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reference in its entirety. BACKGROUND The scal i ng down

of integrated circuit devices has created a need to

i ncorporate high dielectric constant materials into

capacitors and gates. The search for new high

dielectric constant materials and processes is

beconi n@JNSYAVINVBATR HDA | 8B IGAENTY somﬂmss,qugmucqp

current technology is practically constrai'ned by the

Suse of YMAMBARYY VEBAT-CONTAENING. COMPESUNDS, AND

materi als containing alkaline earth netals can provide

a signi fi SAMTEMSANG: METEHORS INGIUDINGrAMB
conventional dielectric materials. For exanple, the
perovskite material SrTi O3 has a disclosed bul k

di el ect Hi t .0 5 f ar t unat el t

success il FRISHAN s SRobg s e AP IRt ferlsoral Bo

vaprl 69.0pRsiltd duneR8) 206 edhidtais ifoay e ftell Qeldth 5 Ffdrentetin its

For exanpl e, although atom c |ayer deposition (ALD) of
10 51 RafelYe earth netal di ketonates has been discl osed,

t hese nmetal di ketonates have | ow vol atili ty, whi ch_
typically requires that they be dissolved in organic

solvent for use in a |iBACGKGROGUNDN system hi
addition to low volatility, these netal diketonates
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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
20 perovskite material SrTiO; has a disclosed bulk dielectric constant of up to 500.
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
25 that they be dissolved in organic solvent for use in a liquid injection system. In
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,

30  typically have poor volatility as well as low thermal stability, leading to

undesirable pyrolysis on the substrate surface.
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a substrate; providing a vapor including at least one compound of the formula

(Formula I):

and contacting the vapor including the at least one compound of Formula I with
the substrate (and typically directing the vapor to the substrate) to form a metal-
containing layer on at least one surface of the substrate. The reduced symmetry
compound of the formula (Formula I) includes at least one unsymmetrical B-
diketiminate ligand, 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
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the substrate (and typically directing the vapor to the substrate) to form a metal-

containing layer on at least one surface of the substrate. The reduced symmetry
compound of the formula (Formula IT) includes two different symmetrical -
diketiminate ligands, 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; each R!, R% R, R4,
R’ RS, R" R®, R®, and R is independently hydrogen or an organic group; and
R'=R’,R*=R*, R®=R", and R"=R’.



conpounds include those of the fornmula (Formula I):
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In another aspect, the present invention provides metal-containing

compounds having two different symmetrical B-diketiminate ligands, precursor
compositions including such compounds, vapor deposition systems including
such compounds, and methods of making such compounds. Such metal-

containing compounds include those of the formula (Formula II):



Definitions As used herein, fornmulas of the type: are
used to represent pentadienyl-group type |igands
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el ectron density that are coordinated to a netal. The
| i gands may be coordinated to the netal through one,
two, three, four, and/or five atons (i.e., hl-, h2-,
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gtl% for exanple, nethyl, ethyl, n-propyl,
|sopﬁopy terf-butyl, anyl, heptyl, and the |like. The

tern1"awkeﬁuih@ﬁouwhnﬂﬁaoﬁﬂ&nypasaturated, | i near or

branched nonoval ent hydr bon group Wi th one or nore
ol efinically unsatur atﬁ' gro (i.e., carbon-carbon

gouble bonds), such as group The term
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her@é QoW d(r 6., A QU n3thﬁ4 t gfarer rildobdEhdton IRy, Means a
cyclic hydrocarBon’group havi ng properties resenblin
t hose ofAs used herein, the term "organic group" 1s used for the purpose of this
invention to mean a hydrocarbon group that is classified as an aliphatic group,
20  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
25  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
including, for example, methyl, ethyl, n-propyl, isopropyl, tert-butyl, amyl,
heptyl, and the like. The term "alkenyl group" means an unsaturated, linear or
30  branched monovalent hydrocarbon group with one or more olefinically

unsaturated groups (i.e., carbon-carbon double bonds), such as a vinyl group.

The term "alkynyl group" means an unsaturated, linear or branched monovalent

5



ali phatic groups. The term "aromatic group” or "aryl

group" neans a nono- or polynuclear aromatic
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20  hydrocarbon alkyl substituents, such as methyl, ethyl, propyl, fert-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

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

As used herein, "metal-containing" is used to refer to a material, typically
a compound or a layer, that may consist entirely of a metal, or may include other

30 elements in addition to a metal. Typical metal-containing compounds include,

but are not limited to, metals, metal-ligand complexes, metal salts,

organometallic compounds, and combinations thereof. Typical metal-containing
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this invention, the term "vapor déposition process" is
15 me@mpiceldy, ithecdubstzath &t eatsde Mihesd metapovntaiaprgsioniponnds form

R T (e T
" Chathia g IR Oh tEeRR&ick(sPHf the GYidiraftS Rés @k (Rep&ef of this
r e{n%EarsnicEn? thae t\éfarlrlJ (')'\rfapor deposition process" is meant to include both chemical
vapor deposition processes (including pulsed chemical vapor deposition
20  processes) and atomic layer deposition processes.

"Chemical vapor deposition" (CVD) as used herein refers to a vapor
deposition process wherein the desired layer is deposited on the substrate from
vaporized metal-containing compounds (and any reaction gases used) within a
deposition chamber with no effort made to separate the reaction components. In

25  contrast to a "simple" CVD process that involves the substantial simultaneous
use of the precursor compositions and any reaction gases, "pulsed" CVD
alternately pulses these materials into the deposition chamber, but does not
rigorously avoid intermixing of the precursor and reaction gas streams, as is
typically done in atomic layer deposition or ALD (discussed in greater detail

30  below).

The term "atomic layer deposition” (ALD) as used herein refers to a

vapor deposition process in which deposition cycles, preferably a plurality of
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20 As compared to the one cycle chemical vapor deposition (CVD) process,
the longer duration multi-cycle ALD process allows for improved control of
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 a wide
25  variety of reactive surfaces, including surfaces with irregular topographies, with
better step coverage than is available with CVD or other "line of sight”
deposition methods such as evaporation or physical vapor deposition (PVD or

sputtering).
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rel ated terns such as, "chem cal vapor atomic |ayer
deposition”, "atomc | ayer epitaxy" (ALE) (see U S
nol ecul ar BPEEDS2006/024997
epi taxy (MBE), gas source MBE, or organonetallic MBE,
and chem cal beam epitaxy when perfornmed wth

al ternating pul ses of precursor conposition(s),
reactive gasBRIMF DESJERI(ETION ORTHE&®IGEREYas. As
conpared to the one cycle chem cal vapor deposition
(CVD) pFigoeskis dfreespectigevied wf atviapor depbsiiior yxstem ayitpble for

process all for inproved control of |ayer thickness
anWedﬁﬁﬁgqug}g%WWe?gFWth}ﬁnti ng | ayer growth, and

m nim zing detrinental gas phase reactions by

separation of the reaction conponents. The

sel f DETATIEDIAESCGR I TION QFoUEREAINNEVBOIIMENTS
depositing a filmon a wide variety of reactive

sur f ace&he presentdnvegtien proyides mgtaltoniainipg,poppounds (i.e., metal-

to : I i t oy . .

v PAERR GRpl ey e ARhafhe AU SRRSO md
metibthdds sfimbkiag aed apiapandoapar degphyitibe systanapincluding the same.
deposition (PVD or_ sputtering).BRl EF DESCR] PTI.ON

THE P S B B 5% ot PKHRETOE VB B F D dboh -
depaslihh@h %8t M sild @Rl ts YRS mleth] FBALH Qmpdads are
present 1nvention. DETAILED DESCRI PTI ON OF TAI'N

EMBED WEINT S1iblex ¢sr (B s  aemplaxesrin ivdrichpthe wiegal ds bound to only one

congr ok B3 it e ehisa <R BRI Mllpter
| i gapshinRAE, tethhasscodtaifag cagpauts ded gerorptc vanplexes (ie.,

deposition systens including the same. In sone,
enboaplerestis Whielethgimetelds bounso maere ke o heeeot| liggah
can 1 .t - .ai: i .
- t
CoR AL SRR PR SRS aRgcyicor
honmdyaphéteic.c Th, éxeegreantlg disckuapinetabsontaininty ampoveds have
nmetal is bound to only one type qf [|igan t ha .
i nEadiere %ymﬁfaémmla%ﬁg B’-l‘a’iORVé‘t}POWﬁ%Rtlé’ ‘I%ng’i‘%ﬁf Wlﬁthr?yamf‘é’flcal
ligands. The reduced symmetry may result from the unsymmetric ligands
themselves, the coordination of different types of ligands, or both. Reduced
symmetry may lead to desirable properties (e.g., one or more of higher vapor
pressure, lower melting point, and lower sublimation point) for use in vapor

deposition methods.



enbodi nents, the netal -containing conmpounds are
heterol eptic conplexes (i.e., conplexes in which the

WOrea0al02634 bound to nore than one type of |i ganeT/US2006/024997
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including at | east one b-diketimnate |igand, which
can be symmetric or unsymetric. Thus, the presently
di scl osed netal - cont ai ni ng conpounds have reduced

SYGORM I QUOIBYSHIT Bl ATOL BRASTWANF IS BB RECrtp lIddd/ D t h

symretrjcal |igands. The,reduced s . .result
fromt s hemiaRPE, BEGkHI e UYL p gt 37 oabt one

C ORI SHrmadui & Boéﬂc&hfli‘nﬁfquan& VB8 Dré&urdot BENPSsiti s iRGhding such
ReduCed symmetry nay t'o désirabl e properties

( ecaupousds ¢ dnsdpsedofsmh g@mpovunip drclpdeeseumpount ofdre formula
g;lng glnt and | ower sublimation point) for use in
S 1@3 'si ti on net hods. COMPOUNDS W THATLEASTONE
UNSYMVETRI CALLI GAND | n onge e%odi ment ,

nmet al - cont ai ni ng conpou | udi ng at | east one
unsymetri cal b-dzketinina and, and precursor

conposi tions incl gdi nd are di scl osed.
Such conpounds i ngl ude a
(Formula I): Mis a C}og§42 netal (e.g., Ca, Sr, Ba),
a G?oup 3 netal (e.g., , Y,Rla), a Lanthanide (e. g ,
Pr, or a conbination thereof. Pref er ably Mis Ca,

ea%lsw?@upﬁaa ehfat S5 s P TR, o ph a2t <

t hEaﬁ‘tﬁérﬁ@@ﬁe %Stptt Nd% ortart%lﬂlﬁﬁ{aﬁbn tHeréo? fP"réfBi‘aQ IgMI i4 @, SN dr

X is from

i nBe. pEﬁ@hshtlS mdmmd@qbnamam@nc bg@mﬁ ﬁ@ChéY @mwdeleenéenﬂyaéh

o b 080 SR ORI, B 1o

f ok kofbmd tapRl y: RL is dlfferent t han R5, or Rls
different than R4, I,n certain enbodi nents, R3,
R4, and Neh% & RO} mﬁe%elﬁep@ﬁpmdqaglu h&@@ﬂ%?r %thorgamc

or %ﬂb %e.9" i 811&?&0‘&9, a?ndtp(?ef%&bfy’i‘ ”f&l%aﬁ’ltpmn Qﬁ(ygmmety), with

the proviso that one or more of the following apply: R! is different than R®, or R?

ofztnhe f or mul a

is different than R*. In certain embodiments, R!, R?, R®, R4, and R° are each
independently hydrogen or an organic group having 1 to 10 carbon atoms (e.g.,
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl). In certain
embodiments, R! = isopropyl and R’ = tert-butyl. In certain embodiments, R?
and/or R* are methyl. In certain embodiments, R? is H. Such an exemplary
compound of Formula I is the compound in which R?=R*=methyl, R>=H, R
= isopropyl, and R’ = tert-butyl.

L can represent a wide variety of anionic ligands. Exemplary anionic
ligands (L) include halides, alkoxide groups, amide groups, mercaptide groups,
cyanide, alkyl groups, amidinate groups, guanidinate groups, isoureate groups,
B-diketonate groups, B-iminoketonate groups, f-diketiminate groups, and
combinations thereof. In certain embodiments, L is a B-diketiminate group
having a structure that is the same as that of the -diketiminate ligand shown in

Formula I. In other certain embodiments, L is a B-diketiminate group (e.g.,

10



nmet hyl , ethyl, propyl, isopropyl, butyl, sec-butyl,
tert-bx&X). In certain enbodi nents, RL = isopropyl

waee7BRer tert-hutyl. In certain enbodi nents, RHIS1006/024997
R4 are nethyl. In certain enbodinents, R3 is H Such
an exenpl ary conpound of Forrmula | is the conmpound in
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which R2 = R=nethyl, R3 = H R = isopropyl, and RS =

t ¢{rhietHo/dr unbyGaRi REESE BlstractuiedRatia difftrgnt dfancthatarfitioe B-
ligands. Exenplary anionic |ligands (L) include
hdlketiasnatealigand hewgrinfipsnulaki de groups, nercaptide
gr oupsx, cyani de Feal .
uany dinSPERgHS o B0l bBUPRear AR BERME tigands (1)
g g@d ]hcm&o nb’c a_kbdn?l @By Elgmyb(fl\gb);; eppsnonie (N1 aminea (MR gy witrpaen

i nati ons er eof , t ai [ '
a (2)eplkesphivien k)l ebel HEH P_ﬂg%e{eg fkek %?’%gl%’%ﬁ tf?% alei% e
E%gﬁn%ﬁ%tif)ﬁ@t?leﬁgf,%rgﬁ didtet iepaiRnlll ekl MBrdgen or an

_ . Tn other certain enbodi nents, L is a
b-odigduet groipathe gunber dfeptona pewted digandsr(Y) asieprasetted by 2,

hav: : .
o ke Ao S01 Pgaarea o oy D efelly. ¥ isrlf
r LS opti onal tral |i d. Exenpl
ngﬁésr%gﬁ%i’é?rp s (Y) i nclnﬁgergar blog;lln (CO ,,emgi ?%s

(NO), dmopaiembodiagnt, aanstaleeontaimay comppyrshidgludig)at Yeast one
phosphi nes . al co r

C e ERparBeLr Ao AR DA P s hodt kPt Pl oy amethod
eagkt iftlhasiepabidns bympempnadetitding yduagenmetricanB-dikgtimigate
group. The nunmber of optional neutral Ii%a S %E}{is

r digand eoired) agyetgl, SOWFfice PPticnakly 8 SOy cf gjl‘fldl,e gg]ghga ,and a

P rsglrec%q’gll o dEOm ﬂg&& I§,‘ wiNBE EarPE EMESARE ¥r diffekdnt AR the
present (1.e., z = .. I'n one enbodi ment, a

Maindymeaeaial fidigtodmue ligend soukasd i Tyyicatly) ahgandsaerce can be

unsymretri cal b-di ketimnate |igand can be nmade, for
exdghntenated tobepaPR gAMLt i ncl udes conbi ni ng

conponeRy, gxdhGhHdhBod hiiRy Babiniiponkpdiiekis indidiag: @
i gand source, a netal source, optionally a source for
a lignt sadirce pftuedorvpula figbraula II):

1
H

R R’ or a tautomer thereof;
a source for an anionic ligand L (e.g., as described herein); optionally a source
for a neutral ligand Y (e.g., as described herein); and a metal (M) source under
conditions sufficient to form the metal-containing compound. Preferably, the
components are combined in an organic solvent (e.g., heptane, toluene, or
diethyl ether), typically under mixing or stirring conditions, and allowed to react
at a convenient temperature (e.g., room temperature or below, refluxing or
above, or an intermediate temperature) for a length of time to form a sufficient
amount of the desired product. Preferably, the components are combined under

an inert atmosphere (e.g., argon), typically in the substantial absence of water.

