0C . The
carrier gas coyhshERNY inert gas such as helium nitrogen or argon. The
pressure of the gas can vary between a few torr to a few psi . Exanple 2

[0078] A liquid at®fidiiesfriretberdtanes: C?@%‘F%R{%Sﬁlepﬁwd%‘n% Haf ni um

(TDEAH) has - a; | QWeipMaReK BLEaSHER-RMAR ttBE“GQlitménﬁae% bhaubdl. ivA suitable
delivery tenperature will be between 80 and 120 OC . The carrier gas could

be any inert §ages R &Y RebPufP™ MallogemPor &P gdtfirrhébsreyste® of the gas
can vary betwggn; g 46wt obiuh@;a few psi.Cains 1 . A gas phase reagent

di spensi ng appar at us
the bottom wall member having a main floor surface

containing a sump cavity therein extending downwardly
from the main floor surface, the sump cavity being
bounded at its lower end by a sub-floor surface, with
at least a portion of the sump cavity being centrally
located on the bottom wall member and at least a
poition of the sump cavity being non -centrally located
on the bottom wall member;

a temperature sensor extending from an upper end
exterior of the vessel through a centrally located
portion of the top wall member and generally vertically
downwardly into the interior volume of the vessel to a
lower end of that portion of the sump cavity centrally
located on the bottom wall member, with the lower end
of the temperature sensor being located in non -
interfering proximity to the sub-floor surface of the
sump cavity;(

a liquid reagent level sensor extending from an
upper end exterior of the vessel through a non -
centraliy located portion of the top wall member and
generally vertically downwardly into the interior
volume of the vessel to a lower end of that portion of
the sump cavity non-centrally located on the bottom

wall member, with the lower end of the liquid reagent



conprising : a cylindrically shaped cl osed vessel bounded on its upper end
by a renovable top wall nenber and on its |Iower end by a bottomwall nenber
t o defi newbhessawsd2hi n an interior volume ; the bottom walth/useseisshavi ng a
mai n fl oor surface containing a sunp cavity therein extendi ng downwardly
fromthe main floor surface, the sunp cavity being bounded at its |ower end
by a sub-floor surface, with at |east flp_orti on of the sunp cavity being
centrally located on the bottomwall nenber and at | east a portion of the
sunp cavity being non -centrally | ocated on the bottomwall nenber ; a

t enperat ure skesdr sexsendbeind logpraadupperoenintetfering PFoFITE essel

through a centf aldy sy%%asgrpﬁféa% ofe the top wallicyenbes and generally

vertically downwardly into the interior volune of the vessel to a | ower end
of that portion oftheh¢eppepatvms tSpnsent balty dosrattddedn areansnd om wal |
menber , wth, the | r : th tyre SeRsPLpel g | ocated in non
- interferi ngnlﬁ):k%(el %1\0@? ?%9%1%2 tsoug-eﬁ:gggglﬁésurfé:cegof t’f e sunp cavity,- a

| i qui d r eagentideidelresgrabrimxthendiesgel s orhanl ipper repderitiavedr of the

vessel through a non - _cen y 0c g tionaf L, menber and
general ly verti call %e&g%ag%%éy%ie%?’og%ﬁgngﬁt elrr} gr Qvg l}rt}(?rré:t‘—ic))\)]BLt\tﬂﬁe vessel to a
| ower end of déradrmporet iche bévehefsdiguedviteaoendnicehhe avessdlocat ed on the

pottom wal | TEID&lantl: LB, LD L oer a%fad_lgn&%lgﬁeréag%ﬂtd1@@@9%&8%@' sensor

being located inh no erfering proxi
being located in non-interfering proximity to each

other in the sump cavity, and the temperature sensor
and liquid reagent level sensor being in liquid reagent

flow communication in the sump cavity .

2. The gas phase reagent dispensing apparatus of
claim 1 further comprising:

' a non-centrally located portion of the top wall
member having a carrier gas feed inlet opening;

a carrier gas feed line extending from the carrier
gas feed inlet opening upwardly and exteriorly from the
top wall member 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;

a non-centrally located portion of the top wall
member having a gas phase reagent outlet opening; and

a gas phase reagent discharge line extending from
the gas phase reagent outlet opening upwardly and
exteriorly from the top wall member for removal of gas
phase reagent from the interior volume of the vessel,

the gas phase reagent discharge line containing a gas



to the sub-floor surface of the sunp cavity; and the tenperature sensor

bei ng operatively arranged in the sunp cavity to determ ne the tenperature
of |i qui dwvoeagrsse2rn the vessel, the |iquid reagent |evecTasnasnidaes ng
operatively arranged in the sunp cavity to determne the level of liquid
reagent in the vessel , the tenperature sensor and |iquid reagent |evel
sensor being located in non -interferipg proximty to each other in the
sunp cavity, and the tenperature sensor and |liquid reagent |evel sensor
being in liquid reagent flaow comunication in the sunp cavity . 2 . The gas
phase reagent PBREPeFRAHPCappaFateRTH R ’ih‘?{ﬁ]trhéerorCSHﬁF’F%)rrfbﬁ.z a

