ATOM C LAYER DEPGCSI TI ON SYSTEMS AND METHODS | NCLUDI NG METAL

BETA- DI KETI M NATE COMPOUNDS Thi s application clainms priority to U S. Patent
Appl i cat iwo 28evdoad72No. 11/ 168, 160, filed June 28, 2005, pamiushonc®24995

i ncorporated herein by reference inits entirety. BACKGROUND The scaling
down of integrated circuit devices has created a need to incorporate high
dielectric constant materials into capacitors and gates. The search for new
high dielectric constant materials and processes is becom ng nore inportant
as the mninmum size for current technology is practically constrained by
the use of standard dielectric materials. Dielectric materials containing
al kaline earth netals can provide a significant advantage in capacitance
conmpared to cordEQNMAGaL AN EREDEPCQSHEI@N SV STHEWIS axdpoMETH@Dger ovski t e
material SrTiO has a disclosed bulk dielectric constant of up to 500.
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vapor deposition processes has proven to be difficult. For exanple,
al t hough atom c | ayer deposition (ALD) of alkaline earth netal diketonates

has been di scl osedgy,;: ol Vol atl | ]t whi ch
typically requi regn%lﬁgﬂﬁﬁft%ﬁg?{ %Lémgiﬂgg%ﬁgg%ﬁﬁhE}%érégg%?ﬁlcsaglf)@gﬁ%ﬁ oor' use in a
l'i qui d i nj ectliloib8shd)t Bhad June 28] @005, omhitlo i iavorpotatdd Herdiy by réfesencerit ied

di ket onat es %eﬁeral | y have poor reactivity, often requiring high substrate
t enper at ur es “AHEFY%t r ong oxi di zers to grow a film which is often

contam naped wi th carbon. O her al kaline earth netal sources, such as those

i ncl udi ng substituted or unsubstiut tadi enyl ligands, typically
have poor volatility as well as I%%‘(?ggmﬁ@ﬁ;bi lity, leading to
undesi rabl e pyr ol ys{eScalthd ffviSsafebAl& GHuftdktiocdEN SOHEFERedNd Met hods of

incorporating high dielectric nmaterials are
incorporate high dielectric constant materials into capacitors and gates. The

search for new high dielectric constant materials and processes is becoming

15 more important as the minimum size for current technology is practically
constrained by the use of standard dielectric materials. Dielectric materials
containing alkaline earth metals can provide a significant advantage in
capacitance compared to conventional dielectric materials. For example, the
perovskite material SrTiOs has a disclosed bulk dielectric constant of up to 500.

20 Unfortunately, the successful integration of alkaline earth metals into
vapor deposition processes has proven to be difficult. For example, although
atomic layer deposition (ALD) of alkaline earth metal diketonates has been
disclosed, these metal diketonates have low volatility, which typically requires
that they be dissolved in organic solvent for use in a liquid injection system. In

25 addition to low volatility, these metal diketonates generally have poor reactivity,
often requiring high substrate temperatures and strong oxidizers to grow a film,
which is often contaminated with carbon. Other alkaline earth metal sources,
such as those including substituted or unsubstituted cyclopentadienyl ligands,
typically have poor volatility as well as low thermal stability, leading to

30  undesirable pyrolysis on the substrate surface.

New sources and methods of incorporating high dielectric materials are

being sought for new generations of integrated circuit devices.



bei ng sought for new generations of integrated circuit devi ces. SUWARY OF
THE | NVENTI ON The present invention provides vapor deposition nethods and
syst ens twetoimwkarde at | east one conpound of the fornulpaT(USeoomoke9s ) :
wherein Mis selected fromthe group consisting of a Goup 2 netal, a Goup
3 netal, a Lanthanide, and conbi nations thereof; each L is independently an
anionic ligand; each Y is independently a neutral |igand; each Rl, R2, R3,
R4, and R5 is mdependentlsy[jMMlQang{v THEINGAENTEDRUP; N represents the
val ence state of the netal; z is fromO to 10; and x is from1 to n. In one
aspect, the preseHFMapnmmﬁ1m®mnamqnbdﬁssaqmmﬂﬂ@ﬂﬂmﬁuﬁﬁﬁmﬂgum&%yﬁmns

metal -containing | a on a substrate : a sem conductor substrate or
substrate asstéﬁtﬂpil)lg *H%ﬁsﬁ%?%%nE%ﬁﬁéé}?f%EF‘blﬁl(ﬁ?W% Dsubstrate; providing
a vapor including at |east one conpqund of the formula (Formula 1): wherein
M L, Y, R, R, R3, R4, R5, ﬁ{ X, Rand z are as described herein above;

prOV|d|ng at Ieast one reactlon i nd contacting the vapor including the
at | east one conpound of Fgpnu I dﬁmsubstrate to forma netal -
containing layer on at \east o f ce the substrate using an atonmic

| ayer deposition process inclugyng? plurallty of deposition cycles.
Optional ly, the nethod furtheﬂ.lncmﬁdes provi di ng a vapor including at
| east one netal -contai ning conpound different ttran Formula | (e.g., Ti, Ta,

Bi, Hf, Zs, Rbher&'ﬁ’Ml}@sele%Mi%m%ég@G]{) BbiighE g GPARAYRNS metANS Ge@P Aict i Ng the
vapor including the at |east one netal-containing conpound différent than

Formul a | wi tthetehe Lantheridatand|oombriitines thesedorach LHeinsepersiently mvent i on

ho d hod
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providing a \Aah@ﬁndepe:ﬂdédﬂ;agy@bgére@sdn @gan@gfmgua ésehidehd ealeadeatafdor nul a
[): wherein M X, z are as descri bed

R2
herei n above;° ;SIFWF@ s Bounpis 1G; r@@dﬁdi; ﬁ@ma]t tolréast one net al - cont ai ni ng
conpound @i fferenty, e aspect, the present invention provides a method of forming a

metal-containing layer on a substrate (e.g., a semiconductor substrate or
substrate assembly). The method includes: providing a substrate; providing a

vapor including at least one compound of the formula (Formula I):

15
wherein M, L, Y, R}, R% R3 R*, R’ 1, x, and z are as described herein above;
providing at least one reaction gas; and contacting the vapor including the at
least one compound of Formula I with the substrate to form a metal-containing
layer on at least one surface of the substrate using an atomic layer deposition

20  process including a plurality of deposition cycles. Optionally, the method
further includes providing a vapor including at least one metal-containing
compound different than Formula I (e.g., Ti, Ta, Bi, Hf, Zr, Pb, Nb, Mg, and/or
Al-containing compounds), and contacting the vapor including the at least one

metal-containing compound different than Formula I with the substrate.



than Fornula |; and directing the vapor including the at |east one conpound
of Fornmula | and the vapor including the at | east one netal -contai ning
conpound wof2h@vmeed72t han Fornmula | to the sem conduct or PUbASL@IEA24905
substrate assenbly to forma netal -containing |layer on at |east one surface
of the sem conductor substrate or substrate assenbly using an atom c | ayer
deposition process including a plurality of deposition cycles. In sone
enbodi nent s, duri g ahbiberdspedtctht pyssentdepasion ipesvifdseaasthod bhe
nmetal -containing_.layer is forned by altern i htroduci ng .t he vapor
dptichiie

tel

i ncl udi ng t hé® %ﬁ@ngﬁﬁﬁgﬂﬁﬁngﬁnpoﬁﬁﬁPﬁ%mxﬁﬁ@u@ﬁ%PVé@Bﬁg?ncluding
the at |east soRGoNBhAbr GOREAS B} %sﬁ&gﬁ%ﬁﬁgl)ﬂ,' fr&ﬁ&ﬁgta Japmngﬁﬁfﬁ%la? | during
each deposition cycle. In another aspect, t g preseént tnventl ol provides a
met hod of madessheragompupuad séthedomaue {Bornsda Dct ure. The met hod i ncl udes:
provi ding a sem conductor substrate or substrate assenbly within an atom c
| ayer deposition chanber; providing2a vﬁgor i ncluding at | east one conpound
of the formula (Formula |):wherein LLY RL, R, R3, R4, R5, n, x, and z

are as described herein above; ovi GI z% vapor including at |east one
met al - cont ai ni ng conmpound diif f efrent™\{_han or zhnk; directi ng the vapor
i ncluding the at |east one conpound Foffula | to the semiconductor

substrate or substrate assenbly ang*al | @i ng the at | east one compound to
chermisorb’to at |east one surface of the sem conductar substrate or
substrate assenbly; and directing the vapor including the at |east one
nmet al - cont ai ni ng conpound different than Formula | to the sem conduct or
substrate or wdishdit Myfle YRS eRDIRY, Rh R ah :Quhdg afde REcritRaHeredgo&RMPOUNd
different than Farnula | to chem sorb to at |east one surface of the

seni conduct oPT&{HEE A yEROTIRCludiBE pF keag ons sesiltopntaining eempounstdiffersoht ai ni ng

| ayer on at k}%ﬂ%rﬁﬁﬁl I3 (f@i?&tiﬂ tﬁeg\?arpgfgﬁcﬁlgﬂﬁtgg U 1erd %ﬁé 'é?l{kjlﬁoﬁ{d SbeSt rate

assenbly. In certaln enbodi nent vapor 1nc I ng The at
| east on&0 coffpouwld Iehd the vapor including the at least one metal-containing compound

different than Formula I to the semiconductor substrate or substrate assembly to
form a metal-containing layer on at least one surface of the semiconductor
substrate or substrate assembly using an atomic layer deposition process
including a plurality of deposition cycles. In some embodiments, during the

15 atomic layer deposition process, the metal-containing layer is formed by
alternately introducing the vapor including the at least one compound of Formula
I and the vapor including the at least one metal-containing compound different
than Formula I during each deposition cycle.

In another aspect, the present invention provides a method of

20  manufacturing a semiconductor structure. The method includes: providing a
semiconductor substrate or substrate assembly within an atomic layer deposition
chamber; providing a vapor including at least one compound of the formula

(Formula I):




Formula | to the sem conductor substrate or substrate assenbly, and
directing the vapor including the at | east one netal-containing conpound

di ff er entwohaer/deéaul a 1| to the sem conductor substr at e Pol/Usadseave
assenbly, are repeated at |east once. In another aspect, the present

i nvention provides a nethod of manufacturing a nenory device structure. The
nmet hod i ncludes: providing a substrate having a first el ectrode thereon;
provi di ng a welpoeinivicl,0dj g R4t R, ®4sR®, ane, andmpoeinddstribdichdreinabbes; ( For mul a
l): wherein M L,.Y, Rl, R R3, R4, R5, n, X, and z are as described

herei n above:PrRBfivgd YaRgt PFRARgH leastrneprthlgcontanig compernddidfessipound of
Formula | wi ttﬂm{%rﬁﬂ%pﬁtdh%&t%é&eﬁrgﬁdpiﬁ&ﬁ@né%a‘%@éHQP&{édco duRg of I TSt .

el ectrode of the substrate; providing at |east one reaction gas; contacting
the at | east Homauladde thesengemdncton sulistatewb stlsttate dssembiyg aht ellohiegitsor bed

d th to f jel.ectri the fi | ectrode of th
Cubotrated g e Cubliar et IO P e rpEoRgEor | n

(6)

anot her ~aspeghbstialLoi¥ubsent adseMBRY; hANIRERM RS v ARr flcRTiSe th3%ETcaMtIRQT
deposition systemincluding: a deposition chanbér having a substrate

posi tioned t Aedtelrqontainiag sempewrst diffierentdigs Eprmwel telthegemicondaser one conpound

of the fornul : i L. Y. R R R n, X, and
z are as desgﬁ? lleggﬁr @gft@t%%%@?ﬂl%g I\glnlg%ﬂg-%l 8% Iaelaﬁioﬁﬁ C8@R§%§ge¥eﬂgt
i ncl ude b- di Kietn Formatzl foi dhamikoris fnat dedvisrticageResdthb eerbieidhbrat om ¢ | ayer

depositi?n met hods to deposit, for exanple, high dielectric filnms. In
addi ti on,!VcesubitiRteysubsitde assrmbly tadeiss p metplicontainiag layer e atdedstene i c,

pi ezoel ect ri gyrraRd{Qhe REREIRRIE LGk R SLBAPREARY! 9 Ger el I i tions As
used herein, fornulas %‘?ﬁt%e type: are use%grt o repre en]§I pent adi enyl - gr oup
type |i gands efmbodiments, dirketrignhestmor including the at least one compound of

Formula I to the semiconductor substrate or substrate assembly, and directing the

vapor including the at least one metal-containing compound different than

15 Formula I to the semiconductor substrate or substrate assembly, are repeated at
least once.
In another aspect, the present invention provides a method of
manufacturing a memory device structure. The method includes: providing a

substrate having a first electrode thereon; providing a vapor including at least

20  one compound of the formula (Formula I):

wherein M, L, Y, R, R% R, R4, R’, n, X, and z are as described herein above;

contacting the vapor including the at least one compound of Formula I with the
25  substrate to chemisorb the compound on the first electrode of the substrate;

providing at least one reaction gas; contacting the at least one reaction gas with

the substrate having the chemisorbed compound thereon to form a dielectric



| i gands) having del ocalized electron density that are coordinated to a
nmetal. The |igands may be coordinated to the netal through one, two, three,
four, andworodioses7at ons (i.e., hl-, h2-, h3-, h4-, and/ ecTiuscaeneimnsmt i on
nodes). As used herein, "a," "an," "the," and "at |east one" are used

i nterchangeably and nean one or nore than one. The terns "deposition
process" and "vapor deposition process" as used herein refer to a process
in which a itk on timt frishélegrddaydthd sibfterteremid dornting acecomdrefecsudé ages of a
substrate (e.g.,. @ doqed pol ysilicon wafer) from vaporized precursor
conposi ti on(éljge HFerTga%Tone or nore netal - contai ni ng conpounds(s).
Speci fically, oneigk & 2 54 PR 1.zed and
directed to and/erﬁg%%?aﬁsgg&’\?mh?ﬁ%gﬁglﬁéﬁg%ﬁg surfggeag{ngf\@%g%@%r ate
(e.g., sem coapsEiaysysighsincldingon depsgionathembsistvinigy) syblstate gositiomed

depositiopn chanber. Typikcally, the.substrate is heated. .These

net al - con?ai %ﬁ%ll}t%rf%agaeﬁagso%o‘feﬁe 3?03‘?‘1?% IPash aRg %n]gﬁunf]é)&] gl??p%E‘PW@) a
non-vol ati | e(Férdriula Duni form metal contai ning |ayer on the surface(s) of the
substrate. For the purposes of this invention, the term "vapor deposition

process” is meant to include Roth rheni cal vapor deposition processes
(i ncluding pul sed chem cal vap déposition processes) and atom c | ayer

deposition processes. e term Dmic | ayer deposition" (ALD) as used
herein refers to a vapqr d¥ i sBpk N whi ch deposition cycles,
preferably a plurality ‘of conseptNveée*deposition cycles, are conducted in a

process chanber (i.e., a depog#ti ogs chanber). Typically, during each cycle
the precursor is chem sorbed to a tdeposition surface (e.g., a substrate

assenbly surface.o reyi ously gdeposited underlying surface such as
material fr oPﬁ%ﬁreﬂ? &(/i?@%s RAL%:&fc]I{e)l{,;a B ﬁﬂ‘ﬁé%%ﬂ%éﬂ ghegsin ghgyenonol ayer
that does not reagily, e i L4 - r LT B
self-limting reaction). %%teair(ﬂel% %ergéwgﬂgdl(tzle@gg%;ﬁ, &gét%réglgfealgﬁaggse(fa& ,

anot her p? ecadwotageeusiebe tiednin gam)ic ypr defositiguemithodshe depdsitpfbuced

example, high dielectric films. In addition, ceramic coatings can be deposited

for use in ferroelectric, piezoelectric, and/or heat resistive coating applications.
Definitions

As used herein, formulas of the type:

y o

are used to represent pentadienyl-group type ligands (e.g., f-diketiminate
ligands) having delocalized electron density that are coordinated to a metal. The
ligands may be coordinated to the metal through one, two, three, four, and/or
five atoms (i.e., 1'-, %, n°-, n*-, and/or 1°-coordination modes).

20 As used herein, "a," "an," "the," and "at least one" are used
interchangeably and mean one or more than one.

The terms "deposition process" and "vapor deposition process" as used
herein refer to a process in which a metal-containing layer is formed on one or
more surfaces of a substrate (e.g., a doped polysilicon wafer) from vaporized

25 precursor composition(s) including one or more metal-containing compounds(s).
Specifically, one or more metal-containing compounds are vaporized and
directed to and/or contacted with one or more surfaces of a substrate (e.g.,

semiconductor substrate or substrate assembly) placed in a deposition chamber.

