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[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 underlying
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 tantalum, niobium, tungsten, and the respective metal

nitrides are being considered for liner and barrier materials in copper applications.



[0004] Metals such as tantal um niobium tungsten, and
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[0006] There are few commercially available organometallic precursors for

the deposition of metal layers, such as tantalum, niobium, and tungsten 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
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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.

Summary of the Invention

[0011] This invention relates to compounds having the formula
(Cp(R*)x)yM(H),.y wherein M is a metal selected from tantalum (Ta), tungsten
(W), molybdenum (Mo), niobium (Nb), vanadium (V) or chromium (Cr), each R’
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[0013] This invention relates to a process for producing a compound having
the formula (Cp(R’)x),M(H),., wherein M is a metal selected from tantalum (Ta),
tungsten (W), molybdenum (Mo), niobium (Nb), vanadium (V) or chromium (Cr),
each R’ is the same or different and represents a halogen atom, an acyl group
having from 1 to about 12 carbon atoms, an alkoxy group having from 1 to about
12 carbon atoms, an alkoxycarbonyl group having from 1 to about 12 carbon
atoms, an alkyl group having from 1 to about 12 carbon atoms, an amine group
having from 1 to about 12 carbon atoms or a silyl group having from 0 to about
12 carbon atoms, Cp is a substituted or unsubstituted cyclopentadienyl group or a
substituted or unsubstituted cyclopentadienyl-like group, x is an integer from 0 to
5,y is an integer from 1 to 5, and z is the valence of M, which process comprises

reacting a metal halide, a cyclopentadienyl salt and a reducing agent in the



the formula (& (R) X)yMH z-y wherein Mis a netal
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coangsien OF), povptetenum (Mo), niobium (Nb), vanadium (V) or chromium (Cr),
each R’ is the same or different and represents a halogen atom, an acyl group
having from 1 to about 12 carbon atoms, an alkoxy group having from 1 to about
12 carbon atoms, an alkoxycarbonyl group having from 1 to about 12 carbon
atoms, an alkyl group having from 1 to about 12 carbon atoms, an amine group
having from 1 to about 12 carbon atoms or a silyl group having from 0 to about
12 carbon atoms, Cp is a substituted or unsubstituted cyclopentadienyl group or a
substituted or unsubstituted cyclopentadienyl-like group, x is an integer from 0 to
5,y is an integer from 1 to 5, and z is the valence of M, (ii) heating said substrate

to a temperature of about 100°C to about 400°C, and (iii) disassociating said
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unsubstituted cyclopentadienyl-like group, x is an integer from 0 to 5, y is an

integer from 1 to 5, and z is the valence of M.

[0018] This invention in part provides organometallic precursors and a
method of processing a substrate to form a metal layer and/or metal carbide layer
on the substrate by CVD or ALD of the organometallic precursor. The metal or
metal carbide layer is deposited on a heated substrate by thermal or plasma
enhanced disassociation of the organometallic precursor having the formula
(Cp(R")x)yM(H),.y in the presence of a processing gas. The processing gas may

be an inert gas, such as helium and argon, and combinations thereof. The
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[0022] Permissible substituents of the substituted cyclopentadienyl and

cyclopentadienyl-like groups 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.

[0023] Illustrative halogen atoms include, for example, fluorine, chlorine,
bromine and iodine. Preferred halogen atoms include chlorine and fluorine.
[0024] Mlustrative acyl groups include, for example, formyl, acetyl, propionyl,
butyryl, isobutyryl, valeryl, 1-methylpropylcarbonyl, isovaleryl, pentylcarbonyl,
1-methylbutylcarbonyl, 2-methylbutylcarbonyl, 3-methylbutylcarbonyl, 1-
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[ O@QW}hYIHP‘}tMl@KYé@'@én%ibylbu‘fg'mp@d the lilyelePrefaredenliaoxyl geoups

butyryl, isobutyryl,
%@ryfnﬁﬁﬁhgfﬁhﬁépﬁkp X )%bnyl |sovaleryl
pe[ﬂD?G]C ar ﬁbwﬂatwé.alllteimfﬂbuyyér@a% i@Blyite, for example,
utylcarbonl

b [, 3 th
”Eia???é ?.?lﬁ{s’g%ﬂrﬁm >§W§§P@b9ﬂl§da1§%ﬁmxycaﬁbénﬂhe
|
p'réé’g.l"é’ﬁ‘% 9%563%? il SERaRy, RSN SR, sePhlbY a1
f oﬁel’tdwmﬂylca‘bonﬂt okt like. hBDeﬁarreldmﬂap@'xglrbom)ﬂ(gﬁm@ﬁ dncdtude

i S%@%&% S o o BogpGgarbonyl and
13éﬁﬂﬁﬁ%ﬂ%&w&®&Mﬂ , 2-di met hyl propyl oxy, hexyl oxy,

1- met hyl pent yl oxy, 1- et hyl propyl oxy,
2- 1982 Ty | péhusjraxy alkgl grmmytlpémtfw @oample methyl ethyl, n-propyl,

3'.' 1@%&1@1‘5 t%hwégl)s%’lb@ seaI H&i 1%63']#39 %}X 1sopenty1 neopentyl,
1 t]:fthjeﬁE_!,ﬂ hlyhiétliylfdlﬁyq}/}n?at ldeyerEtZtﬂflhﬁtl{yYﬂr@ﬁM; hexyl, 1sohexy1 1-
%@PE Ibut | oxy, 3_ the |1 ke. Preferaﬁg ng Xy

gﬂBE PR InsBigs 3-wethalognirhd . bopakylbutyl,
dlmethylbutyl, 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.
[0028] Hlustrative 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.



