PRECURSOR COVPCOSI TI ONS AND METHODS The present invention relates generally
to the field of vapor deposition precursor conpositions and their use in
vapor deposition of thin filns. In particular, the present invention

relates to the field of am do-group-containing conpounds useful as
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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, surface

reactivity, and thermal stability properties, there is an overall lack of suitable ALD precursors.

Precursor compounds containing a metal-oxygen bond, such as metal alkoxides and metal
beta-diketonates, have been used to provide necessary thermal stability, however such precursor
compounds have insufficient volatility and require relatively high temperatures in ALD
processes. Precursors with metal-nitrogen bonds, particularly metal dialkylamides and metal
amidinates, have been considered as promising candidates for use in ALD processes. The
alkylamido precursors tend to possess high volatility since the alkylamido ligands effectively

prevent neighboring precursor molecules from interacting with the metal center of the precursor
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conpared with the corréspondi ng am do-group-containing precursor itself. The
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film including an amido-group-containing vapor deposition precursor including a metal or

metalloid chosen from a transition metal, phosphorus, antimony and arsenic, and a stabilizing

additive compound capable of sharing electrons with the metal or metalloid, wherein the

stabilizing additive compound is present in an amount of 0.01 to 3 molar equivalents based on

the vapor deposition precursor. Such compositions have higher thermal stability with greater

volatility as compared with the corresponding amido-group-containing precursor itself. The

present invention further provides a vapor delivery cylinder including the above described

composition.

Also provided by the present invention is a method of preparing the above described
composition including combining the amido-group-containing vapor deposition precursor with
the stabilizing additive compound; heating the combination of the vapor deposition precursor and
the stabilizing additive; and mixing the vapor deposition precursor and the stabilizing additive to

form a mixture.

The present invention further provides a method of depositing a thin film comprising

providing a substrate in a vapor deposition reactor chamber; conveying as a first precursor the
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di-isopropylcarbodiimide; CO = carbon monoxide; Bz = benzene; AMD = amidinato; FAMD =

formamidinato; PAMD = phoshoamidinato; DMA = dimethylamido; TMG =
tetramethylguanidinato; PMDETA = pentamethyldiethylenetriamine; and THF =
tetrahydrofuran.

“Halogen” refers to fluorine, chlorine, bromine and iodine and “halo” refers to fluoro,
chloro, bromo and iodo. Likewise, “halogenated” refers to fluorinated, chlorinated, brominated
and iodinated. “Alkyl” includes linear, branched and cyclic alkyl. Likewise, “alkenyl” and
“alkynyl” include linear, branched and cyclic alkenyl and alkynyl, respectively. As used herein,
cyclopentadienyl and heterocyélopentadienyl ligands encompass fused-ring systems including
but not limited to indenyl and fluorenyl radicals. Hydrocarbyl structures specifically include C;-
Cso linear, branched, and cyclic alkyl, and aromatic fused rings and pendant rings. The articles

“a” and “an” refer to the singular and the plural.

Unless otherwise noted, all amounts are percent by weight and all ratios are molar ratios.
All numerical ranges are inclusive and combinable in any order except where it is clear that such

numerical ranges are constrained to add up to 100%.
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acet am Ha,r&f 2r, HiiNb,S8pvap@b, Ni, Ru, Rh, Pd, Ir and Pt. Particularly suitable metals include,
without limitation, La, Ti, Zr, Hf, Nb, W, Mn, Co, Ni, Ru, Rh, Pd, Ir and Pt. Exemplary amido
groups include, but are not limited to, (C;-C¢)alkylamino such as methylamino, ethylamino and
propylamino; ans di(C;-C¢)alkylamino such as dimethylamino, diethylamino, ehtylmethylamino
and dipropylamino. Exemplary amidinate groups include dimethyl acetamidinato, di-isopropyl
acetamidinato and tertiarybutyl ethyl propicamidinato. Exemplary formamidinate groups
include diethylformamidinato, di-isopropyl formamidinato, and ethyl isopropyl formamidinato.
Exemplary guanidinates include tetramethylguanidinates and tetraethylguanidinates. Exemplary
phosphoamidinates include N,P-dimethyl-methylphosphoamidinato, N,P-diethyl-
methylphosphoamidinato, N,P-diethyl-ethylphosphoamidinato, N,P-di-iso-propyl-
methylphosphoamidinato, N,P-di-iso-propyl-iso-propylphosphoamidinato, and N,P-dimethyl-
phenylphosphoamidinato.

Exemplary vapor deposition precursors have the formula (amido),,MJ“mLl(m.n)LZp wherein
M = a transition metal, phosphorus, antimony or arsenic; L' = an anionic ligand; L* = a neutral
ligand; m = the valence of M; n = 1-6; p = 0-3; and m is greater than or equal to n; amido =

amidinato, formaminato, haloamidinato, phosphoamidinato, guanidinato, phosphoguanidinato,
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a hydrogen_ by another substituent group, such as (C -C6)al kyl,

(a - cr2md k9. and hal o. Exenplary substituent groups include, without

limtation, tert butyl, iso-butyl, iso-propyl, tert-butoxy, iso-butoxy,
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alkylamino, dialkylamino, di(silyl-alkyl)amino, disilylamino, di(alkyl-silyl)amino,
dialkylaminoalkyl, hydrazido, phosphido, nitrile, alkoxy, dialkylaminoalkoxy,
alkoxyalkyldialkylamino, siloxy, diketonates, cyclopentadienyls, silyls, beta-diketonato, beta-
diiminato, beta-ketoiminato, and pyrazolates. 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;¢)alkyl
such as methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclopropyl, cyclopentyl and cyclohexyl; (Cs-
Cio)alkenyl such as ethenyl, allyl, and butenyl; (C,-Cg)alkynyl such as acetylenyl and propynyl;
(C1-Cp)alkoxy such as methoxy, ethoxy, propoxy, and butoxy; cyclopentadienyls such as
cyclopentadienyl, methylcyclopentadienyl, ethylcyclopentadienyl and
pentamethylcyclopentadienyl; di(C;-C;¢)alkylamino(C;-Cg)alkoxy such as
dimethylaminoethoxy, diethylaminoethoxy, dimethylaminopropoxy, ethylmethylaminopropoxy
and diethylaminopropoxy; silyls such as (C;-Cjg)alkylsilyls and (C;-C;¢)alkylaminosilyls.
Preferred anionic ligands are cyclopentadienyls and (C;-Cjg)alkoxy. When two or more anionic

ligands are present, such ligands may be the same or different.
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dlmethylphosphme trlmethylphosphme triethylphosphine, and triphenylphosphine. The number

of neutral ligands depends upon the particular metal chosen for M. When two or more neutral

ligands are present, such ligands may be the same or different.