5



into the process chanber for use in converting the chem sorbed precursor to
the desired material on the deposition surface. Typically, this reactant is
capabl e oWofotdees72r eacti on with the precursor. Further PCpISgioag24vEps nay
al so be utilized during each cycle to renove excess precursor fromthe
process chanber and/or renpve excess reactant and/or reaction byproducts
fromthe process chamber after conversion of the chem sorbed precursor.
Further, the Typicallyahesulstlateyie heddeh OBlhdst afetal-cagtaiiiegchigpdinds farfn al so meant
to include procegses gesiggat ed g}/ related terns such as, "chem cal vapor

atomic | ayer (&t8pB¥ieacHA8 of degogiho ngb?fB?n'(¥ja]ia¥i]e§‘x§}11n=(‘%QLfE?n(f§§tél"U. S. Patent No.
5, 236, 244 10 HeiaBHRBRYer dﬂ)ﬂh%féﬂllfi?éegsz%?meesﬂbét%é{ V\]#gl%ﬁé 81#1%8&3%3%1& e MBE, or

organonetal i c MBE,~ and chem ca 2am epl taxy n perfopned W th
al ternating patestiencghe pracvapordeporifiasproces( s)meanetcintinde oid, chamitapur ge

e.g., inert _carrjer)..gas. As c ared to the ane cycle chem cal vapor
((:Iepgsi ti o% ( X" dﬁp8%8g‘§?mtcﬁ§§‘67 @ﬁg‘é&ln@a}ﬂéﬁ g?‘?nﬁﬁzﬁt"lai\;%/%p@?lﬂﬂb process

al lows for i mpiceyss) a@n:éhlc 18ferldaySitidhiekagss and conposition by _
self-limting | ayer %rowt h, and mnim Zing detrinental gas phase reactions

by separation of {lhe terantatemiv laxnidepesition” (Ah®)selused hantit irefgrsriaaur ef of ALD
rovides a . i L filmon anysuitable reactive rface,
Pncl udi ng Slr]? % ccehseB I\}\ﬁlﬁﬁrpﬁlﬁ)rc éégsgg?ﬁl 1@0‘%88?5%?1?%@?& We??{a é(tatpg faﬁiiye%ucoverage
than is avai ba]hﬂeeuwetdep&iﬁb@by@édngfe dbh@imedaﬁl(a;p&gbés'é cﬂﬁmttl(i.¢.p@) rretB g?gg such
as evaporatign or, physical vapor depositiaon or sputtering).

DESCRI PTF@N %@POPH@F%@B%E@- ﬁY@WHY:IPUF@géa%?Eb‘e@P Prasuisor iy chpmisovkedor

deposi tion sys) aBoitdndtBed ggg.,%ﬁbgﬁatgﬁésgfg&%?yo%fr?a&:g'8r zg{n%%%rﬁtslf nvent i on.

Figure 2 is an exenplary cap tor constru or med using-’systens and

met hods of t Hepgsited enderiymvesiirfaon sudbES Adiérial BESCRbFRTICON ADD SiRFHAI N

EVMBCDI MENTS forming a monolayer or sub-monolayer that does not readily react with

additional precursor (i.e., a self-limiting reaction). Thereafter, if necessary, a

15 reactant (e.g., another precursor or reaction gas) may subsequently be introduced
into the process chamber for use in converting the chemisorbed precursor to the
desired material on the deposition surface. Typically, this reactant is capable of
further reaction with the precursor. Further, purging steps may also be utilized
during each cycle to remove excess precursor from the process chamber and/or

20 remove excess reactant and/or reaction byproducts from the process chamber
after conversion of the chemisorbed precursor. Further, the term “atomic layer
deposition,” as used herein, is also meant to include processes designated by
related terms such as, "chemical vapor atomic layer deposition", “atomic layer
epitaxy” (ALE) (see U.S. Patent No. 5,256,244 to Ackerman), molecular beam

25  epitaxy (MBE), gas source MBE, or organometallic MBE, and chemical beam
epitaxy when performed with alternating pulses of precursor composition(s),
reactive gas, and purge (e.g., inert carrier) gas.

As compared to the one cycle chemical vapor deposition (CVD) process,

the longer duration multi-cycle ALD process allows for improved control of

30  layer thickness and composition by self-limiting layer growth, and minimizing

detrimental gas phase reactions by separation of the reaction components. The

self-limiting nature of ALD provides a method of depositing a film on any



The present invention provides nethods and systens for formng a

netal -containing |ayer on a substrate using atom c | ayer deposition. The
nmet hods iwol2oa@ops7evi di ng a vapor of at | east one netal Pcorusacoaiony9onpound
that includes at | east one b-diketimnate ligand. In sonme enbodi nents, the
nmet al compounds are honol eptic conplexes (i.e., conplexes in which the
netal is bound to only one type of ligand) that include b-diketimnate

| i gands, whi chitelde rdaetivysurkice, inclodingrssfae twithdrregulantobegraphibgdvitent s, t he
metal conpounds are heterol eptic conplexes (i.e., conplexes in which the
metal is bouﬁ’&a?roﬁ%?oé’ef%ﬁﬁh aYil}gagPeo‘V“ W}%al) otherc ]&i‘ai(’%@lghf | east one
b- di keti m nat®Rpbdigssh { t ik I i sone
enbodi nent s, tﬁgdl_b-di Eglp?%%bggag%r?%éﬁ%%#h ggeicigry a? ﬁzcyeﬁg%%%f%\/?;‘?i on node.
Sui t abl e nmet #puigaiigai ni ng conpounds that include one or nore b-

di keti m nate |igands include conmpounds of the fornmula (Fornula I): Mis a
Goup 2 netal (e.g., Ca, Sr, Ba), a Goup 3 netal (e.g., Sc, Y, La), a

Lant hani de (e.g., Pr, WRIEP'DEF@I@PT!@N({DF" Eepj[(.}ﬁgﬁerabl y Mis Ca,

Sr, orBa. Each L is independently an anionic [igand; each Y is

i ndependent |y a ndugurall it k gangective Ve ebendppr R sitithheRsemsualife @6r t he
metal; z is fromO to,10; and x is from1l to n. Each Rl, R2, R3, R4, and R5

i s i ndependedtf i H{ P%%ﬁ%hsme&ﬁntdeﬁp@ group (e.g., an alkyl group, and
preferably, for eﬁég;g ; ]F;Eg' . tal I , each R1,
R2, R3, R4, and R5 Ts ?é%%ggﬁéél@\ﬂ? y h%%%a%dﬁ%g?%nﬁggaﬁﬂ?gg(%#g%ltﬁ)sshavi ng 1
to 10 cadBon aad orethade ofjthe pretenyinvestidny| , propyl, isopropyl, butyl,
sec-butyl, fert-butyl). Such compounds include, for exanple, those
described in El-Kaderi et al, Oganonetaltics, 23:4995-5002 (2004), and

SOURCES, | REDUCED SMIETRY R TAL COMTAT M NS FAPODNE D (USRS AND
METHCODS | NCLUDI NGTh8ESsEnt invention provides methods and systems for forming a
metal-containing layer on a substrate using atomic layer deposition. The
15 methods include providing a vapor of at least one metal-containing compound
that includes at least one B-diketiminate ligand. In some embodiments, the metal
compounds are homoleptic complexes (i.e., complexes in which the metal is
bound to only one type of ligand) that include B-diketiminate ligands, which can
be symmetric or unsymmetric. In other embodiments, the metal compounds are
20 heteroleptic complexes (i.e., complexes in which the metal is bound to more than
one type of ligand) including at least one B-diketiminate ligand, which can be
symmetric or unsymmetric. In some embodiments, the B-diketiminate ligand
can be in the ns—coordination mode.
Suitable metal-containing compounds that include one or more B-

25  diketiminate ligands include compounds of the formula (Formula I):

l
RS

M is a Group 2 metal (e.g., Ca, Sr, Ba), a Group 3 metal (e.g., Sc, Y, La), a

Lanthanide (e.g., Pr, Nd), or a combination thereof. Preferably M is Ca, Sr, or

7



filed on June 28, 2005. In certain enbodi nents, the b-diketimnate |Iigand

shown in Formula | is symmetric (i.e., RI= R5, and R2 = R4) . In sone
enbodi mrenwe,208202678%4 = net hyl. I n sone enbodi nents, R3 RCHUSRIWcHHIRS
enbodi ments, RL = R5 = isopropyl. In sone enbodinments, RlL = RS =
tert-huty\. Such exenplary conmpounds of Fornula | include a conmpound in

which R = R4 = nethyl, R3 = H and RL = R5 = isopropyl; and a conpound in
whi ch R2 = RBa. Eeehhyis indPerdefly andnishicliddhdeath Yoigtivdepbideptipar certain
enmbodi nents, the 1g.—di etimnate | ivg?nd shoqu%ii n Formula | is unsymetric
(i.e., one omCHBHHEIRITHEPFESPYts theniensp pigte qrihs methiia fiom 0 fnlli 2p8, or R2
is different gihgdRnRflon | N some enbodi nents, R2 = R4 = nethyl. In sone
enbodi ments, R3 = H | Sone e odinents, Rl = isopropyl and R5 =
tert-bnty\. Such &eshB aky ReoRpheod®S inihdemndelty Hydargenooaporgads i n whi ch R2

= R4 = methyl ., R3 = H = 1.sopropyl d RS =fert-butyl. L represents a
wi de vari ét y gg?upo(ﬁt%"ogf?aq%%ﬂﬁf%‘%?éncwrﬁg‘?@g}” E’Wﬁi‘fg?’fné’ﬁf% H?‘Eetp’}'g]gnds (L)
i ncl ude hal i desain@hibodintientg e, RAMRUR 9UPS;s ilRb6RRLIFJBy@LRUPS, CYani de,

al kyl groups, am di nate groups, guani di nat e groups, isoureate groups,
b- di ket onat e 35 C62A5EC Z1OUP ARYBE é @ AR CabgR 6i9ps, (els-.andtkylj ethplapepyhoups, and

conbi nati ons; f n _q”ﬂi e i ts, L is a b-diketimnpate group
havi ng a strlljgcoﬁgﬁclg'pygt (9%1’ Sleg t e’ %ﬁtﬁiémgg ?ﬁ%lcoti)l}poflﬂés 1519%‘1% ff’ﬁarlil?ﬂq% | i gand
shown |( n For thisa dbscribed of EleKa@@rétau.poegdﬁ@mermmm23:!499&5@023@3‘()@@11&“6??}e
group (e,qQ., tric or uy mretric) having a structure that is different
t han thailgof Lf%gx%-’h flR’étSPlﬁarqﬁ\ﬁ%élhi68 ﬁa(%@\ﬁg PUNSHMMATRICALY represents an
optional neutalanND gayek i [ car bonyl
(CO, ni trosylgéﬁg,g am‘r%%)i’(’a EN%W%%%ET?E%; %@%@%W phosphi nes
(PR3), al cohéslGMPROHDSWANEY SY$PENS ANDr MEI#HQIDS NH6T. UDINGOAMEIL | ons

t her eof , V\herﬁ%dﬁone u%22'§, bébc%(_apendently represents hydrogen or an

In certain embodiments, the B-diketiminate ligand shown in Formula I is
15  symmetric (i.e., R!= R’ and R*= R4). In some embodiments, R* = R* = methyl.
In some embodiments, R> = H. In some embodiments, R =R’ = isopropyl. In
some embodiments, R! =R’ = tert-butyl. Such exemplary compounds of
Formula I include a compound in which R?> = R* = methyl, R =H, and R! =R’
= isopropyl; and a compound in which R> =R* = methyl, R*=H, and R! =R’ =
20 fert-butyl.



organi c group. The nunber of optional neutral ligands (Y) is represented by
z, which is fromO to 10, and preferably fromO to 3. Mre preferably, Y is
not presewD2007/2¢72z = 0). As used herein, the term "orgamus2@ooeysis used
for the purpose of this invention to mean a hydrocarbon group that is _
classified as an aliphatic group, cyclic group, or conbination of aliphatic
and cyclic groups (e.g., alkaryl and aralkyl groups). In the context of the
present invention,Insthd atrdt@n empadineenty thefsdiketimimatedligaadRhebning conpounds
of this invention, are those that do not intgrf%;ﬁ with the formation of a
Hsitgie

metal oxi de {HQFQPI 47 HESYpgiic epodi st 8 WINglapyh 8 Eont ext of t he
present i nvenfiff@@nt thAAERE & 'P@ﬁ"iﬁhffﬁpéhrt Han R9 UHi'soWé}%}cﬁilﬁéﬁty rgt.egsar

unsaturated |inear or branched hydr(3)car bon group. Thi's telr’m is used to
enconpass al kydthylallixeemé emhndineinksy Ry F Hyr ugosye dngrodémentpl Re. = Fhpropgr m " al Kyl

group” neans a.saturated linear or branched al ent_ hydr ocar bon
gr oupi ncl gdi r?afiif oré’§><béﬁlﬂl gpgﬁﬁmpl?ryeﬁowppn?sg&%wﬁl gr B‘RiFBWfi,S n
tert-butyl, amith Rhem* mepll Feher] Rke isopRpyl eh@R>al Aty 107 oup” means an

unsaturated, linear or branched nonoval ent "hydrocarbon group with one or
nore ol efi ni cal | y LuisBeaseita s sddgyaigis of optional anierholigosisb&nenplaty e bonds) ,

such as a vi ! yayl . aroup” nmeans an unsat ur.at ed,

| i near or br g%%ﬁ%ﬁ%@ﬁ%v?ﬁ%ﬁ&%@%ﬁgégﬁ O())(%l&_gﬁr 8‘?%’9\’111{ %ﬂ‘@so?’e%Pé& _

car bon- car borgrdups ptyanidenakyl g’Fhﬂos]E @ﬂh(fj&ir'iaté’ gﬂoupsl,_@h@ﬁi?iha@ﬂ@ps@is@ﬁ&ﬁ@?_ ring
hydr ocar hgn gr oup t is classified as an alicyclic group, aronatic group,
o%/ het er g@ycl%mlpéxé)' Hgﬁet(’?ﬁ'@ g% ?dﬁlmtlopéte @FQﬂPﬁ»"ﬁ-ﬁ#&ggﬂ%ﬂ%wppﬁ and
hydrocarbon gp@umaland MereBF OREekh A% niRAGHR Qgistagﬁﬁﬁet%mﬁké %rgﬁél C groups.
The term "aromatic group” or "aryl group” nBans nono-"or polynucl ear
aromat i ¢ hydheviag botrugnoupat iF ke daereras thee béthe@ydikedmgracpgantebmsn & cl osed

10, v ocaphen A WL o0E PLELe oL 1 B SO LD e Lng 1o an
means of si MpyihinéiritdortudGy @26ty S Gig @RAubthRs thRGk bftd QN 12k BRI Jrhdp-
15  diketiminate ligand shown in Formula I.
Y represents an optional neutral ligand. Exemplary neutral ligands (Y)
include carbonyl (CO), nitrosyl (NO), ammonia (NHs), amines (NR3), nitrogen
(N2), phosphines (PR3), alcohols (ROH), water (H,0), tetrahydrofuran, and
combinations thereof, wherein each R independently represents hydrogen or an
20 organic group. The number of optional neutral ligands (Y) is represented by z,
which is from 0 to 10, and preferably from 0 to 3. More preferably, Y is not
present (i.e., z = 0).
As used herein, the term "organic group” is used for the purpose of this
invention to mean a hydroéarbon group that is classified as an aliphatic group,
25  cyclic group, or combination of aliphatic and cyclic groups (e.g., alkaryl and
aralkyl groups). In the context of the present invention, suitable organic groups
for metal-containing compounds of this invention are those that do not interfere
with the formation of a metal oxide layer using vapor deposition techniques. In
the context of the present invention, the term "aliphatic group" means a saturated
30  or unsaturated linear or branched hydrocarbon group. This term is used to
encompass alkyl, alkenyl, and alkynyl groups, for example. The term "alkyl

group" means a saturated linear or branched monovalent hydrocarbon group



term nol ogy used throughout this application, the ternms "group"” and

"noi ety" are used to differentiate between chem cal species that allow for
substi t utworzoemwoozdrat may be substituted and those that eoTuseoso28bs ow for
substitution or may not be so substituted. Thus, when the term "group” is
used to describe a chem cal substituent, the described chem cal materi al

i ncl udes the unsubstituted group and that group with nonperoxidic O N, S,

Si, or F atonsglufling, fox axquhse, 1hethylheth§/haziphrop1ﬂ, iﬂB}bIbp?l_sl‘akabﬂﬂ:yhﬁinyg& otjps or

th tiopal substityents. Wiere the term"noiety" is used to

gesgii ggn;egﬁgﬁp@aﬂnﬁéﬁﬁw@% 16&?“’%%@?@@ %th? nkﬁarﬁ/a%wsﬁﬁ’éﬁﬁ‘ithlf@ﬁ@d cheni cal
material is iHﬂ&r&'ﬁ@f%oﬁ@vQ&tih@ﬁf&%@n ngng xﬁi’ﬂﬂﬂi}i’é@pm&ﬂé%lé}’ﬁg@%&d al kyl group

is intended to include not only pure opéen chain saturated rocarbon al kyl
subst i t uent s,unsafgrateslsgronnsh(y.k., cabonycarbpn dpyhle bowds),-sbcl 3d 3 viaghgriobpe. | i ke, but

al so al kyl. substituents bearipg further substituents kn in the art, such
as hydr ox? , ;lﬁ)t?(}?(?ﬂ %%WP%’{WPO fos ﬁh‘ilrgaélﬁg%‘%’éﬁ?roé 5%,8\6,\4:?’6)%‘,’3?% no,
carboxyl, et Giydidetthon sedup)ikitld bR mbRCatiRScaet HEkip B MBS, Théleaa! KY! s,

ni troal kyl s, carboxyal kyl's, hydroxyal kyl s, sul foalkyls, etc. On the other

hand, the phr's¥@ic'Epwy/|mepns atcjosed sing hplioserbon sravp thaids elgssofiedods aonl y pur e

open chai n sa; b al k bst it uent uch._as thyl, ethyl,
pPopyI , ter ?d Elg{ﬁ%l ,O%gf%?%ag&l%? Eué).’ Br }e{%:tﬁlfoégc?hcc%rﬁ%%s?]ﬁ %’Hg flﬁ%ﬁ(’ﬂ?ncl ude a

net al - cont ai rEroup" coepe Wiogcliv lisldredard @agbupheily gholsetiestdiahBlihd iogsdofcan be
useful f depositing metal -containing |layers using atom c |ayer

deposi ti gh Iaﬁpgfﬂlfﬁ&r WS, THG L taEaRatiG gpER" o [§54SFOUR, TRRROR 8 @ONOAAT al SO

i ncl ude prec b d j u . - ] r

nmet al - coﬁt ai lr‘f’?%%%%%ﬁ%‘gé H%gg% prne%lﬁﬁt'o?ﬁec%%o@?ﬁ%ﬁ%%%%hﬁe&%ns

deposi t ed/ cherrlesed bieg hyfimcarbra ipivhichronaor Aok pf the akmsdn sloasserd anore ful |y

bel ow, bstaptially sjnmultaneously. wwth or se ntially to, the precursor
cgng\(l)vsi tS:Jofls eeﬁﬁqllﬁa%ﬁb{hﬁléfg oR %g'aﬁlﬁﬁoﬁ&l’@éﬁﬁ%gﬂ WA at | east one b-
di ketimnate |igangd a hBsOEsahSifheINCHisdistiba BN theTetithion @Rkakdh NY

compou nd?S terminology used throughout this application, the terms "group" and "moiety"

are used to differentiate between chemical species that allow for substitution or

that may be substituted and those that do not so allow for substitution or may not

be so substituted. Thus, when the term "group” is used to describe a chemical

substituent, the described chemical material includes the unsubstituted group and

