28 February 2007 TITLE OF THE | NVENTI ON: SI NGLE SOURCE M XTURES OF METAL
SI LOXI DES BACKGROUND OF THE | NVENTI ON [ 0001] Chem cal vapor deposition
(CVD) of netal siloxides has been used to deposit stable thin-film
silicates as gate dielectrics (high dielectric constant) onto silicon 5
substrates for use in the nicroel ectronics industry. Sing$é&eboancdlfet al
siloxide precursors greatly sinplify production and processing.
Representative single source precursors which have been used in the past
include Zr (CSi Me3)4, Zr(CSiEt3)4, H (CSiEt3)4, Zr[CSi (O Bu) 3] 4,

Hf [ OSi (Ot Bu) 314, (thd)2Zr(0Si Me3)2, and (thd)2H (OSi Me3)2. [0002] Cheni cal
vapor deposition of these single source netal siloxides, although 10
sinplifying sone aspects in the production of thin films introduce
different problems to the prdébsk GdHEINYENEKSNGn of the thin-film
conposition. Zr(OSi Me3)4, for exanple, is a solid at roomtenperature. The
conmpounds (t hd) 2Zr ( OSEMES)2 SANIRCE MIX PHRESS) AVRIENTALB1EOXEHS ds and suffer
fromlow volatility due to the use of bulky the |ligands. O her precursors
such as Zr[OSi (O Bu) 3]4 and Hf[CSi(ClBu)3]4 al so have been found to have

relatively low 15 volatilig bﬁQﬁﬁ’]I 199K eRNEt al  si | oxi de
precursors which are |iqui ds suc as I%%B(ch‘%lllig and Hf (OSi Et3)4, are

preferred rﬁ{)&ﬁtjog‘?ﬁbrﬁ:w”‘aﬁ&gﬂ %@ﬁlerg@V%HJf thaue egxlh& haHildh 5ol obBey: ¢ 00

can prese ems whe |gn|n conp05|t|on of

resul tant SHHIAR%h - |I[ﬂa?lh 'ﬂf‘s %e%é Qﬁl?t?&?r%?ﬁlgﬁ efl:tPr'iceéBﬂQ otz ﬁ%ﬂ Of the
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precursors which have been used in the past include Zr{OSiMes)s, Zr(OSiEts)s,
Hf(OSiEts)s, ZI{OSI(OtBU)a]., HOSI(OBU)al, (thd).Zr(OSiMes),, and (thd).H{(OSiMes)..
[0002] Chemical vapor deposition of these single source metal siloxides, although

10 simplifying some aspects in the production of thin films introduce different problems to
the process and in the design of the thin-fitm composition. Zr(OSiMes)s, for example, is a
solid at room temperature. The compounds {thd),Zr(OSiMes). and (thd)Hf(OSiMe;) are
solids and suffer from low volatility due to the use of bulky thd ligands. Other precursors

such as Zr[OSi(OtBu)a], and H[OSI(CtBu),)4 also have been found to have relatively low
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volatility.

[0003] Single source metal sitoxide precursors which are liquids such as Zr{OSiEts).
aﬁd Mf(OSIiEts),, are preferred for thin-film applications. Although, in liquid form, they too
can present problems when designing the desired composition of the resultant thin-fiim.
The design becomes a problem because each of the previous liquid metat siloxides has
20 a well-defined metal:Si ratio of either 1:4 (0.25) or 1:2 (0.5). For exampie Zr(GSiMas),
has a metal:Si ratic of 1:4 and {thd),Zr{OSiMes), has a metal:Si ratio of 1:2. To achieve

ihin-film compositional ratios other than that produced from the pure I:4 and 1:2
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28 February 2007 conplexes, the art has enpl oyed the use of nmultiple
sources. One techni que enploying secondary sources for achieving netal:
silicon ratios other than the fixed ratios of 1:2 and 1:4. is through t he
use of mxture of a silicon containing nmetal (zirconiun source,

Zr (OSi Me3)4 and a non-silicon containing netal (zirconi uA¥ F§Brt&'136’e2003 9.,
Zr(Bu)4 5 delivered either separately, as a mxture or dissolved in a

sol vent. Anpidiefest SUM Héseemaohé&fhg%e of h@lt.%esmc@ - tBBArAduCOMbRIAGNY
conmpound of silicon, e. and a netal siloxide conmpound, e.g.,

Zr (CSi 'VEB)ébogﬁ&ary%bmeglrér%h.e&ﬁ@%étéle&moon@ﬁm ShtHaR R fixediram@l ek i n a
sol vent. Anot her "techni que uses a non-netal containing silicon conpound,
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10 either separately, m xture, or dissolved in a solvent. [0004
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to the CVD process ecause the relative“rate of deposition for
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netal and SI| con sources also requir I'tvery equi pient for nultiple
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del i vered. ve pae articles illustrating the
Pol Tows:  [BE0BrFIER0R)5bE iy ATk BB A e 2. 2 ot am
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conpound Zi rconi u I um an at | east an

al koxi ge Qith %f%éaﬁé&ngggn}lﬁwgegp@gﬁo% Sssgfveﬁpt containing silicon to

provi e ata rom These precursors are

produced E%{r L aﬁ},g@g §8%|(;E n‘HktﬁF‘és %epagr?ﬁ%o%gpbxes introduce a number of problems

2,2,6,6-t ept anedi one ZrC1 2 suspended in
diethyl ethgf, c\BerE&RE! BoPY LD ALAR ! er%’bf%Eoéﬁdﬁﬁgr b&rFr8Bsor may vary

significantly with temperature and pressure due to differences in activation energy;, it is

. difficult to uniformly control the metal:Si ratio deposited as a thin-film dielectric. The use

15  of separate metal and silicon sources also requires delivery equipment for multiple

chemical sources as well as contro! over the ratio in which they are delivered.