non-central | y rhggab £k ROGEisOphAte theadop waktetlrdigm having a carrier gas
feed inlet opening; a carrier gas feed |line extending fromthe carrier gas

feed inlet opening upwardly and exteriorly fromthe top wall nenber for

delivery of carrieg gasridi@st BRabottdpmevalspending R@ppuesses .ot he carrier
gas feed line containing a carrier gas flow control valve therein for
control of fl&h2eR herddies 6PmgaLs e &ehPBEgh 2 S8 FRAE<ntral |y | ocat ed

portion of theikeRawad |1RMEr gaav{fﬂgs@ B2 phas ow eageniniedtigh opening, -
and a gas phase reagent dischar ge i ne_extending fromthe gas phase reagent
out| et openi nJitiBvar ety RifdeeLediVery I9RShtEtRB FHPSR |Saiéhber for renoval

of gas phase eRagstidd WPdha Loissil AMmURBCRetiddie w@ssel , the gas phase
reagent discharge.|line containing a gasphase reagent flow control valve
therein for c&§PPeLtHPn system and an atomic layer "deposition

system.

4. The gas phase reagent dispensing apparatus of
claim 1 wherein the sump cavity comprises a minor

fraction of the area of the bottom wall member.

5. The gas phase reagent dispensing apparatus of
claim 1 wherein the sump cavity occupies less than 20%

of the bottom wall member surface area.

6. The gas phase reagent dispensing apparatus of
claim 1 wherein the sump cavity has a dumbbell shape in

top plan view of the bottom wall member surface.

7. The gas phaée reagent dispensing apparatus of
claim 1 wherein the sump cavity comprises two
transversely spaced-apart wells in liquid flow
communication with one another, with one of the wells
having the lower end of the temperature sensor disposed
therein and the other of the wells having the lower end

of the liquid reagent level sensor disposed therein.



fl ow of the gas phase reagent therethrough. 3 . The gas phase reagent

di spensi ng apparatus of claim1 further conprising the gas pha se reagent
di schar gewbi2oes/des62gas phase reagent fl ow comruni cati on wctrhisaoogasssphase
delivery deposition system said deposition system selected froma chem cal
vapor deposition systemand an atom c | ayer deposition system 4 . The gas
phase reagent dispens ing apparatus ofzg¢laim1l wherein the sunp cavity
conprises a mnor fraction of the area of the bottomwall nmenber. 5 . The
gas phase reagent di spensing apparatus of %éain11,mherein t he synp cavity

occupi es | ess tharP20%'8f A® PATOHRAPIT Nt SI08: 3RRAEREE 9% . The gas

phase reagent . gi spansinegedRPeRal Lsvedf ctldabm dhaheigiia teegenep cavity has a
dunmbbel | shape in top plan view of the bottom wal l surface. 7 . The

. menber
gas phase readevRl densensifglApHEISnoLY cFiPsh PRererh theSunp cavity

conpri ses tWoglh ARG Sek¥asPased P aupWehy sty Ned ightnd cf | ow conmuni cati on
with one another, with one of the wells having the | ower end of the

tenper at ure sehibkzafii®BosEdat neasith SRfd Ofhd 18 HE T A9 e YRET s having t he

lover end of {hg.ld quideheagentoheytlessensene dispnsedetberein. 8 . The gas
phase reagent dispensing apparatus of claim 1l wherein the |ower end of the

liquid reagent |evel sensor is in sufficiently close proximty to the sub-
floor surface of thie sufR gaYi piadd ReGEht lipdAliOapphratud amst 95% of
| iquid reagent when |iquid reagent is contained in the closed vessel.

claim 1 wherein said liquid reagent level sensor 1is

selected from the group consisting of ultrasonic

sensors, optical sensors and float -type sensors, and

said temperature sensor comprises a thermowell and

thermocouple.

10. The gas phase reagent dispensing apparatus of
claim 1 wherein the gas phase reagent comprises a
precursor for a metal selected from the group
conéisting of ruthenium, hafnium, tantalum, molybdenum,
platinum, gold, titanium, lead, palladium, zirconium,
bismuth, strontium, barium, calcium, antimony and

thallium.

11. The gas phase reagent dispensing apparatus of
claim 7 wherein the liquid reagent level sensor well is
connected to a temperature sensor well by a yoke
passage, thereby defining a dumbbell conformation of

the sump cavity.

12. The gas phase reagent dispensing apparatus of
claim 1 wherein the sump cavity is defined at least in

part by a sloping wall surface.