20 that group with nonperoxidic O, N, S, Si, or F atoms, for example, in the chain
as well as carbonyl groups or other conventional substituents. Where the term
"moiety" is used to describe a chemical compound or substituent, only an
unsubstituted chemical material is intended to be included. For example, the
phrase "alkyl group" is intended to include not only pure open chain saturated

25 hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, tert-butyl, and the
like, but also alkyl substituents bearing further substituents known in the art,
such as hydroxy, alkoxy, alkylsulfonyl, halogen atoms, cyano, nitro, amino,
carboxyl, etc. Thus, "alkyl group" includes ether groups, haloalkyls, nitroalkyls,
carboxyalkyls, hydroxyalkyls, sulfoalkyls, etc. On the other hand, the phrase

30  "alkyl moiety" is limited to the inclusion of only pure open chain saturated
hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, zert-butyl, and the

like.
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can include, for exanple, Ti, Ta, Bi, H, Zr, Pb, Nb, My, A, and
conbi nations thereof. Suitable different netal-containing conmpounds

i ncl ude, wonoexmngke, tetrakis titani umisopropoxide, tiPCARMISANG/024995
tetrachloride, trichlorotitaniumdial kyl am des, tetrakis titanium

di al kyl am des, tetrakis hafnium dial kyl am des, trimethyl alum num
zirconium (IV) chloride, pentakis tantalum ethoxide, and conbi nations

thereof. The net alPreantaicoinpgsitiaysthatdaciubea depdsohRthing &Smpot@dplien on a
substrate (e.g,, a sem.conductor sybstrate or_ substrate assenbly). The
terms "subst @g%e@?“'onegaéﬁgﬁt&fﬁﬂ@ﬁetléﬁan GBE by ugedul fopdepogifing mrefalecontadning| y"  as

used herein ngfefudifo %ﬁ@@raggr &pBstibRL f éefdit&ﬁmﬁ@%%ﬁ{cg5@;&?@&9&%&’ such as

a base sem conductor” | ayer a sem conduct or " substra _ one or nore
| ayers, str uachetheds capnlsoegilodspreanrsedotipesitions that inalside sasrocmoguct or | ayer

is typically the lowest |ayer of siligo terial on a wafer or a silicon
| aver Puoass! S en Rt s e dbrRpin O SR e R IR RAS 6 Pe- vihen

reference is qepskteliRhanBbbel) R BxAT516 DAY ALYRHLOMS dRERGESTosd RIS MY have
been previ ousl %égsed to formor define regions, junctions, vari Ous

structures obefosasubdantialyginogncongly witk br sssuentéailyitettbe precasoi ve ar eas,
LRI E e e ey D

openi ngs, capac bartiers 9%yer," as used

herein, ref erdketiminaty ligayierTHehattalsdf stk didferRemenl-dofbisid @nfHolhgm one or
nore pre HI’ sors, anu%or reactants according to the degom tion process
descri beg hercat Hicludsetor gxamplealiede, Bis Nk Pbi b, Me) AHend sgmbisationsci fic to
t he sem cond i I ) At cl imted to, a barrier
| ayer, diel egqtﬁ%r i&f:f' |Sg‘§%§g {i ?ffeé.éll,&qlget?a%})gr a fcﬁlg&é%}%@g Ch%ﬁiegllf 0erceg ?’ﬁrlgleConsy ant),
andconduct i v éettadisditaniTineisepgopoxide yiemmiur seteyhlonyantishlvidtitantidie term "fi | ni

meant 1o | nc RSB E < g SEHBRBOS Bt de R e omset or
technol ogy, eBh9FalaRdkind G5rcoful @9 ch1bQle, PEARE SantAHGLIM AYE! Snfan be
formed directly on fibers,
15  combinations thereof.
The metal-containing layer can be deposited, for example, on a substrate
(e.g., a semiconductor substrate or substrate assembly). The terms "substrate,"
"semiconductor substrate," or "substrate assembly" as used herein refer to either
a substrate or semiconductor substrate, such as a base semiconductor layer or a
20 semiconductor substrate having one or more layers, structures, or regions formed
thereon. A base semiconductor layer is typically the lowest layer of silicon
material on a wafer or a silicon layer deposited on another material, such as
silicon on sapphire. When reference is made to a substrate assembly, various
process steps may have been previously used to form or define regions,
25 junctions, various structures or features, and openings such as transistors, active
areas, diffusions, implanted regions, vias, contact openings, high aspect ratio
openings, capacitor plates, barriers for capacitors, etc.
“Layer,” as used herein, refers to any layer that can be formed on a
substrate from one or more precursors and/or reactants according to the
30  deposition process described herein. The term “layer” is meant to include layers
specific to the semiconductor industry, such as, but clearly not limited to, a

barrier layer, dielectric layer (i.e., a layer having a high dielectric constant), and
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wires, etc., which are substrates other than sem conductor substrates.
Further, the layers can be forned directly on the | owest sem conductor
surface obVothe/medrstrate, or they can be formed on any eCTtase@wcioetys of

| ayers (e.g., surfaces) as in, for exanple, a patterned wafer. The |ayers
or films formed may be in the formof netal -containing filnms, such as
reduced netals, netal silicates, netal oxides, netal nitrides, etc, as well
as conbi nat i cosdtdieednier. For teemdtayles’, is aynmiyalouswiittieh¢ ey@rfit@y i ncl ude a

singl e mstal, t he al ide |a incluyde two or nore different
met gl s (i. fr‘fqﬁle’?g ﬂf&ﬁ’& na B%PH% usteyp uﬂ‘eﬁé@él lage é\%alﬁ%’&?’é?ntr’fﬁy
optionally angﬁﬂ’@ﬁy&‘s tf(thrﬂtlﬁ%chﬁglto%/ %utsidfe of @&nﬂ?@fl@dct(ﬂ%b&% of %egurgl:hqgl udes

two or nore different netals, the netal oxide |ayer can or m of
al | oys, sol i cogihgstanaghass. fer cpammlarsudalaests ckn bé mnyhretmemeﬁhme

di el ect t

ol octri g PaOBE b Smichiie SRRaieR St pud Ehich Bl i Sads. Fartbbros. aaTi c,
(Ba Sr)Ti B, tkgeean 5 Rirdibd 268ct{yo6 the 16WES: Bnicohdl &% suBaéd (Bne BaZr 3, (Pb
Ba) Nb206, (Sr3Ba) Nb2CB, Pb[ (Sc, Nb)0. 575Ti 0. 425] G& (PSNT) . La2Qs, Y208,

LaAl O3, YAl O3ubstfaper ﬂB&@EIil aErmed pgrapiot a @aticts od l3asie @), Sufaced) & O 3- MyO.
Surprisingly,,t formed according to the present
113? G){%ﬁ Oéﬁ'tt e %ya%r

invention is gssen reé of carbon. Preferably netal -oxide |ayers

formed by the Systﬁﬁﬁamﬁmtﬂsddﬁn@fmhiﬂeemmae’éﬁn bNivel-teaialg fagsential Iy
rbon, dro en, halides, phosphorus, sulfur, nitrogen or

f f
cgﬁgoﬁndgglt héP%}b‘F Q&C@é@é@&a repeiplsilioaiess metal axidgs, mresenijrideg ¢t ppdello mean
that the met gk +6QBatisHE Ijeé‘ﬁ’ ef‘:orgﬁymhfécé H‘%@ﬂ @xﬁm}ler Y4 <?ef a %J'gleab ove

inmpurities. For exanple, or I de Tayers, t| a means
t hat the abometiﬂmhamilettsidwlcwlequ%amludﬁt\amoamommffe]fent mssllst(lnamtjis atomic

percent, U ARt RRLe B Do csL et onns chemeal jrgper o
metals.

15 If the metal oxide layer includes two or more different metals, the metal
oxide layer can be in the form of alloys, solid solutions, or nanolaminates.
Preferably, these have dielectric properties. The metal oxide layer (particularly
if it is a dielectric layer) preferably includes one or more of BaTiOs, SrTiOs,
CaTi03, (Ba,Sr)Ti0s, SrTayOg, SrBizTa;,0g (SBT), StHfOs, SrZrO;, BaHfO;,

20 BaZrO;, (Pb,Ba)NbyOg, (Sr,Ba)Nb,Og, Pb[(Sc,Nb)o 575Tig425]O3 (PSNT), Lay O3,
Y03, LaAlO;, YAIO3, Pry03, Ba(Li,Nb),403-PbTiO;, and Ba(0.6)Sr(0.4)TiOs-
MgO. Surprisingly, the metal oxide layer formed according to the present
invention is essentially free of carbon. Preferably metal-oxide layers formed by
the systems and methods of the present invention are essentially free of carbon,

25 hydrogen, halides, phosphorus, sulfur, nitrogen or compounds thereof. As used
herein, "essentially free" is defined to mean that the metal-containing layer may
include a small amount of the above impurities. For example, for metal-oxide
layers, "essentially free" means that the above impurities are present in an
amount of less than 1 atomic percent, such that they have a minor effect on the

30  chemical properties, mechanical properties, physical form (e.g., crystallinity), or

electrical properties of the film.
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el ectrical properties of the film Various netal -containing conmpounds can be
used in various conbinations, optionally with one or nore organic solvents
(parti culwolzgo7we67€VD processes), to forma precursor cEOPAS2A06OR4995
Advant ageously, sonme of the netal -containing conpounds disclosed herein can
be used in ALD w thout addi ng solvents. "Precursor” and "precursor
conposition" as used herein, refer to a conposition usable for form ng,

ei ther alone or wiVdrions hetalpoa@inispeompeunds cid Bnsseflon vagagt ants), a |ayer
on a substrate nbly i de?osition process. Further, one skilled in

the art will W@%&%%Ph&aiyﬁh%%ﬂem sadyenty @atticslorlydeed wi | |
depend on th@@]@'ﬂr@d@%se@f, t@fﬁyﬁrewb&agh%okﬁldbh.ngtd%ﬁar%e%ugﬁ JoHdHdnysi ng a
The preferre co i

vapor deposition process. e recursor ositions of the
present i nvemsétarcoatanipg ebmpabidy dischpsedihatintdae beapat inzal D avithoatrper at ur e

d, f.erably, ref erab |iquid at roomte rature._ The
pr ecur sor > comBPEP SRSl eHEST GRS dereBHS@ACTRSHONT BUREY BASED AF1EF o

(preferably, i Beympbatibn GshbBSoRforkniiy, YARG Al GRIr Wi ARG HELMEE) - Typical ly,
they are liquids sufficiently volatilTe to be enployed usi ng known vapor

deposi tion t éemipEtiess (orpwetanks), adsyes oniadwbstitag assepbblis e depositidf i cient |y
nown vapor G505t 1y bietaeh i qaeg: i pk R Hate bl Reple FRLeSoRIaL” ey

known vapor depositi on chnrquaes. , they

are pref er ablpyecaitsof ugidenilll depe@l otbihe chiiteBNofar 183 whislPls\Bthately thaxe mel ting
points b éow t heir deconposition tenperatures such that they can be used in
f1ash vag ri ZAISS S A YAPPH ECPORLOR FER BT eThar e feitetl drecsen eqrapesitionst ¢ .

Her ei n, vapor, ] < i.0j i r._al one or
optionallypwioffﬁFe 5%%%?@3%R%%%%€E¥%§gggmﬁyﬁgﬁtneE?Pﬁgﬁﬁﬁgﬁﬁbég 8%npoupds or
optional Iy wandh meaperifzatiys eteveeferaby Bouil esroom fengpetatgas nol ecul es, if

;Jsed: As used her %g?’é%"l&ls ?é&@@&%@%%ﬁs&' ogijlort a n%at ér%@“i d (a
iquid at roomte t rRer R IPELHBRCTA®IG s at an
el evat ed (preferably, they are liquids at the vaporization temperature). Typically, they are
15 liquids sufficiently volatile to be employed using known vapor deposition
techniques. However, as solids they may also be sufficiently volatile that they
can be vaporized or sublimed from the solid state using known vapor deposition
techniques. If they are less volatile solids, they are preferably sufficiently
soluble in an organic solvent or have melting points below their decomposition
20 temperatures such that they can be used in flash vaporization, bubbling,
microdroplet formation techniques, etc.
Herein, vaporized metal-containing compounds may be used either alone
or optionally with vaporized molecules of other metal-containing compounds or
optionally with vaporized solvent molecules or inert gas molecules, if used. As
25 wused herein, "liquid" refers to a solution or a neat liquid (a liquid at room
temperature or a solid at room temperature that melts at an elevated
temperature). As used herein, "solution" does not require complete solubility of
the solid but may allow for some undissolved solid, as long as there is a
sufficient amount of the solid delivered by the organic solvent into the vapor
30  phase for chemical vapor deposition processing. If solvent dilution is used in
deposition, the total molar concentration of solvent vapor generated may also be

considered as a inert carrier gas.
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tenperature). As used herein, "solution" does not require conplete
solubility of the solid but may all ow for sone undi ssolved solid, as |ong
as there wea07wkd2ci ent armount of the solid delivered pgTiuseoosng@ns c
solvent into the vapor phase for chem cal vapor deposition processing. If
solvent dilution is used in deposition, the total nolar concentration of
sol vent vapor generated may al so be considered as a inert carrier
gas."lnert gas" or'Iianogesl entionvea@ne,gas,ass useddhetuiti, @ ny g4 thatys gas that is
generally unreactjve with the conponents jt cones in contact with. For
exanpl e, " i nerdegadeyniepeit ﬁbé?l"?“@@?"é’é%’éﬂom%% ngcbphi Ker udi ng

ni trogen, ar gmphielrcH s B9WEypkilR b QBeicX BOAK B0 iRINEL: AILeact i ve gas,

and m xtures thereof. Such ineft gases are gen y use orle or nore
purgi ng pr ocesgwes helawe,miebedraptons xhinng, dny otliee npnesstive gay end inditureand in some

enbodi nent.s e used to assi i n.precursor vapar transport.