[0005] Representative patents and articles iilustrating the preparation and deposition

methods for single scurce precursors are as follows:

[0006] WO 01/25502 discloses gate dielectric fiims of zirconium and hafnium silicates
20  on silicon substrates. The precursor metal compound inciudes a metal such as

Zirconium of Ahaf'nium and af least an alkoxide or B-diketonate; a second precursor not

containing silicon to provide a ratio M,/Siy.x of from 0.01 to 0.98. These precursors are

produced by reacting a p-diketone, such as 2,2,6,6-tetramethy!-3,5-heptanedione {Hthd),

with ZrCl; suspended in diethyl ether. The resulting compound then are mixed in a one
25 o two molar ratio with LIOSiMes, thereby forming Zr(thd),(OSiMe).. Deposition of a

mixture of Zr(OSiMea)s and Zr(OtBu)4 fs shown.
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25 to two nolar ratio wth Li OSi M3, thereby formng Zr(thd)2(CSi M) 2.
Deposition of a mxture of Zr(OSi Me3)4 and Zr(XBu)4 is shown. -2 28
February 2007 [0007] US 6, 238, 734 di scl oses the deposition of a netal

conmpound or mxture of at least a two netal |igand conplex onto substrates
suited for sem conductor fabrication. A nixture of two 6f Fgbfgry 2007
netal -1 1 gand conpl exes as the precursor is enployed. Ligands are the sane

and are sghegtied$ bemelNe SHRABs GRNGIpRLIDE oPh Rt bepodideprisese ohal | des, 5
hydri des, 'am des, im des, azides, nitrates, cyclopentadienyls, carbonyls,

and their jodd 4Qfb Matai %8S BoRPEx Bhiy RB6HRates Bsteltibi £higslue@s fabrication. A
Representative netal -li'gand conpl exes include: Si(N(CH2CH3)?2),

Ti (N(CH2 - , :
e e st B

CH3CH2N=V(N GHRGHR) | L), . .
(CH?,mzl\h%ﬁ/o( N mz@%%sgé%%f@e%h%( N(é%éﬁ%% SRS AEES y et al
in an Aarti TL ox¥shd axvi-Coppl AdnHQ Si Q2
(T B s R o B e e e A P e e cal
routes t O'fluSﬁ{é}%&?%éWérﬁf r‘li%&enbﬁﬁgﬁtu{éﬁ%aﬁ)'gﬁpﬁ)ééielsgﬁtﬁﬁ\}é ﬁ@i@!-ﬁg% et al

COI'T'p| exes as Ssing source " precursors to honbgenous netal Si licate

or i Si'e °§@§§£§%m§ﬁ@%%@N%@@E@@é@%‘?@%@ RS "o ox ; i
i _ _ ( complex is
(NE: 2) . RN TR RS o SRR L SRS,

to precur ?ﬂsCﬁ%NL H?@P@%%Q@f’fﬁﬁ”zﬁﬂwma* §I éZ)F,i(CﬁscﬂglﬁﬂE{lgﬂ(MHe@*@)zﬂet al

having a val’éence o ) IS an ani gand anc i's‘a $I'loxide
oi |S::]z'a las@%JN@MN?@HE@%J)S%B@Eéﬁgr@gﬁ(haﬁﬂr@ﬁama{\- filmnetal

[0008] Terry et al in an article, Trialkoxysiloxy Complexes as Precursors fo MOz.48i0;
(M=Ti, Zr, Hf) Materials, Chem. Mater. 1991, 3 1001-1003 disclose chemical routes to
ceramic materials based upon alkoxysiloxy transition-metal complexes as single source
precursors to homogenous metal silicate networks. These complexes of the formula

15 M[OSIi(OtBu)als where M=Ti, Zr, or Hf are used to produce MO,.4Si0, materials. One
type of complex is produced by refluxing a toluene solution of HOSI(OtBu)s (4 equiv) with

Ti (NEt;)..

BRIEF SUMMARY OF THE INVENTION
20 [0009] This invention pertains to precursor mixtures of the formuia M{(L1),(L2)y.x
whérein M is.a metal héving a vaience of from 2-6, L1 is an anionic ligand and L2 is a
siloxide or silyl amide ligand suited for producing stable thin-film metal silicates, v is
equal to the valence of the metal, and O<x<v. The bonding is such that an M-O-Gi or-an
M-N-Si linkage exists, respectively. The invention also relates to & process for preparing

25  the metal siioxide and metal silyl amide precursor mixtures.




equal to the valence of the netal, and O<x<v. The bonding is such that an
MOS or an MNSI |inkage exists, respectively. The invention al so
relates to a process for preparing 25 the netal siloxide and netal silyl

am de precursor mxtures. -3 28 February 2007 [0010] The conpl exes
formng the mxture are more specifically represented by2%hebrugsr2ii’as:
(RN, M(OSIRLRR R3)~ and 5 (RMAH[N(SIR R2 RI)y(R4)2-vin wherein Mis

a netal of e - : Lt i i s equal
o the val CiRICH foribieRisiogig B RRTE Hre ol bR o L R byt = o R
Rl, R2, Rg mAlds. R4 represent an organic ligand. They may be like or

unli ke. | 8@'? SI‘here are significant advantages to the netal precursor
conpl exes described 10 herein and el ~Aepl | fon to thin filmformation
such as in mcroelectronic circui tsé.l:nﬁﬁr{l (aog}glﬁtpf?ﬁt% formul ate netal/sil oxane
conpl exes at preselected ratios of MSi; gﬂdabi lity to fornulate single
source precursors for use in deposition processes such as CVD, an ability

to elipinate the processing diffigullifa:3Ss0pi d wi th physical m xtures
15 of ¥ingle source precursors; éﬁ)@“Mfr\fﬁaﬁbﬁ ﬁf)?(ﬁ@ﬁ'Y]fi es associated with

corpos 1 HarS04iss FEREDY Lygfoe 8o, b (tERARYG R FERRLFLRE T &8
Pnaens o1 vetEo Rl EiRekE M a Y e okl THr E0bF B BRSBTS ¢ act
Simi 1 ar 2GUdERIeaR e Gaer dr” T R R UG 7 el Bt ve rates of
deposi ti OTO@‘It 1 ]a %rré grteysig(;)r];ificant advantages to the metal precursor complexes described
10 herein and their application to thin film formation such as in microelectronic circuits.
an ability to formulate metal/siloxane complexes at preselected ratios of M:Si;
an ability to formulate single source precursors for use in deposition processes
such as CVD;
an ability to eliminate the processing difficulties associated with physical mixtures
15  of single source precursors; e.g., those difficulties associated with different rates of
deposition, different deposition temperatures; and compositional variations; and,
an ability to produce single source precursors having a definite metal:Si ratio
which are relatively insensitive to deposition temperature and pressure changes due to
the fact the individua! complexes of the single source precursor mixture have sirﬁilar
20 activation energies and, therefore, similar relative rates of deposition at a variety of
temperatures. |
BRIEF DESCRIPTION OF THE DRAWING

[0012] The Figure is a graph of concentrations of various identified elements in

deposited films as a function of temperature.