11



source for an anionic ligand L, which can be the sane
or different than the unsymetrical b-di ketimnate

wo p@anekezpur ce. Typically, a |igand source canP@BUS2006/024997
deprotonated to becone a |igand. An exenpl ary nethod
i ncl udes conbi ni ng conponents including: a |ligand
source of the fornmula (Formula Il1): or a tautoner
t her eof TheamstalM Esdupde @n bastlecied filonydegréun @ngistingest a
descri bed herein); optiognally a source for.a neutra
| i Grov Dymetal gpurcéy @ Graup T gl SEpEE Langhanide Iﬁﬁt?g?ou(‘iﬁ and
SO, digk| | &d ih@ud Q&R dafhple, a M(IT
e e R S PR E O
args@exdmeteyldisilazmncprndd@i)c sol vent (e.g., heptane,

R o o A AT Sy
conveni gph i 'e RPETARY! £.d(FE-19 indep &R £ APED gdrlidreanrganic

bel ow, refiuxing or above, or an internediate _
t egep &g @) alkph graup,end prefembly; fas exemplsy # alkylmeict) epitth

anmpunt of the desired Q . Pr bl.y;: 5 2
cgﬁf@ﬁ@ﬂ%gkgﬁgwégN%Fﬁggﬁﬁgggﬂvgﬁaﬁﬁ&i?’g%%ﬁé%ﬁngJR’orR
(eisQlifferaftdRm R*typically in the substantial absence of
wat er. The netal (M. source can be selectg% %Eo¥1th

10 group cEresmethod greyfides agpeighcontaippgompgype et thy @Iﬁﬁ%
Il o 5@h.source, a Lant hani de nmetal source, and
combinations thereof. Exenplary netal sources include,
for exanple, a MI1) bis(hexagpethyl disilazane), a

MI1) bis(hexanethyl di siTgzang) bi s(tetrahydrofuran),
or conbi nati ons tZereof. , R2, R3, R4, and R5

i s independently hydmd MELe, group (e.g.,
an al kyl group, and prefe Y, /¥ or exanple, an al kyl
noiety), with the provi that; one or nore of the
following apply: Rl is ffer®Bnt than R5, or R2is

di fferent than R4._ The nethog provi des a

mewhkretoMt &i Wi, RY RoRpARnandR’ eigeasfdefiperd apove, n represents the

valence state of the metal, z is from 0 to 10, and x is from 1 to n.

15 Unsymmetrical p-diketiminate ligand sources can be made, for example,
using condensation reactions. For example, exemplary unsymmetrical B-
diketiminate ligand sources can be made by a method including combining
components including an amine of the formula R!NH,; a compound of the

formula (Formula V):

20 )
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(Formula I'): wherein M L, Y, Rl, R2, R3, R4, and RS
are as defined above, n represents the val ence state

wokoorheeretal , z is fromO to 10, and X i s froPCIWUSIHO6I024997
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Unsymetrical b-diketimnate |igand sources can be
made, for exanple, using condensation reactions. For
exanpl e, exenplary unsymetrical b- diketimnate

|i gand sources casr dRutvate tiered; aret hod i ncl udi ng

combi ni ng conpaonents, i ncludi ng. an a the formul a
R1M-EECNBCAPARS O ASIing e qaébcmyi &foalpgz?rﬁfﬁﬁ%{l @} thg amine,

t&oPth WAF Il
B B e S R i o
coHpit ti ons suff| ci ent to provide a |ligand source of
the fornula (Fornula,H'): or,a tautoner thereof.

Preferably, the co ents Bre conbi ned in an organic
solvent (e.g., heplane =t NI uene, or diethyl ether),
typi cally under ngf or stirring conditions, and
all oned to react ﬁm\qenl ent tenperature (e g.,

roomtenperature orﬁ'& | ow, “pef | uxi or .abo or an
|nterrred| ate temperature) for®° éa)%@ﬁglﬁlﬁf%lﬁfef’ ‘me to form

o eif‘éfg{ a ecﬂE c@ﬂﬁb‘ﬁgntsozfre thebHes if 8dofheduetvent (e.g., heptane,

t he conponents are conbined under an inert
at tmmnh,eorehegthy@therh tgoeally undei mlng« o sﬁlmhg ceshgensnendal
absence, of

in %‘?ﬁiot@ AFa%y %ﬁoﬂ’a’al&qnﬁlfngﬁrag‘rggq g. h%o’ogjt ael\5/aln!rl%r§ o_rlb%'low

10:gR&BQDT %B@\F@ of 8 ﬁ}temféﬁiam’ﬂemp%iahﬂb) fop mmglth of time to form a
i sopropyl, but yI sea buty tert-b t , Wwth the

pr ewffigient dvaeung ﬁﬁ’fh@fdeﬁlﬁ?depféfluctth BW@PW&V\W@@O%BP?“S e is
ilc:]é];rsféh ng ﬁ&??ﬂ §§66’tr %@g%l&é@ﬁ%firg&ﬁnfyg&&ﬁ OVI substantlal
i glrmdcesﬁlwactas of Formula Ill. In certain errbodl ments,
Rl = Each R!, R%, R®, R*, and R’ is independently hydrogen or an alkyl moiety
having 1 to 10 carbon atoms (e.g., methyl, ethyl, propyl, isopropyl, butyl, sec-
butyl, tert-butyl), with the proviso that one of more of the following apply: R!is
different than R’, or R* is different than R*. Accordingly, the present invention
also provides ligand sources of Formula III. In certain embodiments, R!=
isopropyl and R’ = fert-butyl. In certain embodiments, R? and/or R* are methyl.
In certain embodiments, R? is H. Such an exemplary compound of Formula III
is the compound in which R? = R* = methyl, R® = H, R' = isopropyl, and R’ =
tert-butyl.

Tautomers of compounds of Formula III and Formula V include isomers

in which a hydrogen atom is bonded to another atom. Typically, tautomers can

be in equilibrium with one another.

13



i sopropyl and R5 = tert-butyl. In certain enbodinents,
R2 and/or R4 are nmethyl. In certain enbodinents, R3 is

woRooFeks7an exenpl ary conpound of Formula |11 PEI/UB®06/024997

5
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conmpound in which R = R4 = nethyl, R3 = H Rl =

i sopropyl, and R5 = tert-butyl. Tautoners of conpounds
of Formula Ill1 and Formula V include isonmers in which
a hydr ogeecifitadly, ite phemdeitvémionrmvonteaplaesmputomeps efdidrypla 11T
tautq%grs can be in equilibriumwth one
anSRNSIISXLPL: |y, the present invention

contenpl ategs tautopers of Fornuba Il _ijncluding, for
exanpl e, St arly™ the presenR\{nvenfBon contenpl ates
t aut oners of V i ncl udi ng =¥ exanpl e,

Sui t abl & ts capabl e of —gating g carbonyl group
for reaction WX an am ne are Nhown to those of
skill in tRé& art ard incl ude, exanpl e, al kyl ating
agents. Exenplary al kyP8¢i ng agents incl ude

triethyl oxoniumtetrafl uoroborate, dinmethyl sulfate,

nitroso ;

thi obi SCUIRT Py Rt e ort Fxfmppiheg fastomerp of Borula v
Ad thdudimg fomedaadplesont ai ni ng conmpounds i ncl udi ng at

| east one upnsymmetrical b-diketjmnate |ligand can be
made, for Bxanple, by |igand eXghange reactions

bet ween a ne nt ai ni ng npopre G ncl udi ng at | east
i cal b-di ketimna ligand and a

met al - cont ai hizagy conpound i nEl'udbagnat | east one

di fferent R4di ketighi nate |igangt” Suchgan exenpl ary

met hod i ncl udes conbi ni®AY conponents incl uding a
conmpound of the forrmula (Forrmula I):and a conpound of
the for 1) i 1] f Lok .
s R e L TN S R o
coapaméid &e aretl knowhitodebse of siill dn ervirtcansaheledd, féreexgmple,

heptane, toluene, or _ . . .
g{kylating agents. Exemplary alkylating agents include triethyloxonium

tetrafluoroborate, dimethyl sulfate, nitrosoureas, mustard gases (e.g., 1,1-
thiobis(2-chloroethane)), and combinations thereof.

Additional metal-containing compounds including at least one
unsymmetrical B-diketiminate ligand can be made, for example, by ligand
exchange reactions between a metal-containing compound including at léast one
unsymmetrical B-diketiminate ligand and a metal-containing compound
including at least one different B-diketiminate ligand. Such an exemplary
method includes combining components including a compound of the formula

(Formula I):
1

Z—=

>x MY, Ly«

5

g

m—Z
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di ethyl ether), typically under m xing or stirring
conditions, and allowed to react at a conveni ent

wao esopeemrure (e.g., roomtenperature or bel ow, PCT/US2006/024997
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refluxi ng or above, or an internedi ate tenperature)
for a length of time to forma sufficient anount of
the desired product. Preferably, the conponents are
CoRRianethpBBAEST @B fheili (Ri-AREPVBr e (e.g., argon),
typically in the substantial absence of water. Each M
is a Goup 2 netal, a GrAup B°netal, a Lanthanide, or
a conbi nation thereof; eagh g‘]is i ndependently an

anionic ligand; each g i ependently a neutral
@enc M%dexof the netal; z
dm’1 Each Rl, R2,

li gand; n represént skt
nd x is to n.

is fromO to 10;
, im@l R10 i s independently

R3, R4, R5, R6, R7, R8, R
hydrogen or an organic group; and the b-diketimnm nate
| i gands shown in Formula | and Eor nul a VI have

divirler eavditions geitigient o {ormihe metabroRirnEe JRIPOgAL Breferadly,
f ' N i (ke T

e

R7diethybéthérp tgpitalbhanleRmixifiger stiting dondifions end aléoveed to react

met al - cont ai ni ng conpound of 'the fornul.a, (Fornul.

| 13t 2 (RBY &Gt Rﬁm e’rat?rfgp(ﬁﬁ.,@(’)m I};gmpﬁatured%r be%év’v, rﬁ{;‘ﬁmg% ’or
Rgag)_ o Qran Mate@ilidte &S Ruds Fdrnen @h 0¥ Emead dorh g sufifidient
b-di keti mnate |igands shown in Fornmula Il have

di drhaumé f thetdesicadureduct HRTEREpIFPhe comprRmmims combined under

g%gg%ﬁgﬁ&%%%g%% -é-@o%ﬁg}lpl'ig@g\fﬁ gilée%hg?%g{izlﬁga%sence of water.

met al copichi MiiNg GEORPDURES, 4 Gedupdi metaliaflfantientde, or a
symetrical b-diketimnate |igands, and ﬁr ecur sor.

corayaanationfhereel: P Inés 18densnenYH oG e €Nos iy,
?‘é%ﬁ%%g&ﬁ%%ﬁﬁedtﬁ?hg&& f r@;ﬁé%ﬁférfge HlledB&tdtOb MMk detal; z is

r
from 0 to 10; and x is from 1 to n.

Each R}, R% R3, R*, R®, R® R’ R% R®, and R is independently
hydrogen or an organic group; and the B-diketiminate ligands shown in Formula
I and Formula VI have different structures, with the proviso that one or more of
the following apply: R! is different than R>, R? is different than R* RCis
different than R'®, or R is different than R’.

The method can provide a metal-containing compound of the formula

(Formula II):
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Mis a Goup 2 netal (e.g., Ca, Sr, Ba), a Goup 3
netal (e.g., Sc, Y, La), a Lanthanide (e.g., Pr, Nd),
Preferably Mis Ca, BIT/US1006/024997
Ba. Each L is independently an anionic |igand; each Y
I's independently a neutral ligand; n represents the
val ence state of the netal; and z is fromO to 10.