Sol vent s haﬁ%ﬁ‘?‘ ﬁfﬁ&ﬁtegalsﬁsrarﬁgﬂeé‘iﬁh' ‘éﬁ%%ﬂ?%‘?ﬁ@o@fpufﬁgg BFEE®Rt i nventi on
may be one ordes®@ibed @bcdidifig tOtHePrésRA indéritidhadddCin RYSE QAL Oha Y RAT Ur at ed
hydr ocar bons (C3-C20, and preferably C5-C10, cyclic, branched, or linear),

aromati c hydih§dsediermssisids pororsonfiepasitehsnostbl y C5- C10), hal ogenat ed
hydr ocar bons, sil r such as, al.kyl si l.anes, a] kyl silicates,
%loﬂ%eﬁ% tﬂ%t i &ﬁ{agf%nf%r ce aflh%l}l%%dég‘\énﬁ iotf ?l}el %QS,CHL

et hers, polyethers, Ioethers, esters, ilicone oils,

or conpounds invntien fiafGeonshi ndkd OMtte &lloxAg:elliphite RRIBYRIKINs B Xt ures of one
t he above. The conpounds are al so generally conpatible with each

g'[ h(rar? r esggt hé‘PsarWrﬁfethé@r%firb\?W (Eb(-80qrdrireterably ©3-GleCyrbicairandedami ng
Compouns W flch LBl 00 LR UL LRI,
optional ly, hgdwapboig eilylated hydposibbedsuchashkylsiiackssalkglkichics lekhers,
A Lor nat ol YOS e A i B Lo OB iy FRAPp e or na o1 y
i ntroduci ng tch@aRiRCnThatRAEBOS d1QRe 8We or mixtures of one or more of the
15 above. The compounds are also generally compatible with each other, so that
mixtures of variable quantities of the metal-containing compounds will not
interact to significantly change their physical properties.
The precursor compositions of the present invention can, optionally, be
vaporized and deposited/chemisorbed substantially simultaneously with, and in
20  the presence of, one or more reaction gases. Alternatively, the metal-containing
layers may be formed by alternately introducing the precursor composition and
the reaction gas(es) during each deposition cycle. Such reaction gases may
typically include oxygen, water vapor, ozone, nitrogen oxides, sulfur oxides,
hydrogen, hydrogen sulfide, hydrogen selenide, hydrogen telluride, hydrogen
25  peroxide, ammonia, organic amines, hydrazines (e.g., hydrazine,
methylhydrazine, symmetrical and unsymmetrical dimethylhydrazines), silanes,
disilanes and higher silanes, diborane, plasma, air, borazene (nitrogen source),
carbon monoxide (reductant), alcohols, and any combination of these gases. For
example, oxygen-containing sources are typically used for the deposition of
30  metal-oxide layers. Preferable optional reaction gases used in the formation of
metal-oxide layers include oxidizing gases (e.g., oxygen, ozone, and nitric

oxide).
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the reaction gas(es) during each deposition cycle. Such reaction gases may
typically include oxygen, water vapor, ozone, nitrogen oxides, sulfur

oxi des, hydnrogen267dydrogen sul fide, hydrogen sel enide, [rgarusgen/oeebs uride,
hydr ogen peroxi de, ammoni a, organic am nes, hydrazines (e.g., hydrazine,
met hyl hydrazi ne, symetrical and unsymmetrical dinethyl hydrazi nes),

sil anes, disilanes and hi gher silanes, diborane, plasm, air, borazene

(ni trogen sour ce) ,Suitableenbsimiroratdaalg o€ diegireseh) invahttmhiotiade eoidiuatine

conbi nati on of these gases. For exanpl e, . oxygen-contai ni ng squrces are
typical |y usddftFES:S lwaglb%ﬁvmﬂfe P SRRaHCRYS st Malers CORIERES b e

optional reaGhdQy QAIESiVeSEGallidedCett OTHR dbgﬂatefon%{@{e gh%ﬁéiﬁ-' ayers include

§
oxi di zing gases (e.g., oxygen, ozone, and nitric oxi Sui tabl e substrate
mat eri al s of cohfeiningkeertisiforwedts prefdraidy ademuonducton substrEe er subkisate

sem conducti ve erijal s, condugtive tal -nitrides, conductjve netals,
conduct i vg metat- ﬁr@'(i éevgl,%é 5?%623' ?ﬁ%er%lﬁ%%r?qulrénaé‘?fl%?r@ﬁo?tﬁ@p%?daﬁ‘&%%ﬂsai ni ng
layer is forfededampid, %Bﬁfpﬁbép%oﬁ_li&eﬁggﬁ%@{fg@r sifiEOS bichla8, O substrate
assenbly. A wide variety of seniconductor meterials are contenplated, such

as for exanplcendusivelyiionphpalysiliec eagoerystalliBps®jconsitt.i(furhis intentisy, e. g.
conduct | vl SRRRAEShNR 600 EDRSLYAALNS LT el
"silicon"), filerfoexafalstlidon vdfe, feraethlbrtbosiitdte OTEORY ®fide, spin on glass
oo e o s (L& i S
e Vil oA 2 il sessly ol SOFL Bl |
r ut heni um oxilajer thet inghidesiplatindrhginidfvey, itidnhhaxidenrhoditoal atleeniimt ani um
21 U num - garVPHHYE SE gk Gk T s e e A R gEe,
t 0- be- devel opgehliRUfidel fntdRlsiliBom eIl RANGH AoxFRN SluhHilh OBFiuguch as
dynam ¢ random access nenory (DRAl
arsenide, glass, etc., and other existing or to-be-developed materials used in
semiconductor constructions, such as dynamic random access memory (DRAM)
devices, static random access memory (SRAM) devices, and ferroelectric
memory (FERAM) devices, for example.
For substrates including semiconductor substrates or substrate
20  assemblies, the layers can be formed directly on the lowest semiconductor
surface of the substrate, or they can be formed on any of a variety of the layers
(i.e., surfaces) as in a patterned wafer, for example.
Substrates other than semiconductor substrates or substrate assemblies
can also be used in methods of the present invention. Any substrate that may
25  advantageously form a metal-containing layer thereon, such as a metal oxide
layer, may be used, such substrates including, for example, fibers, wires, etc.
The precursor compositions can be vaporized in the presence of an inert
carrier gas if desired. Additionally, an inert carrier gas can be used in purging
steps in an ALD process (discussed below). The inert carrier gas is typically one
30  ormore of nitrogen, helium, argon, etc. In the context of the present invention,
an inert carrier gas is one that does not interfere with the formation of the metal-

containing layer. Whether done in the presence of a inert carrier gas or not, the
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devices, static random access menory (SRAM devices, and ferroelectric
menory (FERAM devices, for exanple. For substrates including sem conductor
subst r at esoano7awber at e assenbl i es, the layers can be fecwas2aenemsy on
the | owest sem conductor surface of the substrate, or they can be formed on
any of a variety of the layers (i.e., surfaces) as in a patterned wafer,
for exanple. Substrates other than sem conductor substrates or substrate
assenbl i es campetizadionas pcfatablp doed inatls alsdent el guygseft avolV€tigedn. Any

bstrate that . adva ous form.a tal -containing |ayer thereon,
:30?1 212 S rre?cé?Pg‘g‘ﬁP%@nI %@gl,eayﬂﬁygbé’x an gﬁﬂ@ﬁ"%@b@@éﬂ@@ni‘l@dﬁcﬁfng, _ fO{j _
le, fib A ; : g . vapori zed in
exanpl e, T1 D&Jx$datibh/o®precBiser 1nﬁﬂ@v5}50@$ﬂ§s%gﬂé‘1§:f ?{g%ﬁﬁ’ A{éwé d‘égtfﬁllt%

the presence of an inert carrier gas’li _ I on y, an inert
carrier gas cdamber)used in purging steps in an ALD process (discussed

below). The inert garr.ier gas,is ...ypi ne or, nore of. .ni en, helium
argon? et Ié In the %egﬁfﬁﬁag%rfdepﬂ%%%&@%& X‘?‘_ﬁ??t@ﬁ]ﬂcf laser °§1H81?E‘&]g§? ner gas is
one that doesir®iBto Vapoe tERIstio frbcdsiR offieh BRbIRRI ¥ fdrhehEtakiiRBEA! ni ng

| ayer. \Whether done in the presence of a inert carrier gas or not,

t hevapor i zat i%#H°r8, pelal-epniaibing lasaeontn S@lm@oagim@@b@gat@xf@m @ittllea¥oi d
oxygen cont ary i . a . oxidation of silicon to form
silicon di ox{Uggg%éeggilﬁé%%&%ﬁésbﬁ%rag ﬁgesgrrm%e Rrﬁceur%%[)c(gplpﬁﬁgg]és ?)rF ior to entry

into the depompoiized ithalebesition dEhetbecald MapanlFeRabintd Aith(aYo} nrs at oni c
| ayer de ALD) are, two vapor deposition gr ocesses often enployed to

formthi ﬁ8s L%%P?Ci%ﬁé 8BS apdh dirgstad tond4r cenlaetsd miithghe ayhstratedptgseni conduct or
cubstyates,  haRkshi, e cdenagidd on Bt seco RIS ERRIEY e |
(F:) onbi ned wit hnr?drwrbﬂlamﬁ efapcealgpésmorglasess_s ary bt enbaiced by enpidel/i;g cont act ed
m: f lh E)ger Zggﬁ%{,gﬁsﬁ%ﬂt{%&%c?ﬁ”gﬁ@{ésfﬁ%ﬁ a%lsirs]%ml:é? {)ﬁ(r)to%rs]sigtggce? aggrt rate. It
assistance, as well as other techniques.
15 A typical CVD process may be carried out in a chemical vapor
deposition reactor, such as a deposition chamber available under the trade
designation of 7000 from Genus, Inc. (Sunnyvale, CA), a deposition chamber
available under the trade designation of 5000 from Applied Materials, Inc.
(Santa Clara, CA), or a deposition chamber available under the trade designation
20 of Prism from Novelus, Inc. (San Jose, CA). However, any deposition chamber
suitable for performing CVD may be used.
Preferably, the vapor deposition process employed in the methods of the
present invention is a multi-cycle atomic layer deposition (ALD) process. Such
a process is advantageous, in particular advantageous over a CVD process, in
25 that it provides for improved control of atomic-level thickness and uniformity to
the deposited layer (e.g., dielectric layer) by providing a plurality of self-limiting
deposition cycles. The self-limiting nature of ALD provides a method of
depositing a film on a wide variety of reactive surfaces including, for example,
surfaces with irregular topographies, with better step coverage than is available
30 with CVD or other "line of sight" deposition methods (e.g., evaporation and
physical vapor deposition, i.e., PVD or sputtering). Further, ALD processes

typically expose the metal-containing compounds to lower volatilization and
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in the art that the vapor deposition process may be enhanced by enpl oyi ng
various related techni ques such as plasma assi stance, photo assistance,

| aser asswetaomm®267as wel | as ot her techni ques. A typi calPCCHRD2@602#35 my be
carried out in a chem cal vapor deposition reactor, such as a deposition
chanber avail abl e under the trade designation of 7000 from CGenus, Inc.
(Sunnyval e, CA), a deposition chanber available under the trade designation
of 5000 fr omrégploheempdasterasavbich kends tq Sanéase TegndatiofAY theopreaurek@Pesi tion

chanber avail abl e under the tlr ade cie ignation of Prismfrom Novel us, _ | nc.
(San Jose, C&fl.nplaﬁt?aé%t%re GPIs O PEPRSRSEr suitable for performing CVD

may be used. Prefesghlafly, tHh@ A@D%o&@@&%}q%&&&nﬂs&ﬁﬁ&ﬁ st %1 rOIilth st he

met hods of the present invention’is a multi-cyc atom a eposition
(ALD) pr ocessvuitghie bubstrpieoiyewslly st deppositivatpamesatuien opairleast A54e, advant ageous

over a CV roces i.n t ot _provides, f i.nproyed . cantro

at omi c- | e\gl)elo p{%?@%}yeaggeagﬁﬁblou 1/‘}“@rlﬂ?rte)1;’r‘ff_8ra${¥eatg%ﬁbz(fq Qd%PYQVé{Agb 9.,
dielectric | aypssitidytepiperahded e ﬁo@ké&'ﬁ@'thatnY40®F’C§ﬁlefe‘réHI?hB' 1FQRASI tion
cycles. The self-limting nature of ALD provides a nethod of depositing a
filmon a w @80V arandtoyesmoreyeterabdy se efeates thand0UQi Aheseftempesbimngsl ase

surfaces with_jr) I 4t h ter step.covera than is
avai |l abl e wi %ﬁ%ﬁg&ﬁ%@ﬁﬂ@ﬁﬁ%@ ygéllgf}ﬁ]tl 'CR§5e85°s°F Tron ﬁ’gb%ﬁ(e g.,
evapor at i on amdudehdepositibn eaperataiepaisthe ismaraie-s@rfaclzdomt@éqsﬁwc,e“ ng) . ds t
Further, ALD processes typically expose the netal-containing conpounds to
| ower vollﬁti Ip?qﬁrtag@rﬁti??agﬁ&c@i e PR pEsaablyet leagh? YCt gﬁﬁ?‘rag@’@ecr ease

degradati on %Ep&sﬂ?orpt%ﬁ?&raﬁﬂés 48 nb ?err‘?lganté?)O%fZ,g]_gre%ﬁ(

i.cal CVD
processes. Generally, rn an ALD process each reac a%"twll@%é&@%%%

sequent i al | y 560%¢ aad suért mbteeprefeberbly mb ereatey flianalOD3C.at deposi ti on
emeralit s, of L gast 2500 AL AT £ SR SHTRAG e
greater than(#)0kherPthet@LaR Mted @n ArsBAFH&S ark 18 up in an ALD process, the
15 deposition generally stops), insuring not only excellent conformality but also
good large area uniformity plus simple and accurate composition and thickness
control. Due to alternate dosing of the precursor compositions and/or reaction
gases, detrimental vapor-phase reactions are inherently eliminated, in contrast to
the CVD process that is carried out by continuous co-reaction of the precursors
20  and/or reaction gases. (See Vehkaméki et al, "Growth of SrTiO; and BaTiO;
Thin Films by Atomic Layer Deposition," Electrochemical and Solid-State
Letters, 2(10):504-506 (1999)).
A typical ALD process includes exposing a substrate (which may
optionally be pretreated with, for example, water and/or ozone) to a first
25 chemical to accomplish chemisorption of the species onto the substrate. The
term "chemisorption” as used herein refers to the chemical adsorption of
vaporized reactive metal-containing compounds on the surface of a substrate.
The adsorbed species are typically irreversibly bound to the substrate surface as
a result of relatively strong binding forces characterized by high adsorption
30  energies (e.g., >30 kcal/mol), comparable in strength to ordinary chemical
bonds. The chemisorbed species typically form a monolayer on the substrate

surface. (See "The Condensed Chemical Dictionary”, 10th edition, revised by G.
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35Q0C, and even nore preferably no greater than 250C. These tenperatures
are generally |lower than those presently used in CVD processes, which
t ypi cal | ywoneénes7deposi ti on tenperatures at the substr ace/usaoocacodIdf at
| east 1500C, preferably at |east 2000C, and nore preferably at |east 2500C
Typi cal CVD deposition tenperatures are no greater than 6000C, preferably
no greater than 5000C, and even nore preferably no greater than 4000C.
Under such cdﬁldﬁa\ixl@p,slolﬂ)heha‘diHyngrer&ti’anby{eﬁﬂﬁld €ot, Wewc#biky 288 (1981 ))m ti ng

ed up in an ALD process,

.e., when t activ es, on_a rface ar
Elhe deposi ti el‘%@ét@?ase‘i% NGt 0 gor&?&léplogﬁﬁat&@ﬁﬁdor mal ity
but al so 900%6@1&% éf RAcHiY ﬁ@édﬂ&rﬁfnd?ééﬁ‘fessdf@ﬂeﬁu&ﬁﬁt AL AL oGOBPOSI ti on

and thickness control. Due to alternate dosing o e precursor
conpositions mcmd/approma@tprmrsgmswpomﬁe@nﬂmmabn gaponrqiimsmtclgact i ons are

i nherent| eI|m at in trast to.the , CV ss .t hat arried out
Iby conti n%ous}n ‘ig‘%goﬂm )ifg a &F@%?%%Hgﬁg?r&f “Elag s%maag%% (See

Vehkamaki et s@ffaces@f@%ﬂstﬁ&e 3¢ abh BRI BaTd fBtidA bPa FdaolBe QMn i c Layer
Deposition,” Electrochem cal and Solid-State Letters, 2(10):504-506

(1999)). A t\piZcane ALMOPT preewsot qalpgsisisnexpowierny r@prsm@@tlmagesesmu ch may

optionally b ozone) to a first
chemcal to %@@B’@%‘%ﬁ‘% %&P%@I%ﬁ t%lege\é\ﬁ%agpé%e%‘r‘ﬁ%c?rﬁgosé B5tYate. The
term "chem saeqtionaddesness ati)nhen@bﬂtoqﬁféﬁbﬁslir BepdRBeC g8 oratsor ption of
vapori zed reactive, netal - contai ni ng npounds on the surface of a

substrat 80 TR selid yet i By wels is Wie%tﬁqi F%/gﬁaﬁi?%weﬁogpﬁh%/d%%%ﬂy{% t he
substrate su gﬂ%%l .gﬁc%h&ﬁa bk bin@lrsto6d fHat X@D’ceﬁlt 'cﬁf%ﬁﬁé%& Eﬂh ngrgcgﬁ Sor

characterize adsorption energles conpar abl e
in strength tcomppsitinarwhich énchealisodmddasnd &feerea:dimmysgrmlﬁdh sqesiveigh thgpi cal |y
form a nonol ayer the substrate surface. (See "The Condensed Chem cal

Di ctionary", © @flﬁogﬁ’filspﬁ%es revised by G G Haw ey, published by Van

Nostrand Rei nhol d PeRuticafeWhd@idbrptd MighSRtbleur on all portions of the

15  deposition surface (e.g., previously deposited ALD material). Nevertheless,
such imperfect monolayer is still considered a monolayer in the context of the
present invention. In many applications, merely a substantially saturated
monolayer may be suitable. In one aspect, a substantially saturated monolayer is
one that will still yield a deposited monolayer or less of material exhibiting the

20  desired quality and/or properties. In another aspect, a substantially saturated
monolayer is one that is self-limited to further reaction with precursor.