The amido-group-containing vapor deposition precursors may be prepared by a variety of
methods known in the art. For example, the precursors may be prepared by reacting a lithium
dialkylamide salt with a metal halide in a suitable solvent such as an ether. Such reaction may be
performed over a range of temperatures, with room temperature being suitable for certain
reactions. In an alternate synthesis of the precursors, an alkyl lithium may be first reacted with a
metal halide in a suitable solvent, such as amine or ether such as THF, and at a suitable
temperature, such as room temperature, followed by reaction with a dialkylamine in a suitable

solvent, which is typically the same solvent as used for the first reaction.

A wide variety of stabilizing additive compounds may be used in the present
compositions. The stabilizing additive is capable of sharing electrons with the metal or metalloid

of the vapor deposition precursor. That is, the stabilizing additive is a capable of being a ligand



of R3, R4 and RS is independently chosen fromH, (G _C6)alkyl and aryl.
Exenpl ary am nes are ammoni a, nethylam ne, dinmethylam ne, trinethylam ne,
et hyl am ne, diethylamne, triethylam ne, and ethyl nethyl am ne. Suitable
phosphi nes include, without Iimtation, conpounds of the fornula PR6R7RS,
wherein each of R6, R7 and R8 is independently chosen fromH, (G -C6)alkyl
and aryl. Exenplary phosphi nes are phosphi ne, nethyl phosphi ne,

di met hyl phosphi ne, trimethyl phosphine, triethyl phosphine, and
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solvent for the vapor deposition precursor.

The present compositions may be prepared by combining the amido-group;containing
vapor deposition precursor with the stabilizing additive compound; heating the combination of
the vapor deposition precursor and the stabilizing additive; and mixing the vapor deposition
precursor and the stabilizing additive to form a mixture. Optionally, a solvent may be used to
prepare the present compositions. Such solvents are typically substantially free of metallic and
oxygenated impurities, i.e. they contain less than 0.005% of such impurities. The heating and
mixing steps may be performed in any order and may be performed sequentially or concurrently.
In general, the heating step is performed at a temperature of less than or equal to 90° C. More
preferably, the heating step is performed at < 70° C, and still more preferably at < 60° C.
Temperatures > 90° C may be employed if high boiling (> 100° C) solvents are used. Mixing
may be by any suitable means such as by stirring, blending or agitating. It is preferred that the

mixture by substantially homogeneous. Optionally, the process includes the further step of



di al kyl am nes and aryl am nes, pol yam nes, carbodiim des, alkyl

carbodi i m des, cycl opentadi enes, thioethers, nercaptans and m xtures
thereof. The stabilizing additive used in the present conpositions is
preferably different fromthe |igands used in the vapor deposition
precursor. Conmpounds useful as stabilizing additives are generally
comercially avail able, such as from Sigma-Aldrich (MIwaukee, Wsconsin).
In the present conpositions, the stabilizing additive conpound is present in
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A carrier gas typically enters the bubbler through the gas inlet port and entrains or picks up
precursor vapor. The gas containing precursor 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.
Bubblers 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



The present conpositions are particularly suitable for use as precursors for
the vapor deposition of nmetal, netal oxide, netal nitride, netal silicate,
and netal silicon oxynitride thin filns. Such conpositions nay be used in a
variety of CVD processes as well as in a variety of ALD processes. Two or
nore of such conpositions may be used in a CVD or ALD process. Wen two or
nore conpositions are used, such conpositions may contain the sanme netal but
have different ligands, or may contain different netals and have the sane
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solid precursors, will contain a dip lgbe which is connected to the
containing the organometallic compound descn ed above. Other types of delivery devices may
also be used. Also provided by the present invention is an apparatus for chemical vapor
deposition of metal films including one or more devices for feeding a fluid stream saturated with

the composition 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
an elevated temperature, or if other energy such as plasma is generated by a radio frequency

source.



gas inlet port. In general, the carrier gas is introduced bel ow the surface
of the organonetallic conpound and travels upward through the source
conmpound to the headspace above it, entraining or carrying vapor of the
precursor conpound in the carrier gas. Cylinders that do not contain such a
dip tube may al so be used with the present conpositions. Precursors used in
ALD processes are often liquids, low nelting solids, or solids formulated
in a solvent. To handle these types of precursors, bubblers used in ALD
processes nters
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ot her enigy gometcHt visiciptha $im is &rgemernaAElcl pBytesses, adubstiatesig Wehjedted 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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source. 9 Suitable substrates for deposition, in the case of electronic

devi ce manufacture, may be silicon, silicon germanium silicon carbide,
galliumnitride, gallium arsenide, indium phosphide, and the |ike. Such
substrates are particularly useful in the manufacture of integrated circuits
and nenory chips. Deposition is continued for as long as desired to produce
a filmhaving the desired properties. Typically, the filmthickness wll be
from several hundred to several thousand angstrons or nore when deposition
is stop 0 | r giting a
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and/or 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 or metalloid. Exemplary second precursors include, but are not limited to, oxygen, ozone,

water, peroxide, alcohols, nitrous oxide and ammonia.

When the present compositions are to be used in ALD processes or in direct liquid
injection processes, they may be combined with an organic solvent. Any organic solvents which
dissolve and are suitably inert to the composition, as well as match the vapor pressure, thermal
stability, and polarity of the composition can be employed. 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, polyglyme, n-butyl
acetate, octane, 2-methoxyethyl acetate, ethyl lactate, 1,4-dioxane, vinyltrimethylsilane,
pentamethyl diethylene triamine (PMDETA), pyridine, mesitylene, toluene, and xylene.

