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

Also provided by the present invention is a process of preparing phosphoamidine
compounds including: reacting a nitrile compound with a primary phosphine in the presence of a
metal trifluoromethanesulfonate catalyst. Optionally, a mixture of a primary phosphine and a
primary amine may be used. The phosphoamidine compounds may be symmetrical or

unsymmetrical.

The present invention further provides a method of depositing a film including the steps
of: providing a substrate in a reactor; conveying the precursor 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 the first precursor 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



anot her enbodi ment, the present invention provides a nethod of depositing a
filmincluding the steps of. providing a substrate in a reactor; conveying
the first precursor conpound described 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 second 2 precursors to forma filmon the substrate;
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The organometallic compounds of the present invention, known generally as
phosphoamidinates, have the general formula (RlYCRZPR3)nM+le(m_n)L2p, wherein R!, R? and
R? are independently chosen from H, (C,-Cg)alkyl, (C,-Cs)alkenyl, (C,-Co)alkynyl and aryl; Y =
N or P; M = a metal; L' = an anionic ligand; L? = a neutral ligand; m = the valence of M;n = 1-
6; p = 0-3; and wherein m > n. In one embodiment, each of R!, R? and R? are independently
chosen from methyl, ethyl, propyl, butyl, vinyl, allyl, butenyl, acetylenyl and propynyl. As used
herein, “aryl” refers to an aromatic hydrocarbon radical, which optionally may have one or more
of its hydrogens replaced with a substituent group such as, but not limited to, alkyl, alkenyl,
alkoxy, and halo.
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The subscript “n” represents the number of phosphoamidinate ligands in the present
compounds. It will be appreciated by those skilled in the art that the phosphoamidinate ligand

may be the only ligand in the present compounds.

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

Typically, M is chosen from a Group 2 to Group 16 metal. As used herein, the term “metal”



of its hydrogens replaced with a substituent group such as, but not limted
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Cio)alkenyl such as ethenyl, allyl, and butenyl; (C,-C,o)alkynyl such as acetylenyl and propynyl;
(Ci-Cyp)alkoxy such as methoxy, ethoxy, propoxy, and butoxy; (C;-Ci¢)alkylamino such as
methylamino, ethylamino and propylamino; di(C;-Cjp)alkylamino such as dimethylamino,
diethylamino, ehtylmethylamino and dipropylamino; cyclopentadienyis such as
cyclopentadienyl, methylcyclopentadienyl and pentamethylcyclopentadienyl; di(C;-
Cio)alkylamino(C,-Cg)alkoxy such as dimethylaminoethoxy, diethylaminoethoxy,
dimethylaminopropoxy, ethylmethylaminopropoxy and diethylaminopropoxy; silyls such as (C;-
Cigjalkylsilyls and (C;-Ci¢)alkylaminosilyls; and alkyl amidinates such as N,N’-dimethyl-
methylamidinato, N,N’diethyl-methylamidinato, N,N’-diethyl-ethylamidinato, N,N’-di-iso-
propyl-methylamidinato, N,N’-di-iso-propyl-iso-propylamidinato, and N,N’-dimethyl-
phenylamidinato. When 2 or more anionic ligands are present, such ligands may be the same or

different.

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,-Cjg)alkenes such as ethene, propene, 1-butene,
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the present phosphoamidinates. In one embodiment, the present compounds may be prepared by

reacting a phosphoamidinate lithium salt with a metal halide in a suitable solvent such as hexane.

Such reaction may be performed over a range of temperatures, with room temperature being

suitable for certain reactions. In an alternate synthesis of the present compounds, an alkyl

lithium may be first reacted with a metal halide in a suitable solvent, such as THF, and at a

suitable temperature, such as room temperature, followed by reaction with a phosphoamidine in

a suitable solvent, typically the same solvent as used for the first reaction.

Alternatively, phosphoamidines may be prepared by reacting a suitable nitrile compound
with a primary phosphine in the presence of a metal trifluoromethanesulfonate catalyst.
Exemplary nitrile compounds are those having the formula R>-C= N or R>’NH-C=N. Exemplary
primary phosphines have the formula R’PH,. Optionally, a mixture of a primary phosphine and
a primary amine is used. Exemplary primary amines have the formula R'NH,. Each of R}, R?
and R is independently chosen from H, (C;-Ce)alkyl, (C,-Ce)alkenyl, (C,-Ce)alkynyl and aryl.
Suitable metal trifluoromethanesulfonate catalysts have the formula M(CF;SO3);, where M is a

metal, such as lanthanum or any metal in the lanthanide group. Such phosphoamidines can be



t he present phosphoam di nates. In one enbodi nent, the present conpounds may
be prepared by reacting a phosphoam dinate lithiumsalt wth a netal halide
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The above reaction utilizing a nitrile of formula R>-NH-C= N is summarized in the following

reaction sequence, where Y =N or P; R! may be the same as or different from R3.

H
R'—YH, + R*—N—C==N + R*>—FPH,

1M(CF3SO3)3
YR'

2_H

R N + NH;
PR3(H)

Exemplary primary phosphines include, without limitation, methylphosphine,
ethylphosphine, iso-propylphosphine, iso-butylphosphine, tert-butylphosphine and
phenylphosphine. Primary phosphines are generally commercially available, such as from
Aldrich Chemical Company (Milwaukee, Wisconsin) or may be prepared by a variety of
methods known in the literature, such as by using Grignard reagents as disclosed in U.S. Pat. No.
6,939,983 (Shenai-Khatkhate et al.) or based on organolithium and/or organoaluminum reactions
as disclosed in U.S. Pat. No. 6,956,127 (Shenai-Khatkhate et al.). Exemplary primary amines
include, but are not limited to, methylamine, ethylamine, n-propylamine, iso-propylamine, and

tert-butylamine. Such primary amines are generally commercially available, such as from



reacti on sequence, where Y = Nor P, RL may be the sanme as or different from
R3. R2 H+ R3-PH -YHZ + R-NC=N2 1 MCF3S@)3 //YR1 RzZ-N-~( + NH3
PR3(H) Exenplary primary phosphines include, without limtation,

met hyl phosphi ne, et hyl phosphi ne, iso-propyl phosphi ne, iso-butyl phosphi ne,
tert-butyl phosphi ne and phenyl phosphine. Primary phosphines are generally
comercially avail able, such as from Aldrich Chem cal Conpany (M | waukee,
W sconsin) or may be prepared by a variety of methods known in the
literature, such as by using Gignard reagents as disclosed in U S. Pat. No.
6, 939, A8isich Ehhemivial Khmplttyat e et al .) or based on organolithi um and/ or
organoal um numreactions as disclosed in U S. Pat. No. 6,956, 127

