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NEW GROUP V METAL CONTAINING PRECURSORS AND THEIR USE

FOR METAL CONTAINING FILM DEPOSITION The invention
WelaiesdrAqew class or chemical compounds and their use j-mgtahoPos1216

containing film deposition. With the shrink of the critical dimensions

of the future generation CMOS devices, the introduction of new materials,

inparésuaEhaniatin aadNebing parecedsived. Aop MSERAESH FONGIETAL

acknowledged that dual agiahaaiell hegesgiggaaiong to high dielectric
constant (high-10 materials for the CMOS gate stack. The metal gate is in

particular required to achieve 10 a 0.2 V threshold voltage, thus allowing
drastically reduced devices power consumption. To do so, the metal gate
approachikedilireienasiingg five mBtal2eorhpetiries efeRfeéntilorRiTuRtifometal
tyRicalins FeMiiosRMOS gate and -4 eV for nMOS gate. The requirements
for a suitable metailr'r%ate material gene_rallyetjn(:l%lde: Iowest, re%Is\/.'%i(\)/'gty(/i as ne
possible (HEVRRAFTE & B BT AARTAYE DI B8 foP e OS> devices, the
cmpiacids)f suitableiwork funetidn Tutkbimisndiasticalyart Seaffectddbbystance,
agiional elements g elalbased ok etmal sl N OB DG ON

gate oxide, a on on the high-k and etch selectivity: Grotup V metal
crhiking fitirls fare IRMpARRAa TR It D 486 MarsHigs sigaRTAS to achieve

Tagtalymucarbideckartalim suicide, dFantalymesiice-nitide, shartalfumption,
carbo-nitride, show promising properties for metal gate application. TaCN

a
ha& Besh BEJoeeed RS JB@1W8§%%IP¥E%?@WW?&H fAfeTpR otk
estionate d ta2Q4-85/ evt. pMOSBesides g rol folaviota koo ntaming fibmsnar é: a
used as electrodes (in the casg of pure metal or metal nitride) S0.2§ ;
LR Eaet (SRR OLAUIE TRl SR, D rshenaecd

(BRay. ) wRobelRamiicoTaNahvaypands s duisplslwetdtedicepydsition tapirally
Tar0eand.Ja0NY JorBiahmk Jayees.: 2RRe Sife S 1aHRHP MM EtakGen taRN G ate

films find also application in back-end-of-the-line (BEOL) layers of modern
ke SrbRTED OB SR s R BT RIEID h ATERSY IR Pal GEtipP s PEns and i
gratpuMrmeialsaedargetedasuohhas Teanahabtfoe coppandifitisidn. Tantalum

Nitrogen.incorporation also. helps. reducing the copper diffusion. Tantalum.
T e e R R e U
10 #Eh ievderionekyTedrTa CirbatbtRe dustrliCtfrd. Yith et gD shiriikaged to
of the ghip dimensions, sputtering will quickly become inadequate for
conformal depositions. The main industrial options to enable the
depositidiFofSusRhii MAR WHRTANESBIRSETE throdgriat it dedeptase’ pure
putity ase ¥eporkase depositiondeahniguesgsudh abeM@EVE oxide) in the
(Metal-organi ical Va pasition) or ALD. (Atomic Layer,. . .
R P T A oL e ) o
obmsitieredrdS aQuitaiblePadthordigfokwicthe highly conformal films

needed fRLBEOL APRIGALLRSWRED AFRAGAIRY m&h@m%\/mgpwwﬁm

Metal-organic and halide compounds are required for those processes.
NBREDLGIER O Proctsopiepniis pebi Eo As et Tosimdnia S dp particutar, pure
depasiianmxamples-acaribes given aaNalowsper diffisalidessgehiasporation
Tantalym pentachloride, Ta have been widely investigated such as .
ISR RO Db 85 0 e Heor T e apat e
genitrate dederiing tirthddpositioachiveedsy EMNaE ORI BH serrivcadih the

srfacsinterfacaisoughngss thateandeidefimenialdadhe fnalkrRpeuigsmal
I\éloreg)tyer, Cl or F impurities are hlghfy detrimental to the
CpOSHIONS.

The main industrial options to enable the deposition of such thin films with reasonable
throughput and acceptable purity are vapor phase deposition techmiques, such as

MOCVD (Metal-organic Chemical Vapor Deposition) or ALD {Atomic Layer Deposition). For
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10 final electrical properties. It is therefore expected to find new
compounds having sufficient volatility but without containing Cl, F, or Br

VDS 049 79¢AlkoXides such as penta-ethoxy-Tantalum (PET)}J@@MEIQ,%%61216
used and described. However, they lead to oxygen containing films and

are not suitable for the deposition of metal containing films such as

nltrldes C es carbo nl ri uicides hICh sed in. art ular
as e?ec%fé%‘ ?a AT éj%? szsc%enteg‘fnyo‘%))}légﬁrcggv&ésnagltnflgslc?e% iﬁo form
U&AL@I@?@WM&I&IS@I@S@@@Mrﬁqpﬂﬁ@h]mpht@fﬁt'ﬂ\dikylab@mmmm beenvant

introducedye.g: Py 4sing faed %%avglt@@ewe;rwﬁ&% $hEL Volatility

was thereby significantly improved without affecting the melting point.
HoweverWﬁK/fgé@E@éf)@"dEfé%“rﬂ&Vﬁﬁ&% OPiTRY Wepadrivgh peisaiipiularamples
oxygen:fieemmtakaitride or carbide cannot 20be obtain.

US-A-6,3 98 discloses another rove t with the use for instance
iR s St i R S B S

adbm}@ed in UZWOOR1208Y (Binjjsd:duoges ﬁ]iewsa,o:bmc by-products generated during the
t%%ﬁza% S Imidodtis(gliethyiamidortantalum, T %T%Inr@%é@?oq%%?@k% B be

'A-6,593,484, US 200470219784 disclose a method” 2
osERIGH @f%ﬁt@ltﬁﬁﬁ’ﬁ?ﬁﬁ’dé‘ﬁﬂﬁ%"%&/ ShefuB raIiHfRs e h‘@?lSI’BEF@ETIﬁ%lﬁO the

TMV&A&&M&I&}E&NISQU&%M@WMW@iﬁxﬁ&ﬁ&&ﬂd@%@éﬂﬁTﬁa\T@Qufﬁuem

llms IS n ossible as they contain nitrogen which is always present

V‘{ 2 H\é%ts“t]ébo fiffgaming 458 75598 discloses Ta(Me3SiCp)2H3,
which is albisiyelcpeh tadieny-FaokydricelwhiCER arsoliddavieg anbdescribed.

VQE%J&'{%{» 30T aday, g;z;ggn%a d&f% %@b &@s}%da o mefakerganic precursor: et

avmg a hlgh volati |ty In order tooe In IQUI State at room tem erature

cjesang o Snterigerdiura)dend Hadites anhghnvedeatititisides. @’hi@éb?éﬁf@ﬁed in

VS ARPHEAHORS dRdthe GemEPRAVGIORMARMaCcIHE R SHED BRimetal
gates, electrodes and/ar high-k layer in Metal-Insulator-Metal structures

for DRAM Saﬁa?é?%ﬁ%@?ﬁ%sﬁ%H“rB%E’rYF&F%“&? i alaTipoadehap egsen introduced,
applidationsng2araMe;@tuprdingetd acffrstra(sfmgt there. isyavidedthe usesby

U ALAEARL ARG SORROHNLP S IEma I (13300 RS OrmuR 1BEy, does
‘not allow versatile deposition: in particular, oxygen free metal nitride or carbide cannot
be obtain.

US-A-6,368,398 discloses another improvement with the use for instance of
TalOC(OYC(CHs)sls, however with the same Hmitation as disclosed here above.

WO 0220870 discloses the use of tert-butylimido(tris(diethylamido)Tantalum,
TBTDET, for the deposition of Ta,(0; US-A-6,593,484, US 2004/0219784 disclose a method
of deposition of Tantalum nitride films by sequential injection of TBTDET or TAIMATA and
other N source. However, their use to deposit Ta, TaC, TaSi films is not possible as they contain
nitrogen which is always present in the deposited films.,

US-A-6,379,748 discloses Ta(MesSiCpl:Hs, which is a biscyclopentadienyl Ta
hydride which is a solid having a low volatility.

Today, there still exist the need for metal organic precursors having a high volatility in
order to be in liquid state at room temperature (or close to room temperature) and having a high
versafility, i.e. suitable for various applications in the semi-conductor manufacture such as
metal gates, electrodes and/or high-k layer in Metal-Insulator-Metal structures for

DRAM and/or copper diffusion barriers, or the like in TFT-LCD applications.
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R14\ R'21:2134 (Lb) as metal precursors in a process for depositing a
group V metal containing EIm on a substrate comprising the steps of:
Introducing a susbtrate into a reactor; Preferably heating the substrate at
a temperature above 150C; Feeding acompound of the formula (I1a) or of
the formula (Ib), or amixture of said compounds thereof in the vapor phase
into the reactor; Optionally a second compound of the formula (Ia) or of
the formula (fb), or a second mixture of said compounds thereof in vapor
phase into the reactor iting. afi taining.-ateast one ofsaigd of
compouic “‘?lfﬁé“f%r%dﬂl‘g 5???(‘#5% ng%e‘%grmu%g%lb) onto said P
substrate; (kormulas (Ta) and (Ib) wherein, is a group V metal selected
from Tantalum (Ta), Niobium (Nb) anQ Vanadium (V), 124, R3, R4,
R5, R6 and R.55 which may be |den I'or different, are independently
af-or-Blanciied alkyl groups haying from
¢d alkoxy groups haying from

from one to four carbon ,-ﬂi-‘x’ ! - o anched alkylsilylamide groups
haying from one to four carbon %tomenher RH RH R'3 and R' 4; which

(fa)

or of the formula (Ib):

(Ib)
as metal precursors in a process for depositing a group V metal containing film on a substrate
comprising the steps of:
- Imtroducing a susbirate inte a reactor;
- Preferably heating the substrate at a temperature above 150°C;
- Feeding a compound of the formula (1a) or of the formuda (TIb), or & mixture of said
compounds thereof in the vapor phase into the reactor;
- Optionally a second compound of the formula (fa) or of the formula (Jb), or a
second mixture of said compounds thereof in vapor phase inte the reactor:

Depositing a film containing at least one of said compound of the formuia (Ia) or



(%

14

10 chosen from Hydrogen atom, linear or branched alkyl groups having

from one to four carbon atoms, linear or branched alkoxy groups having

from one to four carbon atoms, linear orzoranched alkylamide groups

haying from one to four carbon atoms or linear or branched alkylsilylamide
groups haying from one to four carbon atoms; or RH R'2, which may

be identical oydifferent, &g inderendeptl.chosen from Hydrogen atom,

linear or branched alkyl groups having from one to four carbon atoms,
line4PBlbraherbdBIKER Broups haying from one to four carbon atoms,

linear or branches:akyamide.geaups:having:from ofietoddoMs carbomadium (V),
atoms or linear qQr branched alkylsnylamide gra having.from one to fou
carbon atlg‘hﬁgza%n" Gr}%h%ﬁﬁﬁ '6@&}%%%:{}13%ggsjggﬁgﬁ?g&(gfé?o@ﬂip“\(?O?'ﬁo'rpengemiy
alkiybdenifiong fuipobavingfrémaonettorfdad ebitb onratbmMSifaNIRY) @e to four carbon
Acearding 1o a.first.embodinent, the disglosure relatesiip-amethodof jincar or

depositing metal containing films using atleast one compound as a metal
et alrEfErnitarg Q)R oF GF tHRS fEtnitHa (Y LOMSSFOMTTGIAS prayched
angk (Ib) wheseinoMdisa:groum Vinetahselested:fiom Tantalum (Ta),