Mixtures of organic solvents may be used. When used in direct liquid injection processes, the
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chosen, the filmto be deposited, and on other criteria known to those
skilled in the art. An ALD apparatus typically includes a vacuum chanber
means to provide an evacuated atnosphere, a pair of neans situated in the
vacuum chanber neans, the pair of neans including a support neans for
supporting at |east one substrate and a source neans for form ng sources for
10 as |l east two vapors of two different precursors, respectively, and
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The al ternating speEs of conveylgg the tirst and second £recursors and step

of reacPartiglarhefor whith haxe 8 seitablechalanse pisfupetionglity edrsied thermalistabiity.i | m of
the desjir i i I i p sgr from
the roabEle vabol BRG] cORbRAAIE SanohdEpSHER PRcuhEIULRRIASPIRE IR | L0
and pur ¢pnventionel preacdody inwslLD gprazesseneftendeddand ebsdecampdsitionsafltheprecursgpor . The

second precursor may be any suitable precursor that reacts with th first
precur B resulige paitkle teagtiong Sheh part aysaccpmblafs 18 (R LSaTar. MaRer 8ﬁ¥%efana| ly

cont ai Nj;RRQk B the sUBtfrte. Fartidd Rlrin@ish mBEXEBPHR ¥achf GRD SudN Fsiti&ks | ncl ude,
but are not limted to, %ﬁé en, ozone,” water, peroxide, alcohols, nitrous

oxi de adefrimentaltoshe gtheth oftdsfest-Geefitms drhgpsésentenmpasitionsprbwdeisleaher filmg D

processgs, or .in direct liguid injectio rocesses, they may be.conbi ned
B Oh antar 85 e o bRl s apd SFE UERoSHEE SRRz SR Pec sy
sui t abl ynifoaity a§ Corb e CRROSIrtdspohdinbSvapsi depasiticrapreburtdie witBROEh RALELLE €,
thermal stability, and polarity of the conposition can be enpl oyed.
Exenpl apdditbyeg e presentwempasitions alggehave longer shelf life and reduced safety issues'as

compared to t the corresponding vapor deposition precursors with such stabilizing additive.

To be useful in ALD processes, a precursor should not decompose at temperatures at or
below 140° C, and preferably at or below 150° C. One way to determine such decomposition
temperatures is by the use of accelerated rate calorimetry. A suitable calorimeter is the ARC™
adiabatic calorimeter available from Arthur D. Little. In use, a sample is placed in a spherical
bomb that is connected to a sealed pressure measurement system. A thermocouple is attached to
the outside of the bomb and the bomb is placed in the center of the calorimeter assembly. The
calorimeter assembly has 3 zones, each zone having its own thermocouple and heaters. The
ARC™ calorimeter uses a heat-wait-search-exotherm program. The calorimeter and the sample
are heated to a start temperature. The sample and calorimeter temperatures equilibrate during the
wait portion of the program. Next, the calorimeter monitors the sample for self-heating during
the search portion of the program. If self-heating greater than a predetermined rate of 0.02
°C/minute is not detected, the program repeats the sequence until the sample exceeds the

exotherm threshold which triggers the exotherm portion of the program, or until a maximum
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wi thout limtation, aliphatic hydrocarbons, aromatic hydrocarbons, |inear
al kyl benzenes, hal ogenated hydrocarbons, silyated hydrocarbons, al cohols,
et hers, glynes, glycols, aldehydes, ketones, carboxylic acids, sulphonic
aci ds, phenols, esters, amnes, alkylnitrile, thioethers, thioam nes,
cyanat es, isocyanates, thiocyanates, silicone oils, nitroalkyl,
alkylnitrate, and mxtures thereof. Suitable solvents include
tetrahydrofuran, diglyme, polyglyme, n-butyl acetate, octane,

2- et ho . [ I te, - d] vinyl trinethyl.sil.ane,
2L o B 8o S bR e e Mo BB
xyl ene. 0.0Me@minas), Bie RaGRIProgHA Shiftd (6 adRpatiRaradkiag. V@ wals @tk dndetdi 1 ect

liquid injection processes, the 11 concentration of the conposition is

typi cal fepperatyrp ef thg syetheym ig desrmiged. 25 Mol ar, and nore typically 0.05 to
0.15 Mol ar. The conposition/organic solvent conpositions are typically

sol utions. Slihg abbwingiexempleb argiexpedted te cilistrate yanowssspestsofahe pressat descri bed i n
U. S. Patentk)AppIication No. 2006/ 0110930 (Senzaki). Further provided by the
present T iV&%tion is a method for manufacturing an el ectronic device

including the step of depositi a thin.filmusing any one of the above
descri bed nethods. The presen&gﬁﬁgggFﬁgﬁmgﬁggﬁdes a vapor deposition
process using compositions, particularly for ALD, which have a suitable

bal ance of f ﬁmmbylmwlylmd@mawm(w@g) tag preppeeg by thy ighesioni ivumpr essur es

t han co It elv. .

convent PEREaTan(BEahe ARBARI SRRk SRRy ARRPRE B Bl Sl 1 on
of t heI psieg_tlfewc:]cedma i dee&iblet iimﬂleﬂiﬁrﬁthgﬂ (Seef f)._gr,rmcomadl‘e‘y aigd )78 Eﬁhﬁﬂnﬁﬁ Jmay
accurmul ate ip t reactor, vapor transfer ines or on the substrate.

Parti cl Mq@ﬁo’mﬁgﬁééﬂ)hé B ERRCHR WAt Bader iacpggaré:é@nLﬁaf ri ment al
to the gi@otd nf o Raghs hERSrdkhlh FrepakAanR bHiR 10 GOMBIRL LdrbitfinRIAMyde cl eaner
films thal are free of deposits, 6%rt|cles, and surface defects Such as

r oughnegdsletaricuscmppogést il produoty tetnakisfethylmethylamidogzippaniad, was sitgeatat toespondi ng
vapor dggo%i%%fn Rrecur sor with suc tstabili&'iggzﬁ addi tive.. The present
conposi BYGIFEYH SEUPRTROTBITE MGHBFRCT e BEaf PEdtat Se LW YRl es as

conpar egkpfRrdturt Afd GAE t@HRAAMINN S/ AR reABP @l shbWR iPFi@CUr sors with such
stabilizing additive. To be useful in ALD processes, a precursor should not

deconpose at Ak eAPE! b4 Iﬁlg. 10rtetr%i(&ﬁ?l%%&mi@@ﬁir%rﬁﬁrﬁrh%?io\(v @kmti el ow 150
C. One way to determ ne such deconposition
stability and decomposes even at a low temperature (onset of thermal degradation at 139° C)
after a short period of time (approximately 500 minutes). Tetrakis(ethylmethylamido)zirconium
shows a large self-heat generation rate (corresponding to the decomposition rate) even at low
temperatures and/or shows the maximum of the self-heat generation rate after a short period of

time under adiabatic conditions.