EacheRin M3Z, YRR, B4 R°FE' RARS, K7, RBR?, RY, nzand 710 as defined
e e”?%cﬂéle¥\gaﬁdc{aﬁ%$£an§%|lf‘gﬁn$ Suiedndpatttayifleiflent

MkghdsesRI= RS, R2 = R4, R6 = R10, and R7 = R9; and

the two b- diketimnate |igands shown in Fornula |1
have different structures. |In certain enbodi nent, each

R e e B, e oSy o B 08 A bercr

107¢auNpy atons (e.g., methyl, ethyl, propyl,
isoprOﬁ%%, butyl, sec-butyl, tert- hutgl . In_certain
enbodi méhrotheyembopsnent; Gopmnompde that agp leptiRppetal-

SRR o 2P B0 B e B

ar end-[p1 eBusbr mmoenmharryzhnﬁx@mh dombomatsatealidclosed Sk
ound = R4 = met hyl ., R3 R8 = H,
rnsoundﬁéﬁfh %ﬂmpoélﬁé Oﬁélﬁomia@ /g

B! .

represents a wide variety of o tlonal ani oni c Ilgands.
Exenpl ary anionic |liga (L) Rf ncl ude hal i des,

al koxi de groups, aniude g , hercaptide groups,

cyani de, al kyl gro§L 1 i nat @lgroups, guanidinate
groups, isoureate grou b- df ket onat e gr oups,

b-i m noketonate gro b i keti m nate groups, and
conbi nations thereo In c gi n enbodi nents, L is a
b- di keti mi nate grou&éhaV|§g g %?ructure that is the

same as that of one c}\Nh b-di keti mi nate |i gands
shown in Fornmula I, | her certain enbodi nents, L
is a b-diketimnatR-gr ‘QR/0 symmetric or
unsymetric) having a rugture that is different than
either of the b-di ketRfi natkg | i gands shown in Fornul a
I1. Y represents an optional neutral |igand. Exenplary

newt {sal Ghdugandstal (Vg., Ca, Sr, Ba), a Group 3 metal (e.g., Sc, Y, La), a
Lanthanide (e.g., Pr, Nd), or combinations thereof. Preferably M is Ca, Sr, or
Ba. Each L is independently an anionic ligand; each Y is independently a
neutral ligand; n represents the valence state of the metal; and z is from 0 to 10.

EachR', R% R?, R* R’ RG, R’ R® R’ and R is independently
hydrogen or an organic group (e.g., an alkyl group, and preferably, for example,
an alkyl moiety); R' =R’ R*=R* R®=R'", and R” = R’; and the two p-
diketiminate ligands shown in Formula II have different structures. In certain
embodiment, each R!, R% R®, R*, R°>, R&, R”, R®, R, and R" is independently
hydrogen or an organic group having 1 to 10 carbon atoms (e.g., methyl, ethyl,
propyl, isopropyl, butyl, sec-butyl, fert-butyl). In certain embodiments, R' =R’
= tert-butyl, and R® =R = isopropyl. In certain embodiments, R?, R4, R7,

and/or R’ are methyl. In certain embodiments, R® and/or R® are H. Such an
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i ncl ude carbonyl (CO, nitrosyl (NO, amonia (NH3),
am nes (NR3), nitrogen (N2), phosphines (PR3),

w@bkwohade3s (ROH), water (H20O), tetrahydrof uran, PERus2006/024997
conbi nati ons thereof, wherein each R independently
represents hydrogen or an organic group. The number of
optional neutral ligands (Y) is represented by z,
wh exdmplaryf goorpoond of H@'mlﬂmﬂ ipthefoenmlolyd fir which R e- B'=R7=R’

on BBBaRet B Rt & iR R fef RomBaLm oAb ng

differ eﬂtreﬁﬁém 4 Wi&' Vaﬁéﬂl é‘f@fp‘tl%ﬂ%hﬁ)nkd gands Eamiery

made, for exagﬁ) hod that i ncludes conbini'ng
Coﬁli!igﬂ@ﬁtg@nd m:nhniy }@ﬂldb%aﬁmxmmﬁsa‘ anidaigroups, mercaptlde
es. an

k d
5 SoRes ik RULROUR ARk Erie RERGs RIS, Tl
be gﬂﬁiﬂ@ pagikelesate ighrgds, f-@hinekaopdie %rdug ? dllgétﬂﬁfriateeéroups and
ganonetalllcs 23:4995- 500 004

ex @mblaatg/orwéhﬁeqf ilp epiiaa mbeﬂamqu i@ h@nn@ate group
%ﬂ%‘fﬁ%ggﬁu&mj@lﬂgﬁ qﬁth% %gli‘lg Gs ?}fa‘é BP foqr tﬂy%%ﬂ%’t:?{]%!‘s ﬂgands

taut omer there sourc
f ol min(Feomial T& In\,()thela:eﬁamt @miﬁrdlmblﬁﬁ Hofs;a B8iketiminate group

ionally a source for, anionic ligand L (e.qg., as
10 Gotees BERASE &1 Ry v B EFGH Y Sotetsie G 6 Cifervat b pher
| ' 9%@ Bychf(@arﬂmatGQ%mQ&Sﬁﬂbmq? MBah&kM,; and a netal (M

source under conditions sufficient to formthe
et al - c¥repiesintrrcentivoahututel kfaadabixgmptanenesmp tipanisgY)

nbi ned | t ., .h "
¢ o GRE ety EBAD) Fyeia (L Gt SR itapeen
st ()] pHdsplEnel (PRY)) GlcoBHE (HCHQ Wostet Q1,08 atetral®fdrfuran, and

convenl ent tenper ature (e , room tenper ature or
15 bepfmblnatms&mrﬁgf whergibsash Roindepenidentbi ieprtbentehydrogen or an

55%3{11%5#5%% "lfh% gs?lﬂ}bleegggé% ﬁéu%%l #1% ndg ‘?} oh Uf gelngedeo
c owbwhem fromel ® 100 aitnd pleﬁerahigl élfom 0to 3. More preferably, Y is not
present (i.e., z=0).
In one embodiment, a metal-containing compound including different
20  symmetrical B-diketiminate ligands can be made, for example, by a method that
includes combining components including at least two different symmetrical -
diketiminate ligand sources and a metal source. Symmetrical B-diketiminate
ligand sources can be made as described, for example, in El-Kaderi et al.,
Organometallics, 23:4995-5002 (2004).
25 An exemplary method includes combining components including: a

ligand source of the formula (Formula III):

R R

or a tautomer thereof;

17



an inert atnosphere (e.g., argon), typically in the

substanti al absence of water. The nmetal (M source is
w@2@rows74 | nmetal source, a Goup |1l netal soRPCTES2086/024997

Lant hani de netal source, or a conbination thereof.

Exenpl ary netal sources include, for exanple, a MII)

bi s( hexamnet hyl di si | azane), a MI1)

bi s (igexdsetdeydfdhs idrambn@phhsla ey anydr of uran), or

conbi nations thereof. Each Rl, R2, R3, R4, R5, R6, R7,

R8, R9, and RLR\s indBpendently hydrogen or an

organi c groupd(e.g~—=Nan al kyl group, and preferably,

for exanple, an>dlkyl noiety); Rl= R5, R2 = R4, R6 R10

, and R7 = RIH ang—t i gand sources shown in Fornmul a

1l and Fornul &%V havgidifferent structures. The

nmet hod can provide a neté’lfaé%}ﬁ‘?fa?frfhﬁ@ofi@ﬁéound of the

fo E ). wher e Y : 24
SRS AR D Mo Yo e R oy
r epsagen e atnvetrsidigand & @fg. td3elemmibetl heid; and snietad (MY source
to 10. Specifically, the present invention

3 Com(geﬁ‘ﬁf”g‘flggnstsgﬁ%%%rtg? " tag MAtalEopiping FQ}HP‘?}@,d: figpferably,
exa&%ﬁ}goh&t@m@wﬁﬁ&@‘qﬂ dh BBRhic s@lx{@rﬁ\l‘f %lé%'.,cl%ta@femoﬂﬁne, or

conpound i ncluding different” synme
b- diethel fenatyeichilyandks nuainglye stiathe, cohditions ang laBowbd to react

i gand exch e reactjons between tal - containi n
coRpOTRAS FHCTORT AG G P ERt CEPRABET Pelgiow, reftixmg or
b- ghdvef drtiniafetmédigte RelEperSiued) foh RYSIMRIfAe BHARY sufficient
i ncl udes conbi ni ng conponents including a conpound of
10 ¢ hamewit ef the desisedhprioduety Pasfarahlye repoumpenerits ateecofndrimag wnder

F 3 r ANE LGi.ent. tao form.th
e dnbobhelt 103, oERRT HERS Bithe Rk’ BekBs el
are confhamdtal Masowwcgni GroapIV@etal {ires, a RORD A enetal
t ol uene, _or diigif::h | .ether), typically under m xing or

st ?Oruf“feh@ Lagthan ’1 SgHge-r lRSREYIRasion dhgreoty Exgmplary metal
COPA N TR, (0 S SSBTIEILS:
15 t ebipdenametbyldisdazaac)bes(tptrahyfrofuram, dreotbimatians tefdofi ent
EachR', R% R*, R* R® RS, R” R® R® and R"is independently
hydrogen or an organic group (e.g., an alkyl group, and preferably, for example,
an alkyl moiety); R' =R, R?=R* R°= R and R” =R’ and the ligand sources

shown in Formula III and Formula IV have different structures.
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amount of the desired product. Preferably, the
conponents are conbi ned under an inert atnosphere

W@ 2009/00262¢ gon), typically in the substanti al abPCEHIS®I€0624997

10

15

water. Each Mis a Goup 2 netal, a Goup 3 netal, a
Lant hani de, or a conbi nation thereof; each L is

i ndependent | n anionic ligand; each Y is

i ndepen&g‘ﬁfr} SHRETTALS § oA sERRnd of g formula
va(ensrlsSipt e of the metal; z is fromO to 10; and X
is froml ton Each Rl, R2, R3, R4, R5 R6, R7, RS,
R9, and R10 is in
group; Rl= R5, R2

endensly hydrogen or an organic

R6 = RI0O , and R7 = R9; and
t he b-di keti mrAat e ndsgfhomn in Fornmula | and
Formul a VI have differeri—8iructures. The nethod can
provi de a netalgcgntnglng conpound of the fornula
(Fornula I1): wR&fein L, Y, Rl, R2, R3, R4, R5, RG,
R7, R8, R9, R10_, n, dlgzoare as defined above. OTHER
NETAL-CONTAININég OUNDS Precur sor conpositions that
i nclude a netal - nyai ni ng conpound that includes at
| east one b-qj7 ' Qe\lg and can be useful for
deposi ti ng al c ni nB 1 ayers usi ng vapor
deposition neth hi \@ddi ti on, such vapor deposition
i ncl &de precursor conpositions that

met hods can al s
i ncl ude one or nore gifferen net al - cont ai ni ng

cowpoeinl, Ls¥eR R eBURoR’ R uBoskY RérmddRif ateens defined above,

o RES BT TRy skl OB BP0 P oo

si mul t app&aiidayly\ht Pre3entSEEHEIBH icahedhples thitBmeFsQFHosRhla IV
conposi tiagns including netal -contai ning conpounds w th

at iIncbsg, Hexpople ket i mi nate |igand. The netal s of
such different metgl -containing, conpounds can i ncl ude,

f or exarrpIB:, Ti, B, B, H, ZR\{ Pb, ®, My, A, and

conbinat%ons N —N
R H RS
g i H
— N -
9 N R9 N\

10
R R and R'

In another embodiment, a metal-containing compound including different
symmetrical B-diketiminate ligands can be made, for example, by ligand
exchange reactions between metal-containing compounds including different
symmetrical B-diketiminate ligands. Such an exemplary method includes

combining components including a compound of the formula (Formula I):
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thereof. Suitable different netal -containing conmpounds
i nclude, for exanple, tetrakis titaniumisopropoxide,

W@ Raoandaem t et rachl oride, trichlorotitani um PCT/US2006/024997

di al kyl am des, tetrakis titani umdial kyl am des,
tetrakis hafni um di al kyl am des trimethyl alum num
zirconium (I | oride, a t ant al um et hoxi de,
ang® Sﬁ%l?lﬂélll}%fgg? i (PO éﬁh POSI TI ONVETHODS The
met al -contai ning | ayer cap be,deposited, for exanple,
on a substrate (e.g., a m'ﬁ%nductor substrate or

substrate assenbly). "Sem uctor substrate" or
K ed_he;elmyrﬁfer to a
s/ base seni conduct or

"substrate assenbly" g

sem conduct or substrate s

| ayer or a sem conductor_gubstrate having one or nore

| ayers, structures, or r%glod& fornmed thereon. A base
sem conduct or Iayer is typically the | owest |ayer of

si bhd@Rondtiend fffi@Bntdo Werhethe Metd-®htaiGOR chBYSInd. Preferably,
deposited on another material, such as silicon on

s afistonwonee Arercombinadda an orgmaifesol enh(esgibptaneetoluene, or
as

or gf\% ¥ he}ﬁa{ggg:ﬂﬁ% B%%e?%’?lglrn% (fgg’ane colﬁﬂ%f%n? a%g r%l{)wed to react

vani aamﬁxvsmentdEmpa&twe (d. @altoummpamlne pebela%rﬁmmgaﬁ
transi stors, active areas, %I ffusions, inpla

r e8PBI5sOr 4 iterpgiptedempgrairader 2 lengh ofdiecio fPﬁ? |*'9‘c§ufﬁ‘31ent
0 p%‘ﬂbﬁ'&{%f HEARAE Bfodgétatﬁ%rag 4eecro§nﬁoﬂgntg %Ria&)'njiﬁ?ﬁ under

etc. "Layer," as used herein ers to any l|ayer

10 cann b‘@rtfaanngﬂilem(e@ smgm),rtaplealny mnthe swbstemtinbabsence of water
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Gepost + Fi fribageabe 2GS (P REr L S B prger -

| S corBBiRktidrOtheRet; Wdeh L@é’ﬁlﬁépe’iﬁ@&l}f zirf«‘arh@m& IIlgand each Y is
sem conduct or i ndust ry, such as, but clearly not

| | Hderenderfly aneral ligand; aymresemséh@ velenes dtaty of theimesal; z s
I aﬁglrn d‘f%"l'd“gm?x*ﬂé g{f_‘ﬁdll el ect r iC const ant), and

conductive’ erm "“layer" is synonynous wth
the ter Each‘R]I mﬁ RY, RﬁukﬁtRGyRQSéle? And ke’ ﬁemspemmﬁqyor
in uds The term I aye{ s Al SQ rr(:;sant10 7 o
Vi rogen or an organic group; R S RT= and R"=R"; and the
B-diketiminate ligands shown in Formula I and Formula VI have different
structures.
The method can provide a metal-containing compound of the formula
(Formula II):
3