Niobium (Nb) and Vanadium (V), Rt, R2, R3, R4, RS, RG.and R7; which
may be GEHALR of GTioreht) B ML BRIy LACLSh Fars Py oG m et
atdmwcliriesr gy branched: atkyhgrotpeschavitig fronuore\toddwrcarbeniour carbon
atoms, linedr & Rrapehedido alkoxy JroHRSAAYING TOMANGHRfMne lincar or
carbon atoms, linear or branched allcylamide groups having from one to
fobiredisoratamds Imems drprgntrRd aTkiSiNTafmiBe GreEp Chabt Ffotnched
ongdaiouncarbenatams: atheniid ReswandRidinvhich may be identical

or different, are independently chosen from 4}—|}ydrqg.en %om li earor .
branched BIKyI"gFoupd KAVIKY #BrfBHE S TollF Earbof®atd il giosen from
brandhed: alkexingroupsdneitgifybgoandioifgiiocarion ftomshdineanotinear or
oraaeaes Alamide diouRs R em A0EdR JoH SRIROD AAMRB iy lamide
linear or branché ﬁw?sﬁyzlamlde groups having from one to four carbon
atesies Bty Rom RI2 lvAEhcaiRap e efetiEaFBrodiffepshd aflelsilylanide groups
indapendentiv.chosenfram diydroge r alemz lingamer sanshed @lkoup (=0) or
groups having from one to four carbon atoms, linear or branched alkoxy
gripHAVG RO BREYS 86T %Sﬁl‘%%%ﬁ%‘?ﬁzﬁﬁ%r branched

alkylamide groups having from one to four carbon atoms or linear or

branched alkylsilylamide groups having from one to four carbon atoms

;and R'3 and R'4 together represent an oxo group (=0) or an alkyl imino
10group having from one to four carbon atoms (NR)



19

i5

According to a first particular embodiment the disclosure relates to a

method of depositing a metal containing film using a compound of the
formula (la) or of the formula (Ib) as défined above, having a melting point
lower than or equal to about 35C, i.e. shalt be in liquid form or close to

liquid form at room temperature, which makes their delivery easier. 15
According to a second particular embodiment the disclosure relates to a
method of depositing a metal containing film using a compound of the
formula (1a) or of the formula (Ib) as aiefi ,e%jj above, havingayvapor . ..
pressure BiRUPEHAA FFoPLPYHEE" | eo‘ptﬁ PIaEas™ iR rﬁ(gﬁoéi?ﬁéap e
thexart shadisejctithesappropriatesnolgoulesir thetg oupiobmdléedfesula (1a)
having a lower molecule weight and/or those having a structure, which
induces lowered inter molecular forces. 20 According to a third particular
embodiment, in the formula (la) or (lb, R7, R3, R4, R5, R6 and R7,
which may be identical or different” : '511__‘-..._': chosen from
Hydrogen atom, linear or branchef groups having from one to four
carbon atoms. According to &fourth/garticular embodiment, in the
formula (la) or (Ib), R'1, R'2, F%g TaTon 24 may be identical or
different, are independently chdsen fram Hyo%gen atom, linear or
branched alkyl groups having from,épng«o four carbon atoms. According
to a fifth particular embodiment, %}}wla (la) or (Ib), M is Tantalum.
According to a sixth particuIRr? mbgdiment, i1,the formula (la), R2, R3, R,
and R5, each represent an Hydrdgen atBhy. According to a
seventh particular embodiment, in the formula (Ib), R2, R3, RA, R5, R6
30 and R7, each represent an Hydrogen atom. According tﬁain eight
particular embodiment, in the formula (la) or (Ib), Ri is chosen ffom ethyl,
isopropyl or tert-butyl. According to an ninth particular embodiment, in
the E%[Ln}ula %a)[bgr (Ib), R'i, R'2, R'3, and R'4 each represent a methyl
g{)fooup.e oy cgc rding to a tenth particular embodiment, in the formula (la)
or (Ib), R'l and R's, which may be identical;.@_[ different, are independently
chosen from methyl or methoxy, and W3 g«d FC4 together represent an
oxo group (=0) or a tcrt-butyl imirpgfr P (=N*Bu)RExamples of such
particular embodiments are : Et Ta

RS M ™ R4
R // \\ R
1 er R'B 4

(b}
Formulas {I2) and {Ib) wherein,
M is a group V metal selected from Tantalum (Ta), Niobium (Nb) and Vanadium (V), Ry, Ro, R,
R., Rs, Rg and R+; which may be identical or different, are mdependently chosen from Hydrogen
atom, linear or branched alkyl groups having from one to four carbon atoms, linear or branched
alkoxy groups having from one to four carbon atoms, linear or branched alkylamide groups
having from one to four carbon atomns, linear or branched alkylsilylamide groups having from

one to four carbon atoms;

either R';, R, RY and R's; which may be identical or different, are independently chosen from
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Hydrogen atom, linear or branched alkyl groups having from one to four carbon atoms, Hnear or
branched alkoxy groups having from one to four carbon atoms, linear or branched alkylamide
groups having from one to four carbon atoms or linear or branched aikylsilylamide gréups
having from one {0 four carbon atoms;

5 | cither R'), R'y, which may be identical or different, are independently chosen from Hydrogen
atom, linear or branched alky! groups having from one to four carbon atoms, finear or branched
alkoxy groups having from one to four carbon aforns, hinear or branched allylamide groups
having from one to four carbon atoms or linear or branched alkylsilylamide groups baving from
one fo four carbon atoms;and R' and Ry tegether represent an oxo group (=0) or an atkyl imnino

10 group having from oxe to four carbon atoms (=N-R)

According to a first particular embodiment the disclosure relates to a method of
depositing a metal containing film using a compound of the formula (Ta) or of the formula (Ib) as
defined above, having a melting point lower than or equal to about 35°C, te. shall be in liquid
form or close to liquid form at room temperature, which makes their delivery casier.

15 According to a second particular embodiment the disclosure relates to amethod of
depositing a metal containing film vsing a compound of the formuia (Ia) or of the formula (Tb) as
defined above, having a vapor pressure higher than 1 Torr at 100°C. In order to do so, the man
skilied in the art shall select the appropriate molecules in the group of molecuies having a lower
molecule weight and/or those having a structure, which induces lowered inter molecuiar forces.

20 According to a third particular embodiment, in the formula (Ia) or (Ib}, R}, R, Rs, Ry,
R;s, Rs and R+; which may be identical or different, are mdependently chosen from Hydrogen
atom, linear or branched alky! groups having from one to four carbon atoms.

Aécording to a fourth particular embodiment, in the formula (Ia) or (b}, R, RY%, RY,
and R'y, which may be identical or different, arc independently chosen from Hydrogen atorn,

linear or branched alkyl groups having from one to four carbon atoms.

According to a fifth particular embodiment, in the formula (Ia) or (1b), M is Tantalum.

o
LA

According to a sixth particular embodiment, in the formula (Ia), Ra, Ra, Ry, and R, each

represent an Hydrogen atom.
According 1o a seventh particular embodiment, in the formula (Ib), Ry, Rs, Ry, Rs, Re

30 and R, each represent an Hydrogen atom.

According to an eight particular embodiment, in the formula (Ia) or (Ib), R; is chosen

from ethyl, isopropyl or tert-butyl.
According to an ninth particular embodiment, i the formula (Ia) or (Ib), R, R R,

and R'; each represent 2 methyl group.
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According to a second aspect, be compounds of the formulas (Ia) or (Ib)
as defined herein before are selected from the following compounds:

wisepiomd-tayclopentadienyl) 5tetrakis(i5nethy) Tantalum; - poT/EP2007/061216

(1,5-diisopropyl-pentadienyl) tetrakis(methyl) Tantalum;
(1,3-di-tert-butyl-cyclopentadienyl) tetrakis(methyl) Tantalum;
(Ethyl-Cyclopentadienyl) tetrakis(methyl) Tanta : , .
(soprom T e SRR et Mok MM Rt o) o 1), R ana s
10tisb propydiGysrspentddiony iy cardarpsdendthghyssidisizimethy! or methoxy, and R'y
(13- /i e pmLtylcyclrpe nia dieny-tefraldetmaiRy RN BN (=N-1Bw).
According to a tﬁird aspect, there Is provided a process for depositing a
group V ples AtaHSHRRIFH & PRRYBEHSRE Comprising the steps of: 15-
Introducing a susbtrate into a reactor; Preferably heating the substrate at

a temperature above 150C; Feeding a corr@:%ound of the formula (la) or of
the formula (Ib) as disclosed above, or a ture of said compounds

Depositing a film containing at least one -o compound of the formula

(.1a) or of the foitraria (Ib), onto said Suyfﬁ :
AN
Me e e

i-Pr l i-Pr

Ta\

%! ////\ Me
© Me Me

t-Bu -Bu

AN

Me Me
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6a According to another embodiment, the disclosure relates to
compounds haying the characteristic to contain only one cyclopentadienyl
ring and 4 alkylamide ligand_, said compounds haying the formula : mR
RIIR RR Where: M is a group V metal selected from Tantalum (Ta),
Niobium (Nb) and Vanadium (V), Each R is independently selected
from the group consisting of linear or branched alkyl groups having from
one to four carbon atoms, linear or brancHéd alkoxy groups having from
one 7 to four carbon atoms, linear or hranshed allitylamide groups haying
from one to four carbon atoms, linear<o YGhed alkylsilylamide groups
having from one to four carbon atoms\;t\yd Aach R' are independently
selected from the uroup consisting of rogen atom, linear or branched
alkyl groups having from one to four car toms, linear or branched
alkoxy groups haying from one to fouxxtafbontatoms, linear or branched
alkylamide groups haying from ope-to for carbon atoms, linear or
branched alkyisilylamide groups hayingfrom one to four carbon atoms;
Accordion to a fourth aspect. there is provided a compound wherein the ft

According to a second aspect, the compounds of the formulas (Ia} or {(Ib} as defined herein

before are selected from  the following compounds: (Isopropyi-Cyclopentadienyl)
tefrakis(methy) Tantalum;
(1 ,S—diisopropyl-pentadienyl) tetrakis(methy!) Tantalum,
(1,3-di-tert-butyl-cyclopentadienyl) tetrakis(methyl) Tantalumy
{Ethyl-Cyclopentadienyl) tetrakis(methyl) Tantalum,
(Isopropyl-Cyclopentadienyl) tetrakis(methyl) Vanadium,
(Isopropyl-Cyclopentadienyl} tetrakis(methyl) Niobiomy;
(1,3-di-tert-butyl-cyclopentadienyl) tetrakis(rnethyl) Niobivm.

According to a third aspect, there is provided a process for depositing a group V
metal containing film on a substrate comprising the steps of:

- Introducing a susbtrate into a reactor;

Preferably heating the substrate at a temperature above 150°C;

Feeding a compound of the formula (ta) or of the formula (Ib) as disclosed
above, or a mixture of said compounds thereof in the vapor phase

into the reactor;
Optiopally a second compound of the formula {I2) or of the formula (Ib) as

disclosed above, or a second mixture of said compounds

thereof in vapor phase into the reactor;

Depositing a film containing at least one of said compound of the formula (la) or

of the formula (Ib), onto said substrate.



R iuRR,Ni RR Or Where: M is a group V metal selected from Tantalum
(Ta), Niobium (Nb) and Vanadium (V), Each R is independently
selected from the group consisting of linear or branched alkyl groups
haying from one to four carbon atomg,,linear or branched alkoxy groups
having from one to four carbon atoms, linear or branched alkylamide
groups having from one to four carbon atoms, linear or branched
allcylsilylamide groups haying from one to four carbon atoms; Each
R' are independently selected from the group consisting of Hydrogen
atom, linear or branched alkyl groups having, from one to four carbon
atoms, linear or branched alkoxy groups haying from one to four carbon

atersdinedy AhMLABched Allaylamide HOURSNAVING HADROEATOH: characteristic
- carbon atoms, linear or branched alkylsilylamide groups having from one

tdoferntaifaidz e nyakarmse et aife nii taipherele bganfy sedcgpatppndsrivetas the
selegied from Tantalum (Ta), Niobium (Nb) and Vanadium (V), Each R is
independently selected from the group consisting of linear or branched

alkyl groups [0 having from one to four carbon atoms, linear or branched
alicoxy groups havingfbm one to four carbon atoms, linear or branched
alkylamide groups having from one to four caﬁ}pn a , linear or

branched alkylsily ‘groups haying from founcarbon atoms.
According to a fifth\g there is provided the f ing/compounds:

i
i

Ta(Me2C2p}Me4, Tafk p)Me& Ta(iPr2C§@Me4, 2Cp)%e4,
Ta(Me2CP) i\’\N//M\\NiR ;N//MQ\_NQR
R
R R R R

Where:
M is a group V metal selected from Tantalum (Ta), Niobium (Nb) and Vanadium (V),

Each R is independently selected from the group consisting of linear or branched alky!

groups having from one to four carbon atoms, linear or branched alikoxy groups having from one



LA

5 Ta(Et2Cp)Etr, TariPr2Cp)Et4, Ta(tBu2Cp)Et4, Ta(Me22Cp)Me2Et2,
Ta(Et2Cp)MmEL2, Ta(iPr2Cp)Me2Et2,ga(tBUZCp)MeZEtZ,
Nb(Me2Cp)Me4, Nb(E12Cp)Me4, Nb(iPr2Cp)Me4, Nb(t13u2Cp)Me4,
Nib(Me2Cp |IEt4, NMEt2CplEt4, Nb(iPt2Cp)E14, Nth tBu2Cp)El4,
Nb(Me2Cp)Me2Et2,Nb(Et2Cp)Me2Et2,Nb(iPt2Cp)Me2EI2,Nb(tBu2Cp)MM
B2 MG %EQQQ Mﬁ‘]ar\é@\ﬂﬁggﬁm Mﬁﬁia}{@é?@g@M %EW?PJ[% GRIMEAyr carbon
\% tBu2Cp)Me4 V(Me2C Et4 _