Example 2
The product from Example 1, i.e. tetrakis(ethylmethylamido)zirconium, (TEMAZr, 26 g,
0.08 moles) was combined with neat N,N’-dimethyl acetamidine (14 g, 0.16 moles). The
reaction mass was stirred to ensure good mixing. It was then warmed gently (about 50° C) to
affect the dissolution. After mixing and dissolving the N,N’-dimethyl acetamidine in TEMA-Zr,
the pale yellow reaction mass was stirred for 30 minutes. It was then heated to 58° C, and the
volatile organic impurities were removed during this heating step. The composition was further

purified by evacuation and pot-to-pot distillation at 55° C and 8 mTorr (1.07 Pa) pressure for 4
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tenperatures is by the use of accelerated rate calorinetry. A suitable
calorineter is the ARCTM adi abatic calorineter available fromArthur D.
Little. In use, a sanple is placed in a spherical bonb that is connected to
a seal ed pressure neasurenent system A thernocouple is attached to the
outside of the bonb and the bonb is placed in the center of the calorineter
assenbly. The calorineter assenbly has 3 zones, each zone having its own
thernocoupl e and heaters. The ARCTM cal orineter uses a

heat - [ e re
Pt S R N

equi l i bmﬁtyeedibbr i}thMIheo condiirth tipopresence oﬁad’dhae pt thg degined et (N, Nheimethyr | met er

nonitors the sanp sel f ti the search partion of the

pr ogr aniceiemidipg ;1 %2h@fe§‘i“éa{5ef"t°ﬂagﬁat5’ p?gﬁ%‘t“éﬁ%tﬁ‘?@d"%sé @eﬁ?‘? ¥.02 Cninute
i's not %&lé&ﬁeﬁckachbﬁczi?lfn‘?ﬂéﬁmﬁeﬁéﬁ%iﬁe%t IR ABRYRRCRnAtibA inithRing M RattreCeeds
the exothermthreshold which triggers the exotherm portion of the program

or unti zindalmmnmmammm ratppdhe bnset of deeorppositianreasortarat $60fr @ andstheeatehed. | f

self-heating of th gglte i s detected (exceeds 0.02 C/mnute (i t he heating
pr ogr an?"$aG Wasogng tﬁé’ieé? 1B R°tG/min Fhjs resplt eenfumgg that TRMAGSNN -dimathak at ur e of

the SXORRGRMILSHRME IR oo ERIIGUbIG RIATBARS 72 e expected to

illustrate various aspects®o esent” 1 nvention. Exanple | -
Comparative Tetrakis(ethyl nethylam do)zirconium (800 g) was prepared by the
reaction of lithium ethylnmethylam de and zirconiumtetrachloride in
tetrahydrofuran / hexane reaction S%| venlth by using the procedures as
described in the literature (see, Bradley and |I.M Thonas, J.

Chem Soc. 960, 857- 3861 : cilb was, carrjed out under, a
Constant. bl Mk so t@?&ﬁ@ﬁaﬁlaﬁq& EP?tﬁﬁ HTEoTigmn de it spiiYled and
purifi egenbehedYOO RALY, h?ad“fﬁﬁfd%ﬂ\ﬂ%thé’&eﬁ&lcy@l%b&{teﬁﬁéxﬁqﬁodo%‘r' (5% V%) fEB@re@r oduct,
t et raki s( et hyl met hyl am do) zi rconi um Wwas subjected to accel eraFed reaction

cal ori nex ﬂlyrmlashﬂsmmg thométympl@pcm@lmahmge nideaedctinn miktuieas herged for
t enper a ults. ar

o b S P Sl WBTRife SR AR AN oot Het Dt R, TRRETmbdhitonts 't s e

st abi | i giytilAdind@CAGRES,25d ¢/@ipedttd b poiss Semer bl stabiliethapf t her mal
degradation at 139 C
tetrakis(ethylmethylamido)zirconium.

Example 4

To a stirred solution of tetrakis(dimethylamido)hafnium in degassed hexane (100 mL), is
added dropwise the di-isopropyl formamidine (10% w/w). The reaction mixture is heated for 30
minutes and volatile impurities including some hexane are driven off under nitrogen stream. The
composition is distilled under vacuum, and is expected to possess greater thermal stability than

tetrakis(dimethylamido)hafnium.

Example 5

To a stirred solution of tertiarybutylimido-tris(ethylmethylamido)tantalum in degassed
linear alkyl benzene (100 mL), is added dropwise the linear alkyl benzene solution of
dipivaloylmethane (or 2,2,6,6-tetramethylheptane-3,5-dione or “thd”). The reaction mixture is

heated for 45 minutes and volatile impurities are driven off under nitrogen stream. The resulting
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after a short period of tinme (approximtely 500 m nutes).

Tet raki s(et hyl net hyl am do) zi rconium shows a | arge self-heat generation rate
(corresponding to the deconposition rate) even at |ow tenperatures and/or
shows the maxi mum of the self-heat generation rate after a short period of
time under adiabatic conditions. Exanple 2 The product from Exanple 1, i.e.
tetraki s(et hyl net hyl am do) zi rconium (TEMAZr, 26 g, 0.08 noles) was
combined with neat N, N -dimethyl acetanmidine( 14 g, 0.16 noles). The

reacti oeorq%%ﬁlowdﬁﬁnalﬁﬁes PucBil Ui 1000RcE) X Ridsest kreRP ticRRR SWBNPEhaRCNt | Y
(about 50 affect the dissolution. After mxing and di ssolving the

N, N - d|MEHMymHﬂueﬂaﬂndmmwmmwﬂMﬁMManMumhe pal e yel |l ow reacti on nass was
stirred for 30 mnutes. It was then heated to 58 C, and the volatile
organic inmpurities were renoved during this heating step. The conposition
was further purified by evacuation and pot-to-pot distillation at 55 C and
8 mlorr (1.07 Pa) pressure for 4 13 Hxempk.6 The yield of the final product
was 32 g after purification. The formulation product was analyzed by 'H NWR

to confirmtirg a@.ﬁﬂ&ﬁﬂﬁﬁe1@fonaﬁt@étltakfé@etlﬁllm&tﬁ?laﬂlﬂﬁi)ilﬂﬂniu%/ Rl degMNsd HgbarEk Iy |
acetam dine : TEMA-Zr present at 2:1 nolar ratio The co osition was

subj ect &enzeee (188 @é&)eksaﬂ@si drepwise the di-isoproppeaceiamiding (Yr%ﬁéﬂ fed measure heat
t t of
o LB TBR B0y A A PRI e ot €

0. 05 1372nﬁEtlmylcycloBhntad1m<sdnhter COhd tencrival mikaire 5 hbfed fox, 30 midutealdVolatdeet am di ne
conposi tion has g eate ermal stabilit than TEN@H% Exagple 3 To a

sti rred @PHrifies 8§ ({We'e 8 rua ?rsft“é?&?plsﬁﬁ%%ﬁ aRpositiop s dishlledindergae s andnear
aIkyI ene nononer
(5% w' w) epareéggﬁgh?ﬁ%$§% y?g?gg |éf?gghgﬁgﬁkg¥%§?cycP%%%ﬁ@ghlene

di mer. The reaction mxture is heated for 30 mnutes and volatile
inmpurities are driven off under nitrogen stream The conposition is
distilled under vacuum and is expegied Iq,possess greater thermal stability

than tetrakis(ethylnmethyl am do)zir Exanpl e 4

Compositions of enhanced thermal stability and suitable for use in ALD or direct liquid
injection processes are prepared by combining the amido-group-containing vapor deposition
precursors with the stabilizing additives set forth in the following table according to the
procedure set forth in Example 2. The vapor deposition precursors and stabilizing additives are

typically present in a molar stoichiometry of 1:0.01 to 1:3, respectively, in these compositions.

