| Method of forming dielectric films, new precursors and their use in the semi-conductor manufacturing
The invention relates to a method of forming high-k dielectric films such as hafnium or zirconium
oxides or oxynitrides and their use for manufacturing 5 semi-conductors. With the shrink of the critical
dimensions of the future generation of semi-conductpr devices, the introduction of new materials,
especially having high dielectric constant, is required. In CMOS architectures, high-k dielectrics are
required to repladdebi{ad whifdrmeingh dicleqthiesitihbmitewhprewihgocalynal $@R dsecijuthalent
thickness of about 1 nm. Similarly, high-k djelectrjcs are required jn Metal-Insulator-Metal
architectures for RAM applications. Va%ﬁg'ﬁ}%?é#%% BB&%&%% ten considered to fulfill both

the materials requirenmeisnigialestriecosstan tealkrgeotiorentgansielidatiecttenfiprsasush, abarge
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(Ln being seleciechfrepntheigreup comprising scandium, yttrium and rare-earth elements) and more
generally HfMOx and ZfMOx, M being an element selected from Gr I1,,Group llia and Groyp lllb, or
a transition metal, 20 @ﬁ%rﬁ%&%ﬁ@% Bgoﬁ%ir%'%gfeﬁ%'ﬁ?ﬁ%rﬂ?oﬁ? é%‘ﬂfﬁ CAEE] 0J:,]orc?Lj:position
can also be cossigigieshtfictaciendesantieriGrodiititiorobagie rappliedd anspesirdly &siiig kigmid-gap
metal gate and HfN, ZrN, HfSi, ZrSi, HISIN, ZrSiN, TiSiN.. for MIM electrodes, The.main industrial
options to enatﬁ%arﬁ‘éﬁd%pﬁ%?ﬁwglf %Eﬁqu‘?ﬁ!lmg vﬁﬁ 3@3&%@3@81&1’8&@}&@%&8 SR gg‘éeptable
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Depositior& or ALD %Ato ic Layer D p%siti% ). Such deposition processes require metal precursors
that must il SRR FEG HFERMER T6° EMndustrial use. Metal-organic or metal-halide

precursors are requiresifaiaiipsetigbcrsseigidarioss badniurcang@0 zircdnaial metddiorgleiz!
compounds have Bﬁen considere precursors to e\pable such Ple osition HaIicLes su%h as HfCl4,
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considered to fulfill both the materials requirements (dielectric constant, leakage
current, crystailization temperature, charge trapping) and the integration
15 requirements (thermal stability at the interface, dry etching feasibility...).
The Group IV based materials, such as HfO,, HfSiO4, ZrO;, ZrSiOy,
HfZr04, HLNO, (LLn being selected from the group comprising scandium, yttrium
and rare-earth elements) and more generally HfMOx and ZrMOx, M being an
element selected from Group I, Group lla and Group illb, or a transition metal,
20  are among most promising materials. Furthermore, Group IV metals composition
can also be considered for electrode and/or Cu diffusion barrier applications,
such as TiN for mid-gap metal gate and HfN, ZrN, HfSi, ZrSi, HfSIN, ZrSiN, TiSiN
for MIM electrodes.
The main industrial options to enable the deposition of such thin films with
25  a reasonable throughput and an acceptable purity are vapor phase deposition
techniques, such as MOCVD (Metal-organic Chemical Vapor Deposition) or ALD
(Atomic Layer Deposition). Such deposition processes require metal precursors
that must fulfill drastic requirements for a proper industrial use. Metal-organic or
metal-halide precursors are required for those processes. Various hafnium and
30 zirconium metal-organic compounds have been considered as precursors to
enable such a deposition.
Halides such as HfCl:, ZrCl; are the most common Hf/Zr precursors and

have been widely described. Kim et al. disclosed the use of HfCls for the



have been widely described. Kim et al. disclosed the use of HfCl4 for the 2 deposition of Hf02 by ALD
(Kim et al., Electrochem Soc Proceedings 2005-05, 397, 2005). However, some by-products
generated during the deposition process, such as HCI or CI2, can cause surface/interface roughness
that can be detrimental to the final properties. Other.possible byproducts, depending on the 5 oxygen
source used, may be hazardous. For instance, OCI2, through the OCI fragment by QMS, has been
detected as a higpositicrobthéfteabtiokl ik (Kaaret-HC 1BiaridoeB ekofzny Erdoabeaings & 00 Hi6h;k oxide,