WE H)E“tﬁr*}zﬁ% élm TZ@Bﬁ éiﬁ.&/’;{}{{mom one 1o four carbon atoms;
e2Cp)M I’HEilz N (E&@@M&%&Mm‘%@@&ﬁ@l\dm ERuV{(tRu2Gp)V HMEI&Z}Q@H atom,

ccordi t aspect, the is provided the followin oun
ﬁm i) é} 518\1 I‘Sﬁ\?\e‘?a E lém 1ﬁ\f€1th” & {G% t d(‘f‘z% rﬁﬂﬁmﬁﬁj} Zf oﬂﬁlam u{"l alkoxy
TaryBUCSpHNEMef4o fOBﬂ'Ca(MeM(WM@&&H@@@@@XM@M;MMWWT from

TO%Q %%%@Q%JQMOQM,;{5@{}%9%99)@ u)%f]z&-l(_i@‘% 2£NM from one to four
e2)4 Ta(EtCp)(NMe2)4,Ta(iPrCp)(NMe2 4 Ta(tBuCp)(

FEPY(NMeifi, Ta(E12Ep)(NMe2)4, Ta(||7r2Cp)(NMe2)4 Ta(IBuZCp
)(NMe2)4 Ta(MeCp)(NEt2)4 Ta(EtCp)(NEt2)4, Ta(iPGC)(NEt2)4

$ZSEE%%)%N% 2)4 a.[L § )(%Iél\{l)éél A};r(f\\lg':( %Cp{éﬁg d xwu oin the formula

Nﬁblli@GC)(NEtMeM Nb(tBuCp)(NEtMe)) N1(M e2Cp)(NEIM e)4,
Nb(Et2Cp)(NE)Me)4, 30NM

MINDb(t131.12Cp)(NEtMe)4, Nb&/leCp P viezggf Nb(EtCp )(NM
w le)4,Nb(iErCp)(NMe2)4,Nb(tB e2)4 Nb(Me2Cp)(N

QP)K\NINL Zggoslzc:p)(NMez)m%gcw%
CIp)(NE W(MelEp)(N

MUNEL2)A NigPrCp)(InTEt2)4, hib¢t
Eg,wtg\t b(iEr2Cp)(NEt2)4: itBuC pa ﬁcCru(NEtM
Et MV( PGC) NEtMe)4,VtiBuCp)(NEtMe ||V(Me2C NE,INIch

o

Where:
M is a group V meta] selected from Tantalum (Ta), Niobium (Nb) and Vanadium (V),

Each R is mdependently selected from the group consisting of linear or branched alky!
groups having from one to four carbon atoms, linear or branched alkoxy groups having from one
to four carbon atoms, linear or branched alkylamide groups having from one to four carbon
atoms, linear or branched alkylsilylamide groups baving from one w0 four carbon atoms;

Each R are independently selected from the group consisting of Hydrogen atom,
linear or branched alkyl groups baving from one to four carbon atowms, lincar or branched alkoxy
groups having from one to four carbon atoms, linear or branched allylamide groups having from

one to four carbon atoms, linear or branched alkylsilvlamide groups having from one to four
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[

]
h

30

VrEt2Cipi(NetMe)4, V(iEr2Cp)(NEtivle)4,V(tBu2Cp)(N EtM
V(EICp)(NMe2)4, V(IN-Cp)(NMe2)4, V(tEuCp)(NMe2)4,
V(Me2Cp)(NMes)4, V(Et2CONE4e214/a/(iPr2CO(..Me2)4,
V(taurCp)(NMes)4, V(MeCp)(NE12)4, V(EtCp)(NEt2)4, V(iPrCp)(NEt2)4,
V(EUCT)(NEt2)4, V(\ApiCtp)(hiEri)4, NT(Ea2Cp)(NEt2)4,
PiPPREIPIHNE12)4, V(trin2Cp)(PIEIs2)4, According to a seventh aspect,
there is provided theowing compounds: “fa( Me20)(01\404,
Sfa(Et2Cp)(OMe)4, Ta(iPr2Cp)(0M04, Ta(tBu2Cp)(0OM 0)4,

Nil 'W%?E‘@OMeU, Nb(E12CE)(ON104, Nb(iEr2Cp)(0OMci4,
Nb(tBu2COPMO04, V(Me2Cp)(ONAci4, V(Et2Cp)(0Me)4, V(iPriCp)(Olgic)4,
V(Bia2Cp)(0OMc)4. Examples of such particular embodiment are: AeMe
/,N MeNI mMe MeMe Me Me Nk --Fa;==: / N-The Me-NMe Me Et

(b)

Where:

M is & group V metal selected from Tantalim (Ta), Niobium (Nb} and Vanadium (V},
Each R 1s independently selected from the group consisting of lincar or branched allivl groups
having from one to four carbon atoms, linear or branched alkoxy groups having from one to four
carbon atoms, linear or branched alikylamide groups having from one to four carbon atoms,
linear or branched alkylsilylamide groups having from onc o four carbon atoms.

According to a fifth aspect, there is provided the followng compounds:

Ta(Me.CpiMes, Ta(EtCp)Me,, Ta(iPr-CpiMes, Ta(tBu.Cp)Mes, Ta(MeCp)Et,,
Ta(Et,Cp)Et,, Ta(iPr.Cp)Et, Tal(tBu,Cp)Et,, Ta(MexCp)Me:Ets, Ta(Et;Cp)MesEty,
Ta(iPr.CpIMe:Et,, Ta(tBu,CpiMeEt, Nb(MeCpiMe,, Nb(EHLCpiMes, Nb{iPr:CpiMes,
Nb(tBu,CpiMes, Nb(MeCp)Ety, Nb{ELCPIEL, Nb(PrCpiEt, Nb({Bu,Cp)Et,,
Nb{Me,Cp)MeEty, Nb{EtCpiMeEt,, Nb(iPr,Cp)MeyEiz, Nb(tBu,Cp)MesEt,
Nb{MeEtCp)Me,, V(Me:Cp)Me,, VIELCpIMe,, VIPTCp)Me,, V(iIBu.Cp)Mes, VIMeCp)Ety,
V{ELCp)EL, V(iPiCplEts, V{1BuCp Et,, V(MexCpiMeaEr, V{ELCp)Me,yEts,
V(iP1rCpiMeEf, V(iIBu,CpiMeEi;,

According to a sixth aspect, there is provided the following compounds;

Ta(MeCp){NEtMe)a, Ta{EtC]a)(N'EtM_e)4, TaPrCp)NEtMely, Ta(tBaCp)(NEthMe)a,
Ta(Me:Cp)(NEtMe),, TalELCp)NEMe):;, Ta(iPr.Cp)(NEtMe),, TalBuCp)NEIMe),,
Ta(MeCp)(NMe:)s, Ta(EtCp)(NMey )y, Ta(iPrCp i NMess, Ta(BuCp)(NMe;).,
Ta{MexCp)(NMez ), Ta(EtaCpiNMes s, Ta(iPr.Cp)NMes)s,  Ta{BuCpiNMed),
Ta(MeCp)(NEty)s, Ta(EtCp)(NEt)s, Ta(iPrCp)(NEt: s, Ta(iBuCp)(NEL)s, Ta(Me:xCp)(NEt)s,
Ta(ELUp)(NEL),, Ta(iPr.Cpy(INEto)a, Ta{tBu:CpHINEty)s, Nb{EtCp}(NEtMe s,
Nb{IPrCp)y(NEtMe),, NbtBuCpiNEtMe),, Nb{MeLpiNEMe),, Nb{ELCpHNEMe).,
Nb(iPrCp W NEtMe),, Nb(1BuwCpiNEMe)a, NbiMeCpi(NMea),, Nb(EtCp)(NMea)s,



Mea, ---Me Me\Me --N N, Me' 11 Me Me Me According to another
embodiment, the mvcntion related to compounds having the characteristic

to contain only one cyclopentadienyl ﬁhg and 4 alkylamide ligand, said
compounds having the formula: 5 R RR R R (b) Where M is a group V
metal selected from Tantalum (Ta), Niobium (Nb) and Vanadium (V), 10
EHSN I8 ihdfandenibiSafectaititdm tHEGFOGD CONEIsting dbfiHeafromMe, ),

branahed @liad grouns pavipg:tram, one tg faurcaron atoms, Rea.ep ner),,

Q[ahghed alkoxy groups having from one to four carbon atoms, linear or
bﬁ&h%ﬁ@&%ﬁ‘z%amidé*Jng’dbg-)H‘g%ﬁﬁg fronTBHE6FENFkarbon A6 FREF™:
orthrarchedalkylsilylanmide groups.havingfremconeta. four carborcaioms.c),,
16T empounds of e 974,420 or () NG, RS A v
V(ELCp)I(NetMe)y,  VEPRCpYNEMe),  V(BusCpiNEMe)s, V(MeCp)i(NMey)s,
V(EtCp)(NMez)s, V(PrCp)(INMeays, VIBUCp ) (NMez)s, V(MeCpi(NMey ), V(ELCp)NMes)s,
V{IPraCpiNMeg)s, V(Bu.Cp)(NMes)s, V(MeCp)(NEt),, V(EICP)NEL), VIPICpINEDL),,
VBuCp)(NEL ), V(MerCp)(NEty)s, VIELCH(NEL),, VEPHCpIINEL, VBuCp (N B,
According fo a seventh aspect, there is provided the folowing compounds:
Ta(MexCp)}(OMe)s, Ta(EnCp)OMel, Ta(PrCp}OMe), Ta(iBu,Cp)OMe),,
Nb(MeCp)OMels,  NB(ELCpHOMels,  Nb(iPRCpHOMek,  Nb(Bu:Cp)(OMe),,
V(MeCp X OMe)s, V(ELCPNOMe)s, VAPrCp)(OMe)s, V(1IBu,CpHOMe)a.

Examples of such particular embodiment are:

Me

Me._ ! Me

O - T
Me’/il\i i\j‘j““[\ﬁe
Me Me

Me._ @ Me

N/Ta\ -
Me™ N/ \N ~Me
Me/I l‘“‘Me

Me Me



films of various compositions (as disclosed herein after) using any
well-known deposition method using vapor phase deposition, such as
MOCVD (Metal Organic Chemical Vapor Deposition), ALD (atomic layer
deposition) and any other deposition method such as PECVD (plasma
enhanced chemical vapor depositioﬁ) or as pulsed CVD. These new
groop V metal 20 precursors are thus useful for pure metal, metallic
oxide, oxynitride, nitride and/or suicide film deposition to make electrodes
and/or high k layers, and/or copper diffusion barrier layers and the like. In
the ALD process the preferred temperature is in the range of 150 to 400C,
more preferably 200 ta850C, the preferred pulse duration in ALD is Is and
the preferred pressuregis in the range of 0.1 Ton' to 500 Ton, more
preferably from | Toato"{80Torr. 25In the CVD process, the preferred
temperature is in the range of 300C to 700C, more preferably from 300C
to 500C, the prefertettipréssure js in the range of 0.1 Torr to 500Torr,
preferably fom. TorFsn 1 }g\a‘@and the preferred carrier gas is
selected W@”N ¥ He, Ar, H2 mgpespreferably Ar or N2. The preferred N2
canister flo i%jnw—tﬁé 30szﬁ§m range, preferably 50 to 100 sccm. 30In
the PECV cesi, the [pref d temperature is in the range of 300C to
700C, 9 WO 2008149790 CDEP2007/061216 more preferably from
300C to 500C, the preferred pressure is in the range of 0.1Torr to
500Torr, preferably from | Tar to 100Torr, the preferred carrier gas is
selected from N2, He, Ar, H2, more preferably Ar or N2 and the preferred
N2 canister flow is in the 30 - 200 sccm range, preferably 50 to 100 seem.
H or NH radicals are produced by a remote plasma system and used as
co-reactant. In these above mentioned uses, any of the compound of
the formula. (la) or of the formula (Ib) as defined above, can be used
alone or in admixture with one or several other compounds of the said
fonnula.s (la) or (Ib) and/or with any appropriate additive which are useful
when depositing a metal containing film as provided hereafter. According
to a first 10 particular embodiment the invention relates to a use as
defined above of such an admixture having a melting point lower than or
equal to about 35C, i.e. shall be in liquid fonn or close to liquid form at
room temperature, which makes their delivery easier, and or having a
vapor pressure higher than | Torr at 100C. Various films can be obtained
on a substrate by using the precursors described here 15above, such as
nitrides, carbides, suicides, nitro-silicides (MSiN), oxydes (e.g. MK)),
oxynitrides (MO"Ny) and oxynitrides from two different metals M1 and M2
(IVCM20,N,). The invention also relates to a process for depositing a
group V metal containing film on a substrate comprising the steps of:
introducing a substrate into a reactor,




20- preferably heating the substrate at a temperature above 150C; feeding
a compound of the formula (Ta) or of the fonnula (Ib) as disclosed herein

whelp er-af a mixture of said compouﬁds thereof in the vaposphaseinies 1216

the reactor; optionally feeding at least one second precursor in
vapor phase into the reactor; 25depositing a film containing at least one of
said group V metal. If pure metal needs to be deposited onto the

surface of the substrate, then no second precursor injection is needed.
Hewelieg fifactiie wrtvdiaa.ceg iterishisibedritremaifeil haxyg e characteristic
RyRitrideapnibe ks ianeadednihan suehseeend RICCHISOMINIRIRVing the
may be necessary, providing the adequate 30species to obtain the final
B composition of the film. TaN: preferred reactants are NH3, N2H4,
5 methythydrazine TaSi: preferred second precursor is SiH4, TaSiN:

preferred second precursor is TSA and NH3, TriDMAS and NH3 Tao0:
preferred oxygen source if 03 WO 2008/049790 JO TaSiN: preferred

second precursor is TSA and NH3, THDNAEE NI4%3 Ta0: preferred

oxygen source if 03 TaHfO: preferred second fsor is TEMAH TaC:
precursor can be used alone, C2H4 can alsq ed to enhance C
content. 5

C)
,.J.