[0026] Illustrative al koxycarbonyl groups include, for

exanpl e, nethoxycarbonyl, ethoxycarbonyl,
w@e@poxysar bonyl , i sopropoxycar bonyl , PCT/US2006/037414

cycl opropoxycar bonyl , but oxycarbonyl ,

I sobut oxycar bonyl , sec-butoxy?grbonyl,

tert-butoxycarbonyl, and the Tike. Preferred
alkoxgcarbonyl groups i nclude net hoxycarbonyl ,

et 19828lc ar Bdwsjnativesibp grappa itsbisgl for |8S@pP1@p$le damdmslllyl

aptglﬁp%’gﬂﬁp E@%&H@@l@gﬁg&a@%pgm %']hn’llf%ﬂll}lfiSt By lxl éﬁ\’dﬁﬁ 1ke.

i Slh’(afemmllsﬂylrgrbw;is)ﬂhcluds slmtt)ﬁhqetl’@@:ﬁl'yb by {neﬂ{y@sﬁty'l butyl,
pentgl i sopent neopentyl, tert-pent

Yy pdr 9 pre ?I?f’e%‘%%@?% thlslmﬁfﬂloﬂé?])%ﬂls b DRy 10,

h tyl,
S S ANE ety o R AR e B B REREEL ) byt

1, 3-di net hyl butyl, 2, 3- dlnethylbutyl

3,3-dinethy|buty|, 1- ethylbut&%, 2-ethy|buty|,

1,1,2-trinmethylproryl, 1,2,247l'nethylproryl, 1-ethyl-

1- nethyl propyl, |-ethyl t hyl propyl, cycl opropyl,

cycl obutyl, cyclopenty cl ohexyl,

cycl opropyl met hyl, cy pyl et hy cycl obut yl net hyl ,

and the like. Preferred aIk gr oups\i ncl ude net hyl

et hyl, n-propyl, |sopropyl acycrgpropyl . [0028]

IIIustratlve am ne gro clude or exanpl e,

met hyl am ne, dinethyl a et hyl am ne, diethyl am ne,

propyl am ne, di propyl am sopropyl am ne,

di i sopropyl am ne, butyl am ne, “di butyl am ne,

tert-butylamne, di(tert- butyl)éﬂﬁne

et hyl met hyl am ne, butyl net hyl am ne, cycl ohexyl am ne,

di cycl ohexyl am ne, and the like. Preferred am ne

groups i nclude di net hyl am ne,Rdi et hyl am ne and

di i sopropyl am ne. [ 0029 ustrative silyl groups

i ncl ude, for exanple, [, trimethylsilyl,

triethylsilyl, tris( thyIS|I I)nethyl
trisilylnmethyl, meth [ e lik Preferred
silyl groups include silyl, |net Rlyl and

triethylsilyl. [0030] pre rred enbodi nent, this
invention relates in to ordanonetal lic tantalum
compounds represented e fornul a[ 0031] wherein R1,
R2 and each R are the sa different and each
represent a hal ogen atom an a®&l group having from1l
to about 12 carbon atons, an al koxy group having from
1 to about 12 carbon atons, an al koxycarbonyl group
havi ng




from1l to about 12 carbon atons, an al kyl group having
from1l to about 12 carbon atons, an am ne group having
wo e@miodi080 about 12 carbon atons or a silyl grBOPUS2006/037414
having fromO to about 12 carbon atons. [0032]
I'lustrative organonetal lic cgmpounds of this
i nvention include, for exanpl’e,
- bis cl opentadl enyl)(allyl)tantal um
bi @E’ i]cl oISt E)n@aﬂakleRel)f% thpdrind oy differert and each represent

A

i gwup h&a88Froht 1 tosabet i2sebor itaﬁlstdiﬁl]@d)@@@%ﬁyl%frodﬂlﬁwlng
s;&stltuent roups on the Cﬁglopentadlen roups,

?ﬁﬂcUP&PP\}i 2rf@rhgn) ﬁt%ﬁ g gHeABHvRdarimgtan gécmbout 12 carbon
9ra%‘rﬂ§ eaél%ﬂﬁé] Efoul rhﬁg t | %elﬂc%/%o%‘?llz REBBE Bfoh% or a s&ly Sroup

bel 1 ev at th groups increa
oﬂganwthamtoabmﬁd@umﬂmmiwnhat|Ilty, decrease t he

t red to di.sassociafe the precursor,
B Tl aE PR RS ComPoYEs o iR e inelute, for
pr@&éﬁw 'bls(c@aldp@ﬁtra&@ﬁﬁ?(aﬁﬂbt@ﬁﬂa unh Y Of the

or ganomet al I'i ¢ precursor compounds ensures a _
s thﬁ@mlemnlt%ﬂleQI(\alk@wMémm@)tautalmﬁ opr ecur sor entr ai ned

In.: ' hanber f
o P AEPAA A D Pl By S, The Tt oved

Vddl@(byd10]5©ﬁtaﬂ1éﬂyl)@ﬂn$19d1@dd)ﬁnfcaﬂlhﬁ 4hganefika/apori zati on of
the organonetal lic precursor by sublimtion and

d enopwr y tigs Qelﬁ‘f@é g thepreseasmpel thesehssitient grokpsogn the
< gftitlg%l %fé g '@e[ﬂea{laréfﬁl' ﬁc%ﬂ%hht%ln%&b?ﬁtﬁgrﬁ%%oups

P r@nhant@ me[ﬁefmd: phyﬂlcaﬂ; pfotpbrties i 1@f)elteh'ed (1ag ehieeOBdt@hdnt Groups
pr.ecursor for u inlig ﬂellvery systens. [0034].
P p A A R Prep o oY edoarepr B IWBRAF&BFeg equired to

degedssdede MRIRERrRRAVRdNYNEL heBEling HBHR S £ WAl o‘f'%hq@%ﬂg&‘{\ﬁc

the formation of heat deconp osa g or ganonet

c mrpmmS Aphiatreaged VlObelﬂltBad)ﬂ the stabbmemthctmumesoak:umpsunds
and are .capable of t her

o 28 UisS Y el TR b PP casGed im baerioad uia

Or fyain QiTidie pkddeSsil EaMbROIGY cBiebliv &PosiaRRBH Ela‘%r The improved

di sassociation in a plasma generated by supplying a

potRbatilde all elgo allow b semf sapurizatipe aPthe organemetatlic precursor

by sublimation and delivery to a processing chamber without risk of premature
disassociation. Additionally, the presence of substituent cyclopentadienyl groups
may also provide sufficient solubility of the organometallic precursor for use in
liquid delivery systems.