( Shenai - KhaTlkdyshosplwamading conipoainidd may b priepared brodmeiaingi theuidble nitile ar e not
limted to, nethylan ne,. ethyl anine, n-propyl am ne, iso-propylam ne, and
tert- bEﬂ‘WOé.‘ﬁ‘ij»rfE‘.m%&Bhoﬁﬁh’i“ﬁép?a‘:tﬁliﬂH%@m&F}@“ Harais Pafaly Y aRe PETIIA PrmdRi | abl e,
such agmint Al S isHiofhIB/Taf Blga @Bﬁzem,;ﬁaeoem&phm&wmwmﬁgmy be

prepared by conbining the’suitable nitrile conpound, primary phosphine,

met al  &tra varigiyrod hem esaterss, siotnag & refhitxal lypicain dhaysaétionds complatgrwithimsdvaral i n any
order. qptionally, an organi c solvent may be used. The reaction may be
perforh%&& at a variety of tenperatures, such as at reflux. Typically, the
reaction is conplete within several, hours..ln an.alternati.ve synthesis
route for pRESAEHAYS Briissts O firabg PR RIS BBy RBRUNT 1 ar o

r eact eghrbétiinti@e #e e&RRAEN BHe pResdBRicAf alrdthll tDEAOREINAGIHDARN oAy aaalyst . Any
of the above described netal trifluaronethanesul fonate catal yst may be

used. theabevelessringd meg diitlyaspethpresalfonategatalyst may be usrss dilicpeastiabove for t he
phosp QMtg)'nEgﬁe%mﬂlw%s%;{%%%&; aﬁag@%tr %@&g@ﬁ@@ﬁﬁﬁm&muﬁw%ﬁo mpounds is

illustrate ow, where
preparation of phosphoguanidine compounds is illustrated below, where R', R? and R? have the

meaning ascribed above.

R'—N=—C=—N—R? + R3—PH2

l M(CF,;S05);
NR'
H
R2—N
PR3(H)

The present metal phosphoamidinate organometallic compounds can be prepared by the
metathesis reaction of metal salts (generally halides) with alkali metal phosphoamidinates.
Alkali metal phosphoamidinates may be prepared by reacting a phosphoamidine compound with
either an alkyl alkali metal reagent (such as n-butyl lithium, methy! lithium and tertiary butyl
lithium), an alkali metal hydride (such as sodium hydride and potassium hydride) or an alkali
metal amide (such as sodium amide). Alternatively, metal phosphoamidinates can be prepared
by the exchange reaction between metal dialkylamides and free phosphoamidine in the presence
of an organic solvent. The above reactions are generally carried out under inert atmosphere,
such as under nitrogen, argon or a mixture thereof. Typically, the organic solvents used in such

reactions are substantially free of metallic and oxygenated impurities.

The present organometallic compounds are particularly suitable for use as precursors for



meani ng ascri bed above. R1I-N=C=N-R2 + R3-PH2 MCF3S(3)3 NR1 Rz-N--~(
PR3(H) The present netal phosphoam di nate organonetal |l ic conpounds can be
prepared by the netathesis reaction of netal salts (generally halides) with
al kali metal phosphoam dinates. Alkali metal phosphoam di nates may be
prepared by reacting a phosphoam di ne conpound with either an al kyl al kal
nmetal reagent (such as n-butyl lithium nmethyl lithiumand tertiary butyl
lithium, an alkali netal hydride (such as sodi um hydri de and potassi um

m de (such as_sodi um amnmi de). Alternatively,

hydride) or an alkali, . nggaj ) t
met al PROSPHIPRATHCRATEY hingDmsy Epet DIMPOHYIRY ReceKRarryR VeEAL Pl SN Dbet ween
metal gt AR ifafiler RIPSRORANSNMohd dhtiodfndiit 56 re oPbudh Or gani ©

sol ven The above reactions are generally carried out under inert
at nos phrgasgmetsllic hompounds eray e tusesigie r, C A 9o ALSY pracess.x Whea 2tdieraeef . Typi cal |y,

t he organic vents used in suc reactions are.sybstantially. free of

ot al | PRARGTRERYS EhERURE Freslied o R b BB A B AR i BBt ar e
par t i cdiffefdny liganids,ad Intayf @htalisdiffagnpmenlsl $0amtied embddibteat, v of mpreasehe
deposition of thin filnms. Such cqonmpounpds may be used in a variety of CVD
pr oc es BEseri gragaemetallicicmpoynds may CHpd pRoRrRYESther AreS RSO L ATRT At , 2 or
nore of such organonetallic conmpounds nay be used in a CVD or ALD process.
Wien 2 or nBrkblers (dfemigipminasicy indesnar ihe &ypiabdelivery, deyiseh uedip sIavis thay

cont ai al ' | .f | Ln

i 1 or BspHE QPR AR cohdhuldR th 1S yafle chaledll deb A eacdlr, Nth SO

or ganongpically centaiomfdLprds argay inhe pos @od w ditled pert ehiohos eormetted toqpa éeposision

Govi coliiten SaURIba D ERY TS DB bBD BB 7 EAUINGETP: Phe. vapor
phase bRifuplpReskdrivaPor ER@leRtrain&Y6itakitaRapéisthert 3t € bubbe@Mrdigh the fil 1 port,
a gas inlet port and an outlet port which is connected to a deposition

chambeputlehper ard isicogeayed Yqihe dppapitiontchigbernd washl efrcatrier gaggh Mapdeysed: i nl et
port a@&h%@h&%@éq, RElium, 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

facility opening and closing as required to provide the necessary vapor pulses.

In conventional CVD processes, a bubbler for supplying a liquid precursor, as well as
certain bubblers for supplying solid precursors, will contain a dip tube which is connected to the
gas inlet port. In general, the carrier gas is introduced below the surface of the organometallic
compound, also called a precursor or source compound, and travels upward through the source
compound to the headspace above it, entraining or carrying vapor of the source compound in the

carrier gas.

