ORGANOVETALLI C PRECURSOR COVPOUNDS Fi el d of the Invention [0001] This
invention relates to organonetal lic conmpounds, a process for
produci ng organonetal | i ¢ conpounds, and a method for prOducing a film
or coating fromorganonetal lic precursor conpounds. Background of the
I nvention [ 0002] The sem conductor industry is currently considering
the use of thin filnms of various netals for a variety of

applications. Many organonetal lic conplexes have been evaluated as
potential. precursors f&RGAROL ol - R COME 5. A need
exists in the industry for developlng neM/conpounds and for exploring
their potential as precursors for filmdepositions. The industry
novenent fron1ﬁhm$oﬁméhm@mgm deposition (PVD) to chem cal vapor

deposi tion ( om c |ayer. deposition esses, ue to
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filns, has | eagrddacidg dﬁgﬁﬁ@ﬁeﬁm cSibiiak SnB etk Pl ploficihg!h HIE or

sem conduct or materials. [0003]In the industry, conducting netals
such as copperC%at@gt?@ph@rgwtelbcmewsemmw n features on
substrates during the manufacture of integrated circuits. However,

copper can di ffuse |nto the structure of adjacent dielectric Iayers
1i ] yi eqptiphy of the devices being forned.

Di ffusion, ‘ nter a defects, suc e el amination,
may be prevent E@b%ly BB SRR TR e S Sty S L Befh
conbi nati on ofﬁlmstckfvaﬁaushhaansnr@kewayﬂe@goﬂapp@danahs by s gaippRedllid Ng the
conducting netal. The bather ﬁgx is deposited on tg%tunderl yi_ng
material and i SORIPERS havebeep eyalugied as npisnbpl RrRGHTsqss ©F en?%ﬁltoéroféhﬁé?

di ffusion and KR« eSnélaeRistah tﬁefiﬁ&ﬁsh?@‘ér RSEMB %nem%wm and for
mat eri al s and subsequently deposited erials. liner layer is

convent i onal | yexpdergdbeir pitentiahps precursaas fogfidwmidgpesitianse Theindasry t he
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ni obi um and the respecti
(CVD) and atomic layer deposition (ALD) processes, due to the increased

demand for higher uniformity and conformality in thin films, has lead to a
demand for suitable precursors for future semiconductor materials.

[0003] In the industry, conducting metals such as copper are being used to fill
sub-micron features on substrates during the manufacture of integrated circuits.
However, copper can diffuse into the structure of adjacent dielectric layers,
thereby compromising the integrity of the devices being formed. Diffusion, as
well as interlayer defects, such as layer delamination, may be prevented by
depositing a barrier layer, a liner layer, or a combination of both, on the
underlying material before depositing the conducting metal, The barrier layer is
deposited on the underlying material and is often a nitride of a-metal that prevents
interlayer diffusion and minimizes chemical reactions between undertying
materials and subsequently deposited materials. The liner layer is conventionally
composed of a metal that provides adhesion for the conducting metal layer.
[0004] Metals such as tungsten, tantalum, niobium, and the respective metal
nitrides are being considered for liner and barrier materials in copper applications.

See, for example, U.S. Patent Nos. 6,491,978 B1 and 6,379,748 Bl. Depending



nitrides are being considered for liner and barrier materials in
copper applications. See, for exanple, U S. Patent Nos. 6,491,978 Bl
and 6,379,748 Bl. Depending - 2 - on the application, a liner
adhesion | ayer and/or a diffusion barrier |layer may conprise a netal,
such as tungsten, tantalum or niobium a nmetal nitride |layer, such
as tungsten nitride, tantalumnitride, or niobiumnitride |ayer, a
metal and metal nitride stack, or other -dombi nations of diffusion
barrier materi ah e avplication mlinee tdesion layetad/aali FudiaViearbadayer may
traditionally deposited by PVD techni ques However, traditional. PVD
techni ques ar eCHBRHSRE Potak fuchgs WﬁStBﬁ"gV}tﬂPﬁgorc‘Bﬂl?lenﬁTne yitpdedavesn

the wall and bgichesnaidslAaR8dQ tanthlgh nRS8E of nfoBlunPnivd R Iafehh RétAEd
features. Therefore, as aspect ratios increase and device features

shrink, new pr&¢ta sitide siach, ereqibyicombmatienstod difthsipndegiay atggials. Metal

i nvestigated t i de. I res.
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t echni ques of HetweaberamalitietzbhP VDitedhndped ay aoiswelbsudiep dsiproniding henfbayadr s
by CVD techni ques to pr,ovi od confornal.. coverage. .of.substrate
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llayers in hi ghfea®pRCTheREdre, ds@gieof RiodMcrehR 2l 96@6d fhtued sBiink, new
organonetal lic precursors has gained interest in recent years due to

the devel opnenPregisett/and deprsitipn teshniqyps QrrbeinginKentigeted to pyfvide conformal

organonetal | i cc&gﬁggwﬁgsqumgif§ditl{}gs_a met al conponent and organic
conponent is introduced into a processing chanber and di ssociates to

deposit the nmel0805lconpenelsrredip aboyvelone propesedialtbmativeetodVga recknigenstof on
of the precurs i r. I few
commercially al\g}gtﬂ ﬁﬁg&g@gﬁg@%ﬁ} ?%%Bﬁ‘ggﬁ"g‘%?s"; 8’8?%@%&%& :E{ ion
of metal | ayermpvidaghodsorforngdt®rrage afisublstiat feundes)i Thai abilitp toadppsior s
by CVD techni ques. The ecursor s, that ar.e_ avail abl e. produc ayers
whi ch may have 06'?1058152’8?%5)?@#18? 1@”“@ aebrtal H?cé_r%’ﬁ?f}%a“é‘fs E-‘é on and
oxygen, and haggsobReisn bf@gmdﬁm t41BOpRcietsdrt Had QinddeateebAR¢6bent f¥¥ts due
thermal stability, and undesirable |ayer characteristics. Further, in

sone cases, t He BRdsvelopmeniRideVl despuidiee dn seehdephiques. feraganametallige
layers produc eprle&ﬁf&fr%ofﬂbﬁging lri AfLedi € F%‘%eégﬁ;’% ¢ Edhpdiht i§ ftfodnced

produce |l ayers that are instlative. er proposed
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chamber.

[0006] There are few commercially available organometallic precursors for
the deposition of metal layers, such as tungsten, tantalum, and niobiuvm precursors
by CVD techniques. The precursors that are available produce layers which may
have unacceptable levels of contaminants such as carbon and oxygen, and have
less than desirable diffusion resistance, low thermal stability, and undesirable

- layer characteristics. Further, in some cases, the available precursors used to

~ deposit metal nitride layers produce layers with high resistivity, and in some

- cases, produce layers that are insulative.
[0007] Another proposed alternative to PVD processes is ALD processes.
ALD technology is considered superior to PVD technology in depositing thin
films. However, the challenge for ALD technology is availability of suitable



- 3 - precursors. ALD deposition process involves a sequence of
steps. The steps include 1) adsorption of precursors on the surface
of substrate; 2) purging off excess precursor nolecules in gas phase;
3) introducing reactants to react with precursor on the substrate
surface; and 4) purging off excess reactant. [0008]For ALD
processes, the precursor should neet stringent requirenents. First,
the ALD precursors should be able to forma nonol ayer on the
substrate surf geeudishell. D #dpokitibn priysdsSorolics @ Reien€@st<per Phe epsunder
t he deposition,conditions. Second, the adsorbed precursqor shoul d be
stabl e enough EIE?"&Pé_S/é%P%PéﬁgPE?FESWéGBMF@? SRS SR ERESTE o
result in hi ghekdéﬁﬁrkétﬁsdr%i’cﬁé&les?mEisq)hakhg) AU ARG IRLRE1 Bact bom! d°
be reactive enough to interact wt react’ants to I'eave a pure phase
of the desirabP&ceaeream the suhstrata ufanef andet) purging ff exasksrepabymt.
tenperature. | As M e L | e
organonet al | i cﬂi&ggﬂcur SP‘(% éiﬁg?ylg??%&d{éggs |Cﬁsélﬁéﬂ8§ﬁ%g?m1ﬁ%ﬂe{F%&é%%ﬁg'as
t ungst en, t ant Rirsipthe 20 miccirsorsiprdd be sxi¢ ® fosn Anbnbbybrvmibie subsiht®
precursors that are avai,l abl.e .may have one or nore qof follow.n

di sadvant ages: S'[*°f § %%B?ghd?}%é?fpg?n%&\ﬁn&ﬁqﬁ’“ﬁﬁéﬂg erc#‘e %‘??85188 osi t ed

material, and &inditic@b S&joRethé RELFHRAHAICLRDr iHduldR stabldBnough to prevent
[ 0010] Therefore, there remains a need for develr%—;l)_l ng new conpounds
1

and for expl or PigaiRefiecoppoafion ap thesudo tarryulAiiigh gepiripleyelod bty m
depositi ons. - ThehsAbnb BURE Abull BARH: R bnéh R OGRS3 Al LRMOG

l'iner and/or barrier layers of netal or met erivative materials

f r om or ganonet kv apyse pbase of the desirable :@xexialroa te Srface hinelgtiedy ldwdeal |y,

the liner and/%;n Qxaaﬁfré er |ayers deposited are substantially free of

cont am nants, ave reduced | ayer resistivities, inproved interlayer

adhesi on, i npr®0eet di Afsusitto@VDe diesd A Gy cannderchilly avatiblehegamdinetallic

stability over those pr oduced w th. PVD processes. Sum'nara}/1 f th

| nventi on precursors for the deposition of metal layers, such as tungsten, tantalum, an
niobium precursors by ALD techniques. ALD precursors that are available may
have one or more of following disadvantages: 1) low vapor pressure, 2) wrong
phase of the deposited material, and 3) high carbon incorporation in the film.
[0010}) Therefore, there remains a need for developing new compounds and
for exploring their potential as CVD and ALD precursors for film depositions.
There also remains a need for a process for forming liner and/or barrier layers of
metal or metal derivative materials from organometallic precursors using CVD
and ALD techniques. Ideally, the liner and/or barrier layers deposited are
substantially free of contaminants, have reduced layer resistivities, improved
interlayer adhesion, improved diffusion resistance, and improved thermal stability

over those produced with PVD processes.

Summeary of the Invention

[0011] This invention relates in part to organometallic compounds represented by
the formula (L;),M(Ls).., wherein M is a Group 5 metal or a Group 6 metal, L; is
a substituted or unsubstituted anionic 6 electron donor ligand, L, is the same or

different and is (i) a substituted or unsubstituted anionic 2 electron donor ligand,



[0011] This invention relates in part to organonetallic conpounds
represented by the formula (LOyML2)z.y wherein Mis a Goup 5 netal
or a Goup 6 netal, L1 is a substituted or linsubstituted anionic 6
el ectron donor ligand, La is the sanme or different and is (i) a
substituted or unsubstituted anionic 2 electron donor ligand, - 4 -
(i1) a substituted or unsubstituted cationic 2 electron donor |igand,
or (iii) a substituted or unsubstituted Tfeutral 2 el ectron donor
ligand; y is afi)iasuegiitedbr dnsubsiithited tBiohiee? alédtendenaflighhd, andiiyber ei n
t he sum of the qxi.dation nunber of M%gegqthe electric char]gl%s of . Li
and L2 is equaf"tBuErd ofypiubsiiipd neptral 2ciqckren dendar figands wigyan Bieeergt 1.

tantal um (Ta), .t} ¥REEHIEACE VPV afld RAEATR thdbim oF BB 3T Mim¥ of M and

chromum (Cr), L1 is selected fromsubstituted or unsubstituted

ani Ionihc 6 gl ecthesiectisrmbnrges glacnddudheas! ok opisatladiénsalected from
oot at abanayl - s EOVE il B bl BubR AR (R, &btk s

unsubsti tut ed embmning (&),dlas selanteddbom substigaeits wmeudistimsedrapitmicd®eledtaino
and an al kyl group..havi ng.from.,1 t 2 car ho tons, (e.d.., th
thyl and § he' PICEJERE PR GYY Ppertacital STt IEyh o by
el ectron donor inhil RN spyearelyl asd BoralaBendyl, aBdY, is(sbletipd HURS{) subdtRete®br
unsubstituted neutral 2 electron donor |jigands such _as carbonyl

phosphi no, ani WSUbsHitkehyionia Rielasipn depar lighrds sechps hydrds. dalorgndiag pliahd
sonitrile. [OQLg) hMéﬁ‘bxﬂ‘ﬁ%ﬁQQﬁrb@é%ﬁJn{s gt ]?I%I!‘.ﬁr%g',l agﬁyltan& fhe like), (i)

organonetal I i ¢ conpounds represented by t

L1s/ 1" (L3) 44y" gubstjizted\onunsbstitivied catiania® elagird denpmligandsysush asnitrosyl, and
oxi dation statg.. . [ | S =Lt i.oni

el ectron donor G)Il)?sglgér}g&éﬂ g?@uﬁﬁ@&é%@&%?g glfeF ‘%‘l%;nr %O%% g%agld? gucglqls %%Snﬁ’
substi t ut ed orphosphits tanting, etkeaglt alkpiyd, Btridé @od raatodiodle) add igatidile.L4 i s
the sanme or diff t. and is supsti.tuted or unsuhstituted, neutral 2
cl'ect ron donor (0FHaHs AVEnich it Bt PR B i riRoaacs
substituted orrephsiHist iy Me Al plu\imag)xgquL?g RVHRRMOI’ t 1sGEHdiap B nhealan
integer of 0 or 2, z' is an integer of or 1, x is an integer equal
to z' - n + 1 ¥vEaEdaxidagn siate of Dgkelsadubitifead o unsepitutedemioniafd f i s
an i nteger equborlod dbhdy iFeaitd 4 i3 1t 2amPLPYiRM: LAL o bubshipfihegl ef than

or equal to O; and wherei'n thé sum e oxli dation nu r of M and
the el ectric chmnlmbignted cationicl23:lediren dohdy ligendduad the sarfle ofldiffersat dng is M'

is selected from.tungsten | yvbden r ¢chyomum (Cr), L1
5 sel ected fromutBERt Bwhdtyrd Bt e AP b e Pl LR et
donor d! i ga:’lds (ﬁﬁ'eﬂeFfaelﬁlddyEthjsﬁm}teﬁfﬁr@mydhstiml}ﬁd:@hﬁi&&%ﬁiém?onor lliganﬁ; nis
ent adi enyl , r.ro . M_dazo : razo and_ bor at abenzyl , is
gel ected %‘/romIO B@E%/rtqftoé’ﬂzog’-lﬁﬁg%%agﬁﬁé%xé‘df A Hitegeneqa E’t—%ﬁrﬂ‘ﬁgnor
ligands such agoiiiéd Bays is gechtdrShaRireghfido b RS wbmtihlepé@Qualito 7n/2 + 2x
unsubstituted neutral 2 el'ectron donor |igands such as carbonyls,
phosphi nes, ant f@grovdadrthatas is grpaferdhieorcaqualin @; asl whereja thequaofthom -

5 - substituted;nk: sl i QN & 0 | 4
such as hydri S%l%lgﬁgﬁfgﬁ%ldaﬁlma%ﬂg ge?%%s e?ﬁgﬁlr ?’ 8’%9‘%9({ & ff%ﬁ@%?%g-n
atoms (e.g., riBplioally, Mt Hykeleatetl frbra thigeteh (WD 2Bpddnum (Vie)eot ¢hoomium
further rel ates,.j ar organomet al | i c conpounds represented by
the formul a (L@?*/?E%)SFEE{ ?oﬁﬁﬂﬁéﬁl#e%loﬁl En%‘%@[%‘ﬁg a%mﬂ’@t%gfileciﬁ”néb@roup 6
netal, L1 is dighisdnch ¢ efldpentdazifistycldhcpddiefylOpintadfenst, pgtrbne donor
ligand, L6 is the sapne or different and is (i) a_ substituted or
unsubst i t ut ed 1BRFagRIYE pyrazolyl and boratabenzyl, 13 is selected from substituted or
unsubstituted cationic 2 electron donor ligands such as nitrosyl, L, is selected

from substituted or unsubstituted neutral 2 electron donor ligands such as

carbonyls, phosphines, amines, nifriles, and alkenes, and Ls is selected from



2 electron donor ligand, or (ii) a substituted or unsubstituted
cationic 2 electron donor ligand; x' is an integer of fromO to 3, y
is an integer of 1, and z is the valence of M and wherein the sum of
t he oxi dation nunmber of Mand the electric charges of LI, L6 and CO
groups is equal to 0. Typically, Mis selected fromtungsten (W,
tantal um (Ta), nolybdenum (M), niobium (Nb), vanadium (V) or
chromium (Cr), L1 is selected fromsubstituted or unsubstituted

ani oni ¢ 6 el ectulhitdahwnnbibgtmetd anionic heeayn dopentigdiesuygh as hydrido, halo
cycl ohept adi enyl tadi enyl ,. rro]yl,. imdazoly], pyrazolyl and
bor at abenzyl , éﬂ%a'f%[zYlng%‘ﬁ’FﬁéYlagﬁP%M"(]i%C Y 31, ettiyl and the
unsubstituted agepnic 2 electron donor |igands such ‘as hydrido, halo-
and an al kyl group. having from1 to 12 carbon atonms (e.g., nethyl,
ethyl and the W%E}, s 1pyention fgher relateingart o eigorarneteliie gowpeundsi ¢ 2
el ectron donor .4 it £0014] Thi s | '

further rel at eg p?%@%g‘????%q%@é%g&é@gﬁq)’b&égﬁﬁ%}% 5" %\’g%g@gﬁﬁgé&%@l of
the fornula L1MGrayn Gingtahfieied subMituied ca ufubsijtufed meibaic,6 dldctions danor
substituted or,. upstituted aniponi ¢ 6.electrpn. donor ligand,.L4 i.s a
Substi t ut ed or HERBESH AR <R difient a5 B B Bk S v iiBitied atenis s
is the same or2aletfr@r éstior Hgahd] 6r (@) 8 sltsstitied @dmIbstiftddstibnit 2 @Bctron
anionic 2 el echron .donor_|igand; and wherein the sum of the oxjdation

, ) .the (
number of M ahtf¥ ligangk Xeif ap dnteges phEemdk toy3 y 1§ 9 igtrgenof 1 andugyisdhe t o 0.
Typically, M {fesgloght:Qdd Wherdid B0 t@&h Wi tHe baldatifh AR NP IndRE electric

vanadi um (V), 1-1 is selected fromsubstituted or unsubstituted
ani oni c 6 el ecthasrs @bkod-slang Rbgroupsdh equal to/@ | ByrdenlladMdnyelected from

cycl ohept adi enyl, j ?zﬁ'%! VI i W r .

bor at abenzyl, Li FSt%@E?@ct e q@bﬁrﬁo%ééuﬁ mdg@ﬁ%?“ }{’{%gﬁ%’s I {j}%ﬂélaﬁn %r
neutral 2 el ect¢iromivdo((d), I,iigeheteddinrh sutstittedoaupbubstiphd spluiniteG electron
amnes, nitriles nd .al kenes, .and. L5 is selected from substitut or
unsubsti t ut ed gqﬂoéﬁgangﬁls%c 98 CHClpR A Wﬁﬁﬁﬁ%ep}%%b?ﬁ{ﬂge@@gﬁ“y P YITOLYS,
hydri do, hal o afidazelyl,alykadolyy ﬁﬁmﬁt&aﬂﬁﬂéﬂzgg ahd DiNs %gelﬁ:@teclﬁ-pﬁxfﬁ)tkﬁﬂstﬁﬁt@&fﬁr
(e.g., nethyl, ethyl and the_ like). [0015] This invention also rel ates

in part to org4iy £q aionde Aslsgiers donog heads suedhps iy drige bplerardag atkyl
LI M L3(L4) 2 whebgh Raho F (e oL L ' .
unsubsti t ut ed %ﬁi%ni c b %cht?rlglr‘%&ggﬁg?hﬁ(a'g'r’lérfeﬂé%aﬁ@”g&&sg%g%l ’Sft?&egl)or
unsubsti t ut ed t&stteied er posubsituiedpatipoivc? elb¢typantdponligindsistich as higrosgme or
different and j su Is ubstituted . .neutral 2 .electro
onor 11 gand: U018, o B iiidhEsh 8 rapRe ROk B D e pe G e ST O
thF el egt][i c cﬂaanegmiswdiythé forinﬂladgM’Lél(Us)S ve@ bl M’@ngrdﬁpEﬂ ©edal, ¥, i is
sel ecte rom t ant m(Ta) .. niobi.um (Nb) and vanadi , Ll

sel ect ed fromsélﬁg}‘gﬁe#ﬁlf '&H%%?I“EB @B?PF%L?E%HO%H?%#’@E“@?Q‘é*\cgs_r‘@ﬁ“tﬂt’ia(‘?f‘
li gands such amsetib@getuadi Paydtron@oabOReRH AHIGNYS the RANE BAHERMt and
pyrrolyl, imdazoly razol yl. and borat abenzyl, L3 is selected from

. : bor > .
substituted or® aﬁghfaéfgd[yqnwb@aww@ 2rleetrongiongbhigand) sngawiepseis fesh
as nitrosyls, bt bdfdhGhhie: SATLMIRS bchitotHlats 1S UPSLId g
neutral 2 el ectron donor |igands such as carbonyls,” phosp f nes,
am nes, nitrilesyal tafd Tapicalhed’ i 664@¢drfrom tanialemt (To); nfobitoh Xb)aalat es
in part to or i+C :CO S _repr.esent ed L he formu
(LA yM NG e L IRTERZVIE £ RN G RN it gl flogron
netal, Li is alonoibligahissvet] apeydldjtiagichilytRdotrpia@ithel, fer@dB& iy, PIrdBMOr
ligand, L7 is .the sa or different and is, (i) a substjtuted or
unsubst i t ut ed BEFBAY pgrag?lgLqudwrﬁWyl} Lyigsefectsd from; spbgtitated et i ¢ ut ed

or unsubsti t ut@guHagtitditleuRal® Q&R MoAGNMankid SRR catbod bRingger of
fromO0 to 2, yis an i ntelelger of 1, gnq ;?éalns t he ?/%%e_%gg’g?ogﬁpﬁlaﬁd

wherei n the s@iags, piffdey ridialkenss, andibds sabéctad faord sebstitgédeqrtunisabstibvedg e s
of Li, L7 and NO groups is equal to 0. Typically, Mis selected from

Yt



- 7 - [0017] This invention yet further relates in part to

organonetal i ¢ conpounds represented by the fornula LIM(L3)2L5
wherein M is a Goup 5 netal, L1 is a substituted or unsubstituted
anionic 6 electron donor ligand, L3 is the sane or different and is a
substituted or unsubstituted cationic 2 electron donor |igand, and L5
is a substituted or unsubstituted anionic 2 el ectron donor |igand;
and wherein the sum of the oxidation nuMfer of M and the electric
charges of L1, ahidniikelédtroh Jo@it Bizhnds@ubh asTlg@}iﬁ@JHalb anlflaniaBcy$ 8lo8pd B¥ing
fromtantal um gé'a) ni obi umang) and vanadium (V), L1 is selected
from subst i t ut @%b} tulRcrRon stareslg-sanethylcetbyland dherlikg). donor | i gands
such as cycl op i enpilq ] i i 1., yl,

T dagol y1 . pyralyi e o ARE A Yot @Stk A coR bR
substituted or rapresanisd by thedormuaa Loviile(12)chlerein 0 isefooud 3 gerid suxh

as nitrosyls, . | S..sel ect fromsubstituted. or . ynsubsti tuted
anionic 2 el ec?'p) gtﬁ geéfnoorru nfqbatgﬁgfg RSV G;éiecﬁv&lﬂ:éa%&%@,gdg%as@ﬁ{itgfegyr
groups havi ng fusmbstituted cdtbniad dediroatddnbr {@nd, and TR Wik sarkd bydiffalst dnbe
i ke) [0018] This.i nvegti onugl S0 iel ates in part to organonetallic

conpounds r epr SAHPEHUIS] Of W geyiieh3 gioption denor e cand wheran the

Group 5 netal Qim af He@BaborBinMer of ¥ Iafid IRQISBEhRFedlbf L LI SMd BN 'S
a substituted or unsubstituted neutral 2 el ectron donor ]llagand, L8 is

a substituted el x&dlwpieHs M aalgcted fom tantajum g miadfium Nbyandz i s
h | f y i . i .1 J
the val ence o VMad% ,Sﬁég'sﬁzétgtﬁg&ﬁgh@mﬁt&?o sg@sgwghy&mﬁs 5@%\4 .

and the electric cl I's equa prca

sel ect ed fr om danogdigansEih astcaelbpdniatidnlh eycloidpyddtbaml) petdiynylm vololylm
(Nb), vanadi um,(. r. chrom.u o L4 is.selected from suhstituted
o T st t ut e ST AEL brhberi s i ekt om R B ony |
phosphi no, am wanbsaithied tationical datph dofértidahs 41€h Bs nitra§8d, and Lf isl ) and
isonitrile, and L8 is selected fromsubstituted chel ated dj ene

|i gands such a%ele&mf?% Sstiiuisgas gnaubgitu{edinepeal dlestpn dongriigands such as
substituted 1, 3nBotAOPRALRAES Bhines Hiffilds, fitdnkyit €d _

1, 5-cycl ohept adi egjyl , and al kyl substituted 1,6-cyclooctadienyl.
[0019] This i nlf8kék on Thisrintration Birtherrslates ip part ta erganonzatalie carhpdunds
conpounds repr r WM (L4) 4., wherei.n M 1S

G oup 6 netal I%E%Q%ngéht ethé gﬁe‘?ﬁ‘gﬁr&@%@mﬂ éfﬁ'd) fwg ergmslgqﬁ% ﬁr% Ije‘?zl%c‘?trEll
unsubsti t ut ed sreuGroab 62nahlelt is asubkiinged bt wanlskiinaaDaridhic 6 ekRctron donor

substituted chel a di.ene |i : and, wherein the sumaf the -8,

oxi dat i on nunbEAS L et e bcisf kS OR astmatilfa o Wpsdhstalg aricni

equal to 0. Typeleetdnydondd ligaad Sl(REd afbshitufi dr URGBESGIel WhutrdI0l cyddeRum

(M), or chro um}(iCr), L4 is selected fromsubstituted or

unsubst i t ut ed 480t eandpXefsagipisaerad fom P fghiyds 21 titegenst bardaiyths,

phosphMes, amngsce 8 ke Qﬂwh@rlallﬁ%ﬂ@%tr? Bf the 'okﬁﬁtiérﬁmgnl%fr @ﬁf&f Y tgé glle&hc
d chel ate

and isonitriles, and Lg is selected fromsubstitute a I ene
| i gands such ahaegek 9f Ls dpand NOtgroups, isteanat todh ékapitiaipdyl isbdlgdted from

18 ycl onept A CERERRG PR mB IR AT 65 v, veardinm v or
[ 0020] Thi s i nwhndrhiom @y d, isdehtrd fiom fhstituted od igabeieicdlahiodic 6 electron
precursors

donor ligands such as cyclopentadienyl, cycloheptadienyl, pentadienyl, pyrrolyl,
imidazolyl, pyrazolyl and boratabenzyl, and 17 is selected from (i) substituted or
unsubstituted anionic 2 electron donor ligands such as hydrido, halo and an alkyl
group having from 1 to 12 carbon atoms (e.g., methyl, ethyl and the like), and (ii)
substituted or unsubstituted neutral 2 electron donor ligands such as carbonyl,

phosphino, amino, alkenyl, alkynyl, nitrile (e.g., acetonitrile) and isonitrile.



