ORGANOVETALLI C COMPOUNDS The present invention relates generally to the
field of organonetallic conpounds. In particular, the present invention
relates to the field of organonetallic conmpounds useful for atomc |ayer
deposition and chem cal vapor deposition of thin filnms. In atomc |ayer
deposition ("ALD') processes, conformal thin filnms are deposited by
exposing a surface to alternating vapors of two or nore chem cal reactants.
Vapor froma first precursor (or reactant) is brought to the surface onto
which the desired thin filmdis t i nreacted vapor is then
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i s brought tos,[&\he surface .and. al | owed, t re c#d%th t he @rrst reeursor,
with any exceddic SESHHANYSRERR Feldles gF&f)r&Py i § ¢ %Bomﬁtﬁ H:Cs? ﬁ‘ns the ALD
process typicafk e r@%@ fivestich RRER MR fieRf oﬁ&ﬂ@andﬁféta‘llﬂﬁccﬁﬂdoﬁhdsﬂkbﬁll fsquence
of steps s repeate until the desired filmithickness is obtained. In
gener al , atrcpayscdepseitionred phanfiesl veppralepasifion of thibWlmenper at ures,  such as
from 200 to 400 C. The exact tenperature range will depend on the particul ar
filmto be ddpewntietyarsdepesitiom AdD’) peocpsses, pmfbanalplmec"dmser@eemqeéyed ALD
processes _have bee osi ¢ pure net a es
netal ni thpﬁsé%gaﬂgﬁﬁ?% ag?ag}a&ggx oﬁ o2 ooérrrnc?r?réfﬁrgsl a&tsdélaﬁg{% %XﬁrgtALD
Pr ecur sorgrediidt (d2@eatint)iiS beaghtyto Vit satfadecont®whith lﬂlﬁdadealrsdlfhﬁrl filnefstto be
concentration of the precursor vapor in, fhe react or to dep osr_tﬁ% nonol ayer

on the sulsgesitgdeAsy Pf‘@é‘ee%’ 7 I taerr EAOYFhEPE hoRiEiearInser Yaam- TG YPRYur sor s
nust al sghe, §é{:fog!i Bfe%ﬂrts!)xy 5 %I'd%gh?tottﬂ)e QYR 1 B8Ad ‘M lteQ@("Wlth 1R $1R prcBrsor,

decorrposr tion an nwant e e reactions, but nust al so be suffici entIy
reactive with arfycﬁxm$ esodé pracartof vapor bring tesoyed sEachtstep 1WhehAIsDcnhocassteqmalhed

bal ance of vol ati l abi I| ertr e there i er | ack of
ol bt o dsptts Achanolab e ne iiied ik, TRl RREbE STl i FrssdseiheHE Riifed o0k 0
a singl e filhOBRANEE RUbtaiikdTah @Pidral, APDEGEEeSRE Sredfet Fmetatifaik Iy 16\ edthsedtures,
characteristics, thus offering the inherent advantage of _nmatching_and

har moni zi g #n&om 2A ta 3G tVlecﬁxart taapﬁsawetrﬂn&eﬁellcﬁéaw n hA parlselégglm to be
However, &eﬁ?)srte&ﬁ?w@lfl aO% Mleif)aﬁlcﬂﬁl' ?rg&:ﬂlng??gmgf ?E‘JP Rtb%rﬁcés?e%%af@ﬁ@eﬁ(ﬁg dyer

ot her parahount precursor arac as ‘the shielding of netal
center, tdwaosrgnvemaladsmélmsfrmtd axalrstmaalgitfideg metat kanbideontpidenaid awtd] gas
phase r eaclﬁ g reaction with second conpl enentary precursor),

adj usti ngs 19%&% i1t y of precursor, and achieving required thernal
stability for recur sor,

y ALhS precursors must be sufficiently volatile to ensure a sufficient concentration of the
precursor vapor in the reactor to deposit a monolayer on the substrate surface within a reasonable
period of time. The precursors must also be sufficiently stable to be vaporized without
premature decomposition and unwanted side reactions, but must also be sufficiently reactive to
form the desired film on the substrate. With such a required balance of volatility and stability

properties, there is an overall lack of suitable precursors.

Conventional precursors are homoleptic, i.e. they have a single ligand group. Homoleptic
precursors offer uniform chemical characteristics, thus offering the inherent advantage of
matching and harmonizing the functionality of ligand with the deposition process. However, the
use of only a single ligand group offers less control over other paramount precursor
characteristics, such as the shielding of metal center, that governs the surface reactions (e.g.
chemisorption) and gas phase reaction (e.g. reaction with second complementary precursor),
adjusting the volatility of precursor, and achieving required thermal stability for the precursor.