tenperatures. BRI EF DESCRI PTI ON OF THE DRAW NG [ 0012] The Figure is a graph
of concentrations of various identified elenments in deposited filnms as a
function of tenperature. -4 28 February 2007 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON [ 0013] This invention relates to single source netal siloxide
precursor nixtures of the form ML1)x(L2)i, x wherein M §Eebrugst207havi ng
a valence of from2-6, typically Zr, Ti or Hf 5 when used in

m croel ectroni c appli catphpns ebleScapTaneE tHEgendTRIg L2 is a sil oxide
or silyl amde ligand suited for producing stable thin-film netal

silicates,[gg13p QY &vehGort RateyR SNGEsAlicd RRtdTBIde RBELIrSsPrMiured Bethe
resul tant m xtures contain netal conplexes in which an anionic

si | i con- copkRIMILAGLBRI, Sinkrdis r\/Pi@_lénrﬁeifaPhéin@ AB418hcel BTRRON AR PRAMOZRA TOBr Hf
nitrogen atom such that a MO Si or MN-Si [inkage exists. 10 [0014] As

sour ce gr eagedi SsddOh niBbalecRb92apSicaNGE Cals Aenasiit i @mdiEMICY aafdxitibor

preparation of the precursor, oup 2-6 netals are suited for the synthesis

of the ”Ets’ﬂbl_arﬁiidleﬂgérgcf&if%'a%r%rbé{& irfd@tgﬁé:thn?%l% ﬁfe%h%ﬁlaéﬁéﬁ ViBlealis 1Bnsk

| ant hani des”inclu umnum - gallmfum indium thallium tin, |ead,
anti nony, R HMIR thDREM lant Bex FRINBR] BN LR Bl Y co&hgnQﬁéthMBm @kds iR

scandium yttrium 1anthanum titanium zirconium hafnium 15 vanadi um

ni obi um .tm&raaH@hioﬁﬁars%w.%n@mmaoﬂsi@w{% bbUROBHES m IR AYBIGSEn oxmlcmﬂeti um

rhenium iron, ruthenium osmum cobalt, rhodium iridium nicKel,

pal | adi Umnitr%%t@#\@ucﬁﬂ%’?%%-(ﬁbl %@%N-Qﬂ'n‘ﬂag&@{i%@m praseodym um

neodym um s rrum europium g l'tnium~terblum dysprosium holmum

erbi up g {44M ML LEIbL HRgehd S hAd) oBEHL BhtTical deBBEHMMIMBLIDI G thaim and

ur ani um rably, the tal s enpl oye e synthesis of net a

rsrie lt gr!sfjes 5k Slidvhan: JRRufRF, dPoGh 98] RELIOI GuRRPlor fRldyAtesRIE tid1Refd OUP 4
siloxides and silyl amides. Representative metals and lanthanides include aluminum,
gallium, indium, thallium, tin, lead, antimony, bismuth, beryllium, magnesium, calcium,
strontium, barium, scandium, yttrium, lanthanum, titanium, zircronium, hafnium,

15 vanadium, niobium, tantalum, chromium, molybdenum, tungsten, manganese,
technetium rhenium, iron, ruthenium, osmium, cobalt, rhodium, iridium, nickel, palladium,
platinum, copper, silver, gold, cerium, praseocdymium, necdymium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium ytterbium, lutetium, actinium,
thorium, protactinium and uranium. Preferably, the metals employed in the synthesis of

20  metal siloxides and silylamides for microelectronic applications are the Group 4 metals,
zirconium, hafnium, and titanium and the Group 5b metals niobium, tantalum and
vanadium. For some applications the Group 3 metals aluminum, gallium, indium and
thallium are preferred,

[0015] Ligands L1 and L2 in the formuia M(L1),{l.2),.x and represented by the R type

25 groups, R, Ry, Rz, Ry, and Ryin the formulas;

(R)mM-(O-SiR Rz Ra)n

and
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zirconium hafnium and titaniumand the G oup 5b netal s niobium tantalum
and vanadium For sone applications the Goup 3 netals alum num gallium
indiumand thalliumare preferred. [0015] Ligands L1 and L2 in the fornula
ML1), (L2)V.x and represented by the Rtype 25 groups, R Rl, R2, R3, and
R4 in the formulas; (RmMH(OSiRL R2 R3), and -5 28 FeB$ hapyanoep’
(RMA[N(SIRI R2 R3)n(R4) 2-Y) can be nonodentate or pol ydentate and

include C1.8 alkyl, Cl.8 al koxi degy 1heN2%iR, Rzm}mgﬂiﬁ.ﬁ,} hydri des, ami des,
i mdes, azides, nitrates, cyclopentadienyls, carbonyls, and their

fluorine, oxyge ' ' i ) 3edl kirbasas, d
N(RS) 2 whero” & REPTE TRLLHSRRR o EORA bl ANy B R oanet eras

benzyl. AsydigeknQicbieaiiRe, Hhidks Rided! OiRSed. byBlopbitedienyi® UEHBoRRSE ahnd
si |l oxi de precursor have an effect on the properties of the resultant netal

i oxide. FLPRANAR SRS SELeG el RaYRIS, §URAIVAR, ho RIADRLHCRS

desired for oh "process enp I'quid sing source net

R A ek o e B e L
2, 4 B0 SNEHL AN OURL LR RL8LS B0) BRSTE e AL ML apBEL Ao
XA S O b B Mgh | 05 L Bl LNl SR b B b2y
OO oSBT, PSR, 1P £t ol S Lo BRI ARG A o0
oo 1SV SR ST B, AT, I B ! S5 38 .
10 Crown ethers and B-diketones such as 2,4-pentanedione scmetimes referred to herein
as hexafluoroacetylacetone and 2,2,6,6-tetramethylheptane-3,5-dione can be used.
[0016] Specific examples of Cy.s alkyl include methyl, ethyl, ~propyf and t-butyl; benzyl,
the C,_s alkoxides, e.g., methoxy, ethoxy, propoxy, and i-butoxy, s-butoxy, +-butoxy;,
ethers such as methyl ether, diethyl ether, phenyl ether and so forth; amides suich as
15  formamide, acetamide and benzamide, dimethyl amido, diethyl amido, ethylmethyl
amido, butyl amido, dipropyl amido, methyipropyl amido, ethylpropyl amido; and amines
such as dimethylamine, diethyl amine. It is important to use the same or common
ligands, homoleptic ligands, to avoid potential ligand exchange problems of the prior art.
[0017] Metal siloxides are preferred to metal silyl amides due to their greater ease of
20  oxidation and lesser steric bulk. In addition, the preferreq metal siloxide precursor
complexes are room temperature liquids with sufficiently low viscosity to allow the use of
neat liquid source delivery without incorporating solvents or heated source containers or
delivery tines prior to vaporization.
[0018] The metai siloxide single source complexes are typically but not exclusively
25  derived from the reaction of a metal oxide complex and a silanol including but not iimited
to silane-diols and —triols. Sometimes these silanols are considered Si analogs of
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such as di nethylam ne, diethyl amne. It is inportant to use the sane or
common |igands, honoleptic |igands, to avoid potential |igand exchange
probl ens of the prior art. [0017] Metal siloxides are preferred to netal -
silyl am des due to their greater ease of 20 oxidation and | esser steric
bulk. In addition, the preferred netal siloxide precursordFebmanes¥®s are
roomtenperature I|qU|ds with sufficiently | ow viscosity to allow the use