represented by the fornul ae above. [0021] This invention further
relates in part to a process for producing the conpounds represented
by the fornul ae above, for exanple, a conpound having the fornula
(L1)yML2)z y wherein Mis a Goup 5 netal or a Goup 6 netal, L1 is
a substituted or unsubstituted anionic 6 electron donor ligand, L2 is
the sane or different and is (i) a substituted or unsubstituted
anionic 2 electron donor ligand, (ii) a sUbstituted or unsubstituted
cationic 2 el ef@0iGh ddrids inveigndet fakthér reiajes dn patb®torganbe@tallic compounds

unsubstituted neutral | ectrqn_daonor. ligand; y is an integer of 1,

and 71 1 he vEPETERes Py e R A e NS B0 et 1 o

nunber of M angydshfitdd GGhEiyRHGERAMARR ?lbﬁroﬁi%n&zliéaﬁd,ﬁ%}‘i@ﬁlgtsﬁng or
salt” and a

whi ch process conprises reacting a netal halide, a ;
reduci ng agent differang andisaguhdisuted orudsphssitutedbtafionic 2atettran derordigand, ianh

conditions suffigi r k nt-er. i I, J . ial,
and reacting sféf % a%%%)séﬁrtgrrtggf)g%ﬁgségﬁgf (I& %Eﬁgllri%a (%?el%gﬁn %gﬁﬁlggglaég@ ﬁ%%rgfﬁ al
i n the presencthesimafserondatmonumber i’ amidbe eleasic thaypesadig) T aadd s is

sufficient to produc ai.d.c ound. 022] Thi s iJvent.i.on t further
relates in par Fq'{a'g%a&n@fpﬁ%yf ; IWE?HWESWQ" ']ﬁ‘“ﬁﬂhr‘?r%ﬂ\e{’dﬁ?ki‘?@ (ﬁg) leS]V\der
by deconposi ngvaadehrganonpisatietted fORGUbSRIted SAIRURNHAREDREEE biekectron
precur sor reprgseniigd y the fornul ag above, for_exanple

or ganonet al | i c4PCE suehsasicyglopedadigymeyeloheriadianyl. pyn aéiel?mnemiwlm

is a Goup 5 atighzoByl, ﬁo%%@b&%ﬁ@gnzy};i3 Hésgﬁecﬁa\éll}fogﬁ %Lﬁgﬁqteﬁror

unsubstituted anioni'c 6 el €ctron donor "I'i gan e sane or

di fferent and wnsupstifutad sativsid 2 eleaitpnaionemiésabds suchaenitasylanind L2is

el ectron donor_J}i i) ' [ i tuted.catjionic. 2
- 9 - electr onseg%g%%nll é%ﬂﬁ%}fu%egf&?’?%ﬁs%%guﬁoﬁc%%Jlg oélrd%ﬂﬁrglﬂ%ag?? ﬁlﬁbéﬁl
neutral 2 el echydoidodori®and argdkg ;groupk Savng oineer1 2afarbibn atomtk (2.g.,Sndthyd,
val ence of M ‘%ﬁq \Ng%%eli.n t he sum of the oxidation nunber of M and
the electric cHAPGBS 3™ and L2 is equal to 0, thereby producing

said film coafo0ng] This RVeERIN alfdH@Rsk Thbat iovtesHonRMIA &ngoRhdd €S i n
part to a nethod for processing a _substrate’in a processing chanber,
sai d method coipresett be@eiwwgﬁﬁhlywlzdm whesaindvias aGrqup ypelelersor
into said procggsbRnERRTRE %@or@ﬁ@@r@&%ﬁ?&lihﬁstﬂﬁﬁﬁﬁ ﬁﬂsrubst'ttlted
represented by the fornul ae above, for exanple, an organonet alTic
precur sor havinegtreheelegrandoaoy ighngdM 4 i8 p sulistiiet dictatdd disnedigandypis Bn

netal or a G t L1, is.a substituted or,unsubst,itut

anionic 6 el egﬂf& % dﬁh%lrldﬂsé%%ﬁlm}ff O?g’taﬁ WZ“SW t(}}F S%ﬂ“fof eOFHCEI Ad is
(i) a substi t utuetbeonf Mhaidlthé electtie dhaxges@Tile ard B Badqtdlno dOMgpichllygand,
(i1) a substituted.qr unsubstituted catjonic el ectron donor 1j gand,
or i1y a subleriea i BRedrs b Eriarad Ao Fobcais (Sh manes RS
ligand; y is apankdt@q®) oPEhrdmidReCH, 1.Ss bd16ctaPh 60 &b Ptutdd orddut¥aRIi&d N
t he sum of the oxidation nunber of Mand the electric charges of L1

and L2 is equdieuird Deleqiiomdonenligands sish @s subenylathesphing aminppetkamyly e of
chou, 100C, L, g4, 0 ol Simatial g dckonigre o
| ayer on sai d ssbdigutedtrhelated diene ligands such as alkyl substituted 1,4-cyclohexadienyl,
alkyl substituted 1,3-cyclopentadienyl, alkyl substituted 1,5-cycloheptadienyl, and
alkyl substituted 1,6-cyclooctadienyl.
[0019] This invention further relates in part to organometallic compounds
represented by the formula (Lg)M’*(L4)s wherein M is a Group 6 metal, Ly is the
same or different and is a substituted or unsubstituted neutral 2 electron donor

ligand, and Lg is a substituted chelated diene ligand; and wherein the sum of the



100241This invention further relates in part to a nmethod for formng
a netal material on a substrate froman organonetal lic precursor,
sai d nethod conprising vaporizing said organonetal lic precursor to
forma vapor, and contacting the vapor with the substrate to form
said netal material thereon, wherein the organonetallic precursor is
represented by the fornul ae above, for exanple, an organonetallic
precursor represented by the formul a (LQ/SN(LZ),_y wherein Mis a

G oup 5 netal oxidatio@*rmmbeﬁofo’adnd thalelécﬂriaclﬁaumbfLumﬁﬁLgs equal toO

unsubstituted .0 el ectr onor |igand

di ff er ent and qugy ypsﬁﬁg tFE?'QH" Wgﬁﬁﬁ?s(&@ ytfff?i h\q&n%c Ommm

el ectron donor (d‘rD gﬁ@tﬂselt{ddd)fr(ﬂn Swag it dadreesubctitdRtd wosidl iR ok abhgni ¢ 2
el ectron donor_liga iii) a substituted or unsubstituted

neutral 2 el ectlgaélﬁsauh@ﬁ cppgay Phosphineg,pmipgseqflepnegfalkiynesy, miriles (824 he

Uhe oloctric charpaaepnpbdfysyIhLs haene) oy B e g i

i nvention yet Nganthechrehbybsibstituiserid-cyoldhexalidnodalky] shlatititedat,Bng a

: | ect . t od 7 Y
an' or ganomet al P TEESET 515 Huulc R et AT o LB dlued 40
exanpl e, an Or@&mmﬂﬁhél c precursor having the formula (L)yML")

wherein Mis metal or a Gooup, 6 netal, L is_a substituted
or unsubstitu?@ﬁi ni ofttvémtegaﬁlaalswelttsstlr?éﬂé%ﬂ@amm%tﬂl?eteemsorand i s

hydrogen or a @g@ggﬂtg@gﬁqe%nﬂﬁ%%gétut ed hydrocarbon or
heteroatomcontaining ligand, y is an integer of 1, and z is the

val ence of M [082¥or mThlsm@@Flon Amihetyeladestin nert thod provesp & prpdusing the
substrate to Jﬁﬁ%

t hereafter [ g%ldﬁ%e Eé%lte éfégﬁl\g\?ﬂt&ﬁb&?ﬁ)ﬁ%r&%ﬁ ?%‘?&‘E@t‘ﬁ%gﬁ
with a ferr oeI thc farinwla (Eﬁn)gM(Li)m whGia6|l iShErdup\Semttilor aamwup 6westal| L, is

enerating or GUBIETRE Ff B aBtnangrEAReseE Sorn b 3205 dime O

chem cal strucdifferest dds dhy sitsetutgdr@p@sibsesited hloffe Deb@foatddof i@pit he
organonetal lic orrpoul{nq%l%iorecursors can bhe deposited wth a short

i ncubation ti rid) 28 nwsawwﬁatl%cﬁﬁwrt%éowgamt @2 c

compound pr ecu,s@iste€ ¥Pidiubstdoed néi'ﬁ%?ﬁ @R@é&l ddrdP ﬁ% 9 ‘isea{rﬁhfegg' of 1,
enbodi rent of this invention is that the organone precdarsor

conpounds may #9€ Zif theivaleaee tpfizl\zimde\rmmatﬂmselm ofithg gnéatmrtmmheoﬁ%M and

l'iquids may bey, r f .S

pr acess | nt eqray VAL LRI, 30 oS by 8RR B AR
t he or ganonet ahétaldhapidgausal and a oéduting agem wethe ipessercanf @ fistisolvednmideal
conbi nati on of ther stahi.lit vapor pr.essur.e, reactivi t ith
the T ntended STHELPATIER SpaR Ui EREE & BPI i gF Cary e oppion matbrdl
organonet al | i anpreRHHS i indérnietiate reftiRA nAdtial Vth AQakd MBledalex i t
liquid state at delivery tenperature, and/or tailored |igand spheres

that can | ead K&epraf@rsesend olvgnt apdwinder rerctive serlibenssullicient fograduce| |
of the organongfsalohineumd ecursors of this invention avoid the use of
hal i de based | |6gands Det ai | ed Description of the Invention

This invention yet further relates in part to a method for producing a

film, coating or powder by decomposing an organometallic precursor, said
organometallic precursor represented by the formulae above, for example, an
organomietallic precursor having the formula (L;),M(L;),., wherein M is a Group
5 metal or a Group 6 metal, L, is a substituted or unsubstituted anionic 6 electron
donor ligand, L, is the same or different and is (1) a substituted or unsubstituted

anionic 2 electron donor ligand, (ii) a substituted or unsubstituted cationic 2



[ 0029] As i ndicated above, this invention relates to organonetallic
precur sor conpounds capable of form ng netal -based materials, e.g., a
nmetal and nmetal - 11 - carbide/nitride such as tungsten, tungsten
nitride, tungsten carbide, or tungsten carbonitride, on a substrate
by techni ques such as CVD and ALD. The substrate can preferably be

m croel ectronic device structures for applications such as copper
metal | i zati on of sem conductor device sttlctures. [0030] The
organonetal lic e;tmﬁmudi@mr ligadporiiths ibstitiied of MsRBItINGB] takfalll eletfon t he
formati on of tal -based material |aye .g., tungsten, tungsten
nitride, tungs elFPf&‘e% > 1S anintaggneksh, éﬂdééﬁtﬁwlﬁrﬁe g’BéPﬂ&hc’feHy‘é‘F sum
incl'ude those QPﬂ%@Mﬂﬁﬁoﬂ RRRRS PLshd e El@&nf:@ﬁz{’fgésacﬁ L‘?QQ{Y Eﬁs efbal to 0,
exanpl e, an organonetal lic precursor having the fornula 13, ML2)z_y
wherein Mis a%r@rqhymr@iuﬁ@ggmdd}hnac@h@.pr@mm e.g., tungsten (W,
t ant al um(Ta), bd A

chrom um (Cr), ([ﬂ%brs zﬁﬁ(’s%%ﬂtae 9951%& spu%t? i tn%f%gf 1(8?1/%581%

el ectron donor sthtisgamm a proges,smgphhmbﬁnmwmemyﬂ pomynéa@ﬁpmadﬂm;g an

t adi enyl | b b L2
Phe. Sane b o PGP B0 o Bl ERhle P REe PR
anionic 2 el eCpfeGLﬁrs&i(}Blﬂ'EseJnte@&ﬁdh§ﬂﬁﬂuﬁ§ abwér forl @xarhipib, ndnshudhetilliey |

group having from1 to 12 carbon atQq met hy I” ethyl and the

like), (ii) a E{%@ﬁ?ftw@a ﬂb?rfoaﬁgletﬁ%t)vM(kzbd v@&r%M@ afGrapp 8 meH ogadnor
l'igand such asGupredsdtal, LPYs a(s!ubbt)tué SHBRbublt ﬁt@@r.ﬂBmU %‘ﬂ%ﬁ%ﬁhb’ﬁcﬁd
neutral 2 electron donor [igand suc as car ony I no, am no,
al kenyl , al kynllgandnhlﬁﬂieesa(ne Ogdlffea@étamhmt(r)mlse))stamd o:smsubstlmted anjorie
an integer of | f erei.n t mof

t he oxi dation %u er 0 %ﬁg Q‘ﬁ % ??%%%glgsél\é\%e({?mﬁmc CEI o
equal to O. Fodowxhgzpideoraua)mbstileteh)odnmbmmued aeLSMbStelebmbxedbrmr I1gand,

unsubsti t ut ed h drocar bo heI SPFE gg and. t 031] In
an embodi nent, § CBPE(;wa VarFincie g 8UiEs of
this inventi onoxlaaidadﬁnibaeoffrqlah@mermecuﬁd dhabdek Bf LHRISLEE 4l 100, (1) a
(+2) oxidation nunber is a substituted or unsubstituted anionic 6

el ectron donorbeafipgsd Wklsﬁatﬁtf( a tempsyadiare of abgut ¢ AHEJe abard00°L, padyai | s
bstituted h
a substituted @t ungHPshd B%taﬁxﬂnégﬂlg f&u&oﬁﬁhr e%l%%élg? ?g% %Jgh&gﬁg t@‘%{g a

(-1) electrical charge, |n| n S ar
sanme or di ffer@&PpSlammemﬂbymaaismmtctut ed or unsubstituted neutral

2 el ectron don i ga \Alltha aiele rical gr '.gii)Mis
Cungsten (W witPR °Caftsdlesfs BRR R T Bit o el Ertpimby oo
unsubsti t ut ed mamenailotn asubitentd from a@l@ﬂgwloinlegﬂﬂﬂbrvmﬁré’br aldhdthed et st
charge, one L2 ligand i.s a substftut ed fz
vaporizing said organometallic precursor to form a vapor, and contacting the
vapor with the substrate to form said metal material thereon, wherein the
organometallic precursor is represented by the formulae above, for example, an
organometallic precursor represented by the formula (L1)yM(L3),, wherein M is a
Group 5 metal or a Group 6 metal, L; is a substituted or unsubstituted anionic 6
electron donor ligand, L; is the same or different and is (i) a substituted or
unsubstituted anionic 2 electron donor ligand, (ii) a substituted or unsubstituted
cationic 2 electron donor ligand, or (iii) 2 substituted or unsubstituted neutral 2
electron donor ligand; y is an integer of 1, and z is the valence of M; and wherein

the sum of the oxidation number of M and the electric charges of L; and L is

equal to 0.



or unsubstituted cationic 2 electron donor ligand with a (+1)

el ectrical charge, and the remaining two La |igands are the sane or
different and are each a substituted or unsubstituted neutral 2

el ectron donor ligand with a zero (0) electrical charge; and (iii) M
is tungsten (W with a (0) oxidation nunber, L1 is a substituted or
unsubstituted anionic 6 el ectron donor Iigand with a (-1) electrical
charge, one L2 ligand is a substituted oflonsubstituted anionic 2

el ectron donor [0G2ghf@biswnvehtian Yet fjrthel edited inaharteh angeodat dabidosting a
remaining two L2 ligands are the sane.or different and are each a
substituted or nﬂ'ﬁrgﬁlg "l“f‘ifﬁa&feég??t‘éﬁi %alcgmsﬁ?’@séﬁ?fanﬂﬁ%ﬁpw@&ﬁa with a

(+1) el ectri cabrg@han@glic pRcuRbs replesdi&i I%hﬂ& CrRuGRRRHRL BlricgakpEPRUNS,
the sum of the oxidation nunber of Mand the electric charges of L1
and 14 i s equaPrgaBometallic gregursen havingdhe Srmnia (BdyME oy whereidY! ie o MAsowm's
of this inventipp f ; " f 7 : izal:
Cayers, o9, TomsSr oAbl ib RrRhRl @ vodRE A AR B oRl e

t ungst en car bothetspind er diffierenband iafpdrogen orcd sutigittthd seunsobgtituiedls havi ng

the formula L1M (L3 L4 Ls)z erein. M.is a (xou met al. havi ng

an oxi dation s (%I!gc%go(nno,r &frqagongcgé}%qgtq{ﬁﬁ% 3¢ %HE??SE?&’&P@H‘S&HFOM c

6 el ectron donotledde@fM] to fodmizsvabbe as abMadiingdhitivapawitledshbs@ata to deposit
onic 2 electron donor, ligand, L4 is

substituted or unsagbsti.t ut e cerlltsth i

the sane or di &t 'ﬁ?nt%.‘ﬁﬁlgifﬂ-md) psthstrefecaddherepienmstallizngede sehpta 2
el ectron donor with @agifér ot itdefatih R WA fefoe bt MigHmand is a _
substituted or unsubstituted anionic 2 electron donor ligand; n is an
i nteger of 0 of0026] The invensian hing ssyenel atvantaggs. For sxample thd methgdef thgual

toz' - n+1 i : IS . is-
ot eger equi sy Forefu Bl SELm LI BlpBiirededis pld
or equal to O;vared chémicel srutthees sudpbysidahgropatiicat Fibms genetaerd fofm Me and

the electric charges. of Li, L3, Land L5 i ual fo.0. Typicall. M
el cot ed t r A TeRle Frumgpn g amtanbe et Ptk srbiveReE 11
i s selected frimesmbshd fildis@idpaited REHEE biddh@Betallic @Bin orrdgIresikdon
donor ligands s 33 as .cycl gpent adi enyl, cycl ohept adi enyl

pent adi enyl , p?#‘r‘ i 8904 sePaSSs! yI . pyrazol yl and borat abenzyl, L3 is
sel ected from pebAti t utgdreRtd UABsEREAL HRY 1RRMGGR N fraf 1] REHbRRtARNOT
| i gands such afsn %\?]trosyllﬂ, Td T's sel ected ??om s‘gﬁistﬂlltute g%lr _ ¢
unsubst i t at ed FEERI$Iicompeinds may e dignishat réqgatedpertuh. Essopz ditwatjins,
phosphi nes, am ven AU T . es,_and L5 is selected from
B lbat tuted or il dinelEiea 808 sBUATRGR o BYS ol BB R BEREE-SLcn as
hydri do, hal o iategraéinn abikpdetige.oups having - 13 - from1l to 12 carbon

atons (e.g., I I t he..like). For exanpl.e, L3, L4_ and L5,
25 appr opr ] at o8 Fop SV enEER abPtcsiOR G Crenel BT CLRE
hydr ocar bon 0 rinti&iieoh oad &MiEOM ided) |cBﬂLb1ﬂaﬂ@ﬂéit_T th&908 %ﬁllﬂ@ krapor pressure,
organonetal lic precursor _conpounds of this invention useful for the

.conp > Ul
formation of rdfarachxiseyithihedpicried spatrates far spmicanduefer amplicttinggs T
nitride, tungsdreshopidi Réord t: : § ol / ,
i ncl ude those cr%rrgounds&ﬁg(\:/i noé {t’ﬂ%ﬁf]‘g&#ﬁ?{épﬁ#eﬁg ?ﬁ x%ﬁ%“‘%&%&
wherein Mis aletiveryerBpenattig) arsordail@redipgdidsphents thatican dead te biteeri t ut ed
or unsubstitut [, QA . el ectraon, donor i d,._ L6 i .he sane o
di fferent and rlg%tl?lﬂ 3@&%8%;&) p&ulj:%%&u%sr RIS %ls(%??%?%ﬁm%?%%h? greguisors o
el ectron donorthisigrention sroid ihe ns@oShubde bidet tidarils. unsubsti t ut ed
cationic 2 electron donor ligand; x' is an integer of fromO to 3, y
is an integer of 1, and z is the valence of M and wherein the sum of
t he oxidati on mytRADREMoaRE i Bv&lipat ri ¢ charges of LI, L6 and CO
groups is equal to 0. Typica ) I's selected fromtungsten (W,
tantal um ( Ta) ,[0%8] y bdémindicated pbove, 8ts imventidm)relatea frackizamnienilio precursor
chrom um (Cr) wohﬂ;oh?ds%%a%?et &%oﬁﬁiggﬁe?ﬁ%ralséd%zﬁgriﬁg, eygr.],saurplfs:t%f gn'ﬁtn?&al



- 14 - vanadium (V), L1 is selected fromsubstituted or unsubstituted
anionic 6 electron donor |igands such as cycl opentadi enyl,

cycl ohept adi enyl , pentadi enyl, pyrrolyl, imdazolyl, pyrazolyl and
borat abenzyl, 1.4 is selected fromsubstituted or unsubstituted
neutral 2 el ectron donor |igands such as carbonyls, phosphines,
amnes, nitriles, and al kenes, and L5 is selected from substituted or
unsubstituted anionic 2 electron donor Fildands such as hydrido, halo
and an al kyl gradjpd/miedde egchfas wﬁgﬁeﬁ QuAghtenalifpids, tafgten cadidp, or ﬂﬁﬁgéﬁéﬁ

et hyl and the Ié% % (ggr ex L4 and L5, as_appraopriate % be
hydrogen or a $i98 it ?fE hﬁéﬁcp’f“ﬂﬁeéoﬁuﬁ@/éﬁgg r@mldy. The substrate

het er'oat om cont.ai PlefGatiy t g@fﬂﬁjcro e[l&ﬁ%éﬂc%bfeé SR AABORR LA chﬁozﬁ rsﬁ&ijiss or

conmpounds of this invention useful for the formation of netal-based
mat eri al | ayer §oprer gietallizghe olagmicopdepteradevive sirbateres.t ungst en car bi de,

or tungsten car tri r in h n

havi ng t he for 2] LI I\ﬁ%f?%%? %e%@ﬁ’g‘ig‘%“ﬁw Cgmggﬁé ofhi Séﬁ%ql?&;il Q%il for
substituted ortheri‘snhmiontotﬁhmthlaauedmmerﬁd myemegnhﬂgﬂerr tﬁnggtaﬁdxmﬂéi |s a
substituted or _ unsubstj Iut egmr cati on Iectr n dono gand, and.L4
is the sane or “HEPFFRFE ﬁdeacﬁ g§teﬁc Ye{ﬁng!ﬁ Fl'toﬁ‘f gnpounds

neutral 2 el ectdposiestondy tHeifGdmidae a%Bde \meéx@mmet &eo@%r@étamaﬁre@%ﬂs&at Ion

nunber of M and . the electric charges of Li, L3 and L4 is ual to O.

Typically, M F%V%%@éé?@wiﬁ oM &ﬁz evhereindyl is & Cemprmetrbyr up 6
vanadi um (V), |pbedl S, %&qwrﬁmaﬁﬂxﬁﬁdgtﬁig Pdé-ﬁ';m‘fmdﬁ BPIW@V%)

anionic 6 el ectron donor |iga ds suc opent adi‘eny

cycl ohept adi enyimadppent\Qdir shipmiupyCr)oLyis a subﬂtmaz@wnsuwrlaqdﬂw¢maﬁd
bor at abenzyl I it ut.ed nsubsti t ut.ed
cationic 2 eI e%itg(r;%cﬁlé%ﬁgﬁ i ’g%éid?’ Czoggﬁttadlenﬂ (fyrcg@yﬁtg& E‘Pﬂ ﬁa dlenyl

sel ect ed from pubsyi, immiezblyd;pyumﬂmwd bbth%er&@'ut[f;&l the sﬁheeﬂmﬁ&eﬂmﬂﬁs

| i gands such as, car,bo Is hi es , triles, and al kepes
For exanpl e, L8 & Repsttedic “5?}%?@% iefl apionis e%néfogerblaapé ae%&sgwgng
unsubstituted hydeaEad HRM géuﬂlﬁwﬁfg%r@ m%@ M 8drBbStomnks Q@Qdme{hgp%ﬁﬂygﬁlﬁ

organonetal | i c_precursor conpounds of this invention useful “for the

formati on of nibedike)fdeFubsiitated oy uﬂsabféﬂ@ed eatignic 2 elenfrondienon ligegd F‘éﬂh
Lo UGSk Ciod USSR SRR D JBLSGoh s

i ncl ude those conpounds vin ornu
wherein Mis aSU@h@&npaIEOHBé,tmlbsmnncaa@mup]kﬁny}mllaynyl Injirlles(e@ Siuttemtﬂlal ed

or unsubstitut anl i.c.6 electro

o or ai 11 or St iCGHEM: S PSS 00, B0E2 kst dEnce BOR nd vt SR
el ectron donoroﬂﬂlgaﬂdatmmrnu(mhe) oMl $hd életit@@lclﬁl!’rgddlaﬂ?ﬂbsﬁd Lifseguaesor al
2 electron dongr |i d n integer of fromO to

i nteger of 1, ?f(fxﬁlgag %“ém\}"’&i’g §CTHPr Mubétﬂfﬂteﬂﬁ‘?é%ﬁ“ﬁsqtﬂ'@d%ﬁlﬁo%g?lh%r
oxi dati on nunﬁegteﬁﬁtoﬁﬁ@,ﬂﬁlﬁlﬁgllgin@ctrl c charges of 1,1, L7 and NO
groups is equal to O. Typ| ca Iy, Mis sel ected fromtuaﬁsten (w,

tantal um (Ta) , [0831lyBdasmbodmsnt, when B irhpgssn, the angatbmetallig copmounds of
chrom um (Cr b t

ani oni c 6(el )ectth%s éﬁbﬁlgﬁgr&ﬁ%gl}l{i{g su%%‘ QLMC%C %’pen ?‘}efﬁ' ('+Ej’6)89anon
cycl ohept adi ergimbepdntisd sehsfituteduy unaibgtitutddrintbaiog ylbc;trqmy:toamhgfdndamm a

bor at abenzyl , d,.L7.is selected fro substitute

unsubsti t ut ed gﬁe&??z%ca;"l@r%ecf’?% ]&?ﬁg}lé %‘&éﬁtﬂydsoﬁeﬁs'%@?}?&rap@&m%al 0
and an al kyl gfleipnlEauonitzahd imb (110 cledtal QAFbeAhR Be (@adning HEEOY
ethyl and the Ilke) and (ii) substituted or unsubst i t ut ed neutral 2

el ectron donorligangsrgshessans o5 §ifterens and ate oL piEigicd gripgibsimiedny | |
al kynyl, nitrilgub© fec Qﬁh&“l'iégﬁhhﬁ&la%go Ojgﬁb&i{(jhlhc%arlg': gl)g%émhgste

can be hydrogen or a substitut or unsu tute n or
het er oat om cor({V8) withg (0)icgédation number, L; is a substituted or unsubstltuted anionic 6

electron donor ligand with a (-1) electrical charge, one L; ligand is a substituted




[ 0037] O her organonetal lic precursor conpounds of this invention
useful for the formation of netal -based material |ayers, e.g.,
tungsten, tungsten nitride, tungsten carbide, or tungsten
carbonitride barrier |ayers, include those conpounds having the
formula LIM (1, 3)2L5 wherein M is a Goup 5 netal, L1 is a
substituted or unsubstituted anionic 6 electron donor ligand, L3 is
the same or different and is a substitutéd-or unsubstituted cationic