Precursors used in ALD processes are often liquids, low melting solids, or solids

formulated in a solvent. To handle these types of precursors, bubblers used in ALD processes



pi cks up precursor vapor. The entrained or carried vapor then exits the
bubbl er through the outlet port and is conveyed to the deposition chanber.
A variety of carrier gases may be used, such as hydrogen, helium nitrogen,
argon and m xtures thereof. A wide variety of bubblers may be used,
dependi ng upon the particul ar deposition apparatus used. Wen the precursor
conpound 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 conpounds, the bubblers

di scl oseyg comaibJadip fahe ecrinedlod to the D0t pbl. Gad/edters tietse alihblern thrbughbthe 83&,

(M koshi ba .et al be _used, as well ther 1iqui r rsor bubblers.
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t he capffd &irigags i indutietlopeathghthk @Wnihted sylindeicat shdpeti portivhdaningatchhthbe
conpound, .al sq called a precursor or .source conmpound, and travels upward

t hr ougfPHRINg Bigrasganopistablin saannoynd descripedpbg¥te above it, entraining or
carrying vapor of the source conpound in the carrier gas. Precursors used
in ALD proclageegbadianast.ttepresegti inyentiangiip viegsta deyics 4or fgeding)a flyis) strgam

f or mul Qs T i ns, fhu used
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the precursot, up the dip tuhe and out .of. t he bubbl er. The present invention
or ovi a8 5187 sk 3 b RebetEL T e RRfouiR et kool (8BS R SRSy | bed
above. of M; RRE -@Pedi3remt whérbi el toerdhedfdi epot depotitien spstate srfeldidpavi ng an

el ongated cylindrical shaped portion having an inner surface having a

cr oss- ¥eseelihaying an elopgatebeiindrigm shapsé portina havingan bwecivslace kavieg 2 ¢18%- t he top
cl osur i i an | i ;o t i i carrier
gas: and Do a A PREL Bkl ahd Bou R ERLG pbRlop; HE o A e & v ng o
chanbeinlet 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
with the outlet opening. In a still further embodiment, the present invention provides an
apparatus for chemical vapor deposition of metal films including one or more devices for feeding

a fluid stream saturated with the organometallic compound described above.

The deposition chamber is typically a heated vessel within which is disposed at least one,
and possibly many, substrates. The deposition chamber has an outlet, which is typically
connected to a vacuum pump in order to draw by-products out of the chamber and to provide a
reduced pressure where that is appropriate. Metalorganic CVD (“MOCVD”) can be conducted
at atmospheric or reduced pressure. The deposition chamber is maintained at a temperature
sufficiently high to induce decomposition of the source compound. The typical deposition
chamber temperature is from 200° to 1200° C, more typically from 200° to 600° C, the exact
temperature selected being optimized to provide efficient deposition. Optionally, the

temperature in the deposition chamber as a whole can be reduced if the substrate is maintained at



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 organonetal lic conmpound of the formula

(RIYCRRPR)"M niL.tI mf L2P, wherein Rt, R2 and R3 are independently chosen
fromH (C-0C6)alkyl, (C2-C6)alkenyl, (C2-C6)alkynyl and aryl; Y = Nor P
M= a netal; Lt = an anionic ligand; L2 = a neutral ligand; m = the val ence
of M n=1-6; p=0-3; and wherein m> n to a chem cal vapor deposition
systen1| cl udin Vess haV|n an.elo ted cy rical ed portion
havi gt S ARAPTRSTARE & ﬁjmeﬁan%{ ¥ F5EES PESER fien r&te{f]g)a N =2l f on and a
bott omgk&sure portion, the top closure portion having an inlet opening for
the introduction of a carrier gas and an outl et opening, the el ongated

cylindrical Sulﬁbﬁgﬁgstﬂ%stfb%pbﬁﬁbmgn ale%mm%recﬁ&n& abnt@atuftectRegmpppet al i c
conpound; the inlet opening being in fluid comunication with the chanber
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di sposg@patied. e@&ﬁcaﬂ?&he fish thiglaRsd Willybe oty sevetiD Blii@EEH. seVdiel epasd ti on
chanber ﬁas an outlet, which is typically connected to a vacuum punp in

or der @@%@@%\P‘b’?oﬁﬁr‘ﬂwﬂ&eﬁown isBtopp- chanber and to provide a reduced
pressure where that is appropriate. Metal organic CVD ("MXCVD') can be
conduct ed EhUSaﬂwmse@ﬁéﬂm@nben prodideea msthod Serrdeposttieg deysts film ineludingtber i s

mai nt alstgﬁs ?0\}18} gggfﬁﬁs?{a% m%%tr:;f)éd S'Stlt oh Jééo%} B ngbo'nog#lﬁgp ng‘Q(ﬁ"tflé on of

t he sour oun S|t|on cha ture is from 200
to 1206rg6};xonmailhc tmppmkildysdrfoedmm@ ig mgz&@@xs&‘orm trethe xexctor; andmp)éemmmg asel ect ed
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Substrmemcmés%@st@ﬁ@f@éco& 8éingthe padchtlof MTREFeatter.e, or if other energy
such as plasma i s generated By a radio frequency source. Suitable

substrates fgp, %hﬁain@%ﬁm awﬁroae&a UNEGL) mraﬂﬂbsq Ipelﬁéfdt SRidHMdiadyur e, may

be silicon, silicon germanium silicon carbid fumnitride, galllum
ar seni @Il@ematedgi suhjeqbing shehdubistrate, 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
contained therein) is formed on the surface of the substrate, and subjecting the thus formed
surface with the first precursor atomic layer thereon to the vapor of a second precursor which
reacts with the first precursor at a temperature sufficiently high for such reaction to occur
whereby a single atomic layer of the desired metal film is formed on the surface of the substrate.
This procedure can be continued by alternately using the first and second precursors until the
film that is formed reaches a desire to thickness. The temperatures used in such ALD processes
are typically lower than those employed in MOCVD process and may be in the range of 200 to
400° C, although other suitable temperatures may be employed depending upon the precursors

chosen, the film to be deposited, and on other criteria known to those skilled in the art.

An ALD apparatus typically includes a vacuum chamber means to provide an evacuated
atmosphere, a pair of means situated in the vacuum chamber means, the pair of means including

a support means for supporting at least one substrate and a source means for forming sources for
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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 filmhaving the desired properties. Typically, the filmthickness
will be fromseveral hundred to several thousand angstrons or nore when
deposition is stopped. Thus, the present invention provides a nmethod for
depositing a netal filmincluding the steps of: a) providing a substrate in
a vapor deposition reactor; b) conveying as a precursor the organonetallic
conpound descri bed ove.lsS a gaseous for o the reactor; and deposi ting
R R YR R i rerd AT REOS s QN s SR Bainseppofllbone. ¢ he
above gpnedtédRih BRS Habe pditlbf MednsifCdpdehisg tHe@ns kA OivitH e&PEN 06 the BHeh 6f
precursor in the reactor., Thin netal-containing filns are produced by ALD

wi t h athawair opesnsder rrpwiding Wribe pypstsgfe fist e singleratoryicdansy akenadf thhe substrate,
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h the ?I P rneé? In Al sﬁ

of whi & mis processes, a substrate 1s subjected to
t he va$058,43f (Santola) $dr odesaipt®onf wnAGK apparatwsact with the surface of the
substrate at a tenperature sufficiently high for such reaction to occur
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and second precursors unti 'S reaches a desire to
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than those enpl oyed .in MOCVD process and nmay._be . in the ran of 200.to 400
C al tﬁ@a'@ﬁe:@pﬂé?m@m&%ammaéfﬁsémndrpé@uwap B aispatpe seReyBr R aBon the

pr ecur Q¥ snd £hRRiGecutddes did $BptdT rOR A PRt aHd s@BHd Pféc@trs&%rbeﬁlrgiré;%ﬁiea known to
those skilled in'the art. An ALD apparatus typically includes a vacuum
chanbewnntiradiiw of theptesiv¢didicknessysehizinedd Thetstapsydiremeyingia peeicursorf freméles si t uat ed
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operat brggurget;r%}rllast reoa%tesr»\?it}{ %g ﬁ¥st 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, peroxide, alcohols, nitrous oxide and ammonia.