[0034] It is 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 disassociating at a temperature above about
150°C. The organometallic precursors are also capable of disassociation in a
plasma generated by supplying a power density at about 0.6 Watts/cm? or greater,

or at about 200 Watts or greater for a 200 mm substrate, to a processing chamber.



or at about 200 Watts or greater for a 200 mm
substrate, to a processi ng chanber.[0035] The
woe@anerves al | i ¢ precursors described herei n mapCTEpI®6/037414
nmetal and netal carbide | ayers dependi ng on the
processi ng gas conposition a_npl_the pl asma gas
conposition for the deposition process. A netal or
nmetal carbide |ayer is deposited in the presence of
i nH0BShr oddwsirgapogresadiic pigetrsers dascyibad heremaaeay detosit metal and

pr I uch .. hydr ogen,. and conbi nati o

t rSFEEPAO s deeding o i AtoHng S oey i 4gd e plasma
I egaxtdRtpopition €sSthe deRBionPe6desaSA hyeli1ee ibtalfcafidd hpéres
reaction with the cycl opentadi enyl groups to form
vofieposited igdRenreseige ob MpIthEeRs TR 22558 SRS GEROM Atractayl

ri r a e A tal or

e afésrgglg]kﬁ%gfguﬁggigy(ggéﬁnh %%s%ongﬁ%at{oélg ghleg%&?srret al | ayer

i s[0086F er dbisyetleypdshitahk ise dfhecqutas prowessidg gsgaiidh as
grocessing regi me for depositing a

[0037] An_exenplary. L :

| a >é4f1>$%ﬁﬁ°iiﬁé?é%@% HeLk Hesyaloppiadieay ereups4g form volatile

f obdse¥\Sher e ' b4 Iped
e e B B Py e
andepasiping eensilmy nyeis! dasbidetayaductbe sibstratea The ooeadayeg is

ch &?eﬁﬂ éhe Hrgcu%ﬁor LS igtroduced at aflowrate
be?mé%% AHERTEY Hhd© BB5Tee966'8%8em and t he processi ng
gapo0By] i ntA0ekepGdary Mrcebdie fegﬁﬂ@ﬁfr dapositifd DWyEtk@n He above
bet ween about 5 and about 500 seem |1n one enbodi nent

of d¢srEbesRIBRIrerdR apioblewssA prasBrser baingthe caposition described

Pr RSESSI | LQ- of .
D RS oA R R AP o PR B s

pr essdneedbietovegencabiag thadBerniThe pleafsoatsdnabduded 20 flow rate
Torr. Th rocessj ng chanber js preferably naintained

at 5%%%%@4 g aﬁéﬁb@g r VG B ancihe processieg gasdn Hitieguead into the
25 ek bl Pt may
oy PR DL B AR SR8 S6fB0EIPIh R,

pr evkgbingyt aftberepositios edocef) 0@8Jjreciinsormatl processing gas are

di sassoci.ation.of the_.precurs i nvol ves heating the.
SuBLPRETAH 8 TIPS aRS P SRUTE. Sore CTORES AFGIDCE b paifgined at
t hgphydiroBeRen afait t DO hilfTolhRdWBbatid ForBTRe poesRRend

adj acent the substrate to disassociate to volatile

hy ehesbsr isansfeviblc maiméaipedrt prseastisdesutsatabattel Onnillelorr and
| egyi et al rate. .;The exact .

t P S0 PRUTER Y0 IR hE By fiRe AR RRey for aitferen
chewkesatized bed ndlels @Athe processing chambers used.

[0038] Thermal disassociation of the precursor involves heating the substrate
to a temperature sufficiently high to cause the hydrocarbon portion of the volatile
metal compound adjacent the substrate to disassociate 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
temperature to about 400°C. is contemplated for the thermal disassociation of the

precursor described herein.



stability characteristics of the organonetallic

precursor and processing gases used under the
wale@amitoson condi tions. However, a tenperatur eP€T/OR2006/037414

about roomtenperature to about 4000C. is contenpl ated

for the thermal disassociati o]% of the precursor

descri bed herein.[0039] The thermal disassociation is

preferably performed by heating the substrate to a

t el¥939lat urlhelbledrmebdiszsbeniation0s O ferablypetformerDiRIRating the

one.enhodi nent of the, thermal SsSoci at i r.ocess,
ChELSTRete ATtneBlnri el itE Pl b3S B G AR LIR S o
2 56R60 BmentdTabe thdhdl didadsoeAsibh 9r0%e§soﬂ%| s@bfraieRfipeMure is
bet ween the precursor and the reacting gas on the

s ubgingaines! befiveancabout $503R endhabous B0 ieemsurerarsemplete reaction
48%‘8%5%% ] | §ec 'op% ﬂd t'ﬂg g?a%gng gz!lseﬁpt%r %ﬁjsncr%te s%f?u\f\é a]?loaﬁgther

erna SSOCI atl on proce

[ OéBgdimetit, ﬂieesaharaemﬂa antedineVet preagrEss beww\ﬁfout 600°C
generate a plasma is then either capacitively or
|n%&’(giW%F}Vr@éltﬂﬁaéﬂ"’ilaﬁ]@BPW?@s%hanber to enhance

di i .
VM! @@%}00' ok gﬁsﬁa -ehRhcBd BSAS gl%eﬁgéi ggg»gf f%ag%ﬁe a?e;‘feélh%ﬁa is

h any reactant gases present to sit” a
t hihes aitlsdr rcapaauu%l}pmweducnhefabfl doypled tuweelm claoiber ©. dhhance
ts/ c

t@ ut \é\at ts/cne, t ween q%gut

20 S%Fﬁ%“ ?)BTGC‘\‘KB%@ W???%?P&HPH’?‘% ARY LTI, §gses
prglesdna &’eﬂé&@d 14yef ot QAbIFRLS URDbGRE Gensit$ bEtmRBh B8kt 0%
t he cha er togeneratet e pl asma. [0041] After

di W@été/@m and apows B.% Wettglewmc e :b@?we&n abeeF89iand ebousfl 0pH &Vatts,
n%ﬁﬂ 'a@&l)ut t\bﬁtsslﬁgéﬁga%%r%blgtdggd ?O%%%?Otﬁﬁ% s%gtﬁlté aé ﬁed to

be exp ose ten asma cdnp

a ﬂle&hirﬁbértprg@ﬁfest‘éltlﬁgpl@ﬁﬁa such as hydrogen an |nert
gas, such as argon,_ and conbinations thereof. In the

pl BOAEL ¢ ¢ &@Wﬁﬁ@ﬁ@&@% of the dsT0p pcb Aritosition of Phequptrial on

I t h
SO SRR N 8 Lo U ok e

st piaema oorppnsbs (aeeq:mltm ECSPaTY gs, smuh las hgdroges an whericdas, such
rra react ththe deposi material. The plasma is
TS R (LR KA R R A