2 el ectron donefubsufantted 8iidnie? disctRdnddhsitlidabd f6th Qr(+ W GetRsdal &Hat&dand
anionic 2 electron donor |igand; and wherein the sumof the oxidation

nunber of M aff lERaniedwely disandsegrthe éffmw diffgrepippd|are ¢agh a guhstituied 0.
Typically, M

vanadi um (V) blsmfsgbgg]ftgg?ée %%%%st It u?gng v@thoéarfgggét%ﬁ ?}?@ harge;
anionic 6 el ectamd)@l%@tungstgaﬁmwnaNO)asuda}mhmpmhelaHi mragshbsntuted or

_cycl ohept adi enyl d|en , z

bor at abenzyl , ﬁ%gulbé} ? gglgqullfgﬁlﬂr%g%ﬁla(ﬁb@]ﬁg%ﬁﬁ 8?%8 One
cationic 2 el etipa@ris demauﬂtddg:amdmbsumtbdamdmdz €18ytton, doasdidabd with a (- 1)
sel ected -from substi tgt ed or, unsubstituted anionic 2 el ectron donor

li gands such aSeHyaFlicherse e thegismaminedipy igapdpsee thesrng of diFsment 9 12
carbon at ons ( gre@ach AMIbBituted or udRibstithleld ¥hticHh ERGrdnl d6Bdr llé:aﬂfi “%a&rmllja

L3 and L8 can be, as appropriate, hydrogen or a substituted or
unsubst i t ut ed BpeFiedshes Bor aﬂezféhmﬁlomptg@mramhcr@mpoga&ﬁdthe sum of the

[ 0038] O her or t PES 0 Iyele f td on
useful for the g%fn@trlﬁllgweg? met glrﬂ? %%cgr? ?%9?£ﬁ ?ﬁ‘ﬂ?r%s %&\éﬂbd
tungsten, tungE083] ni t(}tlld@;rganumg&llmmrm:dor denpamds uf@shmntlon useful for
carboni tride bar |er Ia nc ud se conpou s avin

formula (L8) yr\ﬁ'ﬁi \YR/E apﬁgffﬁ’ % P tE:‘i?B’ltﬁrb&
metal, L4 is tﬁuﬁgﬁaﬂﬁaﬂﬂﬁe dirhfr@l%t&ﬂbar&ﬁﬁtrid& b@rr&ﬂb@%is} iﬂbl@de fhose compounds
unsubst i t ut ed eut rtﬁafz el ectron donor _|.igand IS a substl t ut ed

chel ated die ne orpuiasl i (kg Loy V@GT%M z1sjaOroHR 6 yagtal hawng
M and wher ei ngt Jilsﬁdé"dbﬁ‘sf’afte M}? 182 adﬁlﬁ:)btﬁﬂteﬂ %F@l’?éilb&ftut% Qfﬁgnﬁ: Iﬁ%le%{:r@ﬁ't ric

charges of 14 and L8 is_equal to 0. Typically, Mis selected from

tungsten (W, denerigansh Lig)the m%dﬁfﬁlmt(a%)s a gybgiiviednor Mspbstifetadidi um
(V) or chrom uéQtl()ﬁc)ZI elt%cf‘ro}'x &l lﬁg%xé% e sgrﬁg 811 Jh%t'é]{?gpan% isa Bubsml'uted or
onyl,

unsubstituted neutra gands such as car
phosphi no, am mubﬁiuktem;zd:utrahl kly:aydn dcnmot hgdnd Leis the saaeet differdnt hwgd isand

isonitrile, and,L8 | d froms tituted heI ted di ene

| gands. such- aSSRlER of GEpH T Hed Aiohis SN SRRl AV 51 pRipieter of O or
substituted 1,8z GyaliaReicadic®nyk is aal 1Kﬁé,§er%§@§ittd) Eut 84 1 provided that x is

1, 5- cycloheptadlenyl and al kyl substituted 1 cyclooctadlenyl For

exanpl e, L4 caffcyer %méﬂ‘b"éluﬁlttatoeﬂl‘lﬁ- i s ipkeger edvekle m{2dt 3% arEoproBided
het er oat om congaiPiifgrchiSRR or éc&%@%ﬂ%&%@é‘{ﬂ 8t thk ?xi% ugﬁ’cf

conmpounds of this invention use ormation o
material | ayere Mg agd thetalentyic dharges ofihstlenLand £ Bequalunfs mcaihfr, M’ 65

or tungsten c e ude those npo

havi ng the foraE'r %%%dﬁdg?ﬁﬁn?%% gﬁémnllo b eml'{ﬁn% ébroBBu%l( tal ll,égglgdle%

the sanme or dlﬁrcﬁmls&lfmuaaﬁonmsﬂbssuiuaiarﬁmﬁed elettroNéands ligdnds ecthneut ral 2
bstituted chel ated diene |i

el ectron donor and nd;
and wher ei n th%'c ﬁ%@l%ﬁecyafeﬁl SemylRsmiagicngh PYFOEh A ) g‘ef?%qq
charges of 1, %ﬁ%rdt&ehi?yl%ﬁ@Bel&&e@ﬁoﬂ)éﬁbs@ﬁh}s&@r WMsubspinis&d &(ﬁbﬁé of rom

tungsten (W, nol ybdenum(l\/b), or chromum (Cr), L4 is selected from
substi t ut ed orelﬁﬁﬁl@iﬁllﬁi@ml’tl{&ﬂé@ﬁ oy e Bitrosyldluds seleptediorosubstighertier such as

eetont 71 16) SR ERed FRGHES o Qo RES: LY BRR g (b b E R Erien

chel at ed di enearﬂungsandslegtmﬂ alkenas, knd Lais b&ltutédﬁemi sitbstitutyd brohsuisstiteed,
al kyl substit uatn?oqnc 2 Bl é:nl (?d%or hgaqfdg Qt(lac’h as yé(ndoS ﬂg otahé lsjt;[l gﬁ]{yl groups having



- 17 - exanple, 14 can be a substituted or unsubstituted hydrocarbon

or heteroatonctontaining |ligand. [0040] This invention in part provides

organonetal | i ¢ precursors and a nethod of processing a substrate to
forma netal -based naterial |ayer, e.g., tungsten, tungsten nitride,

tungsten carbide, or tungsten carbonitride |ayer, on the substrate by

CVD or ALD of the organonetallic precursor. The netal -based materi al
| ayer is deposited on a heated substrate %y thermal or plasm
enhanced di ssodioat 1 nl 2ofarichextang@omdthyl] étbylpnd che 1§e). Pa\sxagplehes, L,

fornul ae above ip the presence o rocessi ng gas, The pr.ocessing
gas may be an F‘?fg{‘-'t’ aﬁ%&m@ﬁ%c%g%@f‘{g é?ﬁasabsggﬁ ed ormswbstitiadat i ons

t hereof. The cgm}g@rﬁdm&{eréga&ngg%ml%gas is selected to deposit

nmet al - based mat er.i al ﬁers .g., tungsten, tungsten nitride,
t ungst en car bi §¥33br tQI @fsqrmowtalﬁmrmqr@é cmay@trsls ofthisdayentien useful for

by the {or mul agcSRaGorof P BREE S s, Tk pbBMED ok B o1 o

deposi t ed. Exatupksen chibidetaltsngsten chrbomimdméaadmn Wetsemcmde drodé agnijicmnds

this invention are of t bdenum and
chronium and PR gdﬁnggcﬁ}ngl?q@ ME@ éA‘THHI e“i‘&ﬂisé‘ir%ﬁﬁp gr‘ﬂ?t bbi um
The letter z I’G[:Hl@&ﬁerﬁbt&l The yahbemard of uﬁdﬂﬁsﬂmﬂé@hmo% 6QflectrBf donor
precursor, wt val ence of 6 far the G oup netals and a val ence

of 5 for the %ﬂyﬁ ifdiegeme qr dgpmt P!l‘i@t(%)é‘tsilb@t%tﬁ%glt wnsypsbigntedhgnionic
unsubst i t ut ed RBleORFddroB BBAR, (i) 2 Wiilitthed lﬁlbabéﬂtu@&%aﬁblﬁazleﬁeﬁwe

for exanple, 6 electron anionic donor |1gands suc
cycl opent adi en§anot tggnd; &/islan futpgen of ol 0 to@emm imteger ofdy andat iglthe

el ooont 2t erERE kML, anh WLOREOHK um 3 thelalfialibs Ryl ey fd the plcctric

cyclopentadlen rrng Havin e genera or ol
i gand wi t h t heharnges af T, aﬁﬁlé)(bgrohmaeﬂd]@ditoemyrypwam Wiy sdlected ﬁom

Cont ai v an. SLBPEER LR ol B by B i v o

cycl opent adi enyro@fu@ir),[10Q4 s &kdaefkorh bbbt dr\@sSehRtddt it @BEctron
unsubstituted 6 el ectron anionic donor ligartds include cyclodlenyl

conpl exes, e. gfOnOE}gandh axkdssxsiPpentaésnsh eprlalrptadionyl eyerE et o
rings, heter OCinﬁJidz%M, P390l eRIBEhabEdZ)Y Snd B Relected from (i) substituted or

unsubstituted anionic 2 electron donor ligands such as hydrido, halo and an alkyl
group having from 1 to 12 carbon atoms (e.g., methyl, ethyl and the like), and (ii)
substituted or unsubstituted cationic 2 electron donor ligands such as nitrosyl. For
example, Lg can be hydrogen or a substituted or unsubstituted hydrocarbon or
heteroatom-containing ligand.

[0034] Other organometallic precursor compounds of this invention useful for
the formation of metal-based material layers, e.g., tungsten, tungsten nitride, |
tungsten carbide, or tungsten carbonitride barrier layers, include those compounds
having the formula LiM’L4(Ls)s wherein M” is a Group 5 metal, L, is a
substituted or unsubstituted anionic 6 electron donor ligand, L, is a substituted or
unsubstituted neutral 2 electron donor ligand, and Ls is the same or different and
is a substituted or unsubstituted anionic 2 electron donor ligand; and wherein the
sum of the oxidation number of M’ and the electric charges of L;, Ly and Ls is

equal to 0. Typically, M” is selected from tantalum (Ta), niobium (Nb) and

a



- 18 - as substituted cyclopentadienyl ring Iike

et hyl cycl opent adi enyl, and others, as known in the art.

[ 0044] Per m ssi bl e substituents of the substituted anionic, cationic
and neutral |igands used herein include hal ogen atons, acyl groups
having from 1l to about 12 carbon atonms, allcoxy groups having from1
to about 12 carbon atons, al koxycarbonyl groups having from1l to
about 12 carbon atoms, al kyl groups havidf-from 1 to about 12 carbon
at ons, am ne gwvengdfunhéW), hgisfselened fiom Abstithted 3r C@ubaiiutad afiBniol chictryn
groups havi ng fron10 tpo ahout 12 carhon ato 0045] Il ]Justrative

hal ogen at ors H’&‘Trﬁ‘t%ndosfsli? B&fppenta ?T%Yérr‘iyﬁlé eptaigslmentagienyl Barolyld

i odi ne.” Prefer ﬁxﬁmam&mﬂﬁazcaﬂ%a bbfh@ibb!x%fl fmll@éellé&%dmn Ghvdghutdagy [ 0046]
Il'lustrative acyl groups include, for éxanple, fornyl, acetyl,

propi onyl , but ngbstltu@éﬁautgﬁlglelecmm é@ryo:r hga;adﬁ@uﬁwspmhmlemmes

I soval eryl, pe y u

2 iyl but yi c Anties HERGYang ket 4 Ll XLEOLRABK aubriued ormpenboripued |
2- et hyl propyl camlbmny.lelecannl dom Hgmlm suﬂr afhyﬂnéd habydndgmailifys gionpd hehéng

fornyl, acetyl an Il lLu e

i ncl ude, for dll”gﬁ %r?\éwn[ﬁe@ }{Vth)ﬂ’p%ﬂ é*’hﬁlﬂ(&}i R GRyope, Ly and
n- but oxy, i SObug Qxypprslﬁfa-té;ltbhl@lﬁéf hydr@ﬁetn d@H@Mtut&ﬁ&tﬂﬂs%’éﬁtutéd‘hydrocarbon
met hyl but yl oxy, 2-nmethyl buty lOXY met hyl but yl oxy,

1, 2- di met hyl pr Sp3AtSRFomFoRipmng | ibandire hyl pentyl oxy, 1-ethyl propyl oxy,
2-met hyl pent yl mogs) 3- O?Eér%\‘éﬂ%ﬂfeﬁéhlﬁ?fecu%so%&ﬂ%&dﬁﬁ@BY {11933){ ntlon useful for
1, 2- dlnethylbutyloxy 1, 3- di net hyl but yl oxy, 3 dlnethy but yl oxy,

1, 1- di et hyl buthgifereiation opmets-resed yatarial/ laysey, €. 8, @nmtmmmm@(y,
and the liKke. I gﬁé o

pr opoxy. [0048FE1§t J%@?g f%e %%g%gngﬂ@§%gbro ps F%%Fggﬁgg%nﬁ&ﬂmds
exanpl e, net hohmmelﬁ;dnulahmmaa}zbﬂmdm l\/ﬁrm@(?:xmq:e& etayIL; is a

| sopr opoxycar bg ycl o carbo but ox yl., .

| Sobut oy oar borrte o ER SR BRI Y Pt R el # st
li ke. Preferregnsabdionyd adtidamyl elodtRmionbr1atd and el H@M@ﬁﬁ@&wfferent and

et hoxycar bonyl, propoxycarbonyl, isopro oxycarbonyl and -
cycl opr opoxyc R E g@ﬁ?& tituted or unsubstituted neutral 2 electron donor ligand; and wherein the

sum of the oxidation number of M’ and the electric charges of L;, I3 and Ly is
equal to 0. Typically, M’ is selected from tantalum (Ta), niobium (Nb) and
vanadium (V), L, is selected from substituted or unsubstituted anionic 6 electron
donor ligands such as cyclopentadienyl, cycloheptadienyl, pentadienyl, pyrrolyl,
imidazolyl, pyrazolyl and boratabenzyl, L is selected from substituted or
unsubstituted cationic 2 electron donor ligands such as nitrosyls, and Ly is
selected from substituted or unsubstituted neutral 2 electron donor ligands such as
carbonyls, phosphines, amines, nitriles, and alkenes. For example, Ls and Ls, as
appropriate, can be a substituted or unsubstituted hydrocarbon or heteroatom-
containing ligand.

[0036] Other organometaliic precursor compounds of this invention useful for
the formation of metal-based material layers, e.g., tungsten, tungsten nitride,
tungsten carbide, or tungsten carbonitride barrier layers, include those compounds
having the formula (L), M(NO)y»(L7),.y.x» wherein M is a Group 5 metal or a

Group 6 metal, L, is a substituted or unsubstituted anionic 6 electron donor



[0049] Illustrative al kyl groups include, for exanple, nethyl, ethyl,
n- propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, isopentyl, neopentyl, - 19 - tert-pentyl, 1-nethylbutyl,
2-met hyl butyl, 1, 2-dinmethyl propyl, hexyl, isohexyl, 1- nethyl pentyl,
2-met hyl pentyl, 3-nethylpentyl, 1,1-dinethylbutyl, 2,2-

di et hyl butyl, 1, 3-di net hyl butyl, 2, 3- dlnethYIbutyI

3, 3-di net hyl butyl, 1- ethylbutyl, 2- ethyléutyl

1, 1, 2-t ri met hylligamwh ¥ is the &> drrdifletityend isofpyd Subﬂttt&tbﬂlyﬂ‘ uﬁ%ith&tb@ﬂmwb,

cycl ohexyl | cy BiBERONJPHERGRE CE UL Ry RLT b is BT Hdesipn

and the li ke. Abedraighed] x&l ik ih irBéRHBSfirbn Ol dey KBk MYteger@ Yind Z1s BleOPY!
i sopropyl and cycl opropyl.. [0050]111ustrative am ne groups include,
for exanpl e, ﬁlﬁ’%eaﬂf'nl\ﬁemdmh?éﬁl% CEHmRE thf'erm@qtlaﬁnn@bermfé\tlnw theielestric

propyl am ne, dips &%Wfi ﬂ%d'l\?(? ‘ﬂg?’fs%ﬂﬁeﬂ?og ﬁqgg but eE'tgdfrom

butyl am ne, dibutVyl am ne, tert
et hyl net hyl an hagstouty), mﬁﬁwnd&“ahmolybﬁchmh@dy), amibiren (Nb) vanadlum (V) or

di | oh | f

ai et gl am ne, Hom ARG R e R RO R thoB88% it Bt o

silyl groups i dmidﬂdigancfs@tlckms&ﬁfblogentﬁdlém,,cyi:lbhdiﬁld Ay |pbi&(tladlenyl %ynl'olyll
y Si

triethylsilyl, tris(trine | th trisilylnethy
and thg ||kg ﬂ&b’rw%‘ gka@?’éeﬁ R L7 sise Ftedlﬁ'PP'h@ F§P Pr
and triethyl si iydubst{t@08 2dibhic Sdidctbh m@no'ilﬁ*gﬁﬁdstsuél% mhe@tlﬁﬂa ﬂideaﬂ%lkﬂ

l'i gands include substltuted cyclo-olefins, e.g., cyclopentadiene, 'the

various i soner 808P haying §rendaldi @r@rbmmwm,mt@ﬁeemﬂ@d dhedikedliand 6i)
rings, heterocyglifid i Ufisub@iBhbirdi L UWR trof Boh R 1SR su@Bad AEy1 N

the art.

phosphino, amino, alkenyl, alkynyl, nitrile (e.g., acetonitrile) and isonitrile. For
example, L7 can be hydrogen or a substituted or unsubstituted hydrocarbon or
heteroatom-containing ligand. '

[0037] Other organometallic precursor compounds of this invention useful for
the formation of metal-based materiai layers, e.g., tungsten, tungsten nitride,
tungsten carbide, or tungsten carbonitride barrier layers, include those compounds
having the formula LyM’(L3),Ls wherein M’ is a Group 5 metal, L; is a
substituted or unsubstituted anionic 6 electron donor ligand, L is the same or
different and is a substituted or unsubstituted cationic 2 electron donor ligand, and
Ls is a substituted or unsubstituted anionic 2 electron donor ligand; and wherein
the sum of the oxidation number of M and the electric charges of L, Lz and Ls is
equal to 0. Typically, M’ is selected from tantalum (Ta), niobium (Nb) and
vanadium (V), L; is selected from substituted or unsubstituted anionic 6 electron
donor ligands such as cyclopentadienyl, cycloheptadienyl, pentadienyl, pyrrolyl,
imidazolyl, pyrazolyl and boratabenzyl, Ls is selected from substituted or
unsubstituted cationic 2 electron donor ligands such as nitrosyls, and Ls is
selected from substituted or unsubstituted anionic 2 electron donor ligands such as

hydrido, halo and an alkyl groups having from 1 to 12 carbon atoms (e.g., methyl,



[ 0053] Per mi ssi bl e substituents of the substituted chel ated di ene

| i gands i ncl ude hal ogen atons, acyl groups having from1l to about 12
carbon atons, al koxy groups having from1l to about 12 carbon atons,
al koxycar bonyl groups having from1l to about 12 carbon atons, alkyl
groups having from1 to about 12 carbon atons, am ne groups having
from1l to about 12 carbon atons or silyl groups having fromO to
about 12 carbon atoms. [0054]1n a preferded enbodi ment, this

i nvention rel atthg! and thalilte)t Booexgamdsyis atd Locah bogstappropaspiideszen or a

represented by s&bbsgtu];e%l c!r%‘l’l\'isurl])gtitfu%ra rﬂi‘zlh%%iarb on orzt?etéro atoml_dontléinll'ﬁg llféand.
[0038] Other organometallic precursor compounds of this invention useful for
the formation of metal-based material layers, e.g., tungsten, tungsten nitride,
tungsten carbide, or tungsten carbonitride barrier layers, include those compounds
having the formula (Lg)yM(L4),., wherein M is a Group 5 metal or a Group 6
metal, L, is the same or different and is a substituted or unsubstituted neutral 2
electron donor ligand, L is a substituted chelated diene ligand, y is an integer of
1, and z is the valence of M; and wherein the sum of the oxidation number of M
and the electric charges of L, and L; is equal to 0. Typically, M is selected from
tungsten (W), tantalam (Ta), molybdenum (Mo), niobium (Nb), vanadium (V) or
chromium (Cr), L4 is selected from substituted or unsubstituted neutral 2 electron
donor ligands such as carbonyl, phosphino, amino, alkenyl, alkynyl, nitrile (e.g.,
acetonitrile) and isonitrile, and Lg is selected from substituted chelated diene
ligands such as alkyl substituted 1,4-cyclohexadienyl, alkyl substituted 1,3~
cyclopentadienyl, alkyl substituted 1,5-cycloheptadienyl, and alkyl substituted
1,6-cyclooctadienyl. For example, L4 can be a substituted or unsubstituted
hydrocarbon or heteroatom-containing ligand.
[0039) Other organometallic precursor compounds of this invention useful for
the formation of metal-based material layers, e.g., tungsten, tungsten nitride,
tungsten carbide, or tungsten carbonitride barrier layers, include those compounds
having the formula (Lg)M**(L4)s wherein M’” is a Group 6 metal, Ly is the same
or different and is a substituted or unsubstituted neu&al 2 electron donor ligand,
and Ly is a substituted chelated diene ligand; and wherein the sum of the oxidation
number of M’” and the electric charges of L and Lg is equal to 0. Typically, M*’
is selected from tungsten (W), molybdenum (Mo), or chromium (Cr), Ly is
selected from substituted or unsubstituted neutral 2 electron donor ligands such as
carbonyls, phosphines, amines, alkenes, alkynes, nitriles (e.g., acetonitrile) and
isonitriles, and Lg is selected from substituted chelated diene ligands such as alkyl
substituted 1,4-cyclohexadiene, alkyl substituted 1,3-cyclopentadiene, alkyl
substituted 1,5-cycloheptadiene, and alkyl substituted 1,6-cyclooctadiene. For



[ 0056] Three | egged pi ano stool conpl exes of tungsten (0) ON\ L, NO
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example, L4 can be a substituted or unsubstituted hydrocarbon or heteroatom-
containing ligand.

[0040]  This invention in part provides organometallic precursors and a
method of processing a substrate to form a metal-based material layer, €.g.,
tungsten, tungsten nitride, tungsten carbide, or tungsten carbonitride layer, on the
substrate by CVD or ALD of the organometallic precursor, The metal-based
material layer is deposited on a heated substrate by thermal or plasma enhanced
dissociation of the organometallic precursor having the formulae above in the
presence of a processing gas. The processing gas may be an inert gas, such as
helium and argon, and combinations thereof. The composition of the processing
gas is selected to deposit metal-based material layers, e.g., tungsten, tungsten
nitride, tungsten carbide, or tungsten carbonitride layers, as desired.

[0041]  For the organometallic precursors of this invention represented by the
formulae above, M, M’ and M”” represent the metal to be deposited. Examples of
metals which can be deposited according to this invention are the Group 6 metals
of tungsten, molybdenum and chromium, and the Group 5 metals of vanadium,
tantalum, and niobium. The letter z represents the valence of the metal, M, of the
precursor, with a valence of 6 for the Group 6 metals and a valence of 5 for the
Group 5 metals.

[0042] Iltustrative substituted and unsubstituted anionic ligands (L) usefisl in
this invention include, for example, 6 electron anionic donor ligands such as
cyclopentadienyl (Cp), cycloheptadienyl, pentadienyl, pyrrolyl, boratabenzyl,
pyrazolyl, imidazolyl, and the like. Cp is a cyclopentadienyl ring having the
general formula (CsHs) which forms a ligand with the metal, M. The
cyclopentadienyl ring may be substituted, thereby having the formula (Cp(R).
The precursor contains one 6 electron anionic donor ligand group, e.g.,
cyclopentadienyl group.

[0043] Other illustrative substituted and unsubstituted 6 electron anionic
donor ligands include cyclodienyl complexes, e.g., cyclohexadienyl,

cycloheptadienyl, cyclooctadienyl rings, heterocyclic rings, aromatic rings, such
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as substituted cyclopentadienyl ring like ethylcyclopentadienyl, and others, as

known in the art.

[0044] Permissible substituents of the substituted anionic, cationic and neutral
ligands used herein include halogen atoms, acyl groups having from 1 to about 12
carbon atoms, alkoxy groups having from 1 to about 12 carbon atoms,
alkoxycarbonyl groups having from 1 to about 12 carbon atoms, alkyl groups
having from 1 to about 12 carbon atoms, amine groups having from 1 to about 12
carbon atoms or silyl groups having from 0 to about 12 carbon atoms.

[0045] Tllustrative halogen atoms include, for example, fluorine, chlorine,
bromine and iodine. Preferred halogen atoms include chlorine and fluorine.
[0046] Illustrative acyl groups include, for example, formyl, acetyl, propionyl,
butyryl, isobutyryl, valeryl, 1-methylpropylcarbonyl, isovaleryl, pentylcarbonyl,
1-methylbutylcarbonyl, 2-methylbutylcarbonyl, 3-methylbutylcarbonyl, 1-
ethylpropylcarbonyl, 2-ethylpropylcarbonyl, and the like. Preferred acyl groups
include formyl, acetyl and propionyl.

[0047] Ilustrative alkoxy groups include, for example, methoxy, ethoxy, n-
propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentyloxy, 1-
methylbutyloxy, 2-methylbutyloxy, 3-methylbutyloxy, 1,2-dimethylpropyloxy,
hexyloxy, 1-methylpentyloxy, 1-ethylpropyloxy, 2-methylpentyloxy, 3-
methylpentyloxy, 4-methylpentyloxy, 1,2-dimethylbutyloxy, 1,3-
dimethylbutyloxy, 2,3-dimethylbutyloxy, 1,1-dimethylbutyloxy, 2,2-
dimethylbutyloxy, 3,3-dimethylbutyloxy, and the like. Preferred alkoxy groups
include methoxy, ethoxy and propoxy.