When the present organometallic compounds are to be used in ALD processes or in direct
liquid injection processes, they may be combined with an organic solvent. Any organic solvent
which is suitably inert to the organometallic compound can be used. Exemplary organic solvents
include, without limitation, aliphatic hydrocarbons, aromatic hydrocarbons, linear alkyl
benzenes, halogenated hydrocarbons, silyated hydrocarbons, alcohols, ethers, glymes, glycols,
aldehydes, ketones, carboxylic acids, sulphonic acids, phenols, esters, amines, alkylnitrile,
thioethers, thioamines, cyanates, isocyanates, thiocyanates, silicone oils, nitroalkyl, alkylnitrate,
and mixtures thereof. Suitable solvents include tetrahydrofuran, diglyme, n-butyl acetate,
octane, 2-methoxyethyl acetate, ethyl lactate, 1,4-dioxane, vinyltrimethylsilane, pyridine,
mesitylene, toluene, and xylene. Mixtures of organic solvents may be used. When used in direct
liquid injection processes, the concentration of the organometallic compound is typically in the

range of 0.05 to 0.25 M, and more typically 0.05 to 0.15M. The organometallic
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connected with one of the pair of neans for operating the one neans with
respect to the other of the pair of neans for providing on the substrate
first a single atom c |ayer of one of the precursors and then a single
atom c 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 nent,
the present invention provides a nethod of depositing a film including the
steps of. providing a substrate in a vapor deposition reactor; conveying as
a first recursor the organanetal und .d scrlb d above in.a gaseous
form t%waﬁan&sge%ﬁolve%twgﬁxpgﬂpwaax e R B o iy Sunfis gt P Sritire
surface of fthe SUbSt554 nDV|n non- chenlsor d first ecur sor
conpound f r'oMPRITEHIONE ‘tS‘r‘“g tg%ﬁ(?é%ﬂ Hbga OQQEWH&O‘BP%% AN Oﬁgaé}w% XEBLYUE form
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t he substrate and renovi ng any unr eact’ed secon recursor. he alternati ng
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first §cond precursors being repeated wuntil a filmof the desired

t hi ckn ss I'S” obt ai ned. The step of renpbving a precursor fromthe reactor
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precursor to formthe desired film Such second precursors may optionally

cont aj #eseiRsdesthadst a) . Exenpl ary second precursors include, but are not

limted to, oxygen, ozone, water, peroxide, alcohols, nitrous oxide and

armoni a. WhBif Rresentineensien PEPidas ofenatiling éoletm)@l}h@sseaféletemlﬁéwﬁ%rsorﬁﬁ ALD

proces i e i ned

i th an suak defbsblch el AED) BhERh AT, REQRRTARRe HIRTRIITISRER "To the

or ganotiretnad! ktiabilityy apmopdate mtdbeennaesdleldﬁxgamdl \wlygcmegad |sarfmla\$e~r¢1llsas gancl ude,

wi t hout |Iﬁltatlﬁ) alkgﬁat'c gdro aromati ¢ hydrocarbons, |inear
2558

al kyl ﬂ&ﬁ%%ﬂggms B35 ; S|Iyated hydrocarbons al cohol s,
et hers, ﬂﬁ g col s, aldeh des h t ones, .carboxylic acids, sul phonic
aci ds, phen esfollgwingexamplgs ?f§§x P Ysprpte arioysigs e Presinbani nes,

cyanat gsentiochocyanat es, thlocyanates silicone oils, nitroalkyl,

al kylnitrate, and m xtures thereof. Suitable sol vents i ncl ude
tetrahydrofuran, diglynme, n-butyl acetate, octane, 2-nethoxyethyl acetate,
ethyl lactate, 1,4-dioxane, vinyltrinethylsilane, pyridine, nesitylene,
toluene, and xylene. M xtures of ogganigsolvents may be used. \Wen used in
di rect ExaHple 1

Di-iso-propyl phosphoamidine is expected to be synthesized as follows.

NH, + Me—C=N + PH,

La(CF3SO3)3

_

N

Me—< + NH3

PH

_<

A solution of equimolar mixture of iso-propyl amine, iso-propyl phosphine, and
acetonitrile is mixed with lanthanum triflate (1 to 2%) in a pressure vessel at atmospheric

pressure and under inert atmosphere. An excess of acetonitrile (10 to 25%) is used as solvent
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liquid injection processes, the concentration of the organonetallic conpound
is typically in the range of 0.05 to 0.25 M and nore typically 0.05 to

0. 15M The organonetal lic 11 compound/ organi ¢ sol vent conpositions nay be in
the formof solutions, slurries or dispersions. Conpositions including the
present organonetal lic conpound and an organic solvent are suitable for use
i n vapor deposition processes enploying direct liquid injection. Suitable
direct liquid injection processes are those described in U S. Patent
Applicatjon No. 2006/.0110930.  (Senzaki). Further provide t he present

i nvent M8HS Ppegled i wg fﬂ[ OUFBIINGEE (R YT BPoe TBE PRSTHEesy vfﬁ‘@ e ng the

step 0o @HROeiih bi GoheFRiIZhadBEHR LV Sr §itd Fhbsk RGthadYstdQtifing dTehabove
descri bed nethods. The present invention provides an enabling solution to

t he usteagionireaser Sltepativelytlis mas}mrsmay be caprgrbout gegmosphicsis prosaures angl uadery ALD,
whi h BAYE ot SlearBAbAR lela. &&fn%&w&%doms el ing LORMIRLiaiS T APT 1 1LY,

appropria Vet hed surface as well as gas
phase soagbbeisqdsstrubtveus@ond] eﬁfhﬁamn oeﬁ@P/chteﬁtrevéntgngStmoIﬂ&ré oExewd sodveakanpl es

AR AT AT e Sy
fol I owge. r({Wﬁ)hﬁsﬂ}{%aMe is fh‘eﬁ'd?stlllk@(lg:egsg&h% Tﬁ{e%’ddu& ﬁe%&tedﬁb'beA sol ution

of eqU|nDIar m xture of iso-propyl am ne, iso-propyl phosphine, and

Ot anpltsineinihigins idel o %) Fenh O AATETIS MIREALIE Jeguiibgs A Hetscioh BE &l e vessel
at atnp ﬁﬂp? essure and under inert atnosphere. An excess of

acet oni e]?f 0 25% is used as solvent 12

Example 2

(Di-iso-propy! phosphoamidinato)lithium is expected to be synthesized as follows.