Cl or F impuriti re highly gdetrimental to the final electrical propetties. [Triyoso,at al ng et al,
studied the usegngf%%éM SH62 iéﬁ?ﬁ:\g’éﬁ‘%&}i‘i%, ggsnp%c?éeély%%gggséﬁét 5&5}&.‘&9&
Electrochem. Snosdss)(@)chGed 8ICGA00I{2086)cAwans et-ale/BlectanehemgBodiss Statecapther(6),
F42-F44 (2004)], Williams,et.al. have evaluated mp)4 and Hi(OBW)2(mmp)2 for MOCVD of
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H.C.Aspinall, Y,F,Loo, 20 A.C,Jopes, L. M.Smith, G.W.Critchlow, M.Schumacher, Chem. Vap.
Deposition, 20%%%”1&?’!%@' %C@ig%%%ﬁtﬁca r%peme

amides Precuriors such as Hf(NEtMe)4, Hf(NMe2)4,
Hf(NEt2)4 have beerTwidaly disdbsaddnGheatfiteeiat [Sedieakitee alisd. whdfgoIBlecHoolHR2(4)
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budget procesdEaaNEYef, HEEL n WANIRDABIEES 28k lzmekles ah ¢iadicstesAidcbimdbuiidmdbee
several draWbapCrlé%u%no?Qg W?:%?Br&e MaYyith  donor  functionalized alkoxy ligand
15 (1-methoxy-2-methyl-2-propanolate [OCMe,CH>OMe, mmp]) which helps
inhibiting oligomerization of Zr énd Hf alkoxide compounds and increasing their
stability towards moisture. However, all those alkoxide precursors have the
drawback not to enable self-limited deposition in ALD process as suggested by
Potter et al. (R.J.Potter, P.R.Chalker, T.D.Manning, H.C.Aspinall, Y.F.Loo,
20 A.C.Jones, L.M.Smith, G.W.Critchlow, M.Schumacher, Chem. Vap. Deposition,
2005, 11, N°3, 159-167).
Alkylamides precursors such as Hf(NEtMe)s, Hf(NMes)s, Hf(NEt:),s have
been widely disclosed in the literature [Senzaki et al, J. Vac. Sci. Technol. A 22(4)
~ Jul/Aug 2004; Haussmann et al, Chem. Mater. 2002, 14, 4350-4353; Kawahara
25 et al, J. Appl. Phys., Vol 43, N°7A, 2004, pp 4129-4134; Hideaki et al., JP
2002-093804; Metzner et al. US 6,858,547; Dip et al. US 2005/0056219 At].
Group IV alkylamides are both suitable for ALD and MOCVD processes.
Furthermore, some are liquid at room temperature (Hf(NEty), and Hf(NEtMe),)
and of sufficient volatility, and they allow self-limited ALD at low temperature for a
30 limited thermal budget process. However, Group 1V alkylamides, alkylamides in
particular Zr compounds, have several drawbacks, among which they may
decompose during the distribution to some extent leading to a possible clogging

of the feeding line or the vaporizer, they may generate particles during deposition,



decompose during the distribution to some extent leading to a possible clogging of the feeding line or
the vaporizer, they may generate particles during deposition, 3 they may entail non-uniform
compositions during deep trenches deposition processes, and they only allow a narrow self-limited
ALD temperature window, hence reducing the process window. In particular, Zr(NEtMe)4 may
decompose in the distribution lines and generate particles above 170C which is a common 5
distribution tentpeyatmay HiikEtMeytusifoone tennatitistb|dydnglodesraffisockes-dapediieomic
layer deposition aboye 300C r 0 1 / T et al.
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point is 57.5C)aftlis sréwatsSU i@ rickegenem®those precursors in an industrial manner, that is

using Lehn et al. (Chem. Vap. Deposition, 2006, 12, 280-284) disclose

15 tetrakis(trimethylhydrazido) zirconium [Zr(NMeNMey)4,] and hafnium and their

use for low temperature CVD. The exemplified compounds have an acceptable

volatility (sublimation at 0.06 Torr, 90°C reported) but they are solid at room

temperature.

Carta et al. disclose the use of bis(cyclopentadienyl)bisdimethyl hafnium,

20 [HfCp.Me;] (Carta et al. discioses in Electrochem Soc Proceedings, 260,

2005-09, 2005) and several authors (Codato et al., Chem Vapor Deposition, 159,

5.1995 ; Putkonen et al., J Mater Chem, 3141, 11, 2001 ; Niinisto et al., Langmuir,

7321, 21, 2005) proposed a new family of Zr and Hf compounds as alternatives

to hafnium and zirconium alkylamides: Bis(cyclopentadienyl) bisdimethyl

25 hafnium, bis(cyclopentadienyl) bisdimethy! zirconium, which allow an efficient

ALD deposition process with an ALD window up to 400°C and an achievement of

films with less than 0.2% C in optimized conditions with H,O as co-reactant.