RS/
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i nclude layers found in technol ogy outside of

sem conduct or technol ogy, such as coatings on gl ass.
wao-en7eampl e, such |ayers can be forned directPgr/o82006/024997

fibers, wires, etc., which are substrates other than

sem conduct or substrates. Further, the [ayers can be

tnOTEER b are - Ror Kooy Reah Be I ofrat: by: B e o defied
vaphety of layers (e.g., surfaces) as in, for exanple,

a patterned wafer. The |layers or filns formed may be
in the formof netal-containing filnms, such as reduced

net i I ides, metal nitrides,
et ﬁ"@@@ﬂ%@%@@%@@?ﬁ%@f. For exanple, a
5metal  o¥rét@rdoay@npssyorsiEitisiude Smegll-Qomindlg confifdund that
nmetal oxide |ayer may. include two or nore different

metggledesiat keast ope Brdikgimingiedisapd ean ke forgtepgsitiag gretal-
i optional |y j t e .
o gabloty B A0 AU, ARG, Dol e
di fdeposiitin methedsscantalse indudd prexider domywsitioan thaeitctudeloe or

form of,..al |l gys, .soljd .solutions, @Qr nanol am nates,,
pr G1F S fepent Al SOR PN B P ETRRIS ¢ gmlwa'éwrﬁ@sqomméltwns can

10 Meba He&%ﬁt@é’ ch@Yi86rbédabt HGHAE InVan ALDlprb&s@aflb @k &F bt Sully
| ayer) preferably includes one or nore O BaTi G3,
Sr Pelow, s@sTntially $iBaliSngoTsIYitiBrTaa @8 tialy B, 2@ p@oursor

SBT Sr. Hf C3 Z B B, Baz . (Pb b206,
( SPoBRs RSt E aEes 0 eSO By R S,
Y2 @ketibrauit OB gandATHB imdPh1e 6B sudBadifbreom e L d§BaiB B SBpounds

and Ba(0.6)Sr(0.4)Ti O 3- MyO. Surgbri Si nglegl, the netal
ox Caeinchyder for examle.ddc be.dingLtZs, PhdVipr¥eeht andoembinations

. . p _ | " oxi d
15] YRS LAY Rl Soany FLARFAARL Rk Ui
pr esekis titmientisopropxélee i sanin adtdayhlbriée toéhlc@tib@um

REHIR R AR AT I LT
e A R (Y IO, PSRBT
ex apipbimatidésrthereefal - oxi de
20
VAPOR DEPOSITION METHODS
The metal-containing layer can be deposited, for example, on a substrate
(e.g., a semiconductor substrate or substrate assembly). "Semiconductor
substrate” or "substrate assembly" as used herein refer to a semiconductor
25  substrate such as a base semiconductor layer or a 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 l;een previously

30  used to form or define regions, junctions, various structures or features, and

openings such as transistors, active areas, diffusions, implanted regions, vias,
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| ayers, "essentially free" nmeans that the above
inpurities are present in an anount of less than 1
wa@eomoaeper cent, such that they have a m nor ePEBUS20061024997
the chem cal properties, mechanical properties,
physical forn1(e g ; crystallinity) or electrica
rties .of | m Various metal-cotal
POt B R B PSR HO RS BORBICH B Jngarmtrs for
opbé@aﬁéﬂs ety th one or nore organic solvents
(partlcularly for CVD processes), to forma precursor
C orrp05| tLayrer, A@lvmﬁltf@g@nusfeys togordaxst thatean be formed on a

ounds di sgl ose
i G R R R SRR TR e
5" pﬂqmmﬁrpr@@am@bﬁbeaheraﬁ TRE CbrReBfei; isiBdRE td BcRde layers
conp03|t|on usable for formng, either alone or with

ot FREFifisrta dh sorcsipies indugng S(l@h a% Baicel bt lmteéy@,ra

I
gﬂtr)t 1§1uﬂ§%r% gltegelgﬁ'ﬁslggé} (ye la§7exdlfaql?1§4 hl g ggeglt%&z ecct)rﬁ‘jﬁnt), and
t heortdjapimveallaylerarﬁhﬂmémﬂﬂajmr’é BsUysoiyruasdyvith the tetapefiigh™on

foa l whi ch ltimately to be
¢ DRSS ey Cossahiconaieisr sy Bhbtem ayes e alse et to
10 prﬁewdé%[ epsom%iﬂﬂeaﬁﬁl&g Juffs@d%ies%ﬁmoddﬂ&%f'{écﬂﬁbﬁgf

preferabl y liquid at the vaporl zation tenperaturée™a
rm¢®t1pgse®1eglabﬂ yior gremplecfueh ddyleys dandhei fdrmat¢d dicethy on ﬁbers

The r conposi.tions may be i
or VRS Rl il 05 Rb St Sl F Rt i) sy o e
| i Gl s%an%&‘oﬁﬁ’é@dﬂ&:ﬁ& loR fhd RARET REHESMuctEY RirfRE bY the
are liquids sufficiently volatile to be enpl oyed

th
usfie“%?gtf%ﬂmm hepagorbedepont an @y afactamicgueldaydr (v esurfages) as
15 SOl fs e&gsééle %at?en’?e%x?&f Ssufficiently volatile that
hey

zed Or 'sublinmed fromthe solid state
usi ng k’ﬂh)&/\layma PO ﬁllﬂ@ﬂﬁﬁﬂeﬂ ey teas Y QA DF nidtalldogtaidhe films,

I I h f bl ff tl
L CR b Perechead mERla el SheVen mest! e Metl piiasortitis well
beds%ﬂﬂﬁ%tfong% 1 &0 iee Wété’itd%ﬁilb?%ggﬁ D3tudk BS¥hele

b
can be used In ﬁ vapo I Zat1on
metal, the metal ox1de layer may 1nclude two or more different metals (i.e., itis a

s%ch as

20  mixed metal oxide), or a metal oxide layer may optionally be doped with other
metals.

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

25  ifitis a dielectric layer) preferably includes one or more of BaTiOs, SrTiOs,
CaTi0s, (Ba,Sr)TiOs, S1Ta,0¢, StBi;Ta,Og (SBT), StHfO3, SrZrOs, BaHfOs,
BaZrOs, (Pb,Ba)Nb,Os, (Sr,Ba)Nb,Og, Pb[(Sc,Nb) 575Tig.425]O3 (PSNT), LayOs,
Y203, LaAlOs, YAIOs, Pr,03, Ba(Li,Nb),405-PbTiOs, and Ba(0.6)Sr(0.4)TiO;-
MgO. Surprisingly, the metal oxide layer formed according to the present

30 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,

hydrogen, halides, phosphorus, sulfur, nitrogen or compounds thereof. As used
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m crodropl et formation techniques, etc. Herein,
vapori zed netal -contai ni ng conpounds may be used

w@paohee26ad one or optionally with vapori zed nol BCUIUER0€624997

5

10

15

20

25

30

ot her netal - containing conpounds or optionally with
vaporized sol vent nol ecules or inert gas nolecules, if

us ej n "I| | d" a solution or

o Rt P TaIY Sef! fdegmed b tom PatbEmyretGitas Fer oy
at ifcD® o SIalemad Uk Sf ih@%bo*?@i‘llll’gﬁlrﬁ"es afor example, for metél -oxide
elevatedtenperature As used herein, "sofution" does
nolayewsglspatiedyifee't mears|thasithe aly)V@flmphletlmr@ dresertt i 11nrmy

bR SO B S g b
or gl@dhh@al%ﬁbpﬁifﬁs hRteanidae propeaies AlBsRal Bfm (B8 Tcatallinity), or

vapor deposition roceSS|ng If solvent dilution is

us elgctrigalyuprasties rihe e t ot al nol ar concentration of

I t s a
|S(r)1e\r/$ " BB mBSRE e B, O 1SR ERNT .2
ascuskdati@sgoptionaly iy oga or irfoas oﬂg&ng&;ﬁhﬁeﬁisl(yartlculally for

un ctive with the conponents It cones I n contact
wi END PO TRE £ REICHISGR SUEPT T y%‘&%%&o‘é%‘f serg@f the

f  Ri%tah cOA@Mhd db%pb%@gd@aggéa%%m 20190 usAgh AN wEEE:

ry ton, xenon, any other non-reactive gas,
dingeolvénts. ¢ Frecusior haridngrecugas esmpostiges ruaéd Wereimerbfer

|n Lne or rocesses, descri accor di ng
t ot Eorhos st SR AT RoBE R VR Gt restitonay
al sempsitiHe dortreaddsfis)sh 1dydr O 8 Gelishate A4 n%‘iﬁ @ﬂ&&%fﬂm
Solvents that are suitable for certai n enbodi nents of

t heropesss Enrthernoremildilind lﬁélsc wewilheecognipe that Bfe typreand amount of

fo te

e et Rised bRy ol R P R o MRS ity go be
br fonmbé dsing b Vhpdreﬁpbsltla[ pﬂmésSC Thhy @Eﬁé@é@@@&u&wsmons
and referab Io enat ed hydrocar bons,

Si ‘Pfyt e pEegetti 88%1? Bf@r?ge o quid ekt gRpesif@sion temperature
al ¥, §loré GRSy &b ? @rfﬂﬂgll (f& réomttahﬁgrﬁﬁg%.s

est ers | act ones, co_ne ol .
conpou ndke precursor compositions may be liquids or solids at room temperature

(preferably, they are liquids at the vaporization temperature). Typically, they are
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
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
used 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
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cont ai ni ng conbi nati ons of any of the above or
m xtures of one or nore of the above. The conpounds

wae@7abso4 general |y conpati ble with each ot herPCBHUS100&024997

m xtures of variable quantities of the
rret al - contai ning conpounds wi Il not interact to

f h h I t The ..
or B s SR Grb. SrluRR 06 Bon ohe ermpbie sopility of
Optﬂe%ﬁh oMt mB§ aMER T61 BB @ﬂ@s@h%@@ soie gé Rh&g% DR

substantial 'y sinmultaneously with, and in-the presence
of sulfigienbamennt @f ﬂmmd dalivaedby thal argamasdlvait yrto tileevapor

R R G A e R

59 aaéﬁﬁi)tloﬂyﬂﬂem@taﬁmﬂar deResiritid o fGYRlest va§@9 Bede@R6d 1@ also be

gases, rmy typically include oxygen, er “vapor,

oz BMsiderid asggast 6xirigesas- sul f ur ~ oxi des, hydrogen,
hydroge e, hy el dr ogen .
telluri PéHI%é r%ggﬁﬂgéear%ggg‘%% agsnrﬁrsrg%h%re%m %‘H’%‘?‘Sg}ﬁtﬁes,
hy dergerillyasiréaztige withytHe aithlbtﬁmenfmt tothddyid cagtiatewith. For
synnetrlcal and unsynne ri di met hyl hydr azi nes

si PaqEde.dnat gasee §reatwawﬂ X tf‘éA fripaLroy) weludine, m?rogen

I o]
10 P B3 Rl 801 80 A, AR BUSOAS £ oL i
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monoxi de (
t h’émaeogaéedl inpid gases armgwpraﬁyylgwﬁmtoa innira gusng presesses

he d f d
PP e s Bt R BR P o e S baU Tl Thelso

fowagem@ amstmep@bu@a;ﬂ Wipot @xpsrt! ncl ude oxi di zing
gases (e.qg. gen, ozone, and nitric oxide).

Sui t abl %olgarﬁgthaéﬂ@ switelele ifor] osttain mt@dpg@ﬁenf theppvesanti on
i P CRREHE b G ORI it R BORAE K spans or
MMﬁM%te@hyﬂrcFarb@%mﬂzm Xhd geferebl ? csTceo delaﬁ& dRhed or
t t nt al ni S
%@egrhm%@cigﬁfoeeﬁaaw%r Rty G500 dudogenated
BRAG ¥bor é‘ﬂ ed/ H&dr sﬁ%scﬁﬂﬂgﬁgm%g arﬁ@lﬁfﬂ:eﬁl:ss ethers,

are Conterrp1 at suc exa
b opcdmtb@phbmethemaeﬁelgj lastsnc{sBﬁﬁ@)es, stlidoine oils,stebmasunds

0 € &)'n‘taining combinations of any of the above or mixtures of one or more of the

25
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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
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
peroxide, ammonia, organic amines, hydrazines (e.g., hydrazine,

methylhydrazine, symmetrical and unsymmetrical dimethylhydrazines), silanes,
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conductively doped polysilicon, nonocrystalline

silicon, etc. (for this invention, appropriate forns
w@boogiobleton are sinply referred to as "sili conPQT/USNG6/024997

exanple in the formof a silicon wafer,

tetraethylorthosilicate (TEOCS) oxide, spin on glass
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20 | nt%lrlttalum nitride, tantalum-silicon-nitride, silicon dioxide, aluminum, gallium
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.

25 For substrates including semiconductor substrates or substrate
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

30  can also be used in methods of the present invention. Any substrate that may

advantageously form a metal-containing layer thereon, such as a metal oxide

layer, may be used, such substrates including, for example, fibers, wires, etc.
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carrier gas if desired. Additionally, an inert carrier
gas can be used in purging steps in an ALD process
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praeiree vapuifdepositiornmacebsedo funadniplyyddi t8lfe6ik fHif, doad@kdus,
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| Ny BHESRAIt AR RsI ARSIy SR or more precursor compositions are
vaporized in a deposition chamber and optionally combined with one or more
reaction gases and directed to and/or contacted with the substrate to form a
metal-containing layer on the substrate. It will be readily apparent to one skilled
in the art that the vapor deposition process may be enhanced by employing
various related techniques such as plasma assistance, photo assistance, laser
assistance, as well as other techniques.