{0048] Illustrative alkoxycarbonyl groups include, for example,
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
cyclopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, sec-butoxycarbonyl,

tert-butoxycarbonyl, and the like. Preferred alkoxycarbonyl groups include

- methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl and

cyclopropoxycarbonyl.
[0049] TNtustrative alkyl groups include, for example, methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl, neopentyl,



ONOML / 2\ L. L,L,L,L,L,, [0060]wherein each of 1,4 and 1,5 is the
sane or different and is independently a hydrocarbon group or a

het er oat om cont ai ni ng group. [0061] Illustrative diene derivatives of
neutral tungsten conpl exes can be represented by the formula
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tert-pentyl, 1-methylbutyl, 2-methylbutyl, 1,2-dimethylpropyl, hexyl, isohexyl, 1-
methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl, 2,2-
dimethylbutyl, 1,3-dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-
ethylbutyl, 2-ethylbutyl, 1,1,2-trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-
methylpropyl, 1-ethyl-2-methylpropyl, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl, and the like.
Preferred alkyl groups include methyl, ethyl, n-propyl, isopropyl and cyclopropyl.
[0050] lustrative amine groups include, for example, methylamine,
dimethylamine, ethylamine, diethylamine, propylamine, dipropylamine,
isopropylamine, diisopropylamine, butylamine, dibutylamine, tert-butylamine,
di(tert-butyl)amine, ethylmethylamine, butylmethylamine, cyclohexylamine,
dicyclohexylamine, and the like. Preferred amine groups include dimethylamine,
diethylamine and diisopropylamine.
[0051] Illustrative silyl groups include, for example, silyl, trimethylsilyl,
triethylsilyl, tris(trimethylsilyl)methyl, trisilylmethyl, methylsilyl and the like.
Preferred silyl groups include sityl, trimethylsilyl and triethylsilyl.
[0052] Hlustrative substituted chleated diene ligands include substituted
cyclo-olefins, e.g., cyclopentadiene, the various isomers of cyclohexadiene,
cycloheptadiene, cyclooctadiene rings, heterocyclic rings, aromatic rings, and
others, as known in the art.
[0053] Permissible substituents of the substituted chelated diene ligands
include halogen atoms, acyl groups having from 1 to about 12 carbon atoms,
alkoxy groups having from 1 to about 12 carbon atoms, alkoxycarbonyl groups
having from 1 to about 12 carbon atoms, alkyl groups having from 1 to about 12
carbon atoms, amine groups having from 1 to about 12 carbon atoms or silyl
groups having from 0 to about 12 carbon atoms.
[0054] In a preferred embodiment, this invention relates in part to

organometallic tungsten compounds represented by the following formulae:

[0055] Four legged piano stool complexes of tungsten (II)



[ 0063] wherein L is a substituted or unsubstituted neutral 2 electron
donor |igand such as carbonyl, phosphino, am no, alkenyl, alkynyl,
nitrile (e.g., acetonitrile) and isonitrile, mis an integer of from
O0to 2, nis aninteger of from2to 4, R,,, R', R and RT,' are

i ndependent |y hydrogen or al kyl having from1l to about 12 carbon
atons, e.g., nethyl, ethyl, n-propéb, | -propyl, and the |ike,
provided at least one of R, R ', E¥Yand R''.is other than hydrogen.,
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[ 0066] tris(carbonyl) (ethyl cycl opent adi enyl ) hydri dot ungst en,

( Et Op) W C0) 3H | |
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[0068]trisicarbonyl)(nethylcyclopentadienyl)nethyltungsten,

(MeCp) W Q0) 3CH3;
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[0060] wherein each of L, and Ls is the same or different and is independently
a hydrocarbon group or a heteroatom-containing group.
[0061] lustrative diene derivatives of neutral tungsten complexes can be

represented by the formula

A

Al —
Diene Derivatives L\J\/"' AN = ERRL GRR,
of Tungsten (0) 7| L A .
[0062] L A

[0063] wherein L is a substituted or unsubstituted neutral 2 electron donor ligand
such as carbonyl, phosphino, amino, alkenyl, alkynyl, nitrile (e.g., acetonitrile)
and isonitrile, m is an integer of from 0 to 2, n is an integer of from 2 to 4, Ry,
Rm’, Rnand Ry are independently hydrogen or alkyl having from 1 to about 12
carbon atoms, e.g., methyl, ethyl, n-propyl, i-propyl, and the like, provided at least
one of Rm, Rm’, Rn and Ry’ is other than hydrogen.



[ 0069] tris(carbonyl) (ethyl cycl opent adi enypnet hyl t ungst en,

( Et Cp) W C0) 3CH3;

[ 0070] tris(carbonyl) (pentanet hyl cycl opent adi enyl ) net hyl t ungst en,
Cp* W Q0) 3CH3;

[0071]tris(carbonyl) (et hyl cycl opent adi enyl ) et hyl t ungst en,
(MeCp) W C0) 3C2H5;

[0072]tris(carbonyl) (ethyl cycl opent adi en%lret hyl t ungst en,

( Et Cp) W C0) 3C2H8)64] Illustrative organometallic compounds of this invention include, for

Loo7al 111 = car bonyhl (RetaLAgi Rk ysLape pLadh eyl Lingshen
[0065] tris(carbonyl)(methylcyclopentadienyl)hydridotungsten,
(MeCp)W(CO)sH;

[0066] tris(carbonyl)(ethyleyclopentadienyl)hydridotungsten,
(BtCp)W(CO):H;

[0067] tris(carbonyl)(pentamethylcyclopentadienyl)hydridotungsten,
Cp*W(CO)sH;

[0068] tris(carbonyl)(methylcyclopentadienyl)methyltungsten,
(MeCp)W(CO);CHs;

[0069] tris(carbonyl}(ethylcyclopentadienylymethyltungsten,
(EtCp)W(CO)sCHs;

[0070] tris(carbonyl)(pentamethylcyclopentadienylymethyltungsten,
Cp*W(CO);CHs;

[0071] tris(carbonyl)(methylcyclopentadienyl)ethyltungsten,
(MeCp)W(CO)3CoHs;

[0072] tris(carbonyl)(ethylcyclopentadienyl)ethyltungsten,
(EtCp)W(CO):CoHs;

[0073] tris(carbonyl)(pentamethylcyclopentadienyl)ethyltungsten,
Cp*W(CO):C.Hs;

[6074]} tris(acetonitrile)(methylcyclopentadienyl)hydridotungsten,
(MeCp)W(NCCH;);H;

[0075] tris(acetonitrile)(ethylcyclopentadienyl)hydridotungsten,
(BtCpyW(NCCH;)sH;

[0076] tris(acetonitrile)(pentamethylcyclopentadienylhydridotungsten,
Cp*W(NCCHa);H;

[6077] tris(carbonyl)(cycloheptadienyl)hydridotungsten, (C;Hg)W(CO);H;
[0078] tris(carbonyl)(2,4-dimethylpentadienyl)hydridotungsten,
((CH3),CsHs5)W(CO):H;

[0079] tris(carbonyl)(2,5-dimethylpyrrolyl)hydridotungsten,
(CH3CHNYW(CO):H;



[0074]tris(acetonitrile)(nmethyl cycl opentadi enyl) hydri dotungsten,

(MeCp) WNCCH3) 3H;

[0075]tris(acetonitrile)(ethylcycl opentadienyl)hydri dotungsten,

( Et Cp) W NCCH3) 3H;

[0076]tris(acetonitrile)(pentanethylcycl opentadi enyl)hydri dotungsten,

Cp*W NCCH3) 3H, [0077]tris(carbonyl) (cycl gheptadi enyphydri dot ungst en,

" (C7119) W C0) 3H; -22-

[0078] tri s(car ibals0] ) ( 2nethydeyvbipeyiagienylad(minygyhidiriddomystgst en,

((C113) 2C5115) : _

[0079] tris(car &t@%\%@ongl met hyl pyrrol yl ) hydri dot ungst en,
[0081] ethylcyclopentadienylbis(nitrosylhydridotungsten, (MeCp)YW(NO)H;

[0082] pentamethylcyclopentadienylbis(nitrosyl)hydridotungsten,
Cp*W(NO)H;

[0083] methylcyclopentadienylbis(nitrosyl)methyltungsten,
(ECp)W(NO),CHs;

[0084] ethyleyclopentadienylbis(nitrosyl)methyltungsten,
(MeCp)W(NO),CHs;

[0085]  pentamethylcyclopentadienylbis(nitrosyl)methyltungsten,
Cp*W(NO),CHs;

[0086]  methylcyclopentadienylbis(nitrosyl)ethyltungsten,
(BICp)WNO),CoHs;

[0087] ethylcyclopentadienylbis(nitrosylethyltungsten, {MeCp)WINO),C,is;
[0088] pentamethylcyclopentadienylbis(nitrosyl)ethyltungsten,
Cp*W(NO),CHs;

[0089] cycloheptadienylbis(nitrosyl)hydridotungsten, (C;Hg)W(NO),H;
[0090] (2,4-dimethylpentadienyl)bis(nitrosyl)hydridotungsten,
((CH3),CsHs)W(NO),H;

[0091] (2,5-dimethylpyrrolyl)bis(nitrosylYhydridotungsten,
(CH;3)2CHNYW(NO):H;

[0092] methylcyclopentadienylnitrosylbis(hydrido)tungsten,
(MeCp)W(NO)Hy;

[0093] ethylcyclopentadienylnitrosylbisthydrido)tungsten, (EtCp)W(INO)H,;
[0094] pentamethylcyclopentadienylnitrosylbis(hydrido)tungsten,
Cp*W(INOYH;

[0095] methylcyclopentadienylnitrosylbis(methyl)tungsten,
(MeCp)W(NO)CHa)a: |

[0096] ethylcyclopentadienyhlitrosylbis(methyl)tungéten,
(EtCp)W(NO)(CHs);



(CH3) 2C4H2N) W C0) 3H, - 22
0080] net hyl cycl opent adi enyl bi s(ni trosyphydri dot ungst en,
E

t Cp) WNO) 2H;:
0081] et hyl cycl opent adi enyl bi s(ni trosyl ) hydri dotungsten,
MeCp) WNO) 2H,
0082] pent anet hyl cycl opent adi enyl bi s(nitrosyl ) hydri dot ungst en,
Cp* W NO) 2H; [0083] et hyl cycl opent adi enyl-B8s(ni trosyl ) met hyl t ungst en,
( Et Cp) W NO) 2CH30097]  pentamethylcyclopentadienylnitrosylbis(methyl)tungsten,

Cp*W(NO)Y(CHa)y;

[0098]  methylcyclopentadienylnitrosylbis(ethyl)tungsten,
(MeCp)W(NO)(C,Hs)z;

[0099]  ethylcyclopentadienylnitrosylbis(ethyltungsten,
(BtCpYW(NO)(C;Hs)z;

[00100] pentamethylcyclopentadienylnitrosylbis(ethyl)tungsten,
Cp*W(NO)CaHs)a;

{00101] cycloheptadienylnitrosylbis(ethyl)tungsten, (C7Hg)W(NO)C2Hs)z;
[00102]  2,4-dimethylpentadienylnitrosylbis{ethyl)tungsten,
((CHz).CsHs) WINO)(C,Hs),;

[00103]  2,5-dimethylpyrrolylnitrosylbis(ethyl)tungsten,
((CH3):CaHaN)W(NOYCoHs)a;

[00104] and the like.

[00105] It is believed that the presence of the anionic donor groups enhance

(
[
(
[
(
[

preferred physical properties. It is believed that these substituent groups increase
organometallic precursor volatility, decrease the temperature required to
dissociate the precursor, and lower the boiling point of the organometallic
precursor. An increased volatility of the organometallic precursor compounds
ensures a sufficiently high concentration of precursor entrained in vaporized fluid
flow to the processing chamber for effective deposition of a layer. The improved
volatility will also allow the use of vaporization of the organometallic precursor
by sublimation and delivery to a processing chamber without risk of premature
dissociation. Additionally, the presence of the 6 electron anionic donor
substituent groups may also provide sufficient solubility of the organometallic
precursor for use in liquid delivery systems.

[00106] Itis believed that the organometallic precursors described herein have
functional groups which allow the formation of heat decomposable
organometallic compounds that are thermally stable at temperatures below about
150°C. and are capable of thermally dissociating at a temperature above about

150°C. The organometallic precursors are also capable of dissociation in a plasma



[ 0084] et hyl cycl opent adi enyl bi s(ni trosyl ) net hyl t ungst en,

( MeCp) WNO) 2CH3; | o

[ 0085] pent anet hyl cycl opent adi enyl bi s(ni trosyl) net hyl tungst en,

Cp*W NO) 2CH3; [0086] net hyl cycl opent adi enyl bi s(ni trosypet hyhungst en,
( Et Cp) WNO) 2C2H5;

[ 0087] et hyl cycl opent adi enyl bi s(ni trosyDet hyl t ungst en,

(MeCp) W NO) 2C2115; - 24~
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[00107] The organometallic precursors described herein may deposit metal and
metal carbide layers depending on the processing gas composition and the plasma
gas composition for the deposition process. A metal or metal carbide layer is
deposited in the presence of inert processing gases such as argon, a reactant
processing gas, such as hydrogen, and combinations thereof.
[00108] Itis believed that the use of a reactant processing gas, such as
hydrogen, facilitates reaction with the 6 electron anionic donor groups to form
volatile gases, thereby removing the substituents from the precursor and
depositing a metal or metal carbide layer on the substrate. The metal layer is
preferably deposited in the presence of argon.
[00109] An exemplary processing regime for depositing a layer from the above
described precursor is as follows. A precursor having the composition described
herein, such as tris(carbonyl)(methylcyclopentadienylhydridotungsten and a
processing gas is introduced into a processing chamber. The precursor is
introduced at a flow rate between about 5 and about 500 sccm and the processing
gas 1s introduced into the chamber at a flow rate of between about 5 and about
500 sccm. In one embodiment of the deposition process, the precursor and
processing gas are infroduced at a molar ratio of about 1:1. The processing
chamber is maintained at a pressure between about 100 milliTorr and about 20
Torr. The processing chamber is preferably maintained at a pressure between
about 100 milliTorr and about 250 milliTorr. Flow rates and pressure conditions
may vary for different makes, sizes, and models of the processing chambers used.
[00110] Thermal dissociation of the precursor involves heating the substrate to
a temperature sufficiently high to cause the hydrocarbon portion of the volatile
metal compound adjacent thie substrate to dissociate to volatile hydrocarbons
which desorb from the substrate while leaving the metal on the substrate. The
exact temperature will depend upon the identity and chemical, thermal, and
stability characteristics of the organometallic precursor and processing gases used

under the deposition conditions. However, a temperature from about room



[ 0090] (2, 4- di net hyl pent adi enyl ) bi s(nitrosyl ) hydri dot ungst en,
((C113) 2C5H5) W NO) 2H;

[ 0091] (2, 5-di net hyl pyrrol y1) bi s(ni trosyphydri dot ungst en,
((CA13)2CAH2N) W NO) 2H,;

[ 0092] met hyl cycl opent adi enyl ni trosyl bi s(hydri do)t ungst en,

(MECp) WNO) H2; | | | |
[ 0093] et hyl cycl opent adi enyl ni trosyl bi s(h¢dri do)t ungst en,
( Et Cp) W NO) H2; temperature to about 400°C. is contemplated for the thermal dissociation of the

[ 0994] pent grret g&%%&%@%ﬁ%l ni trosyl bi s(hydrido)tungsten, -

Cp*WNO H2; [O ent adienylnitr osy! bi s( met hypt ungst en,
[00111] The thermal dissociation is preferably performed by heating the
substrate to a temperature between about 100°C and about 400°C. In one
embodiment of the thermal dissociation process, the substrate temperature is
maintained between about 250°C and about 450°C to ensure a complete reaction
between the precursor and the reacting gas on the substrate surface. In another
embodiment, the substrate is maintained at a temperature below about 400°C
during the thermal dissociation process.
[00112] For plasma-enhanced CVD processes, power to generate a plasma is
then either capacitively or inductively coupled into the chamber to enhance
dissociation of the precursor and increase reaction with any reactant gases present
to deposit a layer on the substrate. A power density between about 0.6 Watts/cm®
and about 3.2 Watts/em?, or between about 200 and about 1000 Watts, with about
750 Watts most preferably used for a 200 mm substrate, is supplied to the
chamber to generate the plasma.
[00113] After dissociation of the precursor and deposition of the material on
the substrate, the deposited material may be exposed to a plasma treatment. The
plasma comprises a reactant processing gas, such as hydrogen, an inert gas, such
as argon, and combinations thereof. In the plasma-treatment process, power to
generate a plasma is either capacitively or inductively coupled into the chamber to
excite the processing gas into a plasma state to produce plasma specie, such as
ions, which may react with the deposited material. The plasma is generated by
supplying a power density between about 0.6 Watts/cm?® and about 3.2 Watts/cm?,
or between about 200 and about 1000 Watts for a 200 mm substrate, to the
processing chamber.
[00114] In one embodiment the plasma treatment comprises introducing a gas
at a rate between about 5 scem and about 300 scem into a processing chamber and
generating a plasma by providing power density between about 0.6 Watts/cm?® and
about 3.2 Watts/cm?, or a power at between about 200 Watts and about 1000

Watts for a 200 mm substrate, maintaining the chamber pressure between about
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097] pent anet hyl cycl opent adi enyl ni trosyl bi s(nmet hyfl t ungst en,

Cp* W NO) (0-13) 2;
0098] net hyl cycl opent adi enyl ni trosyl bi s(«atéhyl ) tungst en,
(N0 (C2115) 2 o
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between about 100°C and about 400°C. during the plasma process.

[00115)  Itis believed that the plasma treatment lowers the layer's resistivity,

removes contaminants, such as carbon or excess hydrogen, and densifies the layer
to enhance barrier and liner properties. It is believed that species from reactant
gases, such as hydrogen species in the plasma react with the carbon impurities to
produce volatile hydrocarbons that can easily desorb from the substrate surface
and can be purged from the processing zone and processing chamber. Plasma
species from inert gases, such as argon, further bombard the layer to remove

resistive constituents to lower the layers resistivity and improve electrical

_ conductivity.

[00116] Plasma treatments are preferably not performed for metal carbide
layers, since the plasma treatment may remove the desired carbon content of the
layer. If a plasma treatment for a metal carbide layer is performed, the plasma
gases preferably comprise inert gases, such as argon and helium, to remove
carbon.

[00117] It is believed that depositing layers from the above identified
precursors and exposing the layers to a post deposition plasma process will
produce a layer with improved material properties. The deposition and/or
treatment of the materials described herein are believed to have improved
diffusion resistance, improved interlayer adhesion, improved thermal stability,
and improved interlayer bonding.

[00118] In an embodiment of this invention, a method for metallization of a
feature on a substrate is provided that comprises depositing a dielectric layer on
the substrate, etching a pattern into the substrate, depositing a metal carbide layer
on the dielectric layer, and depositing a conductive metal layer on the metal
carbide layer. The substrate may be optionally exposed to reactive pre-clean
comprising a plasma of hydrogen and argon to remove oxide formations on the
substrate prior to deposition of the metal carbide layer. The conductive metal is
preferably copper and may be deposited by physical vapor deposition, chemical

vapor deposition, or electrochemical deposition. The metal layer and the metal



(Et Cp) WNO) (C2HO2; [00100]

pent anet hyl cycl opent adi enyl ni t rosyl bi s(et hyfl tungsten,

Cp*W NO) (C21-15)2; [00101]

cycl ohept adi enyl ni trosyl bi s(et hyl )tungsten, (C7119) WNO) (C21-102;

[ 00102] 2, 4-di et hyl pent adi enyl ni trosyl bi s(et hyfl tungsten,

((CH3) 2C5H5) W NO) (C21-15) 2; [00103]

2, 5-di met hyl pyrrol yl nitrosyl bi s(et hyfl tu@ast en,
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[00106] It is believed that the organonetal |ic precursors descri bed

herein have fuABe [WaHsm Beloapy furations a1 3 wolting teypomdanadomlods for digct
decomosabl cspaPuL ol NP ok g WIS B, Pl
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Removal of one or more steps in semiconductor manufacture will result in
substantial savings to the semiconductor manufacturer.
[00120] Tungsten carbide films are deposited at temperatures lower than 400°C
and form no corrosive byproducts. Tungsten carbide films are amorphous and are
superior barriers than WN to copper diffusion. By tuning the deposition
parameters and post fieposition treatment, the tungsten carbide barrier can have a
tungsten rich film deposited on top of it. This tungsten rich film acts as a wetting
layer for copper and may allow for direct copper plating on top of the tungsten
layer. In an embodiment, the deposition parameters may be funed to provide a
layer in which the composition varies across the thickness of the layer. For
example, the layer may be tungsten carbide rich at the silicon portion surface of
the microchip, e.g., good barrier properties, and tungsten rich at the copper layer
surface, e.g., good adhesive properties.
[00121] As also indicated above, this invention also relates in part to a process
for preducing the organometallic compound represented by the formulae above,
for example, an organometallic compound having the formula (Ly)yM(Lz).y

wherein M is a Group 5 metal or a Group 6 metal, L; is a substituted or



generated by supplying a power density at about 0.6 Watts/cnR or
greater, or at about 200 Watts or greater for a 200 nm substrate, to
a processing chanber. [00107] The organonetal lic precursors descri bed
herein may deposit nmetal and netal carbide |ayers depending on the
processi ng gas conposition and the plasma gas conposition for the
deposition process. A netal or nmetal carbide |ayer is deposited in
the presence of inert processing gases s4éh as argon, a reactant
processi ng gas unsstitutzd ahipoic dgdeviroaddnadigand) s isoths sanesretifferent (30 10G)

It is believed_that. the use_.of. react ant. procgssi.n suc

hydr ogen, faci fiis'trﬁ%’glg'ge(f(gdlélflfb “\%dtaﬂlqnhczi]%le&oé‘ccﬁpwléﬁg’iﬁ? ES%HB’?‘% or
groups to for muabstitiice c@RBRS2 elbdiRmaiYior BN d1qiid) BRuSHAREd &uents from
t he precursor and, depositi nagga netal or netal carbide |ayer on the

substrate. ThelRdPgitutedperial & clselaeredonsr fizandpsds anduteest afleapt 2idifce of
argon. [ 00109] vAGh@taTR! Al HRFALES Sl G IRBIRI hudEAMTI Ll clcBie”

fromthe above described precursor Is as foll ows. precursor havil ng

t he conpositi ophaigssex Lpeed heis efual tsGobhiglsprocess comprises reacting a metal

tris(carbonyfl hyl.cycl.opent adi enyl.) hydri dot ungst en and a

processi ng gasﬁgg&ei %%a?to S%é ulcﬁ‘goagg%ﬁ)r" %&%ﬁeﬂcge 'Drc%%al oLeSPB’e%aéldﬁlpg%rur sor
i s introduced sdactionfdonditivad eiffdéntes prodbcetn ibteanelifb tattiGDRatzdsiMmind
t he processing s is.introdyced into the chanmber at a flow rate of
bet ween about ?:eg saifJntermesiale paftion walsHY "é‘ﬁb%msﬁgﬁfer@; m g presence of
deposition proge&snd td1een? RO ISP Fcadltth FONEIBISIuRSCiSRA %o AloBud¥aiduced
at a nolar ratio of about 1:1..The processing chanber i s maintained
at a pressure Pémpesialipeearond. dhe prcraemetaliia compenndaield sasultipgdrom
processi ng chaghetodess RS Sfvehioh (RivpLak 6

about 100 m |1 T?r? and about gSIO&?n!bI I ?4’3& .‘%ﬁr’g%gfr%glt%?sgg/ng? resgure
condi ti ons mayandangrefpogfendblyf3@beontgremtres, sizes, and nodel s of the

processi ng cha U .. 100110]..Ther mal,. di. iation.of the. .
precursor | nvo@gésﬁhegﬁg% fHé &1 %q?’rja‘f‘ge]%ﬁm%%&g%g&?ad?’ Bmducuon smnee
sufficiently hitgimbocondused idigy ty dineE eduififerdGolie@ t1af saink@eageh@tahd e
net al conpound adj acent the substr?]érg’ﬁto di ssoci ate to vaqlatile

hydr ocar bons WHPEFS BUEBFHS PifRR fes StgpiediopamubciiEa g MY TRES Het al
on the substrat@ductieTIREdesd SUPRERIN iR WhihksidSRGBshRAMIL ReldgNt i ty
and chemi cal, thermal, and stability characteristics of the

or ganonet al | i cCoproppdssHingmrognse waersi atlgnapiridasions eah harsaied ous in a single

deposi tion congi.tJ I r - 25 -
onpor at ur et o ST 1R FHE e o EEREIC A e AT A nch 8 ot

di ssoci ati on ofequitethp isobatios of amdiesarmiediest complekn. [ 00111] The t her nal
di ssoci ation i f erabl rformed by heating the substrate to a

t enper at ur e belt% aggﬁﬁé?ggﬁldﬁﬁam% st %ngﬁeﬁa]grﬂ%y W&%ﬁtﬁ?’?‘eﬁﬁmﬁf
the thermal diwilestaity o cqi@8SkndWiEMmILSEt.  BieSint@itiog hatel RobtPrefers
mai nt ai ned bet Wee{;ﬁ bou(i 250C and about 450C to ensure a_caqnpl ete

reaction bet weBfaBpgleprd fomdunesichd Wnantabue (Fagnelykdeym (o) bigBiupht e
surface. In a ,efanﬁﬁﬁﬁivggmhm&hﬁh S ied- Rivie SndMR MA@ OfthRLd

t enper ature bel ow about 400C during the thermal dissociation process.
[00112] For plinglute denrxaapls, Gusipr bxeddenide, polybdenun hersehlatide,a pl asma
is then either ] - Of . | i coupled int e .chanber
to enhance di scshgm ai |%éﬁggpg?(%éta%{rlg%%%%%oﬁl§% 1 lﬁ?zﬁnel%l een?agéfép |d%ﬂrvvi th
any reactant gaseduprestdilofide, dapthsilikea | ayer on the substrate. A

power density en_about 0.6 WAtis/c and about 3.2 Watts/cnP, or
bet ween about @ﬁ%ﬂindrp %Welﬁﬁﬁeneé@@%wwcamo Giaping wagpacan

preferably usegry &ver @ waBOraiBe, SHPHELAIEY bd BatHRRhl@GniRint AR csRAANBSEact O
generate the plasma. [00113] After dissociation of the precursor and

deposi tion of Wiethgselbamdiedening apentigtrseduge the intaanafligio siapiden weaternl sl
may be exposeds hihiidthe§ien hlehRbMbhnabi At At5Be EAPRYES 8Ra RAnlch3ih ANt

-




- 26 50 mlliTorr and about 20 Torr, and maintaining the substrate at
a tenperature of between about 100C and about 400C. during the plasna
process. [00115] It is believed that the plasma treatnent | owers the
| ayer's resistivity, renoves contam nants, such as carbon or excess
hydr ogen, and densifies the |l ayer to enhance barrier and |iner
properties. It is believed that species fromreactant gases, such as
hydr ogen species in the plasm react wi tB?the carbon inpurities to
produce vol at i fignisk ¢hredesis lﬁmmas leaétdhe ancure afnkial tkessaty br thootdagometallic

substrate surface an fro t.he processi ng zone and
processi ng chaffB8Po" "gfﬁg bag‘gf”gsg‘f%eﬂ?ﬁ > Jeperdggoadhe 4 tﬁ%reé?tﬁ’é‘n
further bonbar ehitihe, diesoukd® dofPRMR! §t88inS tla¥RiaF QRSEAtHER i tﬁéJrah

the | ayers reS|st|V|t and inprove electrical conductivity. [00116]

Pl asma tr eat mefiPE! abpH lp‘inélh@lo@mr&esﬁ& ahout $QP0Rmilippleaer arpater plisiudtbbe

| ayers, since Lhg.RhLdS p?mgt pe@eldnt may remove the desired carbon
content of the layer. aplasma treatnent for a netal carbide |ayer

is perforned, (82§l adime sgtgesingneteiabihy be siprddsitort navife gaieesof such

dh . .1 00117] .1t is. bel hat
a0 argon and el ol SR SPHSad 93 ol Spboli Bred bt
the layers to potpsiim cehgehtadiene, blasaryfbpaestensior knagﬁaeme andlpy er
The_deposition and/ or. treat nent of

with inproved terial, properties

the materials E%sgh’reﬁé]& Sigengimpt %?%I%Fﬁe&‘?gbsoﬂﬂlnh%ﬁeﬁﬁﬁﬁi@%@d the like.
di ffusion.resi gloarele, ThBoREMEhtion o8 HeAYR StaRHRGRAQ M A PPYGY 2 xae mal
stability, and inproved interlayer bonding. [00118] I'n an enbodi nent
of this inventieBge. aad peadmbly heghatramimyn amonpimegéssary ferradhwitlothe anetal

substrato is pgoWde%gﬂlgbﬁﬁf steﬁ‘ﬁﬂgﬁ"}a&ﬁﬁl 291[%9'831105 efft (gL 'pFo&lﬁgé 5d i%lteln%&%glteo n

the substrate, etching a pattern iInt he s rate epositing a
met al car bi de Ileagtem rmiendhehrgeabmhtdepmdi@ymrthe amjoﬁhf:)ﬁmt tdattfpramixture,
conductive neté% er on tI é_ car hi de | ayer. 'I%e uhstrate nmay
be optional |y expos PO TSR %bcf'“é B é?\“ﬁ%ﬁ%ﬁ"fr&? Bt IOl ot ess
hydrogen and atogboutt10, (}Oemi\iﬂ/lﬁn(ﬂéﬁ sleréatdrBoulte saffididhe forwhsat prabéssey. 1 or
to deposition of t_}] nﬁﬁ carbide | ayer. The conductive netal_ is
preferably cop@gl And Thetr B@ﬂ%%‘%ﬁf"é’é‘gmﬂ%}?}@a&% selagiest frer@so%ide i on,
chemi cal Vaporvﬂi@@@xﬁdt&&ls lﬁfovﬁll Iﬁ@ﬁcr HENAT LRV %Hﬁﬁgﬁ%&gs mzlﬂ E%é it

| ayer and the netal -27 - carb | ayer are deposi
or plasma enhdﬁ%(@dn‘ilh@@@’élpw)ﬁhmlmm dthdm@fa@cgréi@FMQaIp}%mudmdu@ﬁg

this invention, t a
pressure | ess an Bou% %?ﬂ#ﬁb&%h eolct%oo& n? Hﬁc{nf?g %%%/ ' and
the nmetal carbrF M&edmagwtrmhenaﬂxms&ﬁhbﬂpscﬁhmh hﬁ(mm[athbﬁj‘feﬂﬁ(ﬁ(y)alummum
subsequent . | aytﬁﬁydgj%g ?es IgE ko ai® reducing agent material), and the like.