However, HfCp.Me; and ZrCp;Me; both have the drawback of being solid

products at room temperature (HfCp,Me: melting point is 57.5°C). This prevents

30 IC makers to use those precursors in an industrial manner, that is using
delocalized containers filling, and entail both facilitation and process issues.

In US 6,743,473, Parkhe et al. disclose the use of (Cp(R)n)xMH,., to make

a metal and/or a metal nitride layer, where M is selected from tantalum, vanadium,



delocalized.containers filling, and entail both facilitation and process issues. In US 6,743,473, Parkhe
et al. disclose the use of (Cp(R)n)xMHY_x, to make a metal and/or a metal nitride layer, where M is
selected from tantalum, vanadium, 4 niobium and hafnium, Cp is cyclopentadienyl, R is an organic
group. Only examples of tantalum and niobium cyclgpentadienyl compounds are disclosed. However,
no liquid precursor or a precursor having a melting point lower than 50C is disclosed. 5 Liquid
bis(cyclopentadiebjlyulezivdtinethhave eeeistlydepgiasiced bR HeyanabsanivgRqueAsly751 Al.

However, they still present.the disadv fl'!m'!%ﬁﬁ' il t '
hindrance that?ﬁ(gﬁ?r%§tﬁfep%%%eve(ﬁgéi\%%br%te. 0(%) ﬂtﬁ%%?ﬂ%iﬁﬁ%ﬁg%%%ﬁ?ﬁ do'r low
melting point (¢50@van gmliguid presunser congevecly sandhavprgteune Hiane it aMeschals, that

would allow sirgHuéng%Jl%H a %goper distribution (physical state, thermal stability at distribution
temperatures), a wide seli-limited ALD window, and a deposition of pure films either by ALD or

MOCVD. According thitngdnbisdtipcipperntidiepyipstatinaioey bepeneatiotyl pegedropeged bW
metal-organic precursors ha %jlit I Hgﬁs iti V Qfaining
thin films by eit gyiﬁsgagrimﬁé?\?g%ézﬁégsses §r?deit{)8 have?’[ﬁ%%%%c%yviﬁge%ﬁgﬂ}ggg%sﬂag@y%e liquid
at room temperstlirei@chaviagidynmiingpointrdoantr kige soieriohinmhancer-dhaémaylistédbieao
enable proper gisﬁﬁi Lété)%vr%ﬁaﬁﬁ e or direct liquid injection) without particles generation, - They are
thermally stabl& 16 allow Yvide seff-limited ALD window, 4) allowing deposition of a variety of Group IV

metals containing fiIm'Eodayudh&JEtiﬂrmnyaaﬁhfm.‘tW?iﬁﬁt@m&ité,ctﬁ)ﬁ%irﬁg&bﬁf&p%@l&bhﬁﬁ‘&&)n of
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precursors suchaz 4 RBH R AR QAL SERTRRUTALD DR ABE RS A2kRIssHAchBethod of
pure fiims either by ALD or MOCVD.
According to the invention, certain cyclopentadienyl or pentadienyl based
15 group IV metal-organic precursors have been found suitable for the deposition of
Group IV metal containing thin films by either ALD or MOCVD processes and to
have the following advantages:
- They are liquid at room temperature or having a melting point
lower than 50°C,
20 - They are thermally stable to enable proper distribution (gas phase
or direct liquid injection) without particles generation,
- They are thermally stable o allow wide self-limited ALD window,
4) allowing deposition of a variety of Grbup IV metals containing films, including
ternary or quaternary materials, by using one or a combination of co-reactants
25 (selected from the group comprising of Hz, NHa, Oz, H20, Os, SiHg, SizHs, SizHe,
TriDMAS, BDMAS, BDEAS, TDEAS, TDMAS, TEMAS, (SiHa)zN, (SiH3)20, TMA
or an aluminum-containing precursor, TBTDET, TAT-DMAE, PET, TBTDEN,
PEN, lanthanide-containing precursors such as Ln(tmhd)s...).
According to a first embodiment, the invention relates to a method of
30 deposition on a substrate, of at least one metal containing dielectric film
comprising a compound of the formula (l):
(M'1.a M%) Op N, ()

wherein;



