;rse3eh e"6T DI & 06201 USA TI TLE OF THE | NVENTI ON:  SI NGLE SOURCE M XTURES
OF METAL SI LOXI DES BACKGROUND OF THE | NVENTI ON [ 000' I] Chemi cal vapor
deposi tion (CVD) of netal siloxides has been used to deposit stable

t hi n- f|In1S|I te dielectrics (high dielectric constant) onto
silicon 5 su ﬁﬂmm mmmmmuse in the mcroelectronics industry, Single
source netal 0X e precursors greatly sinplify production and

processi ng. Repre S¥Mati ve si ngl e source precursors which have(gfg ed in
the past include Zr(OSi Me3)4, Zr(OSi Et3)4, Hf(OSiEt3)4, zr[osi (18481

Hf [ OSi (Ot Bu) 314, (thd)2Zr(0CSi Me3)2, and (thd)2H (OSi Me3) 2. [0002] Chenlcal
vapor dep05|t|on of these single source netal siloxides, although 10

sinplif pects in they t films introduce
di ffer mmmmﬂﬁ@mto t he pr ocesgrl'ﬁgglﬁnﬂ?“w%@z!% of the thin-film
conposi ) n enperature. The
conpounds (Tﬁ&ﬁZZr(CS|Né@*%géﬁﬁﬁﬁgﬁd?%ﬁpéégcﬁggkgAgﬁyiggﬁkgs and suffer
fromlow volatility due to the use of bulky thd |ligands. Qher precursors
sucn as Zr[nSi (G Bu)3]4 and Hf CSl CIBu)3 4 al so_have been found to have
relatively low volatility. [ H&PéDSEUEd@VEQTERN i | oxrde precursors
which are liguids such as Zr( CSlEt3 ~ and Fﬁé t%%4 are Q%Eferred for
thin-film ap&o Udt(P'E)eﬁ%'"a'AF‘Pq’fcﬂ‘?Bﬁs'“an(CIVPé]Bi 'ge b‘?'Fﬁ" $hRAP Re§B UsemioHepseht
probl ens mhen

the d d f th |t ant
P e e e e Erhgbv@fa%rﬁéiosi'aaer 'Pﬁfﬁéﬁ&gﬁﬁ%’@rﬁ@geﬁ%ﬁ%‘é&lcé’}? evi ous
| d f al -defi f th
1' 945, DB ° Lobprgih B ape B "ﬁiza%qt@nfser@e%fy Z"‘é@g SeglefiloRieds ot o of
:4 and (thd%ZZr eve tnin-film

Comoaor t - onodBRibo N SR RodlEhN 4 prhebRa  Redrafentd e BMMleR ™ ™' )
coml exes, the. aw%chmggggfuggﬁn%gepaw‘.@ tzr%gi urgesyEQle t echni que

enpl oyi ng se ry source hi evi'ng ot her than

cont a ﬁ.eﬂgran%‘igﬁ Ty F1S5O G bSOl “@RW@%E‘%@@W& Siffion
cont ai rng gyl (EhdriesAplr Ao %e@esmgre(e%a% dobes gl her

separately, m xture or ol vent not er technfque is

t hrough {ge élﬁ\%ﬂf@ﬁwg %or’ﬂ@ '&SB@&@IB tﬁﬁﬁ%éud’t‘lbﬁ‘ gf HRTRRY R o@iceitdr &R 'Brob?enﬁb to
Si (NMe2)4 and a e | oxi de conpound, e.g., Zr(0OSi Me~)4 delivered either

separately, @g paodétsesﬁm rﬁ 106 déﬂi@'ﬁ@'tl’\/@ﬂm'-fmn@oﬁgbélmt I\gE?MBQI fdregampidlie auses
a non-nmetal containing silicon conmpound, e.g. 4 and a neta

contai ni ng ceynp@tfsbm @rperatute ( INeé 2rdpsimbs ed) gil G@Meg)g hmr (IR PHCEIREY, ares a

m xture, or dissolved in a solvent. [0004] Single source m xtures of

separ at e congdiigx esd suffar rdmdew aolatiibeue tofthepuselaf eaky tha lighedsC\Bh@Toeessars
Because the relative rate of deposition for each precursor nmay vary

si gni fi cant | suomastZriOSitieBauare EFf0SIT8s Y rBO daee beendpifciodace elatively low
activation energy, it is difficult to uniformy control the netal:Si ratio
deposi t eth asvaatiiti.n-fil mdi el ectric. The use 15 of separate netal and
silicon sources also requires delivery equipnment for nultiple chem cal

sour ces as WEPP3ksSivgaspYIce GAdd Starermequisarnwiph ate lidkidy swlea%(@%létabd
[0005] Representative patents and articles illustrating the eparati on and
deposi ti on nethdQSEs« ararypierred tor eun- HFb%ﬂEPP"s“é’P%S aAEoggh, f”b'l'quéfﬁfé”m {BB06P WO
01/ 25502 dlsclose%%gate dielectric fil s of 2|rcon|un1gnd hafnluH1§k%lcates
20 on sili cOH REBRY PLadens wiRD qssisping 4o dasRedForaRaspion Qbthe Agsuiaidhig ittt al

rn or hafni um a tonate; a

ggﬁgnﬁspféiﬁfﬁ%aem PecCEie o Bt pBtaust BRen S P el ol méai ppeie R, |

@) 0
(2 ket Bhe 2 Slaetne DRSS RGU B ol .2 B RS, o SRE e RHGR st
21012 suspended, L. deeliyly SE1GH b8 06 LU0, cRTRRNAT, LD 36 8oAlued 10

a one ;.~to I’atIOV\A ormn

Z, r(thd) 2( OS'nME‘?n% o R8bA PAio8 btrdr Hak trikk Brodliced ¢ ﬁo?n FleMerd 14 anflaZr (O Bu) 4

i s shown
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[ 0007J, US 6, 238, 734 di scl oses the deposition of a nmetal conpound or m xture
of at least a two netal ligand conplex onto substrates suited for

sem conductor fabrication. A mxture of two or nore netal -1igand conpl exes
as the precursor is enployed. Ligands are the sanme and are selected from

t he group consisting of al kyls, al koxides, halides, 5 hydrides, am des,

i mdes, azides, nitrates, cyclopentadienyls, carbonyls, and their fluorine,
oxygen and nidofrpsxas su@aﬁlhtasxbmwoa@tadh@gse oRepIfiss ebliraés, vcenmtqua &apidying
conpl exes include: Si(N(CH2CH3)Z), Ti (N(CH2CH3)2)a, Zr (N CH2CH3) z) 4,

Hf ( N( CH2 CH3) XeaonddfNéunesHB) athiaviny (MNG&THEIGEIR Yatiod otrelp (HeO GNZEA Y08, of 1:2