For example, tetrakis(dialkylamino) hafnium is currently used as a chloride-free alternative to



For exanple, tetrakis(dialkylamno) hafniumis currently used as a
chloride-free alternative to 1 H Cl4. However, precursors in this class of
conpounds tend to prematurely deconpose during storage and/or before
reaching the reactor. Substituting one or nore of the dial kylam no groups

Wi th another organic group that inparts thermal stability has been tried but
wth little success, due to the inability to match the functionality of

ot her group and achieve the desired stability. Certain netal inino conplex

conpounds__are known as vapor deposition precursors. For exanple
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Such compounds are suitable in a variety of vapor deposition methods, such as chemical

vapor deposition (“CVD?”), and are particularly suitable for ALD. Also provided is a
composition including the above described organometallic compound and an organic solvent.

Such a composition is particularly suitable for use in ALD and direct liquid injection processes.

The present invention further provides a method of depositing a film including the steps
of: providing a substrate in a reactor; conveying the organometallic compound described above
in a gaseous form to the reactor; and depositing a film including the metal on the substrate. In
another embodiment, the present invention provides a method of depositing a film including the
steps of: providing a substrate in a reactor; conveying as a first precursor the organometallic
compound described above in a gaseous form to the reactor; chemisorbing the first precursor
compound on the surface of the substrate; removing any non-chemisorbed first precursor
compound from the reactor; conveying a second precursor in a gaseous form to the reactor;

reacting the first and second precursors to form a film on the substrate; and removing any



conpound on the surface of the substrate; renoving any non-chem sorbed first
precursor conpound fromthe reactor; conveying a second precursor in a
gaseous formto the reactor; reacting the first and second precursors to
forma filmon the substrate; and renoving any 2 unreacted second precursor.
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The organometallic compounds of the present invention, known generally as metal imino
complexes, have the general formula (EDG-(CRIR2)y-N=),,l\/[”"L1,<7L2,(”L3 p» Wherein each R! and
R? are independently chosen from H, (C,-Cg)alkyl and EDG; EDG is an electron donating group;
M = a metal; L' = an anionic ligand; L? is a ligand chosen from amino, alkylamino, dialkylamino
and alkoxyalkyldialkylamino; L* = a neutral ligand; y = 0-6; m = the valence of M; n = 1-2; x> >
0; x> 0;m=2n+Xx’ +x”; p=0-3; wherein n = |1 when m = 2-3, and wherein n = 1-2 when m
> 4; L' # L? provided that x> > 1 when m> 3 and EDG = amino, alkylamino, dialkylamino,
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pyridyl or alkoxy. In one embodiment, y = 0-3. The subscript “n” represents the number of
imino complex ligands in the present compounds. The valence of M is typically 2-7 (i.e.,
typically m = 2-7), more typically 3-7, and still more typically 3-6. It will be appreciated by
those skilled in the art that n = [ or 2 when m > 6. When the metal has a valence of < 5 (i.e., m
< 5),nistypically 1. In general, x> =0-5. Whenm =2, x’ =x”=0. In general, x” = 0-5 and
more typically 0-4. In one embodiment, each R' and R% R and R* are independently chosen

from H, methyl, ethyl, propyl, butyl, and an electron donating group (“EDG”).



typically m= 2-7), nore typically 3-7, and still nore typically 3-6. It

w Il be appreciated by those skilled in the art that n =1 or 2 when n» 6.
When the netal has a valence of <5 (i.e., m <5), nis typically 1. In
general, x' = 0-5. When m= 2, x' = x" = 0. In general, x" = 0-5 and nore
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i mno, hiyeihak kepheRMOSRMoPRenyl, hydroxyphenyl, (Cl-Cé)alkylphenyl di(C,-Cg)alkylphenyl,
(Cy-Ce)alkylphenol, (C;-Ce)alkoxy-(C,-Ce)alkylphenyl, biphenyl and bipyridyl. The electron
donating group may include another electron donating group, as in hydroxyphenyl, aminophenyl

and alkoxyphenyl.

A wide variety of anionic ligands (L') may be used in the present invention. Such
ligands bear a negative charge. Possible ligands include, without limitation: hydride, halide,
azide, alkyls, alkenyl, alkynyl, carbonyl, dialkylaminoalkyl, imino, hydrazido, phosphido,
nitrosyl, nitryl, nitrite, nitrate, nitrile, alkoxy, dialkylaminoalkoxy, siloxy, diketonates,
ketoiminates, cyclopentadienyls, silyls, pyrazolates, guanidinates, phosphoguanidinates,
amidinates and phosphoamidinates. Any of such ligands may be optionally substituted such as
by replacing one or more hydrogens with another substituent group such as halo, amino,
disilylamino and silyl. Exemplary anionic ligands include, but are not limited to: (C;-C;p)alkyl
such as methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclopropyl, cyclopentyl and cyclohexyl; (Ca-
Cio)alkenyl such as ethenyl, allyl, and butenyl; (C,-C¢)alkynyl such as acetylenyl and propynyl;