M
TN

R

RRR "
Where:

M is a group V metal selected from Tantalom (Ta), Niobiwm (Nb) and Vanadium (V),

10 Each R is independently selected from the group consisting of linear or branched alkyl groups

having from one 10 four carbon atoms, linear or branched alkoxy groups having from one to four

caerbon atoms, lincar or branched alkylamide groups baving from one to four carbon atoms,

linear or branched alkylsilylamide groups having from one to four carbon atoms.

15 The compounds of the formula (Ta) or (Ib) alone or in admixture, arc used to deposite
films of various compositions (as disclosed herein after) using any well-known deposition
method usmg vapor phase deposition, such as MOCVD {(Metal Organic Chemical Vapor
Deposition), ALD (atomic layer deposition) and any other deposition method such as PECVD
{plasma erhanced chemical vapor deposition) or as pulsed CVD. These new groop V metal

20 precursors are thus useful for pure metal, metallic oxide, oxynitride, nitride and/or silicide film
deposition to make electrodes and/or high k layers, and/or copper diffusion barrier layers and the
like. In the ALD process the preferred temperature is in the range of 150 to 400°C, more
preferably 200 to 350°C, the preferred pulse duration in ALD is Is and the preferred pressure is
in the range of 0.1 Torr to 500 Torr, more preferably from 1 Torr te 100Torr.

25 In the CVD process, the preferred temperature is in the range of 300°C to 700°C, more
preferably from 30G°C to 5G0°C, the preferred pressure is in the range of 0.1 Torr to 500Torr,
preferably from I Torr to 100 Torr and the preferred carrier gas is selecied from N2, He, Ar, 112,
more preferably Ar or W2, The preferred N2 canister flow s in the 30-200 scom range,
preferably 50 to 100 scom.

30 In the PECVD process, the preferred temperature 18 in the range of 300°C 10 700°C,



The process according to the invention may be summarized according to

diagram 1. In accordance with one embodiment, the vaporization of
wdhademsmgtal source is realized by in?roducing a carrier gagintazaznestethis

container containing the said new metal source. The container is

preferably heated at a temperature allowing to get the said metal 10

g%yerc?e. er%xiég’! tiegr 11*11%?180@1[9 %(@é%ﬁéc{g%}f@@&?eg{%@s@ﬁ%ﬂT@?&l@%@bgq‘&r 10

can be se , without limitation, from Ar, He, H2, N2 or mixtures of
f96RerT hesfsaiehnieal 'Sou e EHRWe theirtel s r ¥oRat Sredeairdfiar N2 He,
meta SAWCE: Qi mixtute afthemp iithe sontainer. fbheicentainer can scem
for instance be heated at temperatures in the range of SO-110C. Those
SRAE TR W1 B AETB et & CApEIRiLF STARS BoPRSR A EaA e
acljustadstoccentrolithe 15amount of precursor vaporized. In
accordpn IR0 NSl AM 0L MEN S SBILMELRL SAURRURIEdNor of the
liquid state to a vaporizer where it IS vaporized. The said metal source can
BermixdthrosadsBivdriboTher it ielat gupEd cairBe ikl faatiotheral other
B&%Iﬁéxﬁ(aw&em@ basaigmixture of metalispuiasseam PR 12 2addRid5which are
mixed to a solvent or a mixture‘ of solyent. The sgaiﬂ;metgl_ so/yrce ce}]nrbe first
HiotBea SEamiliZlr @ MeRHB ARS8 ThBIA Bl LI theranar © @ ™
10 ininadieechinttmaene detioncchambleewheresit is cofiattéd o d subsmatdmixture
The substrate can be ted t ffici mperatyne. t Ay o i
R Qe oy i Qg s
bevib&aition TRypitar g TerapEhidy reakah BT 6AT ES0ERE 600CT PrERFSOKPOF
g}gsggrpm%[@;%gﬁi@ tawer: efiegual to 450C. The pressure in the reaction
chamber is controlled to obtain the desired metal con{ainin filmat . )
1[160 O%ﬁcgr’?cgrhem

sufficient BBWtH PG rpICMI e L8 & ralfige WO e 15 PoiT e
15 highersuch adActoidhingetebalngthdiceisbodimeifitidtis(pEaNiblexalmixcthe MeO;),
metal source.to.a reactant spegi lof: £0.the | cli fahe mdture
i%xo%@%rsegctlxo%ﬁz ham elzl;&%(gﬁr? gﬁﬁ%e%é%#@%dﬁ%&# (l)%lﬁ{}ﬁn{\}/aentioﬁ; f_?'ie
metal solirc@vraiphaliniRB1é & PEREIAY SSReTHEYH BRAPSABNEH CHEMBE ™
Accordingde.a turthesembodiment, the metal source and the reactant
species are introduced simultaneouslgl gchemical vapor deposition),

sequentially tAt6H1B3 2B HB5 4RIt 8AT 61y combination thereof (one

20  example is todktibgueerthetimetalsounce amdahmetiermetil ;15 source
together in ?&%{glﬁ%ﬁ{}%&&%@ LR RERATRIE MM $6-IMeified MRMICH herein
layer deposition];"another example is to introduce oxygen continuously
and to intro8eiees thiedhetaldearees My prsaulsEtRe He thickpgapbise into the
deposition).reactor; It is also possible to introduce the reactant species into
a plasma system localized remotely from the reaction chamber.to o
decompose ¥HSRIE Jeeng ivE tale AT BRI T S OHG S et

25 the reactiondepaiiriber. film containing at least one of said group V metal.

(¥

If pure metal needs to be deposited onto the surface of the substrate, then no second
precursor injection is needed.

However, if a film of nitride, carbide, silicide, nitro-silicide, oxyde, oxynitrides or the
like is needed, then such second precursor injection may be necessary, providing the adequate

30 species to obtain the final desired composition of the film.

TaN: preferred reactants are NH3, N2H4, methylhydrazine
TaSi: preferred second precursor is Sil14,
TaSiN: preferred second precursor is TSA and NH3, TriDMAS and NH3

TaO: preferred oxygen source if O3
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According to a further embodiment, wherein the targeted metal based film
contains oxygen, such as for example, without limitation metal, oxide or
wneded/exyanitride, the reactant species shall include an oxygemsauwee7/061316
which is selected from the group comprising oxygen (02), oxygen radicals
(for instance 0 or OR), for instance generated by a remote plasma, ozone
(03), 25NO, N30, NO2, moisture (1330) and 14303 or any mixture thereof;
According to still a further embodiment, wherein the targeted metal based
TaSih| e EBTee mitre i, S el B draXanpid Hetal nitride or metal
Ta0'eepfbsdeitrigesotre if€actant species include a nitrogen source which is
TaHdeledted from plottsnot Tiekitaéid to, nitrogen (N2), ammonia, hydrazine and
TaC:@Heyl seleEMativa s N containing-tasicalsifar instance N, NH, NH2), NO,
N20, 30NO2, amines. If the targeted metal based film contains

carfon, . such.as.fof, GXAURIS wirhoukimiaton metalgatide or metal
carbo-nltJlde, the re%%t%nt species l,nc.lud? a carbon source which is

In acco ce with ong e umest, the vaporization of the new metal source Is
seledEI oM, BOtOtiimited to, methane, sthane, propane, butane,
realizg iy (RFRESROIIER 82t Bty raie BB R fr o £ I”"‘WESEa‘
sourc@ JHBIORYPOS PPIEPIEP2TOT08 g  2lovipgte s ffetéurivétal based film
source Orit@id $isii eohs suelicast force xampld metabs#icelsitiethitride, silicate,
withoSi GGGt enitride Hhe, e actari specics<shalkinckide: assilicon source
mixtoMICR1S56 IR GIREFRN3 the-g5puUR ARMPEISING iSitd ol 161 Si3148,

contai]l-f!li QlMé%i%staﬁ:Q Mﬁ%§ed %Q%%rg;g %gl@ M’ﬁ‘@“ﬂCTﬁM}eéﬁl H 3) 3611,

Sil1-13)20, trisilylamine, disiloxane, 5 disilane, trishaw, a alkoxysilane

o S G S T et S oy s more

amoupl oL AFAIST &) (0tBu)3 an aminosilane SiH(NR1R2)4.x (where x is
copisdachethRehe O aitder 2 suhbeR2o4ra Fritfep&Fidértly H or a CI -CO

to 2 vipgifiForheh Ainyaedthe Tnedd mbrkpretraeh drrayrdie 2 et rEBRIT iDMAS

metal Sl 2)3 B RBAS ik DENDTBLR)mBR RSBkl (NE2)2) and
mixtures thereof. The targeted film can alternatively contain 10
Germanium. The above-mentioned Si containing sources, may be
replaced by similar Ge containing sources. It is quite possible to mix a
metal source to another metal source to deposit a multi-metal containing
film, prior to their introduction into the reaction chamber or to 15
simultaneously introduce into the reaction chamber, these metal source
and mix them together and/or with other reactant species in the reaction
chamber. But it is also possible to introduce the first metal source, the
second metal source and the reactant species in the reaction chamber
simultaneously (chemical vapor deposition), sequentially (atomic layer
deposition) or any combination thereof (one example is to introduce 20
the first metal source and the second metal sources together in one pulse
and oxygen in a separate pulse [modified atomic layer deposition];
another example is to introduce oxygen continuously and to introduce the
metal sow-ce by pulse (pulsed-chemical vapor deposition). The
second metal source shall be selected fi-om the group comprising
lanthanide and rare-earth metal source (Sc, Y, La, Ce, Pr, Nd, Gd...)
source such as rare earth diketonates 25
Ln(-0-C(121)-C(R2)-C(R2)-0-)(-0-C(R)-C(110-C(R6)-0-)(-0-C(R7)-C(Rg)-C
(R9)-0-), where each R1 is independently H or a Cl -CO carbon chain,
either linear, branched or cyclic), a cyclopentadienyl
Lii(12.1Cp)(R2Cp)(Rtp) (where each R1 is independently H or a CI-C6
carbon chain, either linear, branched or cyclic),
Ln(NR1R2)(NR3R4)(NR]R6) and mixtures thereof. The second metal
source can alternatively be an aluminum source, selected from the group
consisting

SUBSTITUTE SHEET (RULE 26)
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20

30 of trimethyl aluminum, dimethyl aluminum hydride, an alkoxyalane
AR(OR)3.x (where x is comprised between 0 and 3; R] and R2 are

winsiependently H or a Cl -C6 carbon chiain, either linear, braneted@ne7os1216

cyclic; preferably AIR1R2(0R1), most preferably AIMe2(0iPH), an
amidoalane AIR(NR R")]." (where x is comprised between 0 and 3; R1

9{%5% AL 81&99‘%?%9%@1—9’0'?'%8’1‘{:&1%1@ %&1@1@8 @(ﬁtl]&:l @a&%@%{xléﬁ € rstabilizer.