No( N( CH2CH3) 2) a, CH3CH2N=Nb( N( CHzCH3) z) s, CHaCH2N=V( N( CHzCH3) z) 3,

( CH3CH2N=) 2WANEGHE GiHydigR  thel s e B3 Gzt ) 2NoGriNE DTS Jrid)at (ziraordum) source,
CH3CH2N=Ta( N( CH2CH3) 2) s. [0008] Terry et al in an article, Trial koxysil oxy
Conpl exes as &.eZUOSies): taod RODn4BcO2cgritdimng meta) (AEPnilvial saurad, 8.9., AngtBulVAt er .
1991, 3 1001-1003 disclose chemcal routes to ceramc nmaterials based upon
al koxysi | éxy defiearsd eithen semsratielycamp mosties oadissdlveglie asolveate Appiseutesionigud ie
honbgenous netal silicate networks. These conpl exes of the fornula 15

M CSi (Ot Bu) 3]tarouglethe usef a nan-metal cefitaiaing camedundoof silicetu eeg- MitNMeg.Gad a
materials. One type of conplex is produced by refluxing a tol uene solution
of HOSI (O Bu)eetplsilexids GmRdund, 98-, ZNEENes)s dBiRieFr SURMVRArFY, FSE MMUEATI ON 20
[ooasJ This invention pertains to precursor mxtures of the fornula ML1

) X(L2) ~. x_wheHssplyeqiin & Selvafibt émoth%r\;eth"%e\wae%ﬁa@n getal egrining siligon | s an
anionic ligand and L2 is_a siloxide or silyl amde ligand_suited for
produci ng st Z8MPOHP: §:G-i PiNMe«ANdH W‘Ftébﬁoé'?)”'ﬂﬂ GANRAY O & §- oL ekl delgErd of
the metal, and O<x<v. he bondij n ch that an MO Si or an MN-Si

li nkage i stalther 1‘?:?5@& \?élayf"'XtFFFg Ofa@%#ﬁdd?laéplgﬁmr elates to a process for

PLP4 63?02 > th s Seur S r?g‘s%f%&wﬁegg%mﬁs‘ﬁ% éﬁi@ﬁ%%w@fems >
ray a5 el RFaE€ aechRaHb (o fats B adhtsTiof it et kPSS Nop TR
[t eger's and g sl iRl dnd BsBL BIER MerbhBs oAty AR 1 O

2. The R type=grou represen an organic

l'i gand. They d?ﬁ%ultqg ubﬂ?ﬁ\ apcf onHB thé fretel; gPrJa{]ro he%%ﬁéoea%ée E‘ fﬂg‘ élé&ﬁ'pt T e r

advantages to ecursor co exes erelrn an

appl i catign 16 sbbiifhohdil81Iipd %r&g%oqéqa.@s%we%cgwm iRy tS. an

ability to for ate neta oxane conpl exes at presel’ected ratios of
MSi; an abi |dhEM|éaPsJu%é§1-Qsa$e‘ﬁ a§'cB&'rc§?o§é’r%é7%t|9"rﬁ%!6}§€hre§ afePdelier8d.l N

depositi on processes such CVDh,
{0005] Representatwe patents and articles illustrating the preparation and deposition
methods for single source precursors are as follows:
{0006] WO 01/25502 discloses gate dielectric films of zirconium and hafnium silicates
20  on silicon substrates. The precursor metal compound includes a metal such as
zirconium or hafnium and at least an alkoxide or B-diketonate; a second precursor not
~ontaining silicon to provide a ratio My/Siy.x of from 0.01 to 0.99. These precursors are
nroduced by réacting a B-diketone, such as 2,2,8,8-tetramethyl-3,5-heptanedione (Hthd),
with ZrCl, suspended in diethyl ether. The resulting compound then are mixed in a one
28 to two molar ratio with LIOSiMe;, thereby forming Zr(thd)>(OSiMe),. Deposition of a

mixture of Zr(OSiMes), and Zr(OtBu), is shown.
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an ability to elimnate the processing difficulties associated with

physi cal m xtures 15 of single source precursors; e.g., those difficulties
associated with different rates of deposition, different deposition
tenperatures; and conpositional variations; and, an ability to produce
singl e source precursors having a definite netal:Si ratio which are
relatively insensitive to deposition tenperature and pressure changes due
to the fact t{beo7Indi¥/ 6288734 cistibssase adpdsifien 61 Pbrl Somisciad PF AHTrSQF afti Xt ur e
have simlar ?.0 activation energies and, therefore, simlar relative rates
of deposi ti onesst adawy aveitad tiyaraf copigreinsd subesateSEitEH fdXESMRIoPdU I f&liricatitn. A
DRAW NG QQ012] 'T'he figure is a graph of concentrations of various
identified elmintrg of tivo ormioepmsiat-kghntiicbmpleass a5 the pecusor isermpeyper higands - 4
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0013] This invention relates to

si ngl e sour cargttesdans drobdre eelpeted tromdine grionp corestiog oft dikyld, atkoxidgd, badds?) ~. K
wherein Mis a netal having a valence of from2-6, typically Zr, Ti or H 5
when used5i n hyilddese micles omidesagridescaitratensyciopentadienylsacaroonyes, Bndjtved and L2
is a siloxide or silyl amde ligand suited for producing stable thin-film
met al si | i catfeigring oxggeaqnginittagen Rebstittesianalogs. HRprepentative mate-ligancky. , The
resul tant m xtures contain netal conplexes in which an anionic

si | i con- cont PRPIRFeRCREG: $IEN(Gbelpid)d) o e Hefetdds, EHN( T Hak) 4oxygen or
nitrogen atomsuch that a MO Si or MN-Si_|inkage exists. ,\}0014]

sour ce reagentf @V(pb‘zofﬂﬂl aIV(HQﬁ;ﬁH@)z @’h‘éﬁh‘{@éac"id)ebdé@({\‘(%c(*‘fmf@( plcl2GHie) s,
preparation of the precu sor, | s are suited for the s nt heS| S
of the metal @LokNala Né‘ﬁ'dz@i"sbzw Capﬁm—ww@aém AEHeleHaetHY (N GirafHs
Ianthanldes nclq%g' alumnum II|u indium thallium tin, |ead,

ant i (rjmny) Opi dfride hM%C HGQTEEI U‘ﬁ“?@hﬂ'ﬁe?h‘tl um bari um

ﬁiSB; um a0, TR R aalpteﬁﬁ%w BhGenekx ea%rfgfsﬁz%q VEhadidam
pal adi um ' pitMET e L BlseRE R Aot 50801 ke sfe@esimtaictissty m um
Chut T um yt ¢ erBe mePER deed Bhor 4 k%*'%@%%ﬁ%ﬂ%#%‘tcgﬁ“ﬁl BrERY s s Tk um
P_r ef erably, }pl?gcu%trsa'!o o) eﬂéﬂ%dmétgl ﬁglagte%%&ﬁss'ﬁwe?%cg@y@%satﬁﬂ‘%fjoﬂfﬁijlges and

silyl am des m Ccr oe ronic applications are

zi r coni uRk haj @s«ms@,g]dwﬁé %ww&&%%@g&a@&mp@héd@n%ém oantal um

and vanadi um FOI’ sone ap i cations the um num ga ium

i ndium and t mul a
M L1 )x(L2). deel drdE ?reegr'i%@ﬁf@ Je@ P aﬁ@;%@é}@%@lgp ‘Sﬁﬁ?@’“"%&é@%%w and
R4 in the fommag, (RMH (O SR R2 R3)~ and