A typical ALD process includes exposing an initial substrate to a first
chemical species A (e.g., a metal-containing compound as described herein) to
accomplish chemisorption of the species onto the substrate. Species A can react

25  either with the substrate surface or with Species B (described below), but not
with itself. Typically in chemisorption, one or more of the ligands of Species A
is displaced by reactive groups on the substrate surface. Theoretically, the
chemisorption forms a monolayer that is uniformly one atom or molecule thick
on the entire exposed initial substrate, the monolayer being composed of Species

30 A, less any displaced ligands. In other words, a saturated monolayer is
substantially formed on the substrate surface. Practically, chemisorption may not

occur on all portions of the substrate. Nevertheless, such a partial monolayer is
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The technique of ALD is based on the principle of the formation of a

satur ated nonol ayer of reactive precursor nol ecules by chem sorption. In
ALD one owOrme702qipr opri at e precursor conpositions or reattisemcyades ar e
alternately introduced (e.g., pulsed) into a deposition chanber and

chem sorbed onto the surfaces of a substrate. Each sequential introduction
of a reactive conpound (e.g., one or nore precursor conpositions and one or

nore react i orstiflaserstood tb Yph edlnblayscpahat@te)of @it proght in9afiti@), 1gas pur ge.
Each precursor corrp?_si tion coreaction adds a new atom c |ayer to previously
1

deposi ted | ayBRy FEUFEIRS anesing aosipatialll satprptad aronoimyer @px be stigiblepeat ed t o
gradual 'y formsihe defy Feﬁﬁra{éaléﬁénoﬁ ei?i%rb%%%hat'&iu%ﬂﬁ%éid Q%g?&ﬁt%ﬁ $hRpd that
onposi ti1on, C IS

ALD can alternately utili1ze one precursor ¢ _
chemi sor bed, exhibithrpethe gadity and/gapropetiics Hesired dbissueh fidyet.he chem sor bed

species. Practicall chem sorption m.ght not occur on all portions of the
deposi ti on surfag.léh%%r.sbs.p,e_clﬁ?&l.'o slgn %B’o@ﬂ?‘éﬁd}ﬁi@s ?‘%Woflaﬂc)ﬂ.es REvert hel ess,
such i nper f eqdpeaROAN AY Vel iag diblakld GOMAL gl%ﬁgﬁ\@gé& ARANEY Bk sﬁﬁbtﬁaré%r@%nt ext of
the present invention. In many applications, nerely a substantially

sat ur at ed norsetendehermispl breciss) $eoice B (Ierg-,carrﬁffampeﬂltetal-aostaimm@mmadu:nﬁ
saturated nongl ayer.is.one that will still yield a osi t ed_,nonol ayer or
|l ess of materda Cga)%ig%sl) £5 R{gv@ﬁétodrgg«ftrvg@ Jﬁ‘ﬁé‘?{%o Y&h gﬁecbersd})e%?qcéeé.lgal n
anot her aspeaypicalystbsihan thedehsisad u%@fd@@omgls%wes ASmOMBagenahd | S
self-limted to further reaction wth precursor. A typical ALD process

i ncl udes 18xpdBeRYy Wishemisorber and Bersay secens monelpyar. dherdceend wpedies A (e. g.,
St cont 48 SORGHRS, SIS NSO LOBSAIIRAER .o e
with the subsipeeiteBsawelt as displatddigapécirgisotBer(d@satucked theleavjon Heit not
Speci es A | 5 URLHT ALY FERLHT VB <O GHY Gworte L d5euats PsupRager
Theoreti cal | \g viRRized Species A. Optionally, the second species can react with the first
15  species, but not chemisorb additional material thereto. That is, the second
species can cleave some portion of the chemisorbed first species, altering such
monolayer without forming another monolayer thereon, but leaving reactive sites
available for formation of subsequent monolayers. In other ALD processes, a
third species or more may be successively chemisorbed (or reacted) and purged
20 just as described for the first and second species, with the understanding that
each introduced species reacts with the monolayer produced immediately prior
to its introduction. Optionally, the second species (or third or subsequent) can
include at least one reaction gas if desired.
Thus, the use of ALD provides the ability to improve the control of
25  thickness, composition, and uniformity of metal-containing layers on a substrate.
For example, depositing thin layers of metal-containing compound in a plurality
of cycles provides a more accurate control of ultimate film thickness. This is
particularly advantageous when the precursor composition is directed to the
substrate and allowed to chemisorb thereon, preferably further including at least

30  onereaction gas that reacts with the chemisorbed species on the substrate, and

even more preferably wherein this cycle is repeated at least once.
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chem sorption fornms a nonol ayer that is uniformy one atomor nol ecul e
thick on the entire exposed initial substrate, the nonol ayer being conposed
of Speci esoAp0Tm@3e2any di spl aced |igands. | n other wordeCTaSs@boeaved

nonol ayer is substantially formed on the substrate surface. Practically,
chem sorption may not occur on all portions of the substrate. Neverthel ess,
such a partial nonolayer isstill understood to be a nonol ayer in the
context of the prdsegingiofiwarts wpor bhedthryediddbllowingons, nerely a
substantial ly satquted.nnnola er may be suitable. A suba%ggﬁ%ally

saturated moASPEYRM PRI PH L ntWaISPgs_ﬂaitq nay fnyioly e eishs? GHeer _
SXNi b 11N T heolGUAk B ndMkhttd B ORRAL i ShAGRLERH ahbr RGOl ANRHL o e T1 1St
ed nol ecul es” of Sp

species (e.g., substantially al [ “non-chem sor ecies A as
wel | as di spliaabenrtipngasdad/ar bwsuingedesturerio belew thédesustinrpmessuzitd a second

chem cal specjes, ..Specie e.0., a different nmetal-containing conmpound or
react ant gas)récg-lscég}eg%nagﬁragggpéga{)ec\]’ﬁs?eﬂnﬁaﬁtén Shogate %’?ﬁ(gpeci es A. Species
B typically dheplsafiRd shéifes. BREWMENSS tdrA@ EhSest hOMENRCANRGE SRaiHERIAR! ayer

and thereby is chem sorbed and fornms a second nonol ayer. This second

nonol ayer di Syt A%:d% etourdddidongly cprreingmesscinstoad meludetcontspiong ths A

bypr oduct o of TraR LR el Fith 4B s RRC S AT A L SR S Bt et wi e
exposure of pheluBpecidesriBanbredhessee thcv@RMion2Ed cOpREHBSspAcieOPt 1 onal Iy, the

second s ﬁcies can react with the first species, but not chem sorb
addi tiond! nRIPATAUITYREFEgCIng ARgtheispeeine Hecenipctipe spassesansy e eave some

portion of theeher SHLRHabik rcéﬂceﬁﬂﬁ%%rﬁ?repa%eﬁ E&E‘%ﬁi&&n@@@%é‘é’ﬁﬁe | t hout

f orm ng anot her nonol ayer thereon, aving reactive 'sites available for
formati on of istheseichasert omihespeniBeations forchdymodidtDf prranskedepaitidn rd speci es

descri bed T oP RS 1 sPhlant CBBGRETLEAEE SSTIEUHANE AR BarERHy  hat
each i ntr odugeEbensiteseXifaml Ssubkitfle IR ITRTR! AXES eefeg%hg/% ' %H&ﬂicaf ely
prior to its introduction. Optionally, the second?spe0| S ?%r third or
subsequeh?) ®arfds. The second species might only react with the surface created from the
chemisorption of the first species and thus, may also be self-limiting. Once all
of the finite number of sites on a substrate are bonded with a first species, the
first species will not bond to other of the first species already bonded with the
substrate. However, process conditions can be varied in ALD to promote such
20 bonding and render ALD not self-limiting, e.g., more like pulsed CVD.
Accordingly, ALD may also encompass a species forming other than one
monolayer at a time by stacking of a species, forming a layer more than one
atom or molecule thick.
The described method indicates the "substantial absence" of the second
25  precursor (i.e., second species) during chemisorption of the first precursor since
insignificant amounts of the second precursor might be present. According to the
knowledge and the preferences of those with ordinary skill in the art, a
determination can be made as to the tolerable amount of second precursor and
process conditions selected to achieve the substantial absence of the second
30  precursor.
Thus, during the ALD process, numerous consecutive deposition cycles

are conducted in the deposition chamber, each cycle depositing a very thin
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include at | east one reaction gas if desired. Thus, the use of ALD provides
the ability to inprove the control of thickness, conposition, and

uni f or m twoabomee@bk- cont ai ni ng | ayers on a substrate. FeCTAS006/024995
depositing thin | ayers of netal -containing conpound in a plurality of
cycles provides a nore accurate control of ultimate filmthickness. This is
particul arly advant ageous when the precursor conposition is directed to the
substrate andnﬂhkmmﬁdnhg1@h£ﬂh&®ﬂ%k£hewﬁ@ﬁen@h@h@ﬁ&bb&ﬂﬁﬂﬂkhﬁbwﬂﬂ0|Uding at
| east one reactlon as t @ég?gzcts with the chem sorbed sPeC|es on the

substrate, argt eé\?@r‘( éf & ADEFUIRME PEY FOAR] ‘ént@;aé%é?r% hedlssizged at | east

once. Pur gi ng iBickfess &SISuiN 3PV R sﬁﬁﬁe%@ﬁﬁér@sct Hekh ﬁgposmonl
deposition/chem sorption onto a substrate may involve vari ety of

t echni ques i rﬂt}bcudplrr@ed buialteroatelyi imirpdting(i. egd»mpmdslmg)g)redmesosubst rate and/ or
nonol ayer W th an .i.nert. carriegr s and/ or werlng ressure to hel ow the
deposi ti on prcé)g?ﬁﬁlgof‘@ Pﬁ%ﬁ?ﬁ?ﬂ%g% °F 8? @ﬁm@fa %‘%étﬁgﬁﬂl GEM9HRIEEt i ng t he
substrat e andhopreciesi EAMRBHiRRT &b & nonbXIBPHRS 1R subgEdid SIrLHRS HRrgifS

di scussed above, may include N, Ar, He, "etc. Additionally, purging my

i nst ead i ncl Jh@dmﬁlﬁ@@tchﬁgb@rh@egmmduam@ tey g/ dherinonddayreeursdrt h any
subst ance thactogjg)loglay)\ﬁ géa%gg g)l{a/(pr()\{het%%g%g{%:%?ggﬁgoﬁlﬁ?q@&and reduces the

concentration specles pre B(?’I ng anot her

speci es. The ;ﬁmh@aﬁﬂdﬁgoﬁtﬁkﬁm}e&s Ry e desietldaRidkh&s SRR Héthl-&ddtAning
partial pressure known to those skilled in the art based

t
ggn;: _ﬁg ggém f?@éﬂﬁ Bt?ﬁéeVF‘ér glfelﬁ‘?é“feﬁlrtbtﬁ%?ss%ﬁOféh%ﬁlﬁfaﬂ'@aﬂtaﬁnlft@%@”ﬁ pf 8% process.
ALD is often s‘gﬁ’@s%ﬁﬂ' 1hp§glgﬁ%r@atsl@eisi 1'a Whggt{?'npﬁ&e)o l%ferblﬂ tap?etastab'jg Qigt & nunber
t strate to C

of sites exi on a su spec es nmay form chem cal
bonds. The secangrefpmbives lemsight Aomdditiemally, pmﬁefredi fiém shickeeseesareat ed from
t he chemsortlo of the f eci es and thus | so be self-limting.
Once al |l of qrilyrﬁot@e?fﬁﬁ%‘@?tsg? OSSP, r§b1¥@8ﬁr?aé?réﬁ%}‘éo nEd with a
first speci e&}morbgﬁgféﬂaﬁ@tn bletﬁaﬂvgd)(bADOt bond to other of the first

speci es al ready bonded WI
15 The pulse duratlon of precursor composition(s) and inert carrier gas(es) is

generally of a duration sufficient to saturate the substrate surface. Typically, the
pulse duration is at least 0.1, preferably at least 0.2 second, and more preferably
at least 0.5 second. Preferred pulse durations are generally no greater than 5
seconds, and preferably no greater than 3 seconds.

20 In comparison to the predominantly thermally driven CVD, ALD is
predominantly chemically driven. Thus, ALD may advantageously be
conducted at much lower temperatures than CVD. During the ALD process, the
substrate temperature may be maintained at a temperature sufficiently low to
maintain intact bonds between the chemisorbed precursor composition(s) and the

25  underlying substrate surface and to prevent decomposition of the precursor
composition(s). The temperature, on the other hand, must be sufficiently high to
avoid condensation of the precursor composition(s). Typically the substrate is
kept at a temperature of at least 25°C, preferably at least 150°C, and more
preferably at least 200°C. Typically the substrate is kept at a temperature of no

30  greater than 400°C, preferably no greater than 300°C, and more preferably no
greater than 250°C, which, as discussed above, is generally lower than

temperatures presently used in typical CVD processes. Thus, the first species or
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substrate. However, process conditions can be varied in ALD to pronote such
bondi ng and render ALD not self-limting, e.g., nore |like pulsed CVD.
Accor di ngWg,20/5i026Tay al so enconpass a speci es form ng otrhemstévan2one

nonol ayer at a time by stacking of a species, formng a |layer nore than one
atom or nol ecul e thick. The described nethod indicates the "substanti al
absence" of the second precursor (i.e., second species) during

cheni sorpti orpr@dursdneoﬁ]posiﬁorpifs&hmmmmesﬁ ahdes tengiegiiifel Sanfcarmactidnsofof t he
second precursor ght be gresent According to the know edge and the

pref erences dfC $4FELESREAE O PEﬁCH%?PEIC%RPqSFthanaPWQC‘HraFS tegplin Fherﬁéiﬂieon can be
made as {0 themhahekehl acAmuporl BERRARLAGHES BhidilyBiPRESS condi ti ons

selected to achieve the substantial absence o € seco precursor. Thus,
during the Alpbeforabtesta Suhﬂtaehdlbsdlcff@mmmnpewunbeﬁMﬂM omesnedewratien

conduct ed |n .t he de 05|t e} Cc deposi ti very

t hi niet al >cont &S agf&@%f/é?ﬁ%r F\‘yﬁiﬂi’rﬁ?ﬂr‘?ﬁ% ?gtil?b‘?uch that the
growth rate wanamé@g@ostmmﬁtHe@a&eQerﬁﬁgﬁﬁﬁ@us@Bpﬂ@efdl @%’ﬁe%ltlorpﬁ?é' a layer of
the desired thickness is built up on the substrate of interest. The |ayer

deposi ti on i Stadicdenttylthe praep WV%Hlﬂ @ﬁﬁataéth,e tﬁmpfpr@tmeapf\@e Girsterecutspr pul si ng)
precursor rmgﬁislbhﬁﬂ%s )ﬁlk%a(ﬁvgl clge%%g 1619 anf 7%8?% fontS rg?gétladr?g :gig@gy er onto

substrate, chem sor ursor MPOSI

t he substrat enswdfmesatspbm@tiagybha;t@ap@sarﬁmmp@mﬁber then introducing to
the chem 8or bed pr ecur sar conposition(s) reaction gases and/or ot her

precur sotOconposi thosa¢yyical rYaEP eHP%‘PPI@ 9r06PSSd@s@§¢S§wr6mnse%qhé§emtiqn t he

desi red t hi clheseal of s TBE s £O8L A0 2 1BEPL6VEL, (71 hgor ed
o e A eht

t hi cknesses of the netal-contai |ng | aye sent ion are at
| east 1 angstﬂabrm(m)qrepmfeal[ﬂwaﬂaaaib]l()ftatr(Iléale‘*SPae Paﬂdemﬁe@snfo&f erably at

I t 10 A Addit [ ferred ness saret |caIIy no
g?gzter t han pgﬁéurkgnﬁ%yécﬂfg%%gﬁqegﬂhﬁﬁ 1§]rt ﬂsg thrQa aj peeiopa

greater than 1 torr (1.3 x 10% Pa), and more preferably no greater than 10 torr
15 (13 Pa). Typically, the deposition chamber is purged with an inert carrier gas
after the vaporized precursor composition(s) have been introduced into the
chamber and/or reacted for each cycle. The inert carrier gas/gases can also be
introduced with the vaporized precursor composition(s) during each cycle.
The reactivity of a precursor composition can significantly influence the
20 process parameters in ALD. Under typical CVD process conditions, a highly
reactive compound may react in the gas phase generating particulates, depositing
prematurely on undesired surfaces, producing poor films, and/or yielding poor
step coverage or otherwise yielding non-uniform deposition. For at least such
reason, a highly reactive compound might be considered not suitable for CVD.
25  However, some compounds not suitable for CVD are superior ALD precursors.
For example, if the first precursor is gas phase reactive with the second
precursor, such a combination of compounds might not be suitable for CVD,
although they could be used in ALD. In the CVD context, concern might also
exist regarding sticking coefficients and surface mobility, as known to those
30  skilled in the art, when using highly gas-phase reactive precursors, however,

little or no such concern would exist in the ALD context.
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nore preferably no greater than 300 A. The pul se duration of precursor
conposition(s) and inert carrier gas(es) is generally of a duration

suf fi ci enwotoo7amearzat e t he substrate surface. Typical | ypcrhms2@malos®osiur at i on
is at least 0.1, preferably at least 0.2 second, and nore preferably at

| east 0.5 second. Preferred pul se durations are generally no greater than 5
seconds, and preferably no greater than 3 seconds. In conparison to the
predom nant |y t her Afiet hayeirfonrantic@Mid thAkibstate) be doisaiagblogeshemiwal |y driven.
Thus, ALD may adv% t%g ouséy be ,coEgict ed at_much | ower tenperatures than

CVD. During tOREOR! CBed 1 $iffindpdgnogitien chapRe 4R a redueie. Bettmai nt ai ned at

a_tenper at ur &l bChalANE AR d B BRI | @5%% the
chem sor bed g)r eiél%lfsor conﬂpgosi tisé)n ir?}rg%gdb?%etﬂi%g%? nglpgﬁabtt%}??%%te surface
and to preventastiéiBApowit peferafly theago@0tC.sThe aoreplisg tehmpefayre isThe

tenperature, on. t ot her, hand, be sufficiently high =\
condensat on p6%e§aﬁgrrﬁ}%rgﬁtpg@1]ané8m Mg AYes r?ﬁT)PﬁigEélt?rfg’%égosabgﬁ ate is
kept at a terpet ot Befiady nb @dskerdofa 700r€f erably at |east 150C, and nore
preferably at |east 200C. Typically the substrate is kept at a tenperature

of no greater thaflyeocalipgeperationys meferpbdnperorniedio30t@e paricd abate
preferably N e &%El%ﬁu{eh%r%gegér%%rab% %O%‘gl’ tfrﬁes P%E)cisdg%‘f a% %%ﬁalg%éﬁggl s generally

| ower than tenperatures’ y use esses. Thus, the
first speci eddditioratiyythe anelipgshératish isprefbrblysiededfortahtife pafaier at ure.
Surface reaction of the second species or precursor conposition can occur
at subst éﬁti g gf%@fé%@Q@%}é@Sa@tﬁ@O@@r@ﬂ%@bﬂx&r;ﬁttmﬁmﬂodtqf@wi r st

precur sor Or’gré%Périt 1d Yidids 1 ess preferably, at a substantially different
t enper at ur e. early, sone shall variation in tenperature, as judged by

t hose of ordi nary Gukiskilleddathecmtwill teadgrsize thht dweh cammsdrstereedné tibgt anti al |y

e Sa LemeraL e BLPEOYL AL S cack on rate SlglisL cal Ly (e sare as
Al ternati vel ynayafeaised QB thi@her2idh SHRSGAHSPbe pESHIARS ofOH fore
15  annealing steps.