(Cy-Cip)alkoxy such as methoxy, ethoxy, propoxy, and butoxy; cyclopentadienyls such as



nitrosyl, nitryl, nitrite, nitrate, nitrite, al koxy, dialkylam noal koxy,

sil oxy, diketonates, ketoim nates, cyclopentadienyls, silyls, pyrazolates,
guani di nat es, phosphoguani di nates, am di nates and phosphoam di nates. Any of
such ligands may be optionally substituted such as by replacing one or nore
hydrogens wi th anot her substituent group such as halo, amno, disilylamno
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2- pent ene, 1Ngex# liganR-(hdeneptional ihaimemesentéomypoands) eSuch nkytkAtigaels do not

bear an overall charge and may function as stabilizers. Neutral ligands include, without
limitation, CO, NO, alkenes, dienes, trienes, alkynes, and aromatic compounds. Exemplary
neutral ligands include, but are not limited to: (C,-Cjp)alkenes such as ethene, propene, 1-butene,
2-butene, 1-pentene, 2-pentene, 1-hexene, 2-hexene, norbornene, vinylamine, allylamine,
vinyltri(C,-Ce)alkylsilane, divinyldi(C-Ce)alkylsilane, vinyltri(C;-C¢)alkoxysilane and
divinyldi(C,-Ce¢)alkoxysilane; (C4-C,;)dienes such as butadiene, cyclopentadiene, isoprene,
hexadiene, octadiene, cyclooctadiene, norbornadiene and a-terpinene; (Cs-Cg)trienes; (C,-
Cio)alkynes such as acetylene and propyne; and aromatic compounds such as benzene, o-xylene,
m-xylene, p-xylene, toluene, o-cymene, m-cymene, p-cymene, pyridine, furan and thiophene.
The number of neutral ligands depends upon the particular metal chosen for M. Typically, the
number of neutral ligands is from 0-3. When 2 or more neutral ligands are present, such ligands

may be the same or different.

The present metal imino complexes may be prepared by a variety of methods known in

the art. For example, the general procedure disclosed in U.S. Patent Application No.
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and t hi ophene. The nunber of neutral Iigands depends upon the particul ar
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di scl osedkilled innheam et propead thegresant rﬁqﬂmllmmatcom;ﬁe%@ 2004/ 007796 and WO

2005/ 112101 for the manufacture of certain imno conplexes nmay be easily
modi fi ed by tMhssboveldesdrided bigahdrretallit cbmpannepaxre@atthnalapnyeaﬁm}e foetusd ad m no

conpl exes. The agbove-descyi bed organ t npounds are particularly
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or ganonetghbdnggompounds in the vapor phase to a deposition reactor. Such
bubblers typically contain a fill port, a gas inlet port and an outlet port
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if direct liquid injectionis outl et “port
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the typically contain a fill port, a gas inlet port and an outlet port which is connected to a vaporizer

that is connected to a deposition chamber if direct liquid injection is employed. The outlet port

may be also directly connected to a deposition chamber. A carrier gas typically enters the

bubbler through the gas inlet port and entrains or picks up precursor vapor or a precursor-

containing gas stream. The entrained or carried vapor then exits the bubbler through the outlet

port and is conveyed to the deposition chamber. A variety of carrier gases may be used, such as

hydrogen, helium, nitrogen, argon and mixtures thereof.

A wide variety of bubblers may be used, depending upon the particular deposition
apparatus used. When the precursor compound is a solid, the bubblers disclosed in U.S. Patent
Nos. 6,444,038 (Rangarajan et al.) and 6,607,785 (Timmons et al.), as well as other designs, may
be used. For liquid precursor compounds, the bubblers disclosed in U.S. Patent Nos. 4,506,815
(Melas et al) and 5,755,885 (Mikoshiba et al) may be used, as well as other liquid precursor
bubblers. The source compound is maintained in the bubbler as a liquid or solid. Solid source
compounds are typically vaporized or sublimed prior to transportation to the deposition chamber.

Bubbler for use with ALD processes may have pneumatic valves at the inlet and outlet ports to



bubbl er through the gas inlet port and entrains or picks up precursor vapor
or a precursor- containing gas stream The entrained or carried vapor then
exits the bubbler through the outlet port and is conveyed to the deposition
chanber. A variety of carrier gases nmay be used, such as hydrogen, helium
ni trogen, argon and m xtures thereof. A wide variety of bubblers may be
used, dependi ng upon the particular deposition apparatus used. Wen the
precursor conpound is a solid, the bubblers disclosed in U S. Patent Nos.
6, 444, 038, (Rangar aj gn, et al and 7,785 (Timons et al as well as
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| iquid precursor, as well as certain bubblers for supplying solid

precur s6#8ST 8] | contain a dip tube which is connected to the gas inlet
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vessel hyalmdngalahamﬁ pagRnddving ph umwr $urtakce bhatpg@lcxp@er sqcom hetvp plgsue pominar
surface n cross-sectjon. a t op cl osure por.t q a bot t nlclosure
por t 1 onen e BaReiERaE T obe P sk Hheg el el s Cohenetaftng flto

intr 0duaf 4 @dfrierQfas and a1 SutRt ogtngathd efohgared bﬂindﬁbﬂﬂ;hﬁ}gad poftone a0 tigat dhdmber

cylindrical shaped portion having a chanbe
containing the organometallic compound described above