BRIEF SUMMARY OF THE INVENTION
20 [0009] This invention pertains to precursor mixtures of the formula M(L1),({L2),.x
wherein M is a metal having a valence of from 2-6, L1 is an anionic ligand and L2 is a
siloxide or silyl amide figand suited for producing stable thin-film metal silicates, v is
aqual to the valence of the metal, and O<x<v. The bonding is such that an M-O-Si or an
M-N-S1 linkage exists, respectively. The invention also relates to a process for preparing

25 the metal siloxide and metal silyl amide precursor mixtures.



-5 (Rrt, M[N(SIR, R2 R3)n(R4)2.y] can be nonodentate or polydentate and
include C,.e alkyl, C, .B al koxides, benzyl, halides, hydrides, am des,
i mdes, azides, nitrates, cyclopentadienyls, carbonyls, and their fluorine,
oxygen and nitrogen substituted anal ogs, a ~3-di ketonate, and N(R5)2 where
5 R is C _8 alkyl, C .e alkoxide, C, .e dialkylamno and benzyl. As is
known the type of R R5 groups in a single source netal siloxide precursor
have an ef f eclpoto] tThe qorpexes fersingfthd ineture arel hevstspesfically &iptaashtde.byfthgr oups
shoul d be selected to provide the type of properties desired for the
deposi ti on prfocasas:enpl oyed. Liquid single source netal siloxide and silyl
am de precursors, often use non-bul ky groups, e.g., nethyl, ethyl and so
forth. 10 Crown ethers and ~-di ket onefR)sMdR-%iB, B; Bs)pent anedi one soneti nmes
referred to herein as hexafl uoroacetyl acet one and
2,2,6, 6-tetranet hyl hept ane- 3, 5-di one can beansed. [0016] Specific exanples
of C .e alkyl include nethyl, ethyl, i-propyl and t butyl; benzyl, the C .B
al koxi des5 e.g., nethoxy, ethoxy, HRbdOR (SR RaMBDky, s-butoxy, t
but oxy; ethers such as nethyl ether) diethyl ether, phenyl ether and so
forth: am deswhanein Mis a1Betabpivaiande 2-adeanshi are Rositiva tacerd ans, m @lusen Isyaqual
am do, diethyl am do, ethylnmethyl am do, but am do, am do,
net hyl propyl taﬁﬁqjtﬂ,'ef@ﬁmtf}?rfﬁ?ﬁll'\ﬂaﬁﬁdd'ds 18nd Eg}ﬁ Hé%P%W@HP%SedEnBHWI Bﬁi&r@,
diethyl amne. It is inportant to use the same or comon | i gands,
honol eptic | |@a{ﬁﬂr§se'ﬂ@”%ﬂﬂ3 igap@nt ey may Q?a'l*f& obXBlif&nge problems of the
prior art. [00Q17 % Metal siloxides are &re erred to netal S|I;(/es am des due

I

to their gree{PgT shéreo?ref@”ﬁ'??’ﬂéfjl’%ﬁa AdP INEJRAIR! PERRUFSOR CRITIPIRYES PS5TRAS i on,
h f de
i Euf’éid%{iﬁ i ot Bt eppicguty Sab IR Vrflpatlomusk?ﬁ? R G GRoN Bt bl d
t { t
very 1 nes sty LISOEEE Polalficheng GRi &3 alB Rk S BS bR gl e
or del | vgr'ylv |
Sour e GOl EXES N B NS L B e R,

to sil ane-di guéh @P%VD“' ols. Sonetines these silanols are considered Si
anal ogs of - Koxi'des. Exanples of silane diols and silane triols

suited for produci ‘Ehb‘i ﬂﬁo’%ﬂﬁa@‘hl&%c@? q&ﬁichlqgs as@ocﬁte@'vb’it}ﬁlphiél{; refsSUCh

astrlrrethyIsHano triet -1-and npropyl

butyl sil@nol i@%%u@b(ﬁéc@éﬂrgeégartﬁos‘é' Hik@fed st%cla@éﬂ dRs dn‘@r‘ént rates of

incorporate N in'place of O Sil 5 amdes are typically but not
excl usively depbyifsh, Hﬁ@@rﬁﬂébﬁsﬁn@ﬁléﬁ%r&tﬂr@h%d% gitiolR varlafibhsedng o disilyl
am nes such as hexanet hyl di si | azane (HVDS). [0020] One method for preparing

the nmetal sil oxi denpasigy s @roduedRirge S@Jré@pfe@a:@brsah@ﬁr@ué) défifiteRietd: SC edtipl ex
of the formula MOR)~ wth a silanol of the fornula HO Si (R, R283). The

met al oxi de ocanigH ere reftvdinésendittiaab depositidnytempsratiee amy phssureattegesldud 1o
various nolar ratios |leading to various netal to silicon nole ratios, the
excess | i gandse paab\thaliinuiyiduae cerhplbxdsi afi thg singld seurce prddecsau sexttieehayei Sméar
excess of ligand, the M Si ratios may vary slightly within a given

conposi ti2®n. FEtivationrgresgies and,clberstse t similardekitign rates eof cleppawint oA vasielsefuned
to be approximately in proportion to the note ratio in which they are

react ed. Al sgempe@alid®e of these differences, the single netal siloxide or

nmet al
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.