As stated above, the use of the compounds and methods of forming films
of the present invention are beneficial for a wide variety of thin film applications
in semiconductor structures, particularly those using high dielectric materials.
For example, such applications include gate dielectrics and capacitors such as

20 planar cells, trench cells (e.g., double sidewall trench capacitors), stacked cells
(e.g., crown, V-cell, delta cell, multi-fingered, or cylindrical container stacked
capacitors), as well as field effect transistor devices.

A system that can be used to perform an atomic layer deposition
processes of the present invention is shown in Figure 1. The system includes an

25  enclosed vapor deposition chamber 10, in which a vacuum may be created using
turbo pump 12 and backing pump 14. One or more substrates 16 (e.g.,
semiconductor substrates or substrate assemblies) are positioned in chamber 10.
A constant nominal temperature is established for substrate 16, which can vary
depending on the process used. Substrate 16 may be heated, for example, by an

30  electrical resistance heater 18 on which substrate 16 is mounted. Other known

methods of heating the substrate may also be utilized.
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i nstead occur at substantially exactly the sane tenperature. For a typi cal
vapor deposition process, the pressure inside the deposition chanber is at
| east 10 Wot0emo0gdr23 x 10 6 Pa), preferably at |east 10PCTiusee06(014985x 10 5
Pa), and nore preferably at least 10~6 torr (1.3 x 10 4 Pa). Further,

deposition pressures are typically no greater than 10 torr (1.3 x 103 Pa),
preferably no greater than 1 torr ( 1.3 x 102 Pa), and nore preferably no

greater than 10 1 Ihdlis pfob8ssPpecurbypecdabdsition(d)as defeased h@bingb@ni®or i S pur ged
with an inert_carrier _gas aft t he vaporized precursor conposition(s) have
been i nt r oduddddierstded e r TR RIe e ST REIneaition(s) amcrPeseadendThe i nert

carrier gas/ gasgsefARd %io%% 1#38s 6AhAP &)e(ﬂe%}ls&iﬁ({%l%él%{ﬁlgglé i(?l‘f&l@f&‘:“r Sor

conposi tion(s) duri'ng each cycle. The reactivit recursor conposition
can si gni fi cambmyple af iIngdwawier iges P30k emstipagadtmasbé suppliBd alongéine 79 pi cal

CVD process conditi.o a_highly.reactive conmpound nmay react i.n the gas
phasg gendr at?f H&edlﬁgr [Aﬁ‘({% FRY ,g% d 60@’?‘ Chﬁﬁoﬁ?%nﬁﬁtgﬁpé F%X’Sﬁn%%@?lr%aﬂ
surfaces, predugiaddeB@lic ialois 1iRMY Lhe¥dl NNBoRAK s&i8BF GAVES 885 Or

ot herwi se yi el di ng non-uniform deposition. For at [east such reason, a
hi ghly react iayeorssapeihelosadgistreqyaredonsi dered not suitable for CVD. However,

some_compounds notg; i bagl . 0L, YR 366 SHPET, 0L ALD B EGULSOrS, - For

o
exanple, if the fir precursor-1s gas phase ond

precursor, sUsfreofthepiesett ivrentbn 600RAUNES eRérgflhry@badi®r sthdh@blién.f or CVD,
al t hough_they could be used in ALD. In the CVD context, concern m ght also

exi st red8r dikrierang &xligyrech sapaciioe panstpiipnsiOrineladessmbstraty 21 GBavimdwn t o

those skill e‘élt)h&crtibg dﬁﬁfsiohlvg?% Pjsfoﬁﬂe&' P%an)f g@?s{uﬁ&?%? c’%ﬁ %&Ih.!l&/ee fdpf ecursors,

however, little or no such concern wou exi s context. After

| ayer for mat ieample, tiheors Vs insalating Eayen?dk atchng RiRS1E,ds pravidedlaweopt i onal |y
performed in situ in the deposjtion chanber, in a reducing, inert, plasma,
or oxi di zi ng S‘é‘?sﬁfﬁ p yithspaiegt-opspipe Qt@ﬁé’r%ﬂﬂ%&hfaf‘?&“‘?o fgn area 23 at | east

400C, nore prhghéhlomatridl 286tHIRABRGct dHRBingdMRE2AddNHay SRR LY € 1S

15  example, tungsten or conductively doped polysilicon. Capacitor construction
200 includes a first capacitor electrode (a bottom electrode) 220, a dielectric
layer 240 which may be formed by methods of the present invention, and a
second capacitor electrode (a top electrode) 250.

It is to be understood that Figure 2 is an exemplary construction, and

20  methods of the invention can be useful for forming layers on any substrate,
preferably on semiconductor structures, and that such applications include
capacitors such as planar cells, trench cells, (e.g., double sidewall trench
capacitors), stacked cells (e.g., crown, V-cell, delta cell, multi-fingered, or
cylindrical container stacked capacitors), as well as field effect transistor

25  devices.

Furthermore, a diffusion barrier layer may optionally be formed over the
dielectric layer 240, and may, for example, include TiN, TaN, metal silicide, or
metal silicide-nitride. While the diffusion barrier layer is described as a distinct
layer, it is to be understood that the barrier layers may include conductive

30  materials and can accordingly, in such embodiments, be understood to include at

least a portion of the capacitor electrodes. In certain embodiments that include a
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preferably no greater than 1000C, nore preferably no greater than 7500C,
and even nore preferably no greater than 7000C. The annealing operation is
pr ef er ablwopesfmesred for a tine period of at |east 0.5 RCHMIISRQ06/0B49GS
preferably for a tinme period of at least 1 mnute. Additionally, the

anneal ing operation is preferably perfornmed for a tinme period of no greater
than 60 m nutes, and nore preferably for a tinme period of no greater than
10 minutes. @iffusida bdreidr lapert e etirbtywiflal cap2i10g Biez@oddih isdlede t enper at ur es
and tinme periods may. vary, For exanple, furnace anneals and rapid thernmal
anneal i ng naf°ﬁ§“ﬁ§%3? hipYPLPERERLS: such anneal s may be perfornmed in one or
nore anneal i ng steps. As stated above, the use of the conpounds and net hods
of formng filns of the present invention are beneficial for a wide variety
of thin fil m appl iGatfolbmzingrexsmpies erechififdred tosfurtheatillnsmte yaious spdeafid y t hose
using high dielecgiri terials. Ear exanple, suc jcations include
gat e di el Bct FP’(PQS%%&% t@?%?‘é“?éﬁ’r?%%“ﬁ? ]élﬁﬁl?‘tlo@eHT g{%%ldrléen‘tnﬁle@é‘?qu (e.qg.,
doubl e si dewablveléreafimaAPa&i{tRhs hnd floagieadokalddsrsi®d®y thede@dpn, V-cell,
delta cell, nultl-flngered, or cylindrical container stacked capacitors),

as wel | as fioedigargfskidein the amsiaythsmatiewlsremaindys wghintthascopanf Be used to

performan a 1.C - r_deposict | rocesses of .the present jinyention is
shown in Fi gg’?ée&lit.l %glmsl'ys grﬁf?rﬁ’gﬂﬁgceo? e&ﬁ?ﬁw‘?&’él@a 1%‘5?}6Ptea‘i%f&8 i®i on chanber
10, in whi chligited®ytine MWLy 6X a6 dUdk$ §hecificd @ ihe 1a1 fdieerddaeki ng punp
14. One ir rmkrle subﬁxtrat es 16 (e.g., sem conductor substrates or substrate
assenbl i &2) &PV Estheiexpaples AredvaseBages oy walghbnst ant nomi nal tenperature is
established for substrate 16, which can vary dependi ng on the process used.
Substrate 16 may be heated, for exanple, by an electrical resistance heater
18 on which substrate 16 is nmount edEXANPT K$Hown

EXAMPLE 1: Atomic Layer Deposition of a Metal-Containing Compound of
15  FormulaI (M=Sr(n=2); Rl =R’ = tert-butyl; R° = R* = methyl; R® = H; x =
2; and z = 0) to form a strontium oxide layer.

A strontium oxide layer was deposited on bare silicon by ALD using
alternate pulses of the above-described strontium-containing compound (127 °C
bubbler temperature; 154 °C bubbler line temperature) and ozone (O3: 100

20  standard cubic centimeters per minute (sccm) at 11% in oxygen) at a substrate
temperature of 205 °C and a pressure of 10 Torr (1.3 x 10 Pa). Each cycle
included a 2 second strontium precursor dose, a 30 second pump down, a 1
second ozone dose, and a 60 second pump down. The film was deposited using
218 cycles, resulting in an approximately 250 A thick strontium oxide layer.

25
EXAMPLE 2: Atomic Layer Deposition of a Metal-Containing Compound of
Formula I (M=Sr (n=2); R' =R’ = tert-butyl; R* = R* = methyl; R> = H; x =
2; andz = 0) to form a strontium titanate layer.

A strontium titanate layer was deposited on a physical vapor deposited

30  (PVD or sputtered) Pt substrate by ALD using alternate pulses of water (ambient
bubbler temperature; 50 °C bubbler line temperature), tetrakis titanium

isopropoxide (60 °C bubbler temperature; 112 °C bubbler line temperature),
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met hods of heating the substrate nmay also be utilized.In this process,
precursor conposition(s) as described herein, 60 and/or 61, are stored in
vessel s BR0 20émops7ecur sor conposition(s) are vapori zed and/use@an249esy fed
along lines 64 and 66 to the deposition chanber 10 using, for exanple, an
inert carrier gas 68. A reaction gas 70 may be supplied along Iine 72 as
needed. Al so, a purge gas 74, which is often the sane as the inert carrier

gas 68, maybezeup(Di: é00 stcomgt 11% i d6ygas), apethedboAs dshabey sthongiafm-es of

val ves 80-85 are.qpened an | gsed as required. Figure 2 shows an exanple
of the ALD f dPRELH C‘B’f‘p?@ga@mgtg?ﬁtﬁmﬁ?rﬁ&r? a6 5" Gibubhler Bneleeweratigent i on as
used in an exgnBlhacyCARMs {0 fergthfiiopRC 0] ' i

capaci t or consbruct?%n 200 i ncl Udes substratéﬁgfgﬁﬁgggﬁgqgoggﬁi f%é

di ffusi on ar dd 283 Eeshniéldnivinesegilence Sudbsdadza @5 240nd avatérriobeydd 5 seosndexanpl e,
silicon. An insulating.layer, 260, such as BPSG, .i s _provided oyer substrate
210, wit hécorﬂug}ﬂ &Sﬁéﬁilrﬁéx%“%’i‘%m HS%‘“?‘Héﬁé?:r?nﬁa ISP R W 21 5,
Conducti ve nalahisabntdWsddubhce iGONEATS 5 Q8RMH REoREseaNEh fRYnd pehpde, for
exanpl e, tungsten or conductively doped polysilicon. Capacitor construction

200 i ncl udes 9Qvf; # diseeong sbprirm drecersopdese; andho8® srpoad pumpaldwn. Fach a

dielectric | I, jeh . t hods of e Jresent

i nvention, a%@lg 1%@%%?? tg%%lggy %egrﬁegeﬁ%gég? r })gt}e{()ltr{gnq %66“8‘?‘3&??‘85@5“ B0, 1t is to
be under st oodlepuitied bibigy 260 2ydlss, acsulti@iih laf Y proRsitély 050 dnthicknrofatkods  of
the i nveghi on,.can be useful for formng layers on any substrate, preferably
on seni coRdudtdteld¥sict ures, and that such applications include capacitors
such as planar cells, trench cells, (e.g., double sidewall trench
capacitors), stacked cells (e.g., crown, V-cell, delta cell,

mul ti-fi nger EKAMPLEA: | Mdriic Alyer drpasitien oft MkddCoapatigt@ig)oundsfwel | as

E et e AP RA R % R LhSITon s r W shiop ) L aver my
2y and z = 0) to form a strontium titanate layer.

15 A strontium titanate layer was deposited on a PVD Pt substrate by ALD
using alternate pulses of ozone (O3: 450 scem at 11% in oxygen), tetrakis
titanium isopropoxide (60 °C bubbler temperature; 110 °C bubbler line
temperature), ozone (O3: 450 scem at 11% in oxygen), and the above-described
strontium-containing compound (bubbler temperature of 105 °C; bubbler line

20 temperature of 123 °C) at a substrate temperature of 208 °C and a pressure of 10"
* Torr (1.3 x 1072 Pa). Each titanium sequence included a 5 second ozone dose, a
30 second pump down, a 1 second titanium precursor dose, and a 15 second
pump down. Each strontium sequence included a 5 second ozone dose, a 30
second pump down, a 2 second strontium precursor dose, and a 30 second pump

25  down. Each cycle included 1 titanium sequence and 2 strontjum sequences. The
film was deposited using 100 cycles, resulting in an approximately 50 A thick

strontium titanate layer that was analyzed to contain approximately 29% Sr and
12% Ti.

30 EXAMPLE 4: Atomic Layer Deposition of a Metal-Containing Compound of
Formula I (M=Sr (n=2); R' = R’ = isopropyl; R> = R* = methyl; R® = H; x =

2; and z = 0) to form a strontium titanate layer.
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dielectric layer 240, and may, for exanple, include Ti N, TaN, netal
suicide, or netal silicide-nitride. Wiile the diffusion barrier |ayer is
descri bedveoer/meari nct |ayer, it is to be understood tirat/ush@sloa49ps er

| ayers may include conductive materials and can accordingly, in such
enbodi nents, be understood to include at |east a portion of the capacitor
el ectrodes. In certain enbodi nents that include adiffusion barrier |ayer,
an entirety of a Cﬁapmmithmti‘ehaeﬁawde/aﬁaépdsﬁed oitle PYONPuibbtyaste badirer | ayer
mat eri al s. The“ﬁ@il oW n exa les are offered to further illuystrate various

speci fic enbdi 1?‘3@8 FHGL ot 0 ssempsit dd %rin oRpg@MEBHIS 1t shoul d be
under st ood, hf@éﬁﬁlyrﬁrlsoptr&}ﬂ)tmdég(eﬁ °@%bﬁlteffé%'§p ?2&‘% ”gﬂjl $¢ bY@ meunder st ood by

t hose of ordlnary ski'll"1n the art ma le remaining within the
scope of the tgnp@@ﬁte); mnt(@gr%orh@nef bi% jin bhigzeny, apé thef abolie-deswvibad | on i S

d b ited by th f ecified
ot her wi 6 al'lOBBIB AP aBLE ST DO SR RG BE o 05por CUPREEEE by wei ght.
EXAMPLES EXAP&@hﬁerimre%iOlfm@gi@V@éuﬂ@&@@%é&g&ﬁtuﬁﬂf off2 1963 1l oMY pridifige Conpound
of Fornul a | = tert R2 =R4 = nethyl; R3 =H, x =