In an embodiment, the present invention provides a device for feeding a fluid stream
saturated with an organometallic compound of the formula (EDG-(CRIRz)y-N=)nM+mL',(sz,(»L3 ps
wherein each R! and R* are independently chosen from H, (C;-Ce)alkyl and EDG; EDG is an
electron donating group; M = a metal; L' = an anionic ligand; L? is a ligand chosen from amino,
alkylamino, dialkylamino and alkoxyalkyldialkylamino; L* = a neutral ligand; y = 0-6; m = the
valence of M; n=1-2; x’> 0; x” > 0; m=2n+x’ + x”; p=0-3; wherein n = | when m = 2-3,
and wherein n = 1-2 when m > 4; L' # L% provided that x’ > 1 when m > 3 and EDG = amino,
alkylamino, dialkylamino, pyridyl or alkoxy to a chemical vapor deposition system including a
vessel having an elongated cylindrical shaped portion having an inner surface having a cross-
section, a top closure portion and a bottom closure portion, the top closure portion having an
inlet opening for the introduction of a carrier gas and an outlet opening, the elongated cylindrical
shaped portion having a chamber containing the organometallic compound; the inlet opening

being in fluid communication with the chamber and the chamber being in fluid communication



cont ai ning the organonetal | ic conpound descri bed above. In an enbodi nent,
the present invention provides a device for feeding a fluid stream
saturated with an organonetallic conpound of the formula (EDG (CR R Y
N=)"M+"' L'x L2, ,L3P, wherein each R and R2 are independently chosen from
H (C-C6)al kyl and EDG EDG is an electron donating group; M= a netal; L'
= an anionic ligand; L2 is a ligand chosen fronlanino, al kyl am no,

di al kyl am no and alkoxyalkyldialkylanino = a neutral ligand; y = 0-6; m
= the va ence of m=2n + x' + x"; 0 3;
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and the like. Such substrates are particularly useful in the manufacture of integrated circuits.

Deposition is continued for as long as desired to produce a film having the desired
properties. Typically, the film thickness will be from several hundred to several thousand

angstroms or more when deposition is stopped.

Thus, the present invention provides a method for depositing a metal film including the
steps of: a) providing a substrate in a vapor deposition reactor; b) conveying as a precursor the
organometallic compound described above is a gaseous form to the reactor; and c¢) depositing a
film including the metal on the substrate. In a typical CVD process, the above described method

further includes the step of decomposing the precursor in the reactor.

Thin metal-containing films are produced by ALD with almost perfect stoichiometry by
alternately subjecting the substrate, one at a time, to the vapor of precursor compounds of each of
the elements of which the film is formed. In ALD processes, a substrate is subjected to the vapor
of a first precursor which can react with the surface of the substrate at a temperature sufficiently

high for such reaction to occur whereby a single atomic layer of the first precursor (or metal



Sui tabl e substrates for dep05|t|on in the case of electronic device

manuf acture, may be silicon, silicon germanium silicon carbide, gallium
nitride, gallium arsenide, indiun1phosphide, and the |ike. Such substrates
are particularly useful in the manufacture of integrated circuits.
Deposition is continued for as long as desired to produce a film having the
desired properties. Typically, the filmthickness wll be from several
hundred to several thousand angstronms or nore when deposition is stopped.
Thus, the present invention provides a nethod for depositing a netal film
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In a further embodiment, the present invention provides a method of depositing a film
including the steps of: providing a substrate in a vapor deposition reactor; conveying as a first
precursor the organometallic compound described above in a gaseous form to the reactor;
chemisorbing the first precursor compound on the surface of the substrate; removing any non-
chemisorbed first precursor compound from the reactor; conveying a second precursor in a
gaseous form to the reactor; reacting the first and second precursors to form a film on the
substrate; and removing any unreacted second precursor. The alternating steps of conveying the
first and second precursors and step of reacting the first and second precursors being repeated
until a film of the desired thickness is obtained. The step of removing a precursor from the
reactor may include one or more of evacuating the reactor under vacuum and purging the reactor
using a non-reactant gas and/or multiple solvent vapor. The second precursor may be any
suitable precursor that reacts with the first precursor to form the desired film. Such second
precursors may optionally contain another metal. Exemplary second precursors include, but are

not limited to, oxygen, ozone, water, hydrogen peroxide, alcohols, nitrous oxide and ammonia.



as least two vapors of two different precursors, respectively, and operating
nmeans operatively connected with one of the pair of nmeans for operating the
one nmeans with respect to the other of the pair of neans for providing on
the substrate first a single atomc |ayer of one of the precursors and then
a single atomc layer of the other precursor. See, e.g., U S. Patent No.
4,058,430 (Suntola) for a description of an ALD apparatus. In a further
enbodi ment, the present invention provides a nethod of depositing a film
including t steps of: providi a substrate in a,va deposi tion,.reactor;
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Further provided by the present invention is a method for manufacturing an electronic
device including the step of depositing a metal-containing film using any one of the above

described methods.

The present invention provides an enabling solution to the use of heteroleptic precursors
for vapor deposition, particularly ALD, which have a suitable balance of functionality, desired
thermal stability, appropriate metal center shielding and well governed surface as well as gas

phase reactions, by use of phosphoamidinate ligands.

The following examples are expected to illustrate various aspects of the present

invention.

Example 1
Tantalum bis(di-isopropylacetamidinate)-(dimethylamino)-(2-diisopropylamino)-

ethylimide, (i-Pr);NCH,CH,NTa(amd),(NMe:), is expected to be synthesized as follows:
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tol uene, and xyl ene. Wien used in direct Iiquid injection processes the
concentration of the organonetallic conpound is typically in the range of
0.05to0 0.25 M and nore typically 0.05 to 0.15 M The organonetal lic
conpound/ or gani ¢ sol vent conpositions nmay be in the formof solutions,
slurries or dispersions. Conpositions including the present organonetallic
conpound and an organi c solvent are suitable for use in vapor deposition
processes enploying direct liquid injection. Suitable direct |liquid

i njection processes are those described in U S. Patent Application No.
2006/0 1 1 093 0 (Senzaki). Further provided by|the present invention is a

nmet hod for manufacturing an electronic device TntNuding the step of

depositing a netal -containing filmusing any one of\ the above described

nmet hods. The present 4 ntlon provi des an enablingnsgl ution to the use of

het erol epti c precursor \/Qr vgrfor &D@SKQXFQSH) E@rszcu ALD, which have

a suitable bal ance off functi na}lfy desersl t gvma lity, appropriate
. . |

netal center shielding and |1 governed surface”agN\wel|l as gas phase

reactions, by use of phosphoami dinate |igands. Thel flol | owi ng exanples are

expected to illustrate varlohé aspects of the presenpt invention. Exanple |

Tant al um < N
b|s(dl-lsopropylaceta#|d|natef>(d|nethylanlnGTTféﬂg ihe@pe opyl am no) -

et hyl i m de, (|-Pr)2NCH2CH2NTé£anﬂ)2(NNb2) is expected to be synthesized as
follows: 10 ~NU H Py(excess) N/EL.,CI + TaCl 5 ]/ﬂ;-ﬁLﬁ toluene C/f Y Y Cu
amd N = -<N(D ---Z< NLi hexane N

{ﬁ MNMe; | inme, __
S “U

(2-Diisopropylaminoethyl)(trimethylsilyl)amine is added to TaCls in toluene at low
temperature (approximately -30 to -40° C). A 3-neck round bottom flask is used. It is equipped
with magnetic or mechanical stirring and effective heating/cooling system to control the rate of
reaction. After the mixture is stirred for 1 hour at room temperature, excess pyridine is added.
The resulting mixture is then stirred overnight under an inert atmosphere of nitrogen. The
reagents are added in continuous and dropwise manner, and are allowed to mix slowly to control
the exothermicity of the reaction. The crude intermediate product is then expected to separate
from the reaction mass after filtration with a high yield expected. Next, the intermediate is taken
into hexane. To this, lithium di-isopropyl acetamidinate (Li-amd, which is prepared from N, N’-
diisopropylcarbodiimide and methyl lithium in diethyl ether) suspended in hexane is added
slowly. The mixture is expected to turn brown gradually as it is stirred overnight. Lithium
dimethylamide which is prepared from dimethylamine and n-butyl lithium in hexane is then
added to the reaction mixture. After filtration, the filtrate is concentrated. Purification by
vacuum distillation is expected to give a pure compound. The target product is expected to be
obtained in high yield and is expected to be substantially free of organic solvents (< 0.5 ppm) as
determined by FT-NMR and also substantially free of metallic impurities (< 10 ppb) as
determined by ICP-MS/ICP-OES.

Example 2

11



A--1, NU--1, NUN,NWeZ LiNMe2 IN,Cl N a-NN/ NU CNNU (N

(2-Dii sopropyl am noethyl)(trinmethylsilyyll)amne is added to TaCl5 in
toluene at low tenperature (approximately -30 to -40 Q A 3-neck round
bottomflask is used. It is equipped wth magnetic or nmechanical stirring
and effective heating/cooling systemto control the rate of reaction. After
the mxture is stirred for 1 hour at roomtenperature, excess pyridine is
added. The resulting m xture is then stirred overni ght under an inert
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The m xture is expect@d to turn bromm gra g irred overnight.
Li t hi um di net hyl am de which is prepared fron1dﬁﬁethylan1ne and n-butyl
lithiumin hexane is then added to the reactlon xture After filtration,

the filtrate is concentrated. Purification by "®X3g @istillation is
expected to give a puﬁe/conpound The target @Loduct srexpected to be
obt ai ned in high el dyand is expected to be su ally free of organic
solvents (< 0.5 ppn) as 7 determ ned by FT-NVR grd substantially free of

metallic inpurities (< 10 ppb) as det er ni ned / y | CP- Mt CP- CES. Exanpl e 2
11 Bi s(2-diisopropyl am noet hyl i m no) - bi s(di met hyl am no)tungsten(Vl) is

expected 1o bep ﬁémp@&%lﬁ@&h@ﬁﬁgﬁahﬁwﬁmmqsélebvh}oyudee 1§ 9L BsgbRe. . R-

a /R C exces s toluene ~t
low temperature (approximately -30 to -40° C). A 3-neck round bottom flask is used. It is

equipped with magnetic or mechanical stirring and effective heating/cooling system to control
the rate of reaction. After the mixture is stirred for a few hours at room temperature, excess
pyridine is added. The resulting mixture is then stirred overnight under an inert atmosphere of
nitrogen. The reagents are added in continuous and dropwise manner, and are allowed to mix
slowly to control the exothermicity of the reaction. The crude intermediate product is then
expected to separate from the reaction mass after filtration with a high yield expected. Next, the
intermediate is taken into hexane. To this, LiNMe, suspended in hexane or LiNMe, powder
which is prepared from dimethylamine and n-buty! lithium in hexane is added slowly. The
mixture is expected to turn dark brown as it is stirred overnight. After filtration, the filtrate is
concentrated. Purification by vacuum distillation is expected to give the desired compound. The
target product is expected to be obtained in reasonably high yield and is expected to be
substantially free of organic solvents (< 0.5 ppm) as determined by FT-NMR and also
substantially free of metallic impurities (< 10 ppb) as determined by ICP-MS/ICP-OES.

Example 3
Organometallic compounds of the formula (EDG-(CR1R2)y-N=),,M+mLlx’sznL3 plisted in

the following table are expected to be prepared according to the procedures in one or more of

U.S. Patent Application No. 2004/0202171, and International Patent Applications WO
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C RC R hexane LiNMe2 \~~~ NRNR RA- N\

(2-Dii sopropyl am noethyl)(trinmethylsilyl)amne is slowy added to WCI 6 in
toluene at | ow tenperature (approximtely -30 to -40 Q A 3-neck round
bottomflask is used. It is equipped with magnetic or nmechanical stirring
and effective heating/cooling systemto control the rate of reaction. After
the mxture is stirred for a few hours at roomtenperature, excess pyridine
is added. The resulting mxture is then stirred overnight under an inert

at nosph (& Zn% agents are added in continuous and dropw se
manner, 3@1@58 gg@ 4@3@5095 1 E slowy to control the exothermcity of the
reactio —Fhe—cruda 'nfﬁw rrediat-e—product—+s-then—expected-to-separate, from

t he reagtSamplenasM after filepation with ar’hi gh i elld afpected? Nexit! the

i nt er redi-ate—+s—talken—Hto—hexaner—Fo—thisi—4H d—nthexane] or

Li NMe2 powder | Mg gh 1s prE(m)Mml fir am di met hyl ari ne aodtn-but-yl |1 it-hiumin
hexane irs—added—si y—tHhe—rtxtre—+$—expegted—to—turn—darkbtrowr—as; it is
stirred |ové nijghal. (Afterl GH¥Q(EQMegn,0 the filfrate i|ls Moncentrafed.-
Pur i f i cattomrby—vaguum-dtst+itat+on—tsrexpected—torgrve—the desired
conpound. The t&'rg et I priodu€(O)Ms expdected-t o|be-obt/aiAMB i n reasonabl y| hi gh
yield and—Ts d—tg be—substamttatty freeof jorgamcrsotvents (<] 0. 5
ppn) as |deter nj n@d by2 FT- NVRPand al sb |subst anti-al lly KiMe jof -nmetal I-i ¢
i mpuri tifes (<10 ppb) ag determ ned by [T CP-VB/ T CP-QES—Exanpte 38
O ganonet alfl i ¢| c@hpouhds MEMH@E or rﬁJI @ (EDG{( CRLR2) VANB , MrrL1x, YDMS| BP
| isted im—thefoltjowng table ar pected 10 be prepared accofding tp the
procedurles Fin lon¥ or horle ofCHU. S. Fﬂat ent ~Appl i cati OW% le 004/ 0202171 and
| nt er natfional [Patent Apgiicati ons |WO 12 20041007798 and WO 20054112101
Sanple Mn%EDG VYR | RE ' LPE3 ANy | NEt)Me-0 | DM | - -

