ORGANOVETALLI C COVMPOUNDS HAVI NG STERI CALLY HI NDERED AM DES Fi el d of
the Invention [00013This invention relates to organonetallic
conpounds containing sterically hindered am des, a process for
produci ng the organonetal li ¢ conpounds containing statically hindered
am des, and vao fmeétesof or producing a filmor coating fre@¥us2007/015466
organonetal i c precursor conpounds containing sterically hindered
am des. Background of the Invention CO 0023Chem cal vapor deposition
nmet hods are enployed to formfilnms of material on substrates such as
waf ers or other surfaces during the manufacture or processing of
sem conductors. In chem cal vapor deposition, a chem cal vapor
deposition precursor, also known as a chem cal vapor deposition
chem cal conpound, is deconposed thermglly, chemcally,

phot ocheznically or by plasma activation, to forma thin film having
a desired conposition. ﬁ@tﬁﬂ@ﬁ&ﬂ%u@c&ﬁ%ﬁi@fm@ﬁ@%\ﬁﬁém cal vapor
deposi tion precursor can [ ate that is heated
to a tenperature higher thaﬁ—%%;@—‘a-‘g%‘%@ erature of the
precursor, to forma netal or netal oxide filmon the substrate.
Preferably, cheqy gptlheﬁ,a,g,g{mdeposi tion precursors are volatile, heat
deconposabl e and cap rodum ng uniformfilnms under, chem cal
vapor depositi'd¥ oé'g)nleE“deﬁ‘?“ “G@@tg%t?%égag‘é‘ﬂ‘?t%%ﬁ&‘i?&owd”ﬂ&ﬂ?f‘?y i's
currently constedealiyridndeted angies, @ fprocéss forfprddosing fhe vegananmallivetoadpsurider a

variety of aprabﬁtslﬂing%ﬁcan%ﬂme@&mﬁmdaéﬁlaﬁod% mﬁ%awgrbeen
eval uat ed as pot ent | al recurlrslfors for the f&ematlon

films. A need °B¥PE{O™ NEIRRRIABEEHSP: COTPWRTRIBRIn TS St ff‘Hds and
for exploringatidesr potential as chem cal vapor deposition precursors
for film depositions. [00043Lant hani de-based nmaterials such as

oxi des, sili c%t es, alum nates, and
ackg:_:ound of the Invention

[0002]1  Chemical vapor deposition methods are employed to form films of

material on substrates such as wafers or other surfaces during the manufacture or
processing of semiconductors. In chemical vapor deposition, a chemical vapor
deposition precursor, also known as a chemical vapor deposition cliemnical
compound, 1s decomposed thermally, chemically, photochemically or by plasma
activation, to form a thin film having a desired composition. For instance, a vapor
phase chemical vaper deposition precursor ¢an be contacted with z substrate that
is heated to a temperature higher than the decomposition temperainze of the

( _ precursoer, to form a metal or metal oxide film on the substrate. Preferably,

chemical vapor deposition precursors are volatile, heat decompaosable and capable

of producing wniform films under ¢chemical vapor deposition conditions,

[00031] The semiconductor industry is currently considering the use of thin
films of various metals for a variety of applications. Many organometallic
complexes have been evaluated as potential precursors for the formation of these
thin films. A need exists in the industry for developing new compounds and for
exploring their potential as chemical vapor de;position precursors for film
depositions,

[coo4] Lanthanide-based materials such as oxides, silicates, aluminates, and
silicon/aluminum oxynitrides are candidates for high-K dielectrics in next-
generation semiconductor devices. However, due to the inherent properties of the



silicon/alum num oxynitrides are candidates for high-K dielectrics in
next - generati on sem conduct or devi ces. However, due to the inherent
properties of the | anthanides, such as larger atomc radii (conpared
to transition nmetals), participation of the f-orbitals, and
propensity faf0bh@swd oxidation state (Cotton, F. A ; Wplchkarsomnisise W
Advanced | norgani ¢ Chem sby; Schumann et al., Chem Rev. 2002, 102, 1
851) | ant hani de systens often have hi gh-coordi nati on nunbers and form
di mers, higher oligomers, and/or adducts with other nolecules. This
scenario is the case for nany am de-based systens, and .severely
limts the availability of stable conpounds with sufficient
volatility for chem cal vapor deposition and atom c | ayer deposition
applications. COO0 OS]U.S. Patent ApplLication Publication Nos. US 20
02/ 0 187644 Al and US 2002/ 0175393 Al discl ose netal | oam de precursor

conposi tions %Yﬂaﬂﬁesggl%%glay%k Ltbxtn)é rsdﬁr(ccfngﬁ'afgd@(gtmsﬁioﬁ%falﬁ thin filns
such as gate dielectric, h

dielectricg os§ taI ogigges and
ferroel ectri c PREFEPIGL e "é‘?\‘Hlst wdarqpa’%wgﬁﬂ? Yapor
deposi tion pr GeesWikeison&pds uﬁwamveddiorw}dmrecsmmamml {GHeprs
utilizing the{&?%&g';bé Ci@?:) 1&@:&@933@%9oﬁ&\&ﬁb%gﬁtgoa}%M%mem

formng thin vapor depaqsition or g
deposi ti on menbirsm d&“‘ﬁ%@éﬁ*‘&’iﬁ%‘ﬁi"ﬁ%s““‘?‘ﬁfaé?(‘f"ést“"Flb?ﬂl‘ifrné’ F‘l%r sthat
preferably ar ecdnhilisheadase foOmmiyeniidrtasadrsgsterirayel savkeely ditndts thapor

pressure, have ARRSARILLALE LSl ARl orkdiopror oleficapigad oo

vapor deposi tion eat ed substrate but not

during deli ve|d9P°s'é‘ﬁHa‘F4ﬁt°’8{°d?ﬁe’édeP%f§fé’Paﬂﬂ’ﬁﬁ%q"ﬁ| on will not deconpose
thermal |y but peobbi r eacs. Palesnamiipoisebutiicatioo NoeddR 2002018 Bah Al @ndn

uni form filmsyy S%G%M}’}Sgﬁ g@\ﬁ&c@&hﬁé@ﬁlomyﬁebﬁ&@mmf)rfmtﬁﬂé/haviﬁﬂdes| red

inpurities (e. carb ). Therefore, a need continues
to exist for %V@PBWH@"fHW%@ﬁlﬁ%%@? ﬁéﬁﬂs"l"BF‘s %3??)‘!"81?3?‘?1@}‘{ eir
potential as ahkpideabnsapoetabsxides,and Brbayodc deplosides an tpréour sors for

filmdepositi QJJ@WME ﬁﬁé‘ﬂ*{l&l IA} @%anl}s?ocgg%sd%ms@mwmﬁ dfebtrik0

provi de a precursor t s sone, or preferably all, of the
above char acté‘i*‘?é’c“isd%"‘z@&ﬁﬁ?ﬁ?wﬁ“%he | nvention 0 0 07] This
i nvention rel e;bess] n nadetvelbpmgﬁgmﬂdsrfatfaﬂzﬂmgumilmdhemiwrvwent ed by

the formia M3Lfg bR SePadtbdifnulilila ibld RhAS R flist 1 15 the
sane or differ I's a carbon group o
het er oat om eo meg_ngrmrﬁ gnat preferably are liquid at room tempemture, have adequate vapor

pressure, have appropriate thermal stability (i.¢., for chemical vapor deposition
will decompose on the heated substrate but not during delivery, and for atomic

{ o layer deposition will not decompose thermally but will react when exposed to co-

reactant), can form uniform films, and will leave behind very little, if any,
undesired impurities (e.g., halides, carbon, eic.). Therefore, a need continues to
exist for developing new compounds and for exploring their potential as chemical
vapor or atomic layer deposition precursors for film depositions. It would
therefore be desirable in the art to provide a precursor that possesses some, or

preferably all, of the above characteristics.

Summary of the Invention
(00071  This invention relates in part to organometallic compounds

represented by the formula M(NR;Rz), wherein M is a metal or metalloid, R, is

the same or different and is a hydrocarbon group or a heteroatom-containing



group, R2 is the sane or different and is a hydrocarbon group or a
het er oat ontont ai ni ng group; R and R2 can be conbined to forma
substituted or unsubstituted, saturated or unsaturated cyclic group;
Rl or R2 of one (NRIN group can be conbined with Rl or R2 of another
(NR1R2) gr oo bi@sho@fen @ substituted or unsubstituted, Sabisadoethsads
unsaturated cyclic group; x is equal to the oxidation state of M and
wherein said organonetallic conpound has (i) a steno bul k sufficient
to maintain a nonomeric structure and a coordination nunber equal to
the oxidation state of Mwith respect to anionic ligands, and (ii) a
nol ecul ar wei ght sufficient to possess a volatility suitable for
vapor deposition. CO O O 8] This invention also relates in part to a
process forte production of an organongtallic conmpound conprising (i)
reacting in a first pot a nitrogen-containing compound with an al kal

metal, or an %H%g'm IQ&IeéLm %ﬁéra&taﬂa;ngmongfouaer%&@rbat&@ earth

metal, or an 1Tne earth nmetal-containjn mpound, . in the
presence of acgﬁf‘V’é‘ﬁﬁf“&ﬁcﬁ‘lﬁ’i‘ﬂ&ﬂc?”elﬁ(??‘i’%‘ﬁcdéﬂg‘ﬂi"ﬁsb‘};\?“gfﬁ?| cient to
produce a fir shsubgheibd, eimted ol iesanardcydic gHua Ras &, oborer(NRIB2) (i)
addi ng sai d bg%%};onaﬁéoﬂlm&eavﬁmﬁspﬂ&fa & qazmrasp@faﬂél sour ce

conpound and an ani ne co , (111) reacting in said
second pot salsﬁpsb%}éeé OHﬁQSéP?“&}te%%tﬁat§ pramRBrated gslis 8RR EIHBHAYC and
optional Iy sait oxitiatiéh SR8POMIEhdEen shidaedahanetsitioditpoangha@d ki ci ent
to produce a s5GoRd LEAGLH AN SoRRIRE lbbaife SdldostpaRametal | i c

cdnpound, and %E)ara anorreta I ¢ .cqonpound from said
second reacti @Hmhﬁr%ﬂ & theprg %F’ﬁ S'@‘&P& HRDRETAFIPHEC CRTHD AT &
represent ed byndldaglaf weiphtlsartiviehtld pdskeds 2 yatatitinesudiable Ebrivapa demtiaibn.or

metal ol d: R deBgkl® TRIGahal AL ha0 Aol ACBRAROIEEUD O

a heteroatom cont al ni nq grou fferent and is a
hydr ocar bon gP®eEaRsmesa ?f‘e‘i‘:@rpﬁé’f"(ﬁ?é’@ﬁ’il%ﬁﬁ‘?l”?f’(j“’@ﬁ’é‘&rﬁ“”'tm°t%1ﬁ‘ff°$?2 can be
conbi ned t o f esrhifing tdfpdund it a6 AlkalNaetiSeriab dikelll meshtonteitiegl or

unsatur at ed CX%ﬁo%nSEgg‘dR?lkﬁm%hrﬂﬁ% t&{\ﬁ 2 Aé!'%(%ﬁa %Ltaﬂ&&%&ém be

combi ned with forma
substituted oeompREHIt therrwencesht tpsriedd vy °HW§‘§%°E}F3’E‘EE°"6)§'¢$F‘E“"6? oup;

x is equal topdagceQiirsibicfion Git:aire cethiprivng @ Babke Wi, GiDsdilidg said base _
organoretal | i ¢ Aol gﬁglgngcoag éot(co)ltaﬁmaggela?sog%le léo:%b'cﬁuﬁ-;h%{-;?%ﬁoﬁﬂlygﬂ' ntain