branched or cyclic) and mixtures thereof The other metal source can

alternatiVBiy B a ¢ b ViRD Iy BRERIK BHerkscdie otiarinnetarabss e it
calalternativelyshed hafpive.zires Bam@ﬂ M@m&mmwﬁh@@ obtain the
%go %% 4or0£er alkoxide- cont mlE% | ourgthh glNdR R2)4 e -

R R RS S0 TR SOEORIP ARG CLHAL oy ron Ty
altgravativelys pefadiValentmedal soufaebiprederaiblyig, iCayvZny selectetbl C.

oM, QKL n%é' 5@&%}9}%@' £z diksinnatesakatducts coptaining Jam%sl%m at

species. he reactants can be introduced simultaneously (chemical
wﬁé&%ﬁwﬁ@ﬁy Supitid mrRY ¢t At E 8V PUEBBEItGRT dhyr ddHiBination

thereof Exampie & grarp ¥nmetakeompouads. i0Herealietaseulisieda reactant
some of, the recurs%)rs of tpqéormula ga Obi as defln d hereln before

(B IRANS By idpetita X |

to the, reaction o
means pentaﬁlenylﬁ Ta eCp)Me4,
Ta(EtCpyMdoThaliRsSdiMed TaitBu@p)Med e MeZ2CR)M &4 mixed to a reactant

T&@%@?W&ﬁmé‘.—%gﬁ%gpwﬂ Ta(tBu2CP)Me4, Ta(Et5C5)M

a(iProCb)Me4, Ta(MeCp)Etz, Ta(EtCp)Et4, Ta(iPrCp)Etz, Ta(tBuCp)Ett,
Ta(Me2&HEtneTia(EHSEROiPT26p)jpYal THEmIDEFFERCtnt species are

FAlEIRQAR TR GBI BT O GRM SR TRTICRIMBRE Rposiion
alrr e ; ucC 2Et2 Ta
TalErs gf\jkﬂg‘ﬂg f"ﬁ%%( Bﬁ&%‘)iﬂééﬁ‘t‘é %Cﬁ %Pgﬁe E&ce and the other metal

TatiRrbEEiMe2Et2TaMdBtCp)Med sTiafMe S N4 aBaiiPrEpdeposition];
MHEEM% J-Iéailb(rt@ H&QA&%@%& co-Eﬂl(M,ﬁg&Q‘)é %M%)ﬁe the metal sources by pulse

Ta(IPr2Cp)(NEtMe)4, Ta(t p)(NEtMe)4, Ta(Et5C5)(NEtMe)4,
Q@*ﬁ%ﬂ&ﬁeﬁ){m??élzﬂjw%&(ﬁtbp)(wezm Ta(iPrCp)(NMe2)4,

Ta(Me2GR) NV paidbitatEidemENMOIdhatRE2E RHINMeR)Ma system locatized
RN T SHBLC RN TGP SCR (s bere i
imtroduction into the reaction chamber.

According to a further embodiment, wherein the targeted metal based film containg
oxvgen, such as for example, without limitation metal, oxide or metal oxy-nitride, the reactant
species shall include an oxygen source which is selected from the group comprising oxygen {O3),
oxygen radicals (for instance O or OH?, for instance generated by a remote plasma, ozone (O3),
NQO, No0O, NO,, moisture (H20) and H:0, or any mixture thereof,

According to still a further cmbodiment, wherein the targeted metal based film
contains nitrogen, such as for example metal nitride or metal carbo-nitride, the reactant species
include a nitrogen source which is selected from, but not limited to, nitrogen (N,), ammonia,
hydrazine and alkyl derivatives, N-containing radicals (for instance N, NH, NHy), NO, N0,
NO,, amines.

If the targeted metal based film contains carbon, such as for example without
limitation metal carbide or metal carbo-nitride, the reactant species include a carbon source
which is selected from, but not limited to, methane, ethane, propane, butane, ethylene, propylene,

t-butylene, 1sobutylene, CCly.
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Ta(Et5C5)(NMe2)4, Ta(iPr5C5)(NMe2)4, Ta(MeCp)(NEt2)4,
Ta(EtCp)(NEt2)4, Ta(iPrCp)(NEO4,

wd attBuSpIGNEI2)4, Ta(Me2Cp)(N EtZ)A,ZT a(Et2Cp)(NEt2)4, TafiPr2S 1L 2 16

2)4,
Ta(tBu2CP)(NE12)4, Ta(Et5C5)(NEt2)4, Ta(iPr5C5)(NEt2)4, Ta(MeCp)(OM

€)4, 25 TAEICOANEM, TalRr &R) (OMaM JUBUCR) QI aMERC RUN Widie,
Ta(EI2CP)(0Me)4, Ta(iPr2CP)(0M04, Ta(tBu2CP)(0M4,

THeEmE )y e, stsarraesyofels, Kb esTiTeshaN Bretdpfvdicon source
E@%ﬁ@%ﬁdﬁh&%@é@M&@ﬁNﬁMﬁﬂ@M%sm, EDIEP)MEGAN, BDEAS,
(iPr2Cp)M e tBu Me4, Np(Et5C5)Me4, Nb(iPr5C5)Med,. . .
ftec %%b}%%%a@?%ﬁpw@éiéﬁz %ﬁﬁﬁ%ﬁ% zﬁ]?:f@ﬂzﬁa%%%ﬁ?%
3BNDEE2EHIEL 4N bIPr2@p)EI4iINBBUZC p)Eleb(BISEE)RR Nb(IPrEes»ly
i : ~e'C =t ! 3 1) . Qt here X
L
WE@Q ,WB’(HB‘FMW@E@%@BW@@?W?@@ or a C1-C6 carbon chain, either
MREERIMa 252 NRIRRERINe 2ERAND(MrRIGmMed (MG RIINELY),)
%é%é%%%%&% S;E&tllq\{lie?éklﬂiggl Fi):{lglce:tpf’) (%Eﬂ\f/fld?ggté(l{\l %ga?%%g g?rgungtttl\\f/fl:?gzléontain
NbfiRIBEE)INE tite)d;Nip{MeCp) (MNMe e, NDIELS phiN Me 20dlibl iR Gp) (N Ge
M% 1P SOTCes,
Kb ?%;Jép)(‘NI\‘heZ)i,Nb(Me2c0NMe2)4,Nb(Et2c:p)(NMe2)4,Nb(iprch)(l\
1MO04, Nb(tBu2Cp)(NMe2)4,Nb(Et5C5)(NMe2)2, Nb(iflr5C5)(NMe2)4,

Nbg\(/lecp))ﬁ(il\@ﬁ@%ssible to mix a metal source to another metal sowrce to deposit a
5ND(EtCp NE12)4,Nb(iPGC)%5|2 4,Nb(tBuCp)(19E12)4, Nb(Me2Cp)(NE

P NI AT INDIN 1 DACR o) Rt 6 o
Ei2)dia Bt EGOI(NEIR)Mhe reaction chamber, these metal source and mix them together

MO GPINEL LA NI MEGRIQMAANSEHR) (011104, ND(ErCp)(OMe)4,

But it is also possible to mtroduce the first metal source, the second metal source and
the reactant species in the rcaction chamber simultancously (chemical vapor deposition),
sequentially (atomic layer deposition) or any combination thereof (one example is to infroduce
the first metal source and the second metal sources together in one pulse and oxygen in a separate
pulse [modified atomic layer deposition]; another example is to introduce oxygen continuously
and to introduce the metal source by pulse (pulsed-chemical vapor deposition;.

The second metal source shall be selected from the group comprising lanthanide and
rare-carth metal source (Sc, Y, La, Ce, Pr, Nd, Gd.. .} source such as rare earth diketonates
Ln(-0-C(R-CRH-CRY-0-)(-0-CRH-CRN-CR®)-0-)(-0-C(RH-C(RY)-C(R")-0-), where
each R’ is independently H or a C1-C6 carbon chain, either linear, branched or cyclic), a
cyclopentadienyl Ln(R'C 1:))(R2C-p)(R3€p) (where each R' is independently H or 2 C1-C6 carbon
chain, either linear, branched or cyclic), Lu(N R'RHNR’RNNRR®) and mixtures thereof. The
second metal source can alternatively be an aluminum source, selected from the group consisting
of trimethyl aluminum, dimethy] alominum hydride, an alkoxyalane AIRYOR)ay (where x is
comprised between 0 and 3; R and R? are independently H or a C1-C6 carbon chain, either
Hnear, branched or cyclic; preferably AIR'R¥OR), most preferably AIMeyOiPr)), an
amidoalane AIR,(NR R™)s., (where x is comprised between 0 and 3; R’ and R are independently

H or a C1-Cé carbon chain, either linear, branched or cyclic) and mixtures thereof. The other
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Nb(tBuCp)(0OMe)4,Nb(Me2Cp)(0Me)4,Nb(Et2Cp)(0OM
c)4,Nb(iPr2CP)(0M04, Nb(tBu2CP)(0Me)4, Nb(Et5C5)(0Me)4,

whBiRBSRYOMe)4, V(MeCp)Me4, V(ECp)Mei, 10 V(PrCp)Medwprnarns1216

y(113uCp)Me4, V(Me2Cp)Me4, V(Et2Cp)Me4, V(iflr2C1))1Me4,
V(t13u2Cp)Me4, V(Et5C5)Me4, V(iPr5C5)Me4, V(MeCIBEI4 V(EtCp)Et4,

JIOAIIEIE ECREL, VOPHCDE D UMEOMESE 3 ol s co

VIEIGpYMe 2a2 2 IHOp) MeELR) \MtBUOP)MeREL2, (M e2 Cp)MCRE®L2 other
gﬁ&)@(@%@%%{@ﬂ&&?&%@ Mﬁ%gﬁ%} g‘i%ﬁ'&}%@ Mﬁgﬁg 'these species. The second

V(Et5C5)Me2E 2, V(i13r5C5)Me2E

TSAIRECH)M erﬁét‘mer&iﬁﬁ(ﬂawﬂéﬁ(@&mmgw@)fmﬁczpi)(NE%@M@m

Xhi MEHBEGR) (Nﬁ&%@lm%ﬂﬁ(mﬁw§%ﬂammg these species.
V(Et2CQNetMe)4,V/(iPr2Cp)(NEtMe)d, V(tBu2C2)(NEtMe)d,

V(Et5C5IIRERASHES \FIP B S NI H U RIERI NRREDS! vapor deposition).
VBB IN M)A RICH) N MeR ¥ iBLE HEMC2)4,
V(Me2C9)(NMeo.)4, V(Et2Cp)(NiMe2)4, V(iPr2Cp)(NMe2)4,
V(tBu2Cp)(NM e2)4 V(Et5C5)(NMe2)4 V(iPr5C5)(NMe2)4, 20

FEI2REN )R EaaiIE2) 4, \/(iPrCp)(NE12)4, V(tBuCp)(NE12)4,

91)5( WQ&}%&E‘%@%P&%}M @ﬁl@ﬁﬂ)ﬁ\tﬁé@é defined herein before (cp
u2C1))(NEt2 4, V(EtSCS)(NEt2)4 V(iPr5C5 NEtZ%

VRIS O U DN Vi 5, NI RONAGR:CPIMes
V@M}@@Qﬂ)@@&l\ﬂe)ﬁamgﬁﬁcméﬂ)(OMEIN@W@CO)GQMB)@)M@SU2%%)%4,
GC %)(%)a {}))%/@ﬁr\?lf”r():ﬁg&%@(%éﬂe 2, Ta% %W})@E)‘me? %%uCp)Et“’
e BLMTINA: SPmmiﬁg%ﬁnr@ﬁ)mﬁlﬂ%P@d@Wﬁ% SToBHC:EL,

mm@@magrﬂmn@mem&b@@ﬁ@@l%9%@&@@1%@%@9(@%@@51&!@&,
%dg% %}J‘Iow of 100sccm, The pressure in the container is controlled at

\éI(’ﬁgFEp)M%“i‘E”ﬁﬁ%\é{a’ tora F2IRPyaPRist ke into the A EEfiohe:En
GhamberMEHe.substfatel¢E80idaied atl4BA&pTihgpriessure mmgiliIBIErMc) 4,
FEQGH 5'%1?5 20Tor ntal I taln
|n§?e§s)e theE(/:%t)r onlc::onte Iﬂ%:%%%ﬂ clg:lh\l?a 82®|§§§§OUSW [ tro )EN%\AE)‘“
théiFedaion eak beT?@B?m%?ﬁ@EéWPnen@@ﬁ “peVpErormedadiith (O ditkfe) -
Y-analggenkxample 3 BN SL TaSusngdNRIGRIME4raiBucy)(NMe)..
Ta(MeCp)(NMep s, Ta(EiCp )W NMes)y, Ta(iPrCp)NMep)s,  Ta(tBusCp)(NMes)s,
Ta(EHC;)(NMCQ)% Ta(iPrSC-s)(NMcz')4, Ta(_McCp)(_NEtg)4, Ta(Ele){N Etg)q, Tﬂ(iPI’Cp}(N'Etg)%