Chemical vapor deposition (CVD) has been extensively used for the
preparation of metal-containing layers, such as dielectric layers, in
semiconductor processing because of its ability to provide conformal and high
quality dielectric layers at relatively fast processing times. Typically, the desired
precursor compositions are vaporized and then introduced into a deposition
chamber containing a heated substrate with optional reaction gases and/or inert
carrier gases in a single deposition cycle. In a typical CVD process, vaporized

precursors are contacted with reaction gas(es) at the substrate surface to form a
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chanber containing a heated substrate with optional
reaction gases and/or inert carrier gases in a single
waeleositeron cycle. In a typical CVD process, VEEDUS206024997
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20  (Santa Clara, CA), or a deposition chamber available under the trade desi gnation

of Prism from Novelus, Inc. (San Jose, CA). However, any deposition chamber
suitable for performing CVD may be used.
Several modifications of the CVD process and chambers are possible, for

example, using atmospheric pressure chemical vapor deposition, low pressure

25  chemical vapor deposition (LPCVD), plasma enhanced chemical vapor
deposition (PECVD), hot wall or cold wall reactors or any other chemical vapor
deposition technique. Furthermore, pulsed CVD can be used, which is similar to
ALD (discussed in greater detail below) but does not rigorously avoid
intermixing of precursor and reactant gas streams. Also, for pulsed CVD, the

30 deposition thickness is dependent on the exposure time, as opposed to ALD,

which is self-limiting (discussed in more detail below).

27



Several nodifications of the CVD process and chanbers
are possible, for exanple, using atnospheric pressure

W@ b@mioesl4 vapor deposition, | ow pressure cheni BPEl/USBPE624997

deposition (LPCVD), plasma enhanced chem cal vapor
deposition (PECVD), hot wall or cold wall reactors or
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exanpl eFengraly, ap Prepessep¢halcadent ig pylsg@Bsegaentially onto a

Ve SR B A R RB AR A RE RN Bs )
f igrefdrablynet (28t 12005 and more preferably at least 200°C. Typical ALD

deposition temperatures are no greater than 400°C, preferably no greater than

350°C, and even more preferably no greater than 250°C. These temperatures are
generally lower than those presently used in CVD processes, which typically
include deposition temperatures at the substrate surface of at least 150°C,
preferably at least 200°C, and more preferably at least 250°C. Typical CVD
deposition temperatures are no greater than 600°C, preferably no greater than
500°C, and even more preferably no greater than 400°C.

Under such conditions the film growth by ALD is typically self-limiting
(i-e., when the reactive sites on a surface are used up in an ALD process, the
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
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Generally, in an ALD process each reactant is pul sed

sequentially onto a suitable substrate, typically at
waelepositeron tenperatures of at | east 25C, pref PCHDB006024997

| east 15Q0C, and nore preferably at |east 2000C.
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suntfraieedfe.g, pulbatl) imbe. deposition chamber and chemisorbed onto the
20 surfaces of a substrate. Each sequential introduction of a reactive compound
(e.g., one or more precursor compositions and one or more reaction gases) is
typically separated by an inert carrier gas purge. Each precursor composition co-
reaction adds a new atomic layer to previously deposited layers to form a
cumulative solid layer. The cycle is repeated to gradually form the desired layer
25 thickness. It should be understood that ALD can alternately utilize one precursor
composition, which is chemisorbed, and one reaction gas, which reacts with the
chemisorbed species.
Practically, chemisorption might not occur on all portions of the
deposition surface (e.g., previously deposited ALD material). Nevertheless,
30 such imperfect monolayer is still considered a monolayer in the context of the

present invention. Inmany applications, merely a substantially saturated

monolayer may be suitable. A substantially saturated monolayer is one that will
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The adsorbed species are typically irreversibly bound
to the substrate surface as a result of relatively
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The first species (e.g., substantially all non-chemisorbed molecules of
Species A) as well as displaced ligands are purged from over the substrate and a
second chemical species, Species B (e.g., a different metal-containing compound
or reactant gas) is provided to react with the monolayer of Species A. Species B
typically displaces the remaining ligands from the Species A monolayer and
thereby is chemisorbed and forms a second monolayer. This second monolayer
displays a surface which is reactive only to Species A. Non-chemisorbed
Species B, as well as displaced ligands and other byproducts of the reaction are
then purged and the steps are repeated with exposure of the Species B monolayer
to vaporized Species A. Optionally, the second species can react with the first
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

30



A typical ALD process includes exposing an initial
substrate to a first chem cal species A (e.g., a
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chemisorbed species. Examples of carrier gases, as discussed above, may include
N2, Ar, He, etc. Additionally, purging may instead include contacting the
substrate and/or monolayer with any substance that allows chemisorption by-
products to desorb and reduces the concentration of a contacting species
preparatory to introducing another species. The contacting species may be
reduced to some suitable concentration or partial pressure known to those skilled
in the art based on the specifications for the product of a particular deposition
process. ALD is often described as a self-limiting process, in that a finite
number of sites exist on a substrate to which the first species may form chemical
bonds. 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

31



Species B, as well as displaced |igands and ot her
byproducts of the reaction are then purged and the
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a Re Sgeicgrséorcc%%p%%lttioggs) ta? S 150%% aty{ﬂ{Jl ct)ngto %{]e s,/u%gtrate surfaces, purging
the deposition chamber, then introducing to the chemisorbed precursor
composition(s) reaction gases and/or other precursor composition(s) in a
plurality of deposition cycles until the desired thickness of the metal-containing
layer is achieved. Preferred thicknesses of the metal-containing layers of the
present invention are at least 1 angstrom (A), more preferably at least 5 A, and
more preferably at least 10 A. Additionally, preferred film thicknesses are
typically no greater than 500 A, more preferably no greater than 400 A, and
more preferably no greater than 300 A.

The pulse duration 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
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priecierably, at a substantially different temperature. Clearly, some small variation

in temperature, as judged by those of ordinary skill, can occur but still be
considered substantially the same temperature by providing a reaction rate
statistically the same as would occur at the temperature of the first precursor
chemisorption. Alternatively, chemisorption and subsequent reactions could
instead occur at substantially exactly the same temperature.

For a typical vapor deposition process, the pressure inside the deposition
chamber is at least 10 torr (1.3x10° Pa), preferably at least 107 torr (1.3x10°
Pa), and more preferably at least 10 torr (1.3x10™ Pa). Further, deposition
pressures are typically no greater than 10 torr (1.3 x 10> Pa), preferably no
greater than 1 torr (1.3 x 10? Pa), and more preferably no greater than 10 torr
(13 Pa). Typically, the deposition chamber is purged with an inert carrier gas

after the vaporized precursor composition(s) have been introduced into the
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Thus, during the ALD process, nunerous consecutive
deposition cycles are conducted in the deposition
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20 S l“]lgfrc];flercalbieynrtloI gre:!:ltgw[han 1000°C, more preferably no greater than 750°C, and

even more preferably no greater than 700°C.

The annealing operation is preferably performed for a time period of at
least 0.5 minute, more preferably for a time period of at least 1 minute.
Additionally, the annealing operation is preferably performed for a time period

25 ofno greater than 60 minutes, and more preferably for a time period of no
greater than 10 minutes.

One skilled in the art will recognize that such temperatures and time
periods may vary. For example, furnace anneals and rapid thermal annealing
may be used, and further, such anneals may be performed in one or more

30  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
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Tyepamplel yy inettecactép@sd 68. Onreab@dtbers 10snBbOaghphed Blods line 72
I nert ({:grrler as C oy . .
as needed. Also, apurge gas 74, which is often the same as the inert carrier gas
68, may be supplied along line 76 as needed. As shown, a series of valves 80-85

are opened and closed as required.

The following examples are offered to further illustrate various specific
embodiments and techniques of the present invention. It should be understood,
however, that many variations and modifications understood by those of
ordinary skill in the art may be made while remaining within the scope of the
present invention. Therefore, the scope of the invention is not intended to be
limited by the following example. Unless specified otherwise, all percentages

shown in the examples are percentages by weight.

35
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i ntroduced with the vaporized precursor conposition(s)
during each cycle. The reactivity of a precursor
conposi tion can significantly influence the process
paraneters in ALD. Under & BLES/D process _
conditions, a highly reactive conpound may react in
the gas phase generating particul ates, depositing

pr BXRNIPEEY : QntHafi8 il €haibtdrBRESH oS B%gl&%’ '3'9147%? [Formula

films, and/or vyiel diﬁg poor step coverage or o
yi ELaviHgR nSriertbitydrRn d éopsiyl; gl = ROF mdthyleasd RS eEh

re . L,ahly reactive co und m ght be consi dered
n o?élg{}?l ? %g{ygg?%%éue%ﬂ" 1%@?7@%?9 e conpounds not
sui t abl Anfoeen-GWDI -Ar SchIeHRETSR valRhrBE @ Gith 3Q!(Bg of OF

le, if the first precursor is gas phase reactive
\?\n')(%'?ng%yﬁ(é’m%‘@% Fﬁﬂragi‘l@'@bpgéﬁ' (0.Zmeh aad @ g il deethiyd ethef under argon

. _ - . h th
Cona P, dad e e S B il BT o A hane Y

m ghe gﬂmféﬁﬁs@rd@@é%ﬁiﬁg&%dﬂdﬁﬂ@n@gﬁ? lfﬂo? wére t%lﬁﬁ@é’d into
f Johi lity, known to those skilled in e

S SR Bt B i a1SF Esision st o 39

houeiess, A sdrbiich 2 INALSHEBUER BRI 0WOA R b8 kel N L Ne

ALD context. After layer fornation on the substrate,

andighipematinpepraschagedinto be aiditionrfahhel apé addedre thd mRaction
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annead kndthe @eedat wlIBwiSrafde JoBaSHas4PRfed Wah&wo 100 mL
preferably at |east 6000C. The annealing tenperature
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1th% %ﬂei‘@%e%kgl&g{)ie %ﬁ‘ﬁ mrturg was sifrrdar gecoperiasi ban il organic

Prdhes wi pRBTIOTR Aqfius PhldeMasREirh88d three times, each with
100 mL diethyl ether portions. All the organic phases were combined, dried
over sodium sulfate and concentrated on a rotary evaporator. The crude product
was then distilled through a 20 cm glass-bead packed column and short path still
head. The desired product was collected in 96% pure form at 34-42 °C, 40
mTorr (5.3 Pa) pressure. The only impurity observed by gas chromatography-
mass spectrometry (GCMS) was N-isopropyl-(4-isopropylimino)-2-penten-2-
amine. The amount of N-isopropyl-(4-isopropylimino)-2-penten-2-amine
formed may be limited by limiting the reaction time (e.g., 30 minutes after
addition of the tert-butyl amine). Allowing the reaction to stir overnight may
result in the formation of more N-isopropyl-(4-isopropylimino)-2-penten-2-

amine.

36



of no greater than 60 mnutes, and nore preferably for

a tinme period of no greater than 10 m nutes. One
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15 OSBRSS Rsm noite<Dpr Feafrgt Ve 16.5%. Found
s ulssi%at e nelgarithS@helle rdsbhddcd EMIYTCLDL 95PE 0954 (5, 2H, p-
prlcecursor conposi tions as described herein, "60 and! or
61;

H)s B o 861(spkdt; 18- Q883 LHECH el . P8 subHou-C-CH; (isopropyl
C RIS G091, Bh, B E- AR -581 88S), 1305 (s, 18H, C(CEB)), 1.200
(d, J=6.0 Hz, 12H, CH(CHj3)); *C{'H} (C¢Ds, 25°C, §) 161.19 (s, 0-C-CHs
20  (isopropyl side)), 160.44 (s, 0-C-CHj (tert-butyl side)), 88.33 (s, B-CH), 54.07
(s, C(CHs)3), 49.86 (s, CH(CHs)2)), 32.44 (s, C(CHs)s), 26.50 (s, CH(CHa),),
24.84 (s, a~C-CHj (tert-butyl side)), 22.09 (s, 0-C-CHs (isopropyl side)).

EXAMPLE 3: Synthesis and Characterization of a Metal-containing Compound
25  of Formula I, withM = Sr (n=2); R' = R’ = tert-butyl; RS = R’ = isopropyl;
R=R'=R=pR= methyl; R = R® = H: and z = 0: Strontium (N-isopropyl-
(4-is0pr0pylimino)—2—penz‘en—2—aminato)(N—tert—butyl—(4~tert—bulylimino)-2—
penten-2-aminato).
In a dry box, a 500 mL Schlenk flask was charged with 5.526 g of
30  strontium bis(hexamethyldisilazane) (10 mmol) and 100 mL toluene. A solution
0f 2.104 g N-tert-butyl~(4-tert-butylimino)-2-penten-2-amine (10 mmol,

prepared according to literature) in 20 mL toluene was added to the reaction
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separately fed along lines 64 and 66 to the deposition
chanber 10 using, for exanple, an inert carrier gas

wG0780xeact i on gas 70 may be supplied al ong | POEUSDOEE24997

needed. Also, a purge gas 74, which is often the sane
as the inert carrier gas 68, may be supplied al ong
as needed, As shown, a series of valves 80-85
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d|e et her under argon atnpsphere, and fitted with
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80 O S O SN T8 8
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oot -t Bl B rar ez el G mics] s for
adtele title Bomponel ara B8 fARGRI' H MR %CEI%BQS"‘CO 3) 89 8"( Qﬁﬁ g-ca,

whi ch was then stirred overni ght ol atiles

r ehote@eptat, vae 0dlzarH, CAECHeklI1t990ds, 61, I%(Er@iﬂﬁ@g&»bs@ﬂj),d

Wess AGNGHE, ML YBoph S8y 1325 (s, 18H, C(CEE)s), 1.172 (d, J=6.0 Hz,
12H, CH(CH),); C{'H} (C¢Ds, 25°C, 8) 160.95 (s, a~C-CHs (isopropyl)),
160.79 (s, a-C-CHs (tert-butyl)), 90.05 (s, B-CH (tert-butyl)), 86.51 (s, p-CH
(isopropyl)), 53.99 (s, C(CHs)s), 49.93 (s, CH(CHs),)), 32.81 (s, C(CHs)s), 25.06
(s, CH(CHs)y), 24.83 (s, a-C-CHj (fert-butyl)), 22.05 (s, 0-C-CH; (isopropyl)).
Elemental Analysis calculated for Co4HyN4Sr: Sr, 18.3%. Found 17.5%.