a mononeric structure an ation nunber
oxi dation st apwingfompaungriiaasties insyd apaprsiicesyd @éﬁﬁ@“’“é‘ﬁ’&‘h(‘?]id) a
mol ecul ar wei gfatal ﬁﬂfdcelcﬁinﬁwnd'faﬁd PRBSARSzid aMilabinbdiny uaddrtrablie f or

vapor depositi Ont% hons jSpele %norreéuceageco%%gr? H”%ué{ur‘élcgmﬁr‘?s?%gfsﬂddng from

t he process of “Thi°E° THvER reater erably 75%
o greater, antearmreialls efeopts, yncb@n}oswmngtdargmvrr@taﬁlwwWH| s

i nvention fur \Ahg@rsma@é@h@saabﬁbnpﬁmra; @h@eiedid ogaddetiochupongiia il m |
coati ng or pO er an 1. Ie onpoun
ol 6 g%w?. %H%wwﬁm%ﬁ %Ln b1 RGO, &

represent ed bypf

metal |l oid, Rl ﬂlesfaftl%@ dfprentgpd @lﬂffﬁféﬁf’ef’ﬁ‘?mmp%ahﬁfﬁf)?@t"wtﬁwggr oup or
a het eroat Orﬁgﬂﬂﬁ &, ﬂalsgﬁwm;ff&n bl i$ HBydERE®on Erollp bf £hadbatand i s a
hydr ocar bon g .Or a neont ai.ni ' d R2 can be
conbi ned to f8 %{n%%rﬁs]f ‘i{, Gt Z%arn ﬁﬁ%rﬁ ﬁdsgﬂctaé%%gsaﬁ?ug ed or

unsat ur at ed cyeshbstitwied sgsuraRf opynsumted fyolin gropNRRe Rz gf ngdNRdie) be

conmbi ned wi t thh & R2ofbineN @it RY oﬂﬂ%fhﬁoﬂ')er QIR é—zeuﬁﬁrf&hﬁa
substituted or

u ra e rated._c group;
x is equal to° 'fbﬁti}“tgﬁ?o’ij"aﬂsi’ Sﬁg’ﬁds ?{/lunsé’h’g’l%vﬂ?"é’cy" %°'§Pa,..d¥ Subfio
or ganonet al | i e osrpbursthihefSVy 4nj va:e@mesmorg@mmet@m ¢drerioand has@d) Ami nt ai n
a MoNONeri C SLHCHl S&irfdche ﬁﬁ%aﬂiaﬂﬁ&nbﬂéhdmfe aﬁ&ﬁﬁ%boxﬁﬁhaﬁ&he

d f M
oot o o s RS e o AR et B WGPt *‘??’5?}%% e pad 4%3




EO 0113This invention relates in particular to 'next generation'
depositions involving am de-based | ant hani de precursors. These
precursors can have advant ages over the other known precursors. These
| ant hanum cont ai ning materials can be used for a variety of purposes
such as di elagiond/mssoobat hers, and el ectrodes, and i n nagy/UsSamessshow
| nproved properties (thermal stability, desired norphol ogy, |ess

di ffusion, |ower |eakage, |ess charge trapping, and the |ike) than

ot her metal containing films. 10 0121The invention has several

advant ages. For exanple, the processes of the invention are useful in
generating organonetal lic conpounds that have varied chem cal
structures and physical properties. Filnms generated fromthe
organonetal | i ¢ conmpound precursors can4be deposited with a short

i ncubation tine, and the filns deposited fromthe organonetallic
conpound pr ec yrddankr 9htRiticRaad pssare k holediRy siitthd 83 Thyjos déposignd.i on
relates in pactleular, %i&é&%;é‘ &R ie‘fé%g&m%%?%lh& gl%@es%{s'mﬁ?&dzhﬁd ayer
deposition precursors for ne t generati o devic S, specl |ca.?y

or ganonet al | i sapbedf erarenteymsetprably d5Yoms zrekian andreert PEHFAPLAI0Y om
tenperature, igdtier. 20C. [ 0014] The organonetal |ic precursor conpounds
of this inventigg,can prowkde. desll el REOBCILL E8ush sl hanL e | aver
deposi tion precursor d?"éﬁ%(ﬁca oS T v Vi ng nan61§n1nat

struct ures i niimrdeinaer perésr he decpmpesinganoraspepetalipprpivaser eovrpred | al
_sqg_h as OIAI 283.x-epE&&zﬁ¢d BhndReaElk M(NRFR;QIWH&% Mny£mkiDst nlidlaﬁﬁﬁﬁl%‘ﬁis |

i ndi cated above, this.ihvention.relates to or 0 . conmpounds
Feprasent ed by R POPHIPS Rt e b R eRb cobinti)

met al | 0i d, Rl grogpifads the pamenr diffekdngprskis a hyiocadon 219y PCEFSSATRY oup or

a het er oat om containing group; R; and R; can be combined to form a substituted or
unsubstituted, saturated or unsaturated cyclic group; Ry or Ry of one (NR(Rz)
group can be combined with R, or R; of another (NR;R3) group to form a
substituted or unsubstituted, saturated or unsaturated cyclic group; X is equal to
the oxidation state of M; and wherein said organometallic compound has (i) a
:steric bulk sufficient to maintain a monomeric stmcture and a coordination
number equal to the oxidation state of M with respect to anionic ligands, and (ii) a
molecular weight sufficient to possess a volatility suitable for vapor deposition; .
thereby producing the film, coating or powder. Typically, the decomposing of
said organometallic precursor compound is thermal, chemical, photochemical or
plasma-activated.
= [oo1l01  Thisinvention yet further relates in part to organometallic precursor
compound mixtures compyising (a) an organometallic precuzsor compound
represented by the formula MQVR Rz)x wherein M is a metal or metalloid, R, 15
fhe same or different and is a hydrocarbon group or a heteroatom-containing
éroup, R; is the same or different and is a hydrocarbon group or a heteroatom-
containing group; R; and R, can be combined to form a substituted or
unsubstituted, saturated or unsaturated cyclic group; R or Rz of one (NR;R2)
group can be combined with R, or R, of another (INR Rz} group to form a
substituted or unsubstituted, saturated or unsaturated cyclic group; x is equal to
the oxidation state of M; and wherein said organometallic compound has (i} a

steric bulk sufficient fo maintain a monomeric structure and a coordination



containing group, R2 is the sane or different and is a hydrocarbon
group or a heteroatomcontaining group; RL and R2 can be conbined to
forma substituted or unsubstituted, saturated or unsaturated cyclic
group; R1L or R2 of one (N12.112.2) group can be conbined with Rl or
R2 of anot hayo ed¥d/dekdod2) group to forma substituted or mASuRRsd0iuéed,
saturated or unsaturated cyclic group; x is equal to the oxidation
state of M and wherein said organonetallic conpound has (i) a stork
bul k sufficient to maintain a nononmeric structure and a coordination
nunber equal to the oxidation state of Mw th respect to anionic

| i gands, and (ii) a nol ecular weight sufficient to possess a
volatility suitable for vapor deposition. The organonetallic
conmpounds of this invention are preferahly a liquid at 20C. |
0016] Mai nt ai ni ng the nononeric nature of the organonetallic nol ecul es

is inportant tp.@ach ﬁmo @Utxfnﬂﬁoﬁ@{ate\quvblﬂll febpbct o E‘:ﬂoxﬁ@ﬁﬁ@ﬁé Qﬂi@iﬁa
di mers, oligoners, eci es cont ai.ni

or ot he n
centers may réﬂ?i"e‘i“laﬁ‘i'é‘gﬁt& l? HoPBYeI2rgRtLy A tﬂ{’]\l\% wf“l’*lor ﬁpd)ém ?onal
mol ecul ar wei gintl (ane brimart dififeichi aredromntabis pecpracompwnds (.208 17] The

steno bul k of B8, REGRAMAE bibkditin- ealwf&u% @ﬁmﬁamtcap@mng%awmt he bul ky
am de ligands, is |nportant to f?lrevent formation of, diners,

ol i gomers, or °8‘E‘tﬁ’é‘}ngs?}é‘3‘?ré§°%ﬂ 5PWW¥WR§?°“WB?@%W§P centers,
whi ch can | i mitooualiat iThistiyventremrtlres mpraiculbhie ‘rskiegvoerbiidnk depebifipist s

coor di nati on Ruphels. kg Sl famgndetﬁa@cu%sd%Asgﬁe&r@a&@caafhawe central

elferent, which ai.ds in t tgreven i'on of formati on of
15

vol atile and REYEEEE] FFF &5 ?ré?"f’épﬁcur”t“’he ?‘? I?fﬁlfaln}éxﬂ‘c"%t?l@mgconpounds
whi ch can i ncaupaiziicen ad dsad for Awirdtsofpeyses stdh)ps dinlgettied. bayders, 30é. g. |

a) if pr esemezeguédeggm& REndx ?é%k%).vunblov shubetkicd ettt Pdatifatdelitas ome

cases coordination of a sma neutral nol ecg ﬂ‘g %%I et %g et her
trimet hyl ani n&)omhieen et ustop P &e lpakegenisrss: &fﬁﬁéﬂpé’ ghed

nunber above tohter oxtb@bhiagingdilat.e of the central el enment, may vyi eI d a
precursor wi (oG eept 3kl funBiBRRidcbfital a@habs, %J&hﬂ%ﬁaﬂﬁe seehesef this

invention. (0 03.8The organgnetalli.c conpounds Lplventl o)
preferably ha\ﬂé"' lavegﬁmremﬁ&i‘ww@am“%%aﬁ# & SR tBEﬁI ﬁvevfane
tri s(di et hyl arhemmipdlamidaaesnm ghysical wHghirties Opepychemnted &pingd hanum f 0

OLoThe ol ECUL AR L oMol io Ol ARAARE A, Aftemtﬁg hSinbibatidaT t €d by
the requirement F ficlent t hou a nol ecul e may be
nMoNomeri c time, and the films deposzted from the organometalhc com ound DPrecursors

exhibit good smoothness.

£00131  This invention relates in particular to cherical vapor deposition and
atomic layer deposition precursors for next generation devices, specifically
organometallic precursors are preferred that are liquid at room tcmperanire, ie,
20°C,

[0014]1  The organometallic precursor compounds of this invention can
provide desired properties of an atomic layer deposition precursor for applications
involving nanolaminate structures in tandem with other materials, for example, a

material such as Al O;.