0 gen\éﬁité 8 Fa@%a%néiﬂﬁp cx%vgly\@ﬁtlﬁcﬁfcﬁﬂag cBhiplBEIME B2 chamber to
about 200 and about 1000 Wafts for a mm substrate,

t oCXdife t]pﬁr m@g@gjng@a@hmﬁa_sma 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.

[0042] In one embodiment the plasma treatment comprises introducing a gas
at a rate between about 5 sccm and about 300 sccm 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
50 milliTorr and about 20 Torr, and maintaining the substrate at a temperature of

between about 100°C and about 400°C. during the plasma process.



[0042] In one enbodi nent the plasma treatnent

conprises introducing a gas at a rate between about 5
wa@e@mioand about 300 seeminto a processi ng chaPrEUSZNE037414

generating a plasma by providing power density between

about 0.6 Watts/cnR and about;33.2 Watts/cn2, or a

power at between about 200 thts and about 1000 Watts

for a 200 _nmm substrate, maintaining the chanber

prk0843) o Bicis hebiovedwenitheamasma ireaipent lawdrsaholayer3Oedisiivity,
t r at
PR AR SRR HECAA & oS o) SRREH R Fu rstbpdaves

prwmhmc[e(b@ﬁﬁa]r ahd lih& ﬁ’i{&;bdrﬁase dt {shhatiedddehstlspedi®s from reactant
treatne rs the layer's resistivity, renoves

Ot i ]rﬁs YAEQReh SBciesAR Hisrplevnaseadytihiig cagen impwrities to
d eﬁ}%ﬂﬁde%lattﬁue h&(ﬁ%@égb*rﬁ thdl 3@1‘? Ez%gl?%regdrs frd %?gle shgs?{atet surface

pr opert | es. | eve Specl es romreac
ga@gg:an da (pb,r@é ﬂ'wldﬂmgleor:esgmg: r@® and préresqih@eimmbegaklasma

m APl pGRboR RateRth b Good, FBhS b Rhaitine tyet tpusmone o

S uickiggr cmetitaamts REIoRF BRUafer O ReiHPARCIEH O ME1ZARE aNd
proceSS|ng chanber. Pl asnmd species Trominert gases,

sueRdudivigon, furt her bonbard the layer to renove

r ve t he l.ayer res

QO PERHR T ot B Bdlviol o S I B Tt

t rlepdravesivics the pla@ﬁ:ﬁfréattﬂlbhtyrnﬁb@ienpﬁﬂéfﬂ@é d&gted 0irbbREGtent of the
Cﬂfbidifla ers since the plasma treatnment nmay renove

&Ygde sta e eabor émet%fcathﬁ@ laxgrcp per|f¢me@dpth§§&mma
t 1R er b cén rag?-rg Qﬁs@é dgcH Yifibod 8 dof?élﬁg{ W fomdvd

plasma gases’ prefe nprise i gases, suc
aﬂ@dnmand helium to renove carbon. [0045] It is

" JORIFT o R beliR B el Tirn bomee ?@23&1@6@
PQstoeRoand bosb ARy RE RESHSst WhhdsitRIAMes: ﬂo!:&x @il

with inproved nmaterial properties. Theq%e osi tion
armp@ﬁetarlémfﬁﬁﬂt mm‘ro‘(ddenatan@ rplrtaiestntd;e§h¢ ddzp@dltlba raed/for ar e

b [ OV. |ffu5| st ance,

ettéragﬁ eg %lnggsgﬁggq @ einy atr[% vaga iqqlg}v%llnproved
Stchffuiwlﬁ yesm&[‘mde Ilﬁipf(ﬁz\é& GhtbddyRF h(ﬂié@fonbmbﬂé]i thEIQIQﬂ &labdifty,
an enbodi nent of this invention, a nethod

ned [Inpsoyed dyeidgyeg bonding.

[0046] 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
carbide layer are deposited by the thermal or plasma enhanced disassociation of

an organometallic precursor of this invention in the presence of a processing gas,



feature on a substrate is provided that conprises
depositing a dielectric |layer on the substrate,
wet@hiongsa pattern into the substrate, depositPOmyus2006/037414
netal carbide |ayer on the dielectric |ayer, and
depositing a conductive netal;jayer on the netal
carbide layer. The substrate nay be optionally exposed
to reactive pre-clean conprisin | asma of hydrogen
anBref g at vy esoikina abqus 2 r{SHQ@rdepbﬁeteéuﬂls tredal dayer
r rbldel
(F:)oérl] il tE ?I%/egaq ﬁg 546 lgger%];m %) ‘3%/@ cooa f‘m%ﬂldor?}éfurﬁséjquem layer
de@q&mhed by phyS|caI vapor deposition, chem cal vapor
8@5|t|on or el ectrochem cal deposition. The netal
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th I 2t of
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Current copper integration schenes involve a usi on
balrawrefnnwotnﬁ aga e per laywstand ngyl aélwrfoomrm plaftmg looteettie by

* RARER, PSR Bher sPulabelepBieliRee Fie B ieat

r edﬂpa&aoﬂphﬁahﬁl@s Sln@stht AepdRGidhUTA poKt depdsinatdaBfient may
ngs The TaC |l ayer_is an excellent barrier to
D

i d @dnerﬁésettbe ratie of ipryHeus thhidlma cRemovatpéone or
t er..an
naai@t)gé 4B Sdin Ie%{cg%uirtm@thlfa%ﬂﬁg 31 FesttB 1 b AN 0o the
Slﬂ@haﬁmaWEIHmnwhdmbﬂ dep03|ted in one step by