EXAMPLE 4: Alternate Synthesis of the Metal-containing Compound Prepared
and Characterized in Example 3 by Ligand Exchange Reactions Between Metal-
containing Compounds Including Different Symmetrical B-Diketiminate Ligands.

A 50 mL schlenk flask was charged with 0.50 g of bis(N-zerz-butyl-(4-
tert-butylimino)-2-penten-2-aminato)strontium (1 mmol), 0.45 g of bis(N-
isopropyl-(4-isopropylimino)-2-penten-2-aminato)strontium (1 mmol), and 20
mL toluene. The resulting solution was refluxed for 24 hours, then volatiles

were removed in vacuo. A sample of the resulting yellow solid was submitted
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aliquots of cold ethyl acetate while the flask was
pl aced in an ice-bath. After decanting off each ethyl

waeeratw7mash, the yell ow solid residue was adeedUsm0&024997
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t-butylimno)-2-penten-2-amne (50 mvol) and 100 ni
tol uene. The ligand sol ution was added to the
strontium sol ution, imediately producing a bright
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yel l ow reaction solution, which was stirred for 60

hours. Vol atiles were then renoved in vacuo. The crude
w@e@doexe74 a bright yell ow solid, was charged i PtDUS2006/024997

sublimator in dry box. The sublinmator was attached to

a vacuum mani fold in a fune hood, evacuated to |ess

th 100 nmlorr (13 Pa) and heated to 115 0C. A total

of Y813 ayclgimed igt f -white crystalline solid was sublinmed

in three batches (68.5%yield). Elenmental Analysis

cal cul ated for C24H46NASr: Sr, 18.3% Found 18.5% 1H

nud! dametiadnéformings areaiecontaMiiy) laf€6d6a s, ) nfbid

(s, 2H. .b- CH), 3.586 (septet, J=6.0 Hz, 2H C

( CFBYBYSING: 989 (s, 6H, Ot-C CH3 (isopropyl side)),

1.907 ( ﬂ“@ﬁhgg%ﬁ&ﬁ§a£ (tert-buty\ side)), 1.305 (s,

18H, C( )3), 1.200 (d, J =6.0 Hz, 12H, CH(CH )2) ;

13C ( 1pjoviddeDs varGeOompdping6l lca® ons compGuitHaf the formula

(i gp r%ia%lg, side)), 160.44 (s, O-CCH3 (ter -butyl

Si é??% 33 (s, b-CH), 54.07 (s, C(CHa) 3), 49.86

(s, CH(CHs) 2)), 32.44 (s, 3)3), 26.50 (s, CH(CH

3)2), 24.84 (s, O-C CHX -butyl side)), 22.09 (s,

G -CCH3 (isopropyl side)) LE 3: Synthesis and

Char acteri zation éf 'Nﬁﬁ%% Conpound of

Formula I, wthM\=Sr = R5™ tert-butyl;

R6 =R10 = isopropyl; R2 =R4 F?B =R9 =nethyl; R3 =Rs =H,

andz - 0: Strontium (N iBoprapyl -

(4-isopropy|#£inq}-Z-penten~2-an1nato)(N—tert~butyI-(4

~tert-butyli R&j™2- penten-2-amnato). In a dry box,

a 500 nL Schl enk M Bsklc¥Rs GoRAHME ' Bk

strontium bi s( hexamet hyl di si | aza%gfiﬁﬁj éf%“%#%%ziﬁf%ﬁg‘fu 0o

mL tol uene. A sol uti onistal,2 GOgpG Metak atLapthayide(and t er

t-butylimno)-2-penteij-2-amne. {10 smol, prepared

according to literat urég&?lﬁg?%ﬂ “¥Bt uene was added to

the reacti onfl| askeachheisigRpthdentlsah dhioalt V@asdstirred

for 18 hours. A solution of 1.823 g Ni sopropyl-(

4-i sopropyl i ni no) ¥ pelstedersndgetlye revtraldigsnd; pr epar ed

according to i teﬁ?épﬁ{s%ﬁts'tﬂb@a@e stafd SERE MMeE. added to

the reaction flask. "The reaction
z is from 0 to 10;

(53]

(n

x is from 1 to n; and
each R', R4 R®, R* and R’ is independently hydrogen or
an organic group,
with the proviso that one or more of the following apply:
R! is different than R®, or R? is different than R*
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 a vapor deposition process.

2. The method of claim 1 wherein each Rl, R% R® R R4, and R® is independently

hydrogen or an organic group having 1 to 10 carbon atoms.
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solution was then stirred an additional 24 hours.
Vol atiles were renoved in vacuo to afford a red-brown
wa@dorao26mhi ch was charged into a sublimator i nP@EI/A82006/024997

box (4.70 g, 9.98 mmol ). The sublimtor was evacuated

on a vacuum mani fold in a hood and heated. At around

80.0 the pot. resi due appeared to begin.to nelt and

burip. AWQ%&W%W@@&H@%@%@S@WI;@@W@a let- Byl he

cold finger while heating the pot at 112 0C at 115

mlforr (15.3 Pa). 2.856 g of a yellow semcrystalline

bu#. Foeewitiad diclammsbwheteineR” + 8¢ eviaethdl; bndR? =& col d-

finger (59.7%yield). Analysis by proton NVR indicates

that the sublinmed material consists of a 1:1:1 mxture

of 5t Mhe kictloA TR ' St ' S = tert-

i SN oo SR 4@?}31%%{?%3” {BPEdpYMand R = rert-butyl.

i m no) - 2- penten-2-am nato) and Strontium bi s(N-ter

-butyl - (4-t er [~ butyl i m no)-2-pent.en-2-an nat o). The
e e P et b B € BosbioRfBh Rt e o

N- taarsistibg by h hildie] & alkbyid¥ lotdBpN @ adidRENEE) n2n &R f OB,

chem cal shifts for the title conpound are as foll ows:
HEYRRE e eyl 28w, and@midingtegroup, azManidingtd) gro@p,58dsoureate

1
(pRAi T gl (MR e kol FufPinhins
1. 8REcohshindBhis fEf@A3) 3), 1.172 (d, J=6.0 Hz, 12H,

CH(CH3)2); 13C( 1H) (CeDe6, 25C, d) 160.95 (s, G -C CH3
(isopropyl)), 160.79 (s, (X-CCH3 (tert-batyl)), 90.05

(s7. I I i : RS )

53’ 9%11%,6&%(8 8&51)%%)6 ‘%1%?1 ‘3%91262‘1"‘ 1‘&%{ &% %% ?%ﬂ%ﬁ@%&% group
C(lerig) BjtruchBe 06t (ssthe SHICH BR)f the B-didtinsinate1iGatsidwn in
(tlggr}ﬁu?aeqtyl )), 22.05 (s, (X-GCH3 (isopropyl)).
El'enental’ Anal ysis cal cul ated for C24H46NASr: Sr,

18.3% Found 17.5% EXAMPLE 4 : Alternate Synthesis of
the Metal -contai ni ng Conpound Prepared and

chtar Bea method of plainegavksirein shepat ledstyenadl B Pralfigpéiminate group

o e R L il PP BR el Vit o
sthFenk?lstIask was charged with 0.50 g of bis(Nter
- butyl - (4-

9. The method of claim 8 wherein the at least one L is a symmetric -

diketiminate group.

10. The method of claim 8 wherein the at least one L is an unsymmetric f-

diketiminate group.
11. The method of claim 1 wherein at least one Y is selected from the group

consisting of a carbonyl, a nitrosyl, ammonia, an amine, nitrogen, a phosphine,

an alcohol, water, tetrahydrofuran, and combinations thereof.
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r -butylimno)-2- renten-2-am nato)strontium( 1
mol ), 0.45 g of bis(N sopropyl - (

W@ 20080m60pYy| | M no) - 2- pent en- 2- ani nat 0) st r ont i UPET/US2006/024997
mol ), and 20 nL toluene. The resulting solution was
refluxed for 24 hours, then volatiles were renoved in
vacuo. A sanple of the resulting yellow solid was
subfri t‘\tféafieﬁl obmaRACNRE aﬁqnw@ngqct@rﬁ@rupw@e, tlesmethed

[ ng&f&@qﬁgg‘:appr oximately a 1:1:1 m xture of

bi s(N-ter™-butyl-(4-ter?-butylimno)-2-penten-2-

am nat opstviding & semisbadudtdrsapsteiny br st pgseRplyi; M no) - 2

- pent en-2- . .. ..

am nat oP ViR # YRR ROTRESInERY lcastane sempewyd ohe Smplae

nt girAudMmnat o) (N-fer - butyl-(4-ter

-butylimno)-2-penten-2-am nato)strontium wth

approximately a 0.3 ratig of gfree N-ter”™-butyl-(4-ter

-butyl i m no) - 2- pent en- 2-'aki nej The conpl ete

di scl osures of the patent tent docunents, and
E ' %e—#?»emgw ed by
;¥ each were

publications cited h

reference in thein entiret

i ndi vidual l'y incorporat ggx Val4 ous nodifications and
alterations to this inventiofwill becone apparent to
those skill eghififhe art without departi'ng fromthe
scope and spirit of this invention. It should be
under st ood that tM is stlested fioomthie groupt consistimgleth Geoupe

unduly Iimted by the il]ustrative enpodi nents and
exanmpl es set forth her%ﬁe{?ﬁfn%rOPH§tm tgﬁﬁ desangdng
enbodi ments are present@gbibmiomdnQ@toexanpl e only with
the scope of the invention intended fo be linmited only

by the clains seteachiiinindependenty an ehioviedigahdt i s

clainmed is: 1. A . form.ng a t.al - cont ai ni ng
| ayer on a subst r%‘?féﬁpgﬁlgée@g?#%y%%ﬁslﬁ%& provi di ng
a substrate; provithpnrgerts iapeilened Bk &f thgnitall east one

conmpound of the fo la (Formula I): wherein:
P z{snf}jomO 0 10; )

x is from 1 to n; and
each R', R? R®, R*, and R’ is independently hydrogen or
an organic group;
with the proviso that one or more of the following apply:
R! is different than R’, or R? is different than R*
and
directing the vapor comprising the at least one compound of 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 a vapor deposition process.

13. The method of claim 12 further comprising providing a vapor comprising at
least one metal-containing compound different than Formula I, and directing the
vapor comprising the at least one metal-containing compound different than

Formula I to the semiconductor substrate or substrate assembly.
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Mis selected fromthe group consisting of a G oup 2
netal, a Goup 3 netal, a Lanthanide, and conbi nati ons
wao b@reafe74 each L i s independently an ani oni c | PQENR006/024997
each Y is independently a neutral l|igand; n represents
the valence state of the netal; z is fromO to 10; X

is from1l to n; and each Rl, R2, R3, R4, and R5 is
i ndependent|y hydrogen or an organic group; with the

pr oy i Ly: IS
G 11 e o piod o Elsfh 1335rh dhielsPll BPRaRRR: el

c ontrEgininggotripeund didferan theni FRirmgla IHe selectb®fsin 108 group
compound of.. F [ wi.ith the substrate to forma
o IR GE 6T Hagbh Syfe b Mo Misa . A Sobimsens Brrephe
substrate using a vapor deposition process. 2. The

met hod of claim 1l wherein each Rl, R2, R3, R4, and RS
i s13.nfepaathed of glaig d2 dgdier comanising paoiiding molepsthae rewgtidn
to_10 carbon atons. 3. The nethod of claim2 wherein Rl
= gsbpropyl; and R5 = tert-butyl. 4. The nethod of
claim2 wherein RR = R4 = nethyl; and R3 = H 5. The

met hod of claim4 wherein RL = isopropyl; and R5 =

t eb®-- Bg gppthod of dlgian 2 thserin thecyagpndapovition provest is lhehsmical
0 ' romthe group consisting of a
hgﬁﬂﬁg?agﬁﬁgﬁ&%sgﬁé group, an am de group, a

mercaptide group, cyanide, an alkyl group, an

anmj di hate group,. a guani dinate group, an isoureate '
9 %ﬁ pfheam_ﬁtga?? Rg?léﬁ%t% & VHersip thearapor ¢anesikien pireess igppafpmic
a TayéH degbdiffdiGo8ed B Prising a plurality of deposition cycles.