[00128] The concentration of the reducing agent starting material can vary over

a wide range, and need only be that minimum amount necessary to react with the
metal source compound starting material and salt starting material to produce an
intermediate reaction material. In general, depending on the size of the first
reaction mixture, reducing agent 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 processes.

[00129]  The first solvent employed in the method of this invention may be any
saturated and unsaturated hydrocarbons, aromatic hydrocarbons, aromatic

heterocycles, alkyl halides, silylated hydrocarbons, ethers, polyethers, thioethers,



[00119] Current copper integration schenes involve a diffusion bather
with a copper wetting |layer on top followed by a copper seed |ayer. A
| ayer of tungsten carbide gradually becom ng tungsten rich in
accordance with this invention would replace nultiple steps in the
current integration schenmes. The tungsten carbide |layer is an

excel l ent bather to copper diffusion due to its anorphous character.
The tungsten rich layer functions as a wéPting layer and may all ow
for direct pl atsteg, thivestetshiectbnesgahidns, afiies, [solyahites, sijlesne@disl adhdpe

deposited in one steg by manipul ating the deposifion parangters
during the dep&%ﬁoﬁf’ B‘ﬂ‘.’e > 505 tH’{ﬁ’E)Bt‘i’qg‘i%’imF? gg‘?lﬁgﬁqveﬁﬁyr%r%mg&
enpl oyed to i naleBAgdthdrRentaabd, 0r BfmdnRgshalts] Adtdist 'f_,ﬂekéirabl R¥abr Of
one or nore steps in sem conductor mahufacture will result in

substantial sa¢iiroxyethane(DOME) ergnitrresdherseh incitelde solyan whirh does
Tungst en car bi i | : 400C
and formno Cogiﬁoﬁﬂgﬂ%r?%g(é@%}?ré %ﬁg%“t %‘%@%%Mgﬁ% |a‘+ Br;éé\g{é?lép&ﬁ

anor phous and Nhxtugspé phoor tharehiifsertt salveMintay be epipiryedliffdksisddo The By
tuni ng the deposition paranmeters.and, post.deposition treatnment,, the
tungsten car by EowF FEPeE B ot Bt GBF Siyecf PR A8 Rrdonly
top of it. Thibe thangsdwei sufticient tolsblubiliz6 RS tivL EéhphehB Yiethek@ictieopper

and may allow for direct gpﬁger pl ating on top of the tungsten |ayer.
I'n an enbodi meffixtiEhdn geITE F BHOWH CAPRY &Y Paragnasdromrhoyt ? BeIEFSPYde a
layer in whi chybidgt GOERBShIIIOPRrALR! byPReidht R HHork Bsseaehﬁm_saﬁwgif{ghimhe

| ayer. For exanple, the | ayer may be tungsten carbide rich at the
silicon porti offadipnimageure startigg malertabehi p, e. g., good barrier
properties, an gs i . . f d
adhesi ve pr opeﬂ’t0 itle : ?%8% %]%B@E%I{‘S}s}%r fh%g%gg?llég%g%gaagg,o %Iﬁgd ?‘%#8%‘%%9‘90@
al so rel at es i sgepawith the metgrsoues sothipoundno drocluagtht eeratedmramediahl i c
conmpound represent.ed by the formul ae above, for exanple, an

or ganonet al | i ¢V ]r’rglofﬂ%‘ aﬁéﬂﬁﬂ?&@ﬁ@f?ﬁwﬁﬂﬂﬁ cptach ey mrjay plso yapyxeally,

is a Goup 5 neidanyQtitablé¥@mbinfiolRi 8hch dohditiSnSmEPPSerhply&heddin. The28 -
unsubstituted anionic 6 electron donor ligand, 1,2 is the sanme or

di fferent and %eectiopersperayiamey peie seiluwyienpaniurg efeay ahiheafasementioned

el ectron donorg.dgan Ll ' r it jQnic 2
el ectron donorsol}“i}eg%h%?d %?J%I%BI?HQS%%%%?? ﬂ@é%@“&ﬁé‘ﬁt}? Pﬁgﬁg gglogp
neutral 2 el eqireferebiiobswedn apanc20°¢ tb aba@i 120G gesmaily the renddion id Grlidte
val ence of M and (ie/ger in the sum OL t he oxi dati on nunber of M_and
the electric cHargeL? l@ipﬁfﬂlﬁwt e ImEgn Y, VaRhiTeR agRetEss
conprises I eacdebdifsdr iRidts D3l fW Bourd of BlehteR MPhAreh &AME LD AABLY 1ol the t e
presence of a first solvent and under reaction conditions sufficient
to produce an TFRER YR & outingddn annerde. Aihe stintime sawldyed cauiange

| ntermediate "eanLhAR ohabba400blksBrBRRBIIBLAIH 1B 5B SRGHGE
of a second solvent and under reaction conditions sufficCient to
produce sai d qrefarsbhnizemlabiut 4dorip howd, fof bk stepganonet all i ¢ conpound
yield resul ti m the. process of .this invention. can be 40%.or
Lrenter . pr et SPUHY S PrREEaR aPotn AL SRy b BESR P done
greater. [00132fiefihd npaidsigoins i did drg Ullasttayivialtémidiateadadiion rla8res

scal e producti.g@ $i nce i.t .can _be conducted using the sanme equi pnent,
some of the sdRgv fe%i*@é RE Lionie Geewpcemstalsayigherearegativehx chasgedSadeqtspnpe

adapted to na r 1 ess provides
p NHhSCAAr En il ;sieleﬁflﬁln%nefs ﬁ&p%ﬁ@%@% p

for the synthesis of organonetal lic precursor sing a

process wher e Nal(EtpW (Dhal, PENE(2cadintsthyipmral @i (D)1, and theilikgl dhe
|, d i t t.al i d
foes ot equi PEMRERAE feabtor E-BISRRRRNA Lt R CR SR RSERSS

The metal hal ithie ivenpeaudsts sbavethifgistlati@r bfathe Msmikeiafatftiba thatdrM a
w de variety of conpounds known in the art. The invention herein nost




- 29 - furnish the basis for at |east the anpunt of netal necessary
for the organonetal |ic conmpounds of this invention. In general,
dependi ng on the size of the reaction m xture, netal source conpound
starting material concentrations in the range of from about 1
mllimle or |ess to about 10,000 mllinoles or greater, should be
sufficient for nost processes. [00125] The salt starting material may
be selected froma wide variety of conpodhds known in the art.
I'llustrative sd08182] ncThedensadiation cfithé mpemtdidiceemtion ofaasial camvary over a
cycl opent adi ene,.,lithi um cycl opent adi ene or magnesocene, and t.he
ke, "The sal t “faFPEh g af< iy by Getspiiaim grptacre iy JRIeagaHtibr ene

and the |ike. [bagkd&brialhepratecnt E)@Elﬁ&ﬂetﬂfi% E&tﬁ%&ﬁdﬁ'pﬁﬂlﬁriﬁ@éﬂgoﬂa&e” al
e

can vary over a w de range, and need only 1at  m ni mum anmount
necessary to r &setalyiepending onrfhiesized thesecand eastinn mixture; intrymadister i al
and reduci ng aggpt : 1 nt: I at i ¢ eral
gener al , depeng‘l’%ggo%lﬁl)m'zé gﬂéﬁ%ﬁ%@#gﬁgﬁgﬁﬁ oli?gg@??%’lﬁ? %@éﬁ’y &S}%ﬁs# J
starting mat er iabdutd06,00@ ntillimadlesns graatet,sbould bg suffiticht fommmbiqubcedses.

mllinmole or | out 10,000 m llinples_.or greater, should be
sufficient for?@gg%]opralg]fg?%ee@?‘teflgﬁafﬁe #ﬁ&teﬁgaﬂ’c‘? hof ea"dﬁﬁtﬁ’ogfrﬁih"iaﬁg
material nmay b&neel doheart Ndraiwtde: Maelias ihchide RBdigki BtHxidROMIaskim
the art. IIIus%}rﬁ%ti_ve reduci ng agents include sodium .

bi s( 2- met hoxy e PRI bt AcHiRie: 4 dis Itk (e fase matedaliy prpfezably spdium de
reduci ng agent pBbgHE #hSthe i%0di um bor ohydride, 1ithium al um num
hydride, and the |ike. The reducing agent material is preferably
sodi um bi s( 2- M3y etlthe vonpeeniration ahteti heyeimiattaial eangyary ¢wsda widerrpnge, and
reduci ng agent , (Rt G l?ét}tat lﬂ{})ﬂn@ﬂ%n‘lo:llhﬁiecesggg %(??elact-rvbﬁh &ggrﬂgl%ehﬁé on of
the reducing agent starting nmaterital can vary over a W de range, and
need only be t frattion matemiahta poudnte the orgas@nstallio compoindaiot this iheentioh.ain
source compound_stariing.matepial apd salt . starting material to

e otuce an' nt EPTE PR BT s dan gt e Seiond FeacEhBRgIe. Beh SRR on
the size of theodckdtfdtionehé BMgEbXEéth@bodtd hillirAEle 38 &3t toSdbafit 100

mat eri al concentrations in the range of fromabout 1 mllinole or

|l ess to about TGOS RF BIRisH|sEeuld be syifigient for mmgfaracsssessuf fi ci ent for
most  pr ocessesool $)12%he 1@nf 5819Ent S iR LRWRA Jrfhi f
this inventi on[ rnag/)ﬂbe aﬁy sgt ur atnéd&gﬁog%ﬁl?g?ur at gdifﬁ‘];}%{rhgglg@%c%&
aromat i ¢ hydr oggrssbmaied andomsaiutatéidiydrasenpohs: syonzdtic\nydivairboess aromatic
silylated hydr , . ethers, .thiaoethers - 30. -

oot or e, o i et AAEORNES: ahilides, BRINE ek Sualol AT Rt Bt
oi l's, other apestdrs,chisedtareibconesy annitles, arhings, @blyanends] sili@me oflf, otiee

above; nore preferab di et hyl et her, penta , or di net hoxyet hanes;
and nost pref e?péﬁtf%ﬁok%ﬁe?@nﬁma? ?f"g’t“ﬁBE?]@f%‘gﬁée Ehave) mgke Wﬁi(‘ia Wes
thereof. Any sdicthgleiher, pehtdfert omMiinehod RE%anBS land Bl MreREIBF BRleHe, hexane

interfere with the intended reaction can be enployed. MXxtures of one

or nore differ¥@inixguestbereel. Ry palallapolyon avhigh doss petandulpipdveradyint  of
sol vent enpl oyge e lihleh Gl 1%,1&'11 i j d

only be that an_nanltse Vglgi ?%é?%%@trgécggé E%Ll I zeFﬁ eéi ' rri%%g%r %sgﬁogggr%%ﬁgent S
in the reacti otiffpiert sgtwentsimayjenenebyedtihdesired UTle ahiowt bfsitenhayplogeiye

fromabout 5 . i ght t Q. about 99 cent b ight ar
more based on héte‘{ﬁf)u[cg%oﬁ? %}h{ecgﬁv?rﬁlém ‘gg?%%ooﬁﬁ)ﬁ?&'ﬂ{aén‘é?‘ﬁ‘ffﬁﬂﬁm%
materi al s. [ OCsbRbfliARekcicactionaigohérim thofeadtida hiRacE] Byefbral, iR Saubt
conpound and reduci ng agent with the netal source colr:rﬁgound to produce

the inter nedi RSP nHHHER T akput SerieniRy Vegpeiiobeut J9meEsniy and
contact time, W@yl HMdorY Biéd ShR bt RBINAMIMSHLLAR RixeREBLARL on of

such conditions nmay be enpl oyed herein” The reaction tenperature may
be the reflux méspds.ature of any of the aforenentioned solvents, and
nore preferably between about -80C to about 150C, and nost preferably



[00131] The intermedi ate reaction material may be selected froma

w de variety of materials known in the art. Illustrative internmedi ate
reaction materials include salts of anionic Goup 6 netals wth one
negatively charged 6-el ectron donor and 3 neutral 2-electron donors
such as Li[(EtCp)WCO)3], Na[(EtCp)WQ0)3],

PPNR2, 5- di et hyl pyrrol y1) WQ0) 3], and the |ike. The internedi ate
reaction material is preferably Li[(EtCpP®¢C0)3]. The process of this
i nventi on does [60186]F e Reatiton Gakiaione for the felitioh BF S iMeingddeate @actidnon
material. - 31 -r{?gmg The concentration of the internediate .
reaction mat er PEICTRGH1E agg/mptegalfodeoduss e orgrrgmalY RIpHYSopliks

m ni mum amount RRERES Sk o SRR fthreMbrletiutd 1 dRBSEATRLE kh A a1§00m§f Q@Mgﬁ ‘
t he organonetal | i ¢ compounds of this invention. In genéral, depending
on the size of aphanyswiae combipaiionofmush ennditionnimay e dinployed bereini dhe

mat eri al conce ' ' il | ]

| ess to about %E%Q%P?fﬁﬁrn%ﬁgg FD%%;F@%’E %&%Qgﬁ%ﬁ?ﬁé}% E’ff?%%né%%t?gnfegr
most pr ocesses solyéfid 384 mbleprbfessblybdt@edrodbotiB 0t toSebloart FACT andmhaxt W de
variety of materials known in the art. Miustrative base materials

i ncl ude sodi unPRIAIREX PeRween atons 30 ntorbanto0te, Nemeally the repalian is gareed he

| i ke. The base i :] i i like.
[00234] | The conmante. dibila pRsLE it SRR Ty SrPLBAlB] S
range, and neestcondsyorpangthaite avfewi hours argoeeter. Theesstanty cbobe abied taht h

the internedia actlion material.to produce the organonetal lic

conpounds of t‘%ﬁ%%ﬁo%nr\ﬁ/}é#] ?8Inc.:° H%Aelﬁgpﬁgf(gﬁgglé%séﬁrﬁ&eo%ﬁ%ﬁscﬁ E18F t he
second react i oftomiabbutr(e] tdxbset 400t IRt bref@itle RofmadboGNB td T5 Hidues, ki @ercof
fromabout 1 mlLinol to abou 1?,000 mllinoles or greater,

or .l es
shoul d be suf f P& ygBW“r‘?BEEEWrI&cl??g% 1 2ll§t5P85] The second sol vent

enpl oyed i n t hporethodh & ethBddmieity 83U 188k RYanb 8toB NYorRbxHs I B AR
unsat ur at ed hydrocarbons, aronatic hydrocarbons, aromatic

het er ocycl es,  &emigied #pave aasbe peparedbetherpitnvonasmdhesic neathas: s

pot yet her s, i 08t N feaofist & Psalldd cBEBER b a b ARLAYRare@ih URSoPHIBES

pol yam nes, Silicone olls, other aprotic so m xtures o
or nore of the(eaghdu&tCpporBypSafECal) with divaityl ) bemplegevittahesitrab2-

thercof . any. SOy Eno e diskte HERS kAP eerdp Sy Mool

interfere w th2tRetréndiod Bgarnde amidi 10 gaRhati¥R 6o @dronMoxbUigRad Bl One
or nore differ(gnt sol vents may be enployed if desired. The anmount of
sol vent enpl oy®EFefl¥ copygingied o thg fumgstephe” subj ect i nvention and need

only be thaty)anmount,swabiidi G sckhd@hitRhért 28 [ {181iE 836 bl AHnGRTRAISAL S

in the reaction mxture. |In general, the amount of solvent nmay range
from about 5 peitktetintsymedidte Angsipnatoaniposalt to 8ffpuatangstény (Isprhtex ovith

nore based on : i i ] i.n
matoriare. - bkl O G déhol Bk SHalfato 4icSh Bdrands

t he i nternedi aing Irregetiveiynchmpgedrd-ebctntdondihiézahdse material to produce
t he or ganonet | &, Precursors . of this inventjon,. su as tenperature,
pressure and ¢ hi%&t fsio on ﬂg?eéfp%ie&é??v bé’rﬂ&ié‘ﬂifl %’gﬂwt%‘? %"[?ISBH‘ES=
conmbi nati on ofreguet peRAEE td RARVEBIIVER, RAREBYIEGoNRE SiBlimalida) edetd @8
tenperature may be the reflux tenperature of any of the

af or ement i oned¥bpyssPEpouKy hspmatoepby mey plsp bt weplpyabast findoC t o
about 150C, ang,#Rsdonheh&§ abl y between about 20C to about 120C.

Normal Iy the reaction Is carried out under anbient pressure and the
contact tine n@01393r yOne exanspleaf teectionf1 abere (reédaction schemst Blelow) andfterw

or condi ned 1 rARpIeE PREFAT AR E et Ra g e R gt n bFRRY R o

0.1 to about 4fbvours, preferably fromabout 1 to 75 hours, and nore
preferably fromabout 4 to 16 hours, for all steps.



[00137] In an enbodi nent, the 4 | egged piano stool conpl exes of
tungsten(ll) depicted above can be prepared by the foll ow ng
synthetic nethod: 1) the reaction of a salt or conplex of a
negatively charged 6-el ectron donor (e.g., Li(EtCp) or Bu3Sn(EtCp)),
with a tungsten (0) conplex with 6 neutral 2-electron donors (e.g.,
WQ0)6) to yield a tungstenate anion salt in which 3 neutral

2-el ectron donor |igands, and 1 negat i veBy -charged 6-el ectron donor
ligand are directly cd@ffthated to the tungsten; 2) the reaction of a
second conponent, e.g., acetic acid or trimethyl brpmne, wth the

i nternedi ate tungstenate %ﬁion salt to afford a tun sKEEieLL7 conpl ex
with 1 negatively charg%ﬂwﬁ§§fecthﬁ;ﬁgggrLLLgand,u neltral ‘
2- el ectron donor Iiganﬁg’an cd nedatlvely tharged 2fgkéciien donor

| i gand. [00138] Isolationf the conplex may be achteved %& f4ltering
to renove solids, reduced pressure to renove solvent, and
distillation (or sublizgméden) to afford the final pure conpound.

Chr omat ogr aphy nmay al sor be_enpl oyed as a final purification t hod.
[ 00139] One exanple of fre above (ffeaction sqﬂg 1 el ow) and
two exanpl es of reactign Z\Epove (rre Kon schemes Zaééwd;i bel ow)
are shown below - 33 focEQN{PON 1 11 o oc H
Equation 2b
@\/ | .amco
g | + BrCH, ————» OCt1n,, o
R 3 Sl

[00140]

[00141] In an embodiment, the 3 legged piano stool complexes of tungsten (0)
depicted above may similarly be prepared by the following synthetic method:

1) [W(NO)2X3], where X is a halide is reacted with a salt or complex of the
negatively charged 6-electron donor (e.g., BusSn(EtCp)) to afford an intermediate
complex with one halide ligand, 2 nitrosyl ligands and a negatively charged 6-
electron donor ligand;

2) the halide complex (e.g., (EtCp)W(NO),CI) may be reacted with a second
source, ¢.g., Na[AlH(OCH,CH,OMe),], to afford a halide salt and a neutral
tungsten (0) organometallic compound. Examples of the second source include,
methyllithium, Na[ AIH,(OCH,CH;OMe),], and the like. This synthetic method is

shown below.

Bu @\/
C N

[WNOXCla + & My o ¥ BUsSHC
ey ™

8 ON
Ba

&~ &S

L .+ NaJAIHJ{OCH,CH,OMe)] — | +
ANane A
[00142] OV ¥ on” WM



co ? OC CO

Equation 2a OC./ "CO ()G e

-34 -

[00143] The use of a diene with a pendant alkyl chain can reduce the melting
point of an organometallic precu;rsor complex by introducing additional entropy.
The methods of synthesis of diene derivatives of tungsten (0) typically involve
either photochemical or thermally catalyzed substitution of W(CO)s by the diene
complex. Examples of dienes that may be expected to assist in melting point

reduction are 2-ethylcycloocta-1,4-diene and 3-ethylcycloocta-1,4-diene.

co
I{fl:;.‘JV.\\\CO + 200

+ W, —
v | ey i [o7e)
ooey L o [ oo Y gl

[00145] Ilustrative synthetic methods in which an alkyl substituted diene could
be substituted for the diene reported to obtain the organometallic compound
having a substituted chelated diene ligand herein include: 1) Fischer, E.O. et.al.,
Chem. Ber., 1959, 92, 2995; 2) Leigh, G.J., et.al., J. Organomet. Chem., 1965, 4,
461; and 3) Laine, R.M., Transition Met. Chem., 1990, 5, 158.

[00146]  Other alternative processes that may be used in preparing the

organometallic compounds of this invention include those disclosed in U.S. Patent

- 6,605,735 B2 and U.S. Patent Application Publication No. US 2004/0127732 Al,

published July 1, 2004, the disclosure of which is incorporated herein by
reference. The organometallic compounds of this invention may also be prepared
by conventional processes such as described in Legzdins, P. ef al. Inorg. Synth.
1990, 28, 196 and references therein.

[00147] For organometallic compounds prepared by the method of this
invention, purification can occur through recrystallization, more preferably
through extraction of reaction residue (e.g., hexane) and chromatography, and

most preferably through sublimation and distillation.



COOH Ctin..1,,00C0 Equation 2b [00141] In an enbodi nent, the 3

| egged pi ano stool conpl exes of tungsten (0) depicted above may
simlarly be prepared by the follow ng synthetic nethod: 1)_.

[WNO) 2X2]. where X is a halide is reacted with a salt or conpl ex of
t he negatively charged 6-el ectron donor (e.g., Bu3Sn(EtCp)) to afford
an internediate conplex with one halide ligand, 2 nitrosyl |igands
and a negatively charged 6- electron dond?-ligand; 2) the halide

conpl ex (e.g., [(E4EP) ILNE) Rdlled inehe diewillaecdgizevihdt udeDes chizdgSanacie:
e.g., Na[ AlH2( OCH2CH to.afford.a halide salt and.a neutral. .

tungsten (0) o P’ﬁ‘ﬁ% ‘? Bl\gl}%é’d@?ﬁ?ﬁ%’&ﬂet fetithput fepariing i SRPPE ST, FRIG
i ncl ude, et hylibh e Broserh@voh it L0RE0 h2BMRLAY deBtd ih BR cldii®beld®! S
synthetic nethod i s shown bel ow.
[00149] Examples of techniques that can be employed to characterize the
organometallic compounds formed by the synthetic methods described above
include, but are not limited to, analytical gas chromatography, nuclear magnetic
resonance, thermogravimetric analysis, inductively coupled plasma mass
spectrometry, differential scanning calorimetry, vapor pressure and viscosity
measurements.
[00150] Relative vapor pressures, or relative volatility, of organometallic
compound precursors described above can be measured by thermogravimetric
analysis techniques known in the art. Equilibrium vapor pressures also 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 art.
[00151] The organometallic compound preclirsors described herein are well
suited for preparing in-situ powders and coatings. For instance, an organometallic
compound precursor can be applied to a substrate and then heated to a
temperature sufficient to decompose the precursor, thereby forming a metal or
metal carbide/nitride, e.g., tungsten, tungsten nitride, tungsten carbide, or tungsten
carbonitride, coating on the substrate. Applying the precursor to the subsirate can
be by painting, spraying, dipping or by other techniques known in the art.
Heating can be conducted in an oven, with a heat gun, by electrically heating the
substrate, or by other means, as known in the art. A layered coating can be
obtained by applying an organometallic compound precursor, and heating and
decomposing it, thereby forming a first layer, followed by at least one other
coating with the same or different precursors, and heating.
[00152] Organometallic compound precursors such as described above also can
be atomized and sprayed onto a substrate. Atomization and spraying means, such

as nozzles, nebulizers and others, that can be employed are known in the art.



Bu [00142] C',
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The use of a diene with a pendant al kyl chain can reduce the nelting
poi nt of an organonetal |ic precursor conplex by introducing.
addi ti onal entropy. The methods of synthesis of cliene derivatives of
tungsten (0) typically involve either photochem cal or thermally
catal yzed substitution of WCO0)6 by the di ene conplex. Exanples of

di enes that may be expected to assist in el ti ng poi nt reduction are
2- et hyl cycl ooct@e153])- dienmvantibnpretideslic yat aooigandmeallic reeursor and a

method of forming a metal or metal carbide layer on a substrate by CVD or ALD
of the organometallic precursor. In one aspect of the invention, an organometallic
precursor of this invention is used to deposit a metal or metal carbide layer at
subatmospheric pressures. The method for depositing the metal or metal carbide
layer comprises introducing the precursor into a processing chamber, preferably
maintained at a pressure of less than about 20 Torr, and dissociating the precursor
in the presence of a processing gas to deposit a metal or metal carbide layer. The
precursor may be dissociated and deposited by a thermal or plasma-enhanced
process. The method may further comprise a step of exposing the deposited layer
to a plasma process to remove contaminants, densify the layer, and reduce the
layer's resistivity.

[00154] Inpreferred embodiments of the invention, an organometallic
compound, such as described above, is employed in gas phase deposition
techniques for forming powders, films or coatings. The compound can be
employed as a single source precursor or can be used together with one or more
other precursors, for instance, with vapor generated by heating at least one other
organometallic compound or metal complex. More than one organometallic
compound precursor, such as described above, also can be employed in a given
process. ' '

[00155] 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.

[00156] 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 or metal carbide/nitride, e.g., tungsten, tungsten nitride,
tungsten carbide, or tungsten carbonitride. Mixed films, powders or coatings also
can be deposited, for instance mixed metal/metal carbide films.

[00157] 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.