— —
Me—</N +  tBuLi———> Me——(g 10 + rBuH
__<PH __<P
The lithium salt of di-iso-propyl phosphoamidine is prepared by reacting at -78°C a
hexane solution of n-butyllithium (2.3 M in hexane) with an equimolar quantity of di-iso-propyl
phosphoamidine dissolved in ethereal solvent. The addition is carried out in a dropwise manner
and with efficient stirring. After completing the addition, the reaction mixture is allowed to
attain room temperature. The solvents and unreacted reagents are expected to be removed using

vacuum stripping. The product is then dissolved in butyldiglyme (“BDG”) to obtain a solution
of di-iso-propyl phosphoamidinato lithium (25 to 50%).

Example 3

(Di-iso-butyl phosphoamidinato)lithium is expected to be synthesized using the

procedures of Examples 1 and 2, and employing iso-butyl amine and iso-butyl phosphine.
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and is expected to aid in honogenizing the reaction mass. The pressure
vessel is then heated to 50 to 60 Cin an isothermal chanber or oven for 5
to 6 hours with constant stirring of the reaction nmass. Alternatively, this
reaction nmay be carried out at atnospheric pressures and under reflux
conditions. The ammoni a rel eased during the reaction is scrubbed using
commercial scrubbers (destructive renoval efficiency > 99% before venting
to at nosphere. Excess solvent and by-products are expected to be renoved by
vacuum di stillation. The resulting exgected di - iso-propyl phosphoam dine is
then distilled under vacuum The p 3 s expected to be obtained in high
yields (> 75@@ and free of organic and netallic jnpurities as detected by

FT- NVR andUnpintricatmonpNsiso Rf@nyhPsbbwl@awphﬁw&dm%)mwﬁa% SYPEFtERIAng i s
expect @ L+

t - BuH ﬂk%z&?ﬁﬁﬁﬁ% ?h%?g% t of |-|égdgr%%vmﬁgﬁﬁn%ﬁ%éﬁ&érﬁ@ﬁfs%prepared by
r eact i wefiaay-butyBghoaphihexane sol uti on of n-butyllithium (2.3 Min hexane) wth
an equi nol ar quantity of di-iso-propyl phosphoam di ne dissolved in ethereal
solvent. The addition is carried out in a dropwi se manner and wth
efficient stirring. After conpleting the addition, the reaction m xture is
allowed to attain roomtenperaturExaniple 5sol vents and unreacted reagents are
expected to be renmoved using vacuum stripping. The product is then

di ssol ved | Undyuinydttiémone(N-1 eﬁDﬁt}l-P-@soﬁhﬁ)ﬁipho@h&ﬂhidﬁﬂaw)sodihimGﬁ exipS&Qedtoopy|
phosphoam dinato lithium (25 to 50% . Exanple 3 (D -iso-buty
phos phbafinHichasdysing the BFHCF@“%%H&?@@@I@@& aHd s%%?bﬂ%ﬂeﬁ%’i’lﬁ@ anpige ang} ocedur es

of Exappleg) bhc% fing, an@Rth F‘d&lr?rrlogﬁ%%iﬂﬁ) hrﬁf&el?:'r’fn}{}'l c@ﬂ?ﬂ% d?ﬁ%d‘ﬁ%-%lﬂthlﬁﬁQﬁph' ne.

13 Exanple4 Un ynnetrlc N-1 so- propy
phosphbexanegli nat o) lithiumis expected to be synthesized using the procedures
of Exanples | and 2, and enpl oying iso-propyl am ne and

Example 6

Tetrakis(di-iso-propyl phosphoamidinato)hafnium, Hf(iPr-PAMD),, is expected to be
synthesized by reacting the tetrakis(ethylmethylamino)hafnium with 4.4 molar excess of di-iso-
propyl phosphoamidinate (obtained from Example 1) in toluene at elevated temperature (not
exceeding 100 °C) for 6 hours. After complete reaction, the reaction mass is allowed to cool to
room temperature. Upon further cooling to 0 °C and below, the target product tetrakis(di-iso-

propyl phosphoamidinato)hafnium is expected to be obtained in high yields.

Example 7
Tris(di-iso-propyl phosphoamidinato)aluminum, Al(iPr-PAMD)s, is expected to be
synthesized by reacting the tris(ethylmethylamino)aluminum with 3.3 molar excess of di-iso-
propyl phosphoamidinate (obtained from Example 1) in toluene at elevated temperature (not
exceeding 80 °C) for 5 hours. After complete reaction, the reaction mass is allowed to cool to
room temperature. Upon further cooling to 0 °C and below, the target product tris(di-iso-propyl

phosphoamidinato)aluminum is expected to be obtained in high yields.
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tertiary-butyl phosphine. Exanple 5 Unsymetri cal

nmono( N-tert-butyl-P-iso-butyl phosphoam di nato)sodiumis expected to be
synt hesi zed using the procedures of Exanples 1 and 2, and enpl oyi ng
tort-butyl am ne and iso-butyl phosphine, and enpl oyi ng sodi um anide in
butyl diglyme instead of n-butyl lithiumin hexane. Exanple 6

Tet raki s(di -1 so-propyl phosphoam di nat o) haf nium Hf (i Pr- PAMD) 4, is expected
to be synthesized by reacting the tetrakis(ethyl methyl am no)hafniumw th
4.4 nol ar excess of di-iso- propyl phosphoani di nate (obtained from Exanpl e
1) in toluene at el evated tenperatbxamgle8t exceeding 100 C) for 6 hours.
After conplete reaction, the reaction nass is allowed to cool to room

t enper at ur eTetrUbis@ii-fi&wr-bdhydrphosmlloiamgiirtam)gerﬁ)aaimdmbéile(iﬁru Wm@iwpe@cmw@t

tetrakis(di.-i 0 ho at.o i o.,b obta ned
T s e L AR i e
Al (i Pr 5809 F]%aﬁﬁ&ﬁ@(cﬁb@mﬁ&l fodin EX¥mpRes 'inZBDde( eleQael 'tefhgjehh@re (not