Detajled Description of the Invention
[0015] As indicated above, this invention relates to organometallic

compounds represented by the formula M(INERy), wherein M is a metal or

metalloid, R; is the same or different and is a hydrocarbon group or a heteroatom-



wi th a coordi nation nunber equivalent to the oxidation state of the
central elenment, if the ligands are too large (e.g., high nolecul ar
wei ght), the conpound may not be useful as a precursor due to |ack of
vapor pressure. The organonetal lic nolecules of this invention are

preferably rRevinabosie! ecul es that are not diners, ol i gegerszeodisfkher
species containing two or nore netal centers. | 0 020] Typically, the

organonetal | i ¢ conpounds of this invention have a nol ecul ar wei ght of
| ess than about 1000, preferably |ess than about 750, and nore
preferably | ess than about 500. [0 O 23.]The organonetal | i c conpounds
of this invention have a nelting point sufficient for vapor
deposition. Typically, the organonetallic conpounds have a nelting
point |ess than about 200C, preferablycless than about 100C, and nore
preferably | ess than about 50C. | O 02 23The organonetal | i o conpounds

of this '”Ve”Ebﬁﬁnﬂggsng U il ebdo oY aibich bl & J ok ABOH gcblpRRST ¢ 1 O,

Typically, the or IC conpoun I's_invention, _have a
vol atili ty of h%PFfOFtéE‘s‘t‘mBmPg'ﬁﬁ?“P Byang G ean %F@P@Pﬁ‘bﬁ‘{}mﬁ‘ PSPt ¥y of
at least 0.1 Tavubstiited, SbatcdbcinimireledEriie gbp; )Rxa)r Rpdfaine (NRR2)of at

| vent i on ZQL%ba%C?ﬁboe%°"+m9<?@§4i{f‘?ﬂﬁ°9?'Plfﬂ*5?§@‘* PO RIRLe posi 11 on

er ma Cl OI’ vapor dep03| tion.
Typical ly, t heubé#i@ﬁﬁGﬁmsa‘PsFT“@dc%h‘ﬁ’&WS‘n%&WdacYPWﬂﬁ’Fxé‘t‘*&ﬁ Aty in
whi ch | ess t hapk oaldetidn slaty\@ﬂh@‘mxd p:ﬂé:ﬁﬁ@hd@fgaﬁ@:hdalﬁd‘ eampourtiat (i) <

O oun deCOMROS s Al AREL AU Bl AO0E A Sa R RERRA Of 1 day.

prieferably a ess an about %
percent of sapﬁn’éﬁfgalrﬁé)F?éb?a¢ﬂlqa§°ft%¢¥ﬁeﬁmd“ﬁ'éﬁ%ﬁﬁ&é‘§%°“é{’thgé“qseﬁ?ﬂ Ft ur e
of 100C over amreemmosdexgﬁ sdffisEttdposath v4tRitpsuehige fbbapoadepbseiioml

stability i n ‘f'ﬁe grﬁ_pno%’?egall a;h:%xq &ptgyéf tl‘}ls Y}{%ﬂﬁh a:Q: &ﬁgﬁly Qirqlﬁé’-!atcﬁO"C

organonetal ['ic oses at_ a ature of_, C ver a
period of 1 yd8PL6] ooMpinfaisipg %PP?"‘“‘?’?E“&‘HW c’lﬁﬂ‘%ﬂ‘@“’?‘ﬂ"éa B‘é’ﬁ‘é esis
di fferent anduﬁkfc@tahﬂ'tde@ﬁﬁdaﬁﬁhynt RyldfiingeThe favbatiph of dinbay) olispnopyk

i sopropyl, b ut, ef sgéc%%b b{%lning %9&,&21%\;’ hle 2 Z&Fn{erMWJendeI; &k I:or@;m.’lhd too

cyclohexadleny anman .. dinmet hy

di et hyl si |yl , laegc snskthys ta W#wnql mobpﬁyq ‘gqlw pan HP’r‘r’é‘E‘ﬁ?‘i“é‘taﬁfl P?F‘rffffl

di et hyl met hyl Sobyty amee &R buiklo® the organometallic molecule, as imparted by the
bulky amide ligands, is important to prevent the formation of dimers, oligomers,
or other species containing two or more metal centers, which can limit velatility.
Furthermore, the steric bulk inhibits coordination numbers higher than the
oxidation state of the central element, which aids in the prevention of the

(' formation of less volatile and more polar species (e.g., the so called ‘ate’

- compounds, which can incorporate alkali metals (e.g., Li) and halogens (e.g., Cl)
if present during the reaction). It should be noted that in some cases coordination
of a small neutral molecule (e.g., diethyl ether, trimethylamine), although
technically increasing the coordination nuntber above the oxidation state of the
central element, may vield a precursor with acceptable properties, and is within
the scope of this invention.

[0018] The organometallic compounds of this invention preferably have a
steric bulk greater than the steric bulk of tris(diethylamino}lanthantrm or
tris(diisopropylamino)lanthanum.

{00191 The molecular weight of the organometallic molecules is limited by

the requirement for sufficient volatility. Although a molecule may be monomeric



WO 2008/ 005490PCT/ OS2007/ 015466 1002531 n general, R1 and R2 are the
sanme or different and are independently hydrogen, alkyl; a
substituted or unsubstituted, saturated or unsaturated, hydrocarbon,
aromati ¢ hydrocarbon, cycl oaliphatie hydrocarbon, aromatic

het er ocycl e wEyGtaaldphatic heterocycle, alkyl halide, pgrloshabess
hydr ocar bon, ether, polyether, thioether, ester, |actone, am de,

am ne, polyamne, nitrile; or mxtures thereof. Rl and R2 can al so

i nclude substituted or unsubstituted, saturated or unsaturated,
cyclic snide or amno groups, for exanple, aziridinyl, azetidinyl,
pyrrolidinyl, thiazolidinyl, piperidinyl, pyrrolyl, pyridinyl,

pyrimdinyl, pyrrolinyl, pyrazolyl, thiazolyl, oxazolyl, imdazolyl,
i m dazol i dinonyl, imdazolidinethionylz_quinolinyl, isoquinolinyl,
carbazolyl, triazolyl, indolyl and purinyl. Preferably, each of Rl

and 122 is the;sang, fnaﬁar;iu%b@xr%uﬁmm'téﬂuh eﬁe&gHQQfetdfmemxﬂfapgen

al kyl, or m xtures t er eo yp| cal | Goup 2 (e.g.
Sr, Ba) G oup ®¥mes i the ligandsyye togdaggg 3% ‘%})ﬂ&m]e‘f%z)r \‘{ﬁghg tf"é?ﬂ"??&ﬂ‘i’%e
seri es el ementmafy@othe, ustfal as@prechisor delto 183, of sipor puagkuéb)The M can al so be
a @ oup 1, 4, ?g et?'neu?lhc %bkﬁxles]og th1s]191-ven{.}rc%1 ar;érefe}a%ly r;eﬁtraiyoié!:&e%atan

actinide series referably selected froma up 2
element, a & G{fﬁ‘f’l‘é“’éﬁe%f“efsam@ﬁwe%ﬁﬁ copiaipingivo gr ??r&ﬁ’sef"’f F?S‘FF“T'ret al
or a | ant hani deogser i eTy@ta1pht ofybioteplifcompliings ofvhis fnvergioadiveck fr om
Sr, Ba, Sc, Er,
T Yo, and LiroltenyBghdpiet Tl oo, pltectll 1 hantou Mo o,
thi s inventi offoreRIFigeaLy less thap RbaphHQ0-

tris(bis(cycl QbﬂX;{j ) aﬂ'hﬂﬁrﬁixﬁﬂiebﬂiaMWpounds of this invention have a melting point

tris(tertbutyl )QQ haiyy. 11 dsh
tris(bis(di mt%fﬁiggllgt?& %égﬁ% h?ﬁH ¥ the organomefaTie Compomnes Bave &

trisatrinethy F@YP? E?THIF%PWP%%“RW Si Wrﬁfﬁﬁ‘my AT Fan £rath LY C, and more
tris(bis(tert pifeydblpledsthgn apodtisaigsm

tris(bis(tert- 6‘5%’{" ?Rﬂ% %L%%@@ compounds of this invention have a volatility
tris(tert-anyl-tertbu am noy I ant nanu
tris(tert-but tha]alp ﬁ@'t\pﬁmrgipwcs;}nam 'ﬁmqag;ht Ezﬁapmetalhc compounds of this

tris(bis(di metdydth lhywl'eSd Voyquidityi df @) Iband. h aou e 20810 pidteatly keolatPitedfse r ed
organonet al | i cl| es (00
2 83In an enbgas%g Eﬁﬁf(%leﬁi :dglgdé%%r?%ﬁgﬁaahmlagp ggggr%eg%p?lrkg%onpounds

i ncl ude, for é@@aﬁpl e, tris(bis(dimethylsilyOam no)lanthanum
tris((trimet hybsié.JyO(mmgﬂwhe&myb&hﬁdﬁﬁMfmaa in@étitiBA BxHi;t Betehal

tris(bis(dine et hyl silypam n nt h d
2008/ 00549 OP %Gﬁfﬁﬂgﬁgﬁpor cf%?msﬁmn %y]l.l‘{tmﬂy, fM\Oorganometalhc compounds

( have a thermal stability in which less than about 1 weight percent of said

organometallic compound decomposes at a temperature of 100°C over a period of
1 day, preferably a thermal stability in which less than about 1 weight percent of
said arganometallic compound decomposes at a temperature of [00°C overa
period of 1 month, and more preferably a thermal stability in which less than
about 1 weight percent of said organometallic compound decomposes at a
temperature of 100°C over a pericd of' 1 year,

[0024] Typically, R; and R, are the same or different and are independently
hydrogen, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl,
tert-amyl, cyclohexadienyl, adamantyl, phenyl, benzyl, silyl, dimethylsilyl,
diethylsilyl, trimethylsilyl, triethylsilyl, dimethylethylsilyl, diethylmethylsilyl, and
the like.



E 0 029 IIn another enbodi nent of this invention, the organonetallic
compounds include, for exanple, tris(bis(cyclohexyl)am no)lanthanum
tris(tertbutylisopropybDam no)l ant hanum
tris(bis(tert-butyl)am no)l ant hanum

tris(bis(tekiganosdm no)l ant hanum PCT/US2007/015466
tris(tert-anyl-tert-butyl am no)l ant hanurn, and
tris(tert-butyltrinmethylsilylamno)lanthanum (0 030]Illustrative
organonetal | i ¢c conpounds of this invention can be represented by the
formulae: )(N LaNLa )CNKN)C - 10 - anwpam no) !l ant hanum or
heteroleptic, i.e., one or nore of the Rradicals are different from
each other such as tris(tert-butyltrinethylsilylamno)lanthanum (00
323As indicated above, this invention _glso relates to a process for
t he

(002531  In general, R and Ry are the same or different and are independently
hydregen, alkyl; a substituted or unsubstituted, saturated or unsaturated,
hydrocarbon, aromatic hydrocarbon, cycloaliphatic hydrocarbon, aromatic
heterocycle, cycloaliphatic heterocycle, alkyl halide, silylated hydrocarbon, ether,
polyether, thioether, ester, lactone, amide, amine, polyamine, nitrile; or mixtures
thereof. Rj and Ry can also include substituted or unsubstituted, saturated or
unsaturated, cyclic amida or amino groups, for example, aziridinyl, azetidinyl,
pyrrolidinyl, thiazolidinyl, piperidinyl, pyrrolyl, pyridinyl, pyrimidinyl,
pyrrolinyl, pyrazolyl, thiazolyl, oxazolyl, imidazolyl, imidazolidinonyl,

e

imidazolidinethionyl, quinolinyl, isocquinolinyl, carbazolyl, triazolyl, indolyl and
purinyl. Preferably, each of R; and R; is the same or different and is
independently hydrogen, alkyl, or mixtures thereof,

[0026]  Typically, M is a Group 2 (e.g., St, Ba) Group 3 {(e.g., Sc, Y), Group
13 (Al, Ga) or a lanthanide series element (e.g., La, Ce, Pr, Nd, Dy, Er, and Yb).
Mcanalsobe a Group 1,4,5,6,7,8,9,10,11,12,14, 15,16, 17, 18 oran
actinide series element. M is preferably selected from a Group 2 element, a
Group 13 element, a Group 14 element, a transition metal, or a lanthanide series
element. More preferably, M is selected from Sr, Ba, 8¢, Y, Al, Ga, La, Ce, Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, ¥b, and Lu.