[00145] Illustrative synthetic nethods in which an al kyl substituted
di ene could be substituted for the diene reported to obtain the
organonetal | i ¢ conpound having a substituted chel ated diene |igand
herein include: 1) Fischer, E.O et.al., Chem Ber., 1959, 92, 2995;
2) Leigh, GJ., et.al., Oganonet. Chem, 1965, 4, 461; and 3) Lathe,
R M, Transition Met. Chem, 1990, 5, 158. [00146] O her alternative
processes that may be used in preparing-8fe organometal | i c conmpounds
of this invent Thapifeoedsod @efdnibad hetemekosetdculalylhseiul Ratpetduchg@ib k35 B2
and U. S. Patent | i cat.ion _Publication No. US 2004/0127732 Al

publ i shed Jul y %8 1289 ?“’E‘%%ﬂa?ti%‘ﬁdgmeéwmoehah%‘*i%%r%‘?%é&o nm.

herein by ref ergrgef thiiRvet@anRisthtd CafyRRALALSd $r AbtichMent i on
may al so be prePared by conventional processes such as descrtibed in
£

Legzdins, P. e¢legirodes.ippatticgpnesn-chrpge merd elepedesrin logid, es eapeeitor
therein. [0014 ?igw .. ] r ed by the nethod
of this invent fzﬂg{r;]t!f:&%lsjrﬁi& I'catl %%hléiat%n%%g%?y@ ro@&%g)a?%%agsyst allization,
mor e pr ef er abl 00 58]ouJtheenxdthaictlscoin saifedrfeqmtpoing lBerdauiimsewherein heleaste)

and chr onat ogr aph and referably throu sub] i i on d
e T T onor BRde n m Hilser ik BE s moniyore Brhinlst BE P FBR g ze
that numerous fHohdgaftdMysul@orRbfcdndudthieanmhbarindg@aernked i n det ai

herein, w thou arting in scope or. spirit fromthe present.
i nvention as n@igﬁﬁart[?é%?@l”?‘ym&é‘ﬁ thedavention isdlitepted fasa wethgdvthat tgludoy

Exanpl es of tegRRig$ede k@R &%b@%&ﬁ@%@ﬁ%@?@&??

organonetal | i ¢c_conpounds forned @g the sy scri bed
above i ncl ude, desgribegraboyie theringlly, ellemisallya phdtpelicortallyay bylplasmataotyratiphy |

nucl ear magnetj Qgﬁ\rﬂtg I m%‘ﬁ??\éi I nal vsi N ively
coupl ed pl asrra{hrgmr@eég?spec ?g]rlrhétlargfi1 I EE%W%P&S% nozig%er%:tg(?gﬂhﬁetry,
vapor pressur eccmpbund somsidcied vetsasubsedté Baving D@ihdpelaniRe bafficient to apoe
pressures, or relative valatilit of organo al l'i ¢ conpound
precursors descr P%ﬂoﬁﬁ%&é “CHROB d‘i‘?@&%‘iﬂ’&ﬁe 6’533 _%"F?@rarﬁﬁ} %‘%/n&ﬁé\{hsgate'
anal ysi s technjoguesy kmaesrdafoimb@llidichmp&etd fréditdordRamaRUmplRASMI €S

al so can be neasured, for, exanple by evacuating all gases from a

seal ed vessel , “FHEA! Ve dRPRFEENS: BPrespreliiesponmRalargani G RheBRaE B1POF o
the vessel .andid,B&iioh HRestsés kidwIBAT £ 3 idsRAVE thdorkBforiditic

compound precursors described above can be used in atmospheric, as well as in
low pressure, chemical vapor deposition processes. The compounds can be
employed in hot wall chemical vapor deposition, a method in which the entire
reaction chamber is heated, as well as in cold or warm wall type chemical vapor
deposition, a technique in which only the substrate is being heated.

[00161] The organometallic compound precursors described above also can be
used in plasma or photo-assisted chemical vapor deposition processes, in which
the energy from a plasma or eleciromagnetic energy, respectively, is used to
activate the chemical vapor deposition precursor. The compounds also can be
employed in ion-beam, electron-beam assisted chemical vapor deposition
processes in which, respectively, an ion beam or electron beam is directed to the
substrate to supply energy for decomposing a chemical vapor deposition

precursor. Laser-assisted chemical vapor deposition processes, in which laser



[ 00151] The organonetal lic conpound precursors described herein are
wel |l suited for preparing in-situ powders and coatings. For instance,
an organonetal li c conpound precursor can be applied to a substrate
and then heated to a tenperature sufficient to deconpose the
precursor, thereby formng a netal or netal carbide/nitride, e.g.,
tungsten, tungsten nitride, tungsten carbide, or tungsten
carbonitride, coating on the substrate. 'A%pl ying the precursor to the
substrate can Bghthydipstedito fig; subgray tondiecthhoilyiy reactibys of the themical
techni ques known in the art. Heating can be conducted in an oven,
with a heat guﬁ?pof)ge g‘@PPF??HSF’Ef ak'?@%f"?ﬁ@“ ﬁe substrate, or by other
neans, as knowpoi#z)t Nehekiethdd dfaSmeshiAk FlcdraictBEinOltR U 8l
appl ying an organonetal | ic conpound precursor, and heating and
deconposi ng i t V2PoRBeRoBIIoD seasionyy sucks 4sy B instapes, hotfgicplslnaall pspciers, plasme-
one ot her coat] i ' he: i 5 d heating.
[ 00152] Ogano%r%fgg 1llsﬁ%gn%%g%I%Ere%hlrség?gs‘a@{soﬂsgh%géﬁ? %g'd above

al so can be atWiléHd &memples afsdbswattothat o be toatdeemploying et methodofihe

orp oyed are KRR Ry i Sabsr B o s BbsHeS SamAR oo ¥
provides in pamttabsilicdeas.eEiSih,| CaSiH NeSibtlssffcondikick nidéad eqf, §i,BiGkeNg
a netal or met&l ci{ﬁ)i de Iaer on. a.substrate by CVD or. ALD of the

or ganomet al | i cOpte & dipmond, GgNeSKs prsuiatess, eighS10nvishli B2 48205 ALOs,

organonet al | i ChRRGLiFoRBimtardald @ITVE Yl sBFstiafes US€ thele d6RBRatio JTEL al
or netal carbide | ayer at subathospheric pressures. The nethod for

deposi ti ng t hempgrials. byaddition filvay ¢ri coetingsyer befomped swglapheeemitsi ng t he

precursor int 0 ggﬁ[lga i i

pressure of Igg%tgﬁg%@%%é&% ° oﬁl,rlat%n ’éﬁi?gé%{%{@lﬁ%ggs hdgqgrrng%r?ss'ol}l in
t he presence ofreirpd onbsdimegtsghbn tiepoditipn &6 dn asubsitad used imdteahanvachire e
| ayer. The precursor .may. he di ssociate d deposit.ed by a.theroal or
pl asnma- enhancel pﬁ?cc?ésé%%gf @?‘?%“’H&%EW&- ?Iﬁrofl?’?é Emgﬁ‘ﬁwp e? %“@F%B Tof
exposi ng the demssyddad shypoera lod Bsiph S Bn@IclS A8Sosithdt @8N in the
contam nants, densify the | ayer, and reduce the |ayer's resistivity.

ay . ,
[00154] In pr SME¥FPERICAm AR hightemprsatpieps ap pefrally frapypitingnlml | i c
conpound, suchopgpssesehi RRAoARP VS inly R’mlaﬂyigfjoﬂdﬁc@@?o RRSE 2 film ona

fvent
deposition techniques for form ng powders, nms or coatings. The
conpound can babgralt Gydhisasmoot, Higt ariomrloen smbodinsnt, teymetind be used

together with r rsors. f.or i.nstance. W th vapor
gener ated by Haagrts Gefodl il 8 EEiksn el e if et AN Bailatel o oF
met al conpl ex.prideseng. hBor instance) ha nathwidakh be cadoged nddgposic afidmon such

as described abgve, .al.sp cap be l.oyed in a given process. [00155]
As i ndi cat ed é’ﬁﬁ%f’d P‘H]lsga ﬁ&’@ﬁ’t"f’ﬁﬁggq"éﬁesrsé‘&h? TeASpt PIES PIVI8S et hod
for produci ng Rurfhtinibre AR ineHad ¥ HRAWRon IRE cARSd 1Ak i WHE Stheh@erit ep
of deconposing at | east one organonetal lic conpound precursor,

t her eby pr odudh Htfe peaopfacring 95 Prasesssie. pewaasking etahing sdrotfds cr i bed
bel ow. [00156] Og)ﬁgg?si | e i i e

to forma fil r% gomdefrd%& coatli}?%gt Otgﬁg&tcﬁl:vﬁgﬁﬂgﬁéﬁ%ﬂ%%ﬁgf% Arr]g]?gfﬁgffﬁg
film powder onctbebhdsihgen develdped fudesgdhsirggiometalliaprecursonsttatieposit
carbide/nitride ~O.a-bungsten, tu ten_nitride, tungsten r bi,de,
o tungst en canpestenamils MR piAtRRRE The o ecutsdp B 60w BR
be deposited, undértheSbadan fexeghs iE infloldidRtifintcCaC DA ablber S Turlgeed 57]

Gas phase filmdeposition can be conducted to formfjlmlayers of a
desired thi ckrfég%f,% la}saés«&rﬁﬁméznw%ﬁtﬁéewghg@%dof%mra&fmlam% dret o
over 1 nmm ratio of tungsten to carbon can be controlled by controlling the pulse duration of

the hydrogen plasma.



- 37 - The precursors described herein are particularly useful for
producing thin filns, e.g., filnms having a thickness in the range of
fromabout 10 nmto about 100 nm Filns of this invention, for

i nstance', can be considered for fabricating netal el ectrodes, in
particul ar as n-channel nmetal electrodes in |ogic, as capacitor

el ectrodes for DRAM applications, and as dielectric materi als.

[ 00158] The nethod also is suited for préBaring | ayered fil s,
wherein at | eafi0lt¢lo dihettial vapype depaditfoheiimis narpitakposited coapiesitetd i on.

Exanpl es of layered fiJminclu t al -i nsul at or - sem. conduct or, d
e al - noul at oFSOHGES Fof B, TS Emihuup B bt BBy i Bty
directed to a et thedl 500 adnotiR ks RSl PrétRABIyQéss 86 Q0D ehdigktda BAEk. Of
an organonetal | ic compound precursor described above, thermally,

chermical |y, ph&t®BEH@hwiedess (hagSOppmemetsivdhighdprinstpuss, filsehadthgve dr ni ng
a filmon a Subinalboridh bt VAR anYAPA nHEREEAL Ah Ot HelifodiRppOUnd

is contacted with a substrate having a tenperature sufficient to
cause t he orgali¥ieilal [Orgaromepdimebnimpudé powposs destdbédbatmva alspcan bn t he

substrate. [0016 The or 0 | Lic compound_.precu rs _can be
i oyed i n- chBAr A T ABURaTBL P rieoBPt B Pe FEBEE BTN et a
organi ¢ chem cabmisipgsr nilelpatiint (AGLIN)REDBRMmSS SuknOwhich A sihk€rairit exgoséd to

i nstance, the qrganonetal liic co Ouiﬁd precursors descrjbed aa? ve can
be used in at T ppses §PW§'I“IS‘§£§X et o ipFr gasifreame, Bt &Xﬁ‘br

deposi tion pr Oﬁ?%ﬁﬁ&_a tet Al qER TROMRE Sy Liafor RRaRpIB iR YRS FalknbRb. 81887965
chem cal vapor position, a method in which the entire reaction

e

chamber is heatwldn Uh8. Ratant Nas6.p42.2 61 dlhsr disedasmionaf both pplents e cal

vapor depositi @org@ra%eﬁ%@fgil%fr.cf}eﬂﬁéiiﬁﬁle%nﬁretthe substrate is being
T net a

heated. [00161 e organo I C conpoun ‘ecursors descri bed
above al so can[09&68]sedox exapipis reorer AR ayde assibsitatelis ehprsed,dh stepprse
deposi tion progesses,. abn vvhei ch _tl{}e e ergpéﬂfrom a ]gl asma.os. . and
el ect romagnet i SEBHErgVY 4P SEKEE éﬁf?gﬁ"ss Y0E PIEUERE YAPSE &) Pire 8as; an
chem cal vapord)degdisdr] dlee @nregthies Qfith indre g0 M QeHRelS, cabIs Stelf 3dh Hieas short
enpl oyed in i on-geam, el ectron- b_eém assi sted chem cal vapor

deposi tion pr odRseWpmenf il permibie e aijhseqopds) spd polang anthe droceiect r on

beam i s di rectRguitd (b.BeseFoRBIERME of hisEy)! YheBGLEN (i UneU§OLRRIBL NI 2
chem cal vapor deposition precursor. Lasér-assisted chenical vapor

deposi ti on - pr cbegsemilliseropdy w14 as dengras mipste.i Gha cycls igtapedieddverd neried
bstrate t ! i f i
subsirate to atilg.tet‘%{i rﬁ%g}ﬁ‘s%w 3 e %ﬁﬁ?&s'tg ﬂ§1[1r80§@t§]p9#ﬁlg&f;r§a%lﬁa\é§pf§? t he

deposi tion precursor, 0 can be used.
i nvention can meomeietubinaa thickerax.g. olimiltinemdr§aim)vapor deposition

RTINS T AL B

in the art.  tungsten, tungsten nitride, tungsten carbide, or tungsten carbonitride, on a
substrate, e.g., a microelectronic device structure, from an organometallic
precursor of this invention, said method comprising vaporizing said
organometallic precursor to form a vapor, and contacting the vapor with the
substrate to form said metal material thereon. After tungsten, tungsten nitride,
tungsten carbide, or tungsten carbonitride is deposited on the substrate, the
substrate may thereafter be metallized with copper or integrated with a
ferroelectric thin film.
[00170] The method of the invention also can be conducted using supercritical

fluids. Examples of film deposition methods that use supercritical fluid that are



[ 00163] Exanpl es of substrates that can be coated enpl oying the

met hod of the invention include solid substrates such as netal
substrates, e.g., Al, N, Ti, Co, Pt, netal silicides, e.g., TiSi2,
CoSi 2, Ni Si2; sem conductor materials, e.g., Si, SiG, GAs, |InP,

di anond, GaN, SiC insulators, e.g., Si02, Si3N4, Hf02, Ta205, Al 203,
barium strontiumtitanate (BST); or on substrates that include

conbi nations of materials. In addition, "#ms or coati ngs can be
fornmed on gl assurraslydmbws in fhkagtindsde dhearcub Seid depbsytivr siperdeitiealifatid

and on other coatings or.filmlayers. In, ferred enpodiments, film
deposition is grﬁnsé’o "LFBEIPFQf[ PRER ’isﬁpﬁrﬂ%tl‘%élﬁﬁlgééflﬂﬁc@%?osﬁ%@%‘%i ng of
el ectronic congmﬁ{tﬁaijhﬁle@gi&edepggmgﬁlj nents, a substrate is enployed
to support a | ow resistivi tai conductor deposit that is stable in the

presence of anlM74 z&rhepticahflyid deppsiiiorantaeessasy fon axasgie. @gg Well suited for
transmtting fj 4, 00: . oieh J Sl | s he
conducted to dg%&g\;:;]%m ggggﬁﬂjlhﬂﬁ}ﬁ a sgg%tc(rag%%@[%gtp T%:sg&%&g ﬁa%(gtﬂﬁ%?l%fofg%gh
surface. | n anaspetiemdiipréaaturest (hemidah fuidi depootichuis ledtribed, daposartceanfli.BEm
on a substratejzused.i f nuf act uri ng. o r,ocessi ng. For.

i nstance, the ﬁgtte]ﬁtco}éo'ga%rggggic %Iﬁsc?tog u‘fe6°"g‘§6[)g‘ﬁflsy$ﬁ ﬁ'ﬂ%%a‘lf)oa]tst er ned
substrat es. t hatlescribddiel@].§ cRitdik B, 6,9¢1226BL I THE fieSosuhdl of $hedé twd Flients

Furthernore, the .method %L t_hgwi nvention al so can be integrated with
other steps i n*RAFPIFRALILED irFf@fe(‘}FeB‘_rtBE‘é%‘Fﬁ@; e.g., masking,
etching and ot fpans2] [ §9ddahbddiman FHROEORIRYL, Pheatddipati¥eRibsPhe i@

pl asma assisted ALD (PEALD) net hod has been devel oped for using the
or ganonet al | i ceosed ip$pe et merespawmetalimepapaind areovigers.dn dha praggseenf a

rich films. Th i : j d | ow of an
inert gas to iﬁjtlféc?)lléfusggp%st [ n%‘g{t%ac%g@ﬁlagﬁgﬂﬁgrl %%ﬁgé? éeaﬁtcgg?%ioge filnmns
are grown on asupetysitica GOl thetchge @i @O thessohvwedt fhgé is prbvidedbat ainessuat | 0

of tungsten to_carbpn be controalled by.cqontrqll] t he pul se
duration of th%b%ﬁag%“égﬁﬁbpﬁ’sé%?@a{empg"é"d‘lrezfﬁgi‘a@%%oégﬁlccal vapor
deposi tion fil [081%3n e gepmshitie dedodupds6lEHi fo0E a kL 5NE B8 thdRbsirate.
exanple, filnms_fornmed can be less than 1 m cron_ thick, preferably

| ess than 500 PEHGAEI0BASCLERETASS reanismatenl {Fomake Prerursor Jire REgSHet er s
thick. Films thaferialis sdifsifizdd3he Hivap e it} fethovddiwd :
films that have ant hli (S:kneszs bet ween abogﬁf%{d%ag%ﬁgggu%‘%d e
nanonet ers, al8®sEs® be produced. [00167] Organonetal lic compound
precursors desghi-hgd v | 50 . d in.the .nmetho f the
Pventson t o rosrl | BPEGaRoR? R pb8uGTBOPE  doBal LB rtRfiel | on
(ALN) t echni quésmbduthatipusdsionh oametdsibstedtes. i Theaunatd atethealet] ¢s that e

pul ses of precurso oxidi zer and inert. gas streans. Sequential | ayer
deposi t i onpt eccﬁeﬁ’lr?f{fgglpﬁ’fa rﬁﬁ%@?ﬁ%@&?"‘ Wegél@ﬁﬁ?ﬁ’g?r Ipsiange.y IBEANS Af aNo .
6, 287, 965 and fufhakk.SVaftttlo€ite MNenofeBids ffpoud areSHbARYE §6r &fank®d, h

patents are incorporated herein by reference in their entirety.
[001681 For exXBiipPE/ng #visHemA th er. & o5 day¢ beiking compapgd darichambper
step-w se mannghpehdi erf&@"fb dali&d ¥a gﬁ?itioﬁ.)og!tﬂ%%hpgﬁlﬁi CA{ th¥ 'vEShr contacts
precursor vapor; c) Inert gas, and djy . oxi I zer, "al one or toget her

wi th inert gasthe heatefoswbstedts suafact) isdespmpases laad fgms hondtal @5 mekad carbide
equi pnent w | | zperm 2. a...m | |iseconds),;and _as |pong as the process
requires (e. g.ﬁﬁé}le‘v‘gar %ﬁsgrgoeegtgtﬁ%‘ée’g? Orrﬁaﬂ‘ﬁﬁlggh.c %ﬁ@o'gﬁfpé?‘fuﬁ?rﬁ?n %‘g -~ ycl e
can be as shordlorasoriin tdhsieandsitaogt @Sndre RGmasnditsNiticAas, fINEagpid, Stlics
repeated over a %eri od.that can . range froma few mnutes to hours.

Fi | m pr oduced F&Homstalli¢ IGFUSSAT, ARG brAriegasesr reasiivgeases.e. g, , 1

mllinmeter (mMbo14s)01H0d sybirSthhi B4R BE LK dHEES BmiBY ARAniRs4 bOMAT NY

a metal material, e.g., tungsten, tgngste?nltrl de, tungsten carbide,
or tungsten cafyaHPRRHenateslecasbgsiinested fo 2 gas-blerding wewédle & prodines

devi ce St T UCt U Goeef EAThAR ALIRAATH RbbifoRIESHE $RlrcHint Poial fvent i on.




- 40 - currently known in the art include chemcal fluid deposition;
supercritical fluid transport-chem cal deposition; supercritical
fluid chem cal deposition; and supercritical inmersion deposition.
[00171] Chemi cal fluid deposition processes, for exanple, are well
suited for producing high purity filns and for covering conpl ex
surfaces and filling of highaspect-ratio features. Chemcal fluid
deposition is described, for instance, rAlt. S. Patent No. 5,789, 027.

The use of supesmiutietd c Rawinhatérthds incluéq b frk hosliraltabio] cntle pasdsheaktive
U S. Patent No. 6,541,278 B2. The discl osures of these tme‘g%n%%ﬁ
are i ncor por at SFhHIPEITERT: PEFUFUNTILVeIRan Srses, 2gpthprsy frecisp P

an enbodi ment  plockRGat BUBHYsItRA is %lc?rﬁﬁfis@i@d Q&hk gfagﬁﬂoﬁ UhSHJIRE valSes

exposed to one or nore organoneta I C conpoun _precursors,. 1N t_ﬁe
presence of a BEFsHEnransdugers, ard etherangans ras kinewih irothe 9tip dmexhaustmpnifold

fluid, e.g., ngar it . - tical qln.the c of CO2,
the solvent fl giﬂldp Oﬁgé%é%\a)e}(ﬁ@g ﬂge'l:&% gssgﬂé%nsllg gcﬁgr, gi%\% ) %}(Hasiﬁ%gmp{sq ag and
a tenperat ur e wicuat fuags tAraiiatdmea0G stehl) ddwidtrekheofihevisngn hump, can be

deconposed to forma netal filmon the strate, The reaction, al so
gener at es or gaﬁslegm?rﬁ%"rvleé’fly L%ﬁ%ﬁ@aﬁpé%t#}’%fhe e*h@sbgaﬁaﬁﬁﬁ REPR Al
i's sol ubi | i zedsyatent b HequBPEd Witk HsianGhaBaRIskiterh SRBVEHEg @\l &4 t he
substrate. [00174] In _an exanple, the deposition process is conducted
in a reaction ¥EfEehidhaernitmetsupmentet the PrcetsiEss FepRAsitiony . control

substrates ar e,k LLqhRitol Sy &8s bibohifiTREL @ﬁ:ﬁ;g g@éeéa @%H&Ebg% &fgr.],e

entire chanber, for 1 nstance; by neans of a apor
or ganomnet al | i ctempaysbuadresavreblfowrateleteadd, for exanpl e, by applying a

vacuumto the er il] nd th h er n be
hot enough to @Qﬁéﬁj vé%lg(rafgzalé%%%? 5@%%1&%%%%‘583%? ae cr?tfeﬁgg(\g/%p%a%l%%
contacts the haaplegedstolpsdduat Elnsuthitdndndd 4 sifgle argu) 9ea fiftn that dichmleda

metal or netal .carbi fil cribed aboye, .a rganonetal Lic
compound pr ecuﬁ’léé? e cﬁblﬁsé@%ﬁgg s gffo FW%P‘H?& %ﬁﬂ'\ﬁﬁaf“l’f’ BHEL or
mor e conponent fetabeihida Silms. Wuck KMPhE prédub&d, fo &%9{6‘95@&&1?16 ing several
precursors, inert carrier gases oOr reactive gases. [60175 Fh a

system that catfeponeidtc prcypasubicird fims dlso pAn herformet Ragxanpledy using

e on, © i i oty B ki e gce b1 crding, e fol

where film gro@h77]ls Filmg formed by the methods described herein can be characterized by
techniques known in the art, for instance, by X-ray diffraction, Auger
spectroscopy, X-ray photoelectron emission spectroscopy, atomic force
microscopy, scanning electron 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.
[00178] In addition to their use in semiconductor applications as chemical
vapor or atomic layer deposition precursors for film depositions, the
organometallic compounds of this invention may also be useful, for example, as
catalysts, fuel additives and in organic syntheses.
[00179] 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.



conducted. Raw materials include, but are not |limted to, carrier
gases, reactive gases, purge gases, precursor, etch/clean gases, and
others. Precise control of the process gas conposition is

acconpl i shed using mass-flow controllers, valves, pressure
transducers, and other neans, as known in the art. An exhaust

mani fol d can convey gas exiting the deposition reactor, as well as a
bypass stream to a vacuum punp. An abaté&dent system downstream of
t he vacuum punp, can be used to renove any hazardous materials from
t he exhaust gas. The deposition system can be equi pped with in-situ
anal ysis system including a residual rgéé%‘m%l yzer, which pernits
measur ement of the process WameSOHPOMilirh FhylActPRhfadiniapd dat a

acqui sition system can nonitor the various process paraneters (e.qg.,
temperature, pHY48Qk e A oo drigd 8.0 ldergoynd-baypnrd)3 reg doﬂﬁ}liﬁ@ﬁréﬁlumq%c
conpound precu I I : . i
Char incl de s ohacrEAEhanPe Ry &30 BRAP Bt Pt 30§ bl
car bi de. M xedadaptens Th¢ smatEng heckdepbsiliskdvasfsealed with amabentepan. n"Eheal

carbide filnms. sSuch filns_ar roduced, , for exanpl.e, . enpl ayin

several or ganon@tatdsit enp?oé’%&%cgﬁo?.mwegfva‘qua‘&?@g V@ab%'gﬁg@ft@%ﬂ%gf‘d

for exanpl e, biheusntdg@s bOtHedlakk @Ere®RScuatédRad bV YithSMISL thred times.

oxygen. [00177@5%% f rgg%d by the net hods described herein can_ be
ch

characteri zed ug higiapes (04 malliliter) wesdhen spanylated intp theytiask

di ffraction, AugRhe 309t RIE MY codled RYidPBLL RJIRE baBNo €16°6S T8his
spectroscopy, atomc force mcroscopy, scanning electron m croscopy,

and ot her t echtfilyipas frrfidineraslredtetiyloyeloperredienst(PV.Stayanasi d . 06tneelrarks added.
stability of t{g,ftdi: . I; Y- 0 i e
art. pool7e) 1 unBRhEd ibs, ZERPH R SRBHS B b
as chem cal vagroppiog fimneiri Thel malyeylliten solntionmwps then addedsirdpovisd tolthe

depositions, t or gan tallic. compounds of this invention al so
e usef ul T or B SHAPRS G ob fiof SRS SR ik e rreiiE s e e e
syntheses. [ ORdni®dred/By tHettBodtglefah€ atisi e 3duVatditain tBO fenperatiit Sas
invention will be obvious to a worker skilled in the art and it is to

be under st ood PARtEEGORRSEI-10 Eand §i{c Bidng te addition §vidensephapmsoluble
0e pnders o0t h ! . i S
LCopae the" ot eHR SRl L SRR ON S R o

scope of the cl ains. Ium
Et hyl cycl opent [#8184i d@nce the addition was completed the experimental apparatus was

transferred to inside of an inert atmosphere glovebox. The contents of the
reaction flask were filtered through a coarse frit and the white solid was rinsed
three times with 100 milliliters of hexanes. The fluffy white solid was then dried

under vacuum yielding 100.1 grams of lithium ethylcyclopentadienide.

Example 2

Synthesis of Li[(EtCpYW(CO)3)]
[00183] An oven dried 3.0 liter flask was fitted with a condenser, a mechanical

stirring shaft and a rubber septum. A stopcock adapter was fitted to the condenser
- and the assembly was then connected via the stopcock adapter to a
nifrogen/vacuum manifold with Tygon® tubing. The contents of the flask were

evacuated and backfilled with nitrogen three times.



[ 00180] An oven dried 2.0 liter round-bottomed 3 necked fl ask was
equi pped with a Teflon coated stir bar, and a 500 mlliliter dropping
funnel, and a stopcock adapter. The renai ning neck on the flask was
sealed with a rubber septum The flask was then connected to a

ni t rogen/ vacuum mani fol d via Tygone tubing, and the contents of the
flask were evacuated and backfilled with pnitrogen three tines.