|

tris(ethyl nethyl am no)al um numw th 3.3 nol ar excess of -i so- propyl
phos p hexaeddinenkiOe ) drt elavesd Aﬁ@@p@plﬁmeectm)l iha reagtioremessds abowedioegol to

t t t h Af t t th
react | BRERRCH LT YU <OOGTE o Slp Pt B TR (P GRET cool i ng
to 0 Cblﬁﬂ%h@@h@%ld‘iﬁh%)k&hﬁﬂiurrpfsQﬂb@&edttb'béﬁE‘ﬂam'e&Qrlﬁlf'gﬁméllds

phosphoam di nat o) al uminumis expected to be obtained in high yields. 14

Exanpl e 8 Tetraki s(di-iso-butyl phosphoam di nat o) ger mani uum Ge(i Bu- PAND) 4,
is expected to be synthesized by reacting the germaniumtetrachloride with
4.5 nmol ar excess of lithiumsalt ofy Qh legSO- butyl phosphoam di ne (obtai ned

from Exanple 3) in BDG at el evat ed erature (not exceeding 100 C) for 5

Foom i emper raReegst R Aoy S%é&s‘bgﬁﬁ?ﬁﬁ%@ﬁé%ﬁd@%&t‘? ey ©
pr oduciynthehmidg( ntéactmgmhe ﬂnung(W-tpb}pgmlbembdtyh ahaspyeamidimatolithtuneobeainedd t o be
obt al nggmi]il;l(ar?lip%% %\i/it?ll acriltslfnony trichloride (3.3:1 molar ratio) in n-butyl ether at elevated

temperature (not exceeding 80 °C) for 8 hours. After complete reaction, the reaction mass is

allowed to cool to room temperature. Upon further cooling the solution to 0 °C, the target

product unsymmetrical tris(N-iso-propyl-P-f-butyl phosphoamidinato)antimony is expected to be

obtained in high yields.

Example 10

Unsymmetrical bis(N-tert-butyl-P-iso-butyl phosphoamidinato) tetrakis
(ethylmethylamido)tungsten is expected to be synthesized by reacting the mono(N-tert-butyl-P-
iso-butyl phosphoamidinato)sodium (obtained from Example 5) and lithium ethylmethylamide
with tungsten hexaachloride (2:4:1 molar ratio) in BDG at elevated temperature (not exceeding
100 °C) for 6 hours. After complete reaction, the reaction mass is allowed to cool to room
temperature. Upon further cooling the solution to 0 °C, the target product unsymmetrical (V-
tert-butyl-P-iso-butyl phosphoamidinato) tetrakis (ethylmethylamido)tungsten is expected to be
obtained in high yields.

Example 11
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Exanple 9 Unsymretrical tris(Niso-propyl-P-t-butyl
phosphoam di nato) anti nony i s expected to be synthesized by reacting the
nmono( N-i so- propyl - P-t-butyl phosphoam dinato)lithium (obtained from Exanple
4) with antinmony trichloride (3.3:1 nolar ratio) in n-butyl ether at

el evated tenperature (not exceeding 80 C) for 8 hours. After conplete
reaction, the reaction mass is allowed to cool to roomtenperature. Upon
further cooling the solution to O C, the target product unsynmetrical

tris(N-iso-propyl-P-t-but hqsphoapni di n iony i s expected to be
obt ai ned i n{Jﬁf"Sﬁ(%e&y&i BHO%E%%?@%&CWHW‘%H%W% ' expecied to be

bi s(N- tiittesbd by relctinzah®wtotkisRBHRARABM NN @lun Qlithalkd Molar excess of diethyl

(et hyl met hyl am do)tungsten is expected to be synthesized by reacting the

nono( Nehaespheagudipe (fpllowing thproredyres b Fuamplail h it telusariat phs vatsdtiemprsature (8o

morar PSeraf ol b Tha AR (AL Rt I BT LR, ARBRET PR T 7"

hour s. rodht @mpé@tié. €Ufor Gt @dling ) Y atd beddv, TS Rirdes paldueeehkifdie®9l to room
tenperature. Upon further cooling the solution to 0 C, the target product

unsy mehaspheamidinatojteliuriugyisyexpeeiqdse bp abipine frokigh yisksa T hraproylugt aayzgenwin
t hyl . ' i S bt ai ned in high yields.
eyl SRR GG ReHREEL LN, Bt P T um OTel r - PAVD) 4,

is expected to be synthesized by reacting the

tetraki s(ethylmethylam no)telluriumw th 4.4 nolar excess of diethyl
phosphoam di ne (foll ow ng the procgdur S f Exanple 1) in toluene at

el evated tenperature (not exceedi ) for 6 hours. After conplete
reaction, the .reactiqn ss.i.s allowed to_coql . [ t erature. Upon
further " cooB SIS Phoe R ek Bl Fmeene PR P s Rls PO PTG, 6 oty
phospheayd ShihadigddtBltbiwwssm i s expected to be obtained in high yields. The
product may contain bis(diethyl phosphoam dinato)telluriumas a secondary

product. Exanple 12 i s(isopropyl phosph =di_nat o) r ut henocene,
[ MeCP(i-Pr)N(i-Pr) (Cp), is expected
___</NL. + [CpRUCI Hexane
|

— Y'Y

The lithium salt of isopropylphosphoamidinate is reacted with cyclopentadienyl
ruthenium chloride tetramer in hexane at room temperature (approximately 25° C), employing
slight molar excess (1-2%) than required by stoichiometry. The reaction is carried out under an
inert atmosphere of nitrogen, in a 3-neck round bottom flask equipped with magnetic or
mechanical stirring and effective heating/cooling system to control the rate of reaction. The
reagents are added in continuous and dropwise manner, and are allowed to mix slowly to control
the exothermicity of the reaction. The reaction mass is maintained below 60-80° C. After
completing the addition, the reaction mixture is stirred for | hour at room temperature. The
reaction mass is heated to obtain a gentle reflux to ensure complete reaction. The crude product
is then expected to separate from the reaction mass upon cooling, and is then to be purified using
standard distillation and/or recrystallization techniques. The target product
bis(isopropylphosphoamidinato) ruthenocene 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
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to be synthesized as follows: <P + [CpRuCl]4 Hexane --< NLi RT /Ru The
l'ithiumsalt of isopropyl phosphoanm dinate is reacted with cyclopentadienyl
rutheni umchloride tetraner in hexane at roomtenperature (approximately 25
O, enploying slight nolar excess (1-2% than required by stoichionetry.
The reaction is carried out under an inert atnosphere of nitrogen, in a
3-neck round bottom fl ask equi pped with magnetic or nechanical stirring and
ef fective heating/cooling systemto control the rate of reaction. The
reagents are added in continuous and dropw se manner, and are allowed to m x
sl owl yalsosubstantiablly free fof nexedlihiexpuritied (< ¥ ppbhes deaotinarby IORPMS/EER-OESN nmass i s
mai nt ai ned bel ow 60-80 C. After conpleting the addition, the reaction