[0027]1  Illustrative organometallic compounds of this invention include, for
example, tris(bis(cyclohexylamino)lanthanum, tris(tert-
butylisopropyDamine)lanthanum, tris(bis{dimethylsilyl)amino}lanthanum,
tris((trimethylsilyl})(dimethylethylsilyDamino)lanthanuem, tis(bis(tert-
butyDamino)lanthanum, tris(bis(tert-amyamino)lanthanum, tris(tert-amyl-tert-
butylamino}lanthanum, tris(tert-butyltriimethylsilylamino)anthanum,
tris{bis(dimethylethylsilyl}amino)lanthanum, and the like. Preferred
organcmetallic compounds include, for example, lanthanum amides.

[0028]1 In an embodiment of this invention, the organometallic compour.xds
include, for example, tris(bis(dimethylsilyllamino)ianthanum,
tris((rimethylsilyl)(dimethylethylsilyl)amine)lanthanum, and
tris(bis(dimethylethylsilyl)amino)lanthanum,



production of an organonetal lic conpound conprising (i) reacting in a
first pot a nitrogen-containing conpound with an alkali netal, or an
al kali netal -contai ning conpound, or an al kaline earth netal, or an
al kal i ne earth netal -contai ning conpound, in the presence of a

sol vent and wngesnosacti on conditions sufficient to proedweedrdisisst
reaction m xture conprising a base material, (ii) adding said base
material to a second pot containing a netal source conpound and
optionally an am ne conmpound, (iii) reacting in said second pot said
base material with said netal source conpound and optionally said

am ne conpound under reaction conditions sufficient to produce a
second reaction m xture conprising said organonetal lic conpound, and
(iv) separating said. organonetallic cgnpound from said second
reaction m xture; wherein said organonetal lic conmpound is represented

by the fornul a JNoIRI RE) o MBELRIoRinMn} 5 tRis FBdbn, We diBdnahbenig, RL is the
sane or different and is a_hydrocarban

ro r.a .

het er oat om corfPEPHIAGEr e Pr ERl% rsfhis (g'&'r‘?gg%ﬁmﬁ‘f‘ﬂaé’ﬂ’éﬂ‘im’ﬁﬂ%&f 5 a

hydr ocar bon gratyfisoptopgl)dvét@laasinans eid(iEds(rerrigtdroinpllaranamd R2 can be
conbi ned to fqum.: HREH' ] ntASh b M neh,

unsat ur at ed c%ﬁlg(tegr oup#%ﬁffﬁg?ﬂﬁgg%ygﬁééﬁ%ﬁ%%)ﬁgr ou)gatnc an be

conbi ned wit haRitﬁ?e’RE“tﬂf“W%}amf‘?@i‘F%“éroup to forma substituted
or unsubstit utmd3osat Dhakeide organmenilir @inpdundy of this inyewiep carxbd s equal
to the oxidati d wherein said organonetal lic conpound
has (i) a statr%e%%ﬁ@stg%?%?lﬁt to maintain a nononeric structure
and a coordination nunber equal to the oxidation state of Mw th
respect to anionic |igands, d (ii) a nmolecular weight sufficient to
possess a volatility] suitable flor vapor deposi}fion. The

organornetal lic conpkund yieldiresulting fromlhe procesd of this

i nvention can be 60@For greateg; preferably 7:gbor greatgr, and nore
preferably 90% ater. [003 3 ]kn the\procgsses desckgj bed/herein,
the netal source nd, e-gd., pure ne ; tal ~dg, a
met al pseudohalA like, rti teri alLammy be ge ted
froma w de variety of conounds known in tha art. The in¥ention

selected from Sr, Ba, Sc,
| ant hani des, and the\likegy_IllAstrative netal ur gy _congpounds

i ncl ude, for exanple, aCl3, LaBra al s rCl2, and the
like. Other illustrafi rce compou ixcl ude, r exanpl e,
La(0i PO3, and the like. ‘Preferred nmetal source conpounds include, for
exanpl e, | anthani de halides and | anthanide trifl uoronethanesul fonate.
The nmetal source conp d starting material can typically be any
conpound or pure net@al contai nijng the central tal atom 00

34] The processes of jthis invention for synthesrging organonetal lic
conpounds wi t h butkypiam de +7gahds™ can al so utLllze tTTT B4t e-based
netal source c npoudds. VWi | e st tal lvam d conpoundJ are

reportedly synthesi- from thget/al hali e,sfl\é g., L
rates with bul kyShni de ounds be sk oreﬁbn: €t ec
the larger stéric profilejof the/ligahds. Therefore| the tyiflate

conpounds, which possess petter |eavipg groups, are|nore suited for
this application. Fuxtherhore,/the resulting tNfiage ions are |ess
rggi ng) conpar ed

likely to remain int ?/t ord{ nati on sphere (e.
to halides (e.gfrxgbr, and{*ﬁe fe are bett |t§9'“bk\producing
neutral nononeric speci®s. /in addition, the increased solubility of
the bul ky am des, as well as the triflates, may allow for the
utilization of rocarbo He98) ; ' be
desirable in égg%g mh@%g“%%%%%%ﬁ% ?%%E%'°%?%§§erpa%3ﬁ%@%ﬁ?§?%¥ng

sol vent (e. g. homdentiatiyee 8B Rrpdipelutre Belupy suplpas tHELEEYTr ed conpound i's

eacti on




- 12 - conpounds include, for exanple, dilsopropylarnine,

di -tert-amyl am ne, tenbutylisopropylam ne, di-tert-butyl am ne,

di cycl ohexyl am ne, tentbutyltrimethylsilylam ne,

di et hyl t et ranet hyl di snazane, and the like. Preferred am ne conpound
starting makgdiadsspan be represented by the fornul a NRRAkbRMEREEI N
each of R3, R4 and R5 is the sane or different and is independently
hydr ogen, al kyl; a substituted or =substituted, saturated or

unsat urat ed, hydrocarbon, aronmatic hydrocarbon, cycloaliphatic

hydr ocarbon, aromatic heterocycle, aficyl halide, silylated

hydr ocar bon, ether, polyether, thioether, ester, |actone, am de,

am ne, polyamne, nitrile; or mxtures thereof: The am ne conpounds
can include cyclic and chelating systegs. The anine conpounds can
al so include the HC1 salt of am nes such as ammoni um chl ori de,

di met hyl anmon| ugipra‘imint:a{aatg?r}um orq\eEero?%fhc i OIE ro?t'n% d%ﬁlﬂ?é Rﬁﬁfcglsglfe R3, 124

and R5 is the®® epen drogen, al kyl,
or m xtures t fidfecent fronpeash ethergiohpy tﬁé(tﬁ'éfd?ﬁlﬁé‘i}ﬁa@ﬂﬁ%ﬂ?’ﬂﬁ@ anftgpumey o np| e,
di -tert-anyl anbaez; t eAs Ricxkd SPE,IRY It sitive alschiclates Bt 2 frodeyd Tnitne,

tert-butyltrimebiybenl Oof%grgpgeemﬁmgmg%o%;@xoaﬁgmgg&%gaéahéﬁ%@@ [0

0 371The concBREFETP6H mat erial can
vary over a weiogsnegegieiningredmpednd A ap 85\’611 b owﬁw&#ﬂm%mmmg

necessary to E&Mu&“otréhstIIEh&in@aaS@xrﬁetuﬂI&laﬂglkﬂ&Eexr&ahetﬁwdnﬁht@I sour ce
compound. 1n enera Irhﬁeﬁgndln Onlv%:ﬂ Wk rrggcugygonﬁr[?ﬁgééu%1é&%t ure,

ani ne conpoun @f"éff‘ STarT al” CORCent rations 1n.the ran% from
about 1 il i nokeceardirtesstiononixpetorpoisiopsbase mrerofipadde giddater |

shoul d be suf faghiging a Eéasnarm EorlRfifiG£S $O6] solics EorgpoBid mtobﬁorpnmesses
described herein, the b a starti. ngdt(p]?% dtp%‘lﬁaﬁ%\ise%atéﬁll gahedafroma

wide variety 8 88%%01’% Jr:]eS?Aﬂngli?] l'ustrative bases
i ncl ude any bastl sgiutch Caﬂmadm@?albﬁﬁﬁafa%mm%“dWdé’f”é?cé’ﬁfly gr eat er

than about 20comitns PRIk RfRERBE ¥ segbiiatRtiol Mkiradmprisidp saidhe base
material is prefera | ithi [ lﬂb%}h d
di -tert-arnyl 8%Ai de. Pall?/cl PhRrIm te(r%itsw?g)el?ll rggly ﬁﬁlo ‘h‘!’f‘j‘ thi um
di -t ert - but y| &eingeid sesond 1waetioh mixre: BERT?P gaid 'éFéa“"F‘iﬁlaHF&ﬁﬁ“P"““d is

di cycl ohexyl awﬁ%@emédlbtymmxﬂé QKRR totie R NIV byl omirieaidloid] RiHi um

bi s(et hyl di me | sil m an e Lit
preferred bas §?‘5"r?ly‘%§er?’r§?%dl"ls g‘gémcarb(’f?ow gét%%?q‘he con%entratl on
of the base sgianm,llhgsthatﬂereltmﬁlf@mtv@ﬂilawﬁh°we@ ARG need

only be that mﬂﬁ%aﬁpwanmgwemﬁlﬁm@m a\s/uﬁsbtutdﬂebram ne

conpound starti ng mat er rce CQR LdRgner al
dependi ng on P‘?‘f@ f?f”r?tﬁ‘gorf |“Fn%?rat|9 3’& °“prh )%t ure gag\ugstzartl ng
mat eri al concemtp enibe nsmblnect Widh Ragerdle %#HWDWFaBﬁﬂO“P efqrmi2npl e or

| €ss to about 10508 oflickktsRled Ssabiatgf @ah@furatahQtichbiy; s i dgititent  f or
oSt processeg the oxidation state of M; and wherein said organometallic compound has {i) 2
steric bulk sufficient to maintain a monomeric structure and a coordination
number equal to the oxidation state of M with respect to anionic ligands, and (i) a
molecular weight sufficient to possess a volatility suitable for vapor deposition.
The organometallic compound yield resulting from the process of this invention
can be 60% or greater, preferably 75% or greater, and more preferably 90% or
greater.

[0033] In the processes described herein, the metal source compound, &.g., a
pure metal, a metal halide, a metal psendohalide, and the like, starting material

may be selected from a wide variety of compounds known in the ast. The



[0 0401l n one enbodi nent, the base starting nmaterial nmay be generated
in situ, for exanple, lithiated am des, and the |like. Generating the
base starting material in situ in the reaction vessel inmmediately
prior to reaction with the netal source conpound is beneficial froma
purity stan@gphﬁgmgwoellnlnatlng the need to isolate an¢riaddyeisaRy
reactive solids. is also l'ess expensive. [0 0411Wth the in situ
gener at ed base startlng material in place, addition of the netal
source compound, e.g., La(CF3S03)3, can be perforned through liquid
or solid addition, or in sone cases MOTO conveniently as a sol vent
solution or slurry. Although certain netal SOU CO conpounds are

noi sture sensitive and are used under an inert atnosphere such as
nitrogen, it is generally to a nuch | oyer degree than the anine

conpounds, for exanple, lithiated am des, am nes and the |ike.
Furt her nor e 184
transfer. nbveﬁgoq%:f ein %8& ?egﬁr%‘rgg%ggé?&%d%o& :Fireﬂ§ ?‘s'é,b‘gr]ﬂrlglggr T C?Sf Com

the reacti on @Pdﬁlﬁrﬁcﬁr@Q@Wht’f‘b‘ﬁ‘?‘a‘iSﬁ‘?‘ﬁ%%‘?ﬁ’éﬂ&h‘&l“&ﬁ@%ﬁ’fa‘aﬂﬁ’al i metal,
or an al kali nRtats0NIACH) @S DR GHTIE andthe dike. bl iilneatbamidml net al |

or an alkaline earth net s:ﬁc?u%ntfgile@cl ’lengl% 9@2%‘3&;@%@3&&3&&%@&@

materi al can B& pr eép conven esses known in the art.