GelDBBHL T o 5o AT DBk g ot dov idhan
em(faﬁ‘eﬁdtfs?rrﬁ RG E&2SEvd Dprodifcts0 10l ARLAL Mb%)ﬂgﬁ? d are

film Renoval of one or'"'nore steps In semc

meswpEract hargersithan Tad6tol dopper diffhsomnBi alnis@thie dgso sht@ort he
sem conduct ufacturer. [0048] TaC filns from
Cp@f%l}l@te&raéﬁ@sﬁ PO iregpshe Fl%ftiﬁ%@mw haye A taptrdwe

andc SIS SBAT 508\ i YR CEHE N ngﬁgll{l'aktg%s QRx?ettl ogplayer for

anor phous and are Superior barriers than
di g oW, m@yaliamfnglireptecogpgradatingom top DﬁﬂEthrlayandln an

?g%{x%?(%ﬁ%gﬁt, He%pgsrlt?c?r} %%étershnela};r geqcugg(i J&)' pergvfc:igg lgy%\{ 1en \%hlch

the composition varies across the thickness of the layer. For example, the layer

may be TaC rich at the silicon portion surface of the microchip, e.g., good barrier
properties, and Ta rich at the copper layer surface, e.g., good adhesive properties.
[0049] As also indicated above, this invention also relates in part to a process
for producing the organometallic compound represented by the formula
(Cp(R*))yM(H),.y wherein M is a metal selected from tantalum (Ta), tungsten
(W), molybdenum (Mo), niobium (Nb), vanadium (V) or chromium (Cr), each R’
is the same or different and represents a halogen atom, an acyl group having from
1 to about 12 carbon atoms, an alkoxy group having from 1 to about 12 carbon

atoms, an alkoxycarbonyl group having from 1 to about 12 carbon atoms, an alkyl



rich filmdeposited on top of it. This tantalumrich
filmacts as a wetting |ayer for copper and nay all ow

wo evo7@iroect copper plating on top of the Ta | aper/Uub2006037414
enbodi nent, the deposition paraneters nmay be tuned to
provide a layer in which the gonposition varies across
the thickness of the |ayer. ﬂbr exanpl e, the | ayer nmay
be TaC rich at the silicon portion surface of the
m &P8e htypng &og 1 taaheyt basarbert atpmepasr aniias grapdiaTagriiah 1 to
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I Ngp i 4 aibsalusd drelhélllﬁﬁtultdﬁ Pelopetitadienyll @656 d Qibstituted or
produci ng the organonetal | ic conpound represented by
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(Nb), vanadium (V) or chromium (Cr). Illustrative metal halide compounds

include, for example, tantalum pentachloride, niobium pentachloride, vanadium
pentachloride, tungsten hexachloride, molybdenum hexachloride, chromium
hexachloride, and the like.

[0052] The concentration of the metal source compound starting material can
vary over a wide range, and need only be that minimum amount necessary to react
with the cyclopentadienyl salt and reducing agent to produce the intermediate
reaction material and to provide the given metal concentration desired to be

employed and which will furnish the basis for at least the amount of metal
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dihydride (e.g., Red-Al® reducing agent material), and the like.

[0056] 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 cyclopentadienyl 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.

[0057] The first solvent employed in the method of this invention may be any

saturated and unsaturated hydrocarbons, aromatic hydrocarbons, aromatic
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employed can range from about 0.1 to about 400 hours, preferably from about 1 to
75 hours, and more preferably from about 4 to 16 hours, for all steps.

[0059] The intermediate reaction material may be selected from a wide
variety of materials known in the art. Illustrative intermediate reaction materials
include bis(cyclopentadienyl)(dihydrido)tantalum(bis-(2-
methoxyethoxy)aluminate. The intermediate reaction material is preferably
bis(cyclopentadienyl)(dihydrido)tantalum(bis-(2-methoxyethoxy)aluminate, and
the like. The process of this invention does not require isolation of the

intermediate reaction material.



m xture. In general, the amobunt of solvent may range

fromabout 5 percent by weight up to about 99 percent
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reaction mxture starting materials. [0058] Reaction

conditions for the reaction ofg the cyclopentadienyl
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diethylether, pentanes, or dimethoxyethanes; and most preferably toluene, hexane
or mixtures thereof. Any suitable solvent which does not unduly adversely
interfere with the intended reaction can be employed. Mixtures of one or more
different solvents may be employed if desired. The amount of solvent employed
1s not critical to the subject invention and need only be that amount sufficient to
solubilize the reaction components in the reaction mixture. In general, the amount
of solvent may range from about 5 percent by weight up to about 99 percent by
weight or more based on the total weight of the reaction mixture starting

materials.
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hydr oxi de, ethyl acetate, and the |like. The base
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TH@Vvention, purification can occur through recrystallization, more preferably
through extraction of reaction residue (e.g., hexane) and chromatography, and
most preferably through sublimation and distillation.
[0067] Those skilled in the art will recognize that numerous changes may be
made to the method described in detail herein, without departing in scope or spirit
from the present invention as more particularly defined in the claims below.
[0068] 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
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preferably between about 20C to about 120C. Normally

the reaction is carried out upder anbient pressure and
the contact tinme nmay vary froma matter of seconds or
mnutes to a few hours or greater. The reactants can
bespgelgemey diffrentisd eeanomgraalorimesr o apo phxisaied aind vangsity

or tir time enployed can range from about 0.1
toggﬁsgﬂ%g%ésg hours, preferably fromabout 1 to 75

ho[00s9] an®eimive vap&feesbley, driraatablitilfty 6T okfardgétaSlic
for all steps. [0065] Other alternative processes that
meSPIEROVE PEECHF Ol dspeith e ghp recaprhsanentited by thermespryimelsic