Composition Amido-group-
Sample containing Vapor Stabilizing Additive (mole%)
Deposition Precursor

) TEMAZr CDI (20)
2 TEMAHSf Di-methyl formamidine (45)
3 TDMATiI mmpH (65)
4 PEMATa Di-methyl acetamidine (35)
5 BDMIBDMAW MeCpH(15)
6 TBTDET thd (10)
7 AMITDET CDI (7.5)
8 TDMAP Di-isopropyl acetamidine (40)
9 TDMASD Di-tert-butyl acetamidine (60)
10 La(AMD); MP (55)
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To a stirred solution of tetrakis(di methylam do)hafniumin degassed hexane
(100 m.), is added dropw se the di-isopropyl formam dine (10% w w). The
reaction mxture is heated for 30 mnutes and volatile inpurities including
some hexane are driven off under nitrogen stream The conposition is
distilled under vacuum and is expected to possess greater thermal stability
than tetrakis(di methylam do)hafnium Exanple 5 To a stirred solution of
tertiarybutylimdo-tri s(et hyI met hyl ami do)tant al um i n degassed | i near al kyl
benzene (100(mL); TS qdded dropw se thg tTnear af benzene—sotuti on of

di pi val oyl nethand!(or 2, 2 6SFAMPhanet hyl hept ane Z!M(ﬁ dne or "thd"). The

reaction mxture |hs eatngglqb?FéﬁArp nyt es gpgop}f@y@;&e{aﬁldlmﬁ)l ties are
driven of f ul i esuf ting 14 conpositron is|distilled
under vacuum_and3is expedTBIBEMAMosSseqs Hehbaated m@lhélrawﬁﬂmﬁltnsbﬂ)l ty than
tertiarybutylimde-tri s(et hyﬂgm&i}yl am clo)ﬁ@qntn@{ i Brofst aRhdife (g@) a|stirred
suspensi on oftetTakis(jet iyl et iyl am do)zi rconi urm 1 i "degassed {1 near al kyl
benzene (100 Mj_adﬂﬁﬂ_&@&%ﬂgp t he di-isoprop® (3dtet ani dine (7.5% w w)
and di et hyl cycllgpent adi eneu i RITE" (9% w/w) pr %@g3py thermal |y

di ssoci at i ng [the—dirmgthytcycloperntadrenmedrmer-—The Teactiom mxture is

heated for 30 _niddtes jand vASEAMDY i npurliN -edutykmetblyl acatamiding (Idhder ni t r ogen
stream The ¢onpqgition 'G%(ISHA?&S Ml\?ﬂ under VAEUYI| a@&gmldh% @xpect ed to

tf

possess great stabrtfty thantetrakrs{ethyrmethytamdo)zi rconi um
Exanpl e 7 Conposilfi ons| of DERNEN@EdD:herl nal s@labﬂhylla%eta@mdin%@m able|for use in
ALD or direct liquid injection processes are prepared by conbining the

am do- gr oup- cont ai ni ng vapor deposition precursors with the stabilizing
addi ti vess e infthe tablei uhehblﬁev‘n@thcbrﬂ\ﬂaﬁgthteaiiillcﬁwﬁg:ﬁlemdhgbgT‘EMA ke pr ocedure set
forth in Exanpl or deposition precursors and sta izl ng

addi t | véﬁra&%s@thﬁ%ﬁhaflam“ip)pf%%m p?rﬁal%\%%ylamlffq)oﬂe%w&tt 6? mithalae‘lidq)o 1: 3,
respect iny anr;BH= IRehBess. n?&m%rggm% Bnmﬁmw BRaANIRnALRUP Sanpl e

cont ai ni Vapor | 1 zi'n Itive
bls(dlmethylam1do)tungsten TBTDET = tert- buty11m1do trls(dlethylam1do)tantalum AMITDET =

amylimido-tris(diethylamido)tantalum; TDMAP = trisdimethylamidophosphorus; TDMASb =
trisdimethylamidoantimony; MP = methylpyrrolidine; DBZM = dibenzoylmethane; BTBIBEMAMo =
bis(tert-butyimido)-bis(ethylmethylamiso)molybdenum; and hfac = 1,1,1,5,5,5-hexafluoro-2,4-

pentanedionate.

Example 8§

The compositions in the following table are expected to be produced using one or more
of the procedures described above. The starting materials and procedure to be used are provided
in the table. The products are expected to exhibit greater thermal stability than the corresponding

vapor deposition precursor used to make the compositions.

Amido-group
Vapor Deposition Containing Vapor | Stabilizing Additive I |Stabilizing Additive II

Precursor A Deposition Precursor ( mole%) (mole%) Procedure
Zr(O-tBu), Zr(NMe,), Me,-AMD(H) (18) - Example 2
Hf(NMe,), MeCpH (6) Me,-AMD(H) (19) Example 2

Hf(O-iPr), Zr(NEtMe), dpm (10) Me,-AMD(H) (20) Example 3
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Deposition Precursor