O o 12 diRichss Wy el e LD DRGNP g RBbHER Sy pfgineat ed

source contal ners or lvery I nes prior to vaporization

oAl oi! OPRCSIRAIE BOUERS HATIL SETaB Erd GRL Wichi b BXELUshyely 25

derived fromt e react’6h a net'al” oxi e C and anol “i ncl udi ng

but not %ﬁ%ﬂaﬁ& 5?&3 wqg%ozeand -triols. Somat! nes t hese silanol s are

consi dere nal ogs of bruary 2007 al koxi des. Exanpl es of S|Iane

diol s and {ﬁbjl %neSlf))’ b%lufessa% %ﬂqla]c'%r %JIB&I?QQ%IU F&@Sra@ﬁ% Plaéé heesi dggy | ncl ud

Cl. 8 al kyl ano silanol, “tri-| -and

n- progyl asrhhgg'g g@@gii;}qﬁ%hﬁxcﬂa\% den%/é%%@]ﬁl@' lnﬁﬁeﬁﬁgggﬁ %Dﬁnéflm{e%r to

si | oxi pi cal

but not extgld@yl a%ﬁegguélvaesdht—:t){aﬁ{&@lﬂléﬁ e ncl udi ng but not I | m ted to

di silyl anrnes”suc exarne S). [0020] One nethod for

e o ﬁ%m%f%%f’&eﬁféwﬁ%@%a LS gl e >
HO- Si (R1 | | g
ot eRczij?%Pl n Vgﬁ?éﬁgplﬁopﬂ%e%% em @ﬁ V\b]tg%[ﬁlbk&%ﬂhe%mﬁﬁléy anm de may

be react vari ous ne to silicon

mol e rati Qg d {ﬁﬂqﬁﬁe%ﬁeld&%y‘ﬁmgahﬁ’ﬂ n'aqw% %ﬁan a@r@ug'eﬁﬁla@ Magfﬂeul%? Ht ly

Because t here exce ry s
O T OGO U RIS 00 RO B e M o o
In which tp*?o@fdmg the stabilizing influence. Because there is an excess of ligand, the M:Si ratios
may vary slightly within a given composition. For purposes of composition design, the
composition is assumed to be approximately in proportion to the mole ratio in which they
are reacted. Also, because of these differences, the single metal siloxide or metal
15  silylamide species is an intimate mix of metal complexes having preselected M:Si ratios
of 1:X where 0<X<v.
[0021] A solvent may be used to form the metal siloxides or metal silyl amides.
Typically, the silanols or silyl amines employed to form the complex are dissolved in an
appropriate solvent to produce crude versions of the aforementioned mixtures.
20  Examples of solvents include: hydrocarbons such as hexane, octane and the like, ethers
such as tetrahydrofuran and so forth. |
[0022] Purification of the reaction product is accomplished by removal of solvent under
vacuum and by distillation. The purified mixture is characterized by NMR spectrometry

and GC-MS. The actual compositions of the metal siloxide and metal silylamide

P2
()]

complexes may be determined analytically using either NMR, GC-MS or some other
equivalent analytical technique. The reaction product will contain detectable quantities of
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are reacted. Al so, because of these differences, the single netal siloxide
or netal 15 silylam de species is an intimate m x of netal conpl exes having
preselected MSi ratios of 1:X where 0<X<v. [0021] A solvent nay be used
to formthe netal siloxides or netal silyl amdes. Typically, the silanols
or silyl anines enployed to formthe conplex are di ssol véFepruggy 2007
appropriate solvent to produce crude versions of the aforenentioned

i Xt . I f I ts.i de: hyd : ,
oct ane. and! 18t P Poanap OB R A SRR F s D el MR aM e B [ 0022y
Purification of the re ctli on grgduc{r i s acconplished by removal of solvent
under va@&ﬁ?ﬁ%{h e "H&éa[ VEHEE Poh'S The purified mxture is characterized by
NVR t - M. Th t ual i fi iloxid
and ot ol O0R)! el s soripl SRSy es B erhrnenoure SFe RS ng
ith NWR, GC- i i : i . Th
Feacti on P CHE e G Cae A GAREN T L B85 e uary 2007
t | t ot , I ' L.ff ) th th
G 1 or o b BCARE S i PO Co BTG i B SRR ELr of
tal | 1 Xt t hat b d d by th . i hcl ude:

r i , n, and [ (t- n, val ue o
rn and n [§#44] %‘Q@I'%gdt‘%Portq%&HS'%é%ﬁﬁh?&Qé.‘]p@%%toéfoémmWﬁ%%”'ﬁa"?gﬁ@a’ual to 4
For m £ i n erbt 21 481§ AR AP BN CEanGs 2 rard S P Ihesey Lo PR LR
definit_e Zr: Si and_Hf:VSi rati os based upon the e iri?al fo r’EuIta n%y be
acconpl i s REURMBY PRGCAYMPHECE Y PEBIN AL %’(S'H‘Eea'EIon%”far‘F y'tgaﬁgI)?a%gag a 10
1,\,;]9 glr gO g; (gclqtzlidtorr]?n t\I{IgQJg{)o phh%tség wvi\‘ghtahhe%tgdeg&besgratséu(%(s r_@bg °é)1,0§1|i50n7v9a0ferc élreSI licon

the substrate of choice. Other methods of deposition include ALCVD, MBE, spin-on and

misted vapor deposition.

[0025] The following examples are provided to illustrate various and preferred

embodiments of the invention and are not intended to restrict the scope thereof.

15
EXAMPLE 1

Synthesis Of A Precursor Having The Empirical Composition Hf(NEt2)a.15(OSiEta)oes

[0026] The synthesis of a precursor having the empirical composition

20  Hf(NEt)s5(OSiEta)oss is achieved by the following procesé All manipuiations were
carried out in the absence of mo[sturle and air under nitrogen or argon using standard
Schlenk and gIovébox techniques. Inthe gIovebox, Hf(NEt.)4 (75.71 g, 162.3 mmol) was
weighed into a 500 mL Schlenk flask equipped with a stir bar. Hexane (~200 mL) was

| added to the flask. A pressure-egualizing addition funnel containing HOSiEt; (21.3 g,