¢ s : . ¢ Y sc U
DLl NG RIS S5 BB et o cant
Pulnkeasoeddi, for ekompld®y2008diafih Al 32sedlfonpi bdeailéth\&gsell{wﬂér Which
2004, t di scl osyre of ich is incorporate erein
by"arpefse‘il}gh% @mﬁ%‘éﬁ% ﬁfgaﬂféﬂ‘@aﬁ fq @e YEIpIRdaC BrestuRg i

| nveRukAhsRYwaliS el Prepared by conventi onal
processes such as described in Legzdins, P. et al.

| Nk90g0] Sy rthh orgraometalld; cong®uad gracefsersales@ibet] ereii are well

0 aor._or.ganonet al | L.c compounds prepared by the .
rethod Ko BEPRTE s FRTRAMRRS B haHRG el prometatii
t heomu@iind gescysbatdn weadppisd o DaBsRi8hed alehhehiBd @4gh
extraction of reactjon residue (e.g., hexane) and

c HEBREIaGEP apfgienbirdleppmpossithe reglysyr, tmr%wgfhnninlg la rr(;etal or
ety T Lt bon ledin
AT, AR et b e 098 e THaRE: Sl i

metecutrsortth éhermabitode chestar bybednting, datgink, dippiag br bywotheput
departing,in scope or spirit fromthe present )

in g‘m‘ﬁl kgewpt @leaﬁ% fting £ byeadyetad ihan gene with gedeat

b g [ :

e e O ey o i, 38 Inckn i e art
f ofdexgrashcoatieg eymrhehaitaivediey mupdging es organentemlmv@mpound
include. b are not.limted to, analyti.cal ga

S s P e e dspMinageds horb Gimiega Bt layer, followed
t her sroedsayhd @b &aﬂﬁ%ﬁ{w{ﬁ %o sahf¥CB# Gt BhDprEQMR € InB hasiR,
masssPect rometry, differential scanning calorinmetry,
val9871lpr e Sy ganomsitadlic; Ferapryindyprepyiasons sy 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.
[0072] This invention provides in part an organometallic precursor 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 disassociating the
precursor in the presence of a processing gas to deposit a metal or metal carbide

layer. The precursor may be disassociated and deposited by a thermal or plasma-
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anal ysi s techni ques known in the art. Equilibrium
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by CVD or ALD of the organonetallic precursor.
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t I]@ﬁ76§bout?rag9he;§9 "Him cﬁﬂgsﬁd)r?@:ﬁsb%cdoﬁhﬁ&&i VS rm film layers of a
desired thickness, for example, in the range of from about 1 nm to over 1 mm.
The precursors described herein are particularly useful for producing thin films,
e.g., films having a thickness in the range of from about 10 nm to about 100 nm.
Films of this invention, for instance, can be considered for fabricating metal
electrodes, in particular as n-channel metal electrodes in logic, as capacitor
electrodes for DRAM applications, and as dielectric materials.

[0077] The method also is suited for preparing layered films, wherein at least
two of the layers differ in phase or composition. Examples of layered film

include metal-insulator-semiconductor, and metal-insulator-metal.



precursor in the presence of a processing gas to

deposit a netal or netal carbide |ayer. The precursor
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pl asmaenhanced process. The nethod nay further
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pl asma process to renove contam nants, densify the

layer and reduce the layer's resistivity. [0073] In
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substrate to supply energy for decomposing a chemical vapor deposition
precursor. Laser-assisted chemical vapor deposition processes, in which laser
light is directed to the substrate to affect photolytic reactions of the chemical
vapor deposition precursor, also can be used.
[0081] The method of the invention can be conducted in various chemical
vapor deposition reactors, such as, for instance, hot or cold-wall reactors, plasma-
assisted, beam-assisted or laser-assisted reactors, as known in the art.
[0082] Examples of substrates that can be coated employing the method of the
invention include solid substrates such as metal substrates, e. g., Al, Ni, Ti, Co, Pt,

metal silicides, e.g., TiSi,, CoSi,, NiSiy; semiconductor materials, e.g., Si, SiGe,

GaAs, InP, diamond, GaN, SiC; insulators, e.g., SiO,, SisNa, HfO,, Ta,0s5, Al,Os,



el ectrodes for DRAM applications, and as dielectric

materials. [0077] The nethod also is suited for
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thickness. For example, films formed can be less than 1 micron thick, preferably
less than 500 nanometers and more preferably less than 200 nanometers thick.
Films that are less than 50 nanometers thick, for instance, films that have a
thickness between about 0.1 and about 20 nanometers, also can be produced.
[0086] Organometallic compound precursors described above also can be
employed in the method of the invention to form films by ALD processes or
atomic layer nucleation (ALN) techniques, during which a substrate is exposed to
alternate pulses of precursor, oxidizer and inert gas streams. Sequential layer

deposition techniques are described, for example, in U.S. Patent No. 6,287,965



[0081] The nethod of the invention can be conducted in
various chem cal vapor deposition reactors, such as,
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pl asmaassi st ed, beam assisted or | aser-assisted
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i [JOBEO]C an ngmg?lpﬁglldtd%gostltci)onapr%gesslser:se (fjor example, are well suited for
producing high purity films and for covering complex surfaces and filling of high-
aspect-ratio features. Chemical fluid deposition is described, for instance, in U.S.
Patent No. 5,789,027. The use of supercritical fluids to form films also is
described in U.S. Patent No. 6,541,278 B2. The disclosures of these two patents
are incorporated herein by reference in their entirety.
[0091] In an embodiment of the invention, a heated patterned substrate is
exposed to one or more organometallic compound precursors, in the presence of a

solvent, such as a near critical or supercritical fluid, e.g., near critical or



t hi ckness. For exanple, filnms fornmed can be | ess than

1 mcron thick, preferably I ess than 500 nanoneters
wana7owre9 pref erably | ess than 200 nanonet ers Po/TK2006/037414