15 silylam de species is an intimate mx of nmetal conpl exes having
preselected MSi ratios of 1:X where 0<X<v. [0021] A solvent may be used to
formthe nmetal siloxides or netal silyl ami des. Typically, the silanols or
silyl am nes enployed to formthe conplex are dissolved in an appropriate
solvent to produce crude versions of the aforenentioned m xtures. 7?0
Exanpl es of solvents include: hydrocarbons such as hexane, octane and the
li ke, ethers such as tetr dhythlbEDRDLSCRIRTION @orHR.INVERZEN Puri fi cati on of
the reaction product is acconplished by renoval of solvent under vacuum and
b'y distillaf®®8] The ipuentidn ethtes teisingle sogrce meatal silexidezerdcussor RNRUrSseax theonet ry
and GC-Ms. The actual conpositions of the netal siloxide and netal

silyl am de ~f@oniLdxdL)manpepin Nas ematalddvias alvglenesadf|fionudBrigpiedlly e TiNMVRS

~C- M5 or sone other equival ent anal ytical technique. The reaction product
wi || cont @i nWien geehiblreicigairatoniq arplietions, L1 ixan paigRje ligans andpaint siledeirexes
wth different values of x such that the difference between the individual

val ges gf bx F”;LV' gmigegigang S@@ﬁﬁgl%%d?fngﬁﬁbéﬂ thllts‘udi‘fﬁl"é%?a'r?;iﬁ%téﬁé@s P‘Ii:ﬁ' teHR be
produced by the process inc e: CH2) 2N] nzr [ OSi (CH2CH3) 3] ~: ,

, alep ithg-me g <X<f. {ThE T tEdes 68 @%@;}P \p}ﬁxeyﬂj
[Egag%)cjzﬁmkél (ICEZCl-BﬁigaﬁJO Th\t(t/al.ute, f (r?IT néaﬁn vmt'ell b G%reater than 0
and T'ess ¢ hal FEREHIAT Of-CP%ta@aaavO'%'S%uﬁdf% Eé"iﬁ'}'ffa@si fiagp

I F%?ae. é.a,p‘r’@rog%ﬁ_‘é%hﬁs'@ﬂrﬁ%eaikg—&%if’q?@t@ﬁﬁn%%ﬁ:e%ﬂ?et 2c0Si and H:Si ratios
ih nto 33%’%& @i a5 e re%{q%‘rffsior[if%ﬁ@ Hodfi Byl sty B U dad L ha
e v ot e 0 ) ST AR R AP ool o
varTous and SaFer sLdsil ARt MpRERHRNETANE oA MAiEflel Rehtie IR 1oq 1

restrict t helgélﬁ@'ﬁ,einﬁibﬁﬁ %fliW%%E%ggﬁ%y’%{%aﬁ’%é%@&%£#@§H%§%lﬂmyi ng

The Enpirical Conposition 0 es 6] "The synthesis of a

precursor hayiréidiut) Ba @) dohdiim GRS lahin@Aurd QitdidNEirddSud (KdhiEh3) 0 as is
achi eved by the follow ng process Ail manipul ations were carried out in the

absence @f MASHIUNE, dtilrA tAntdINAE EhrBniuRd GRIVHRENEH A0Sy, Rangdrigdar d Schi enk
and gl ovebox techniques. In the glovebox, H (NEt2)4 (75.71 g, 152.3 mmol)

was ~nrei gheekchngiuntrhzBRmiroBelithemmf dsasiim ecbbaip pREHIWh f iRdiamshitkel paNladiliaxane
0200 nL) was added to the flask. A pressure-equalizing addition funnel

cont ai ni ng HpkEtikirs, doppedsityer, 3oid; cailimypraspodyrdurheneaademiunh Sambiumyasiradidrached
to the flask and capped with a septum 'the reaction apparatus was renoved
from t he gl ogatmiriuan derbitimadyapcbsiuom, doBuum egrkium, theliurh B BlurPiutetiunt, @actinium,
introduction of reactants, the reaction flask was placed in a dry
i cel i sopr opai@riugapietachniginiand eraniwn.ubPietaiabinshendtad emppyadde thesyntiesis ehict i on
m xture over -
20 me?a?r 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 formula M(L1),(L2)..x and represented by the R type
25  groups, R, Ry R: Ry and Ryin the formulas;
(R)mM-(O-SiR; Rz Ra)n

and



a period of 30 to 45 mnutes. Stirring was conti nued overni ght as the fl ask
and bath were allowed to warmto roomtenperature to conplete the reaction.
(0028] After conpletion of the reaction, the addition funnel was renoved
and replaced with a septum The sol vent was then renoved under vacuum over
a period of about 5 5 hours. The resulting liquid was vacuumdistilled to
yield 57 g of a single source precursor having the enpirical conposition

Hf (NEt 2) s, s(OSi Et 3) 0 es | eadi ng to @).NH{N-8iRy Bt RO.(Bf).,3. 7 by NWR
spectronmetry as a light yellow liquid. The precursor was characterized by'H
and' 3C NMR and by ca@bkBnorBathtatdf o etydgrtaterahd intG8p Ginchikyf, CNERIRYBEXIbENS),
(mz 527) were detected by GC-MS. 'H NVR was used to establish 10 the

enpi ri cal comatidds, ihydriddsn@eniddse imides ngeatest nibatepr adiopestadiesyl$ yéainomes, camd
hexaet hyl di si | oxane were both detected by GC-Ms, indicating sone

deconposi t i orthenflidnee,codygemandiieo@E NbRitgpeanalegs, & fliicidrate, he NPRgs a#here

Hf (NEt2) 4, Hf (NEt2)3(0Si Et3), and Hf (NEtz)2(OSi Et3)z as well. 15 Exanple 2
Synt hesi s50° R i®CegalkgpC, Hikoxitg, Thediblhyiaminoahd GemgybsAd isomowh (HeEY2¢ of R-Rs
ss(OSi Et 3)2. 34 [0029] The synthesis of a precursor having the enpirical
conposi ti on Hr¢udEtia p sirgl OBrdet 18912l silowids peclrseviedte ay effae ohahé ppagiepiobthess.
Al'l mani pul ations were carried out in the absence of nvisture and air under
ni trogen or deydtanumietaysioxigadt groros Sholl@ bk seladed topreior thetyhaiofjyesnertles t he
gl ovebox, Hf(NEt2)4 (74.96 g, 160.7 mmol) was weighed into a 500 nL Schl enk
fl ask equi ppaigsiea for dhe deposiion pregsgasepioyed fHopidagingle dderge teetalriokidasind A
pressure-equalizicng addition funnel containing HOS Et3 (47.5 g, 359 mmol)
and hexane (-SiBAMES RIBEUrEArs a@fffadusconehiulRy groKPSnRIge apied eihylhang gp derh.
stopper. The reaction apparatus was renoved fromthe gl ovebox and attached
to a 25 38hl &fRwn @éhers gnd B-diketres suph pe 2dorantangdione spegimesorefgragsie heteig dry
i ce/i sopropanol bath the silanvl solution was added dropw se to the

reacti on m xtaghexafusroagelylacptone and aB&frteramathbertane-&bidignerfgnRasisednt i nued
overnight as the flask and bath were allowed to warmito roomtenperature.
The addi ti on [PeMeISPREIEC pXamRies! dnd akypnciddedmetny! rethY! sseryhandriiity); kenizylent
was then rempved under vacuum over a(g(gri od of about 8 hours. The resulting

liquid was vatutim dkeidas; e MeRaxK ey RJORIXY ANSH UK OHEN: ABHIEKE
irical it Hf t2), i Et3)z. | eadj t Hf / Si ti f
L 70 by NS St apr P Teties, TR et shaeT BreCats Seutauisn b as ©

o et ablPan WRETMR PRI hsegra o o Fho s el SRR tME R Car oo

t he presence

s bl | Bl U8 AP, hrshy i lebhi b At Rh e ARRR AR 34 SR,
havi g the b ea TR Tl 28T (O B ATt O EESs R eBn S “Tai o

of ~4.7 wes ghiealf Q%pﬁﬁfga]&@, k@woawpd?érﬁigﬁggnd BhdnalGbBBbAS PR PHBF Srt.