25 161 mmol) an'd‘hexane (~50 mL) was attached to the flask and capped with a septum.
The _reagtion apparatus was removed from the glovebox and attached to a Schienklline.
[0027] Prior to introd@cﬂon of reactants, the reaction flask was placed in a dry

icefisopropanol bath. A silanol solution was added dropwise to the reaction mixture over
-8-



the substrate of choice. O her nethods of deposition include ALCVD, MBE,
spin-on and m sted vapor deposition. [0025] The foll owm ng exanples are
provided to illustrate various and preferred enbodinments of the invention
and are not intended to restrict the scope thereof. 15 EXAMPLE 1 Synthesis
O A Precursor Having The Enpirical Conposition Hf (NEt2) 38 Fspmsn=®)y0. 85
[ 0026] The synthesis of a precursor having the enpirical conposition 20

b pul AL %‘E’é@e&@@ﬁ?’ BRI RS el BN B B A e
%th"%‘kaf l‘%r?r e?\%ﬂ 'ezgm%ioa{‘g%%i%@p?i%| ?cé‘oﬁ@e%% ilohnco 8 500 mL
Flask. A goedur A 5T y%&%%mﬁrfrﬂamqé"f‘o%%wéf’\ﬁ#g)%ﬁ@p@dr%@‘%ct g 25
sept um TR ? Sé%a%onﬁw;psaa\!@al 4T B %%e%uhiﬁ%%%ﬁaé%P A4 achod
{1 ack sas BlEtel ?‘?SLI'%HQ P e et A G 5h0 el FAROE Sl T on vas
of 30 to A8eHFRL] mgé[w?%‘ﬁfph%gmﬁéo%hﬁn%E@\Lawé@% She-eadndensfsing barn
At or conglR %ﬁ%%ﬂmé SPEATON & hSP At G ﬁwﬁwrteaﬁg Boved and
et o of SeteEeSBY e “%rﬁ&av Sl B, e SPIRERRE AR ) e o
1r (N 2) 2 MO e 52 Rl Tepele ey M. IRNRRE LS80« ESBRk O

10 the empirical composition since the decomposition products diethylamine and

hexaethyldisiloxane were both detecied by GC-MS, indicating some decomposition on

the column. The "*C NMR spectrum indicates the presence Hf(NEtz),, Hf(NEt:)3(OSiEts),

and Hf(NEt,).(OSiEt;), as well.

15 Example 2
Synthesis Of A Precursor Having The Empirical Composition Hf(NEt;) 1 es(OSiEts)2.54

[0028] The synthesis of a precursor having the empirical composition
Hi(NEt.): es(OSiEts)..54 was achieved by the following process. All manipulations were
carried out in the absence of moisture and air under nitrogen or argon using standard

20  Schienk and glovebox technigues. In the giovebox, Hf(NEts), (74.96 g, 160.7 mmol) was
weighed into a 500 mL Schienk flask equipped with a stir bar. Hexane {~100 mL) was
added to the flask. A pressure-squalizing addition funnel containing HOSIEt; (47.5 ¢,
359 mmol) and hexane (~50 mL) was attached to the flask and capped with a glass
gtopper. The reaction apparatus was removed from the glovebox and attached to a

25  Schlenk line.



ratio of 3.7 by NWR spectronetry as a light yellow |iquid. The precursor
was characterized by 'H and 13C NVR and by GC-MS. Both Hf (NEt2)4 (m z 468)
and Hf (NEt2)3(OSiEt3) (mz 527) were detected by GC-MS. 1H NWVR was used to
establish 10 the enpirical composition since the deconposition products

di et hyl ami ne and hexaet hyl di si | oxane were both det ect ed2®yetygams2007

i ndi cati ng sone deconposition on the colum. The 13C NVR spectrum

£y SRR R R ey st v
R Lk I L et L
e absencieetibPd BAASRERFE Wi i MsBEaThIYlS bR iard ot Sndara 20
Schl enk and _al oyeb i ln the gloveb , 74.96 g, 160.7
ol ) ”miqewﬁﬁga}ﬁ@api‘fﬁ%%?g@%% eq%e:}gé‘ﬁegﬁf?%é@ﬁ%%%&@ é%é*%*a+&%hr “bar.

He -10 A - i ] it
nne g B s S R A Al
appar atus ‘4 e oes ;ﬁ%'?'l%&g% &ﬁ&fﬂ%ﬁﬁ@ﬁﬁ? 8?§'f§§f°_§@aﬁ>oe’=ﬁl9”| I ne.
et sbpr AN oo Bepii SaST ) o a2 SRS e
reaction mxture over a period of about 15 mnutes, Stirri ge%r%was conti nued

over ni ght %aNgeHEIuY. ale RIRBUTBAL WASWEIEEAEPIZERdY Ha Rar -+ DA URFENRR ur e.

The additi,on funnel was renoved and replaced with a septum 5 sol vent

.

p \ S he,
was then rBrIWVBSPERIER WasdisamiQoeRDISh IR eHaINet! copwasitien hbi sC NME resul ti ng
10 spectrum indicates the presence Hf(NEt,)a(OSiEts), Hf(NEt,).(OSiEts),, and

Hi(NEt)(OSiEL:); as well.
Example 3
Synthesis Of A Precursor Having The Empirical Composition Hf(O1Bu)a ao(OSiEta)o 7o
[0031] The synthesis of a precurser having the empirical composition
15  Hf(OtBu)zao{OSiEts)e 70 (an H/Si ratio of ~4.7 was effected by the following process. All
manipulations were carried out in the absence of moisture and air under nitrogen or
argon using standard Schlenk and glovebox technigues. In the glovebox, Hf(OtBu),
(81.80 g, 173.7 mmol} was weighed into a 500 mL Schlenk flask equipped with a stir bar.
Hexane (~200 mL) was added to the flask. A pressure-eqgualizing addition funnel
20 containing HOSIEt; (23.01 g, 173.9 mmol) and hexane (~10 mL) was attached to the
flask and capped with a glass stopper. The reaction apparatusrwas removed from the
glovebox and attached o a Schienk line.
[0032] While cooling the reaction flask in a dry ice/isopropanol bath the silanol sofution
was added dropwise to the reaction mixture over a period of about 50 minutes. Stirring
25  was continued overnight as the flask and bath were allowed to warm to room
temperature. The addition funnel was removed and replaced with a septum. The

-10 -



liquid was vacuumdistilled to yield 63 g of a precursor having the
enpirical conposition Hf(NEt2)1.66(C0S Et3)2.34 leading to an H/Si ratio
of -0.70 by NVR spectronetry as a |light orange liquid. The precursor was
characterized by 'H and 13C NVR Integration of the 'H NMR spectrum was
used to establish the enpirical conposition. The 13C NVR24 febpent 2Q%h

i ndi cates the presence Hf (NEt2)3(CSi Et3), H (NEt2)2(0Si Et3)2, and

i 11 ot G0 e R B B Gl oy ofay RS TR LeRingle,
o 2T S0t RS SO S BRI APAERYB A0 70 (o0
e pul 2 SRS e AL el A0 RSN S M e
9 overor, LD A5al 08 Bud b PP SR IS NS AT e
125k, o8 DL EBoUL a0 L 0Pl RR PPl LSRR Tt 23,01
e O RS SRRl B P ORIERAS, 5t T T et o

flask in a dry icel/isopropanol bath the silanol solution was added
dropwi se to the reaction m xture over a period of about 50 m nutes.
Stirring 25 was continued overni ght 5:%3 Epﬁflask and bath were allowed to
warmto roomtenperature. The additi PEfnel was renmoved and replaced with