100431The sol wewee mmoél}@dmﬂq@e:tfh@xwﬂéééfst&s“d@fhalﬂw andlsfeideon may be
any saturated u@ﬂmr&ﬂe&ﬁdnuiu%&% hmdm&amwas:omﬁdlﬁ&aﬁainag hydrigicas bons,

aromatic het '?Ilip?pgeﬁﬁge anyac!ok Qurl ac}lrli)ﬁglsﬁeta cO uﬁtﬁi eg%g{l%ﬂlg He et hers,

pal yet hers, esters rOest ers ct ones, es, anines,
pol yani nes, nilOPREEs, Top piogestrs obibjsdnveptionder ypmheting %'&W’é‘ﬁ‘f‘g“’ or

hm xtures of ORBmPEunDH/Rh Bl HHAENLWE calBIs6 ufilize hefiafdibayed padlisanes,
ept anes, oct anes X
P FBoun n@ﬂ% mogﬁ%f%ﬁ Sttiad ynﬁ%&dg 8l gamwym Zene.

di net hci xyet hane uor i rocar m xt ures of
one or - 14 fromh@mﬁ?al ]Paﬁ’éesdﬁévéaméﬂ’da‘i"r’ﬁ%fateﬁl’“’@‘fhé’?’%l“?‘dﬁéﬁl%ﬂ‘é@ s
ethers, THF, B&NEAy of WnlRREablamh tothelidtE@Stetlt pfie ofthenigaeisof t he

above. Any su:.%.hera S 92l vent wh oﬁ@dsdx%?h og%fsy%]gw lgavﬂ,%vgguﬁglaymh&gerfere

with the inte FaiC T on” ¢a one oOr nore
di fferent sol veteddonthiy apriicatipp| By@tmcfre resuiting trfiate wRbITRlesHikelgP vent

enpl oyed i s N@imbk inlth€ordightibhensidlpd. Qcﬁndgméﬁtﬂhf_;ﬁﬂd askhliBeqee0aly be
react on. m xt reberRan Bei niey b BRaieife ApRE R Qlp ARSI [ 7
about 5 per cendditign, fsiloteasedpolubiliphasishe wikypardes s “199 apeP GHECSH™Hor e
based on the tAdwdkor W @ilibatdh of RArdcABEE oDl i, UbResd) avidhgay it eri al s.
desirable in cases where coordination of a hetexoatom containing solvent (e.g.,
tetrahydrofuran or ether) to the desired compound is problematic.

[0035T The concentration of the metal source compound starting material

can vary over a wide range, and need only be that minimum amount necessary to

react with the base material and optionally the amine compound and to provide

the given metal concentration desired to be employed and which will furnish the

basis for at least the amount of metal necessary for the organometallic compounds

of this invention. In general, depending on the size of the reaction mixture, metal
source compound starting material concentrations in the range of from about 1
millimole or less to about 10,000 millimoles or greater, should be sufficient for
mOst PTOCESsEs.

[0036] In the processes described herein, the amine compounds may be

selected from a wide variety of compounds known in the art. [llustrative amine



[0 O441Reaction conditions for the processes for the reaction of the
base material, the netal source conpound, and optionally the am ne
conpound, such as tenperature, pressure and contact tinme, nay al so
vary greatly and any suitabl e conbinati on of such conditions nay be
enpl oyed hewngi mosob@or eacti on tenperature may be the refcrws2007/015466
tenperature of any of the aforenentioned solvents, and nore
preferably between about -80C to about 150C, and nost preferably

bet ween about 20C to about 80C. Normally the reaction is carried out
under anbient pressure and the contact tinme may vary froma nmatter of
seconds or mnutes to a few hours or greater. The reactants can be
added to the reaction m xture or conbined in any order. The stir tine
enpl oyed can range from about 0.1 to .abqut 400 hours, preferably from
about 1 to 75 hours, and nore preferably from about 4 to 16 hours,

for all stepscy) ukéﬁnaﬂ&oﬁdr@ﬂa{pwﬁus ﬁm@zanma@m iePariNinie, bevr-car 1 i ed

out in a single t he base terla S not {saﬂj arated fromthe

first reacti oh" S?P{?P@a’ﬁf’lc ‘?‘"‘f’() AP R RP R R ERE BT Al sour ce
conmpound and bpyittmethylyilidueng dieteltanmpbyididilazhre. endrhelils: Pederred
embodi ment,  t Bg; URLAb. 38 Yhihe m&ngymbb%p@g@shwmmmm@act' on

m xture at anbi ent terrperature or at a erature eat.er. t han
anbi ent t enpeihtrgingach °f6130R‘¥Pn§jR.Tﬁéh"thﬁ‘é ?rﬁ‘ftlaf‘%‘sd‘g‘{?ﬁ%‘ﬂ?fﬁlg pr epar ed
fromthe reachydogeafalkhe dhasimteradrendubdtitutéd) satyretdbr weairgted,conpound and

optional Iy thg cﬂg@a&%nya%m afTBYod) ey SBhIRAARE IR oy ar i ety of
compounds. For” pur p Is._1nvention, ?rrgﬁall %] ounds
i ncl ude conpoHT'fEfg")f‘f&\’/f‘lH{j‘}ﬁll%f’mﬁeﬁl}w‘a@é’?‘i‘n’ ‘?ﬂw% olyehish o1 §8F% at i ve
or ganonet al | i kcloapoidedaninggolyaeine,nirilecoanpiues twetod| Temmdes, net al
am nes and t h@o:+ﬂo|§§ds cgn %%luge Lﬁh@a&roﬂéﬁﬂx@%&é&xé %EQH@Q%BH&&I&S dahi s

i nvention can a }{é)are a one progﬁ The one pot
process is paf¥gRepds by F"f“%fﬁ’in{“éﬂsuf’lb?sanﬁ?ﬁé"% productl on since
it can be conduztgthnimsinign tileridsoame tiedie. pRrefstablyseavh ofRs, Rnenddhine

reagents and gf gﬁ'ﬁé o cﬂ&ér@r{{?h?{s %nd%&ﬂ&enﬁ?ﬂyc@@g%h | a‘)ﬁq}? Sr m@@%&&'

manuf acture a wi de ran pr oduct s rocess ovides for the
synt hesi s of Bﬁe&é‘ﬁéﬁ@tnélcPi“E““Sﬁ‘ﬁHH‘f‘?d@r E??F‘HB; ‘é‘“ﬁfr‘& Rh&fe al |
nmani pul at i onsbaglisof@pamine ali-rotibutylnniae, s¢rAgltgtinaigddilylaanie, addi ch route

to the or ganogg%@&hgmgﬁ%%ggs does not require the isolation of an

internedi ate co one gat process is described in U S. Patent
Appl i cation SEPPHIT NoTheimprerrgeiypal te ppisg CORPYRE PABg TBITTRL HHTER i s
i ncor por at ed bex ewidetyngdepdrAmeatly e tkht Bdilhkaamongakcr@bat kéact with

COMPOUNds. f eRRLEN Il HLPERSAET oclos Bkl B, il gt O

can occur throug sta zatiron, nore

extraction of ﬂ‘Fé’ﬁ%Pﬁ‘BWﬁa@S"F‘dﬂé‘“’("@r@"‘e ORI A iRegm Rt Fﬁ‘ ﬁ?i’f’ﬂg?‘ﬁ‘ﬂﬁy, and
nmost pr ef er abinyhd Mangeugifroai ddbitmahillbblestdestl tosdbbiit 181000 millimoles or

greater, should be sufficient for most processes.
[o0381] In the processes described herein, the base starting material may be

selected from. a wide variety of compounds known in the art. Illustrative bases

include any base with a pKa greater than about 10, preferably greater than about
20, and more preferably greater than about 25. The base material is preferably
lithium diisopropylamide, lithium di~fert-amylamide, lithinm tert-
butylisopropylamide, lithium di-fert-butylamide, sodium di-tert-butylamide,
lithium dicyclohexylamide, lithium fert-butyltrimethylsilylamide, lithium
bis(ethyldimethylsilyl)amide, and the like. Lithium amides are preferred base

starting materials.



[ O 048] Those skilled in the art will recogni ze that nunerous changes
may be made to the processes described in detail herein, wthout
departing in scope or spirit fromthe present invention as nore
particularly defined in the clainms bel ow 0 0 4 91Exanpl es of

t echni ques hpdpoGRwhe enpl oyed to characterize the or gapeRbadikice
conpounds fornmed by the synthetic nethods described above incl ude,
but are not Iimted to, analytical gas chromatography, nuclear
magneti c resonance, thernogravinetric analysis, inductively coupled
pl asma mass spectronetry, differential scanning calorinetty, vapor
pressure and viscosity neasurenents. E 0 0503Rel ati ve vapor
pressures, or relative volatility, of organonetallic conpound
precursors described above can be neas Ered by thennogravinetric

anal ysi s technlques | mown in the art. "Equilibrium vapor pressures

al so can be for ex I a
seal ed vesserqg§¥{ “m%m%n°f8¥b$%§&Hﬁ%%%%H §£%?%§?ﬁ?%g%%%ed to
t he vessel anchngmenq)meeégn#wéeﬂ@tma@m@ﬂouaéneﬁ%wtq gaqt Wéth fepmine. 16 .

[ 05 1] The OEW@E&hhgﬁxa&ﬂﬂﬁﬂ&ﬂ&zl&&ﬁﬁ&&o&@hﬁndﬂ&ﬁ@éﬂefbﬂ‘,@eﬁ@&xﬁgn are
Do O i n bt of GO R IREL AL E male Buring T0ial (Mo GidfE bl o111

for preparing 287t D YRS codtln S.

organonet al | i @B@@Bpeﬂﬁmn pb%mmlbmobanleﬁf@ afp?p‘H%QPUtI@an@fftS’éﬂeﬁre and
t hen heat ed tgmamnﬁ@ﬂﬁg@ﬁgﬁﬁm&wﬁﬁhgagnt to deconpose the precursor,
thereby form |de oatin t e.
Applying a i gg?‘gb]pre&ﬁ“ggwge%mf RS %ﬁ?gmgenaqgapg géﬁ%?i%ﬁ?’%]g
sprayi ng, d|pghm@ﬂ@%ﬂmweb@ﬁ@@i%@@ﬁnmﬁﬂ@@kkd@ﬁﬁﬁﬁﬁgFﬁémﬁﬁﬁﬁmﬂeat|ng

can be cond uc;netdn.imn ,@ﬂ, i9 ViR Teachibil Vel xhﬁfbﬁna&%nob;b 1e4cfi6h ivith elemetaheat i ng
t he substrat STl st b egﬁnﬁ fr02S ag tgwgn NP ggf‘%’[‘%’at"@ hANES §d

coating can be ocﬁt al by a npound
precur sor, antﬁﬂlh"eamhﬁgdéwdyw%ﬁﬁ@@nﬁlslaﬂsoIQSH@FE@W"GF orming a first
| ayer, followggodyy atwhlamsinoneseathied beoRitingmuietidl it fleces adtbioant

different pr e&u P.ali sdurcacrclzgmpguaﬁtd! cr.]gc!,' La(CF3803)3, can be performed through liquid

or solid addition, or in some cases more conveniently as a solvent solution or

slurry. Although ceriain metal source compounds are moisture sensitive and are
used under an inert atmosphere such as nitrogen, it is generally to a much lower
degree than the amine compounds, for example, lithiated amides, amines and the
like. Furthermore, many metal source compounds are denser and easier to
transfer. .