carried out in the g’gsence of noisture an r under nitrogen or argon

using st andagdoﬁ?hh\ﬂ%@éq A3 P B¢ rbQs IatYIgPamiiBs bl tdthOy §laawr ek &t Bu) 4
(81.80 g, 173.7 nmmol) was weighed into a 500 nL Schlenk flask equi pped with

a stir bap. Hexaten &200sd8: bteviebulRdrhedidition tthe plcfarld. mAalbiesddisrecaasal i zi ng
addition funnel ~0 containing HOSIEt3 (23.01 g, 173.9 mmol ) and hexane (~10

m.) was att achegldxes tfeerobinaskpaadreiape dvitvsttficianttyl las vissdsitp peallowlithe usealct i on
apparatus was renoved fromthe gl ovebox and attached to a 5chl enk line.
neat liquid source delivery without incorporating solvents or heated source containers or
delivery lines brior to vapoerization.
[0018] The metal 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

-6-



[ 0032], While cooling the reaction flask in a dry ice/isopropanol bath the
silanol solution ~~~as added dropwi se to the reaction m xture over a period
of about 5D minutes. Stirring r5 was continued overnight as the flask and
bath were allowed to warmto roomtenperature. The addition funnel was
removed and replaced with a septum The - 10 sol vent was then renoved
under vacuum over a period of about 10 hours. The resulting yell ow cl oudy
| i qui d was vatwouinesli Bxdnplesloftsdand dibld ari® sithe driatd sugtep foe erodsoing Hevnatl t he
enpirical conposition H (O Bu)3.30(0Si Et3)n,0 by NVR spectronetry as a

cl ear col or| e#exiddsduiietie: Thealpylstancsosuakeas tdmeathglsitaepl, rethybsitarplaine80 MNVR.
Integration of the'H NMR 5 spectrumwas used to establish the enpiric~
conposi ti on. PRV silgeelt aad Heidylséarel.t he presence of both Hf (O Bu)4 and

Hf (Ot Bu) 3( OSi Et 3), . Exanpl e 4 Chem cal Vapor Deposition O Hf Silicate
Films 10 [0082A19 §i‘r¥‘@§}'d€%ﬁaﬁ5©ﬁmﬂ|§p@$ﬂ|@)ﬂ¢ﬁ$ it ingorporate Bdn glace PhE. Bildm a
precursor _having the enpirical conposition H (NEt2),.ss(CSi Et3)~ 34. The

| i qui d pr8cuP8tiesade WPicats e nckerciusiyely idgivad fes) silybaryingingluding Skt netdimitad
delivered to a CVD reaction chanber. The precursor was reacted at a heated
substrate (280disiyBanines spen anheRMehyIdRa@ei(AMRRENnt to produce HF silicate

L'% Eensblg el o%ﬂ%’ar?%g?:ﬁ@‘r’ﬁ'@tg%q et BeXe ARGk PARRIOG 5 TRBSE The
Si 0034
The chart | notH8 b v odmak: o Raro T dry WiEs SlanafR S RFTHE ecul tant
L'ﬁlaﬂ ﬁ;g’eic?ﬁégo SRR e B B chne e AT e POt B PR g pEdoagrbes
sem conait o SHE PR ER e ol P B ol RS DPSTEE el 01 age
beconres_even ppi g, ge&mgggg@}ﬂsﬁ t%c%%tﬁ%re%r?é@@és Sy, 4 1l hpar at e

COI’TpOUI’]dS as prec sors he present 1 nvention een se orth

with regard tn,. S8 rgh l;p&g*]ér?é Ren 8&31%229)& i ;% pod2d s E&ﬁpﬁ}ﬁ?ﬁ%ﬁgpp the

present i nventl on certal e clalns 11

CLAlrvls 1. éé#lorﬁb %Qﬁiln?e% rbe%'p%% mﬂ%‘fﬂl)ﬂﬁ p%p%‘?ﬁ&fnsté?iherﬂwél Wt Iﬁ‘?v\ﬁ!cﬂgh«{ﬁce

enpi ri cal forrm M L1 erein Mis a netal having a val

of from 2-6, gkelrehsteaN ARB I%Haﬁsé faReLd o@fm#eﬂeasltﬁe angbln@sal@@owe Fimeth am de
ligand suited for producing stable thin-filmnetal silicates, v is equal to

the val ense e@ilyldmige Bpédiés is @R thtifrata Rk ARbtd) dYinPIExe haVing-préseflctadinM: g PdtiGs  bond
| i nkage, respectively. 10 2. The netal siloxide or silyl-am de precursor

m xture of Coat:xvherdek<ware conposed of conpl exes represented by the
enpirical fornulas:
[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
25  complexes may be determined analytically using either NMR, GC-MS or some other

cquivalent analytical technique. The reaction product will contain detectable quantities of

-
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(RM#(0-SiR~- RZ R3)n and (RMMIN (SR RZ R3)v(Ra)2-v~~ 15 R R R2 R3
and R4 are nonodentate or polydentate |igands selected fromthe group
consisting of C -a alkyl, C -a al koxides, benzyl, ethers, halides,

hydri des, am des, im des, azides, nitrates, cyclopentadienyls, carbonyls, a
~-di ketonate, and N(RS)z wherein RS has the sanme neaning as R R Rz R3 and
R4 and their fluorine, oxygen and nitrogen substituted anal ogs, and m pl us
n is equal tgt @5@tw@béw@ce@meﬂéﬁemiraalfféréhtv@rm@srsf ROudnshARithd @fferdngs 2. 3.
The netal siloxide or silyl-amde precursor mxtures of Claim2 wherein M

i s sel ected bemweh e i6diGHE Qbiues 8UPs3. t hrough Goup 5 netals. 25 4. The

nmetal siloxide or silyl-am de precursor conplex of Claim3 wher~~i~f R R
R2 and R3 ar fpoe8] eEx#blés Sméthecofiplxinivionsitedticag b®producar B thy brocdeesryl , G
, al koxi de, - 12 cycl opent adi enyl s, carbonyls, ~i-diketonate, and N(RS)z

where R5 is @cluded(GHICH N1 @Lskombccle@ 1§ casaiﬁz;gi\w-lfmmmgahgs Rewzyl. 5 5.