3 TDWVATI

mm H (65) 4 PEMATa Di - net hyl
H(15) 6 TBTDET the (10)
acet am di ne (40)

| TEMAZr CDI

7 AM TDET

9 TDVASb Di-tert-butyl
(55) 15 11 Sc(FAMD)3 DBZM (21) 12 LU(FAMD EMA Di - i sopropyl

(20) 2 TENVAHf
acet am di
CDI

D - et hyl
ne (35)

f or mam di ne (45)
5 BDM BDVAW MeC

(7.5) 8 TDVAP Di-isop ro |
acetam dine (60) 10 La(AVD)3 MP

acet am di ne (39)

rus,

13 BTBIBEMAMD N, N -ethyl nethyl acetam dine (33) 14 TEMAZr N, N -neth |
propyl acetam di ne (66) 15 TBTDET MP (57) 16 Cu AMD 2 EtCpH (13) 17
Ag( FAMD) [N utyt ceta di ) AN oS-
AN TR RN T Sl S O I S S T RN T
table, the AH0Mevi at | onstﬁWeifthe fchrﬁz #ahi ngs: TEMA = | Example2
t et raki s{€Tf )nyl am UQ')r(NMJ;J = pentaki i et hllﬁmﬂ%(ﬂ) IPVA Example 2
tetraki s(dine \/f ; 'm'rw—l = 1t methoxv-2-methv] - 2- propan L BDM
bi s(di met hyl i ni-do) - o s( dTifEhy | anj do) CBRGt en; | FBFDEYDED (35) | Example9
tert-but yTi hI 1 S(]di et do) [ aB&, 2 NiH TDET = Example3
anyl i m dp-t ﬁagj()igl)%;f hyll ani mlfﬁgqnf alum 2TF)I\/IMTJ')QM': i sdinet hyl ani dm)'(\aklrrgcenh
TDMASb =| trisdi net hyl a¥NéasCPhony: MMEGhet hy| pyrroli di ne: |DE®mPle2
di benzoy|[ et hane; BT IWM_ - R e 2
bi s(ter%/ butvim dn) -hi s(ethvl mgl';:t?'zny ;&uzc“}\@rr(r}\{? (45) %nnm, and hf ac Exa?pe1,
1,5, 5, 5- hex afIEEMo- 2, [Ru(CO)(tBu,-AMDY), |  tBu,- AMD(H) (éz) - Example 2
- Hf(NMe,),(NEtMe), Me,-FAMD(H) (2) - Example 4
(MeCp),Zr(NMe,)(Me)] Me,-AMD(H) (3) - Example 4
Cp,Mg Zr(NMe,),(NEtMe), iPr,-AMD(H) (10) MP (10) Example 4
Zr(NEtMe), MeCpH (55) Me,-PAMD(H) (7) Example 5

As used in the above table, the abbreviations have the following meanings: acac =

acetonylacetonate; and dpm = dipivoylmethane.

isopropylcarbodiimide (3.9 g, 0.031 mol) was added dropwise to the TEMA-Zr slowly at -10° C
with moderate agitation, yielding a clear yellowish viscous liquid. Analysis of this liquid by 'H

NMR confirmed the presence of TEMA-Zr:N,N’-di-isopropylcarbodiimide (molar ratio = 1:1).

Example 9

Under N, TEMA-Zr (10 g, 0.031 mol) was placed into a 100 mL Schlenk flask. N,N’-di-

This material was subjected to a thermal stability study by accelerated rate calorimetry

testing. The thermal stability study indicated that no onset of thermal decomposition was

detected up to 250° C. When compared with Example 1, it can be clearly seen that the addition

of the stabilizing additive raises the thermal stability of the precursor by more than 110° C.

Thus, the formulations of the present invention have increased thermal stability as compared to

the precursor alone without the stabilizing additive.

Example 10

Zirconium oxide (ZrO;) films were grown using the precursor formulation from Example
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pent anedi onate. Exanple 8 The conpositions in the follow ng table are
expected to be produced using one or nore of the procedures described
above. The starting materials and procedure to be used are provided in the
tabl e. The products are expected to exhibit greater thermal stability than
the correspondi ng vapor deposition precursor used to nake the conpositions.
Am do-group Vapor Deposition Containing Vapor Stabilizing Additive |
Stabilizing Additive 11 Precursor A Deposition Precursor nole" nole"

(6 neo i e phe B Ep AT ™) (e ey 4 dpm ( 10) SLENXEN% (25
A (N2) 3t (reeeretopfsmiER 1 FEB i BhaoPd MRS o sl & acac
(15) MedrofdAX ABM(E-D)0 Emfﬁh@or&n'ﬂbl(mﬁ ”Ek)eého(ﬁab tendp2yatiire Buds s&0MD({ B)° € 3$Ihe Exanpl e
9 Ta(GiPr)5 TBTDET t - Bu2- AMD( H) npl e3  V(NMe2)3(CO 2 MP (5) -
Exanpl e PAMADKINE pPoqndRyERUy 2INg 3568 WMZH)‘H"( tgx?}f flowgatesees 3 aRé E%

L 00 o T o, RO B,

Cp2My ZrtkeNNED)chérhberiapy Reatet &-250DCHThe poise mu@tb@)wa&pmptsermz pahg¢ AEL 3854 Mt CpH
55) Mee-P 7 d th t abl t he
oo ev: it OnRbipes o L SAR0TINE Py SR e s e RSP A S0P Fromt A ormat o and

dpm = digehatayt. "RIOD @iBles RerAPpBedfor the ZrO, thin film deposition.

A smooth, highly uniform ZrO, film was grown on the wafer after 100 cycles. The film
thickness by spectroscopic ellipsometry was found to be approximately 89.8 nm. The un-

optimized thin film growth rate was about 0.9 A/cycle.

B. TEMA-Zr from Example 1 was used to attempt to grow a ZrO; film under the
identical conditions as described above. No growth was found to occur under these conditions,

and TEMA-Zr was found to decompose in the boat.

The following Table shows the comparison of film growths using TEMA-Zr and the

precursor formulation from Example 9.

Precursor Tested TEMA-Zr . TEMA-Zr:N,N“-dg-
isopropylcarbodiimide
Thermal stability | Decomposition of source at 100° C Growth with source at 120°C
of Precursor (Growth also at 70, 100, 110° C)
7.9 A/min, 1.05A/cyc. (70° C) 6.6 A/min, 0.88A/cyc. (100° C)
Growth Rate
No growth (100° C and beyond) 6.7 A/min, 0.90A/cyc. (120° C)
Example 11