30 deposition on a substrate, of at least one metal containing dielectric film comprising a compound of
the formula (I): (M11-a M2 a) Ob Nc, (I) wherein: 5 0<_a<1,0<b !5 3, preferably 1.5: b < 2.5;
0<_c5_1, M1 represents a metal selected from hafnium (Hf), zirconium (Zr) and s titanium (Ti); and
M2 represents a metal atom selected from magnesiuym (Mg), calcium (Ca), zinc (Zn), bore (B),
aluminum (A), indium (In), silicon (Si), germanium (Ge), tin (Sn), hafnium (Hf), zirconium (Zr), titanium
(Ti), vanadium (V), ni6bfuen<(NIp), tantalum (Ta); and the Lanthanides atoms, more particularly
scandium (Sc), 1o ytriu Q(f%' and lanthan a) rare-earth metal atoms, which comprises the
following steps: - A st p{;% 0 pr‘%ﬁé%%gjysﬁgs%gtégai?%a reaction chamber; - A step (b) of vaporizing
at least one M' metal 8ahtashihg precursor of the 1s formula (11): (R1yOp)= (R2tCp)z M' R'4-1-z (II)
wherein: M1 is as herginabove defined; 0:5x5 15 eferably x =.0.or 1; Q:5z5 3, preferablyz=1
o2, 15 (ceo)o 2 00y SOPRUR AL TP o ahb bR A ey sl G
pentadienyl (Ofijdrgammd( Mhiehds either unsubstituted or substituted by one ore more R' groups, y
representing the 25 number of substituting R1 groups pn,said pentadienyl li rgéj; 2C esents a
cyclopentadienyl (Cp |g§aerPd‘?\?v%'i%ﬁ ?sngﬁﬁ%rgtgns%sﬂﬁ?ﬁ g %)r”sﬁj SHilet rt?yﬁc\)ﬁ ’(g'(rgi rﬁ%@@l@%foups,t
representing thermu@béer bafrs Uit takimyifirgriiipsiootiwaid oy cleipentatien degaadiuR L (@) R are

identical or diffegent and are inggpendently SeAedlleMm (Ti), vanadium (V), niobium (Nb),

tantalum (Ta); and the Lanthanides atoms, more particularly scandium (Sc),

10 yttrium (Y) and lanthanum (La) and rare-earth metal atoms,
which comprises the following steps:

- A step a) of providing a substrate into a reaction chamber;

- A step (b) of vaporizing at least one M’ metal containing precursor of the
15 formula (l):
(RYOp) (R%Cp) M' Rias (Il
wherein:
M'is as hereinabove defined;
0<x<3, preferably x=0o0r 1;
20 0<z<3 preferablyz=1o0r2;

1s(x+z)s4,

0y =7, preferably y=2 0 £t =5, preferably t=1;

(ngOp) represents a pentadienyl (Op) ligand, which is either
unsubstituted or substituted by one ore more R’ groups, y representing the

25 number of substituting R’ groups on said pentadieny! ligand;

(R%Cp) represents a cyclopentadienyl (Cp) ligand, which is either
unsubstituted or substituted by one or more R? groups, t representing the number
of substituting R’ groups on said cyclopentadieny! ligand;

R' and R?, are identical or different and are independently selected from

30 the group consisting of the chloro group, the linear or branched, alkyl groups
having from one to four carbon atoms, the N-alkyl amino groups, wherein the
alkyl group is linear or branched and has from one to four carbon atoms, the N,N

- diatkyl amino groups, wherein each alkyl group, identical or different from the



30 the group consisting of the chloro group, the linear or branched, alkyl groups having from one to
four carbon atoms, the N-alkyl amino groups, wherein the alkyl group is linear or branched and has
from one to four carbon atoms, the N,N - dialkyl amino groups, wherein each alkyl group, identical or
different from the 6 other, is linear or branched and pas from one to four carbon atoms, the linear or
branched alkoxy groups, having from one to four carbon atoms, the alkylsilylamides groups, the
amidinates groutheansd lihe aadh amshghagpaRd neme‘wmgaéigamjmdmmmnﬁetwy$dmmﬂomthe
group consisiti f the hydrogen, flugro, chloro mo or |od Qs the linear nched, alkyl
groups having %?oarﬂ g’ﬁg t a% lZJrllJ Bfom a}/hegNtirl nQI anhifo grou%ts.jr w ergrélr% tﬁ%oa%%l g{h?eup is

- linear or brancbqