ORGANOVETALLI C COMPOUNDS The present invention relates generally to the
field of organonetallic conpounds. In particular, the present invention
relates to the field of organonmetal |ic conmpounds useful for chem cal vapor
deposition or atom c | ayer 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 filmis t e d sited. Any unreacted vapor is then
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phase reaction (e.g. reaction with second conpl enentary precursor),
silicide nitrides.

ALD 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



adjusting the volatility of precursor, and achieving required thermnal
stability for the precursor. For exanple, tetrakis(dialkylamno) hafniumis
currently used as a chloride-free alternative to 1 H C 4. However, nenbers
of this class of conpound tend to prematurely deconpose during the storage
and/ or before reaching the reactor. Substituting one or nore of the

di al kyl am no groups wth another organic group that inparts thermal
stability has been tried but with little success, due to the inabi Iity to
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substrate in a reactor; conveying as a first precursor the organonetallic
precursors in a variety of vapor deposition methods, such as chemical vapor deposition (“CVD”)
and MOCVD in particular, 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

unreacted second precursor.



conpound descri bed above 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
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neutral |igand; vy 0-6; y" 0-6; in =the valence of M n = 1-7;, and p =
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further e subscript "n" represents the nunber of

EDG subst i t ut ?ﬁje organometallic compounds of the present invention have the general formula (EDG-
(CR'R?),; -CR*=CR*-(CR°R®);),M ™" (.2, wherein each R' and R? are independently
chosen from H, (C;-Ce)alkyl and EDG; R’ = H, (C,-Cg)alkyl, EDG or EDG-(CR'R?),-; R* = H or
(C,-C)alkyl; each R® and R° are independently chosen from H and (C,-Cg)alkyl; EDG is an
electron donating group; M = a metal; L' = an anionic ligand; L? is a neutral ligand; y’ = 0-6; y”
= 0-6; m = the valence of M; n = 1-7; and p = 0-3. In the formula, m > n. In one embodiment,
y’ = 0-3. In another embodiment, y” = 0-3. In a further embodiment, y” = 0-2, and in a still
further embodiment, y” = 0. The subscript “n” represents the number of EDG-substituted
alkenyl 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. In one embodiment, each R'- R% is
independently chosen from H, methyl, ethyl, propyl, butyl, and an electron donating group
(“EDG”), and more particularly H, methyl, ethyl and propyl. In another embodiment, each of
R* R’ and R®is independently chosen from H and (C;-Cs)alkyl. In yet another embodiment, R’
= EDG-(CR]RZ)yv. In one embodiment, (m-n) > 1, i.e. the organometallic compound is

heteroleptic.

A wide variety of metals may suitably be used to form the present organometallic



al kenyl ligands in the present conmpounds. The valence of Mis typically 2-7

(i.e., typically m= 2-7), nore typically 3-7, and still nore typically
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met hyl, ethyl, propyl, butyl, and an electron donating group ("EDG'), and
nore particularly H nmethyl, ethyl and propyl. |In another enbodi nent, each

of R4, R5 and R6 is independently chosen fromH and (G -C3)al kyl . In yet
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donating, QLOUR . 3 Ay i Retbnd RIS i AT RRRISTY L tenyl (“C= ), pyridyl, phenyl,
furanyl, thiophenyl, aminophenyl, hydroxyphenyl, (C;-Ce)alkylphenyl, di(C,-C¢)alkylphenyl,
(Ci-Ce)alkylphenol, (C-Ce)alkoxy-(C;-C¢)alkylphenyl, biphenyl and bipyridyl. The electron
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donating group may include another electron donating group, as in hydroxyphenyl, aminophenyl
and alkoxyphenyl. In one embodiment, the EDG is selected from amino, (C;-C¢)alkylamino,
di(C;-Ce)alkylamino, (C»-Ce)alkenylamino, di(C,-Cg)alkenylamino, (C,-Cg)alkynylamino, and
di(C,-Cg)alkynylamino. In a further embodiment, the EDG is selected from NH;, methylamino,
dimethylamino, ethylamino, diethylamino, ethylmethylamino, di-iso-propylamino, methyl-iso-
propylamino, allylamino, diallylamino, propargylamino and dipropargylamino. In yet a further
embodiment, the EDG is an aryl moiety, and more particularly an aromatic heterocycle such as

pyridine.

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,



and al koxyphenyl. In one enbodinment, the EDG is selected from am no,

(G -Co6)al kyl am no, di(Cl-C6)al kyl am no, (C2-C6)al kenyl am no,

di (C2- C6) al kenyl am no, (C2-C6)al kynyl am no, and di (C2-C6)al kynylam no. In a
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ligands may be the same or different, i.e. the L' ligands are independently selected. In one

embodiment, at least one L' ligand is present.

Neutral ligands (L*) are optional in the present compounds. Such neutral ligands 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,-Cyp)alkenes such as ethene, propene, 1-butene,
2-butene, 1-pentene, 2-pentene, 1-hexene, 2-hexene, norbornene, vinylamine, allylamine,
vinyltri(Cy-Ce)alkylsilane, divinyldi(C;-Ce)alkylsilane, vinyltri(C;-Cs)alkoxysilane and
divinyldi(C;-Ce)alkoxysilane; (C4-C;z)dienes such as butadiene, cyclopentadiene, isoprene,
hexadiene, octadiene, cyclooctadiene, norbornadiene and a-terpinene; (Ce-Cig)trienes; (Cs-
Cip)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
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or different. The present organonetallic conpounds may be prepared by a

variety of ”Bﬁgz%ﬁvéiﬁ&\égb%d é}ﬁa&%}mn E«gﬁaqqﬁgggm% ﬁarti@@%lfg‘-@f%ietﬁ!f &g Al kenyl

Gignards may be reacte a nmeta a sul sol vent such as
an et her patursw$ fozthe Vapkephibkidepositioe bfithin Blnse rSutio céroponntlh map be segutin a

EDG- substitute kenyl organonetalli.c c nds. Alternativel.y,

Ehe sunetirielt GV Srikser FORPEAY toanist Gyl A Piggesston b ohe snbotient,? php o

et al r eaefedTlsudhlisiBardmetal IEEGhpdualis A8y be HRUIN a @0 8 ALDpro®sa| Wakk2xt de, in
a suitabl e solvent such as hexane to formthe desired E substi t ut ed

al kenyl Beamganemaiallicoampopadantc usresush sompeHisie may caniginghm sares mptal but
conmpoundg, af € Rdehd 1?%%?5% lo?r?ﬁ%&ﬁ%h?ﬁtff&émﬁe‘?algsln a%m%#érﬁf?&gm}éﬁ[ %ﬁé‘& @Ror

phase deposition of conpounds nmay be use variety of
CVD pr ocefsbepressit wgahoracgtallio campauridemaydk usdddviph onesrseere othrer preeusabodi nent, 2

or
compounds.

Bubblers (also known as cylinders) are the typical delivery devices used to provide the
present organometallic compounds in the vapor phase to a deposition reactor. Such bubblers
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 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



nore of such organonetal lic conmpounds may be used in a CVD or ALD process.
When 2 or nore organonetal lic conpounds are used, such conpounds may
contain the sane netal but having different |igands, or may contain
different netals. In another enbodinent, one or nore of the present
organonetal | i ¢ conpounds nmay be used with one or nore other precursor
conpounds. Bubblers (al so known as cylinders) are the typical delivery
devi ces used to provide the present organonetallic conpounds in the vapor

hase t e ition reactor,. Such.bubblers, typically contain.a fill port,
D ose | i BIeRD e shiTee foTaR RS Barfeigge i e ol R beti! e Soufsoisee Phac
I S conneghffduidd ate HPRABY Lapdiz6 i ¥aBlimed pHbrt6 eandpoibiih toh&8dposifioh ShapiHt.0yed.

The outlet port may be directly connected to a deposition chanber. A
carri er Bbblaryeriusamith AdP progessampy beqmeumpticoyaies @hide drist ang|ostletperts tand

L A YR PSSR YR SRS T e oo

The entraln arrie r exits the e outl et

qi o . .
Do g, ‘BB VI BERek b SRR A VRS Bl SEGBLEY 920
t her eof . ceAainibibblearfoedupp Hingustit pascarsomywlieconsiida dipapendhich ivgpanedtditto the

particul ar ,deposition ppar at us used. en the precyrsor conpound | s a
sol i d, ts?élrgﬁftmrteﬁg 8ef1eE 1@sé%rrlﬁhgaa}%mtrpgl?c&ﬁpelowd e syslaa gl %@rwawa'ah&j an et

al .) andcoﬁlpggx?d, 488 childd I RRSursr Rbouree &mpiahd, 228 tr@@é]?ﬁ%\gﬁﬁ 'tl&@%gh B Yourbe used.

For liquid precursor conpounds, the bubblers disclosed in U Pat ent Nos.

4,506, 81®mpohed wsheheadbpace abbve it7 8 ra®Bg OMayste tagoref the yourggcoppoysdin thes
wel | as &gh;raéiquid precursor 6 bubblers. The source conpound i s maintained
in the bUBLI éfas a liquid or solid. Solid source conpounds are typically

vapori zed or .sublinmed pri to transportation to the.depgsition.chanber.
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provi de the necessary vapor pulses. |n conventional CVD processes, a bubbler
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inlet p genera e carrier gas Is intro el ow the surface of
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described above. In one embodiment, the delivery device includes 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 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-(CRle)y’ -CR*=CR*-
(CRSRG)yw)nMJ’mLl(m_n)sz, wherein each R' and R? are independently chosen from H, (C;-
Ce)alkyl and EDG; R® = H, (C;-Ce)alkyl, EDG or EDG-(CR'R?),- ; R* = H or (C-Cy)alkyl; each
R’ and R® is independently chosen from H and (C;-Cg)alky!; EDG is an electron donating group;
M = a metal; L' = an anionic ligand; L? is a neutral ligand; y’ = 0-6; y” = 0-6; m = the valence of
M; n = 1-7; and p = 0-3 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



compound to the headspace above it, entraining or carrying vapor of the
source conpound in the carrier gas. Precursors used in ALD processes are
often liquids, lownelting solids, or solids fornmulated in a solvent. To
handl e these types of precursors, bubblers used in ALD processes nay
contain a dip tube connected to the outlet port. Gas enters these bubblers
through the inlet, pressurizes the bubbler and forces the precursor up the
di p tube and out of the bubbler. The present invention provides a delivery

devi ce i,ncl udi he organopetal |ic conpound described abqve. .In ope
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wi th the chamber and the chanber being in fluid conmunication with the
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silicon, silicon germanium, silicon carbide, gallium nitride, gallium arsenide, indium phosphide,

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 ¢) 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



The deposition chanmber is typically a heated vessel within which is disposed
at | east one, and possibly many, substrates. The deposition chanber has an
outlet, which is typically connected to a vacuum punp in order to draw

by- products out of the chanmber and to provide a reduced pressure where that
is appropriate. MOCVD can be conducted at atnospheric or reduced pressure.

The deposition chanber is naintained at a tenperature sufficiently high to

i nduce deconposition of the source conmpound. The typical deposition chanber

temperature.is from 200 to 1200 C, nore typjcally 200-600 C, the exact
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precursors and then a single atomic 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 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. 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,



surface with the first precursor atomc |ayer thereon to the vapor of a
second precursor which reacts with the first precursor at a tenperature
sufficiently high for such reaction to occur whereby a single atomc |ayer
of the desired netal filmis fornmed on the surface of the substrate. This
procedure can be continued by alternately using the first and second
precursors until the filmthat is fornmed reaches a desire to thickness. The
tenperatures used in such ALD processes are typically |ower than those

enpl oyed in roce rra be i e of 200 to 400 C, although
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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 the EDG-substituted alkenyl ligands.

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

invention,

Example |
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anot her netal. Exenplary second precursors include, but are not limted to,
oxygen, ozone, 9 water, hydrogen peroxide, alcohols, nitrous oxide and
anmoni a. Wien the present organonetal lic conpounds are to be used in ALD
processes or in direct liquid injection processes, they may be conbi ned

wi th an organic solvent. M xtures of organic solvents may be enpl oyed. Any
organi c solvent which is suitably inert to the organonetallic conpound can
be used. Exenplary organic solvents include, without limtation, aliphatic
hydr ocar bons, aromati c hydrocarbons, |inear al kyl benzenes, hal ogenated
hydr ocar bons(1-Bimgtiagledinohaligt Grgap-bpmnene)atieotual dijsoptopelasetagldimesis egpaoadl s,

al dehydes, ketones, boxylic acids, sulphonic acids, phenols, esters,

am nes, toa‘I’WF‘WFtlF‘?dlaéfO{ti?ﬂ’%et hers, thioani nes, cyanates, isocyanates,
thlocyanates silicone oils, nitroalkyl, alkylnitrate, and m xtures thereof.
Sui tabl e solvants include tetrahydrofuran diglyme, n-butyl acetate,

oct ane, 2-nethgxyethyl a ate, ethy Iact 1, 4- n

vinyltrineth |s,upém%' SRR @ ne, e/é\ty eni@ol dJine, and ¥l ene. When used

in direct | #j egt Norm proceSseN; g Ne ngeatr ation, t he Lict
typically |n t he range of Q%épf& 0.25 M and

or ganonet al | i conpound I g
nore typically 0.05 to 0715 M The organonetal | ic conpound/ organi ¢ sol vent
conpositions may be in the formof solutiogns, slurries orf di spersions.
Compositions including the present organomnetallic coqg&g d and an organic
solvent are suitable for use in vapor P! es enpl oyi ng direct

liquid injection. Suitable direct |liquid injection procgsses are those
described in U S. Patent Application No. 2006/01 1 093 Senzaki). Further
provi ded by the present invention is a nmethod for ng%ﬁfg%;%?Tng an

el ectronic inclydin step of depositing a megal -containing film
usi ng any oneNof tNe— i bed methods. The preghh i nvention

provi des an enabling solu |on o] the use of heterol epti precyrsors for
vapor deposition, particularly ALD, which have a suitable bal andk. of
functionality, desired thermal stability, appropriate netal center

shi el di ng angishedrb (gepyARAe)BHAIAGE dAserWetchctdd withSithilase reactions, by use
of the EDG substituted al kenyl ligands. The follow ng exanples are expected

to il udiisaprapylesetamidinais pethlE abfoomrtemperatieniapproximately 25° C) 1n a 3-neck round
bottom flask which is equipped with magnetic or mechanical stirring and effective
heating/cooling system to control the rate of reaction. After the mixture is stirred overnight at
room temperature, (1-dimethylamino)allyl magnesium bromide is added at low temperature
(approximately -30° C). 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 product is then
expected to separate from the reaction mass after filtration with a high yield expected. The target
product 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

Bis(1-dimethylaminoallyl)bis(cyclopentadienyl)zirconium(IV) is expected to be synthesized as:

11



invention. Exanple | 10 (1-Dinethylam no)allyl (r16 p-cynene)ruthenium

dii sopropylacetam dinate is expected to be synthesized as follows: Ru Ru
dark _ Cl NONRu + LiCl G LPRT/M/ G MWMBr NNN'/ Dchloro (rl6
p-cynmene)rutheniumdinmer is reacted with lithium diisopropyl acetamn di nate
in THE at roomtenperature (approximately 25 C) in a 3-neck round bottom
flask which is equipped with nagnetic or nechanical stirring and effective
heati ng/ cooling systemto control the rate of reaction. After the m xture is
stirred overnight at roomtenperature, (1-dinethylamno)allyl nagnesium
brom de is added at |ow tenperature (approximately -30 Q The resulting

m xture is then stirred overnight under an inert atnosphere \I t rogen.
The reagents added in continuous and dropw se nﬁ are all owed
i The ¢rude

aft
filtration w hi'gh yield expected. Thetarget ct is cted to be
substantial ly e of organic solvents (< 0.5 ppm term ned by FT- NWR
and al so substantlally free of netallic inpurities é ppb) as determ ned
by | CP- Mo/ | Bhigra bisgSyslpppriadiene)zirconium is reacted with (1 1methylam1no)allyl

e i

bi s( cyclbopantlask ehieh zd gquipped mithsnagaetid @dneuvhbricAl tidingant gffactiveo) al | yl

heating/cooling system to control the rate of reaction. The mixture is stirred overnight at room

to mx slow Ct ol thgl\g ﬂyof t he_react-Lon.
product is t éect ed t %par ate omthe rea%
e

temperature. The crude product is then expected to separate from the reaction mass after
filtration with a high yield expected. The target product 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-(CRIRZ)y’ -CR*=CR*-
(CR°R®)y»)uM*™L ()L, listed in the following table are expected to be prepared according to

the procedures described in Examples 1 or 2.

Sample | M n EDG y’/y” | R'Y/R? R'/R* R /R® L L?
A Mg | 1 NMe, 0/1 - H/H H/H OEt -
B Ga | 1 | NEHMe | 0/1 - H/H | H/H H,H -
C Si 2 | N@-Pr)Me | 0/1 - H/H H/H AMD, -

AMD
D Se | 2 Py 0/1 - H/H H/H BDK -
E Cu | 1 NG-Pr), | 0/1 - Me/H HH | PAMD | VIMS
F Sc 1 | NH(Allyl) | 1/1 | HH Me/H HMH | N(EtH)Me -
G La 1 NMe, /1 | HH | Me;NCHY | HH | DMAP -
H
H Zr 2 NEt, 2/0 H/Me H/Me - Cp, Cp -

12



magnesi um brom de in THE at a | ow tenperature (approximately -30 O
3-neck round bottom flask which is equi pped with nagnetic or

stirring and effective

reacti on.

pr oduct

substantially free of

heati ng/ cool i ng systemto control
t emper at ur e.

is then expected to separate fromthe reaction mass after
filtration with a high yield expected. The target product

The m xture is stirred overni ght at

room

the rat

e of

in a
mechani cal

The crude

is expected to be

organi c solvents (< 0.5 ppm as determ ned by FT-NWR

and al s sybst nfuall\l ree-—of—nmetalliec +4}31|.th413: ( < 1&th\ as—det-er nm ned
by | CP- NS/ | ICP- OB%f Ex?arqpl eNBler gandmat al/Hi ¢ cambunﬁsHm thBMAcr_r nmul a
(EDG- ( R ERB=CRAT{-CRSR6 -y M (i) E2P—1H-sted—-i—the—faH-oewHng
t abl e arle ekpeftid tobe pREpear €d 1dcgorltiHng t /Mt he ;H/MBecFu'kled;,Pﬂescr—i béd in
Exanples; 1 or 2. Sample|Mn EDGly'/y"| R/R4d R3/R R5/R6 L' {L2 HA Ny | Nwe2
0/1 - HHHHPE—TB G T NEOMe— O T ——HHHHHTH=CTS—2-Ng—=Pr e 0/1
- HHHH AD,|-TAMD D SePZNHy q/ 92 \HH HH - E 8HI N(KU\Pr)Z 0/ 1]-
Me/ H H HPAVD VTV T F Sc T NH(AHtyt ) 137 T HH-ver B HrE N(E) Ve =G ta 1] Nve2
1/1 H H [Ve2NCHp/ WH H DIVAFPh-NMeH |7rl/12 | NEVE 2/0 WHve H K- CptBep |- 12 | HF 3
NVe2 1/ I/ HH HHDVAE - J No 2 NVe2 I T A v Ve ATy, H - H K Ta
| PhNH2 [0/ M- H ¥ H H K| MNG-R:wi2 [8h-|NVEE 1/ 1 H{EH H] HH 1|t PBaze 28

N Ru 2 N(c-Hx), 2/1 H/H H/H H/Et NO; -

O Pt 1 PhOMe 0/0 - H/Me - Me, Me, -

H
P Pt 2 EtO 2/1 H/H, H/Et H/H Cp, Me -
H/Me

AMD = N,N’-dimethyl-methyl-amidinate; PAMD = N,P-dimethyl-
methylphosphoamidinate; KIM = B-diketiminate; BDK = 3-diketonate; DMAE =

dimethylaminoethyl; DMAP = dimethylaminopropyl.

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

typically present in a concentration of 0.1 M for direct liquid injection.

Composition

Organometallic

13



MN | N(i-Pr)2 1/1 HHHE HHPyrazo Bz, CO NRu 2 N(c-Hx)2 2/1 HH HH
HEt NG - OPt | PhOW 0/0 - HMe - Me, M, - HP Pt 2 EEO2/1 HH HE
HHC, M- HMe AM = N N -dinethyl-nmethyl-am di nate; PAMD = N, P-di net hyl
met hyl phosphoami di nate; KIM = R-di keti m nate; BDK = (3-di ketonate; DVAE _
di met hyl am noet hyl ; DVMAP = di met hyl am nopropyl. In the above table, |igands
separated by a conma denote that each ligand is present in that conpound.
Exanpl e 4 Conpositions suitable for use in ALD or direct liquid injection

I Lmn of tha hnrmpelc}ndc f Exarrp| e 3

repnared combininagce

\?M_r ?ﬁeizsfaﬂleorpe antam G| veﬁ?g'l‘l’gWeSé?'ﬁ’l {i caira‘rlrcjc;;m;t tions areg shown in the
fol l owi ng tabl e1 The1 or ganonet alél C comgoynds ans, t%ﬁﬂl y priesent in a
concentration o-e—}—M—f—eir. aireect—H-gti-¢t—ij eetion: Cotrposttion
Organonetal lic 13 Sahpl e [Conpournd Sanpl ¢ Solvent ITHF 1,4-Dioxane 2 D THF 3
Bé[ybn%hogyat g%:/! agg% ate | 4 E Dl e 5 F THF,_ I\Peth%)gyetl%rlljgéé abcetate 7 H

4 E Diglyme

5 F THF

6 G n-Butyl acetate

7 H Diglyme

8 H Octane

9 H Diglyme/THF

10 )| n-Butyl acetate

11 1 Octane

12 1 2-Methoxyethoxy acetate

13 J THF

14 K Octane

15 K Diglyme

16 L n-Butyl acetate

17 M 2-Methoxyethoxy acetate

18 N Octane

19 N THF

20 P 2-Methoxyethoxy acetate

21 P Octane

14



9 HD glyne/ THF 10 1 n-Butyl acetate | | 1 Cctane 12 1 2-Methox ethox
acetate 13 J THF 14 K Cctane 15 KDigl ne 16 L n-Butyl acetate 17 M

2- Met hoxyet hoxy acetate 18 N Cctane 19 N THF 20 P 2- Met hoxyet hoxy acetate
21 P Cctane 14 What is clainmed is: 1. An organonetal lic compound having the
formula (EDG (CR R2) Y' -CR3=CR4-(CRSR6)y.)"MnL' (m.n)L2p, wherein each R
and R2 is independently chosen fromH, (G -C6)alkyl and EDG R3 = H,
(g-C6)al kyl, EDG or EDG (CR R2)y, ; RA = Hor (C -C6)al kyl; each R5 and R6

i's inde% c%ent Li hosen fromH and (Cl- C6)alkyl; EDGis an el ectron
g—qué%%Lﬁﬁﬁ;, L =

donatin £:a netal ; = an anionic ligand; L2 is a neutral
ligand; y' = 0-6; y" = 0-6; in = the valence of M n =1-7; and p = 0-3. 2.
The conpound ofA“cqr&?%“}et%‘é?(é‘i‘RP“E% h?@“%ﬂ‘ﬁg%rﬁ‘ ¢ om hydri de, halide, azide,
al kyl's, al kenlgl , alkynyl . carbonyl . dial kyl am, noal kyl, immno, hydrazido,
phosphi do, niEPESER Ry teRI=CRGR Boe)nMii L i p» MRS SACHRa AR RAH noal koxy,
si | oxy, kel RRR Bfsek RbMIHT @RS HikyT Y] BREDRAIEENY] B,alSH BOG or BBRZO! at es,
guani di r%ate;gsj gﬁ%spﬁ%guani di(gt eG)Z‘, }gm&ddiﬁgaf es, p’Eolspﬂ)gakr??’ | na’?res, am no,
al kyl ani(68, R4 aR k¥ Haori (Go-Cayatk il dacx Rakud/R His adeptraintochaden Fhe I empElind of
claiml rei DG c ri Ses_one or re of o en, . phasphor.us, sul fur,
nitrog erw&}ﬁ;e 5 ’1s %ﬂ g:ﬁreoél @Hgl%%ﬁ)up@:ﬂgﬁﬁsmetal; fyg an amoglcqlg%ng; LLi 15 a neutraﬁ'I

ligand; y’ = 0-6; y” = 0-6; m = the valence of M; n = 1-7; and p = 0-3.

2. The compound of claim | wherein L! is chosen from hydride, halide, azide, alkyls,

alkenyl, alkynyl, carbonyl, dialkylaminoalkyl, imino, hydrazide, phosphido, nitrosyl, nitryl,

nitrate, nitrile, alkoxy, dialkylaminoalkoxy, siloxy, diketonates, ketoiminates, cyclopentadienyls,

silyls, pyrazolates, guanidinates, phosphoguanidinates, amidinates, phosphoamidinates, amino,

alkylamino, dialkylamino and alkoxyalkyldialkylamino.

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

phosphorus, suifur, 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 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 [ in a

gaseous form to the reactor; and depositing a film comprising the metal on the substrate.
6. A composition comprising the compound of claim | and an organic solvent.

7. A method of depositing a film comprising the steps of: providing a substrate in a
reactor; conveying the composition of claim 6 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.

15



4. The conpound of claiml wherein Mis chosen froma Goup 2 to Goup 16

netal. 5. A nethod of depositing a filmconprising the steps of: providing
a substrate in a vapor deposition reactor; conveying as a precursor the
organonetal lic conmpound of claiml in a gaseous formto the reactor; and

depositing a filmconprising the nmetal on the substrate. 6. A conposition
conprising the conpound of claim1 and an organic solvent. 7. A nethod of
depositing a filmconprising the steps of. providing a substrate in a

reactor; conveyjng the, c osition . of claim6 intq the reactor using direct
| Faui d | nj ectiofetastho GETBETt i e FospubhrBrirsinyciien HaPRvest. pRre
subst r at ®ateB perdxide! Mo Rl nEOROSilHE AG Anhbdigh conpri sing the steps of _
providing a substrate in a vapor deposition reactor; conveying as a first

precursor t hejrganeRBl dvideFoC@ROMNEL fecisdtiMte vab (ha8d® of @pBLitiGn t he
reactor; chem sorbing the first precursor conpound on the surface of the
substrat@wﬁmewﬁmpﬁénaﬁv(WGWDEMéWE%@bed 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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