TZL(IBUC}'))(NEIZ)% Tﬂ(MCQCp}(NETQ)g, T&(Ethp)(NEfz)z;, T&(IPI'QC]'}) (NET2)4,

Ta(tBu,Cp)(NEL), Ta{FEtsCs MNEL ), Ta(iPrsCsHNE)q, Ta(MeCp¥OMe)y,
Ta(EtCp{OMe), Ta(iPrCp}(OMe)., Ta(tBuCp}OMe),, Ta(Me,Cp)}{OMe),,
Ta(ELCp i OMe),, Ta(iPr,Cp)(OMely, Ta{tBu,Cp)y(OMe),, Ta(Et;Cs)(OMe)a,

Ta(iPrsCs)(OMe)s, Nb(MeCp)Mes, Nb(E(Cp)Mes, Nb(IPrCp)Mes, Nb{(tBuCp)Mey,
Nb(Me:Cp)Mes, Nb(Et:Cp)Mes, Nb(iPr,Cp)Mes, Nb(tBu:Cp)Me,, Nb{Et:Cs)Mea,
Nb(iPr;Cs)Mes, Nb(MeCp)Et,, Nb(EtCp)Ets, Nb(iPrCp)Ets, Nb(tBuCp)Et,, Nb(Me,Cp)Ety,
Nb(ECp)Ets,  Nb(iPryCp)Ets,  Nb{tBu,Cp)EL, NBb(Et:Cs)Ety,  Nb(iPrsCs)Et,
Nb{MeCp)MeyEta, Nb(EtCp)MezEt,, Nb(il'rCpiMe;Et;, Nb(tBaCp)MeEt,,
Nb(MexCpiMezEt,, Nb(Et,Cp)Me,Et,, Nb(iPr.Cp)MesEt,, Nb{(tBu,CpiMe,Ety,
Nb(Et:Cs)Me-Ety, Nb(iPrsCs)MesEts, Nb{MeEtCp)Mey, Nb(MeCp)(NEtMe)s,
Nb(EtCp)NEtMe)s, Nb(IPrCp)NEtMe)s, Nb(tBuCp)NEtMe);, Nb{Me;Cp)}(NEtMe)s,
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Ta(iPrCp)Me4 is stored into a container. The container is heated at 90C
and N2 is used as carrier gas at a. flow of 100sccm. The pressure in the

wBORlangl-is controlled at 50Tom Ta(iFrCp)Me4 is mixed to apHIdMNRO@S 216
mixture into the reaction chamber. The substrate is S5heated at 500C. The

pressure inside the reaction chamber is set at 10Torr. A film of Tantalum

e S Ao S S e LIS,

ﬁ@ﬂ%ﬁ@b@@%‘[@n is s@@réﬂdﬁwF&MMalnéﬁbﬁﬁt@mmﬂer is NeatetatNMe,).,
Q8 QZ1is,Use A, st a flaw-of- £m. Theypres e,
the%(jz%lr%%ner |s) control%g at@é#%n% Tathr\gEQ I\j’gg}!?sff m5T|1xed tg? ans%’lf Y e

GRS Histhre Mo the realfidfi-Ehatiher- The' %‘Efsﬁa@ %@Heateﬁb&w@@?@@“)%

Themp ﬁmme)Jnaderﬁ’rﬁgrﬁ@g@%ﬁhamb&biﬁaﬁ%ﬁt@@ﬁoy A RPN Cp) (N E),,
eis ilar n be perfqr

;gi% Ig%ia 6gs%§b g@@?hskjn V%égg %&%&%ughg Ta(l 1@8\%&2}4

Mhﬁ@ﬂ@ﬁwk precu¥sOvaa(iRigp)Me4 idVstEreép)(Hitdeo. contahﬁErPlﬂnéOMe}A,

%SF% igiiepted 5}519(% @Pﬁd}héi USG%@E‘P@%}Q@P at aﬂ?ﬁ?ﬁp)(@Meﬁ,

secm Tetrakls eth amino)Hafimm AH, Is store

?@é%ﬁ@?(%ﬂﬁameﬁ 5%& M%C%‘Ha’éfw(@%%r ‘%%’&M%réﬁéﬁﬂ%ﬁm
sqgang)mtalnsn@{s)méocmmﬂwwgssmmmmxhmmt@ﬁmg ISV(1RBu,CpiMe,,

tr Torr, Both p are to .
(aECth ceﬁam s gg‘ifﬁlz g@l &Fidr’e |§/S %g:#B %n eou@f) ?ﬁ%go]ﬂuégﬁ Bl e
ﬂﬁ@ﬂ@éﬁgiﬁm cﬁéﬁénﬁeiEfr he/silibsipate. |s\l‘(@tédiﬁ‘¢4500f(%@a}ﬁe$,s‘u@i sCs)Ety,

RACtioN:GH %r Is gelrat AUREr Ailm.ef lani m(lﬂf?ef R, Et,,

OXIde is obtalned 25Similar experiments can b IiJ)er ormed Wlth Nb and V

anEISgeMEE mpiEls: R STHATROL B e FeEra(iPTER)MMAERd Rribte ML

P@CLIERDN Me,, V(MeCp)¥NEtMe)s, V(EtCpi(NEtMe)s, V(iPrCp)(NEtMe)s,
VIBuCp)(NEtMe),,  V(MeCp)NEMed,,  V(ECpHNetMe),,  V(iPr-CpyNEiMe),,
V{tBu,Cp}NEtMe)s,  V(ECsHNEtMe).,  VAPr:CoH(NEtMe),  VIMeCp)(NMe)s,
V{ECPINMe, ), VEPTCpYNMe,)s, VIBUCpYINMe;)s, V(M CpiNMez)s, VIEGCp)(NMe:)s,
V{IPrCp)(NMes)s,  V{iBuCp)(NMey)s, V{EGCH(NMezls,  V(PrsCs)}{(NMeyh,
V(MeCp)(NEt,)s, V(EICPI(NEt)s, V(PrCp)(NEt)s, VEBUCPYNEL), V(Me:Cp)(NEt)s,
V{ELCP)(NE), VIPrCp)(NEt), VIBwCpNEL), V(EGCHNEL), V(IPrsCsHNEL),,
V(MeCp}OMe)s, V(ECp)}OMelk, V(iPrCp)(OMe)s, V(IBuCpHOMely, V(Me:Cpi(OMe);,
V{ELCPHOMe)s, V(iPr,CpOMe)s, V(1BuCp)YOMe)s, V(Et:CsHOMe), V(iPrsCs)(OMe)s,
V(iPrCp) (=0} OMe)s, V{iPrCp)(=0)OFEt),, Ta(iPrCp)(=NtBu)Me,, Ta(iPrCp)2(=NiPr)Me,

Example 2: MOCVD of TaC using Ta(iPrCp)iMe,

Ta(iPrCp)IMe, is stored into a container. The container is heated at 90°C and N, is used as
carrier gas at a flow of 100sccm. The pressure in the container is controlled at 50Torr.
Ta(iPrCp)Me, is mixed to a Hy/N; gas mixtare into the reaction chamber. The substrate is
heated at 450°C. The pressure inside the reactor is set at 20Torr. A film of Tantalum carbide is
obtained.

To increase the carbon content, C;H, can be simultanecusly introduced in the reaction chamber.

Similar experiments can be performed with Nb and V analogs.
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Ta(iPrCp)Me4 is stored into a container. The container is heated at 90C

and N2 is used as carrier gas at a flow of 100sccm.
whelRidsiesgymethylamino)Hafimm, TEMAH, is stored in 30 @R@ti8% 7061216

container, heated at 90C and a NI carrier is passed through this second

container at 1 00sccm. The pressure in both containers is controlled at

a ens u substrate is heated at 300C.

Tﬁ%&sﬁg‘égﬁe gé?;%@#ma%y I [’ﬁ‘zd into the reaction chamber:

dafifg-thlfirst Seep! énpws@t!iﬁfﬁa(lFﬁh@pmreﬂeisifiritqt@id@@é@lﬁﬁlﬁ ring s is used as

follawed by a 28 N2 PuigRcA PRISSREQR 19y hﬁ!‘ a&mgmﬁdcmwoﬁag at 50Torr.

reaction chamber during 2s, followed by a 2s 1
J80B104Y PoBPE TR 200705151 S KU w&eglef ;&aﬁmgéﬂaaﬁwwmq ety i
ntieducse)iota thereact R ¢hamberidh tingh8s; followedily: 28N 3 Tantalum

JIL%F B&lﬁe of 03 is then introduced into the reaction chamber during

he first 6fep is then done again. 100cycles are performed this way. A
filinilef Raptziens pafhiurrioxitd wstbbthimdd/ BSinsitar experiments can be
performed with Nb and V analogs. Example 7: Synthesis of
Ta(lEGC)Me4 Ta(iPrCp)Mea is prepared in 3 steps. TaCl2Me3 is
Bure gt e R b torls e BUBFFRYE Ta(iPi-Cp)C1Me3 is then

prepareshhy thedseadtion ebiaR:-CR omkati2Medied a(iRrep)Med. is, 194 as
fina obta neqlb‘x e actlonﬁf LiMe over ]’h%(lprc?)C1Me3 The

CCIT e conlater 15 Lontro cd at 50Torr.
result ﬁg compounc‘f is purified istiifation enough time$ {6 0btain

reaiSonableyietdetompsund @ﬁ%uﬁﬁ@emmpmﬁwmmm@edlhmﬁ@w Substi'ate is

ﬁ@ﬂ%@ﬁl%@%oﬂﬁ e E’P&Mlﬁ &btl%b( Bfi@ﬁ%@ Q T%(tﬁ%g pﬁl\ﬂﬁq (;If%ntd] um
solution of t-Bu2C5H3SiMe3 (4,42 g, 17,6 nunol) in toluene is slowly

gitelt 8@ to a suspension of TaC15 (6,31 g, 17,6 imnol) in toluene.
Thelicagiiammixtufie i thenmall evaditoareachaliseom temperature for
further 12h. The yellow precipitate of (t-Bu2Cp)TaC14 is collected washed
with pentane and dried under vacuum. Yield 7,61 g, 86%.

EatBleAC Mo i ybtaisieg Ty/lithe€ pdctiondofrbite Blerecursor

@a@ﬂ@m¥?§%&)i"cd inte a container. The container is heated at 90°C and N, is used as

carrier gas at a flow of 100scem. Tetrakis(ethylmethylamino)Hafoum, TEMAH, is stored in

another container, heated at 90°C and a N, carrier is passed through this second container at
100scem. The pressure in both containers is controlled at 50Torr. Both precursors are
simultaneously fed into the reaction chamber, A O/N, gas mixture is simultaneously introduced
into the reaction chamber. The substrate is heated at 450°C. The pressure inside the reaction
chamber is set at 20Torr. A film of Tantalum hafnium oxide is obtained.

Similar experiments can be performed with Nb and V analogs.