[ 00181] Anhydrous hexanes (500 m |l lili tef‘? was then cannul ated into
the flask and {4384 OWhIﬁeewndIetaa;:quwaﬂlecamﬂrﬂds wasdxsimnuéctal frooklieng bat h

to -10C. To this sol.ution, I e eIh pent adi en
brams. 106 o UragY HshE i ER st FhARHR Sl S R BiBheS B vier,
hexanes, 1.0 nwhd rubasr sepram watdesobed mmlﬁgsaambmﬁbuﬂﬂqboo Fhss, 0.85

n- but yl I i thium sgl ution was then added dropwi se to t

et hycycl opent athoetesdendae iim thind-§ Bteg flasks .Tﬁls rubpgiesepRigh Basteglaged the; he
reaction was nmpgdtseskeRYout Qﬁhggﬁ)g%xeana?&o%ct 9o HRSy2BnRMA Ogggl tion

t he tenperature was mai nt ai ned between -10C and OC. During t
addi ti on evi demeeifdf. an i nsol ubI e whi te precipitate (lithium

et hyl cycl opent id ce the.additiaon
was conpl et ed ﬁﬁ%g'gxpgl?l?@% Eﬁpi \/\5& 5 ﬁgaéeprcgrd!m‘fl% (?{r:{%ﬁn&e of
an inert at rmsﬁnhtese@l@bmﬂehwme'ﬁ’ez&:uo@mésmt andcthe tdlatioreasd dtiordf Thsk wer e
filtered throu oar s d the | i d i.nsed three

[ mes v th 100 e TR SraRie st SoEBRp, P el gh A8 v
then dried undgs eélr@@ Wﬂﬂf@&b%ﬂﬂe &Q%B iofliiHe heferddehdbud Bdlution,

et hyl cycl opent adi eni de nt hesis of Lif(EtCp) g} Q0) 31] .

[00183] An ovelfOifbled sa@npmﬁ'éﬁedﬂ%tﬁrwagdwtﬁqw fIﬁSkﬁnad% ipegbr, a
h | st
mechani cal s Istﬁfogggﬁgéelg?s&ebaﬂqltﬁluhyaﬁﬁ @@%ﬁ&&b %anlog longs

fitted to the con and t he asse was t ncon
st opcock adapt@atﬁ@tlabm‘mﬂr@gﬁﬁ:ﬁva"dmumlqmwﬁakﬁwvﬂnahuﬂf;cgmp(rm) andibi ng.

The contents o nd IIed trogen
three tines. {emfg&; ﬁ%%?ﬁ%@? {}% I lma%g)lsy ﬁja i Eﬁ% ltgrs’pa\zg@]%{?mus) NS

di sconnect ed fthemednnbtedi 1hfoctgeaﬁa/mld asked nhfelad I@ﬂﬂllﬁbgdiﬁfaar\ﬂﬁld stlﬁﬁigd e
of an inert at box The ru vvas renoyved and

t ungst en hexac gtHV dgiulIbabfiso diéTEIetthﬂ’EXS’ﬂl"‘H% 3.0
liter flask. ﬁgdﬁgg%[eﬁgmmﬁ repl aced, the flask was taken out
of the gl ovebox and reconnected to the vacuunt ni trogen manifold.

[00185] Di met MO hakbe fithiwn ethylsyclopeadimmidesplutias viah dreocantiated atp
f S t
roma oures e?ﬂﬁé ﬁlslé{%hﬁabﬁn &E%tﬁdl‘gony | e‘*x’III*%IV %g@neré@ggf)g{}ga&fah el

was stirred. e tungst en hexacar Fte
sol ubility in @eshsadditianomgs npletphearata flas wasdhBijatdgbronph the

suspension in th het er.Qgene ut i 0

2.0 liter rount gnts?r ar?ggﬂ? ?oélgﬁ??s ?ﬁé‘? {%&Iﬂn V&# ngl}c{he ?lrg%ﬁ'ﬁ&‘ esveretﬁle
gl ovebox, |it hiourseef thelfaytciag piendodsh of et luti8h wenBfr&iis)pai bl low kefukien ( 1 )
coated stir bar, were, added. The neck was sealed with a_ rubber septum

and renoved f o # WAlE FEPERsD: tf RuiRORY lofipily, psshanisal stiing égrequired
anhydr ous) wasy izB6at6 SkbRhEGrdudieer gtmngams chREds Bmé k&R s eREe1 2N

inert nitrogen pad while stirring t hi um et hyl cycl opent adi eni de
ful |y di ssol vewenen hféh@lﬁlrﬁe@ﬂib&ﬁ@ﬁ Hahe Teflen® conjechstiy darreplicedbihe

sol ution. mechanical stirring apparatus. At this point, a sufficient portion of the solids have
gone into solution such that a Teflon® stir bar is capable of maintaining stirring in
the solution.
[00188] A gentle reflux was continued for 3 days, prior to cooling the solution
to room temperature. At this point the red solution of Li[(EtCp)W(CO);] may

either be used as a synthetic reagent for subsequent syntheses or it may be



[00187] The lithium ethyl cycl opentadi eni de sol uti on was then

cannul ated into the flask containing di nethoxyane and WCO0)6 while
stirring both reaction flasks. Once the addition was conpleted, a
water flow was initiated through the condenser and the contents of
the reaction vessel were heated to reflux. Over the course of the
first day the color of the solution went froma pale yell ow sol ution
with a white suspension, to a nurky red-4ftnitialll y, mechani cal
stirring is redilatesid Iscdatiporod thet saltgueyf beciceomplisbedjorercfrovalsifispivemgmtiére

contents of th Lon _vessel ,,.however the end.of the firs
day, a Tefl on( r??d;lg%ﬁreesgu%ﬁ t 7% %qullr% ?’;%%d&‘p%so%e@ﬁﬁqﬁ@ﬁ?mgﬁer N?ﬁtﬁ
apparatus. At tiegsenfle)thé sol@ichubis @ as a PartHetio mi@nclihe: withdul Eohavein
gone into sol ution such tEat Teflon(r) stir_bar is capable of

mai nt ai ni ng st FIEATFRETEHAD £ §°1§@PWi’f’8ﬁd opermematallissgent | e refl ux was
continued for 3 days, prior to cooling the solution to room
tenperature. At this point the red solution of LiREtCp)WC0)31 may
either be used as a synthetic reagent Bxamplaibsequent syntheses or it

may be - 44 - isolated. I|solati Qgisﬁ + }Hbe acconpl i shed by
renoval of sol vent under reduce%wuﬂg—’m —addi tion of a
nonpol ar sol vefit0182ich Tas Jneckahk 0 Iidrdtask, aesqrrngttay and heibder depiaand was
used as a synt eticki(?t r medi at e %aé ut iiol ation in the preparation
of volatile W B3RO B145A SIS dinppeted: %Fa% &eg thegeppnected do gy

( Et CpIW CO13H fixog&Paciin anadifORICHEGEvAcuatelizsh@fefllled Hifee @msd.i rri ng bar
and 2 rubber septa and_ a SéSBSCOCk' adapter were connected. The fl ask

was then connebiedhexyehans PP gulbiliae) wien thentanolated firlo theaessst and thad-
refilled threeyidilRgs stldde ; 1d bhigsi

cannul ated i nt o(ﬁt he ve$séeaF@a}%Mt%ﬁg@&l‘(i(gg%rjﬁh\/éé?'slsstnlt“??gé?ﬁ%ig(?:clﬁgﬁo the
acetic acid (5Yesgpl Aprsyringegrongh 3 rwbsr septen Thd deldtiorowahien epsgdd wigh N2
syringe through a1l septa. The solution was then sparged with N2
for 30 mnutes. 0190] A solution of Li[(EtCp)WCO)3] in

di met hoxyet hani@0{$0]85 Arsolutioh [of EL[CRYCHE @Y )] Indithethok ydtlems (085 BWE) | was

prepared as descrl i a e 2. ruyber septymwas .fe ed and
repl aced wit heéi@a{?@ﬁv@%ﬁén iq%elﬂtfrsé)cf%éé?é‘faé Pﬁépgreﬁiaf descepelpitgmele
funnel . [00191} Ahevtet a%haﬁ w@§%1ﬁ&ve@%h@re?(ﬂchﬁ WA ah Bvéd\riciGsert hen
transferred fromthe 1.0 liter flask to the 1.0 liter dropping funnel

by canul a undefmasphersd.-Q lit dionpingfisanedont ent s of the droppi ng funnel
wer e added dr ofw 0 ; ' Rl j

precipitated ?['r@ orgs1 heYﬁée%lg%lo utE ?%%%Egpﬁ%%mﬁng tt@é@%ﬂ%@gﬁ%{lﬁm the
contents of the0 hteadiedkon thd b kitendrapppey fimnd by camlstnder aviertiNgiytad. The

contents of the dropping funnel were added dropwise over 2 hours. During this

time brown solids precipitated from the red solution. Following the addition, the
contents of the reaction flask were permitted to stir overnight.

[00192] The 3.0 liter flask was then transferred inside of an inert atmosphere
glovevox and the contents of the reaction vessel were filtered through a coarse frit
into a 3.0 liter two necked round-bottomed flask. The solid coltected on the frit
was discarded. Once the filtered solution was transferred, the flask was fit with an
inert atmosphere distillation head and removed from the glovebox under a
nitrogen pad. |

[00193]  The distillation was initially conducted at atmospheric pressure to

remove the dimethoxyethane. Once the majority of the dimethoxyane had been



[00192] The 3.0 liter flask was then transferred inside of an inert
at nosphere gl ovevox and the contents of the reaction vessel were
filtered through a coarse flit into a 3.0 liter two necked
round-bottomed flask. The solid collected on the flit was discarded.
Once the filtered solution was transferred, the flask was fit with an
inert atmosphere distillation head and repoved from the gl ovebox
under a nitrogen pad. [00193] The distr FPation was initiall y

conduct ed at ammsfpth,dh«t distpliaties wrae comluctedavedided poésamt hdiydgla mite wefence

th ty of di meth had d
e ot o kol BB D e o i Y St 8 o
col l ected and aisanzgmﬁ/asztsegnaﬂxerameczfesﬂxdcﬂ}b&cwaiwnmm@ rodaétl y during

the distillati Eq:(%éﬁm; of _the desired roducay low I'iquid
product (Et Qo)(ofi@e Vg Epitectedpt apregsuse 853 18 Pnsanﬁéaiéhq_a&ron-
and at a head {&ge opf y
1H NMR, TG, CC anfg‘llh%I;:SHCfgle (ﬁgg)4 Sy%?%]ea S OF* ?@%W%%ﬁ%@

[00194] To a 3amkleked 1.0 I|ter flask, a stirring bar and 2 rubber
septa and a stopcock adapter were connected. The flask was then
connected to a nitrogen/vacuum mani fold and evacuated and refilled
three times. Dimethoxyethane (500 m | [BxhinpRr4s) was then cannul ated
into the vessel and the |iqui dvvag stiirﬁeg. &rgggﬁt hane (81 grans,
0.85 nol) was then added to th hrough a rubber
septa. The sol goi®4] nas atB%Bk@plad)ﬂ%Qﬂ\é&E B sh¥in %%Erﬁ@%iﬁﬂ&r%%pta[aﬁ@lgﬂ
A sol ution of L|[(Et(é0 WC0)3] in dlrrethox ane .

Li [ ( Et Cp) W C0) Bppraopk adagter wegsrconpectedvellie flos wm@gap@alea@d@egcn bed in -
xanple 2. A riRbgh helHHaasdSHRYE.RAdy afeﬁhgﬁﬂ,?%é%%[ an oven

dried inert atnosphere 1. iter opp| ng funne The
br onmonet hane sElmﬁﬂilQmGtﬂlmﬁlIﬁ@ m&lhtdn@rwatsrthamsfammadd fntothetviessellard the t er

flask to th f d t,. N2
b The. cont et b BTN el Herf B St w ARSI B
hours. During tdssed by syringbtioemgtsotubbier pRCTRE balhitgsh WaOMed fRrgaddvith N,

sol ution. Foll the addition, the contents of the reaction flask
were perm ttedt%\fl\%gg?"? Sover ni ght .

{00195] A solution of Li[(EtCp)W(CO)s] in dimethoxyethane (0.85 mol
Li{(EtCp)W(CQ)3] in 1.5 liters of DME)] was prepared as described in Example

2. A rubber septum was removed and replaced with an oven dried inert

atmosphere 1.0 liter dropping funnel.

[00196] The bromomethane solution in DME was then transferred from the 1.0
liter flask to the 1.0 liter dropping funnel by canula under an inert N; pad. The
contents of the dropping funnel were added dropwise over 2 hours. During this
time brown solids precipitated from the red solution. Following the addition, the
contents of the reaction flask were permitted to stir overnight.

[00197]  The 3.0 liter flask was then transferred inside of an inert atmosphere
glove box and the contents of the reaction vessel were filtered through a coarse
frit into a 3.0 liter two necked round-bottomed flask. The solid collected on the
frit was discarded. Once the filtered solution was transferred, the flask was fit
with an inert atmosphere distillation head and removed from the glovebox under a

nitrogen pad.



[00197] The 3.0 liter flask was then transferred inside of an inert
at nosphere gl ove box and the contents of the reaction vessel were
filtered through a coarse flit into a 3.0 liter two necked

round- bottoned flask. The solid collected on the frit was discarded.
Once the filtered solution was transferred, the flask was fit with an
inert atnosphere distillation head and r gDved fromthe gl ovebox
under a nitrogen pad. - 46 - [00198] Th&®di stillation was initiall y
conduct ed at atl®J98herThe distidigon was ipitiallroorducted atlamslﬁwmygrdsaneto Once

the majority o h en r.enpv he.dj stli

wns cohduct b STERE it EiledByaRme" e ARInBTRS He dibiohlos palibiety

there was evi desmevedf th\i\(lﬁﬁ])lﬁo&utﬂslcnﬁdmmﬂ asoduyedditessing. Misitiple cuts were

distillation. r.ang of thed5|re uc yeIIowllculd pr oduct

( Et Cp) W C0) 5 et s e a&%?&é’?é& limatiop farly JHEmg e head

tenperature of dRfflation 87 prabdsRifMe desired product yellow liquid product
(EtCpyW(CO)3CH; was collected at a pressure of 3 x 10! Torr and at a head

temperature of 94°C.




1. A conpound having the formula (LOyML2)z.y wherein Mis a Goup 5
metal or a Goup 6 netal, L1 is a substituted or unsubstituted
anionic 6 electron donor ligand, L2 is the sane or different and is
(i) a substituted or unsubstituted anionic 2 el ectron donor |igand,
(ii) a substituted or unsubstituted cationic 2 electron donor |igand,
or (iii) a substituted or unsubstituted Prutral 2 el ectron donor
ligand; y is an integer of 1, and z is thHe val ence of M and wherein
the sum of the oxidation nunber of M andiaithe el ectric charges of L1
and L2 is equal to O. 2. The conpound of claim1l wherein Mis
sel ected fromtungsten (W, tantalum (Ta), nolybdenum (M), niobium
(Nb), vanadi um (V) ar chAmasmpnm(cIma)vmg.ﬂheﬁﬁmalas( NA(IL 0t Shefsin M is a
unsubsti tuted ionic 6.electron do gand. se ectedfrom
cycl opent adi enﬁ}"upcé/me%%? Eﬂ“@%ﬂ" &péh’csé'cﬁu Fippted gy ygsppsifuted anionic 6
i mi dazol yl, pyeezt%zydio@m% rma&%e,oraﬁerén%ahéls((i)asabsﬁuﬁédbﬁ ut ed
e

or unsubstl tuted ani onic [‘ectron donor and sel'ected from

hydri do, hal o ¥R¥balifuigd ppionigalestnan dprey hrgmn 1) 2 sbgiptuied ohwrsubstituted
(ii) a substit i : .gand
selected from E%t%%cg/?lg&%g?ﬁ%ﬁ%ﬁ% 093%29@%%% do(?fq%]%’gog%@%a 3{?%"!@%}%
neutral 2 el ectledronddmor ligangant @éiltegar@(ﬂl;‘mnirglea'febmmbe offMipsphileoein

am no, al kenyl Ky |Ie L,sonitrile,. 3.. Th X
conpound of cl glle%nLT rs%illl1 %’?‘Z%‘OPP 1\?81’# %’Webﬁﬁmc(clh?fgﬁﬁ ?%thaaﬁé@fsen
(W with a (+23quakiodati on nunber, Ll is a substituted or
unsubstituted anionic 6 electron donor ligand with a (-1) electrical
charge, one L2 ligand is a substituted or unsubstituted anionic 2

el ectron donor ligapd Wth (%n(p'oﬂtﬁd st@std i ﬁﬁére&hﬁrlgé'elec?éaq’r&r@ﬁm sten
remai ning three L2 ligands arée the sane or different and are each a

substituted or(‘UhéﬂE%lm@@)eﬁmﬂﬁéﬂwm (o) niobivne (Neovamedining®idrwi t h a
zero (0) elect

oxXi dag i z)n nun‘oge]drr&%[ufg:h%glLels1 U gl!tltl)s?ﬁ{%ée Wﬁgﬁéﬁ tal}q u edgi %%0%%%’%“6

el ectron donor ligandaaldcted fiomecytlopintatiend, rdyclaheptitieryd penindiehyd, pyrepdyid i s

a substituted Qr..un bstit ed atjonic, 2 ectron donor, - 48 -.
ligand with a ﬂ‘i @ffe@f"ﬁ" ﬁ%{?{ﬁ enz ha“ﬁelsr@ ﬁﬁpﬁq“ﬂﬁedt %dmﬁ'g’sumted
| i gands are t haieHeR elktrehi Hdlﬁ& ﬁghd@@l&ct@ﬂ @'ro rido ShHSridt Aata@el1 @Foup
unsubstituted neutr 2 el ectron donor wWith a zero (

el ectri cal chali“’gflélg fa%fﬂ& tpil? cyrbgp Pfgmﬁiﬁ%%ﬁ tl(‘\?vd wivmpbatifute catierdai on
humber, L1 is GechbRfohbiigdd Qéledi!&ﬁﬁ'&ﬁﬁﬁﬁdéﬂrﬁgoﬁﬂg stﬁht@ci sEERaPT

ligand with a (-1) electrical charge, one 'S a substituted
or unsubst i t uteeytrakd @iﬁfpttonzioeplelegaﬂ@ ﬁeld@ﬁbfromlcgdxmylvxphdsplanq -ay)ino,

el ectrical cha{g& %ﬂﬁ’ﬂgpﬁﬂ Eyoglgﬂltf:wo L2 |igands are the sane or
stl

different and are ute unsubstituted cationic 2
el ectron donor ligand with a (+1) electrical charge. 4.The conpound
of claim1l sel ected3 fro

formula LI M (La)x(1"4) yﬁl?)CBm\Rﬂ'éqde‘?fr‘le ] ??%te%%g&é f&&tl ngr(gg\&ﬁg an

oxi dation st att@ngten(W)with 5(@)%@3&@& nurﬁtsbrqt, iy aau&ﬁwtédﬁr%ﬂs@ahﬂwdc 6
el ectron donor ligand, L3 is the sanme or different and is a

substituted oraniffdt,pelerten donog Heandnvith (- Q%W%CW%PW Ipbgradisa i s
the same or didhaleRY oﬁ%ubémﬁe&h&ﬁ&ﬁbbl&&gm??oﬁgﬁ (A dftﬁ‘&?cb BeMEAl 2

el ectron donor |igand, he sane or
substituted orchergsidystithe temeainingthoss I lfgaecﬂsem'e thersagie nodifferqpamd] are each aan

integer of 0 q ub&ituted or Ens%gstmﬂe(? gé?lttra% electlon &'dnoi'( héa%d%vr}ﬂm a %e?g ?d’) equal

to
electrical charge; (i) M is tungsten (W) with a (0) oxidation number, L, is a
substituted or unsubstituted anionic 6 electron donor ligand with a (-1) electrical

charge, one 1, ligand is a substituted or unsubstituted cationic 2 electron donor



z' - n+ 1provided that x is greater than or equal to O, and y: is
an integer equal to 7n/2 + 2x - 4z' provided that y: is greater than
or equal to O0; and wherein the sum of the oxidation nunber of M and
the electric charges of LI, L3, L4 and L5 is equal to O;

(ii) a conpound having the formula (LOyYM Q0) xi a-, 6) z-y-x' wherein M
is a Goup 5 netal or a Goup 6 netal, L]4 is a substltuted or
unsubstituted anionic 6 el ectron donor and, L6 is the sane or

di fferent and iliganq yitha Ehbslqctirabeharge, pramaining tvahi ligands e the

el ectron donor cLig fref2ht {ﬂd' Qre cﬁldt&ﬁﬂét{t&féfgr su%%ﬁﬂ?cﬁ#eﬁ&ﬂtgg ctro
cat|0n|02electron onor 11 X'"1's an i nteger o Pom0° t0 3

is an integer dbndr hgamdiwzthlaszetd(é) e/ladtﬂmteharge I\a{hd @m@iMﬁsem:gsﬂan(W@msﬂm of
t he oxi dation .of Mand the e tric ch f.LL and, CO
groups is equa?bﬁt X+ tlonnum er, Ly 1sast1€thll te OI‘C].B]ﬁ)IB rﬂﬁe %%%6 If?lﬁcétrqnoc}qqma

LIML4(.1-6)3 W@ﬁfd&tﬂlﬁl M- 1? SledtribX1 @HAeS, 0B I3 ligarldlis h SulktifdidriuhiiibegiuRi
unsubstituted anionic 6 electron donor ligand, L4 is a substituted or

unsubst it uted ABERIEZ clestign depqrdigaptbwih al(i1) sleatricalfpaigs, and throremaining he
same or differ I onic 2

el ectron donor%ﬂls pgh;n@?\%%%rﬁee:aﬁldyﬁégag&%&lo Légﬁﬁeﬁ%)%ﬁﬂtﬁ?% nunber of
M and the el egrgupsghitetied cgfemio? elediron dbnaniiigand with Ee(clﬂ}lbled:tm‘,ﬂcharge )

(iv). a conpound having the forrmula LI MVB(142 wherein M is a Goup 5
nmetal, L1 is a substituted or unsubstituted anionic 6 el ectron donor
ligand, L3 is a substi t uTkdcomipound ubdiint Lidetiabrdrani ¢ 2 el ect ron

donor ligand, and L4 |s he sane or djfferent an a,.su ted or
unsubstitut ed neutr al ect BYPRYYA a“l‘?@%ﬁﬁ"mﬁﬁ%L%ﬁ gé?*ﬁ“s s)5um of
the oxidation w&’eﬁmvﬁs MGrafle hlefal Eé\@l?éiﬂ&clﬁdi@hg%‘@e &fn L{Lm dsdb@iteked 4

is equal to O; (v). a conpound having the formula wherein M

is aGoup 5 n@%%ﬂuwﬁﬁe@wpcéemr@} donoy liganda Ly isiihe sameras diffrent and is
unsubstituted 2aRIRRIE h

i Tiorent and | o gt SnaRRiANaRalc > LRBRG dnbr e, W afil or

el ectron donor dlﬁegahimd isp S(lbstl)utal suipstbistitelhentraitheedisni donordigand Utsrial

2 electron don A .an i.n er of fr 0, to 2 iS a
integer of 1, gln Jn{z19 ?12&11{ B a[fd lﬁcéu}%# gﬁﬁd’ %ﬁﬁswggﬁdﬁq%‘i %éﬁ?t{)qn c[]ngr
oxi dati on nu nblhgand;‘ n Maal‘iﬁitegéiﬁ)f ®log e} £ ii€ arCinbiogLsf (gérhl- b.is by Itnﬁdgérf dal tlo
groups is equal, a_conpound having the formla
LI1VI" (L3)2L5 &hekh équf‘Rﬁld‘?dsﬂlat 2@5@%@“—% ﬂ%?é‘tOéFqU%_ fo 9.cand vs {758 integrr €quad fo

tmsubstituted AP 0kC £ BtRGdddARat YO RUredtdrIRACor yalits 0f 4 WiRRED Ble sum
different and is a substituted or "unsubstituted cationic 2 electron

donor |igand, %iihe exdationpumbes of Miftand the clegttietlrrgesof & IanLomidd.sds
el ectron donor, qtuhlgtg@d; and wherein the sum of the oxidation nunber of
M and the electric ¢tharges of LI, L3 and L5 is equal to O;

@ii) a compound having the formula (L;),M(CO),(Lg)zy-x

wherein M is a Group 5 metal or a Group 6 metal, L, is a substituted or

unsubstituted anionic 6 electron donor ligand, L is the same or different and is (i)
a substituted or unsubstituted anionic 2 electron donor ligand, or (ii) a substituted
or unsubstituted cationic 2 electron donor ligand; x” is an integer of from 010 3, y
is an integer of 1, and z is the valence of M; and wherein the sum of the oxidation
number of M and the electric charges of L, Ls and CO groups is equal to 0.;

(i)  acompound having the formula LM’ L4(Ls); wherein M’ is
a Group 5 metal, L, is a substituted or unsubstituted anionic 6 electron donor

ligand, L4 is a substituted or unsubstituted neutral 2 electron donor ligand, and Ls .