Films that are | ess than 50 nanoneters thick, for

instance, filns that have a tfii ckness between about

0.1 and about 20 nanoneters, al so can be produced.
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armocess gas composition is accomplished using mass-flow controllers, valves,
pressure transducers, and other means, as known in the art. An exhaust manifold
can convey gas exiting the deposition reactor, as well as a bypass stream, to a
vacuum pump. An abatement system, downstream of the vacuum pump, can be
used to remove any hazardous materials from the exhaust gas. The deposition
system can be equipped with in-situ analysis system, including a residual gas
analyzer, which permits measurement of the process gas composition. A control
and data acquisition system can monitor the various process parameters (e.g.,

temperature, pressure, flow rate, etc.).



currently known in the art include chemcal fluid

deposition; supercritical fluid transport-chem ca
wale@amitoson; supercritical fluid chem cal depoBCT/USI006/037414

and supercritical imrersion deposition. [0090]

Chem cal fluid deposition progesses, for exanple, are

well suited for producing high purity filns and for

covering conplex surfaces and filling of highaspect-
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and easily renoved away fromthe substrate. [0093]
arkiOWa#pItee arf.ne deposition process is conducted in a
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conponents, such as, for exanple, other Organonetallic

pradgdiseansraf the glajmes.carri er gases or reactive gases.

Example 1
[0099] The thin film deposition system used in this example is described in

detail in J. Atwood, D. C. Hoth, D. A. Moreno, C. A. Hoover, S. H. Meiere, D. M.
Thompson, G. B. Piotrowski, M. M. Litwin, J. Peck, Electrochemical Society
Proceedings 2003-08, (2003) 847. Cp,TaH; was sublimed at 90°C using 100
scem of argon in a flow cell vaporizer at 50 Torr. The precursor/argon mixture
was combined with additional argon to form the process gas mixture. Thin films
were generated using a pulsed process, consisting of 4 steps. The substrate
(typically 3 inch SiO, wafer) was exposed to the process gas mixture at 5 Torr

and from 350 to 450°C. In step 1, the process gas mixture contained the precursor



[0094] In a systemthat can be used in producing filns

by the nethod of the invention, raw naterials can be
wal2oeoi®d t 0 a gas- bl ending mani fold to produceCpusmesss74i4

gas that is supplied to a deposition reactor, where

filmgrowh is conducted. Raw- materials include, but

are not limted to, carrier gases, reactive gases,

purge gases, precursor, etch/clean gases, and others.
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bistrimethylsilylamide in ether.

Ether
NaN(TMS), + CpH » NaCp + HN(TMS),

[0102] The solid product was purified by filtration and rinsing with ether. 1
equivalent of tantalum pentachloride (TaCls) was added to a solution of three
equivalents of NaCp and three equivalents of the reducing agent Vitride®
(commercially available from Sigma Aldrich) in dimethoxy ethane (DME). The
solution was heated to reflux for four hours and then the solvent was replaced

with toluene.

DME

3 NaCp + 3 NaAlH,(OCH;CH;0CHy), +TaCls —r=ste

Cp,TaH,Al(OCH,CH,0CH3),



organonetal | i c conpounds of this invention may al so be
useful, for exanple, as catalysts, fuel additives and
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t hD183j r i tThamehcsionpas oboledtr @ICaimisoneExaivaleat df Ji0RE]

The thin film deposjtjan. systemused in this anpl e.
3%?@%%‘5 MEEH WS aﬁ@?da' Jﬂﬂ? B %ﬁ %ane %51111@16111@? ke 7ors0dinm

Nbliﬁﬁ‘@md@solt?ﬁod’ﬁ%@’tﬁfee e@uw'&'len%f%fa@er D.M Thonpson, G

B Pi ot r owski , ck, El ectrochem cal

Sophsia FUBRSEAL Dge, 2005305 (o000, by “Gualad v,

ceI | vaporizer at 50 Torr. The precur sor/ argon m xture
Waf104nhi 1med rivdctibn add iten®Rated & SFRx Or I bR aIRIVAEERS Tool.
gas m xture. Thin filnms were generated using a pul sed

pr beesactionaRitue Wi filiered thioupk a phef Babrastm sulfate to remove
(t ¥RL [

ARLEA B 0 By 0 R PR ot v
| nwathep two td ﬂheeqctrm@sessﬂ;h pasan tstyilé achiglithi sfEd/hitBeolid. The

pre rsor ter xp03| n the substrate to
t h%o %S&ﬁ%&?ﬂﬁ?%%@ﬁﬁ Gar‘gﬁﬁ Forede dpde peakeyf 4.8 for
Pethi @5 RéonkhdPardt B @hhy a glgu‘tﬁaca@ A&Sand £ & forfhet ‘F{)grd?ifde

precursor was interrupted and the reactor was urge
u slreatglaace}o rt tHik @omirsgblismbigm ¢atteypejorved att NOOPC ahd ¥0 torr
ed for 20 s ds. ing step 3 (typically 10
E%ﬁta@)ef P%fté %ﬁas?r“&{f% HHQ?J PS8t Re5essAm fﬁ% Gw@es?smon
hy{ﬂéﬂi@@ Ge@ﬁ@e@ﬁl&%@aas KK dHegidH ﬁél%?lsoi s iRl AS®
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capacitively coupled RF configuration. Between 20 and
160 Watts of forward power was applied to generate the
plasma. Li step 4 (typically 20 seconds), the reactor
was again purged with argon. This pul sed process was
repeated until the desired thickness of Ta contai ning
filmwas deposited. [0100] A silicon dioxide wafer was
used as the substrate at 362C. A plasma enhanced ALD
(PEALD) process with timng of 10/20/10/20 seconds was



repeated for 50 cycles to grow a tantal um contai ni ng
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resonances. At this point, sublimtion can be
perfornmed at 100C and 10~2 torr for further
w@ooozfoumas i on. Further purification is not necREFHER3006/037414
for the deposition nethod described above as the
chem cal delivery is a SUb|IﬂR}I0n Cainms 1. An
organonetal | i ¢ conpound having the formula (Cp(R )
X)YMH) z-y wherein Mis a netal selected fromtantal um
n (W, nolybdenum (M), niobium (Nb),
(V) or chromum (Cr), each R is the sane or
t and represents a hal ogen atom an acyl group
fron11 about 12 carbon atons, an al koxy
gr odp ha 1 to about 12 carbon atons, an
g’

al koxycarp Rhaving from 1l to about 12 carbon

at o group having from 1 to about 12 carbon
ato n an1n group having from 1l to about 12 carbon
ato silyl group having fromO to about 12

car bon Cp is a substituted or unsubstituted

cyclopentadldﬁyl group or a substituted or
unsubstituted cycl opentadi enyl -1i ke group, x is an
integer fromO to 5 y is an integer froml to 5, and
z is the valrgnce of M 2. The organonetal [ic conpound
represented by the fornul anherein Rl, R and
re the sane or different and each represent a

ha atom an acyl group having from1l to about 12
ca al koxy group having from1l to about