Example 6: ALD of HiTaOx using Ta(iPrCp)Me, and another Hf precursor

Ta(iPrCpjMe; is stored into a container. The container is heated at 90°C and N2 is vsed as
carrier gas at a flow of 100scem. Tetrakis(ethyimethylamino)Hafium, TEMAH, is stored m
another container, heated at 90°C and a N, carrier is passed through this second container at
100scem. The pressure in both containers is contrelled at 50Torr. Os is used as oxygen source.
The substrate is heated at 300°C. The precursors are sequentially introduced into the reaction
chamber: during the first step s pulse of Ta(iPrCpiMe, 1s introduced during 2s, followed by a 2s

N purge. A pulse of Os is then infroduced into the reaction chamber during 2s, followed by a 25
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20 Example 9: Synthesis of Ta(tBu2Cp)(NMe2)4 A solution of
t-Bu2C5H3SiMe3 (4,42g. 17,6 mmol) in toluene is slowly added at - 78C

wiossuspension of TaC15 (6,31 g, 17'6 mmol) in toluene. The-teaeiiRnns1216

mixture is then allowed to 25react at room temperature for Farther 12h.
The yeIIow precipitate of (t-Bu2Cp)TaC14 is collected washed with

leg r&?%ﬁ&’%ﬁ%ﬁﬂo%@e@ 1121 &ugfegc@m/% J %@ib@l c%nqgﬂ) %eflofﬁowcd

th n 8%ta|ﬁed by the reaction of LiNMe2 (commercially available) over

b BALEp)TaE 14UBORKEamplen DU THEHh IR Ay iPAPecAREIpS B BS 28. The first
dia(tBuCHOMad.A sanpie of35.Aemamt Falt BidpiMedvasHatacad N is
crucible in a thermal gravintenic apparatus. Temperature was raised at
99e7%in under reduced pressure condition. Mass loss and sample heat
flowwerpemeasucedbb ypdtiermalgravimetiic anddysis and differential
scanning calorimetry. TGA curve is shown in Figure. 1. 100% 90% - 80%

- 70% - 60% 50% - 40% 30% 20% 10% 0% 0 100200300 Temperature
&;mme 7: Symthesis of Ta(iPrCpMey

Ta(iPrCp)Me. is prepared in 3 steps. TaChMes is prepared by the reaction of LiMe over TaCls.
Ta(iPrCp)CiMes is thén prepared by the reaction of Li(iPrCp) on TaClLMes. Ta(iPrCp)Me, is
finally obtained by the reaction of LiMe over Ta(iPrCp)ClMes, The resulting compound is
purified by distillation encugh thnes to obtain in reasonable vield a compound of sufficient

purity to be used in the semiconductor industry,

Example 8: Synthesis of Ta(iBu,Cp)he,

A solution of t-Bu2C5H3SiMe3 (4,42 g, 17,6 mmol) in toluene is slowly added at — 78°C to a
saspension of TaClSs (6,31 g, 17,6 mmol) m toluene, The reaction mixture is then allowed to
react at room temperature for further 12h, The yellow precipitate of (-Bu2Cp)TaCld is
collected washed with pentance and dried under vacuum. Yield 7,61 g, 86%.

Ta(r-BuZCp)Med is then obtained by the reaction of LiMe over {1-Bu2Cp)TaCl4.

Example 9: Svnihesis of TaltBu,Cpi{NMeg),

A solution of -Bu2C5H3S81Me3 (4,42 g, 17,6 mmol) in toluene is slowly added at — 78°C to a
suspension of TaCl5 (6,31 g, 17,6 mmol) in toluene. The reaction mixture is then allowed to
react at room temperature for further 12h. The yellow precipitate of {(1-Bu2Cp)TaCl4 is
collected washed with pentane and dried under vacuum. Yield 7,61 g, 86%.

Ta(r-Bu2Cp)Med is then obtained by the reaction of LiNMe, (commercialiy available) over
{t-Bu2CpTaCl4.

Example 10: Thermal sravimetric analysis of Ta(tBu,Cp)Mey

A sample of 35.445mg of Ta(tBu.Cp)Mey was placed in a crucible in a thermal gravimetric
apparatus. Temperature was raised at 10°C/min under reduced pressure condition. Mass loss
and sample heat flow were measured by thermal gravimetric analysis and differential scanning

calorimetry. TGA curve is shown in Figure. 1,



18 WO 20081049790PCT/EP20071061216 CLAIMS - Use, of at least one
compound of the formula (1a): R1 or ?; the formula (Hi): 10 (Ib) as metal
wPresusons in a process for depositing' a group V metal contBFRH Hf /e H o
substrate comprising the steps of: Introducing a susbtrate into a reactor;
15Preferably heating the substrate at a temperature above 150C; Feeding

a compound of the formula (la) or of the formula (Ib), or a mixture of said
compounds thereof in the vapor phase into the reactor; Optionally a

second coMfpbyrid 6T tietarmula (1a) or of the formula (ib), ar a second
mixture of 88 compounds thereof in vapor phase into the reactor;
20Depositifiga film containing at least one of said compound of the
formdfa (lay®s - ‘\
2 60% - !
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g 400/0 _ ‘L\-..-...
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) 30% -
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19 WO 2008/049790PCT/EP2007/061216 of the formula (Ib), onto said
substrate; Formulas (la) and (Ib) wherein, M is a group V metal selected
from Tantalum (Ta), Niobium (NI) and;¥anadium (V), RI, R2, R3

WO OH4RB0and R7; which may be identical or different, are ?r%é%%zr(l}gg?ﬁﬁ% 16
chosen from Hydrogen atom, linear or branched alkyl groups having from
one to four carbon atoms, linear or branched alkoxy groups having from
one to four carbon atoms, linear or branched alkylamide groups having
from one to four carbon atoms, lingar grkranched alkylsilylamide groups
having from one to four carbon atoms; €ither R'1,R's. and R'4; which may
be identical or different, are independently litchosen from Hydrogen atom,
linear or pranched Alkyl:grRuBs:Raving: from:ene tafour carbon atoms,
linear or branched alkoxy groups having front one to four carbon atoms,
linear or branched alkylamide groups Rhdying from one to four carbon
atoms or linear or branched alkylsilyariide gr?{ups haying fibom one to four
carbon atoms; or R'1, R'2, whigh¢h¢ ideritical or different, are
independently chosen from 15 Hygl afom, linear or branched alkyl
groups having front one to four o orrafoms, linear or branched alkoxy
groups having from one to fourr®&rbo togﬁlinear or branched
alkylamide groups having front one t@,ipur carbon atoms or linear or
branched alkylsilylamide group;% g\frdg one to four carbon atoms;

“and Rt3 and R4 together rep nt gh oXo grgup (-0) or alkyl imino group
haying from one to four carb 1atqmzs (=M:R) 202 - Use, in metal
containing film deposition, of at least one compound of the formula (la) or
(Ib), according to Claim 1, wherein RI, R2, Rs, R4, R5; R6 and{R¥; which
may.he %Eﬁ‘&f% o different, are independently chosen from Hydrogen
atom, linear or branched alkyl groups having from one to four carbon
atoms. 3 - Use, in metal containing film deposition, of at least one
compound of the formula 25 (la) or (Il:Rﬂaccording to Claim 1 or to Claim
2, wherein Wi, R'2, R'3, and R'4, whigknay be identical or different, are
independently chosen front kydrog€n.atom, lifear or branched alky!
groups having from one to four cqrlyon atgnys. 4 - Use, in metal
containing film deposition, ofgél a3 A pound of the formula (la),
according to one of Claim 1 to Cla efeth R2, R3, RA, and R5, each
represent an 30Hydrogen atofts M Ry

(Ib)
as metal precursors in a process for de.positing a group V metal containing film on a substrate
comprising the steps of:
- Inmroducing a susbtrate inte a reactor;
- Proeferably heating the substrate at a temperafure above 150°C;
- Feeding a compound of the formula (Ta} or of the formula (Ib), or a mixture of said
compounds thereof n the vapor phase into the reactor;
- Optionally a second compound of the formula (fa) or of the formula (Ib), or a
second mixture of said compounds thereof in vapor phase mto the reactor;

- Depositing a film containing at least one of said compound of the formula (la) or
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5 - Use, in metal containing film deposition, of at least one compound of
the formula (Ib), according to one of Claim Ito Claim 3, wherein R2, R3,
R4, R5, R6 and R7, each represent anHydrogen atom. 6 -

V’c'%%?g%oi%wﬁlm deposition, of at least one compound of the formula (Ia)ﬂgc;)}r216
(Ib), according to one of Claim 1 to Claim 5, wherein RI is chosen from
ethyl, isopropyl or tert-butyl. 7 - Use, in metal containing film
depositionofoa Bofapatndof the B¥EIE™AE) or (Ib), according to one of

Glaimulie &laim Guwherein R'1, R'3, and RILI each represent a methyl
group. 8 - Use, in metal containing film d itign, of at least one.
compourid 'SP e ot Al A5 GH () i %h%pﬁi?%q@é‘%? St B
6, wherein, R, andrR'2; vihielvi Rawhehidepticalaricifferéifitrargare independently
independently chosen, from methyl. g%at‘;a?hzi%m%'ﬁm BAJGDSon

represent an ox%ggroup (-0) or a tert- mino group (-N-tBu). 109 - The
fottowirigeorpbandsd (oo Sy erope ftasieny oretralerst ety lncar or
Tantalm. (lasgiis Qrigry krensagignyh.teirakis (Faethy lJBNtaHR; or branched
(1,3-di-tert-butyl-cyclopentadienyl) tetralcis(methyl) Tantalum;

(el Righ g o R SR AT Ah R,

15(Isopremd- Gyclrpentagienyl) tetiakis(methyd)Manadiiffaent, are independently
(Isopropyl-CyclopentadienyO tetrakis(methyl) Niobium; i
(A T TR clpentict ) LI CtRy R o £ Sy oveon
prowesErar depositng algraugrvors deitofitaming Mfrercalzubatrse fincar or

GOmALY %ﬂﬁﬁ%ﬁﬁ? B{%Bﬁ's 20vitroduCiRg @ BUShUAS QAR WBARIK or branched

Preferably heating the substrate at a temperature above 150C; Feeding a

comisbUrEGT SreFobAYINE I oroP diE BFRUIAYIS) as disclosed in one of
Claim Itq,Claimg8, eacinixtiirecofisaickhcomficiiacs thetethindhaywapsen from
hase into theireacto , Zgﬁ)gtj on Il Ouas_%%%nc%rgoml%qg Cgimof t gnfd mula o
(B sest ?F?@%é)}ﬁ?ﬂfg%%?ag 8ls¥§5‘>s/e% if ohe of Slaim Tto alm%), of a
desehdindkturerofisdiavognipoundsdiieresfinnapet bhaserhtenthed diadeorde
' groups having from one to four carbon atoms or lincar or branched elkylsilylamide groups
having from one to four carbon atoms; and R's and R, together represent an oxo group (=0) or
alkyl imino group having from one to four carbon atoms {=N-R)
2 - Use, in metal containing fitm deposition, of at least one compound of the formula
(Ia) or (Ib), according to Claim 1, wherein
Ry, Ry, Rs, Ra, Rs, Rg and Ro; which may be identical or different, are independently chosen
from Hydrogen atom, linear or branched alkyl groups having from one to four carbon atoms.
3 — Use, in mefal containing film deposition, of at least one compound of the formula
(Ta) or (Ib), according to Claim ! or to Claim 2, wherein R'j, R, R, and R’;, which may be
identical or different, are independently chosen from Hydrogen atom, linear or branched alkyl
groups having from one to four carbon atoms.
4 — Use, in metal containing film deposition, of at least one a compound of the formula
(Ta), according to one of Claim 1 to Claim 3, wherein Ra, Rs, R4, and R, each represent an
Hydrogen atom,
5 — Use, in metal containing film deposition, of at feast one compound of the formula
(Ib), according to one of Claim 1 to Claim 3, wherein Ry, Rs, R4, R5, Re and R, each represent
an Hydrogen atom.

6 — Use, in metal containing film deposition, of at least one compound of the formula
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Depositing a film containing at least one of said compound of the formula
(Ta.) or of the formula (Ib), onto said substrate. 3011 -A process for
depositing a TaN layer on a substrate zaccording to Claim 1 rtl
‘%gr‘?‘u{wﬁ/&?%%e step of injecting a reactant selected from theogﬂrggéﬁ? Shoriostss
consisting of NI113, N2H4, methylhydrazine and any mixture thereof.
12 - A process for depositing a TaSi layer on a substrate, according to
Cllirar 10 b ractadivg 1010feipfapizohip g drebstdp bf by am sduiisemry!
Sj,p@gtgg}g,@g precursor, preferably S1144. 13 - A process for
depositing a TaSiN layer on a substrate, according to one of Claim 10 to
Cairn 12, Tithef BEH LAY EhBISHE OF 1R ity 48P Uy ARG RS 12
angadegeiant @raierably disiyamireiakd N4 8 andior TeBDMASand methyl
NT13. 514- A process for depositing a Ta0 layer on a substrate, according
t&ONe of Claim 10 to Claim 13, further comprising the step of injecting an
oxygen Serfiprisinueta acttainingréferdduigs0gn, of at lops opx peapesrdfel the formula

depos iﬁiﬂg ALAHNJaveran AsuRstiale aceiding fenane, GiidRimykQ (enrical
Claim 14, further coﬁrp&gsm the step of injecting an oxygen_comprisin

r&adiERTRR G TGRSO COMEINTRG JREtN S 5Tererabhy T MK « Rogether

16pAr0SESS tangepositinga:Ha! layes gma sabstiate according to one
of Clair@s_ €t(%_bglaim 15, furtlagr comprising the step of injecting the

& COTTHIOUTIC . .o .
Tantalum préclirSor &oneror additionally injecting a carbon precursor such

as C2R4(wherppidleltherizaizovt 80%volebl Bdistiiis: needed in the
depositeg ey, ;4 CAMREMLUDEIFIIP IR (12) RE R"RN.
Rrz,Ni/ RR Where: :

(1,3-di-tert-butyl-cyclopentadienyl) tetrakis(methyl) Tantalum;

(Ethyl-Cyclopentadienyl) tetrakis(methyl) Tantalum;

(Isopropyl-Cyclopentadienyl) tetrakis(methyl) Vanadium;

(Isopropyl-Cyclopentadienyl) tetrakis(methyl} Niobtum;

(1,3-di-tert-butyl-cyclopentadienyl) tetrakis(methyl} Niobium.