The nmetal siloxide or silyl-am de precursor conplex of Caim4 wherein the

~i - di ket ohat ,HSORSITOBECHETIOM] L add [eOIHR)TEHDS (CHYDH,)s],. The vailue of m and n
2,2,6,6-tetramet hyl heptane-3,5 dione. 6. The netal si I oxide or sil yl -am de

precur sor cowjilbexgredteChan Madd Wdse treinrd dr@ rh ipls oospd ek td Sinrtiegseesietntesd by t he
formula: (RmMH(OSIR RZ R3)~ 7. The netal siloxide precursor conplex of
Cl ai m 6 wher KI084R, Cremigdl vapor RPositien ofdhecansmexes emionp ity metadsiligdte filmspr opy !
and t butyl; benzyl; nethoxy, ethoxy, propoxy, !butoxy, s-butoxy, and t

but oxy, di meelgylZaandblf siieate timstvitnldefiniteolr:Si BngHf: Sitratiosdiaabd gpandRe eepisicatur sor
conpl ex of daim?7 wherein Mis a Goup 4 netal selected fromthe group
consi sti ng oforapiaceay kengagsaaPlisded Py ATIngINg A sOwee o @qntas&wa@ap‘w@ﬁ!@tgwa
complex of Claim8 wherein R R2 and R3 are 20 net or ethyl. 10. The

rot Bl o1 x| I P S RROTETHSE B heeted ST EPB T 0R P sststyrare: R

R2 and R3 are ethyl. 25 11. The netal siloxide precursaor conplex of Cairn 8
wherei n R i sthe@HPeea® piaoiesd Gihermethnds okgergsiioningipde ALCYB, 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(NEt,); 15{OSiEts)ges
[0026] The synthesis of a precursor having the empirical composition
20  Hf(NEt,)s15(OSiEts)o 55 is achieved by the following process All manipulations were
carried out in the absence of moisturé and air under nitrogen or argon using standard
Schlenk and giovebox techniques. In the glovebox, Hf(NEt,), (75.71 g, 162.3 mmol) was
weighed into a 500 mL Schienk flask equipped with a stir bar. Hexane (~200 mL) was

added to the flask. A pressure-equalizing addition funnel containing HOSIE!; (21.3 g,

[A0]
o

161 mmol) and hexane (~50 mL) was attached to the flask and capped with a septum.
The reaction apparatus was removed from the glovebox and attached to a Schienk line.
[0027] Prior to introduction of reactants, the reaction flask was placed in a dry

ice/isopropanol bath. A silanol solution was added dropwise to the reaction mixture over
-8-



12. The netal siloxide or silyl-am de precursor conplex of Caim4 wherein
Mis a Goup 3 netal or Lanthanide selected fromthe group consisting of

Sc, Y, La, Ce, Pr, Nd, Sm Eu, Gd, Tbh, Dy, Ho, Er, Tm Yb, and Lu. 5 13.
The netal siloxide or silyl-amde precursor conplex of Caim1l2 wherein the
~i -ketonate is derived from 2, 4- pent anedi one, and
2,2,6,6-tetramet hyl heptane-3,5 dione. 10 14. The netal siloxide or

si |yl - ani de BpRAGY 6/T0 16 ABRhiENeOf St@hﬂ% Wad-Sorithgdcedvriht Bs t@&xaa%aﬁ@féa!%‘l ar e
selected fromnethyl, ethyl, i-propyl and t butyl; nethyl ether, diethyl

et her) phenylweﬁdmew;adrttewamxw,ro@ﬁhh@xyeraﬂamb%mpletethytrépcyons but Oxy) and r
but oxy, di nethylam do, and di ethylam do. 15 15. The netal sil oxide or

silyl-am de [oo26lr atsr conmistien obthe Ghaation, dhandriiteh furvel wasrefioospar Falabd
selected fromthe group V, Nb, and Ta. 16. The netal siloxide or

si lyl -am de pitealsestom. cCloemoreniokasGhan renbveth endsr nadduirsover Gperigd & apeiuab
selected fromthe group Al, Ga, In, and TI. 2U 17. The netal siloxide or
silyl-am8le powsuils®resaltingliguid ohs Ghcam distiléd ©lyidid 5T gpf esiegieadulise t he
formula: (RMWA[N(SiR~- R~ R3)y(Ra)2-v~~ and Mis selected fromthe group
consi sti ng ofrehafsni havirgritie 2mptioalicampositigrsHI(NE)L (28iBk)y ssdeadii cetoiarmyifédi do or
dinmethylamdo, and RR R2 R3 and R4 are nethyl or ethyl. -14 18. A process
for produci ntptia ofd7dly WF@RG@@W@@Q@&@NMHW of heQprasyrsar Wesi ch i s
represented by the enpirical formula: (R (O SIR R2 R3)~ wherein Mis a

metal of val @ﬁ‘f?{f@d%@db& HRnd NMF%EH\Q'QR GrMS. rRgild HENER)EME 468) BBy dent at e

| i gands, which conP ses the ep: .
Hf(NE1,)5(OSiEt;) (m/z 527) were detected by GC-MS. 'H NMR was used to establish

10 the empirical composition since the decomposition products diethylamine and
hexaethyldisiloxane were both detected by GC-MS, indicating some decomposition on
the column. The '3C NMR spectrum indicates the presence Hf(NEt,)s, H(NEty)3(OSIEts),

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

15 Example 2
Synthesis Of A Precursor Having The Empirical Composition Hf(NEt)1 es(OSiEts)2.34

[0029] The synthesis of a precursor having the empirical composition
Hi(NEL.), e5(OSiEts)z 34 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 Schlenk and glovehox techniques. In the glovebox, Hf(NEt:), (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-equalizing addition funnel containing HOSIEt; (47.5 g,
359 mmol) and hexane {~50 mL) was attached to the flask and capped with a glass
stopper. The reaction apparatus was removed from the glovebox and attached to a