[0042] The base starting material can be prepared from the reaction of a
nitrogen-containing compound and an alkali metal, or an alkali metal-containing
compound, or an alkaline earth metal, or an alkaline earth metal-containing
compound. The base starting material can be prepared by conventional processes
known in the art.

[0043]1  The solvent employed in the processes of this invention may be any
saturated and unsaturated hydrocarbons, aromatic hydrocarbons, aromatic
heteracycles, alkyl halides, silylated hydrocarbons, ethers, polyethers, thioethers,
esters, thioesters, lactones, amides, amines, polyamines, nitriles, silicone oils,
other aprotic solvents, or mixtures of one or more of the above; more preferably,
pentanes, heptanes, octanes, nonanes, decanes, xylene, tetramethylbenzene,

dimethoxyethanes, diglyme, fluorinated hydrocarbons, and mixtures of one or



[0 052 ]JLiquid organonetal | ic conmpound precursors such as descri bed
above al so can be atom zed and sprayed onto a substrate. Atom zation
and sprayi ng neans, such as nozzles, nebulizers and others, that can
be enpl oyed are known in the art. (0053 ]JIn preferred enbodi nents of
the inventi %zuggﬂog@ganorret al l'i c conpound, such as desgiirRRshiBASKSE.
is enployed 1 n gas phase deposition techniques for form ng powders,
films or coatings. The conpound can be enpl oyed as a single source
precursor or can be used together with one or nore other precursors,
for instance, with vapor generated by heating at | east one other
organonetal i c conpound or netal conplex. More than one
organonetal | i ¢ conpound precursor, such as descri bed above, al so can
be enployed in a given process. 0 0 54,]As indicated above, this
invention relates to organornetallic precursor m xtures conprising
(a) an organonetallic. precursor c ngd represenie t heLorml a
M NRI R2) , \Ahefré’ferf’fmeiagg‘g’ ?F;aétné?m oF ega@ﬁ'gﬁe f%’f’sd,g.ﬁlﬁ’ i'S ’tg ]g%éeérre “or
di f ferent andahdmixtuhssdf owsenfvsme efitbagborr Anyieitlesal ermbeitariichg
gf oup, RZ is LARSRAE:QY inebrfei‘-eafi@nh% a%gdddSeaaﬁ&hyddﬁ e anplofedg Mipredr a
et eroatom containin .Qup; n C m a
substit ut ed OP%‘(’Jﬁé’ﬂﬁgi&%‘[‘%?%ﬁ?ﬁ%%&J‘Fa 8 m%@ye&bﬁggeg{&?dé?% a%l%‘é{t?’g gr oup;
Rl or R2 of onﬁve(nmvlgreddqmo@aqiﬁcbbw@@mjmﬂwwf@haﬂ need 0111_3’ etgt Ry of
a“ft he{ <(:| '\/Rll%%)ﬁur?m&?e&dt@b JoRHM 8 12 YRS bdr ddinBehents i iAS bﬁaﬁ]dntmmaﬁh _ :
saturated or unsaturated cycli roup; X .s ion
state of M amERFRY BFA™E tﬁi‘iﬂ?‘&gﬁﬁﬁ&%eﬁog a?%%&ﬁ%\%“ﬁ%?ﬁ glg&)st eric
bul k suf fi ci entout 29 peedent tari weight nomonsbesed om the trdal weighbefdheredd6P di nat i on
nunber equal LRk Re.0xkLdatden state of Mwith respect to anionic
i gands, and (11) a nolecul ar _weight_ sufficient to pOs
volatility sui[f’ﬁ%ﬁ]e £ BFec i erYtRE Y I&fﬂ‘fessgﬁg’r% e)reégﬁ%n %ﬁgesn%?ee
di fferent or ganere] @k neal puse wrsprundonp opfisdyly(tee gnine aomPO_““ﬂ_]’ such
Baf ni um COt“t %ﬂexﬂgeratuaﬂte%ﬁk&%ﬁ@fﬁnﬁb{ﬁrﬁw maf hIEORY %TMH ahysduitable
ariumcontaining, titaniumcontaining orgapone | recursor
conmpound) . 10G‘E}?ﬁﬁé’ﬁﬁ§$‘°t“F]E)W“@ﬁﬁ“%’@“c%%&@i“g’%%hﬁt%&me r%z}%grgnce of ot her
gas phase conpapentus: miybesthe efipotinpentrest anhe hanferppiioned jofvepts,
deposi tion | Sgié’ﬁ%iége?eq?ﬂ%&@&n%&& 1668 1boftll shRASHd A6R pReRabieact i ve
a SO

carrier gas. non-reactive gases include inert ses,
e.g., nitrogehstveangbent 2A%T joghput $8° Gaafqrmally B yeattioy ds@eiediont " not
react W th the,GeaaReaRs ald theccaRBRRMEAPRSORINS O fnatitrdE becptidBOeS S
conditions. In.other odi ments, film It ' ugded in the
presence of aP"”fuéeég(ia%@"??é’é?’f‘a\a/%n é%g.tea%gﬁ%%gfbetq ﬁﬂeeld?%glg?% ve gases
that can be empttoyetcorbiteddrarnprdenr Eherft tine pplexpdcan Fieh Zom eyt
?ﬁgg)en, hlydr 088 o atRhf 400%ME Gleably GaRGbAILN to wsagms, Egﬁmemfﬁm oxi de
, water yapo[, qr C 'vapors. agmpni a. an in
the art, the éf’%é‘g%gt‘g?ﬁé fso%‘?’aﬁ???fg agfmgoﬁdguﬁmgtso, i%?vegé(%rrpi geﬂ,q air,
oxygen, oxygef-cemied oitéula single p@3the Npg meferial ivegistrapteddirmnie 874 ng
or gani ¢ ConmpounGion@xefeSriohR rEREABIORe RbtaBsoliRb abmpotind end éptivnally

the amine compound. In a preferred embodiment, the metal source compound is

added to the fitst reaction mixture at ambient femperature or at a temperature
greater than ambient temperature. .
[0045]  The organometallic compounds prepared from the reaction of the
base material, the metal source compound and optionally the amine compound
may be selected from a wide variety of compounds. For purposes of this

invention, organometallic compounds include compounds having a metal-nitrogen



(0 0563As indicated above, this invention also relates in part to a
met hod for producing a film coating or powder. The nethod includes
the step of deconposing at |east one organonetal lic conpound
precursor, thereby producing the film coating or powder, as further
descri bed bel®wos bl particularly, this invention rel @fshddidds tO
a nmethod for producing a film coating or powder by deconposing an
organonetal | i ¢ precursor conpound represented by the fornul a

Ivi (Nl ZI ROx wherein Mis a netal or netalloid, R is the sane or
different and is a hydrocarbon group or a heteroat om cont ai ni ng
group, Ry is the sane or different and is a hydrocarbon group or a
het er oat om contai ni ng group; R and Ry can be conbined to forma
substituted or unsubstituted, saturated_or unsaturated cyclic - 18 -
group; Rl or R2 of one (NRIR2) group can be combined with R or R2 of

anot her (NRL %‘%{l&a 1 I;gzttwa OF or me%ll?c":':%x%’%o&nl& %glu&)g for Mﬁé, h‘fg&i Q;grdes

saturated or I's equal oxi dat’i on
state of M aNQTAMnfﬁlanﬂ@aﬂlﬁe organonetal lic corrpound has (i) a steno
bul k sufficiepsodey wamatoeg'aaoraetamawwohﬁdss,mmwmmaam sopegiedat i on

mb | to th dat t
P:Jg aﬁ(rjs e ;ﬁd leyi'oz? ?ne}o%i)%egsu :% og\%?% H{ogcss |%ﬁ°‘2?éﬁ§8?§ugt§& g)r ?agé oni ¢

vol atility suickiipkaluéton smampandvepglsiu?fpéﬂsmath‘éﬁﬂéﬁyq‘wfamﬂﬁ Of"lli‘é fil
coal ing or poyger, éaglﬁfpérﬁ%écyss pﬁﬁﬁleﬂ%&ﬁﬁ?ﬁﬁﬁdaﬂg vehdpeiddo puganoresal | i
precursor co Qun is_t cheni ca

pkasma- acti va @amﬁ@" Gﬂe"fga%e‘?‘fr?%?ﬁs ?’Fﬁ‘fl% r%c‘f dCr FQB 03] Fﬁgﬁ%ﬂmﬁa ®n b
conduct ed to éeonwradsfusipge procssewheropll moripilatipns pratbe PRERY B &0 2iagl g e

nmetal or a fildfe,RANARLH qutectea{elo%n&hahht E&Aﬂdﬁi&ﬁ desSioti@heremet al
oxide. M xed fil s,

Qr coatin ed, for
i nstance m xe‘&"lﬁ‘é‘inﬁfg%%%ggeq‘lﬂ? compq °ned’ oﬁ%?&?g Qé%d #Qf%tscan be
formed, for eRaempheplicaforeierldys- rﬁ@{ﬁé?e‘?i@r fild BetgbrGntA03 YIHE Br ecur sor s,
at | east one ﬂf_-,o ﬁ@hg}ghagmm&@gt ed fromthe organonetallic

conpounds des Ial%i)ﬂ P%%mgeganfccol_nGa‘?ndgh%g%ﬁJ%J Iglgpeg%yogf@lg can be

conducted to %?‘?ﬁ i Gas] T 8 r exanple, in
the range of ihwmpabvguﬁca!zcmmwwrév@%hlﬁwnwnpiné@ﬂ%ﬁ?@y descri bed

Eer ein ar tehpat{%}cugft'!a}ﬁfabtyonlb??é(akﬁon réb‘i%ug;(@ﬁi |Uigebc @) idafgmiﬂatdgfﬂphﬁ g@d : ];I_IOl)ms
aving a thick- e of fr ou run to abou

urn. Filns of ®P{iF¥ ?Wﬁ%ﬁfﬂ“ﬁ%“ﬂ%‘?“‘f%&f@%@% Can be considered for
fabricating metedslel ebtoroddied znmemwm@mmmd@tmm@mﬁ’éﬂngm%nbc )
el ectrodes i nplagh ehe p@o%es@@msaﬁbm m%ﬁﬁﬁxé:@ﬁie&zﬂ{oﬁfde%ﬁ npnapgeiogat i ons,

d as diel ect t 9] The net
prepar  ng | ayeredeR Preshrarm merertevn St e gt o

phase or conposi4sion. ExEralvpblischofqubsthascanibef dnipinyid ol epeotirize the
al -insul at %arﬁaﬁmaﬁg'}gﬁlﬁt;&xﬁs foﬁﬂéh Hﬁh@éynihgt@&l‘h@ﬁ&%ﬂ%hﬁdd above

include, but are niot limited to, analytical gas chromatograplhy, nuclear magnetic

resonance, thermogravimetric analysis, inductively coupled plasma mass

spectrometry, differential scanning calorimetry, vapor pressure and viscosity
measurements.

[0050] Relative vapor pressures, or relative volatility, of organometallic
compound precursors described above can be measured by thenmogravimetric
analysis techniques known in the art. Equilibrium vapor pressures alsa can be
measured, for example by evacuating all gases from a sealed vessel, after which
vapors of the compounds are introduced to the vessel and the pressure is measured

as known in the axt.



[O0O 6 O Iln an enbodinent, the invention is directed to a method
that includes the step of deconp05|ng vapor of an organonetallic
conpound precursor descri bed above, thermally, chem cally,

phot ochem cally or by plasma activation, thereby formng a filmon a
substrate. &k bddgtapce, vapor generated by the conpoungrh&Rofisagt ed
with a substrate having a tenperature sufficient to cause the
organonetal | i ¢ conpound to deconpose and forma filmon the
substrate. 4 19 - [0 O 61] The organonetal lic conpound precursors
can be enployed in chem cal vapor deposition or, nore specifically,

i n netal organi c chem cal vapor deposition processes known in the art.
For instance, the organonetallic conpound precursors descri bed above
can be used in atnospheric, as well n | ow pressure, chem ca

vapor deposition processes. The conpou ds can be enpl oyed in hot wall
chem cal vapor sitio n ction
chanber is hedf ggg? Lf%?%?flgangsmnig{r]fc COrRPU8F pmcursors “iaels‘fm%tEé héreih %@ cal
vapor deposi t pofiratdy Hedhsirepretemperpiiies e- dﬁ’f’(} at"h@ e %%Q%'ﬁeéf‘% PFe82THg ng

hgat ed. | [ 00 uﬁﬁlumefd&@ gﬁma%al FdrGnsaa b 2 uRsld afg@ﬁdﬂe&mmuﬁl@mu bed
above al so can be used or
deposition pr Blé?ggrgtgscan P%aRRﬁ‘fdatﬁ a f%étr&é%g}%tdgsr* teE Eo aq né%e?a%rg Qllfﬁ&glﬂ

el ect r omagnet iccdceompgy themespest theuebyfomisg & m@@l Qron%%! Pkigggeatingen

cheni cal vapO{heq,m&atet I ?Blyﬁﬁ@@lﬁ:ﬁ Qecurddo &QWQ&n%E SPpaiRihghe
enpl oyed in ion-hea

51 }tjro - beam as i st e.clt "%ﬁg%n vappr
deposi tion pr FEEETeSRPERRPE errteé &t %‘Y‘i/m Wi S BESR of el ectron
béam i s di r ectedusted i oserhwith abeit g, bugpttyicalln deagips hepubiEre®pBLi ng a

chemi cal vapopmdehestk, ta's Qﬂbv@f:ﬂ%%&oh 1am%atﬁ1§$hrssmmeﬁy aglyingpor
deposi tion processes,

substrate to &t ?‘éﬁ’i"%lf CIDVP i"f?d P éeﬁurf ‘i’ro?]‘%q’e?migﬁgé %%g&egg{g?tvg’f)%?y
deposi tion pr fowivgor firstdiyen fdlawedbey atdead onCotherogtBmr vt e 8¢ 9 t he

i nvention cangke, &ﬁ&?ﬁaddﬁlsﬁ&ﬁ@ ous chem cal vapor deposi tion
reactors, such as ?ri‘ {é ance
Y

or a
pl asma- assi st £895%ka °§%ag?fn%?’l T‘éé'ré’rpmé %I csutrs':’fi; sp%haacst% %Sr%sgdd %Y hown
in the art. [aléo Gnbesornmdlaadsnofyedobs & pestate Thigmizatep 496 se@dted

enpl oyi ng t he@aRihadh of ndz06s, hiMBRL Q8 olhlf! tsteaSBd duthiSub skaswsinsuch
as netal substrates, e.qg., A, N, Ti, Co, Pt, Ta; metal al umi nates;

metal suicide$°®#: g., TiSi2, CoSi2, N.Si2; seniconductor mat eri al s,
e.g., Si, Si Geoo@ﬁs Inl ;&errali canbodichentSafibe Bivahtionmsrgenemgallie. 9., Sj 02,

Si 3N4, HF02, IR AhG03 deeREdaUBI L 5 ORbIoYER ihi gmameﬁ@ﬁmx barri er
mat eri al s, TIN,_ TaN, or on s#gstrat es t gOI’TbI nati ons

in
of materials. %F*?'T“‘&’(Tﬂf‘trlfﬂﬁ““gfmr’ﬁ‘é‘s TTLLPHES éenc‘)ﬁ’é’o‘fn : ¢ on gl ass,
gaam cs, pl astplogsd #sheingesairceyméoprrer sxcambd wed tigeheravid osnoonerer
c

tings or fééaépﬂr@aé?s%& fokﬁs&sc@f@w@go@sp%mﬁémg dthexkid@pembt i on i s

on a substrate used in the manufac ure or Sgsgleng of el ectronic
component s. | PRERROAIS ARG OBRP IRt PF 812 g one Ofg

compound precursor, such as described above, also can be employed in a given
Drocess.

foos4] As indicated above, this invention relates to organometallic precursor
mixtures comprising (2) an organometallic precnrsor compound represented by
the formula M(NR,Ry), wherein M is a metal or metalleid, R, is the same or
different and is a hydrocarbon group or a heteroatom-containing group, Rz is the
same or different and is a hydrocarbon group or a heteroatom-containing group;
R, and R; can be combined to form a substituted or unsubstituted, saturated or

unsaturated cyclic group; R; or R; of one (NR,Rz) group can be combined with Ry



- 20 - enployed to support a low resistivity conductor deposit that
is stable in the presence of an oxidizer at high tenperature or an
optically transmtting film [0 O 65]The nethod of this invention
can be conducted to deposit a filmon a substrate that has a snooth,
flat surfacevo toes/@suoenbodi nent, the nethod i s conduct egcrastiopasic a
filmon a substrate used in wafer manufacturing or processing. For

i nstance, the nethod can be conducted to deposit a filmon patterned
substrates that include features such as trenches, holes or vias.
Furthernore, the nmethod of the invention also can be integrated with
ot her steps in wafer manufacturing or processing, e.g., masking,
etching and others. [ 0 6 6)Chem cal vapor deposition filns can be
deposited to a desired thickness. For.jgxanple, films formed can be

| ess than 1 micron thick, preferably | ess than 500 nanoneter and nore
preferably | eéﬁﬁ&@ﬁhﬂ?@%ﬁﬁﬂ?&@ﬁp% ?orInm sﬁﬂfsquédl dmmtubaﬁut@r thdrﬁa’ﬁort han

50 nanoneter thick, for_instanc {;rs Jﬁ' ) f}@ ty ness betvveen
about 1 and ab¥aP=sd %ﬁﬁcﬁﬁ%"t"e?b“eq‘éﬁ] E"é TEN aB%an*?Ba o Y s
670 ganomnet al bigenoaeniilitochppureides @or sterigd beik snifieniab otz mowniae

enpl oyed in t Qe nRinad cgérdm@odﬂm@weqmtétﬁe tf;:ﬁﬁdﬁoﬁb&%fbb’wﬁir@@b& | ayer
deposition (Au))_ or atomc |ayer nucleati ogﬁg technlé}?tg%F during

whi ch a subst F%P@“]cé‘g%o‘g‘éé“)tad"%{?cf'léfﬁﬁ‘@ RO BPSSHT B¢
oxi di zer and buiglle fgasps de@aitsn; Bt ertar adord differntdeposngtilin
Lechni ues ar fedRSeLiiffingl @ SYAMhGonk i, SunPaheBludlg, 0 267, 965

and in US. he dj sclosures, of bot ﬂatents are
i ncor por at ed ﬁ’éﬂ"E‘i‘rﬂ'cBVa‘F‘E‘ﬁel?aé‘H‘Bé"?tﬁn’f‘ﬁré’i'“}““ﬁ?f{’?“r”’éwg °r[g3‘°51‘°’€ 3For
exanpl e, in opecudobDcaymiued). a substrate is exposed, in step-w se

manner, to: ayogdkyi N Bhdpo8iEsn cdd e b%ﬁétecﬂﬁ%eﬁﬁés@ﬂdc ngtﬂér%ﬁyﬁhiw v apo r
C) |nert gas; and d) OX|d|zer

e or to r i ne
general , eachC¥RRSPET LS IR BR e‘ag°d§ﬂ?5FP %%mi’%"'g%@‘f‘gﬁ@ﬁ't“"ws CP“Jb‘%tF%I t( e g
millis econds) tha peksemse b fpastont fe-rpactivewsiar agp iBxempleeofgon-gagivea|

seconds or m Egggselﬁglud Q&ggggsa&g%ﬁ&gen%?@ncﬁéﬁbﬁ £35:1108 o@sr ah@Hat as
mlliseconds and as as m nutes. éc e is re eat ed over a

peri od t hat c%"%%@‘é”‘ﬂ?%ﬁ?’éa‘f%wamcﬁﬁ‘?’@%}m{i reﬁ‘brﬁ?rémd‘?f F9%3r oduced can
be a few nanosmiiibss. tth bthensmticlinekiy flmealeppsitioh indonfiuctegtivthe presgnee of

at Jeast one reactive gas. Some of the reactive gases that can be employed include

but are not limited to hydrazine, oxygen, hydrogen, air, oxygen-enriched air,
ozone (03), nitrous oxide (N0), water vapor, organic vapors, ammonia and
others. As known in the art, the presence of an oxidizing gas, such as, for
example, air, oxygen, oxygen-enriched air, O3, N2O or a vapor of an oxidizing
organic compound, favors the formation of a metal oxide film.

f[0056] As indicated above, this invention also relates in part to a method for
producing a film, coating or powder. The method includes the step of
decomposing at least one organometallic compound precursor, thereby producing
the film, coating or powder, as further described below. More particulazly, this
invention relates in part to a method for producing a film, coating or powder by
decomposing an organometallic precursor compound represented by the formula
M@R,R2)x wherein M is a metal or metalloid, R, is the same or different and is a
hydrocarbon group or a heteroatom-containing group, R is the same or different
and is a hydrocarbon group or a hetercatom-containing group; Ry and R can be

combined to form a substituted or unsubstituted, saturated or unsaiurated cyclic



[ OO0 6 91The nethod of the invention also can be conducted using
supercritical fluids. Exanples of filmdeposition nethods that use
supercritical - 21 - fluid that are currently known in the art

i nclude chem cal fluid deposition; supercritical fluid
transport - ckesossibosgbeposi tion; supercritical fluid chemcrals2007/015466
deposition; and supercritical imersion deposition. [0 0 7 O

3Chem cal fluid deposition processes, for exanple, are well suited
for producing high purity films and for covering conpl ex surfaces and
filling of highaspect-ratio features. Chemi cal fluid deposition is
described, for instance, in U S Patent No. 5,789,027. The use of
supercritical fluids to formfilns also is described in U S. Patent
No. 6,541,278 B2. The disclosures of _tjhese two patents are
incorporated herein by reference in their entirety. 10 0 71]In an

embodi ment of %;mae Rl Byﬁgwoﬂélm}aktbeg%@%@@ééo%ﬂle@lw&m%mmamh@x posed

to one or anonetal |l rc conpaun resence of
a sol vent, su‘?ff;’r2 ﬁg gpuR &aforp pisphsipted 5F “’?B‘ﬁ@?"gerd I’:“E%Td "ﬂsag“,rﬂ o near
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[0057]  Deposition methods described herein can be conducted to form a
film, powder or coating that includes a single metal or a film, powder or coating
that includes a single metal oxide. Mixed films, powders or coatings also can be
deposited, for instance mixed metal oxide films. A mixed metal oxide film can be
formed, for example, by employing several organometallic precursors, at least one
of which being selected from the organometallic compounds described above.

[0058] Gas phase film deposition can be conducted to form film layers of a
desired thickness, for example, in the range of from about 1 nm to over 1 mm.
The precursors described herein are particularly useful for producing thin films,
e.g., films having a thickness in the range of from about 10 nm to about 100 nm.
Films of this invention, for instance, can be considered for fabricating metal
electrodes, in particular as n-channel metal electrodes in logic, as capacitor
electrodes for DRAM applications, and as dielectric materials.