Under N,, TEMA-Hf (0.045 mol) is placed into a 100 mL Schlenk flask. 1-tert-butyl-3-
ethylcarbodiimide (0.045 mol) is slowly added dropwise to the TEMA-Hf at -10° C with
moderate agitation, to afford a formulation of TEMA-HTf: 1-tert-butyl-3-ethylcarbodiimide in a
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Under N2, TEMA-Zr (10 g, 0.031 noll was placed into a 100 nL Schl enk fl ask.
N, N -di - isopropylcarbodiimde (3.9 g, 0.031 nol) was added dropwi se to the
TEMA-Zr slowy at -10 C with noderate agitation, yielding a clear yell ow sh
viscous liquid. Analysis of this liquid by IH NWR confirnmed the presence of
TEMA-Zr: N, N -di -i sopropyl carbodiimde (nmolar ratio = 1:1). This material was
subjected to a thermal stability study by accelerated rate calorinetry
testing. The thernmal stability study indicated that no onset of thernmal
deconposini G . : ; : W le 1, it
can be ﬁo&dg?ﬁy"é@ééh%ﬁﬁt éhhgé(mu?%%ng%fay%ﬁégatg?agl iaﬁa&zjrllﬁrﬁ\%wa]ttg It ve raises

t he t heexmetted tcathiolvi a simdér thérenap stelilitystorthdogreeusos formantatbbh®f Example$s, t he

formul ati ons of the present invention have increased thermal stability as
conpared to the precursor alone without the stabilizing additive. Exanple
10 Zirconiumoxide (Zr02) filnms were grown using the precursor fornul ation
from Exanple 17 9 and the Conpar atEx#ngk ezursor from Exanple 1. A The
precursor formulation (1.17 g) from Exanple 9 was placed into a source boat

from an ASM BndetQ,AEBTDETQD 065 Hidthas plided iffder FIOURE SchigAPRAR! W R’ Was set  at
120 C. The 1@8“ mary and secondary purgfl ggq?gases were N2, and their flow
Y ¢

rat es whieycRbexylgaboddmidec@rh65 madkisstom droprasedmtiiATBRREY aivali08 € withp- t ype
silicon si ngl e si ol.i shed. ed .t hamher .and heat ed
2t 250" Eotneelilch. BARRE by KR TREBRIRE N ioigh e RpouPIRIRRS 18 G R0
pur ge amolar $dtid of.1: [Thenddysipell thie fornnitioabs avetersted tt@tLokimétr2@stadm f rom an
ozone generator. 1000 Cycles were applied for the ZrQ2 thin film

deposi t P¥scted tasshont msimplaghesmal stabigifnto Zhagpresyrsanforaalagion of Esample: waf er aft er
100 cycles. The film thickness by spectroscopic ellipsonetry was found to
be approximately 89.8 nm The on- optimzed thin filmgrowh rate was about
0.9 Alcycle. B. TEMA-Zr from Exanple | was used to attenpt to grow a ZrQ2
fil munder the identical conditionExamspleédcri bed above. No growth was found
to occur under these conditions, and TEMA-Zr was found to deconpose in the
boat. The f oUhderiNagTHMAN -1 €h\yanslhe plae o 8 900 mil. $ahlemk glaskat W3N’elBi-ng TEMA- Zr
and t heisopropylcarbodiimide (0.045 mol) is slowly added dropwise to the TBTDET at -10° C with
constant stirring, to afford a formulation of TEMA-Ti: N,N’-di-isopropylcarbodiimide in a molar
ratio of 1:1. Analysis of this formulation by accelerated rate calorimetry testing is expected to

show a similar thermal stability to the precursor formulation of Example 9.

Example 14

The product from Example 1, i.e. tetrakis(ethylmethylamido)zirconium, (23 g, 0.07
moles) was combined with a solution of N,N’-dimethyl acetamidine in toluene. The latter was
prepared by adding N,N’-dimethyl acetamidine (6 g, 0.07 moles) to toluene (28 g, 30 mL) and
gentle warming to affect the dissolution. After mixing the acetamidine solution and
tetrakis(ethylmethylamido)zirconium, the pale yellow reaction mass was stirred for 30 minutes.
It was then heated to 110° C, and the volatile organic impurities were removed during this
heating step. The composition was further purified by evacuation and pot-to-pot distillation at
70° C and 8 mTorr (1.07 Pa) pressure. The composition was analyzed by NMR to confirm the
presence of additive at the desired level (N,N’-dimethyl acetamidine present at 25 mole%). The
composition was subjected to accelerated reaction calorimetry measurement to measure heat

generation initiating temperature and time to maximum rate. The results are shown in Fig. 2.
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precursor formulation from Exanple 9. Precursor Tested TEMA-Zr
TEMA- Zr : NN -di - isopropyl carbodiimde Thermal stability Deconposition of
source at 100 C Gowh with source at 120'C of Precursor (G owh also at 70,
100, 110 ©) Gowh Rate 7.9 A/lmn, 1.05A/cyc. (70 C) 6.6 A/mn, 0.88A/cyc.
(100C) No growth (100 C and beyond) 6.7 A/mn, 0.90A cyc. (120 C) Exanple
11 Under N2, TEMA-Hf (0.045 nol) is placed into a 100 nL Schl enk fl ask.
l-tert-butyl-3- ethylcarbodiimde (0.045 nol) is slowy added dropw se to
the TEMA-Hf  @dtrakisetly lmeih?Iam@%fr&in%rﬁm Naain%yltaébtﬁflfdﬂ{edsoﬁlpBﬁlﬁHNh@st' on of
TEMA-Hf : | -tert-butyl | carbodiimde in a 18 nolar ratio of

Anal ysi greafer thiermeal sigbity, &1?13@2113%95 A ecempprgtiealy higher tempereiuneeyey atl@rmet ]Pﬁglolds

L L STy

Schl enk fl ask. N N - Dicycl ohexyl carbodiimde (0.065 nol) is sIovay added
dropwi se to the TBTDET at -10 Cwith noderate agitation, to afford a

formul ati on of TBTDET: N, N -dicycl ohexylcarbodiimde in a nolar ratio of
1:1. Analysis of this fornulation by accelerated rate calorinetry testing is
expected to show a simlar thermal stability to the precursor fornulation of
Exanpl e 9. Exanple 13 Under N2, TEMA-Ti (0.045 nol) is placed into a 100 nL
Schl enk flask. N, N -Di - isopropylcarbodiimde (0.045 nol) is slowly added
dropwi se to the TBTDET at -10 Cwith constant stirring, to afford a
formulation of TEMA-Ti: N, N -di-isopropylcarbodiimde in a nolar ratio of
L: 1. Analysis of this fornmulation by accelerated rate calorinetry testing is
expected to show a simlar thernmal stability to the precursor fornulation
of Exanple 9. Exanple 14 The product from Exanple 1, i.e.