25  Schlenk line,



(a) reacting a netal conplex of the fornmula selected fromthe group
consisting of MOR)4 and M NR2)4 where R and the neanings recited above
with a silanol of the formula HO-Si-R, R2 R3n wherein R, R2 and R3 have the
meani ngs recited above. 10 19. The process of Claim 18 wherein the netal M
is selected fromthe group consisting of hafniumand zirconium 20. The
process of Caim19 wherein Ris ethyl or t-butyl and R, R2, and R3 15 are
ethyl . 21. A[oe303l Véiile@oblthg the eadlicifasking tvy ecetifoprdinbiasamiihe sti(dPsbiution
Bu) m( OSi Et 3) ~ where mand n are positive integers and mplus nis equal to
four and haf mwasradded toptize to-theoxadiat imurstoatea patdd22 abd\t e trabuted. | Siirtioe
precursor mxture of the fornula Hf (NEt2) m{ OSi Et 3)~ where mand n are
posi tive i nt egarcontimed mveinight as the flesiuald Hath feraraliamel foafammuoraen i n t he +4
oxi dation state. ~~I:100CNOS106200-06299~062011USWopl n\ 06201 USA doc 25 -15
. A. AF. AF. AF. Aempeiature. . TRe\adalitivn AlRnsl wasAeiviovedidtgiNeDaced with a septum. The
sz| &59[ ~ysni d_ZU] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] cal] ca]
ca] ca] ca] 6a] calveatvas]toar wajayed veddr vajusa] el 6 Ratiod AEDOES hoalrs The( resulting S124}
xsni d_Z] ca] ca] ca] ca] ca] ca] ca%sca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] cédfgeneavaeurnlistled & Weld A3 Tl peecursPI ABE) the @MGE}:@HFDGHUl@pNyNSP
] PPR| wr mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] caifbtd ep©SiEta} o dgacipda po aff/SaaRsSolUPJPUUNNR\BpBxrometry as a light
YyYZVZZZ6[[[o\ V] Y]] 2"F*" " o }xsnid_Z]ca]]ca]ca] ca] ca] cal ca]ca]ca]caJca]c
a] ca] ca] ca] caJagpdajidal bapealise] vay dulasigriced bn]HajC AT AHIR. Integration of the
aJjcaJcalcal __G "~ KaaCbbb*cFc dddf s
fffffgglh~ hh_r'ﬂ}')?\il\&%ﬁﬁ)@f@]’fb\aqu l@é]ié%l?%i&?'@a}f@aﬁf&mﬂ'@éﬁcmc@émaﬁbﬁ] &diMB] ca] ca] ca
] ca] ca] ca])ca] cal] ca] ca] ca] ca] ca] ca] ca cag@; ca{ca ca#N CAID "10%& ()-S
109 ()1 NW?Q%%E‘ '(lsi'cateﬂi@owe@ye $Efappand
10Ms9109%V&" () - )\~ +O]f0§/&' l D +"109& ()-"! @"#10%&' () T"10%WKE ()-SIDF 10
v& ()-SY D dETdRat
"10%&' ()-F"'1090& ()-:! @F" 10%&' ()-:!SF: 10%% S) -: 10M 10MPswxwWU6+

Synthesis Of A Precursor Having The Empirical Composition Hf(OtBu)s 30(OSiEts)q 7o

[0031] The synthesis of a precursor having the empirical composition

15 Hf(OtBu)sa(OSiEts)q 7o (an Hi/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 techniques. 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-equalizing 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 apparatus was removed from the
glovebox and attached to a Schlenk line.
[0032] Whilé cooling the reaction flask in a dry ice/isopropanol bath the silanol solution

was added dropwise to the reaction mixture over a period of about 50 minutes. Stirrng

LAY
(&

was continued overnight as the flask and bath were ailowed to warm to room
temperature. The addition funnel was removed and replaced with a septum. The

-10 -



10T 910%& ()-!' X -"10%r& ()- !'I1-"109%& ()-

| X&$" 1094 T&! ()-2z! X&$"10%&' ()-z! S&$"10% j & ()-zxyz&YQE
10T 91! D#10%&' () - M 10%gb& ()-!N'10%& ()- F"10%S& ()-! F"109%°P& ()- 10T
10T| }*SH=0T 10g 10g 10g 9l 10%g& ()-+"10%& ()-m ! X+"10%&' ()-m F) 10%9& () -!;
#109&' ()- Mb9[ LAESH=0T 10g! 10%0&' () - 3310%&' () -
MO%& ()-10%& ()-9s10%& () - &FZ10%0& () - LLAESH=0T 10g@
&10% &' () - 10sv&@n(Vyad tRen serdovel upd@osmenyn) ovel @%rgoq df-aub0baRhqurs. \ TiERIs0ig
10g+@1090& ()-) 109%& () -

1090&' () - ¥&1 0@y ¢ipudyliondrangs) vaguus D! 1oy Lewmqofl@p@mrsqmvmg the
10TL910%I& () - L3Y10% &' () - F1109d & () [ 109 & arl’&” -1090°& (
;" #, $) [ <YNCCEredEricah ogRpqsition POt B0 QSiE g oy, F@)Sp¢otn08@f1@6/&0(e)ar FOIS@SB0 Y&, (
) fy 109 ()-,$%& ' A E F z[ <1C0 '3
1089ML0%&:’ ( ) -"gEigoTRe precuiger wasgharactenzed ppdigang | §"w\160/«mtqgra@nr®ﬂmtb¢/w@ gF'
GHi"'m()**gHCO 10&- #10% &ﬁ& IN-#109%' () - &"10%y &'r\g -1 &' 10%8B& Q-S?’
109%g& () - 510 spgstqum was ugg t§ blish the empiricg] composition MR spectra indicate the

presence of both Hf(OtBu), and Hf(OtBu);(OSIEt,),.

Example 4
Chemical Vapor Deposition Of Hf Silicate Films

10 [0033] Chemical vapor deposition of Hf silicate films from a precursor having the
empirical composition Hf(NEt2), ss(OSiEts)2 4. 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 10 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.
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10! X-"1098B& ()-m ! S-"10% ()-m

L$"109g& ()-z!'\L$"109& ()-z"10%g& ()-!D'109%& ()- //////00S1-\=0 10!

"10%& ()-! "10%pcp& ()-! "10%hh& ()- 10g 10g 10gLOmlO%g& ()--"10%g& ()-m
S11) 22=444wX7~\ =0 10

SH"109& ()-zf"10%& ()-z! Nf"109& ()-z! X" 10%z& ()-! X" 109%& ()-!S"109%& () - 455
#6 7777{Y:/= 10z &910%& ()-! SAs- - #10%& % m!ls--#109%& ()-m |s--#10%

& ()-m #"10%& ()-z! N#"10% j & () - z777P88MOMIYE= 10z

m 10%& () -! @n 10%&' ()-Y! 1Y! 1094 M{ A& () -1Y! 10%& 10
i<<<W>a’>(E)— 1(%1 X 3’0/#18())9&”(9}3'1GETO’%W{L@M%é%@ﬁﬁi}i@%"@jt”@ﬁ%ﬁ% i, smpirca

1090& ()- 109& ()-W??2?2?2?N@@Ar S4 10 109 ()- Yy 109%& ()- Yy 10%]&' ()- 1001
10ii 10ii!+ 3B i & ()-1a 3%10% ()- JABB) C~COCAEr S4

M{LD(L2)yx
5 wherein M is a metal having a valence of from 2-6, L.1 is an anionic ligand and L2
is a siloxide or silyl amide ligand suited for producing stable thin-film matal silicates, v is
equal to the valence of the metal, and O<x<v and having an M-O-Si or an M-N-Si bond

linkage, respectively.