9 . The gas phase reagent dispensing apparatus of claim1l wherein said
liquid reagent | evel sensor is selected fromthe group consisting of

ul trasoniwoeeaesy optical sensors and float -type sensoras2e8a46a9 d
tenperature sensor conprises a thernowell and thernocouple . 10. The gas
phase reagent dispensing apparatus of claim 1l wherein the gas phase reagent
conprises a precursor for a netal selegted fromthe group consisting of

rut henium hafnium tantalum nolybdenum platinum gold, titanium | ead,

pal | adi um zirconi g kigmdhh, psidORad@ht bal sptisiedl 6bparadlY idgrony and
thallium 11. The gas phasé reagent di Spensi ng apparatus of claim7 wherein

the liquid regyenr 3 frsithesnsorPweding & ConRELY Pt SR TCENHRIRIEF e sensor

wel | by a yokeop@§§qggmngeEggyfégﬁ|ﬂyﬂ@g a dunbbel | conformation of the
sunp cavity. 12 . The gas phase reagent dispensing apparatus of claim1l

wherein the sunp cavity is defined at least in part by a sloping wall

surface. 13 . The gas phage ggagﬁgge(y Nl B9 ARRAMRL UspQbaChdtidn 2 further

conprising a carrier gas source coupled to the carrier gas feed line. 14 .
The gas phasecleimehi wdiesigénsthy eppaieat g8SoPORTer MoLFoMEEedn the carrier

gas Sour ce IS eseheCl bl QTLLE: O Bp KOUShsLh NG Ofsididl Pressure gas

cylinder, a cryogenic air separation plant and a pressure swing air
separ ati on unicylinder The cgaodphbs e ite S§OAT2HI Fpanisintg 2BPpar at us of

pressure swing air separation unit.

15. The gas phase reagent dispensing apparatus of
claim 2 further comprising:

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

the gas phase reagent discharge line
connecting the apparatus to the deposition chamber;

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

an effluent discharge line connected to the
deposition chamber;
such that gas phase reagent passes through the gas
phase reagent discharge line and into the deposition
.chamber, for contact with a substrate on the heatable
susceptor and any remaining effluent is discharged

through the effluent discharge line.

16. A method for delivery of a gas phase reagent

to a deposition chamber comprising:



claim2 further conprising: a deposition chanber selected froma chem cal
vapor deposition chanber and an atom c | ayer deposition chanber ; the gas
phase reagenbodlicse2har ge | i ne connecting the apparatus tectrhs2espesizéi on
chanber, - a heatabl e susceptor contained within the deposition chanber and
| ocated in a receiving relationship to the gas phase reagent discharge
line; and an effluent discharge |ine_copnected to the deposition chanber, -
such that gas phase reagent passes through the gas phase reagent discharge
line and into the deposition chanmber, for contact with a substrate on the
heat abl e suscept or(@ndPERYIEEMAITIFG BIFTTeMPIDCdFLERETYEY t hr ough t he

ef fluent di schgsrgadhisnen d6corudmichdchos1iged ivery of a gas phase reagent
to a deposition chanber conprising:(a) g_rovi di ng_a gas phase_ r eagent

di spensi ng appar at{® i #dgdéperdarragehtt HotFRi iR & 11@B}da0mi Agt i r eagent
which is a |iguigdyflensokibfpoata@iid @Bt sheaPgaatpifsd @esgift gas phase reagent
di spensing apparatus ; (c) heating the reagent in said gas phase. reagent

di spensi ng appesRanssingo2BPREMPETature sufficient to vaporize the reagent to

provi de gas phase [8ageRhbtingdind digldc i s i LlgAPhaBEOrsabshgas phase
reagent di spensing apparatus_; (e) wthdraw ng the %as,phase reagent and
carrier dispensing apparatus to a temperature sufficient to
vaporize the reagent to provide gas phase reagent;
(d) feeding a carrier gas into said gas phase
reagent dispensing apparatus;
(e) withdrawing the gas phase reagent and carrier
gas from said gas phase reagent dispensing apparatus
through said gas phase reagent discharge line; and

(f) feeding the gas phase reagent and carrier gas

into said deposition chamber.

17. The method of claim 16 further comprising:

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

(h) discharging any remaining effluent through an
effluent discharge line éonnected to the deposition

chamber.

18. The method of claim 16 in which the
deposition chamber is selected from a chemical vapor
deposition chamber and an atomic layer deposition

chamber

19. The method of claim 17 wherein said substrate

is comprised of a material selected from the group



gas from sai d gas phase reagent dispensing apparatus through said gas phase
reagent discharge line; and (f) feeding the gas phase reagent and carrier
gas i nt o weioaigpesi ti on chanber. 17. The net hod of cl aiporisGooswidher
conprising: (g) contacting the gas phase reagent with a substrate on a
heat abl e susceptor within the deposition chanber; and (h) discharging any
remai ni ng effluent through an effl uer_1t3gli_scharge | ine connected to the
deposition chanber . 18. The nmethod of "Claim 16 in which the deposition
chanmber is selected froma chem cal vapor deposition chanber and an atomc
| ayer deposi t constdaiseofle. ngkel mat Megadf st} EFiASr7anwher ei n sai d substrate
i's conprised gb a.SRL& A, 88! ecdeddorommlihg wouReoRgtetifg. of a netal, a
nmetal suicide, a sem conductor, an insulator and a barrier material. 20.
The met hod of claim 17 wherein said substrate is a patterned wafer.

20. The method of claim 17 wherein said substrate

is a patterned wafer.