2; and z = Opgtlg me @. 3§t H&nPuHagk tipaiurayeguenge igchuded ﬁrsﬁmddléomfayer was

deposi ted on 4 i ing alternate pul se
above-descri bteg%g §t3r%on{; [huli%)n al rillifllg eg%rrlr(%)%tﬁrrlllélm(lirf MO Cf?ﬁ%lagfl aeleﬁrrperat ure;
154 0C bubbl eecolndlpantpaimﬁf ideh&jromien 9ZfiRacd {ABludddE sst@mddzons dd¥eCa

eem at 11%in oxygen) at a substrate terrperature

gfe ntzbge d é gﬁﬁfi%’gm 5 ovity a2 speptpd gtrongusy precupsapglpse, ga¢ A 38 yeqaadi ncl uded a
2 soonS ST R, oS0 datgya iy MECANBUTB O0URpcRd Second Brone
resulting in Sequeamarﬂm bt wh;yd%@itd& msﬁnilg:%(lsctycm;nesmtmg(lm | ayer. EXAMPLE 2
Atomc Lay glgprox%laﬁ lty 190 &) {hlcfic strontlum tgrga?é 121 g%hat was Oal#lg yze to contain
approximately 19% Sr and 21% Ti.
15
EXAMPLE 5: Atomic Layer Deposition of a Metal-Containing Compound of
Formula I (M=Sr(n=2); R\ =R’ = tert-butyl; R> = R* = methyl; R> = H; x =
2; and z = 0) to form a strontium titanate layer.
A strontium titanate layer was deposited on a PVD Pt substrate by ALD
20  using alternate pulses of ozone (Os3: 450 sccm at 11% in oxygen), tetrakis
titanium isopropoxide (60 °C bubbler temperature; 90 °C bubbler line
temperature), ozone (O3: 450 sccm at 11% in oxygen), and the above-described
strontium-containing compound (bubbler temperature of 136 °C; bubbler line
temperature of 153 °C) at a substrate temperature of 200 °C and a pressure of 10"
25  *Tomr (1.3 x 10 Pa). Each titanium sequence included a 5 second ozone dose, a
30 second pump down, a 1 second titanium precursor dose, and a 15 second
pump down. Each strontium sequence included a 5 second ozone dose, a 30
second pump down, a 2 second strontium precursor dose, and a 30 second pump
down. Each cycle included 2 titanium sequences and 1 strontium sequence. The
30  film was deposited using 250 cycles, resulting in an approximately 200 A thick
strontium titanate layer that was analyzed to contain approximately 21% Sr and
19% Ti.
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Formula I (MsSr (n = 2); RL =R5 = tert-butyl; RR = R4 = nethyl; R3 H x =
2; and z = 0) toforma strontiumtitanate layer. A strontiumtitanate |ayer
was deposwoedorm2&@2physi cal vapor deposited (PVD or sputrcensd)ocBr4ostibst rat e
by ALD using alternate pul ses of water (anbient bubbler tenperature; 50 C
bubbler line tenperature), tetrakis titaniumisopropoxide (60 OC bubbl er
tenperature; 112 C bubbler line tenperature),ozone (O3: 100 seemat 11%in
oxygen), and the above-described strontiuntontaini ng conmpound (bubbl er

t enperature . bubbl er | tenperature of 137 0C) at a substrate

t enperat ure géx‘%éé)@ grngtoéfuﬁﬁ%? %’06’?’046? 4 Megpir ConiqingigCampounpgy . Each

titani um sequepsgid NEYHSLG, a0 /7 §ﬁ@c_u}gﬂ%;i)§,r1{dgsjg,= Bt Z’.zgc_i)ggﬁp)_unp down,
p o ac

a 1 second titanium precursor dose, and a second pu wn. h
stronti um seqliende = fkfubed ast®ngendiidnae Giyer.dose, a 30 second punp down, a

2 second strontiu recurs dose, and.a 30 seco down cycle
i ncl uded § titani L%ngtg Wghﬁégatﬁiﬂyeiwﬁ FW&@P%%&@@@W@GW@%S
deposi ted usiuRthg2Mermapchieses of 856Hd (07943050 ARPYORIXBLED VieRalds A thi ck
strontiumtitanate |ayer. EXAMPLE 3. Atom c Layer Deposition of a

Met al - Cont ai rfitiU@drqraeiidss (6RSEravibbler tepmvtegituren9:°Q publier lineR5 = i sopr opyl ;
R2 =R4 = net . s H . .2 Q) toforma.strontiumtitanate
| ayer. A st r%‘i@ﬁ%ﬁl{?‘)t %ﬁg?é%éligfs@%nlaét l&le%)(i)%ﬂ”é%fng]ﬁng Oﬁ?’%iﬁi‘i’?&at e by
ALD usi ng al tsepnthie-cpnfagese efmeamdeb(iBir tdbPeraresm 361ty biupblexmasen) |
tetrakis bi tani um i sopropoxide (60 OC bubbler temperature; 110 0C bubbl er
line t enp8r at'tiRRYatUEs Onks 163 2t A Sepstaterieraperating piR 23 g2 prasrre ol 0
above- descri Begstir04 hap £ oftai il o) lser e of 105
0C, bubbler line ¢errper at u)?e o} 145@&88‘)éﬂ%@yé;glgﬁ"@g?rggfsgcén?%%g@ﬁeéa of 208
0C and a pr es9useeondfpub@® dwvn, a(llseBond tli@niBa) pre&asdr doisé,ani urhssecpignce i ncl uded
a 5 second ozone Cgoose,Eah&P second upunép O\Q/nd g 1 second titanjum precursor
dose, and a X ach strontrum sequence included a 5 second ozone dose, a 30

second pump down, a 2 second strontium precursor dose, and a 30 second pump

15 down. Each cycle included 1 titanium sequence and 1 strontium sequence. The
film was deposited using 300 cycles, resulting in an approximately 200 A thick
strontium titanate layer that was analyzed to contain approximately 29% Sr and

12% Ti.

20 The complete disclosures of the patents, patent documents, and
publications cited herein are incorporated by reference in their entirety as if each
were individually incorporated. Various modifications and alterations to this
invention will become apparent to those skilled in the art without departing from
the scope and spirit of this invention. It should be understood that this invention

25  isnot intended to be unduly limited by the illustrative embodiments and
examples set forth herein and that such examples and embodiments are presented
by way of example only with the scope of the invention intended to be limited

only by the claims set forth herein as follows.
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punp down. Each strontium sequence included a 5 second ozone dose, a 30
second punp down, a 2 second strontium precursor dose, and a 30 second punp
down. Eacwoayelm2é7acl uded 1 titani um sequence and 2 str @omiusaoosaeusefnces.
The fil mwas deposited using 100 cycles, resulting in an approximately 50 A
thick strontiumtitanate | ayer that was anal yzed to contain approxi mately
29% Sr and 12% Ti. EXAMPLE 4: Atom c Layer Deposition of a Metal - Containing
Conmpound of PWhmik alaimddsSr (n = 2); RL =R5 = isopropyl; R2 =R4 = net hyl ;
R3 =H x =2; and z = 0) toforma strontiumtitanate |ayer.A strontium
titanate | ayer was deposited on a PVD Pt substrate by ALD using alternate
pul ses of ozgn : 1% 1.1 i I i um

i SOpr opoxi deq( g%ﬁ%&ﬁ%@??ﬁ%ﬁ%kﬁ%@@%%@%pﬁ%g%%Fﬁﬁgi ﬁlg%‘%ééﬁ{i)aer ature),
ozone ((O8: 4®%0mpoemgat 11% i n oxygen), and the above-descri bed

strontium containing. .orrpoutr)lscsgﬁgbubbl er tenperature of 105 OC, bubbler line
t enmperat ure of 13'Pr%?§m5?83 fStrate tenperature of 212-215 C and a
pressure of 10 4 w«idiﬁga&aﬁoﬂ&@rﬁﬁ%gatE@agtrbﬁeiao%mouﬁm SeMdehGRuA ncl uded a 5
second ozone dose, a 30 second punp down, a 1 second titanium precursor
dose, and a {Bowdehd punp down. Each strontium sequence included a 5
second ozone dose, a 30 second punp_down, a 2 second strontium precursor
dose, and a 30 second punp down. EBEh cicle included 2 titanium sequences
and 1 strontium sequence. The film wgs geposited using 250 cycl es,
resulting in an approxi matelfy i ck \st iumtitanate | ayer that was
anal yzed to contain approximately 19% Sr ¥%-Fi . EXAMPLE 5: Atomc
Layer Deposition of a Metal -ContainiAg %ound of Formula I (MeSr (n =2);
Rl =R5 = tert-butyl; R2 = R4 =rrethKl‘; S5=H, x = 2; and z = 0) toforma
strontiumtitanate layer. A strontiumtitanate |ayer -was deposited on a PVD
Pt substrate by ALD

wherein:

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand;

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z is from 0 to 10;

x is from 1 to n; and

each R!, R% R®, R*, and R’ is independently hydrogen or
an organic group;

providing at least one reaction gas; and

contacting the vapor comprising the at least one compound of Formula I
with the substrate to form a metal-containing layer on at least one surface of the
substrate using an atomic layer deposition process comprising a plurality of

deposition cycles.

2. The method of claim 1 wherein each R!, R?, R®, R*, and R® is independently

hydrogen or an organic group having 1 to 10 carbon atoms.
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using alternate pul ses of ozone (O3: 450 seemat 11%in oxygen), tetrakis
titani umisopropoxide (60 C bubbler tenperature; 90 C bubbler |ine

t enper at we)pommeste (O3: 450 seem at 11% i n oxygen), an@Crhis2006/024995
above-descri bed strontium contai ni ng conpound (bubbl er tenperature of 136
C, bubbler line tenperature of 153 C) at a substrate tenperature of 200 C
and a pressure of 10 4 Torr (1.3 x 10 2 Pa). Each titanium sequence
included a 5 second ozone dose, a 30 second punp down, a 1 second titanium
precursor dose, and 5 second punp_down. Each strontium sequence incl uded
a 5 second oZondcdB Q&Bf@@n%é(YV@ﬁEFHberjrﬁmngoWﬂRg:i“lsecond strontium
precursor dose, and a 30 second punp down. Each cycle included 2 titanium
sequences and 1 strontium sequence. The filmwas deposited using 250

cycl es, resuld iThy methadhofgpinoX wietei R' 200 Aisbpuiopil. stronti um titanate | ayer
that was anal yzed to contain approximately 21% Sr and 19% Ti . EXAMPLE 6:
Atom ¢ Layer Deposition of a Metal-Containing Conpound of Formula | (M=Sr
(n = 2); Rl 3R51e h&thdd BN 3 RhereidR! = RPet RylpyB =H x = 2; and z = 0)
toforma strontiumtitanate |layer. A strontiumtitanate |ayer was deposited
on a PVD Pt substrate by ALD using alternate pul ses of ozone ((O3: 450 seem
at 11%in ox tetraki.s. titan um,b SQQaropoxi de Q bubbl er
terrperature;%g%gl%ﬁ%%?é?lalm%g Bhiper a r_e’%eé’ggélﬁéi( 1 450 seemat 11%in
oxygen), and the above-described strontium containing conpound (bubbl er
tenperature of 136 C bubbler |ine tepperature of 151 C) at a substrate
tenperat ure df DEonetodeiclanyg wbswineRoF RUG- somepyl. (1.3 x 10 2 Pa). Each
titani um sequence included a 5 second ozone dose, a 30 second punp down, a
1 second titanium precursor dose, and a 15 second punp down. Each strontium
sequence i nclludéd methodebaich OnhaeirR5e R a Bf-magond punp down, a 2 second
strontium precursor dose, and a 30 second punp down. Each cycle included 1
titani um sequence and 1 strontium sequence. The

9. The method of claim 1 wherein one or more of the following apply: R' is

different than R°, or R? is different than R*,

10. The method of claim 9 wherein R! = isopropyl, and R’ = tert-butyl.

11. The method of claim 9 wherein R> =R* = methyl, and R*=H.

12. The method of claim 11 wherein R! = isopropyl, and R’ = fert-butyl.

13. The method of claim 1 wherein at least one L is independently selected from
the group consisting of a halide, an alkoxide group, an amide group, a
mercaptide group, cyanide, an alkyl group, an amidinate group, a guanidinate

group, an isoureate group, a f-diketonate group, a B-iminoketonate group, a p-

diketiminate group, and combinations thereof.
14. The method of claim 13 wherein the at least one L is a B-diketiminate group

having a structure that is the same as that of the p-diketiminate ligand shown in

Formula I.
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filmwas deposited using 300 cycles, resulting in an approximately 200 A
thick strontiumtitanate | ayer that was anal yzed to contain approxi mately
29% Sr amslo2BO0DR672The conpl et e di scl osures of the pat erCI/USp@bRBLI9S
docunents, and publications cited herein are incorporated by reference in
their entirety as if each were individually incorporated. Various

nodi fications and alterations to this invention wll becone apparent to

those skill ed 3. MHehgethéd of14iRO wheRa the AOlchst@m: The aPeaiRetiditdtiesPolg t  Of
this invention. |t should be understood that this invention is not intended

to be undul y havingedrosiyre that isidilierentdhan tabpisbe Brébketaniana ligradwioss set forth

herein and thgtg, ﬂH@E (exanpl es and enbodi ments are presented by way of
exanple only w't € scope of the invention intended to be limted only by
the clains set forth herein as follows.Wiat is clainmed is: 1. A nethod of

formng a netal -¢ont aj r on.a substrate, the pethod conprising:
providing a s@uﬁﬁe OCL?&} @’hﬁr%%\?asé%?(ﬂ%?ﬂ@“%‘?g?l@& ¥ £948 conpound

of the for ”Ulc%nélﬁg{g%g{ aacamon meiﬁﬁ"!é}/(i) a%ﬂ1§n1§ei emhiad ﬂcltrn?%@nt Qgh&k‘bﬁhﬁ@

consisting of a a Lan
conblnatlonszmhéméohMmeaghhthwhoﬂmmEpmhdnﬂ@hwuamﬂanmdhlc ligand; each Y is
i ndependently a neutral ligand; n represents the val ence state of the
metal; z is fromO to 10; x is from1l to n; and

17. The method of claim 1 wherein the at least one reaction gas is selected from
the group consisting of oxygen, water vapor, ozone, alcohols, nitrogen oxides,
sulfur oxides, hydrogen, hydrogen sulfide, hydrogen selenide, hydrogen
telluride, hydrogen peroxide, ammonia, organic amine, silane, disilane, higher

silanes, diborane, plasma, air, and combinations thereof.

18. The method of claim 1 further comprising providing a vapor comprising at
least one metal-containing compound different than Formula I, and contacting
the vapor comprising the at least one metal-containing compound different than

Formula I with the substrate.

19. The method of claim 18 wherein the metal of the at least one metal-
containing compound different than Formula I is selected from the group

consisting of Ti, Ta, Bi, Hf, Zr, Pb, Nb, Mg, Al, and combinations thereof.

20. The method of claim 1 wherein the metal-containing layer is selected from
the group consisting of BaTiOs, SrTiOj;, CaTiOs, (Ba,Sr)TiOs, StTayOg,
SrBiyTayOy (SBT), StHfO3, StZrO;, BaHfOs3, BaZrOs, (Pb,Ba)Nb,O,
(Sr,Ba)NbyOs, Pb[(Sc,Nb)g 575Ti0.425]03 (PSNT), Lay 03, Y203, LaAlO3, YALOs,
Pry03, Ba(Li,Nb)1,403-PbTiOs3, Ba(0.6)Sr(0.4)TiO3-MgO, and combinations

thereof.

21. A method of manufacturing a semiconductor structure, the method

comprising:
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each R1l, R2, R3, R4, and R5 is independently hydrogen or an organi c group;
providing at | east one reaction gas; and contacting the vapor conpri sing
the at | esetzoeme2&ronpound of Fornula | with the substrareTius2606/024995

net al -contai ning | ayer on at | east one surface of the substrate using an
atom c | ayer deposition process conprising a plurality of deposition
cycles. 2. The nethod of claim1l wherein each Rl, R2, R3, R4, and R5 is

i ndependent |y hydnp@edingh saiiddhganbCsuBEtPate oPibsitgte hsdetnblyd car bon at ons. 3.
The method of claimlwherein R1 = R5, and R2 = R4. 4. The method of claim3
wherein RL = R5 = Dren@inggyRpomsommisingst hesgt ofe ompopndofedfemlrl = r5 =
tert-butyl. gFm%Hﬁ thod of claim3 wherein R2 = R4 = nethyl, and R3 = H.
7. The nethod 8t ¢cfdim6 wherein Rl= R5 = i sopropyl. 8. The nethod of claim
6 wherein Rl1= R5 = tert-butyl. 9. The ngthod of claim lwherein one or nore
of the following apply: Rl is difféihentjthan R5, or R2 is different than
R4. 10. The nethod of claimp@ wherei =\i sopropyl, and R5 = tert-butyl.
11. The nmethod of claim9 er eR = —NBthyl, and R3 = H 12. The

met hod of claim 11 wherein = i sopkepyl /xand RS = tert-butyl. 13. The

met hod of claim1l wherein at | east_ghe usis i ndependently selected fromthe
group consisting of a halide, an aRkoxi 8e group, an am de group, a

mer capti de group, cyanide, an al kyl group, an amidindte group, a
guani di nate group, an isoureate group, a b-di ketonate group, a

b-i m noket onat e group, b-. di ketimnate group, and conbi nations thereof.
14. The method of clai M5 herein the at least one L is a b-diketimnate

group having a structure thail i Selddd&l S&HBhASrolp bnMtinlsoE alz iy et i m nate
| i gand shown in

metal, a Group 3 metal, a Lanthanide, and
combinations thereof;
each L is independently an anionic ligand,
each Y is independently a neutral ligand;
n represents the valence state of the metal;
z is from 0 to 10;
x is from 1 to n; and
eachR', R?, R®, R?, and R’ is independently hydrogen or
an organic group;
providing a vapor comprising at least one metal-containing compound
different than Formula I; and
directing the vapor comprising the at least one compound of Formula I
and the vapor comprising the at least one metal-containing compound different
than Formula I to the semiconductor substrate or substrate assembly to form a
metal-containing layer on at least one surface of the semiconductor substrate or
substrate assembly using an atomic layer deposition process comprising a

plurality of deposition cycles.