10 2. The metal siloxide or silyl-amide precursor mixture of Claim 1 which are

composed of complexes represented by the empirical formulas:

(R)mM-(O-SiR; Rz Ra),
and

(R)nM-[N-(SiR; Rz Ra)y(Ra)zy)n
15 R, Ry Rz R; and R4 are monodentate or polydentate ligands selected from the
group consisting of G, alkyl, Cy.5 alkoxides, benzyl, ethers, halides, hydrides, amides,
imides, azides, nitrates, cyclopentadienyls, carbonyls, a B-diketonate, and N(Rs).
wherein Rs has the same meaning as R, Ry Rz Ry and R, and their fluorine, oxygen and
nitrogen substituted analogs, and m plus n is equal to the valence of the metal (v) and y

20 iseither1or2.

3. The metal siloxide or silyl-amide precursor mixtures of Claim 2 wherein M

is selected from the group of Group 3 through Group 5 metals.

[V
[$)]

4, The metal siloxide or silyl-amide precursor complex of Claim 3 wherain R,
Ry A2 and Rj are selected from the group consisting of Cy.5 alkyl, benzyl, C, 5 alkoxide,

-12-



10 10sF"109%& ()-sS109%& ()-Y 109%& () -

109& ()-s109%& ()- 109 () - CCODHEFFFFaB74 10

10" 910%&' () - @L0%& () - - 109%& () - +#10%&' () - $109%&' ()-! $10%& () - FFFGHH JJdE4
10 10S109%& ()-!1"109%& ()- !D'109%& ()- Fmi'10%& ()-!Fni' 109%°P& ()- 10

10JJQL! MENp NV NWNwUB+4

102" L910%2 & ()-!as#10% f& ()-!fs#10%z& ()-! SSHL109& ()-! XS#109& ()-! Xs#10%&

1 _ V\A\IX NCB _ N n ' .
| (3)10%@"\]{ )-y %@%R%)% t ’%C%'%%@) PaNGchas 2, 2 4870 10, ST HuSiR 244

10z 10@10%@&ikbiaé, 8,141 u%@%( and bz 109& () -1 #f 10%@& () - #f
1096@ ()- "10%@ & ()- eUf UgUpUUUUVNKA 10z 10@ "1098BB& () - 109B& () -
1098& ()-109B& ()-109B& ()- 10@

5 5. The metal siloxide or silyl-amide precursor complex of Claim 4 wherein
the B-diketonate is derived from 2,4-pentanedione, and 2,2,6,6-tetramethylheptane-3,5-

dione.

8. The metal siloxide or silyl-amide precursor complex of Claim 4 wherein

10 the complex is represented by the formula: (R)»M-(O-SiR{ Rz Ra)n

7. The metal siloxide precursor complex of Claim 6 wherein R, Ry Rz and R;
are selected from methyl, ethyl, i-propy! and t-butyl; benzyl; methoxy, ethoxy, propoxy, -
butoxy, s-butoxy, and t-butoxy, dimethylamido, and diethylamido.

15
B. The metal siloxide precursor complex of Claim 7 wherein M is a Group 4

metal selected from the group consisting of zirconium and hafnium.

9. The metal siloxide precursor complex of Claim 8 wherein Ry R; and Rj are

20 maethyl or ethyl.

10.  The metal siloxide precursor complex of Claim 9 wherein R is #butoxy

and Ry R; and R are ethyl.

25 11. The metal siloxide precursor complex of Clairn 8 wherein R is (CH,CH,),N
and R+ R; and Rj are athyl.
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10! S- #109%vBMB&' () -! - #10%& () - nlOYB&' () -! 9@10%W/V& () -! X9@10%BRB&' () - s109B
& ()-bX YyYZVZZZZz[ <14 10 10B 910%B& ()-6 109B& ()-!4$109BB& ()- '@
1098BB& ()-!f) @10YBB& ()-% 109B& () -2ZZZ6[[[o\V]gE4 10 10B!
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10 10B! Ss5#10%&' ()-!/ 109%& ()- +10%& ()-y*' 10%& ()-!"$ 10% ()-s"10%& ()-
"o bC0 10B!'Ss10% & ()-10% & ()- 10% & ()-10% & ()- 10 10
109" 910%&' ()-_G " KaadeEbCO 10B!'S 10% & () -
10% & ()-s-#10% &12.) - STRS4n&ta| pitox(be W &lty-prideQredirgor cadblek ot Eeire B \wheesin M
10B!' [ 1-#10% U U& ()-/3 10% & ()--10% & ()- +10% & ()-!"'
10% t & () - ! NsR Graupogimétat drcladithddide daieyt?o from the aoup oangisting of B4,00¢(a&Ce) P,
110% & () -

0 Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu.

13. The metal siloxide or silyl-amide precursor complex of Claim 12 wherein
the [-ketonate is derived from 2,4-pentanedione, and 2,2,6,6-tetramethylheptane-3,5-

dione.

10 14.  The metal siloxide or silyl-amide precursor complex of Claim 12 wherein
R, Ry Rz R; and R, are selected from methyl, ethyl, i-propyl and t-butyl; methy! ether,
diethyl ether, phenyl ether; methoxy, ethoxy, propoxy, i-butoxy, s-butoxy, and tbutoxy,

dimethylamido, and diethylamido.

15 15.  The metal siloxide or silyl-amide precursor complex of Claim 4 wherein M

is a Group 5 metal selected from the group V, Nb, and Ta.

16. The metal siloxide or silyl-amide precursor complex of Claim 4 wherein M
is a Group 3 metal selected from the group Al, Ga, In, and TI.
20
17. The metal siloxide or silyl-amide precursor complex of Claim 4 which is
raepresented by the formula:
(R)mM-[N-(SiR{ Rz Ra)y(Re)2y)n
and M is selected from the group consisting ot hafnium and zirconium, R is

25  *butoxy or dietiylamido or dimethytamido, and R, R, R; and R4 are methyl or ethyl.
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, R1 Rz Rs and R4 are monodentate or

wherein M is a metal of valence 2-6,
5 polydentate ligands, which comprises the step:
(a) reacting a metal complex of the formula selected from the group
consisting of M(OR). and M(NRg), where R and the meanings recited above with a
silanol of the formula HO-Si-R, R: Rs, wherein Ry R, and Ry have the meanings recited
above.
10

19. The process of Claim 18 wherein the metal M is selected from the group

consisting of hafnium and zirconium.

20. The process of Claim 19 wherein R is ethyl or t-butyl and R, R,, and R;

15  are ethyl.

21. A metal siloxide precursor mixture of the formula Hf(O-+Bu)(QOSiEts),
where m and n are positive integers and m plus n is equal to four and hafnium is in the
+4 oxidation state.

20

22. A metal siloxide precursor mixture of the formula Hf(NEt,)(OSiEts), where

m and n are positive integers and m plus n is equal to four and hafnium is in the +4

oxidation state.
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