10 ~ A process for depositing a group V metal containing film on a substrate comprising
the steps of: “ |
Introducing a susbtrate into a reactor;

- Preferably heating the substrate at a temperature above 156°C;

Feeding a compound of the formula (Ia) or of the formuda (Ib) as disclosed in one
of Claim 1 to Claim 9, or 2 mixture of said compounds thereof in the vapor phase
info the reactor;

- Optionally a second compound of the formula (Ia) or of the formula (Ib) as
disclosed in one of Claim 1 to Claim 9, or a second mixture of said compounds
thereof in vapor phase into the reactor;

- Depositing a film containing at least one of said compound of the formula (Ta) or
of the formula (Ib), onto said substrate.

11— A process for depositing a TaN layer on a substrate, according to Claim 10, further
comprising the step of injecting a reactant selected from the group consisting of NHs, NoH,,
methylhydrazine and any mixfure thereof.

12 — A process for depositing a TaSi layer on a substrate, according to Claim 10 or

Claim 11, further comprising the step of feeding an additional Si containing precursor,



20M is a group V metal selected from Tantalum (Ta), Niobium (Nb) and
Vanadium (V), Each R is independently selected from the group
consisting of linear or branched alkyl groups having from on r
ESrBR ‘54?6’%?5, linear or branched alkoxy groups having from%cgt“ri’reﬁ%&(;z%}mB 61216
carbon atoms, linear or branched alkylamide groups having from one to

four carbon atoms, linear or branched alkylsilylamide groups having from
onefgafdubarbon atoms; 25 Each R' are independently selected from the

group copsisting efHydigaenAtem.dineakoslranched alkylGreuPse of Claim
having from one to four carbon atoms, linear or branched alkoxy groups

haViag e brid dsrerirei B R atsR RS Tk for GraREHRPHIRY L reactant
oresipsIaNing fram: ane teifad/carbonatoms Nimear or branched

alkylsilylamide groups having fro e to four WO : .
e S e e R L 3
Wihefim 13, Mitha groupivigéhal gedeefeditrons Panealigan (TayprisBiGepctant,
(l}}g}e@miy\é@_nadium (V), Each R is independently selected from the group
consisting of linear or branched alkyl groups 10 haying from one to four
carbon atondsPifealenrdspaHERes Tc?ﬁé@yﬁfr%%‘ﬁg{ﬁﬁgacf%ﬂ%ﬂﬁ 2gcrg{ rtaim
caghonatams, dineakenpranchedaiyiamnidegioupshasngfiereaerttnd an
four_carbon atoms, linear or hra Isilylamide groups having from

; n
0 OHARY RO EATBS A SERE: B8 ?ni'l??% offowing compounds:

20

25

Ta(Me2Tp)MebcEa(EtiCR)Vies AE(Pr2C p)Medks TatBuR GR) M4ne of Claims 10
Tt%‘(%ﬁlzrnCI?%Elltf}t’hg'rggg‘ZxL:@%%I\% )ﬁllg E@SI Poqzﬁ;]?);g rthe Tantalum precursor alone or
(MeZCp)

Ta(tBu2Cp)Et4,Ta e2Et2, Ta(Et2CP)Mc2EI2,
TidiprR P INR D 2 C BRI SUTCRIME £t NSIREZCMBaRt 30% vol. of carbon
NbELeERMed, NRURL2&EP)Mc4,

17-A Compdund wherein the formula (Ta) is:

R o
© W
R My - R R M R
R/N 7\ N\R R/NN/ \N N‘*«-.R
AL
R R . R R
Where:

M is a group V metal selected from Tantalom (Ta), Niobium (Nb) and Vanadium (V),

Each R is independently selected from the group consisting of linear or branched alkyl
groups having from one to four carbon atoms, linear or branched alkoxy groups having from one
to four carbon atoms, linear or branched alkylamide groups having from one to four carbon
aioms, linear or branched alkylsilyiamide groups having from one to four carbon atoms;

Fach R’ are independently selected from the group consisting of Hydrogen atom,
linear or branched alkyl groups having from one 1o four carbon atoms, linear or branched alkoxy
groups having from one to four carbon atoms, linear or branched atkvlamide groups having from

one to four carbon atoms, linear or branched alkylsilylamide groups having from one to four
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Nb(tBu2CP)Me4,Nb(MecCp)Et.i, Nb(Et2Cp)E14, Nb(iPr2Cp)Et4,
Nb(tBu2Cp)E14,
Me2Et2,Nb(Et2Cp)Me2Et2:Nb(iRr2CP)Me2a2,N /’gﬁz%&)}&%m
el,

, Nb%L\‘J/IeZC
YIS ItMEEtCp)MCi, V(Me2Cp)Me4, V(Er2Cp)Med, V(iRri

V(tBu2CR)Me4, v(Me2CP)E14,
20V(Et2CP)Et4,V(iPT2CP)Et4,V(tBu2C0)Et4,V(Me2CP)Me2Et2,V(E12CR
YMEREENAIRI2CP)Me2Et2, V(tBu2Cp)Me2D2, 19 - The following
compounds: Ta(MeCp)(NEtme),, Ta(EtCp)(NaMe)4,
Ta(iPrCp)(NEtMe)4, Ta(tBuCp)(NEtMe)4, Ta(Me2Cp)(NEtMe)4,
TAETREBYNErMO4, Ta(iRr2Cp)(NEtMe)4, Ta(t13112Cp)(NEtMe)4, 25
Ta(MeCp)(NMe04,Ta(EtCp)(N-Mc2)4,Ta(iPrCp)(NMe2)4,Ta(tBuCp)(NMe
2)4,
Ta(Me2Cp)(NMa2)4, Ta(Et2CpNM¢
(NMe2)4, Ta(MeCp)(siEt2)4, Ta(EXC
Ta(tBuCp)(NEt2)4, Ta(Me2CP)(NE{2}4
Ta(iPr2CP)(NE12)4, Ta(tBulCP)(NE}2
Nb(iPrCp)(NEtMe)4, Nb(tBuCp)(N , Nb(Me2Cp)(NE1Me)4,
Nb(Et2Cp)(NEtMe)4, 30Nb(iPr§§m2{i‘\}e?§,
Nb(tBu3Cp)(NEtMe)4,Nb(MeCp)(/GRleZ}, Nb(EtCp)(NMei)i, 23 WO
2008/049790PCT/EP2007/061216 Nrb(Et2Cp)(NIvtic2)4,
Nb(EtCp)(NE12)i, Nb(Et2CO(NEt2)4, 5V(EtCp)(REtMe)4,

Where:

M is a group V metal selected from Tantalum (Ta), Niobium (Nb) and Vanadium (V),
Each R is independently sclected from the group consisting of Iinear or branched alkyl groups
having from one to four carbon atoms, linear or branched alkoxy groups having from one to four
carbon atoms, linear or branched alkylamide groups having from one to four carbon atoms,
linear or branched alkylsilylamide groups having from one to four carbon atoms.

18 — The following compounds:

Ta(Me,Cp)Mes, Ta(EtCp)Mes, Ta(iPr:Cp)Mes, Ta(tBu,Cp)Mes, Ta(MeCp)Ets,
Ta(Et,Cp)Ety, Ta(iPr2Cp)Ets, Ta(tBu,Cp)Ets, Ta(Me,Cp)MeEty, Ta(Et:Cp)MeyEt,,
Ta(iPrZCp)MeQEtg, Ta(tBu,Cp)MeEt,, Nb{Me,Cp)Mey, N’b(Ethp)Mez;, Nb(iPrCpiMey,
Nb(tBu,Cp)Mes, Nb(MeCp)Ets, Nb{(Et;Cp)Et,, Nb(iProCp)Ets, Nb(tBu:Cp)Ets,
Nb(MeyCp)Me,Ety, NB{EtCp)Me:E, Nb(iPr,CpiMeEn, Nb(tBu,Cp)Me:Et;,
Nb(MeEiCp)Mes, ViMeCpiMes, V(ELCp)Mes, VAP Cp)Mes, V(1B Cp)Mes, V(MeCp)EtL,

VELCPEL,  VPnCp)Et,  V(BwCp)Et,  V(MeCp)MeEt,  V(ELCp)MeED, -

V(iProCp)Me:Ets, V(iBu,CpiMeyEty,

19 — The following compounds:

Ta(MeCp}NEMe),, Ta(EICpYNEiMe)s, Ta(iPrCp)(INEtMe)s, Ta(tBuCp)(NEtMe)s,
Ta(Meﬁp)(NEtMe);;, Ta(ELCp)NEtMe)s, Ta(iProCp}NEtMe)s, Ta(tBu,Cp)(NEtMe),,
Ta(MeCp)(NMes ), Ta(EtCp)(NMes)a, Ta(iPrCp)(NMes)s, Ta(é;BuCp)(I\éMez)4,
Ta(MexCp)NMes),, Ta(Et,CpINMeala, Ta(iPrCp)NMe)s,  Ta(tBuCp)(INMey)s,
Ta(MeCp}NEt)s, Ta(EtCp)(NEL)s, Ta(iPrCp}(INEta)s, Ta(tBuCp Y(NEf)s, Ta(Me:Cp)(NEH)s,
Ta(EtLCp)(INEL)., Ta(iPr,Cp)(NEt:), Ta(iBumCpyNEL)s, MNb{EtCp}NEtMe),
Nb(iPrCp)NEtMe):,, Nb(tBuCp)NEtMe)s, Nb(MeCp)(NEtMe)s, Nb(EtCp)(NEtMe)s,
Nb(iPr,Cp)(NEtMe)s, Nb{(tBuCp)INEtMe)s, Nb{MeCp)NMeyls, Nb(EtCp)(NMey)s,
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V(ELC é?g

V(EI2CP)CNetN404, Nb(iPr2Cp)(N1vle/2)4, Nb(iPrCp)(NEti)i,

1Vb(iPriCP)(NEI2)4, V(iPrCp)(NEtlvle)4, V(iPT2CP)(NEtMe)4,

Nb(t BUZC? (NMe2)4, Nb(tBuCp)(NEIiit3 Nb(tBu2CP)(NEt2)4y, 1 ros007/061216
EtMe)i, V(tBu2Cp)(NEtMe)4, NbNe2CpKNMe2)4,

1\16(MeCp)(N Et2)4, Nb(MeZCp)(NEt2|4 V(MeCp)(NEllvleii,

V(Mo2Cp)(NEiMe)4, V(MeCp)(NMoiii, V th (NMe2)4,

VUTPRGIRNNRER): v ((BUE SN, v FEERAPR472) 4T (MeCp)NMes),

Vit %(,@iéNMC 204, YERF2CR)ENIMa2)4 N%(Me@p);(m&mﬂ Nb(MeCp)(NEt),

g)AY (\I/ﬁggéﬁ}mé e d)%{,é(‘f@ , (:V(I)ez B p%i)\rAEtz)aa

f Qliﬁtmmmmp@undsrb(ﬁrocwaﬁmemp)(@m@mmmmp)(M@éc)@p)@mmp,

NNy, NP %('S/rg%gl\iozll\‘fb tBu 019T0044V(M@Cp)wme)“’
) ) ( (

V(eZERYCONS04, NDZDHENEMEN, WK V(MeCp)(NMes)s,
VQ%%%%M@?M@(%@4%54?@(181@)@%)4 V<Mezc:p)<m@z>4,V<Etzc:p><NMez>4,

V(EPr,Cp)(NMes)s, V(IBuCp)(NMes)s, V(MeCp)NEts, V(EICP)(NEt),, VGPICP)(NEL):,
V(BuCp)(NEt ), V(Me:Cp)INEL), V(ELCP)(NER)s, V(IPRCp)(INEL ), V{tBo,CpHNEL )4,
20 — The following compounds:
Ta(Me;CpKOMe)s, Ta(EtQCp)(OMc)4, Ta(iPryCpXOMe)s, Ta(tBu,Cp)OMe),
Nb(MexCp)(OMe), Nb(ELCp)(OMe)s, Nb(iPr,Cp} OMe), Nb(iBu,Cp)(OMe)s,
V(Me,CpXOMe)s, V(ELCp)(OMeks, V(iPrCp)(OMe)s, V{IBumCp)(OMe)..