m xture is stirred for 1 hour at roomtenperature. The reaction nmass is
heated to obtain a gentle reflux to ensure conplete reaction. The crude
product is then expected to separkdaepld BN the reaction nmass upon cooling,
and is then to be purified using standard distillation and/or

recrystall |"Zﬁfhétﬁy”lsﬂ}ﬂﬁllafhlyﬂbﬁﬁsop-fdﬂ@l}i}ﬁE}Qﬁhmﬂﬁﬁhﬂdwbqlatnthanum [MeCP(i-Pr)N(i-

bi s(i soprop hosphoam di nat o) rut henocene is expected to be obtained in

hi gh yP@]ZHa@gSEB@S) é&@@é@%@l“’t*&? yathstipek asdelloy'y free of organic solvents (<
0.5 ppm as determ ned by FT-NWR and 16 al so substantially free of netallic

inmpurities (< 10 ppb) as determ ned }gNB/ICP—CES Exanmpl e 13

Tri met hyl si | y|ogt Sixe.Pi S¢ SOQHE pr hq:.ﬂ:g

[ MeCP(i - Pr) N( |(- Itsrl)je-ifa CH2Si g e'ﬂ')ecte C%M%g% $ized as fol | ows:
Li (CH2Si Me3) + Lad 3(THF)4 RTF La( CHZS| Me3) 3(THF)4 P THEE. NH +

La( CHZSi Me3) 3 4 RT NP SiMe 3 The lithiums trimethyhsilyl methyl

lithium is reactpd with the THE adduct "_": | ant ha Qtr)rh oride in THE at
room t enper at&r—e</( appr Qé(mgﬁuys)g(s'k@)4$h%ir-ﬁke at/eLa }——

—" —< (O
SiMe;

The lithium salt (trimethylsilylmethyl lithium) is reacted with the THF adduct of
lanthanum trichloride in THF at room temperature (approximately 25° C). The intermediate
product is then reacted with free isopropyl phosphoamidine in THF to obtain the target product
trimethylsilylmethyl-bis(isopropylphosphoamidinato)lanthanum. The reaction is expected to be
a batch operation, and a one-pot-synthesis without isolation of intermediate product. The
reaction is carried out under an inert atmosphere of nitrogen and employing a slight molar excess
(1-2%) of lithium salt than required by stoichiometry. The reaction is expected to be carried out
in a 3-neck round bottom flask equipped with magnetic or mechanical stirring and effective
heating/cooling system to control the rate of reaction. The reagents are added in continuous and
dropwise manner, and are allowed to mix slowly to control the exothermicity of the reaction.
The reaction mass is generally maintained below 60-80° C. After completing the addition, the
reaction mixture is stirred for 1 hour at room temperature. The reaction mass is then heated to
obtain a gentle reflux to ensure complete reaction. The crude product is expected to separate
from the reaction mass upon cooling, and is then to be purified by using standard distillation
and/or recrystallization techniques. The target product trimethylsilylmethyl-
bis(isopropylphosphoamidinato)lanthanum 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
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product is then reacted with free isopropyl
the target product
trimethylsilylmethyl-bis(isopropyl phosphoam di nato)l ant hanum The reaction
is expected to be a batch operation, and a one-pot-synthesis w thout

i solation of internediate product. The reaction is carried out under an

i nert atnosphere of nitrogen and enpl oying a slight nolar excess (1-2% of
lithiumsalt than required by stoichionetry. The reaction is expected to be
carried out in -neck raund bott | ask ui pped, W i¢ or
rechanba risinie Prfiediianat PESopgaes LK pd cs BOPTREeC o I AMBRISRES or " ¢ he
rate of reaction. The reagents are added in continuous and dropw se nanner,
and are allowed to mx slowy to control the exothermcity of the reaction
The reaction mass is generally maintai ned bel ow 60-80 C. After conpleting

phosphoam dine in THE to obtain

the addition, the reaction m xturé& rred for 1 hour at room
tenperature. The reaction mass is then heated to obtain a gentle reflux to
ensure conpPegasomeahici coppoTRds Qfl‘}lfcférfb‘FlééF&(%CR?Re)AMgcleedn%@1@@6&?@% from
the 1 eqglduan, BRI HParE PR chihe Bk hrdcddIfR phayile iRYLIAbIES 1 BYobt Do standard
distillati oll# angllréloﬁ Qaercr ys?tg?rf% zatlé)nct e(%ﬁr?l qtﬂes.1 Eﬁ%e ifar get 0‘;&:?’0 uct
t ri met hyl sttytmetrthyt="bts(isopt UperzphprilUdlli dimatojrt dlltlild. mTsexpected to
be obt ai nedamplehijgh Mi elld a&ld ijs Rxpect & taq be¥suhstahtiallyIfred of
organi ¢ sprvents (< 05 |ppmy as[ deterTined by Fi- NVRanmd— 17 atso
substantifal | Y* free &g mat aliPrc | mMeitli esP{< |10 Ypb)| asmet ermi ned |by
| CP- M5/ | QP-CES [Exanpie 14 Organometal {1 c conpoundy of the| formul-
(R YCRZPR3) " MnLt)(mG®) L7, IFisteld iMF the Hol ljowiMg tlabl B arge preparled
accordi ng[tTo the|procedures proyvi ded i[n exanples_1 fjhrough T4. Sanple MR
RRBYL LO Al Y-Pr| MPT-pr XBep| B Bt M Etf NH OSi i-Pr| n-Bu
i-Pr PDiTei-Pr[E 1-Pr[ N NE CUI-I’[VEI-PI’IEJ’ MS F Sc M n-Bu Et P
TMG G La J - PP Me |i - P N |[TMPE Et I-Pr Me