(00591 The method also is suited for preparing layered films, wherein at
least two of the layers differ in phase or composition. Examples of layered film
include metal-insulator-semicondnctor, and metal-insulator-metal.

f00601] In an embodiment, the invention is directed to a method that includes
the step of decomposing vapor of an organometallic compound precursor
described above, thermally, chemically, photochemically or by plasma activation,
thereby forming a film on a substrate. For instance, vapor generated by the
compound is contacted with a substrate having a temperature sufficient to cause

the organometallic compound to decompose and form a film on the substrate.
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[0064] Examples of substrates that can be coated employing the method of
the invention include solid substrates such as metal substrates, e.g., Al, Ni, Ti, Co,
Pt, Ta; metal aluminates; metal silicides, e.g., TiSiz, CoSiz, NiSiy; semiconducior
materials, e.g., Si, SiGe, GaAs, InP, diamond, GaN, SiC; insulators, e.g., Si0s,
SiyNa, HFO2, Taz0s, Al;O3, barium strontium titanate (8ST); barrier materials,
e.g., TiN, TaN; or on substrates that include combinations of materials. In
addition, films or coatings can be formed on glass, ceramics, plastics, thermoset
polymeric materials, and on other coatings or film layers. In preferred
embodiments, film deposition is on a substraté used in the manufacture or

processing of electronic components. In other embodiments, a substrate is



[0 O773Atomi c | ayer deposition and chem cal vapor deposition of
silicates and al um nates can be useful for many next generation
materials (e.qg., lanthanum alum nates for dielectrics). COO0 7
8] Various nodifications and variations of this invention will be
obvi ous to aveeukerssskilled in the art and it is to be powEnRstOZds
that such nodifications and variations are to be included within the
purview of this application and the spirit and scope of the clains.
- 23 - The invention clained is: 1. An organoinetallic conmpound
represented by the for- mula M1\TRIR2), wherein Mis a | ant hani de
series elenent selected fromlLa, Ce, Pr, Nd, Pm Sm Eu, G, Tb, Dy,
Ho, Er, Tm Yb, and Lu, each of Rland R, is the sane or different and
-20-

employed to support a low resistivity conductor deposit that is stable in the
presence of an oxidizer at high temperature or an optically transmitting film.
[0065] The method of this invention can be conducted to deposit a film ona
substrate that has a smooth, flat surface. In an embodiment, the method is
conducted to deposit a film on a substrate used in wafer manufacturing or
processing. For instance, the method can be conductéd to deposit a film on
patierned substrates that include features such as trenches, holes or vias.

Furthermore, the method of the invention also can be integrated with other steps

—

in wafer manufacturing or processing, e.g., masking, etching and others,

[0066]  Chemical vapor deposition films can be deposited to a desired
thickness. For example, films formed can be less than 1 micron thick, preferably
Iess than 500 nanometer and more preferably less than 200 nanometers thick.
Films that are less than 50 nanometer thick, for instance, films that have a
thickness between about 1 and about 20 nanometers, also can be produced.

[0067]  Organometallic compound precursors described above also can be
employed in the method of the invention to form films by atomic layer deposition
(ALD) or atomic layer nucleation (ALN) techniques, during which a substrate is
exposed to alternate pulses of precursor, oxidizer and inert gas streams.
Sequential layer deposition techniques are described, for example, in U.S, Patent
No. 6,287,965 and in U.S. Patent No. 6,342,277. The disclosures of both patents
are incorporated herein by reference in their entirety,

[0068]  Forexample, in one ALD cycle, a substrate is exposed, in step-wise
manner, to: a) an inert gas; b) inert gas carrying precursor vapor; ¢) inert gas; and
d) oxidizer, alone or together with inert gas. In general, each step can be as short
as the equipment will permit (e.g. milliseconds) and as long as the process
requires (e.g. several seconds or minutes). The duration of one cycle can be as
short as milliseconds and as long as minutes. The cycle is repeated over a period
that can range from a few minutes to hours. Film produced can be a few
nanometers thin or thicker, e.g., 1 millimeter (mm).

[co69] The method of the invention also can be conducted using

supercritical fluids. Examples of film deposition methods that use superoritical
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are incorporated herein by reference in their entirety.

{o071] In an embodiment of the invention, a heated patterned substrate is
exposed to one or more organometallic compound precursors, in the presence ofa
solvent, such as a near critical or supercritical fluid, e.g., near critical or
supercritical CO,. In the case of COg, the solvent fluid is provided at a pressure
above about 1000 psig and a temperature of at least about 30°C.

[0072]  The precursor is decomposed to form a metal film on the substrate.
The reaction also generates organic material from the precursor. The organic
material is solubilized by the solvent fluid and easily removed away from the
substrate. Metal oxide films also can be formed, for example by using an
oxidizing gas.

{0073] In an example, the deposition process is conducted in a reaction
chamber that honses one or more substrates. The substrates are heated to the .
desired temperature by heating the entire chamber, for instance, by means of a
furnace. Vapor of the organometallic compound can be produced, for example,
by applying a vacuum to the chamber. For low boiling compounds, the chamber
can be hot enough to cause vaporization of the compound. As the vapor contacts
the heated substrate surface, it decomposes and forms a metal or metal oxide film.
As described above, an organometallic compound precursor can be used alone or
in combination with one or inore components, such as, for example, other
organornetallic precursors, inert carrier gases or rsaciive gases.

[00741 Inasystem that can be used in producing films by the method of the

invention, raw materials can be directed to a gas-blending manifold to produce



- 24 - 8. The organonetal lic conmpound of claim1l selected from
tris(bis(cycl ohexybDam no)l ant hanum tris(tert-butylisopro -

pyl ) am no) | ant hanum tri s(bi s(di nmethyl sil ypam no)l ant hanun,
tris((trinmethylsilyl)(dinmethylethylsilyDam no)l ant hanum
tris(bis(tentobutydsiaam no)l ant hanum tri s(bis(tert-anylperius2007/015466
am no) |l anthanumtris(tert-anyl-tert-butyl am no)

| ant hanum tris(tert-butyltrinmethylsilylamno)lanthanum and
tris(bis(dinmethylethylsilyl)amno)lanthanum 9. A m xture conpri sing
(a) an organonetal | ic precursor conpound represented by the formula
MNR R ), wherein Mis a |anthani de series el enent selected from La,
Ce, Pr, Nd, Pm Sm Eu, &, Tb, Dy, Ho, Er, Tm Yb, and Lu, each of
R, and R is the sane or different andaps independently a substi -
tuted or unsubstituted al kyl; a substituted or unsubstituted,

process gas that is supplied to a deposition reactor, where filim growth is
conducted. Raw materials include, but are not limited to, carrier gases, reactive
gases, purge gases, precursor, etch/clean gases, and others. Precise conirol of the
process gas composition is accomplished using mass-flow controllers, valves,
pressure transducers, and other means, as known in the art. An exhaust manifold
can convey gas exiting the deposition reactor, as well as a bypass stream, to a

vacuum pump. An abatement system, downstream of the vacuum pump, can be

{ used to remove any hazardous materials from the exhaust gas. The deposition
system can be equipped with in-site analysis system, including a residual gas
analyzer, which permits measurement of the process gas composition. A contro}

and data acquisition system can monitor the various process parameters (e.g.,
temperature, pressure, flow rate, ete.).

[0075] The organometallic compound precursors described above can be
employed to produce films that include a single metal or a film that includes a
single metal oxide. Mixed films also can be deposited, for instance mixed metal
oxide films. Such films are produced, for example, by employing several
organometallic precursors. Metal films also can be formed, for example, by vusing
no carrier gas, vapor or other sources of oxygen,

[oo76] Films formed by the methads described herein can be characterized

_ by techniques known in the art, for instance, by X-ray diffraction, Auger

['-_ speciroscopy, X-ray photoelectron emission spectroscopy, atomic force
microscopy, scanning ¢lectron microscopy, and other techniques known in the art.
Resistivity and thermal stability of the films also can be measured, by methods
known in the art.

[0077] Atomic layer deposition and chemical vapor deposition of silicates
and aluminates can be useful for many next generation materials (e.g., lanthanum
aluminates for dielectrics).

[0078] Various modifications and variations of this invention will be
obvious to a worker skilled in the art and it is to be understood that such
modifications and variations are to be included within the purview of this

application and the spirit and scope of the claims.
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conpound. 1s.111depencfenﬂy a substituted or unsubstinuted alkyl; a sub-
stituted or unsubstifuted, saturated or unsaturated, hydrocar-
bon, aromatic hydrocarbon, cycloal iphatic hydrocarbon, aro-
matic heterocycle, cycloaliphatic heterocycle, alky] halide,
silylated hydrocarbon, ether, polyether, thicether ester lac-
tone amide, amine sol amine nitrile; or mixtures thereof; x is
" equal to the oxidation state of M; wherein said organometallic
compound has (i} a steric bulk sufficient to maintain a mono-
meric structure and a coordination number equal to the oxi-
dation state of M with respect to anionic ligands, said steric
bulk greater than the steric bulk of n‘is(diimpropylamino)
lanthanum, and (ii) a molecular we; ght sufficient to possess a
volatility suitable for vapor deposition; and wherein said
organometallic compound is a liquid at 20° C,
2. The organometallic compound of claim 1 which has a
thermal stability sufficient for vapor deposition,
3. The organometallic compound of claim 1 which has a
melting point sufficient for vapor deposition.
4. The organometallic compound of claini 1 which has 1
molecular weight of less than about 1000.
5. The organometallic compound of claim 1 which has a
volatility of at least 0.1 Torr at 200° C.
6. The organometallic compound of claim 1 which has a
thermal stability in which less thap about 1 weight percent of
said organometallic compound decomposes at a temperature
0of 100° C. over a period of 1 day.
7. The organometallic compound of claim 1 which has a
melting point Jess than about 200° C.

hydr ocar bon,
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8. The organometallic compound of claim 1 selected from
tris(bis(cyclohexyl)amino)lanthanum, tris(tert-butylisopro-
pyD)amino)lanthamim, tris(bis(dimethylsilypamino)lantha-
num, tris((tn'methy]si]}’I)(dimeﬂlylethy]si]yl)amino)]antha-
num, tris(bis (tert-butyl)amino)lanthanum, tris(bis(tert-amyl)
amino)lanthanum, tris(tert-amy-tert-butylamino)
Janthanum, tris(‘rert-butyltrimethylsﬂylamino)lanthamun,
and tris(bis(dimethyl ethylsilyl)amino)lanthanum.

9. A mixture comprising (a) an organometallic precursor
compound represented by the formula M(NR,R,), wherein
M 1s a lanthanide series elernent selected from La, Ce, Pr,Nd,
Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu, each of R,
and R, is the same or different and is independently a substi-
tuted or unsubstituted alkyl; a substituted or unsubstituted,
saturated or unsaturated, hydrocarbon, aromatic hydrocar-
bon, cycloaliphatic hydrocarbon, aromatic heterocycle,
cycloaliphatic heterocycle, alkyl halide, silylated hydrocar-
bon, ether, polyether, thioether, ester, lactone, amide, amine,
polyamine, nitrile; or mixtures thereof; x is equal to the oxi-
dation state of M; and wherein said organometallic com-
pound has (i) a steric bulk sufficient to maintain a monomeric
structure and a coordination number equal to the oxidation
state of M with respect to anionic ligands, said steric bulk
greater than the steric bulk of tris(diisopropylamino )lantha-
num, and (ii) a molecular weight sufficient to possess a vola-
tility suitable for vapor deposition, and (b) one or more dif-
ferent organometallic precursor compounds; and wherein
said mixture is a liquid at 20° C,

10. The mixture of claim 9 wherein said one or more other
organometallic precursor compounds are selected from a
hafnium-containing, aluminum-containing, strontinm-con-
taining, barium-containing, or titanium-containing organo-
metallic precursor compound.