12 carbon quﬁ£¢3an al koxycar bonyl group having from1
to Qbout arbon atons, an al kyl group having from1l

12 ca@f bon atons, an am ne group having from1l
12 carbon atonms or a silyl group having from
12 carbon atons. 3. The organonetal lic
conmpound of Tkaim 1 selected from

bi s(cycl opent adi enyl ) (al  yl')tantal um
bis(cyclopentadienyl)(alkene)(hydrido)tantalum
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having from 1 to about 12 carbon atoms, an alkoxycarbonyl group having from 1
to about 12 carbon atoms, an alkyl group having from 1 to about 12 carbon atoms,
an amine group having from 1 to about 12 carbon atoms or a silyl group having

from O to about 12 carbon atoms.

3. The organometallic compound of claim 1 selected from
bis(cyclopentadienyl)(allyl)tantalum,
bis(cyclopentadienyl)(alkene)(hydrido)tantalum,
bis(cyclopentadienyl)(trihydrido)tantalum or
bis(cyclopentadienyl)(trialkyl)tantalum.

4. A process for producing an organometallic compound having the

formula (Cp(R*)x)yM(H),., wherein M is a metal selected from tantalum (Ta),



formula (Cp(R) Xx)yMH z-y wherein Mis a netal
sel ected fromtantalum (Ta), tungsten (W, nolybdenum
wQ My /04r80bi um (Nb), vanadi um (V) or chrom um PCr/Us2006/037414
each R is the sane or different and represents a
hal ogen atom an acyl group having from1l to about 12
carbon atons, an al koxy group having from 1l to about
12 carbon atons, an al koxycarbonyl group having from1l
t otuagien (W2 mmalybdemuat (vis), n@bivat Kyb), garadpmh W) ergehferoinr il (Cr),
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condi tions s i ent to roduce said organonetallic
thiaf
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pent achl ori de, vanadi um pentachl oride, tungsten
hejnderhiediataieaction migdealumdrerciiglseidi ideroediath reariignmaterial
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agent conprises sodi um bi s(2- net hoxyet hoxy) al um num

di hydri de, sodi um borohydride or Iithium al unm num

hydrides sai gy} g{osc%nssio‘% cYa%ﬂtél 1%'s§%%n9[afi? Q’é&%éﬂ?e{ée

S
(DME) , ?ol uene t er eof it 61 e
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a comp 156% %gcthumgmg& lﬁetﬂdxyetho&y)a uminum Alﬂ}gdnde sodium
borohydride or lithium aluminum hydride; said first solvent comprises
dimethoxyethane (DME), toluene or mixtures thereof; said intermediate reaction
material comprises bis(cyclopentadienyl)(dihydrido)tantalum(bis-(2-
methoxyethoxy)aluminate; said base material comprises sodium hydroxide,
potassium hydroxide or ethyl acetate; and said second solvent comprises toluene,

hexane or mixtures thereof.

6. A method for producing a film, coating or powder by decomposing
an organometallic precursor, said organometallic precursor having the formula

(Cp(R"))yM(H),y wherein M is a metal selected from tantalum (Ta), tungsten



an organonetal |l ic precursor, said organonetallic

precursor having the formula (Co(R) ¢c)yMH) z-y
wob@reinsM i s a nmetal selected fromtantal um (Fed/S2006/037414

tungsten(W, nolybdenum (M), niobium (Nb), vanadi um

(V) or chromum (Cr), each R is the same or different

and represents a hal ogen atdﬁ% an acyl group having

from1l to about 12 carbon atonms, an al koxy group

hatWngnélybdenint @ak oivbiuh? (g bomndato (), orashromium (Cr), each R’

al koxycar bony. roup, having frqm 1l to about 12 carbon
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8. infdger fretrhbth Hfand kzas thevalshes ef M, geirddyprahronesaal filng
precursor is vaporized and the vapor is directed into
a BB P8R IPeact or housing a substrate. 9. The

nmet hod of claim8 wherein said substrate is conprised
of a material selected fromthe group consisting of a
met al , & met dhe suethpiddd clazm Sermereindbe devompasing 0§ sdidt or

d b ' teri.al. 10. .Th hod. of . im8
o SrarRREGE R et et Bl LR §higtl St on
sahéivatdastrat e by chem cal. vapor deposition, atomc

| ayer deposition, plasm assisted chem cal vapor
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precursor is selec

bi s{myekdpedthadiapoyik Hradtéd/inid adémsition reactor housing a substrate.
bi s(cycl opent adi enyl ) (al kene) (hydri do)tantal um bi s(cyc
| opent adi enyl ) (tri hydrido)tantal um or

bi s( cychopentradiemidddficldidl dwhdrbANaR dBliratdis cbifprised of
nmet hod of clarm 8 wherein Ta of TaC is Jépogf}ggﬂgﬁ ore
saimterial selected from the group consisting of a metal, a metal silicide, a

semiconductor, an insulator and a barrier material.

10. The method of claim 8 wherein said organometallic precursor is
deposited on said substrate by chemical vapor deposition, atomic layer deposition,
plasma assisted chemical vapor deposition or plasma assisted atomic layer

deposition.

11.  The method of claim 6 wherein the organometallic precursor is
selected from bis(cyclopentadienyl)(allyl)tantalum,
bis(cyclopentadienyl)(alkene)(hydrido)tantalum,



substrate.
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bis(cyclopentadienyl)(trihydrido)tantalum or

bis(cyclopentadienyl)(trialkyl)tantalum.

12. The method of claim 8 wherein Ta or TaC is deposited on said

substrate.