t et raki s(et hyl net hyl am do) zi rconium (23 g, 0.07
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nol es) was conbined with a solution of N, N -dinethyl acetam dine in tol uene.
The latter was prepared by adding N, N -di net hyl acetam dine (6 g, 0.07
noles) to toluene (28 g, 30 nL) and gentle warmng to affect the

di ssolution. After m xing the acetam dine solution and

tetraki s(et hyl met hyl am do) zi rconium the pale yellow reacti on mass was
stirred for 30 mnutes. It was then heated to 110 C, and the volatile
organic inmpurities were renoved during this heating step. The conposition
was fur ek iskiiinkd gd by evacuation and pot-to-pot distillation at 70 C and
8 mlorr (1.07 Pa) pressure. The conposition was analyzed by NMR to confirm

the presenc f tigm di ne
present at ZE' A Oﬂ&gkl{l%%r%e\t’ 8rﬁ%§%§1&%§g@s{§t ecte nggceﬁ% erate reaction
cal ori mgtaup- mmaimngmpnt detpos1tmmpwcursdjreatnpngmgammml@m mem“lDlCHIhOBgl fr@maer at ur e

and tine to.naxi The results are

Tot  aki CERTHN HERhpRSRIory ATEOR i ReRhe arot Ay ik fdiifs HRPaB seble on
has  gr ¢atifaking bl%etpals wittethé IrdetaY or ﬂ@ﬁﬂ@iﬁo\%ﬁ‘@relﬁtth@stﬁﬁmﬁ‘é aadn\r\eé SbrtHoGhEls
tenperature over a |onger period of time, and shows | ar ge self - heat

gener at iptasent i @ atheumt p£@-HAkd %(I@!awwmalmllbamddm)tlm Y@@ndmlt@ﬂ pueatsor.s cl ai med
is: 1. Aconposition for the vapor phase deposition of a thin film
conprising ad @he chmpcg'rtimp)fctaimaiwﬁemjn thepapordiepostidn pracypsaz dias the rforoatigr i si ng

t al L1 0 t h t
2nda s EEORYEE ook 2B WP Auary i rEnE sk pETRRC S sBRan BY S fng o
el ect r oggioWlclf3atdie? Eﬂili%lutrﬁ)lrhgiﬁ& ah =Qhélvalifre oM nt-he6sp aty-3;iaad mlsa%éytérl ve

conpound is present in an anount of 0.01 to 3 nolar equi val ent ed on the
vapor délmsxrtewhtqm aoudes o emidinatqfernaamipaei halewmidinate) thsplloam@n@tpn t he vapor
deposi t 'gganl(ﬁ)m pho%;hhogffile?f| 151naetofand n)%IRZQVE}lere(ier ?{nand IRz(a Qiep%lr?dé'xnl? cﬁo§en|¥1:' i band;

t ransi ticon I'TE orus,’ ant’ ny or arseni c, 1 on

L2 = a mem{-ag)aln(ygargicé)m%yl I‘(ejz-\(a)aﬁiltwgzl qﬁ; O})cytlsalksd ﬁhalpylamﬁhozlkyand mis
greater than or equal to .n; = am_ di nato, fornmam n?to hal oam di nat o,

phosphomneﬁlhﬂﬁwmo Q@Mamlﬁ%tdeisﬂﬂw&%ﬁmﬁu@#ﬂa@l)a@m, wilylgpnoaher ei n Rand
R2 are |F§,%qug@§é§aﬂ(§) aﬁﬁrh&lrom H (G -06)al kyl, (C2-C6)alkenyl,

(C2-C6)a cycl oal kyl, di al kyl am noal kyI nonoal kyl am no,
di al kyl am NOg ‘ﬂlé t?érhff(lsn?olnk&fl )aﬁﬁ"l%ergh (h%lslt%‘éhlzﬂgl Qﬁl thQ&ponﬂ‘ldsi's P{As%'i'h%

amidines, formamidines, haloamidines, phosphoamidines, guanidines, phosphoguanidines, beta-

diketones, beta-diketoiminates, alcohols, amines, polyamines, carbodiimides, alkyl

carbodiimides, cyclopentadienes, and mixtures thereof.

4. The composition of claim 1 wherein the stabilizing additive compound comprises an

atom chosen from nitrogen, phosphorus, oxygen and sulfur.

5. The composition of claim 1 wherein the stabilizing additive compound is present in an

amount of 0.01 to 2 equivalents based on the vapor deposition precursor.

6. The composition of claim 1 wherein the stabilizing additive compound is different

from any ligands present in the vapor deposition precursor.

7. A method of preparing the composition of claim 1 comprising combining the amido-
group-containing vapor deposition precursor with the stabilizing additive compound; heating the
combination of the vapor deposition precursor and the stabilizing additive; and mixing the vapor

deposition precursor and the stabilizing additive to form a mixture.

8. The method of claim 7 further comprising the step of removing volatile organic
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al kyl al koxy, al koxyal kyl and aryl. 3. The conposition of claim1l wherein the
stabilizing additive conpound is chosen from am di nes, fornmam dines,

hal oam di nes, phosphoam di nes, guani di nes, phosphoguani di nes, beta-

di ket ones, beta-di ket oi m nates, al cohols, am nes, polyam nes, carbodiim des,
al kyl carbodiim des, cyclopentadi enes, and m xtures thereof. 4. The
conposition of claiml wherein the stabilizing additive conpound conpri ses
an atom chosen from nitrogen, phosphorus, oxygen and sulfur. 5. The
conposition of claim1l wherein the stabilizing additive conpound is present
in an asponentd foldwadg the hdatiguikepal ent s based on the vapor deposition
precursor. 6. The conposition of claiml wherein the stabilizing additive
conpound i s dli Themembd of 619N AWheleirdBE HeatiRs 8REN pdrforhbe atARRApedRPOST [bdsON
precursor. 7. A nethod of preparing the conposition of claim1 conprising
conbi ni Hgnehequahiod®° Cgr oup- cont ai ni ng vapor deposition precursor with the
stabilizing additive conpound; heating the conbination of the vapor

deposi ti on ptkcAimsthodarfdepdseingtaghinl filmi qognpaidiotig tproreding a dulpstraierig atvaporvapor
deposi ti.on precursor and.the stabilizing additi.we to f.or w@ nix%rre 8. The
met hod S9POSTIAR FA50F FoRHRnES A POty o redompottion ey DerPing e gani o
21 conpeRfitgolPtdmeihing vhie dg&asmdﬁq;r&umr oPthe Ei€addRIfiIRcs uBtrdtd; dbdbvin gy ei n
the heating step is performed at a tenperature of less than or equal to 90
C. 10. ponreherdepriogd ameidersrauprigntrining vapor fepogiviap preshisgr erovharieaora substrate
in ava y re i .

corpos; By E tareanPeb SRt ERRITH A ARad! HaSn ETHAART k0f
deposi t preoursére tafoara filih dide substraecandirethbeing asiinradctsd seesaVpro@rsdny

non- chem sor bed am do- gr oup- cont ai ni ng vapor deposition precursor 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. 22
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