18. A method of forming a metal-containing layer on a substrate, the method
comprising:
providing a substrate;

providing a vapor comprising at least one compound of the formula
(Formula II):

R3 R2

R4
[ Y\—R

R

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,;
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and conbi nations thereof. 7. The nmethod of claim§®6

wherein the at least one L is a b-diketimnate group
whawirnogeead structure that is the same as that OPCT/E82006/024997

b-di keti mnate Iigand shown in Formula I . 8. The

met hod of claim6 wherein the at least one L is a

b-di keti m nate group having a structure that is

different than th&tchoY it eependientds ¢ Aevied digidyand shown
in Formila 1. 9. HiendElRofe OhichlAlif S pishgn the at
sy - dirke

|l east one L is a tric I'mnate group. 10.
The met hod of cl aizns Bomietoei) the at [east one L is an

unsymretric b- diketim nate; group. 11, The,methogd of
claim1 wherein alﬁa‘%heglsg 3e%§?: RsReRa® eﬂgafaﬂéﬁﬁqgﬁe

group consisting of a gﬁ{e?p |nﬂyﬁ¥§}iogflgg%% 0@%{3%&?5

an amn ne, nitrogen,1 a 5pho e,
t et rahydr of ur an, oRG R, RS AR ¥ heexdeof= R2,.and net hod

e R
of manufacturi ng em duct or strycture, . the t.hod
conpri sing: provi g?%&ﬁ@@‘ﬁ?@%ﬁ%&%%% 11 Dave
substrate assenbly; praurgén@iractMaROfmdconpri si ng at
| east one conpound of the fornmula (Formula I):

wher ei ncoMpGtRsdde ¥apoe gompasing Hie alessiorsonsipsting gf Bérnaila 11
G @t Q | Lant hani de, an

o TRk Bare (Rt I Botnel oy Dot Bafpe Fitace of the
ansubsirate usipgdapeaddpodtibs pidrdgpendent [y a neutr al

I i gand;

19. The method of claim 18 wherein each R., R% R® R* R® ,RS R, R® R’ and

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

20. The method of claim 19 wherein R! =R’ = tert-butyl; and R® =R!" =
isopropyl.

21. The method of claim 19 wherein R =R*=R’=R’= methyl; and R*>=R® =
H.

22. The method of claim 21 wherein R' =R’ = tert-butyl; and R =R!" =
isopropyl.
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n represents the valence state of the netal; z is from
O0to 10; x is from1l to n; and each Rl, R2, R3, R4,

wa@ee7BRers | ndependent |y hydrogen or an or gani BCYDS2006/024997
with the proviso that one or nore of the follow ng
apply Rl is different than R5, or R2 is different

23 %gﬁglrectlngthe vapor conprising the at

¢ AgetBER b BURHARTIG AREmEORCYGoR WaICEEmlhometiof or
sut@gﬁ1 Aligoor substrate assenbly to forma

net al -con%al ning |layer on at | east one surface of the
sem congmﬁngsumtmammtmsubsimaf ordubstaasts assehiplyysi ng a
vapor deposi.tion process., 13. The nethod of claim 12
furtherP gal Peay F.ISOT;?PH\PP&%H&& leadt s corBRpRd of the fermula
| egdrm@nElyret al - cont ai ni ng conpound di fferent than
Formula I, and directing the vapor conprising the at

| east one netal - contai nghg coppound di fferent than
Formula | to the sem conguct substrate or substrate
assenbly. 14. The matthod 13 wherein the netal
of the at | east one neldl co Ri ng conpound different
than Formula | is sel eqxteg\fromthe group consi sting
of Ti, Ta, Bi, H, B~ Pb,\No, My, A, and

conbi nati ons ther eof 15. NheLpgt hod of claim 12
further conprising B-I\QVI dijng at | east one reaction
gas. 16. The nmet hod of Nel i m 12 wherein the vapor
deposi tion pr ocesy»%mr cal, vapor deposition
process. 17. The netho cl aRm 12 wherein the vapor
deposition process i n atgm c |ayer deposition
process conpri sing as%l ur aIR&ty of depgsi tion cycles.

| ai

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 1s from 0 to 10;

each R, R’ R>, R, R>,R®, R7, R®, R®, and R is
independently hydrogen or an organic group;

R'=R’ R>=R%, R*=R", and R’ =R’ and

the two B-diketiminate ligands shown in Formula II have
different structures; and

directing the vapor comprising the at least one compound of Formula II
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 a vapor deposition process.
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18. A nethod of form ng a netal -containing |ayer on a
substrate, the nethod conprising: providing a

waealegnozsre; providing a vapor conprising at | eBST/USINE6/024997
conpound of the formula (Formula 11): wherein: Mis
sel ected fromthe group consisting of a Goup 2 netal,

3 tal,.a Lant hani de, and conbi nati ons
? hg#ggﬁe m@ﬁ%ﬁé C}aémiLQr%oféﬁb%r@ﬁﬂwmamr@ﬁﬁ@ﬁ.aefapp@%ﬂwnsmg at
ea I5Snd 3 nts
CheRt ok ot ASRARAER L pudftrt bt Rffinuld 1 BB BRERNE e
R5VapRs coiRprisiRg theR® leaamheRﬂléta]-eontmdm@&nﬂ@nﬁlhd/dilﬁﬁeﬁb"no gen

or -an ni.c grou 0, and RY
R B e B BicuFioe Fvtimita e S P GaiRES TN | 1
For mula |1 have different structur es; and contacting

t he vapor conpri si n% the at |east one conpound of
FofuT mleth%ﬁtolﬁ clare 24 Wereiathe meaf of the at least one metal-

ta rface of the
%othtmrlalg21 < ng&aél\% 8@8?8??&?3&”&?%8@@5”“1 © Spp
rTEctd’n@dtlﬁé oﬁTﬁlIHJ B Hehes, @bnNeaely, KL, anﬁ?%omﬁ?natlg‘)ﬁs thBRof,
R6, R7, R8, RO, and R10 is |ndependently hydr ogen or

an organic group having 1 to 10 carbon atons. 20. The

SRR L o L e
whgasein R = R4 = R RO = nmethyl; and R3 =

27. The method of claim 23 wherein the vapor deposition process is a chemical

vapor deposition process.

28. The method of claim 23 wherein the vapor deposition process is an atomic

layer deposition process comprising a plurality of deposition cycles.

29. A 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
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H 22. The nethod of claim2 1 wherein RL = RS =

tert-butyl; and R6 = R10 = isopropyl.23. A nethod of
woracvadexsv4ri ng a sem conductor structure, the PEL/ORH06/024997

conprising: providing a sem conductor substrate or

substrate assenbly; providing a vapor conpri Si ng at

| east one conmpound of the fornula (fFornmula I1l)

wherein: Mis sel 8¢R & o, theangt uﬁ§1’é‘iﬂﬁ§ﬁl@ﬂmé}’@ﬁ0gaﬂ or

Goup 2 netal, a Goup,j &l Lant hani de, and
conbi nations t her eof ; eacE&E‘ g° alrj*fdependently an

ani oni ¢ |igand; eadth tife pmvnsmcthaemémtﬂoye faf ﬁhﬁlﬁblﬂ@dzmﬁ apply:
ligand; n represents t nce st tee of,the neta Z,
isgfrom 0 to 10; each %ffeer% ’Rﬂ "Ret R diffirentrgan R,
R9, and R10 is independently hydrogen or an organic
group; RL = R5, RR = R4, R6 = R10 and R7 R9; and the
t we0-bThe Remponndateldiingordeersineach Rh %Rﬁm and Rhiave

di res and directing

co%%ig e?latﬁrét%% ﬁg&r °) YL OTEHRAC BOHB N 8 fto I‘lgﬁﬁ{hog ajqms o
the sem conduct or substrate or substrate assenbly to
forma netal -contajnin yer gn at | east one surface
of 3t h@ll%%quélﬁtc%ﬁmsﬁb@hqmn@ ot isepropyls andkRAsd@rbhiyl.
using a vapor deposition process.24. The nethod of
claim23 further conprising provi d| ng a vapor

codidpr Thé egmyadund of claim 30 wherein R* = R* = methyl; and R® =

33. The compound of claim 32 wherein R! = isopropyl; and R’ = tert-butyl.

34. The compound of claim 29 wherein M is selected from the group consisting

of Ca, Sr, Ba, and combinations thereof.

35. The compound of claim 29 wherein at least one L is 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 B-diketonate group, a p-iminoketonate group, a B-diketiminate group,

and combinations thereof.

36. The compound of claim 35 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.

37. The compound of claim 35 wherein the at least one L is a B-diketiminate

group having a structure that is different than that of the B-diketiminate ligand

shown in Formula 1.
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| east one netal - containing conpound different than

Formula Il, and directing the vapor conprising the at
wo e@3vowmne net al - cont ai ni ng conpound di f f er ent PETIER2006/024997
Formula Il to the sem conductor substrate or substrate

assenbly. 25. The nethod of claim 24 wherein the netal

of _.the at |east qne netal containing conpound different
thé%%- &8? FRfPROYRd qf§? 18 ovieein thndttlpst grolps & smnstricdy

of dﬂ:d:etim]_l?a’tegjou%""’ Zr, Pb, Nb, My, A, and
conbi nati ons thereof. 26. The nethod of claim 23

further conprising providing at | east one reaction

ga . The t hod.of _claim 23 erein the vapor i
do3%s TF emapBa st 18 32 et &b St foan ogmmetic B
pr ekesminabSgrolpe Met hod of claim 23 wherein the vapor
deposition process is an atom c |ayer deposition
process conprising a plurality of deposition cycles.

29 of. the formul.a (Formula l): wherein;: M

< cTROTRRA R lal o Si1PHR abledtig Sor et pmpihe sroup
Metalsistiig 6f © u@b3nyIRA Altrosyl, AAHoRRN bl SmiRNHit©8ED AL M,
thereof; each L is independently an anionicligand;
ea@%akmm%fWﬁﬁ%ﬁ%ﬁ@%ﬁ@ﬁvmaaﬁé@@ﬂéhwhbgﬁm¢$0ﬁ represents
the val ence state of the netal; z is fromO to 10; X

is from1l to n; andeach Rl, R2, R3, R4, and R5 is

i ndflepamaiethid of thyldng g eretalscoanihigasthfo@idohe mathédcddiising
prgo\ﬂft%gintgqgl%lpggeentso éonrlrp?rris?ng(?f the folTow ng apply:
a ligand source of the formula (Formula IIT):
R2 r!
R _ =N
R
or a tautomer thereof;
optionally a source for an anionic ligand L;
optionally a source for a neutral ligand Y; and
ametal (M) source;
wherein each R!, R% R, R* and R’ is independently hydrogen or an
organic group, with the proviso that one or more of the following apply: R! is
different than R>, or R? is different than R* and
wherein the metal (M) source is selected from the group consisting of a
Group 2 metal source, a Group 3 metal source, a Lanthanide metal source, and
combinations thereof, under conditions sufficient to provide a metal-containing

compound of the formula (Formula I):




RlL is different than R5, or R2 is different than R4.

30. The conpound of claim 29 wherein each Rl, R2, R3,
w40 7a037/R5 1 s i ndependently hydrogen or an orP@rRD82006/024997
group having 1 to 10 carbon atons. 31. The conpound of
claim 30 wherein Rl= isopropyl and R5 = tert-b Lyl.
32. The conpound of aj m,30, V\,hergsi n R2 = R4 = nethyl;

and R3 whereishl, e Rcdpré?un%l ord B afeans3izfinpbaheve, IR1 =
%&&g%ﬂs thAMed3R ﬂ?ltet cﬁgté 91%% % 7 ],Fr gt 9-@ %o a%@ogﬁgmof to n.

ere n ec he gro
COI’]SI sti ng of Ca Sr, and conbi nati ons ther eof
d of cl ai m29 wherejn at |east one
S eﬁ%c{llg%l @H@ A3 L}%ﬂ%ﬁ dresmpiah (M) soprepsgongisenp M(II)

al t@(ﬁesiﬁneﬂhwama%eﬁ@l\qmproup, a mercaptide group,
cyani de, an”al kyl group, ‘an am di nate group, a

g ublﬁ(lmiata@téy]glnanltamne}ins(tes;uahychraﬁwargr aupmiandioni Ketarfat e

group, a b-im noketonate group, a b-diketim nate

group, and conbinations thereof. 36. The conpound of

Cl 43.NTRSmeNREf Blalh e 1 afhek @AM isARRcled Forf the oup co sisting of

b-di keti m nate oup havin astructureth%r 111

safre HsBerad C@ﬁl%ﬂftﬂélobsﬂlleif@@ iminate |igand shovvn in

Formula |I. 37. The conpound of claim 35 wherein the at

| east one L is a b-diketimnate group having a

st 44icAunehéhed malsing b iictdl@htaihiag cdhipdur@ tHehBethod comprising

b di ketj minate |ligand shown in Fornmula |I.38. The
REPSSPTIPPEFHY SRR n the at |east one L is a

syrmetrég kg th T 9 The conpound of
cl aim37(\)/éﬂ11 rlg];n t eo&?ﬁﬁégé L is an unsymetric
b- di ketim nate group. ) t}g conpound of claim 29

wherein at |east one Y i
consisting of a cgrbonyl,

sellected fromthe group
ty osyl, ammoni a, an
MY, L, «

X

am ne, nitrogen, PR

; and

Rl R
s >111\
e

wherein:
each 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;
each n represents the valence state of the metal;

each z is from 0 to 10;
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an al cohol, water, tetrahydrofuran, and conbi nations
thereof. 41. A nethod of making a netal -containing
w@eoepowsdd t he nmet hod conprising conbi ni ng conpONER1086/024997
conprising: a ligand source of the fornula (Fornul a
[11): or a tautoner thereof; optionally a source for
an anionic ligand L; opti onal |y a source for a neutral
ligand Y; and a rr@tl%hx(sl\fffo@éd?@e wherein each Rl, R2,
R3, R4, and RS is, Nidayn hydr 9g y § gani c
group, with the prow sd?{’ﬂgt tl%o’n% #r* %dﬁi; %f’ ﬁgo .
foll owi ng apply: Rl is igiepémteatiy hycﬂl@gezf?&; aroér gk cigfoup; and
different than R4; gv\,herelnthe (M source iIs
T

sel ected fromthe iretmiats igangs é]FOV&n oy upude handa|
source, a Goup 3 netalpsRMLE88 hade b fEt al
source, and conbinati ong thereoa © ﬁ%&gﬁgorﬁ%utl’ons
sufficient to pr ow@dhaprm'tsalthat@m:armom@of:tﬂlmﬁ@ﬂmdngﬁpply:
the forrmula (Formula I);;wherein 5 Ya. R2, R3