H Ti 1 N(Me)Li 0 - - Cp - -
I Hf 1 NH(t-Bu) 0 - - NO; - isoprene
J \Y% 1 BiPy 0 - - MMP - -
K Ta 1 Ph 0 - - MP - -
L W 2 Ph-NMe, 0 - - BDK - -
M Ni 1 NH, 1 H H Pyrazo - Bz, CO
N W 2 NMe, 2 H,Me | H,H O-i-Pr | NMe, -

AMD = N ,N’-dimethyl-methyl-amidinate; PAMD = N,P-dimethyi-
methylphosphoamidinate; KIM = B-diketiminate; DMAE = dimethylaminoethyl; MMP = 1-
methoxy-2-methyl-propoxy; MP = N-methylpyrrolidine;

In the above table, ligands separated by a comma denote that each ligand is present in

that compound.

Example 4

Compositions suitable for use in ALD or direct liquid injection processes are prepared
by combining certain of the compounds of Example 3 with certain organic solvents. The

particular compositions are shown in the following table. The organometallic compounds are
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BA | CHEC(Et)Me 0 - - H- - CSi | OCOM 0- - AMD- - DTe 2 Py 0 - -
KIM- - ECu 1 NNH-C(OEt 0 - - PAMD- VIMS FSc | OHO - - NEt)M - - G
Lal OKO - - DMVAE - - HTi | N(Me)Li O- - Cp - -1 H 1 NHt-Bu) 0 - - NO3
- isoprene JV1BPYyO-- MP--KTal Ph 0-- M- - L W2 Ph-Nwe2 0
- - BDK- - MN 1 N2 I HHPyrazo - Bz, CO NW2 Nwz 2 H M H HO-i-Pr
NVve2 - AMD = N, N -di net hyl - net hyl - am di nat e; PAI\/D = N, P- di net hyl

met hyI phosphoam di nate; KIM = (3-di ketim nate; = di met hyl am noet hyl ;

= 1- hoxy- 2- met N- met hyl | di In th b
tabl e, fypa:gﬁ}ggre eé‘ﬁé’}ng‘f‘gé ‘Hg“t'ﬁ 8§W‘érndd‘ie8ﬁ?%¥ “g%r%‘(‘)l : glagg i snpr egeﬁt O:/ﬁ

t hat Con-pound_ l:yonrnl e 4 ("nr'n'\r\C|1'|nn_c sihtable foruse in-ALD or direct

liquid injecti ommmﬁﬁ»&e‘s ai’-ganplhetpmbed by combi ning certain (Bf t he
conpounds of Ex@nsampk W|tQomgoundiSamplegani ¢ sol veelvent The parti cul ar
conposi ti ons are—shown—H—the—foH-owng-table—Fhe—erganoretali ¢ conpounds
are 13 typically prelsent in a céncentration of O. THW for direct liquid
injection. Conpesition—&r ganoneLaI H-e—Safpte—Conpount—Sanpte—$ol vent 1 D
THE 2 D 1,4-Dipxang 3 [ 2-Met Boxyet hy]l acet at &4-Dioxane

3 D 2-Methoxyethyl acetate

4 E Diglyme

5 E Octane

6 F THF

7 F Diglyme

8 G Octane

9 G THF

10 G n-Butyl acetate

11 H n-Butyl acetate

12 H 2-Methoxyethoxy acetate

13 I THF

14 J Octane

15 K Digiyme

16 L n-Butyl acetate

17 M 2-Methoxyethoxy acetate

18 M Octane

19 N THF
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4 EDglyne 5 ECGCtane 6 F THE 7 F Diglyme 8 G Cctane 9 GTHE 10 G
n-Butyl acetate 11 H n-Butyl acetate 12 H 2- Met hoxyet hoxy acetate 13 1 THE
14 J Cctane 15 KDiglyne 16 L n-Butyl acetate 17 M 2-Met hoxyet hoxy acetate
18 M Cctane 19 N THE 14 What is clainmed is: 1. An organonetallic conpound
having the fornmula (EDG (CR R )Y N=)"W'L'x, L2.-L3., wherein each R and R2
are independently chosen fromH, (C-C6)alkyl and EDG EDG is an el ectron

donating group; M= a nmetal; LI = an anionic ligand; L2 is a |ligand chosen
fromamno, . al k%l m no, dialkylam no and al koxyal kyl di al kyl am no; L3 = a
neutrar&&%ﬁﬁé@—%@-06 in:the valence of M n=1-2; x' >0; x" ?20; in