B e i S B RM oBM e e uncer vacuum
vacuu%di S[bbéé]edCi]ie?niXél%/lagoz(;’ép%éitign 8; Hfal siIPc{a?eCHFn%(?lronpg\Si'é&rstoPﬁaving the
empirical composition Hf(NEt,)1 ¢6(OSiEts)234. The liquid precursor was transported via
liquid delivery to a vaporizer and delivered to a CVD reaction chamber. The precursor
was reacted at a heated substrate (200 — 800 °C} in an oxidizing environment to produce
Hf silicate films. Si/Hf ratios based upon the empirical formula of the complex were
15 between 0.62 and 0.71 in the resulting films as determined by RBS. The Si/Hf ratios
were relatively insensitive to deposition temperature.
[0034] The chart in the Figure shows that the Si:Hf mole ratio in the resultant film does
not vary significantly with temperature. Thus, differences in heating across a wafer will
not result in compositional gradients across the wafer, which is critical to ensure device
20  performance. As the semiconductor industry trends toward larger substrate sizes this

advantage becomes even more pronounced over the use of physical mixtures of

disparate compounds as precursors.

[0035] The present invention has been set forth with regard to several preferred
25  embodiments, but the scope of the present invention should be ascertained from the

claims which follow.

- 11 -



enpirical conposition H (O Bu)3.30(0S Et3)0. 70 by NVR spectronetry as a
clear colorless 1liquid. The precursor was characterized by 'H and 13C NVR
Integration of the "H NVMR 5 spectrumwas used to establi sh t he errpi rical
conposition. NVR spectra indicate the presence of both f:Ot Bu) 4 and

Hf (Ot Bu) 3(OSi Et 3) 1. Exanpl e 4 Chenical Vapor Deposition & Feprugiy3004t e
Filnms 10 [0033] Chem cal vapor deposi t#on gf Hf silicate filns froma
precursor having the enpirical conmpo LAY Hf ( NEt 2)1. 56(Csi Et 3) 2. 34 The

liquid precursor was transported Vi a gui d deliyv 0_a vapori er and
delivered to d-cvDA @5t pilsi d@rPéﬁ‘BJéWWﬁ@ 'BP@E‘BP%%W %&E“P"é’é&ftpé%lsege a heat ed
substrate 200 - 800 C) in an oxidizing environment to produce Hf silicate
filnms. SPyHe #apyied Ba4R upon the errpl rical formula of the conplex were 15
between 0.62 and 0.71 in the resu gz V%kng determ ned by RBS. The
Si/H ratios were relatively |ns tp‘ gé)positionterrperature [ 0034]
The chart |n t he Fi g(tére shows t hat fe s%r fn t he resul t ant
film doed"erdR Néy 9 r°5ﬂ|4f P},eéﬁ{ﬁeiﬁ%dt Omé%@(g{mp@SI H@lso HFPPEPetes in
heating across a waf not result in c 'b‘{al on rad| ents across

the waf eMaMifPch 'FéCHr?bt)%la”P§reﬁsaP% Ree¥/P el ool 1 7

sem conduct or industry trends toward | arger substrate sizes this advant age
becomes &9€ACHBYECH BIsGlAPed over the use of physical nixtures of

di sparat e conpounds as precursors. [0035] The present invention has been
set forth with regard to several preferred 25 enbodi nents, but t he scope
of the present invention shouI d be ascertained fromthe cl \(/j\,hmc

foll ow -11 28 Febr"‘UéF‘?ﬁaIZ@ﬂP?" €CIOA| s\r)gl -amide precursor which are compose

complexes represented by the empirical formulas:
R)mM-(O-SiRy R; R3)a
and
(R)mM-[N-(SiR1 Rz R3)y(Ra)2-]n

wherein M is a metal selected from the group consisting of Sc, Y, La, Pr, Nd, Sm, Eu,
Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu; R; R; R; and R, are monodentate or polydentate
ligands selected from the group consisting of Cy; alkyl, Cy5 alkoxides, benzyl, ethers,
halides, hydrides, amides, imides, azides, nitrates, cyclopentadienyls, carbonyls, a -
diketonate, and N{Rs), wherein Rs has the same meaning as Ry R; Rs and R, and their
fluorine, oxygen and nitrogen substituted analcgs; R is a monodentate or polydentate
ligand selected from the group consisting of C15 alkyl, C.s alkoxides, benzyl, halides,
hydrides, amides, azides, nitrates, cyclopentadienyls, a PB-diketonate, and N{(R:).
wherein Rs has the same meaning as Ry R; R; and R, and their fluorine, oxygen and
nitrogen substituted analogs, m and n are positive numbers and m plus n is equal {0
the valence of the M metal (v), and y is either 1 or 2.

12




1. A netal siloxide precursor which is conposed of a conplex represented
by the enpirical formula: (RmM\ (O SIR R2 R3)n wherein Mis a Goup 4
netal selected fromthe group consisting of zirconiumand hafnium R is
(CH3CH2) 2N and R, R2 and R3 are ethyl; and mplus n is egual to a_val ence
of the Mnetal (v). 2. A netal siloxide or silyl-anide p BEBPYBY W ch are
conposed of conpl exes ref)resent ed. hy the e irical for ga"g %T%F mvt (O SI R,

R2 R3), and %R)miNENDeiE) §oxige 9Rs) (aﬁliﬁ’%(%‘? rSRhEPBPEX Y | I'e'nsel ect ed
fromthe group consisting of Sc, Y, , , ,

Er, Tm ¥Be Badstonetp 'SF@‘er'P&d oMo d- m@t%Pg'o%%%giﬁt%PW@%%@f@' | i gands
sel ected fromthe group consisting of Cl-8 alkyl, Cl-8 al koxides, benzyl,
ethers, diRiEi des, hydrides, amides, imnides, azi des, nitrates,

cycl opent adi enyl s, car bonyl s, a p- di ketonate, and N(R5)2 wherein R5 has

the same neaning as R R2 R3 and R4 and their fluorine, oxygen and
nitrogen substituted anal ogs; R is a nonodentate or pol ¥denta and
sel ected from4he gTr’f‘@UEe@bﬁ&XéjﬁlQﬁé"ﬂfa”@q@ppéﬁcﬁdgﬁor CRPEx S wh erﬁ zyl,
hal i des, hydrides, am des, azides, nitrates, cyclopent adl enyl s,

p- di ket orfutfé, RaRedang Reype saleledifiomRmetis aifd iPapRY! RBAAPHY! L8Ry qﬁ@erm and
R4 and their fluorine, oxygen and nitrogen substituted anal ogs, , mand n

are posi tdistby! eisephenahethen pratioxy. et5osGBEIPCKY FOURRXYyEPEINXS 350 HEOW et al
(v), and is either 1 or 2. 12 28 February 2007 3. The netal siloxide or
si | yl - anidieeipyleaine gnd distplanides C ai m 2 wherein