(vii) a compound having the formula (L8)yML4)z_ y wherein Mis a
Goup 5 netal or a Goup 6 netal, L4 is the sanme or different and is
a substituted or unsubstituted neutral 2 electron donor ligand, L8 is
a substituted chelated diene ligand, y is an integer of 1, and z is
the valence of M and wherein the sum of the oxidation nunber of M
and the electric charges of 1,4 and L8 |s equal to 0; and

(viii) a conmpound having the forrrula 14) I(\;/I (L4)4 wherein M is a
Group 6 netal, 1§Wejsame prdiffgrent %ﬂdlélﬁﬁ#leh@tﬂd of yeisubstitatedAyiomic 3 glectronr
unsubsti tut ed

substi t ut ed chgil%g%rg |§§g%gfe%%igg&8 fHE%ggﬂtloﬁlﬁ%PE‘gOf %ngttjhr%eclﬁmf%e
oxi dati on nunb@hﬂ@éSdsﬂllaMIﬂﬂeleb@mlmla; charges of L4 and L8 is equal
to 0. 5. The compound of im4 sel e

Commound having Che o nlivE [ eeoid bgoas bR Eomme LM stpapheran e is

sel ected from aGgs &me(alYL, isBkytdmRddr (ibstitfed GR{0REE §18bétidh)dondd 1 S
selected from substituted or unsubstituted cycl éqpent adi enyl ,

cycl ohept adi en andp nisgdubFfted gy pnsgpsfituted eatigried] slectrogdorgrdispnd, andiLs
borat abenzy!, et Sutedihignd dna #HBSitloH of tnQibs HRHBAE Y effron

nitrosyls, L4 is selected fromsubstitute unsubstitute
car bonyl s, phoéﬂmﬂr Aigend; and whereimthe sirh e§the akkiphiersmanberalf Mermed theatrdirics

is selected, Egg%&lb?itl Ll&gci %e oS l&Stl tuted hydrido, halo and an
Vi

al kyl groups ha oh at ons; (i) a
conpound havi ng the f or niv) a (d.@n\ﬂdﬁﬁdha(xﬂgﬁ)afemnﬂa(mm.{(eimxMqi)zsy.xn

sel ected fromt stan nt denu ni obi um
(Nb), vanadi um ?‘#“01}% %&WW%& ?raé "%356 né‘%tf‘%i‘l g“:bétfﬂlé@lﬁéti t ut ed
or unsubstitut eﬁkuewﬁte@e;ﬁbﬁldlaaﬂwm Qudr e, achiemy lsam@@z%ﬁé‘ﬂeﬁtrb)ﬁli is @)
pyrrolyl, imdazol pyr azol and_bor atabenzyl, and L6 is sel ected

from (i) subst? ﬁ‘&hSéH“f‘csiror Gﬁ%éﬁ?qd@e@alqﬁ/@?qm oned gandPrdH) asubytituted
group having f Bpﬁﬂsﬁbsrhﬂltédznéhﬁ%p? Qle@tt'd?lrff(ilnoﬂ?@ngj £ 1sséﬁqg{ehér'“5f %ﬂp(?]to 2,y

unsubstituted nitrosyls oun aving t
formul a LI M Laislas)igegdnof &i andigis IﬂE wisnecofdd; Mdmhetramtthet sum ¢{Tthy pxidation

ni obi um ( Nb) S se fr substi t ut.ed 00
unsubsti tuted cyc‘?{opeﬂ% éi%gfltielh% ecmgfc"fré?ls 6?‘ eWﬁa]&’e’?HP&éﬁ e@ﬂ?f‘let

PYrrol yl, imdazolyl, py(ma)zolsydonm’cbdnd)batvaﬁgaﬂiemmula LAMI(B,)sTelviteteas M iom
substituted or nsub t| t uted carbon hines, amnes, nitriles,
al kynes and al ?( PES“’\ %5@§V@{EFQH”£W§WF%§¥PP&%3@PH donor
unsubsti t ut ed hg%ﬁlﬂl D;Qs tH&%lafhe%E‘ difBReri bifdds aQURNHRSed aivn![ﬂ&gbgtﬁlﬁ@a datibfic 22
carbon atons; (iv) .a conpound having the fornula

L1M L3(142 wheflestipngonoidissad.eddd is ¢ swbstitaied oF nnsubitityted phignicral¢ation
d di
and vanadi um (Mnor héandsﬁg%k’ﬁﬂgéﬁqh{ §1ﬂ{%ﬁy?§§ﬂ£ﬁﬁtﬂ, er Hfl@#" B84 b etlic

cycl opent adi enyl’, cyc I eny
i m dazol yl , pwlamsnyeﬂidambLatsalqeszD L3 is sel ect ed from

substi t ut ed

(vil)  a compound having the formula (Lg)yM(Ls).y wherein M is
a Group 5 metal or a Group 6 metal, L, is the same or different and is a
substituted or unsubstituted neutral 2 electron donor ligand, L is a substituted
chelated diene ligand, y is an integer of 1, and z is the valence of M; and wherein
the sum of the oxidation number of M and the electric charges of Ly and Lg is
equal to 0; and

(viii) a compound having the formula (L5)M”’(L4)4 wherein M”’
is a Group 6 metal, L, is the same or different and is a substituted or unsubstituted

neutral 2 electron donor ligand, and Ly is a substituted chelated diene ligand; and



-51 - or unsubstituted nitrosyls, and L4 is selected from substituted
or unsubstituted carbonyls, phosphines, amnes, nitriles, alkynes and
al kenes; (v) a conpound having the formul a

(LOYM NO) x- (145z-y-xwherein Mis selected fromtungsten (W, tantalum
(Ta), nolybdenum (M), niobium (Nb), vanadium (V) or chromum (Cr),
L1 is selected fromsubstituted or unsub%bl tuted cycl opent adi enyl
cycl ohept adi enyl , pentadi enyl, pyrrol m dazol yl, pyrazolyl and
bor at abenzyl , avhgreimthe §111§@If dhetaxidation mn@b()r of D53 tind e etbcipic charges of Ly
unsubst i t ut ed Q_X&itlg (%8 and an al kyl group having from1 to 12
car bon atons, and %5] Stituted or unsubstituted carbonyl,

phosphi no, am no, aI I cenyl al kynyl, nitrile and isonitrile;

(vi) a conpound having t e for mul M(L3).21,5 wherein M is
sel ected fromtant alP-um ( 5‘3001?1?06‘888?"7?](‘%? selpried BeMadi um (V), L1 is

sel ected from substituteg) or yg@%uq]yﬁﬁgﬂ@f@ﬂnﬁﬂgﬂ}md(]gﬁl,xiﬁ)%]ds)z

cycl ohept adi enyl , pent adi enyI yrrolyl, Tm dazol pyrazo
bor at abenzyl , MheieE M is seledted ﬁ@%t?a%?!ll(MI I@@lIYbﬁemm‘ls@@@s Pt ¢hreraium

nitrosyl's, "and (G L S B SR BUPG bR Aoy IBHARLLAN o

hydri do, hal o ar oup aving from carbon at ons;
(vii) a corrpounﬂ:lcbimpiadgnﬂhpelﬁaﬂumﬂ @y(rrbBr),yﬁi[dhz@Hyk pyramdﬂgr @idrbokdtatenzyl,

Oy vanaar it Oyl e bl st st R R R E St et i e
or unsubstitut ad>stitatdd(m )ahsubpdita&ahm@nyla,rﬁha@hu@h keides, niddidey,AMynes and
nitrile and |solg|tr|an§ and L3 is selected from al k?%i substi t ut ed

1, 4- cycl ohexad? Neyd selastreframy sehgtited or apsybsiifaied harads, halognd gp

substituted 1, Big @qﬁ@mﬁglﬁ%ﬂ to PNEhBdnakdmsubsti t ut ed
1, 6- cyclooctadleny (viii) a conpound having the

formul a (4)M (144 wherei®) M ﬂ@nmué@h@dngtﬁlgﬁnnm&m@hbiﬂ(@@x (Ls)zyx

nsubst 1t ut e Sa i MR QR otk bty 0 Ak AT ol LRI 820 ©F

nitriles and i mohmm@\lbe,sfana’chnlmL@f) s clvemant &), flrlomaédqu ﬁcsm leslistitutddest

i 1O o SRR b AT SB35

1, 6- cycl ooct adinfifi€olyl, pypakotyl Gnd BérabEm9L BEY Df is GLBELEA ﬁrommbst&uted or

S eI ected from unsubstituted hydrido, halo and an alkyl group having from 1 to 12 carbon atoms,
and (ii) substifuted or unsubstituted nitrosyls;

(i)  acompound having the formula LiM’L4(Ls)s wherein M’ is
selected from tantalum (Ta), niobium (Nb) and vanadium (V), L, is selected from
substituted or unsubstituted cyclopentadienyl, cycloheptadienyl, pentadienyl,
pyrrolyl, imidazolyl, pyrazolyl and boratabenzyl, L, is selected from substituted
or unsubstituted carbonyls, phosphines, amines, nitriles, alkynes and alkenes, and
L; is selected from substituted or unsubstituted hydrido, halo and an alkyl groups
having from 1 to 12 carbon atoms;

(iv)  a compound having the formula LiM’L3(Ls)> wherein M’ is
selected from tantalum (Ta), niobium (Nb) and vanadium (V), L, is selected from

" substituted or unsubstituted cyclopentadienyl, cycloheptadienyl, pentadienyl,
pyrrolyl, imidazolyl, pyrazolyl and boratabenzyl, L is selected from substituted



tris(carbonyl) (nethyl cycl opent adi enyphydri dot ungsten, (MCp)W C0) 3H,

tris(carbonyl) (ethyl cycl opentadi enyl ) hydri dotungsten, (EtCp)WC0) 3H,

tris(carbonyl) (pentanet hyl cycl opent adi enyphydri dot ungst en,

Cp*W Q0) 3H; tris(carbonyl) (nethylcycl opentadi enyOnet hyl t ungst en,

(MeCp) W Q0) 3C1-13;

tris(carbonyl) (ethyl cycl opentadi enyl ) net ;%fl tungsten, (EtCp)WC0)3CH3;

tris(carbonyl) (pentanet hyl cycl opent adi en net hyl t ungst en,

Cp* W C0) 30- 13; °F ppsiibgittpts ﬁwof)t'lﬁseﬁmﬁ)[l4¢§/iﬂ€l§ﬁﬁérﬁ0ad$®ﬁ§tp’@dI@yl-m&!ﬂhgtstv@d

(MeCp) W QO) 3C2 V. t nyl.) et hyl tungst en,

e N3 i@ bohyih, $hEHRA;E! R¥Y AhORG M &R,

tris(carbonyl )(pent amet hiy) cy ci oprpduad ihaviyg etelfydniulnds ), BANO)(L7)syuc
*WCO) 3C211

tris(acetonitr the 1R 97iessed Bparaagtend YD) Al fydykdsnum (Mo),

( MeCp) W NCCH3) gtdbium (Nb), vanadium (V) or chromium éCr) L;is selected from substituted or

tris(acetonitril e%(et hyl cycl o ent adi enyphydri dot ungst en,

( Et Cp) W NCCH3) 3Rfu stltute cyclopen adienyl, cyclohepiadienyl, pentadienyl, pyrrolyl

L A SR B s

( C7119) W C0) 3Hunsubstituted hydrido, halo and an alkyl group havmg from 1 to 12 carbon atomis,

E E Ic's'é)’;: g&gﬂg%\% éﬁ% @%gﬁﬂgﬁ%ﬂ%& &%&lﬁ)dshglté/dp hayb%gigﬂdghos&%mt) ea?ﬂmo alkenyl, alkynyl,

tris(carbonyl) fiZils-add isehinylepyr r ol yphydri dot ungst en,
((C1-13) 2C4H2N) W C0) 3H;

met hyl cycl opent adi enyl bl(é’{)nl 13 gnoPRg baving e forgadata M (=) Aoy hereiy M is
et hyl cycl opent adiécdlytkdh Sdnfiliich ¢8|, My taﬂ&%ﬁ&un{ 019) M\Géi@t&l‘lfmm

pent anet hyl cycl gpent adi enyl bi s(nitrosyl’ dri otungs

net hyl cycl ope nf%?aﬁl@wwosP@{lﬁbﬁtﬂtﬂtﬁwﬂﬂmwwwh ﬁg@@@tad(@w@ywmﬂmls;
pent anst by cycTanany naEkiyASKIIEES B RS, B s St 5% o
met hyl cycl openolamsebfa‘;ntmdsl(ltms}ds;sy@ét msblecm@ﬁbmpbs(tﬁutab)awmsziﬁﬁmS ’
et hyl cycl opent n |.t ungst.en NO) 2C2H5;
pen%/am);t hyPcyc%gdp‘ean%/%g‘Mr&;] E’éﬂgg L84S %PCB)CI\;&W?\Q 2C2115;
cycl ohept adi enyl bi s(ni t r@eay! )ahmh odﬂd HanGsd B8 fortrfalAHR AN 2Hvherein M is
(2, 4-di met hyl pe t%l erg&n |s(n‘}v rosyl)h%drl dot ungst en

( ( CH3) 2C5H5) qu%c fungsten ( tantalui (Ta), Inolybdenum (Mo) niobium (Nb),

2(2 C|5-I3 ;jIZgE;ngKll) Wﬁ%?lhﬂ()\/@'o? ERoiin@8 YCRY DS s dQEHEOR 5B Rubstituted or unsubstituted
met hyl cycl opengaaisingh phesphingsgmisiosalkgrili aliopyl niggleand isonisdls) MdNg)is 12:

et hyl cycl opent r H2;, -
53 y p)e/nt aﬁet h%%%ﬁ%%@éﬁ%ﬁ%&?%o@%&%ﬁgﬁ?}fﬁé &bngs{éﬁ#g

Cp* W NO) H2; rre%hlppelytadlagé,rm}aﬂlsebsﬂurted t,63ytibheptadbdnyl; lapd alkgbiubstituted

Me NO | opent adi enyl ni trosyl bi s( met hypt ungst en,
E Et gg VW\( NO% E 8:@% Yc:Iooct IX(? 8 y y ( yp 9
pent arret hyl cycl opent adl o) Niatdoapphini Mwﬁ@myk&ﬁumﬂm SL4)4 wherein M”’
Cp* W NO) ( t ungsten,

CH3) 2; rreth | cycl opent adi enyl ni trosyl bi s(et yI
( MeCp) W NO) ( C2RSiectedslrpy tpngsten S B0 e yeﬁwum@\%@sgm k() tlurigy st en,

( Et Cp) WNO) ( C2gRtid from substltuted or unTutI)Jstl ted carbonyls, hos hines, amines, alkenes,
pent anet hyl cycl opent adi enyl ni trosy et h?/ﬁ uné) ep

Cp* W NO) ( C2113¥kyneg yetritasapd isdhibnlgs,mind ﬂ-@gydeprdéItOkryzﬁkylrsubsitmnd 1,4-

(C2119) W NO) (

2, 4- di met hyl p(caéﬂ;g%h enyePrfiaQJFy(%ss?/lng ?d ’%ﬂ'ﬁlf’%‘?%agfeéﬁ’, alkyl substituted 1,5-
((CH3) 2C51- 15)cw¢NAg(t4cRede) hid #llogl substituted 1,6-cyclooctadiene.

2, 5-di met hyl pyrrol yl nitrosyl bi s(et hyl)tungsten,

((CH3) 2C4H2N) W NO) ( C2115) 2. 7. A process for producing a
conpound having the fornmula (1.,i1)yM 14,y wherein Mis a Goup 5



- 54 - sodi um bi s(2-met hoxyet hoxy) al um num di hydri de, sodi um

bor ohydride or lithium alum num hydride; said first solvent conprises
di net hoxyet hane (DME), toluene or m xtures thereof; said internediate
reaM on material is selected fromLi[(EtCp)WC0)31, NaREt Cp) W CQ0) 3],
and PPN[ (2, 5- dinethylpyrrolyl) WQ0)3]; said base material conprises
sodi um hydr oxi de, potassi um hydroxi de or Sﬁt hyl acetate; and said
second sol vent conprises toluene, hexane~6r mni xtures thereof 9.

A net hod for producPng aTFWQWPO@B‘&Pfﬁgmbi“@éﬁhdéﬁelwdcféé%npom ng an
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co?rpound havi ngrp{%?wf@%ui {{g l aﬁ%bﬂ%@r&ﬁgﬁgherét gﬁiyﬁl S a)%?oup 5
net al or a & 0m(@rbmwa(ethyldycloycﬂa&a@dﬁxyﬂuﬂcﬂdngsten;(ﬂa@@ﬂ(m)ﬂéd
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or (iii) a substituted unsubsti tuted neutral | ectron donor

ligand: y is aS(Gf p %wlwcloaﬁ&a@enwmmlwg%%éﬁt@pm GAhEHaher e| n
the sum of t hetr%{‘daﬂﬁh&ﬂ{bhﬂﬂdﬂ@@l K1c9klo dﬁéc s r}sﬁbﬁgcﬁ#ﬁﬁﬁdfsteﬁ € | )3@f{3

and 1,2 is equal er eby” produ n

povvger " r(catvayhemetadessiopehtadiongaidvakster, ﬁdealé@‘aﬁi@ﬁzﬁb of
sai d or ganonet

hot ochem cal - istfbeBbBEHRaLIpATRAMRS iR OBRIT AR, 1
\é\her ei [1 sai d ftris{qarlmnal)dpmgameﬂlp?yxdepemmhqmy@dthgbﬂlg?@% c(t;ﬂ‘fﬁf(gcm)lg@ﬁpr
eposi tion, ¢ layer. deposition si ste 0
deBOSI tion or %{Tgaf mé@& @"3 °¥?18mn(t,aqo%ﬁy®ga@'é%6‘§13ftfz%ﬁﬂé&n}&&@éﬁp) ﬁé
met hod for pr Oﬁﬁﬁﬁbtﬂmn@leﬂfbtbﬂbycﬁélfbntaﬂleﬁy]}ﬁﬁﬁﬂ%ﬁin?ﬁerﬁ MR PW (NSEHS), H;

nmet hod conpri sj n?a&(l) |ntro uc an organonetallic precursor

conpound into &% %@Pem(dﬁ}e)l)’%%ﬁmﬂ%ngﬁﬁiﬂd substrate to
a tenperature of @9 @;@% tio about 400C, and (iii) dissociating
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said organonetal | iC precursor -
tns(carbonyl)(cycloheptadlenyl)hydndotungsten (C:Ho)W(CO)3H;

tris(carbonyl)(2,4-dimethylpentadienyl)hydridotungsten, ((CHz),CsHs)W(CO);H;
tris(carbonyl)(2,5-dimethylpyrrolyl)hydridotungsten, ((CHz),C,H,NYW(CO)sH;
methylcyclopentadienylbis(nitrosyl)hydridotungsten, (EtCp)W(NO).X;
ethylcyclopentadienylbis(nitrosylhydridotungsten, (MeCpYW(NO),H;
pentamethylcyclopentadienylbis(nitrosyl)hydridotungsten, Cp*W(INO);H;
methylcyclopentadienylbis(nitrosyl)methyltungsten, (EtCp)W(INO),CH3;
ethylcyclopentadienylbis(nitrosyl)methyltungsten, (MeCp)W(NO),CH3;
pentamethylcyclopentadienylbis(nitrosylmethyltungsten, Cp*W(INO),CHa;
methylcyclopentadienylbis(nitrosyl)ethyltungsten, (EtCp)W(INO),C,Hs;
ethylcyclopentadienylbis(nitrosyl)ethyltungsten, (MeCp)W(NO),C,Hs;

pentamethylcyclopentadienylbis(nitrosyl)ethyltungsten, Cp*W(NO),C,Hs;
cycloheptadienylbis(nitrosyhhydridotungsten, (CHg)W(NO),H;
(2,4-dimethylpentadienyl)bis(nitrosyl)hydridotungsten, ((CHz),CsHs) WNO).H;
(2,5-dimethylpyrrolyl)bis(nitrosyl)hydridotungsten, ((CHz)2CaH.NYWINO)H;
methylcyclopentadienyinitrosylbis(hydrido)tungsten, (MeCp)WMNO)Hy;
ethylcyclopentadienylnitrosylbis(hydrido)tungsten, (EtCp)W(NO)H,;



conmpound in the presence of a processing gas to deposit a netal |ayer
on said substrate; said organonetallic precursor conmpound having the
formula (LOYML2)z y wherein Mis a Goup 5 netal or a Goup 6 netal,
1,1 is a substituted or unsubstituted anionic 6 electron donor
ligand, 1,2 is the sanme or different and is (i) a substituted or
unsubstituted anionic 2 el ectron donor ligand, (ii) a substituted or
unsubstituted cationic 2 el ectron donor | gand or (iii

substituted or pﬁh@@@@ﬁfl%b@@tw}rawoszlbeqmd@ﬁmm CP’%‘@@?@HW is an

t f 1, th
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atomc | ayer de osition, | asma assi ste

chem cal of deposition or
pl asna assi st ed hé{tcéfﬁlf’EeI}t Inggosyiis(ete il tungsten, (E‘S:P)Wp I’Eﬂd
I 12 wh d
claim er epanisths® el Abpdathdldd &%&v&ﬁ%ghﬁgst% | t@@(g)éé%}go“”

further conprises generating a pfasma” at "a
about 0.6 Watt QYCdtPt@pmdcbnabUmsyl@s@thmrtu@sm(&Hg)W(NOﬁCzHEhe met hod of

ol asme gener at ot SreRo bR FHRERL) Bt R R FCT Rany Bl B

about 3.2 Watt sicn?. 17. The method of claim 12 furthering
conprising dep nd er on he netal | ayer wherein
Che second et a-dmydhRyBRiT cetTugppubtaimer d Fdermor QY ics

el ectroplating technrque 18. A method for form ng a netal

material on a substrate froman_ organonetal lic precursor conpound,
sai d organomet al | i c’pr ectiPs¥sessdenpradwdns a cospordihaging the ompa| a

L L2
Subat Lut ed or Canubey FRe@ WD chodfE) ouubb: SRS nBRLTE B soblichda®
the same or di ¢fwsebatitutediadioni¢ 6 pleatraudsior tlga:EbIL@rs thmsmimmrrdiffﬁrad and is
ionic 2 el t d b d
cationt o2 el et § Bir ARG or gt mbioPic S e i ooy fioad) 1o = Sibebiiicd

unsubsti t ut ed mauisut&sltmﬂecbéﬁembarelﬁ&e@ﬁoﬁdrg@ﬂﬂd oY (iii¥a aibshﬂﬂteﬁgﬁr of 1,
and z is the val eﬂ%l ggd wherein the sum of the oxidation
nunber of M andSERUTER E?“hra elslFoqedong ligand; i ds amintegerey datndizgisdhe saj d

met hod conpr i sidMhcy 3PML;iagd Hlea tie aﬁﬂ%mﬁ%&?dahbﬁ &hﬁ&%ﬁf%&ﬁmg&
to forma vapor, and cont act i ng the vapor wth ﬁe substrate to torm
said metal nat@wress the@r@ofpzlsmemmwmrﬁgmpews comnwg@smcmngarmdel
tungsten carbi deq{s t%@ﬁ?@dﬁgﬁ’l@rﬁ ?eseﬁ edq%(}ﬁ'lst gﬂe@%a%ger
substrate, an € substrate IS tHerea rometal 1ized w h~coppér or
i ntegrated wi tﬂﬂafaloheﬁ)pntbéb@cﬂufﬁalemtﬂproﬂmdem intermediate reaction material, and

reacting said intermediate reaction material with a base material in the presence of
a second solvent and under reaction conditions sufficient to produce said

organometallic compound.

8. The process of claim 7 wherein said metal halide comprises
tungsten hexachloride, molybdenum hexachloride, chromium hexachloride,
tantalum pentachloride, niobium pentachloride or vanadium pentachloride; said
salt comprises sodium cyclopentadiene, potassium cyclopentadiene, lithium

cyclopentadiene or magnesocene; said reducing agent comprises



19. A nethod of fabricating a m croelectronic device structure, said
met hod conprising vaporizing an organonetallic precursor conpound to
forma vapor, contacting said vapor with a substrate to deposit a
netal -containing filmon the substrate, and thereafter netalli zing
the substrate with copper or integrating it with a ferroelectric thin
film said organonetalllc precur sor conpgund having the formul a
(Li)yML2)z. yvmmeln s a G oup met al a Goup 6 netal, Li is

a substituted &P IHWshaﬂétWtWé’athaﬁY)alﬁm@lw @b@@m#e@ﬁpdam@prqhbf@ﬂw L2 is
the same or di flftlﬁﬁﬁ@lmﬁi‘ﬁ@m‘ }ﬁ(dﬁﬂé sﬁd?‘z@%&l‘v&ﬂé%ﬁﬁpﬂ&sﬁﬁﬁ%&# h‘% fb
su t ut

anionic 2 el ectron donor stitute
cationic 2 el edelpens Cul@m@hlﬁtSlﬂgamf Sau:l' ln(qrmac)lata reagkisn n‘tatﬂnahlscsclected from

unsubsti t ut ed i.s an integer of 1,

and z is the va ng%cébﬁclﬁ%%\;\{ﬁ&%gﬁo)ﬂh%’mﬁ? the oxi dati on

nunber of M andimdtkylpleellyl)WgCONy QRishasd mbierialsbnlptistSsoditahydrexifs,
potassium hydroxide or ethyl acetate; and said second solvent comprises toluene,

hexane or mixtures thereof.

9. A method for producing a film, coating or powder by decomposing
an organometallic precursor compound, said organometallic precursor compound
having the formula (L;),M(L,),y wherein M is a Group 5 metal or 2 Group 6
metal, L; is a substituted or unsubstituted anionic 6 electron donor ligand, L, is
the same or different and is (i) a substituted or unsubstituted anionic 2 electron
donor ligand, (i1) a substituted or unsubstituted cationic 2 electron donor ligand,
or (iii) a substituted or unsubstituted neutral 2 electron donor ligand; v is an
integer of 1, and z is the valence of M; and wherein the sum of the oxidation
number of M and the electric charges of Ly and L, is equal to 0; thereby

producing said film, coating or powder.

10.  The method of claim 9 wherein the decomposing of said
organometallic precursor compound is thermal, chemical, photochemical or

plasma-activated.

11.  The method of claim 9 wherein said film, coating or powder is
produced by chemical vapor deposition, atomic layer deposition, plasma assisted

chemical vapor deposition or plasma assisted atomic layer deposition.

12. A a method for processing a substrate in a processing chamber,
said method comprising (i) introducing an organometallic precursor compound
into said processing chamber, (ii) heating said substrate to a temperature of about

100°C to about 400°C, and (iii) dissociating said organometallic precursor
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compound in the presence of a processing gas to deposit a metal layer on said
substrate; said organometallic precursor compound having the formula
" (L1)yM(Ly),.y wherein M is a Group 5 metal or a Group 6 metal, L, is a substituted
or unsubstituted anionic 6 electron donor ligand, L, is the same or different and is
(i) a substituted or unsubstituted anionic 2 electron donor ligand, (ii) a substituted
or unsubstituted cationic 2 electron donor ligand, or (iii) a substituted or
unsubstituted neutral 2 eleciron donor ligand; y is an integer of 1, and z is the
valence of M; and wherein the sum of the oxidation number of M and the electric

charges of L; and L, is equal to 0.

13.  The method of claim 12 wherein tungsten, tungsten nitride,

tungsten carbide, or tungsten carbonitride is deposited on said substrate.

14.  The method of claim 12 wherein said metal layer is deposited on
said substrate by chemical vapor deposition , atomic layer deposition, plasma

assisted chemical vapor deposition or plasma assisted atomic layer deposition.

15.  The method of claim 12 wherein dissociating the organometallic
precursor compound further comprises generating a plasma at a power density

between about 0.6 Watis/cm?® and about 3.2 Watts/cm?.

16.  The method of claim 12 further comprising exposing the deposited
metal layer to a plasma generated at a power density between about 0.6 Watts/cm®

and about 3.2 Waits/cm?.

17.  The method of claim 12 furthering comprising depositing a second
metal layer on the metal layer wherein the second metal layer comprises copper

and 1s deposited by an electroplating technique.

18. A method for forming a metal material on a substrate from an

organometallic precursor compound, said organometallic precursor compound
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having the formula (Li)yM(L2),., wherein M is a Group 5 metal or a Group 6

metal, L] is a substituted or unsubstituted anionic 6 electron donor ligand, L, is
the same or different and is (i) a substituted or unsubstituted anionic 2 electron
donor ligand, (ii) a substituted or unsubstituted cationic 2 electron donor ligand,
or (iii) a substituted or unsubstituted neutral 2 electron donor ligand; y is an
integer of 1, and z is the valence of M; and wherein the sum of the oxidation
number of M and the electric charges of Li and L is equal to 0; said method
comprising vaporizing said organometallic precursor compound to form a vapor,
and contacting the vapor with the substrate to form said metal material thereon,
wherein tungsten, tungsten nitride, tungsten carbide, or tungsten carbonitride is
deposited on said substrate, and the substrate is thereafter metallized with copper

or integrated with a ferroelectric thin film.

19. A method of fabricating a microelectronic device structure, said method
comprising vaporizing an organometallic precursor compound to form a vapor,
contacting said vapor with a substrate to deposit a metal-containing film on the
substrate, and thereafter metallizing the substrate with copper or integrating it
with a ferroelectric thin film; said organometallic precursor compound having the
formula (Li)yM(L)..y wherein M is a Group 5 metal or a Group 6 metal, Liis a
substituted or unsubstituted anionic 6 electron donor ligand, L; is the same or
different and is (i) a substituted or unsubstituted anionic 2 electron donor ligand,
(ii) a substituted or unsubstituted cationic 2 electron donor ligand, or (iii) a
substituted or unsubstituted neutral 2 electron donor ligand; vy is an integer of 1 ,
and z is the valence of M; and wherein the sum of the oxidation number of M and

the electric charges of Li and L, is equal to O.