E Cu i-Pr Me i-Pr p VTMS

F Sc Me n-Bu Et P TMG

G La i-Pr Me i-Pr N TMPG

H Zr i-Pr t-Bu i-Pr P Cp, Me

I Hf i-Pr Me i-Pr P allyl, Me | isoprene

J Nb i-Pr Et i-Pr N Cp, Me

K Ta i-Pr t-Bu i-Pr P Cp, Me

L \Y i-Pr Me i-Pr P Cp, Me

M Ni i-Pr Me i-Pr N Bz, CO

N Ru c-Hx t-Bu c-Hx P NO; p-cymene,

COD
O Pt i-Pr Me i-Pr N NO,

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

that compound and TMG = tetramethylguanidinate and TMPG =

tetramethylphosphoguanidinate.
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HZr i-Pr t-Bui-Pr PCp, M| H i-Pr M i-Pr Pallyl, Me isoprene J Nb
i-Pr Et i-Pr NCp, M@ KTai-Pr t-Bui-Pr PCp, M L Wi-Pr M i-Pr P COp,
M MN i-Pr M i-Pr NBz, CO NRu c-Hx t-Bu c-Hx P NO3 p-cynene, COD O
Pt i-Pr Me i-Pr NNO3 In the above table, |igands separated by a coma
denote that each ligand is present in that conmpound and TMG =

t et ranet hyl guani di nate and TMPG = tetranet hyl phosphoguani d i nate. 18 Exanpl e
15 Conpositions suitable for use in ALD or direct liquid injection processes

are prepared by conbining certai nﬁxf tgelscorrpounds of Exanple 14 with
certain organic solvents. The par onpositions are shown in the

followi ng tabl e. The or onetal | i 0 oun plcaII esent in a
concentrati o?ogﬁpoﬂt“insl\ﬂ“ﬂaﬂe ecide “ﬁ‘élﬂr ITpGt; IEEﬁ‘WﬁC“‘éﬂ{ﬁ repared
O ganoW@Hﬁﬁan%an&m@@ V@\Mth céna@l di Emc %ol@eﬂts 47R3 oxane 3 D

n- Butyl "acetate” 4 E Cctane ? THE 8 F Cctane
particular compositions are shown in the following table The organometalllc compounds are

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

Composition Organometallic

Sample Compound Sample Solvent
1 D THF
2 D [,4-Dioxane
3 D n-Butyl acetate
4 E Octane
5 E Diglyme
6 E VTMS
7 F THF
8 F Octane
9 G Diglyme
10 G 2-Methoxyethoxy acetate
11 H n-Butyl acetate
12 H 2-Methoxyethoxy acetate
13 J THF
14 K Octane
15 K Diglyme
16 M n-Butyl acetate
17 M 2-Methoxyethoxy acetate
18 O Octane
19 0] THF
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9 GDglynme 10 G 2- Met hoxyet hoxy acetate 11 H n-Butyl acetate 12 H

2- Met hoxyet hoxy acetate 13 J THE 14 K Cctane 15 K Diglyne 16 M n-Butyl
acetate 17 M 2- Met hoxyet hoxy acetate 18 0 Cctane 19 0 THE 19 What is
clainmed is: 1. An organonetallic conpound having the fornula (R YCR2PR3)
MLl {m L2p wherein R, R2 and R3 are independently chosen fromH,

(G -Ce)al kyl, (C2-C(,)alkenyl, (C2- C6)al kynyl and aryl; Y = Nor P, M= a

nmetal; L' = an anionic ligand; L2 = a neutral ligand; m= the valence of M
n = 1-6; = ‘Bé and wherein in > n. 2. The conpound of claim1 wherein L'
i s chos : tde, halide, azide, aIkyIs al kenyl, al kynyl, carbonyl,

am do, al kyl am do, dial kyl am do, di al ky| a y. hyd azi do,
phosphi do, nft ‘f\Bé’Wano’i‘?Ftla M CO“WPP’?‘gtl‘aé”ng?/fh Fan“E% (gi kg}y};ﬁ% Wi moal koxy,
al koxyawxlem R, RY hadR Mre 1&ebéﬁ@éntl§dbmﬁ§19ﬂ%% (cl,c d)aum r(@E-@%)alkenyl (Co-
cyclopentadlenyls silyls, pyrazolateq and nat es . The conpound of

cl ai m | Calabeyaylang aryilisY c%@éﬁ ¥ro#neal; ING, anaanmre Kgang Iem=,'§ ne‘ﬂtfql é‘ﬂ@ﬁi m =
al kynes he%fén@efé%’ﬁthﬁ 1CETROH! dgll%wherglaqngqlgpound of claiml wherein Mis

chosen o A p2tdGo A conposition conprising the

compound of e S o msy?o'ﬁﬂd %Pclg{ng?@}h%r&notvg @{10561? froﬁﬂ 1Iagdna?[ie ga%?ig Sdl%ylgg a film

conprising t rovidin vapor "deposi
r eact or atkeoynvatiynyy caxfboﬁylpdirﬂﬂ:lurﬂbylamhh dnalyghﬁﬂm,aidlk)damﬂmkylndmdb claimlin
a . . .
hydrazido, phosphido, nitrosyl, nitryl, nitrate, nitrile, alkoxy, dialkylaminoalkoxy,
alkoxyalkyldialkylamino, siloxy, diketonates, ketoiminates, cyclopentadienyls, silyls,

pyrazolates, and amidinates.

3. The compound of claim 1 wherein L2 is chosen from CO, NO, alkenes, dienes, trienes,

alkynes, and aromatic compounds.
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 ina

gaseous form to the reactor; and depositing a film including 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.

9. The method of claim 8 wherein the second precursor is selected from oxygen, ozone,

water, peroxide, alcohols, nitrous oxide and ammonia.

20



gaseous formto the reactor; and depositing a filmincluding the netal on
the substrate. 7. A nethod of depositing a filmconprising the steps of:
providing a substrate in a reactor; conveying the conposition of claim5
into the reactor using direct liquid injection; and depositing a film
conprising the netal on the substrate. 8 A nethod of depositing a film
conprising the steps of. providing a substrate in a vapor deposition
reactor; conveying as a first precursor the organonetallic conpound of claim

1 in a gasegus,fgrmto the reactor: chem sarbing the fiyst precursar
compound on [the SEPFREEEVR TohETveing e Pepsorn s Rer Birge fodh - BREFPEBT bR
first pﬁﬁﬁﬂh&ﬁﬁmﬁgﬂﬁﬂun@nﬁk@ﬂﬂbm@mﬁﬁﬁctOr; conveying a second precursor in
a gaseous formto the reactor; reacting the first and second precursors to
forma filmpn A RRtoddst prépLingdResphemmMiftGotipYurtidBaptisiHg se&eanda RigiGUr Sor .
9. The method of claim8 erein the second precursor is selected from
oxygen, casprswad wiliansimary shesphige in te piwsencs of ameta tdflypepmetharpsulionséni a. 20 10.
A delivg, evice for delivering a precursor in the vapor phase to a vapor

depositl%%ygTeaction conprising the conmpound of claim1. 11. A method for

preparing ph oam di 0 C r.sing.r I LA conpound
By o 00, PP PRI e SR ORSORE B8 HRH AR BhbE Ui o
t ri f 1 uoniodie chapamdlaho tat Rimaraphbsphine. 12. The process of claim| 1 further
conprising a reacting a prinmary amine with the nitrile conpound and the
primary phosphine. 21

21