22. The method of claim 21 wherein each R, R%, R*, R*, and R® is

independently hydrogen or an organic group having 1 to 10 carbon atoms.
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Fopnula | .15. The method of claim 13 wherein the at least one L is a

b-di keti mnate group having a structure that is different than that of the
b- di ket i mvoab@/doegyand shown in Formula | . 16. The net hedTafS2alcar4yvi
wherein at |least one Y is selected fromthe group consisting of a carbonyl,
a nitrosyl, amonia, an am ne, nitrogen, a phosphine, an al cohol, water,

t et rahydr of uran, and conbi nations thereof. 17. The nmethod of claim1l

wherei n the a13.|Hashetho@of daini 2D furgRs chigpsghepirdihg aedshengrasorconsi sti ng
of oxygen, water vapor, ozone, alcohols, nitrogen oxides, sulfur oxides,
hydr ogen, hyd#8gen sul fide, hydrogen sel enide, hydrogen telluride, hydrogen
peroxi de, ammoni a, organic am ne, silane, disilane, higher silanes,

di borane, plasnma, air, and conbi nations thereof. 18. The method of claiml
further conprddsiTig mpetbed df clgina2¥ whereircthieat leastroge agactiemghs ioRelected
netal-contaig%n conmpound different than Fornmula I, and contacting the
vapor conpri %ﬁ the at | east one netal -containing conpound different than

Formul a | W tthe bR SRS F oxFSen, mgeé %ﬁ&?gzcg{ef #i!:@ﬁoﬁ@, ﬁﬁﬁ)@aﬁ‘ beidls t he ”?;al

of the at |east one netal containing ound erent than Formila |

sel ect ed fr orfutiieoxjdes.pydrogsi, Syilnogensulfile, ijdrogBi selbfiide, lydragen Nb, My, Al
and conbi nat i .1 hereof . 20. .The nmethod of .claim 1 wherein th

net al - cont ai r;[?lrﬁgn#eaﬁ%(ﬁog? %eé?%g?’églr??%?‘n({rg\aéllb?lBﬁlﬁ’ s Cgfllaﬂ& lﬁe@éﬂ 0B,
SrTi @B, CaTi GBandsPaib&fahd) fimaSkitaafdoonPiRitdhadeBeofSBT) , Sr Hf 3, SrZr G,
BaHf O3, BazZr O3, (Pb Ba) Nb206, ( Sr5Ba)Nb206, Pb[(Sc, Nb)0.575Ti 0. 425] O3
(PSNT), La2@3, Y2Q3, LaAl 3, YAl B, Pr203, Ba(Li Nb)174C3-PbTi C3,

Ba( 0. 6) Sr (0. 4)TiH63- . i |0 2.1 A.met.hod, of
manuf act uri ng)sé %%&ddﬁ%ﬁjog{r@%{em@? a{ %gsrtr%r)gl% ﬁe&&“%%%%?rl.s ?lﬁcg%r oviding a
sem conduct orfrew st grateconsisting sf oaine aad seygdny ;

26. The method of claim 21 wherein the metal-containing layer is a metal oxide

layer.

27. The method of claim 21 wherein the metal-containing layer has a thickness
of
1 Ato 500 A.

28. The method of claim 21 wherein the metal-containing layer is a dielectric

layer.

29. The method of claim 21 wherein the metal of the at least one metal-
containing compound different than Formula I is selected from the group

consisting of Ti, Ta, Bi, Hf, Zr, Pb, Nb, Mg, Al, and combinations thereof,

30. The method of claim 29 wherein the metal-containing layer is selected from
the group consisting of BaTiOs, SrTiOs, CaTiOs, (Ba,Sr)TiOs, SrTa,0¢,
S1B1;Ta;Og (SBT), StHfO;, SrZrOs, BaHfO3, BaZrO;, (Pb,Ba)NbyO,
(S1,Ba)Nb,Os, Ba(Li,Nb);403-PbTiO3, Ba(0.6)Sr(0.4)TiO3-MgO, and

combinations thereof.
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provi di ng a vapor conprising at |east one conpound of the formula (Formula
[): wherein: Mis selected fromthe group consisting of a Goup 2 netal, a
G oup 3 meDabg7/@m2d7ant hani de, and conbi nati ons thereof; eathiSkonc®24995

i ndependently an anionic |igand; each Y is independently a neutral |igand;
n represents the valence state of the nmetal; each Rl, R2, R3, R4, and R5 is
i ndependent |y hydrogen or an organi c group; providing a vapor conprising at
| east one metal -contai ning conpound different than Formula |; and directing
t he vapor conprising th t | east one conmpound of Formula | and the vapor
conpri si ng t[@-arfhel% PEBﬁ@alﬁéggV"h@i’?ﬁ% Wi ge aomie lAYEr ¢RPOFIEPB REOGERAN
Formula | to 1 Hﬂl’]@ s Whste to forma
nmet al - cont ai ntlhﬁglefgg;%{riﬁon a{a%relgst oﬁg’gfga&tr%é‘??ﬁ‘b %ﬁoﬁgnggﬁi C 1r)llééuct or
substrat e or ®uisisingtthe aslsastrbhy carspagpdanf Fatraatad ahdytervagepasnprisimg fheocess

conprising a urality of deposition cycles. 22. The od of claim2 1
wherei n each %ﬁ’asﬁ:&‘}e al- ll?ﬁlélﬂa C?églpf’%‘%/qcﬁlifgéﬁé‘ﬁ HEPW%EBHBB&G an organic

group havi ng depb@tid®cys.bon atoms. 23. The method of claim2 1 further
conprising providing at |east one reaction gas. 24. The nethod of claim 23
wherein the at | east one reaction gas is selected fromthe group consisting
of oxygen, al cohol s i trogen thsoléll fur oxides,

er, vapor, 0zon | oxi des
hydr ogen, h;\gsﬁz()g‘%}rﬁ‘l Shqdquglée}nuﬁegymeaﬁe%ﬁ&o Peer W&F&gtgﬁme
comprising:
providing a semiconductor substrate or substrate assembly within an
atomic layer deposition chamber;

providing a vapor comprising at least one compound of the formula

(Formula I):

wherein:

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand,;

each Y is independently a neutral ligand;

n represents the valence state of the metal,

z is from O to 10;

x is from 1 to n; and

each R', R%, R® R*, and R® is independently hydrogen or
an organic group;

providing a vapor comprising at least one metal-containing compound

different than Formula I;
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telluride, hydrogen peroxide, amonia, organic am ne, silane, disilane,

hi gher sil anes, diborane, plasnma, air, and conbinations thereof. 25. The
met hod ofwol2aé7mmo2@2wherei n the at | east one reacti on gagcCrass@ometsesl from
the group consisting of ozone and oxygen. 26. The nethod of claim2 1
wherein the netal -containing layer is a netal oxide layer. 27. The nethod
of claim2 1 wherein the netal-containing |ayer has a thickness of 1A to

500 A. 28. The netdiadting thelvabson ébnipﬂ@h@rtﬁeatlkkg@oﬁ@&@hpmt@mnﬁglalmer is a
dielectric Ia er. 29. The nethod of claim2 1 wherein the netal of the at

| east one met'Af sBHCARHCHY SEbTHIBLATSubIratetssemblyirad alewing the pt least gag ect ed

Lo Lo, R Yl o e €0 e

nmet al - cont ai rauhsg,rdt@yssembsf sel ected fromthe gr oup consi sting O BaTi C3,
SrTi 8, CaTi OB, é%l Sr Ta206, é Ta2® (SBT), SrHf O3, SrZr(G3,
BaHf 08, BaZr C8, gpot cgmpEsingbeet 1egsh PRS BIREY-CPYEEHPLTi C8,

Ba( 0. 6) Sr (0. 4y @uﬁd Wiforer itk GQARLAA!D %{bssehﬁ@an%&o?;ubs&ﬁg oSkl Ol claim 2

1 wherein duri ng the atom c | ayer deposition process nmet al -cont ai ni ng
| ayer is formssenthly anhd elﬂcvmmeltlye atieaspeheciontpouhe diffgpert t}mjﬁnmmlanbtot he at

| east one conpound por at | east one
net al - cont ai %ﬁ%ns%bn%%ad%f%r*efsgﬁgﬁ OﬁtH%ﬁen%?I?'ﬂHCg) %ﬂﬁﬁﬂ? S&Eﬁﬁ‘ eposi tion
cycle. 32. Aa@%ﬁﬂ&ﬁt@fomﬁadlﬂétapédiﬁﬁﬂﬁg%ﬁ?Bh%@l&gé{%h@"suﬁécrel!ﬁtﬂ&’é e, the nethod

conpri sing: provyidi ngi a sem conductor substrate or substrate assenbly
within an semiconductor substrate or substrate assembly.

33. The method of claim 32 wherein each R!, R%, R? ,RY and R’ is

independently hydrogen or an organic group having 1 to 10 carbon atoms.

34. The method of claim 32 further comprising providing at least one reaction

gas.

35. The method of claim 32 wherein directing the vapor comprising the at least
one compound of Formula I to the semiconductor substrate or substrate
assembly, and directing the vapor comprising the at least one metal-containing
compound different than Formula I to the semiconductor substrate or substrate

assembly, are repeated at least once.

36. The method of claim 32 wherein the temperature of the semiconductor

substrate or substrate assembly is 25°C to 400°C.
37. The method of claim 32 wherein the atomic layer deposition chamber
containing the semiconductor substrate or substrate assembly has a pressure of

10°® torr (1.3 x 10°° Pa) to 10 torr (1.3 x 10° Pa).

38. The method of claim 32 further comprising purging excess vapor

comprising the at least one compound of Formula I from the deposition chamber
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atom c | ayer deposition chanber; providing a vapor conprising at |east one
conpound of the formula (Fornmula 1): wherein: Mis selected fromthe group
consi sti myoaho7avogs7oup 2 netal, a G oup 3 netal, a Lant haords2o00a0e4995

conmbi nations thereof; each L is independently an anionic |igand; each Y is
i ndependently a neutral ligand; n represents the val ence state of the
metal; z is fromO to 10; x is from1l to n; and each Rl, R2, R3, R4, and R5
i s i ndependeniftey chatflisG@€on of tharoRheaii 6ntdHRLHRmISsHAVLE Rgbstraté@por conpri sing
at | east one netal -contajning conpound different than Fopnula I;directing
the vapor corf¥PstEatpassemblyat | east one conpound of Fornula | to the

sem conduct or substrate or substrate assenbly and allow ng the at | east one
conmpound to chemi sorb to at | east one surface of the sem conductor
substrate or XubHtermtthodsfdnin §§ whadirdpurgiisi cothpiites pmagiap withhgrinsitng t he at

| east one netal -contai ning conpound different than Fornula | to the

sem conduct or8%ubstrate or substrate assenbly and allowi ng the at |east one
conpound different than Fornmula | to chem sorb to at | east one surface of

t he sem conductor substrate or substrate assenbly to forma

met al - cont ai MiOaglHeayethodof elbinl 3 whewineths indrioges infel¢dial Semitbogaupt or

SubSLrat e Or S AL A SS Rl im, Fson! e HEARRE el 21 M 82 wherei n each

41. A method of manufacturing a memory device structure, the method
comprising:

providing a substrate having a first electrode thereon;

providing a vapor comprising at least one compound of the formula

(Formula I):

wherein:

M is selected from the group consisting of a Group 2
metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand,;

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z is from 0 to 10;

x is from 1 to n; and

each Rl, R?, R3, R4, and R’ is independently hydrogen or

an organic group;
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i ndependent|y hydrogen or an organic group having 1 to 10 carbon atons. 34.
The nmethod of claim 32 further conprising providing at | east one reaction
gas. 35. Wbeommswbkad of claim 32 wherein directing the vaporuSeawpedossi ng t he
at | east one conpound of Forrmula | to the sem conductor substrate or
substrate assenbly, and directing the vapor conprising the at |east one

net al - contai ning conpound different than Fornula | to the sem conduct or

substrate or substdoattiag dRMabys corlRisipPaahedadiont @@ﬁ%o&ﬂl&ﬁFo&ﬁula—ﬁhe net hod
of claim 32 wherein the tenperature of the sem conductor substrate or

substrate assEifbihg spbstratio rodode cgmpomibomthefet adgctiodarmbg2 wherein t he

atom c | ayer sqrgT%Pﬁé.ti on chanber containing the sem conductor substrate or
substrate asse y ’has a pressure of 10 8 torr (1.3 x 10 6 Pa) to 10 torr
(1.3 x 103 Pa). 3&rovilmgraeidasibnefreatiah@nsd2 further conprising purging
excess vapor conprising the at | east one conpound of Fornula | fromthe
deposi tion chanbercz?flfa@gng:ﬁ’@rﬁt ieé?tﬁlpé‘??"@ifm erewih hrowherdaheving the

sem conduct orchebivatS A RREOAYS RS HRl bt | ai m 38
wher ei n pur gicng conpri slergbgur gl né) V\n@t(ﬂﬁgnmlginerr}[c\?lg%%. %jgérﬁﬁsﬂgféﬁtgé%egd of

cl ai m 39 wherdditle subetrateieantd gas is selected fromthe group consisting of

nitrogen, helium argon, and im xtures thereof.. 1. A nethod of
nmanuf act uring a meta ]yg&es\??cﬁ]élr%?cﬁrﬁé? 8’?@’,6 C{I%SCJ[HE?W(?B conprising: providing a
substrate having a first electrode thereon; providing a vapor conprising at

| east one compound of the fornula (Formula l), wherein:
42. The method of claim 41 wherein each R', R*, R?, R*, and R® is

independently hydrogen or an organic group having 1 to 10 carbon atoms.

43. The method of claim 41 wherein the vapor comprising the at least one

compound of Formula I further comprises a nonreactive gas.

44. The method of claim 43 wherein the nonreactive gas is selected from

the group consisting of nitrogen, helium, argon, and mixtures thereof.

45. The method of claim 41 further comprising providing a vapor comprising at
least one metal-containing compound different than Formula I, and contacting
the vapor comprising the at least one metal-containing compound different than

Formula I with the substrate.

46. An atomic layer vapor deposition system comprising:
a deposition chamber having a substrate positioned therein; and
at least one vessel comprising at least one compound of the formula

(Formula I):
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Ms selected fromthe group consisting of a Goup 2 netal, a Goup 3 netal,
a Lant hani de, and conbi nations thereof; each L is independently an anionic
| i gand; ewohoii/ioge7zndependently a neutral |igand; n repPesaset@otb®val ence
state of the netal; z is fromO to 10; x is from1l to n; and each Rl, R2,
R3, R4, and R5 is independently hydrogen or an organi c group;contacting the
vapor conprising the at |east one conpound of Fornmula | with the substrate
to chem sorb the conmpound on the fifkst eliectrode of the substrate;

provi ding at | east one reaction ga%? co%{acting the at | east one reaction
gas with the substrate havin€ t he chem-sprnbed conpound thereon to forma

dielectric layer on the first ek Reysubstrate; and formng a
second el ectrode on the dielgctric | 42. Thé “method of claim4 1
wherein each Rl, R2, R3, R4, and Ry./s ijndependently hydrogen or an organic
group having 1 to 10 carbon atons. *43. Rhe nethod of claim4 1 wherein the
vapor conprising the at |east one conmpound of Formul& | further conprises a
nonreactive gas. 44. The nmethod of claim 43 wherein the nonreactive gas is
sel ected fromthe group consisting of nitrogen, helium argon, and m xtures
thereof. 45. The method"®¥®® aim4 1 further conprising providing a vapor

Compr L1 10,5 Sh2 one ML AL 4OR ORI obiar, Tl |
conpound different than metal, a Group 3 metal, a Lanthanide, and
combinations thereof;

each L is independently an anionic ligand,;

each Y is independently a neutral ligand;

n represents the valence state of the metal;

z 18 from 0 to 10;

x is from 1 to n; and

each R, R% R, R* and R%is independently hydrogen or

an organic group.

47. The system of claim 46 wherein each R!, R%, R®, R*, and R’ is independently

hydrogen or an organic group having 1 to 10 carbon atoms.

48. The system of claim 46 further comprising at least one source of at least

one reaction gas.

49. The system of claim 46 further comprising at least one source of an inert

gas.

50. The system of claim 46 further comprising at least one vessel comprising

at least one metal-containing compound different than Formula I.
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Formula | with the substrate. 46. An atomi c |ayer vapor deposition system
conprising: a deposition chanber having a substrate positioned therein; and
at | east woeov@ws@k conprising at | east one conpound of PCmasSkbaxedoas
(Formula I):wherein: Mis selected fromthe group consisting of a G oup 2
nmetal, a Goup 3 netal, a Lanthani de, and conbi nations thereof; each L is

i ndependently an anionic |igand; each Y is independently a neutral |igand;
n represents lhérhealysamerelanes 0Okhdrbia thetmatal oZtheSt feasone nidall0; each R1,

R2, R3, R4, and RS is indepen entlﬁmgédro en_or _an organic group. 47. The
system of cl &CHAHBIHAYRRHILHERren!] 9mn§91m@,eleam fran the gragependent | y

cai mas fur thar aarTgre i, Mol Mh et B b e ol " oot on

claima46 further cohprisin ource o oné reaction
gas. 49. The systemof claim46 further conprising at | east one source of
an inert gas. 50. The systemof claim46 further conprising at |east one
vessel conprising at |east one netal -containing conpound different than
Formula | .51. The system of claim50 wherein the nmetal of the at |east one
met al cont ai ni ng conpound different than Fornula | is selected fromthe
group consisting of Ti, Ta, Bi, Hf, Zr, Pb, Nb, My, A, and conbi nations

t her eof .
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