5. A metal silyl-amide precursor complex which is represented by the
formula:
(R)=M-[N-(SiRq Rz Ra)((Ra)2.n
wherein M is selected from the group consisting of hafnium and zirconium, R is
t-butoxy or diethylamido or dimethylamido, and Ry R; Rs and R, are methyl or ethyl;

and m plus n is equal to the vaience of the metal (v) and y is either 1 or 2.

6. A process for producing a metal siloxide precursor complex which is

represented by the empirical formula:
(R)mM-(O-SiRs Rz Rs)n

wherein M is a metal selected from the group consisting of hafnium and zirconium; R
t-butoxy, diethylamido, or dimethylamido and R, Rz, and R; are ethyl; and m plus n is
equal to the valence of the metal (v), which comprises the siep:

(a) reacting a metal complex of the formula M(R)s has the meaning recited
above with a silanol of the formula HO-Si-R; R, Rs wherein Ry R; and R; have the
meanings recited above.

13



t he p-ketonate is derived from 2, 4- pent anedi one, and

2,2,6,6-tetranet hyl hept ane-3,5- dione. 4. The netal siloxide or silyl-amde
precursor conplex of Caim2 wherein R R R2 R3 and R4 are selected from
met hyl, ethyl, i-propyl and t-butyl; nethyl ether, di ethgl et her, C;3heny|
ether; nethoxy, ethoxy, propoxy, i-butoxy, s-but oxy, andZ28Fetirusxy2007

di nmet hyI am do,_ and di et hyl am d . A net al ur onpl ex
which is reprdsent &MsiA SHiedg B'PeﬁHTSQI ”’("F%’Wf tkf(fg"ﬁ'rggcggg )(“@,?'Et?

wherein Mis selected fromthe group con stln haf ni_u ad2|rcon|um R
is t-butg {ﬁmaqucet%%Paﬁf'%"wg%rﬁ?EPr{mp tcﬁ%uﬁfn E{}Hn@ are
methyl or ethyl; and mplus nis equal to the val ence of the netal (v) and
y is eitHe +4 Ogflation gate process for producing a netal siloxide precursor

conplex which is represented by the enpirical formula: (RRM(OS RL R
R3)" wherein Mis a netal selected fromthe group consi sting of hafnium and

zirconium R t-butox di et hyl am do, di neth and R3
are ethyl: andm pl"‘hg‘?ﬁa' §'°X'€élﬁf§c‘frﬁort AUty gnt@é fm'tﬁj]ﬂe’gfzﬂgg g%t‘i)ﬂ/vhl ch
conprises the ste reactin nmet a nmpl ex |. & 4 has
t he rreamvﬁ@rer BEPRCE aﬂ'%@B%'EVWE’rﬂg%rssqnlddﬁcﬂiuso‘? % ﬁ%ua? & ﬁﬂwgnﬁﬁ"ﬁi e ﬁ)z

wher e R, R2 and R3 have the neanings recited above. 13 28 February 2007
7. A neté'l‘e?l‘Pé'Q?T(‘%‘sd?t@cursor m xture of the fornula H (O-t-Bu)m(OSi Et3)r,

where mand n are positive nunbers and mplus n is equal to four and
haf niumis in

9. A metal siloxide precursor which is composed of a complex represented
by the empirical formula:

(R)nM-(O-SiR4 Rz Ra)n

wherein M is a metal having a valence number v and selected from Zr, Hf, Sc,
Y, La, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu; Ry, R Rs and Rsare each
independently monodentate or polydentate ligands selected from C,, alkyl, benzyl,
hydrides, amides, azides, nitrates, cyclopentadienyls, and N(Rs), wherein R; has the
same meaning as R;, R,, Rs and R; and their fluorine, oxygen and nitrogen substituted
analogs;

R is a monodentate or polydentate ligand selected from C,s alkoxides,
hydrides, amides, azides, nitrates, cyclopentadienyls, and N(Rs): wherein Rs has the
same meaning as Ry, Rz, R; and R, and their fluorine, oxygen and nitrogen substituted
analogs; and

m and n are positive numbers wherein m+n = v.

10. The precursor of Claim ¢ wherein M is selected from zirconium and
hafnium.

14




the +4 oxidation state. 8 A netal siloxide precursor m xture of the
formula Hf (NEt2) m(OSIi Et3)n where mand n are positive nunbers and mplus n
is equal to four and hafniumis in the +4 oxidation state. 9. A netal

si |l oxi de precursor which is conposed of a conplex represented by the
enpirical formula: (Rmv (O SIRL R2 R3)" wherein Mis a AefFabrusai<iy a

val ence nunber v and selected fromZr, Hf, Sc Y, . La, Pr, Nd, S Eu, d,
Tb, Dy, Ho, Er1,1'TmTh?o?re‘étLl‘fﬁorLQf;C'EF@I‘,1%?2@‘3@@,&6{#06"754&6@8 maetby C’rieH‘@fL\:npendentIy
nonodent ate or polydentate |igands selected from Cl.8 al kyl, benzyl,

hydri des, am des, azides, nitrates, cyclopentadienyls, and N(R5)2 wherein
R5 has the sane neaning as Rl, R2, R3 and R4 and their &I orine, oxygen
and nitrogen s%sti?lﬁ%rgcuréﬂ%@fo%@‘,m i1 nheeinByig ddniory €79 Ry ?9%%&;{9& |'i gand
selected from Cl. 8 al koxi des, hydrides, am des, azides, nitrates,

cycl opent adi erﬁﬂl‘ﬂ', and N(R5)2 wherein R5 has the sanme neaning as Rl, Rz,
R3 and R4 and their fluorine, oxygen and nitrogen substituted analogs; and
m and n are positive nunbers wherein mn = v. 10. The precursor of Claim?9
wherein Mis selected fromzirconiumand hafnjum 14 28 FeFeru ry 2007 11.
The precursor bf ClAIPRCESS RlePEPAMTY aﬁﬁ‘eﬁha”%ﬁ"’aP@cHﬁPhﬂm\B X alﬂgrl] $12. The

precursor of Claim 11 wherein Ris t-butoxy and R, R2 and R3 are ethyl.
represented by the empirical formula:

(R)M-(O-SiR; R; Ra)n

wherein M is a metal having a valence number v and selected from Zr, Hf, Sc,
Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu; Ry Ry and R; and R,
are each independently monodentate or polydentate ligands selected from C. 3 alkyl,
C,s alkoxides, benzyl, halides, hydrides, amides, azides, nitrates, cyclopentadienyls,
and N(Rs), wherein Rs has the same meaning as R4, Rz, R; and R4 and their fluorine,
oxygen and nitrogen substituted analogs; R is a monodentate or polydentate ligand
selected from hydrides, amides, azides, nitrates, cyclopentadienyls and N(Rs), wherein
Rs has the same meaning as R, R, R; and R4 and their fluorine, oxygen and nitrogen
substituted analogs; and m and n are positive numbers wherein m+n = v, the process
comprising: reacting a metal complex of the formula M(OR). where R has the meaning
recited above with a silanol of the formula HO-Si-R; R, Rs; wherein R; R; and R; have

the meanings recited above.

14. A process for preparing a metal silyl-amide precursor which is
represented by the empirical formula:
(R)mM-[N-(SiRs Rz R3),{R4)2-y]n
wherein M is a metal having a valence number v and selected from Zr, Hf, Sc,

15



13. A process for preparing a netal siloxide precursor conplex which is
represented by the enpirical formula: (RmMV (O SIR, R2 R3)n wherein Mis a
nmetal having a val ence nunber v and selected fromZr, H, Sc, Y, La, Ce,
Pr, Nd, Sm Eu, &, Th, Dy, Ho, Er, Tm Yb, and Lu; R, R2, and R3, and R4
are each independent!y nonodentate or polydentate |igand@8&ebeene20d7 om
Cl-8 alkyl, C, -8 al koxides, benzyl, halides, hydrides, am des, azides,
nitrates, cyclopentadi enyls, and N(R5)2 wherein R5 has the sane neani ng as
Rl, R2, R3 and R4 and their fluorine, _oxygen and nifrogen substituted

anal ogs; R i3 Ge. RpMNhSa & Gor TRIPY dishEAt BT YRy&Rd Lus I‘-g%t an %ﬁ"f’rﬁydrides,
am des, azides, nitrates, cycl opentadienyls and NéRS % wherein R% has the
sane meanrfd 'adenRndenlly mRRo R RRkdemaleisend FelReed Sy Ene Bk Siver ogen
substituted anal ogs; and mand n are positive nunbers wherein mtn = v, the
process @beiess PRazy.ralides. Mydedere agldes @gides HiratepecycPriiedieMy Ry £-where R
has the nmeaning recited above wth a silanol of the fornula HO-Si-Rl1 R2 R3
wher ei n RiiketonaiadamB NiBse wheledn Re&as s saree imeadinghey 81, R4 Ryt Bedsd f or
preparing a netal silyl-am de precursor which is represented bP/ t he

enpi ri cal thebriidariae, CRyGAN PN (SIrpgerrsulpgiyieRAnRlogeh Riiereeirionadestale et al

havi ng a val ence nunber v and selected fromZr, Hf, Sc, 15 28 February
2007 Y, Riydegiate pigandngomsrsing>-s@lkoxkes. Bpd N4Bs) myhergify Reybas Higdsame R1,
R2, R3, and Rd4are _each independent|ly nonodentate or polydentate |igands
sel ect ed MeaMnNTES8Ral Ry IRa 8. andkibrir deringepgen angl pigegen ﬁyﬁﬁtlt‘é\tég,

am des, azides, nitrates, cyclopentadienyls, a (3- diketonate, and N(R5)2
wher ei n Raiegs: yHe eibere! Aednpid) MgnRD, arRPositiee AHAPER Wigrein m+n = v, the

process comprising: reacting a metal complex of the formula M(R),; where R has the
meaning recited above with a silyl amine having the formula HN(Si R; Rz R3); or

H:N(Si R; R, R;) wherein Ry Rz and R; have the meanings recited above.

15. A metal silyl-amide precursor which is composed of a complex

represented by the empirical formula:
(R)mM-[N-(SiR1 Rz Ra)((Ra)2-y]n

wherein M is a metal having a valence number v and selected from Zr, Hf, Sc,
Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu; Ry R, R; and Rsare
each independently monodentate or polydentate ligands selected from C; alkyl, Ci
alkoxides, benzyl, halides, hydrides, amides, azides, nitrates, cyclopentadienyls, a 3-
diketonate, and N(Rs); wherein Rs has the same meaning as Ry, Ry, R; and R4 and
their fluorine, oxygen and nitrogen substituted analogs;
R is a monodentate or polydentate ligand selected from C,.s alkoxides,

16



their fluorine, oxygen and nitrogen substituted anal ogs; R is a nonodentate
or polydentate |igand conprising Cl.8 al koxides. and N(R5)2 wherein R5 has
the sane neaning as Rl, R2, R3 and R4 and their fluorine, oxygen and
nitrogen substituted analogs; y is either 1 or 2; and mand n are positive
nunbers wherein mtn = v, the process conprising: reactiﬁ@fﬁﬁﬁﬁﬂhﬁogbnplex
of the formula MR 4 where R has the neaning recited above with a silyl

am ne haviigjdeheamisepupacen(irates, RB-wikgtonde.” apg N¢(Bs) phainkRy IgertBe n R1
R2and R3 have the neanings recited above. 15. A netal silyl-am de precursor
whi ch i s smposedingfas®R-.cBmR:@rd Reapedaeintieadinpyoxyigen eapinficgsn stbstitwipa:
(RMA[N(SIRL R R3) y(R4)2-ylr wherein Mis a netal having a val ence
nunber v amaPgsel ected fromzr, H, Sc, Y, La, Ce, Pr, Nd, Sm Eu, Gd, Tb,
Dy, Ho, Er, Tm Yb, and Lu; Rl, R2, R3, and R4are each independently
nonodent at e or pol ydismithee! pr gaads sel ected from C1-8 al kyl, C1-8

al koxi des, benzyl, halides, hydrides, am des, azides, nitrates,

cycl opent adi enyl s, @ g8-n delkestivabenbaisdvhereB ) HifEr ein R5 has the same
meaning as Rl, R2, R3 and R4 and their fluorine, oxygen and nitrogen
substituted anal ogs; Ris a nonodentate or polydentate |ligand selected from
Cl-8 al koxi des, 16 28 February 2007 hydrides, am des, azides, nitrates, a
(3-di ketonate, and N(R5)2 wherein R5 has the same neaning as Rl, R2. R3
and R4 and their fluorine, oxygen and nitrogen substituted analogs; y is
either 1 or 2; and mand n are positive nunbers wherein mtn = v. 17
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