R4, and R5 are as defi @E&%WMWHK ge‘:? ffgre{lW@anR4 R®
val ence state of the MY @fereht ﬂhﬁllkﬁb@@7ﬁ§d1;@renﬁﬂﬁn

i's froml to n. 42. The nethod of cl’aim 41 wherein the
metal (M source conprises a I\/(II)

bi s( hex

bi s( hexg%e{r%{“glhél%l %ﬁ%ﬁ%t fp ?fotwéci %\W@ F6PRpiRig cogppound of
c othei foatile (Borirtuds Hpf . 43. The met hod of claim4 1
wherein Mis selected fromthe group consisting of Ca,
Sr, Ba, and conbinatiorms thergof. 44. A nethod of
meki ng a netal -containin ound, the nethod
conpri si ng conbi ni nts ponpr|5|ng a compound
of the formula (Formnul

wherein M, Y, L, R, R?, R®, R* R, RS R7, RS R, R 1, and z are as defined

above.
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a conmpound of the fornmula (Formula VI): wherein: each
Mis selected fromthe group consisting of a Goup 2
woreaoal926a¢ G oup 3 netal, a Lanthani de, and conbCTES10061624997
thereof; each L is independently an anionic |igand;
each Y is independently a neutral |igand; each n
represents the val ence state of the netal ;each Rl, R2,
R3* R4, PIRGISQREOTRDSIRGN fRa: vapar derwsition |PﬁQP@E)~°e ﬁtfecrwmgps1tlon
hy ol 0 etimnate
1 SRR RoR b R Bh Ao fla e AllulatPaltofls £
dlfferent structures, VVI fr t hgi provi so that one or
nore of the follow ng apphy: is different than R5,

R2 is different t an R4, iN ifferent t han R10, or
; Lops sufficient
I\- i c oundn of the fornul a

R7 is different t
to provide a neta contar

(Formula I'l): wherein M L,IRl, R2, R3, R4, R5, RS,
R7, R8, R9, R10, n, and areRas defi ned above. 45. A
precursor cogpagit.ion for a vapor deposi’ti on process,
the conposition conprising at | east one conpound of

the fornul a (FornM & sklectedtf@neihr: grch éonslshﬁgbﬁai(}&dsm
the group consisting of a G oup 2 a Gou

netal, a Lant hani de, aﬁ’c‘]’tf’&{ﬂt@%ﬁ @ﬁ"@l @H@F‘@@Pldeeﬁ@h L
IS i ndependent ly an anb&ﬁbﬁaﬁdr&"’lﬂ&eoﬁ

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;

with the proviso that one or more of the following apply:

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

46. A compound of the formula (Formula II):

3
R Rz

R4
R

RS/N \

6
R
SN

R7/g&_/(N\ 10
8 9

R R
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each Y is independently a neutral l|igand; n represents
the val ence state of the netal; z is fromO to 10; X

w0 goooaesrd to n; and each Rl, R2, R3, R4, and RSI/US2006/024997
i ndependent|y hydrogen or an organic group; with the
proviso that one or nore of the following apply: Rl is
different than R5, or R2 is different than R4. 46. A
conpound of PHETER T nul a (Formula I'l):wherein: Mis

selected fromthe ISt . 2 ,
a Goup 3 netal, é\@ [Sg%%ﬁ%%}goéﬁ {Hg:%o‘%%@s%g ggﬁgd}g&pai
thereof; each L is independeGidup Bimeal)iadtkinthani@and
each Y is independently a ,neutrag Iifgand; n represents
the val ence state of tRenh@atens therealls om0 to 10;

each Rl, R2, R3, B4 1R&; R vB8 ; R10 is
i ndependent |y hydrogen onlr1 r?norggr??cang&?%cu%% R5, R2

= R4, R6 = RI10 , ami RisindG@endanly & mttaibgand;

b-di keti mnate |igands s in Formula_ Il have

di fferent struct uﬁégpresg?_s%ﬁ%galmgaﬁafl@p@t b m 46
wherein each Rl, R #63.0{640: RS, R6, R7, R8, R9, and
Rl i s i ndependently hydrogen or an_organic grou
having 1 to 10 Carisbii aRaME, R, R, R, R%RS, R’ and R" is

independently hydrogen or an organic group;
R'=R5,R?=R* RS= R", and R’ =R’ and
the two B-diketiminate ligands shown in Formula I have

different structures.
47. The compound of claim 46 wherein each R!, R?, R® , R4, R’ RS, R7, R R,

and R'% is independently hydrogen or an organic group having 1 to 10 carbon

atoms.

48. The compound of claim 47 wherein R’ = R® = tert-butyl; and R®=R'% =
isopropyl.

49. The compound of claim 47 wherein R*>=R*=R’ =R’ = methyl; and R =
R®=H.

50. The compound of claim 49 wherein R' =R’ = tert-butyl; and R® =R'° =

isopropyl.

51. The compound of claim 46 wherein M is selected from the group consisting

of Ca, Sr, Ba, and combinations thereof,

52. A method of making a metal-containing compound, the method comprising

combining components comprising:
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48. The conpound of claim47 wherein Rl1= RS =

tert-butyl; and R6 = R10 = isopropyl. 49. The conpound
w@Roochedema 47 wherein R2 = R4 = R7 = RO = net hyPCT/HRb06AR4997

= R8 H 50. The conpound of claim49 wherein Rl= RS =

tert-butyl; and R6 = RlO i sopropyl. 51. The conpound

of cl a|m46 erein, Mis selected fromthe group

consi st iaﬁléa squgce arthe fgmula{dorawilHlt i ons t her eof .

52. A net hod of,xmaki ng,a netal - cont ai ni ng conmpound,

t he net hod co [ n% 8onb| ni ng conponents

conpri si ng: aR? ource of the fornula (Fornula
[11): or atqg rthereof; a ligand source of the
fornula(FornuI HEtlonally a source for an
anioni c |igand }l optl

al | a neutral
ligand Y; and a met al (M Sérﬁ‘ta%?o‘%ﬁ\/\%ﬁ?%%ﬁ each Rl, R2,

R3, R4, aR§andR@urdeaf th8forik@la (@oamRi0V):s | ndependent |y
hydrogen or an arganic ﬁroup; Rl= R5, R2 = R4, R6 =
R10, and R7 = . and Rhe |igand sources shown in
Formula 111 gp#d la IV have different structures;
and wherein th tal (M source is selected fromthe
group consi stiing =g G oup 2 netal source, a Goup 3
metal source, g°tCanthaplode netal source, and

conbi nati ons thereof, Under OGdiféfamesikereeft f i ci ent to
provi de of the formula
ProVi SeomiiRlaksoant SpgiERgHRd.or he Tormia
R7, RS, oiR®naliyla Ri@rcafw aasutral ligand Y; and

a metal (M) source;

wherein each R', R?, R’ RY R’ RS, R’ RS, R’ and R is independently
hydrogen or an organic group; R' =R’ R?=R* R®= R', and R” = R’; and the
ligand sources shown in Formula III and Formula IV have different structures;
and

wherein the metal (M) source is selected from the group consisting of a
Group 2 metal source, a Group 3 metal source, a Lanthanide metal source, and
combinations thereof, under conditions sufficient to provide a metal-containing

compound of the formula (Formula II):

R2
N/
o \
MY an 2

wherein M, Y, L, R', R%, R%, R, R®, R® R7, R, R®, and R!° are as

defined above, n represents the valence state of the metal, and z is from 0 to 10.
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defi ned above, n represents the val ence state of the
metal, and z is fromO to 10.53. A nethod of naking a
wOoretoalesont ai ni ng conmpound, the nethod conpri sP@IUS2006/024997

conbi ni ng conponents conprising: a conmpound of the
formula (Formula I): a conmpound of the fornula

(Formula VI): wherein: eachMis selected fromthe

group consisting of a Goup 2 netal, a Goup 3 netal,

a Lant hani de, and conbi nati ons t her eof ach L

; is ..
i ride pemuedhed|of makinga watekcPRtgAME comRonds thg method comprising
i ndependen e .]lgand; each n represents the
vﬁogﬁ’&lgnéfélljf%orgep%ﬁl%{p%#g[; each z is fromO to 10;
each Rla coizhoulRd oRthe fRmulRGForRla B8, R9, and R10 is
i ndependently hydrogen or an organic group; RL R5, R2
= R4, R6 = R10, and R7 ;a the b-di ketim nate
| i gands shown in Fornul a a Formul a VI have
different structufes;;un nditions sufficient to
provi de a netal - ciont & T conp U dxt he formul a
(Formula I'l):wherein M Y )T, , R, R3, R4, R5, Re,
R7, R8, R9, R10, n, andgt ar?sas defined above, and
the two b-diketinminate [igands shown in Fordnd a ||
have different structures. 54. A precursor conposition
for a vagsipciapesiid formilagEassila Ve conposition
conprising at |east one corrpo%nd of the fornmula
(Formula I'1): wherein: R

R
< R® ><.Il]\ MY, Ly«

I
R0

Z,

wherein:

each 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,;

each n represents the valence state of the metal;

each z is from 0 to 10;

each R, R% R, R%, R*, RS, R”, R, R’, and R "’ is
independently hydrogen or an organic group;

R'=R° R%*= R* R®= RY and R’ = R’ and

the B-diketiminate ligands shown in Formula I and
Formula VI have different structures;

under conditions sufficient to provide a metal-containing compound of

the formula (Formula II):
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Mis selected fromthe group consisting of a G oup 2
netal, a Goup 3 netal, a Lanthanide, and conbi nati ons
wao b@reafe74 each L i s independently an ani oni c | PQENR006/024997
each Y is independently a neutral l|igand; n represents
the val ence state of the netal; z is from Qo 10; each

Rl, R2, R3, R4, R5, R6, R7, R8, RO, and R10 is

i ndependent |y hydrogen & an os)gani c group; Rl R5, R2
= R4, R6 = R10, and R7 =\R9; Bnd the two

b-di ketimnate |iggdds s in Eornula Il have

di fferent structures. (.g&nd source of the
Forrmula (I11): or a taugo her eof , wherein each RI,
R2, R3, R4, and R5 iRS~independent!y hydrogen or an

al kyl noiety having 1 to 1INDCAarbon atons, with the
provi so that one ofRﬁQre 7f the following apply: Rl is

different than R5, or R i/s different than R4. 56. The
li gand source of claim({35'wherein Rl= tert-butyl and

R5 = isopropyl. 572 "Th ndRbur ce of claim 55
wherein R2 = R4 = nethy d R3 = H 58 The ligand
source of claimb55 whrein = tert-butyl and R5 =

i sopropyl. 59. A nethod of nmking a b-diketimnate

| | gaeeisPYNGE, RENR?, BE RY® cRIR| RY, R, RUmhj anidrpre as defined
conmponents_conpri sj ng:. an am ne_of the for a X

a aeAtSoUKhe e Redikefihigris Heppdshonys %apn%gﬁtbﬁva eront
th res.and an al kyl ating agent, under conditions
sufficient to provide a |ligand source

54, A precursor composition for a vapor deposition process, the composition

comprising at least one compound of the formula (Formula II):

RS R2
rRY .
aE
g \
MYan-Z

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;
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of the formula (Formula II11): or a tautoner thereof,

wherein each RlL, R2, R3, R4, and R5 is independently
whyaroegesm or an al kyl noiety having 1 to 10 car@DnS2006/024997

atons, with the proviso that one of nore of the

following apply: Rl is different than R5, or R2 is

different than R4. 60. A ,vapor, d§p SI; Qn system

conprising: a depesét RoR> CRalﬁ)eR RayRndR aszbélR'l%dse

posi ti oned therein; and den ds ﬂ &e vesse| I ng
at |east one compound GPIPRAARY R ggﬁ;grr%?rgal? group,

wherein: Mis sel gdt-eR’ fH2enR‘tIRé=gR’@u;ﬁldqo7n=sR§tdn@g of a

Goup 2 netal, a Goup 3 net al, a Lanthani de, and

conbi nat i ons t her & twoelkéiketiminate higpads lrsrn inFogmula IT have
anioni c |ligand; each Ydlﬁeréﬂ%ﬁegﬂgegnt ly a neutral
l'igand; n represents the val'ence state of the netal; z
is fromO to 10; x is from1l to n; and each Rl, Rz,

and R5 is ndependently hydrogen or an organic
gré@p, Tjgap S?‘I’*Féeﬁfg\?lFé’émPﬁaﬂ Done or nore of the
followng apply: Rl 4= diffenrent than R5, or R2 is
di fferent than R4. NCA vagor deposition system
conprising: a dep T chanber having a substrate
posi tioned thereing d at | east one vessel conprising
at | east one corrpound4 1“—‘Nhe5for mul a

R R

or a tautomer thereof,
wherein each R}, R% R®, R*, and R® is independently hydrogen or an
alkyl moiety having 1 to 10 carbon atoms, with the proviso that one of more of

the following apply: R'is different than R®, or R? is different than R*,

56. The ligand source of claim 55 wherein R' = rert-butyl and R® = isopropyl.
57. The ligand source of claim 55 wherein R*=R* = methyl, and R* =H.

58. The ligand source of claim 55 wherein R' = fers-butyl and R® = isopropyl.
59. A method of making a f-diketiminate ligand source, the method comprising
combining components comprising;

an amine of the formula RlNHz;

a compound of the formula (Formula V):

R2
3 =0
/_ N5

R4
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(Formula I'l): wherein: Mis selected fromthe group

consisting of a Goup 2 netal, a Goup 3 netal, a
waanvkexsirde, and conbi nati ons thereof; each L PGI/US2006/024997

i ndependently an anionic |igand; each Y is

I ndependently a neutral ligand; n represents the

val ence state of the nmetal; z is fromO to 10; each

Rl, R2, R3, R4ptRBomEGtheRd{;aR8, RO, and R10 is

PRI 35BS B B Fmaore
[i g,@moﬁﬂgmpdnﬂnﬁmmygl a ll have different structures.

RZ , R1
R —N
H

R4

N RS
, or a tautomer thereof,
wherein each R!, R%, R? R*, and R® is independently hydrogen or an
alkyl moiety having 1 to 10 carbon atoms, with the proviso that one of more of

the following apply: R’ is different than R®, or R? is different than R*,

60. A 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):

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% R3, R*, and R’ is independently hydrogen or
an organic group;

with the proviso that one or more of the following apply:
R! is different than RS, or R? is different than R*.
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61. A 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 TI):
R} R>
Rr? /\ R!
N—
R \
MY, L2

6
R
\N/

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 1s from O to 10;

each R', R*, R>, R*, R°, RS, R", R¥, R’, and R’ is
independently hydrogen or an organic group;

R'=R’, R*=R%, R*=R", and R" =R’; and

the two B-diketiminate ligands shown in Formula II have

different structures.
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