=2n + x' + wher ei n = gmipzz-& and wherein n = 1-2
when in 4; L'1 ﬁnnganamsﬂ?lltfec@ntpﬁa?dE@thhe B3 nh > 3 and EDG = ami no,

al kyl am no, di al k nj no, | d)é r al koxy. The, conpound of claim1
wherern LSBT SR b e hereh sieh BbancR g SKePEIBHY IO kyny!

car bonylg, mqll 3(6966 ’H};ﬂgﬁd knlG; EUG {3Qn eiuf#?@aéﬁan% B{bﬂgpﬂ' 1319 BT OS] aniid T Y
nitrate, nit koxy, dial kyl'am noal koxy, tonat es,
ket oi m lhgareisL rsyidigap@qmcadm &nwl amino, alkylamino, dlalkylammo and

alkoxyalkyldialkylamino; L’ = a neutral ligand; y = 0-6; m = the valence of M; n = 1-2; X’ > 0;

x’> 0;m=2n+x’ +x”; p=0-3; wherein n = | when m = 2-3, and wherein n = 1-2 when m >

4 L' # L2 provided that x” > 1 when m > 3 and EDG = amino, alkylamino, dialkylamino,

pyridyl or alkoxy.

2. The compound of claim | wherein L' is chosen from hydride, halide, azide, alkyls,
alkenyl, alkynyl, carbonyl, dialkylaminoalkyl, imino, hydrazido, phosphido, nitrosyl, nitryl,
nitrate, nitrile, alkoxy, dialkylaminoalkoxy, siloxy, diketonates, ketoiminates, cyclopentadienyls,

silyls, pyrazolates, guanidinates, phosphoguanidinates, amidinates and phosphoamidinates.

3. The compound of claim 1 wherein EDG comprises one or more of oxygen,

phosphorus, sulfur, nitrogen, alkenes, alkynes and aryl groups.
4. The compound of claim 1 wherein M is chosen from a Group 2 to Group 16 metal.
5. A composition comprising the compound of claim 1 and an organic solvent.

6. A method of depositing a film comprising the steps of: providing a substrate in a
vapor deposition reactor; conveying as a precursor the organometallic compound of claim 1 in a

gaseous form to the reactor; and depositing a film comprising the metal on the substrate.

7. A method of depositing a film comprising the steps of: providing a substrate in a
reactor; conveying the composition of claim 5 into the reactor using direct liquid injection; and

depositing a film comprising the metal on the substrate.

8. A method of depositing a film comprising the steps of: providing a substrate in a
vapor deposition reactor; conveying as a first precursor the organometallic compound of claim 1
in a gaseous form to the reactor; chemisorbing the first precursor compound on the surface of the
substrate; removing any non-chemisorbed first precursor compound from the reactor; conveying
a second precursor in a gaseous form to the reactor; reacting the first and second precursors to

form a film on the substrate; and removing any unreacted second precursor.
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silyls, pyrazol ates, guanidinates, phosphoguani di nates, am di nates and
phosphoam di nates. 3. The conpound of claim| wherein EDG conprises one or
nore of oxygen, phosphorus, sulfur, nitrogen, alkenes, al kynes and aryl
groups. 4. The conpound of claim|l wherein Mis chosen froma Goup 2 to
Goup 16 netal. 5. A conposition conprising the conpound of claiml| and an
organic solvent. 6. A nethod of depositing a filmconprising the steps of:
providing a substrate in a vapor deposition reactor; conveying as a

precur sor ths g,ganﬁrﬁt§l iC cqggou d of 8Iain11 inha seous formto the
reactor; and’d b SO 9T 5l P SED IS SPYRR 9 PREVRRE IChgien et SXReRr%P8s 7. A
met hod afated §Re®didd, BGoRolE, inithdu @XIeiand BGinioAR, St eps of . providing a substrate
in a reactor; conveying the conposition of claim5 into the reactor using
direct |iquidol AlRAVEDAeviedthr ddBREHE ipitupsof inl the GAHHR phask i@ a VAor d8faltioan t he
substrate. 8. A nethod of depositing a filmconprising the steps of.

provi di mepchonrsemprisingdhe pompoupdwbelatieposi ti on reactor; conveying as a first
precursor the organonetallic conpound of claiml in a gaseous formto the
reactor; chem sorbing the first precursor conpound on the surface of the
substrate; renoving any non-chem sorbed first precursor conpound fromthe
reactor; conveying a second precursor in a gaseous formto the reactor;
reacting the first and second precursors to forma filmon the substrate;
and renovi ng any unreacted second precursor. 15 9. The nmethod of claim38
wherein the second precursor is chosen from oxygen, ozone, water, peroxide,
al cohol s, nitrous oxide and ammoni a. 10. A delivery device for delivering a
precursor in the vapor phase to a vapor deposition reaction conprising the
conpound of claiml . 16
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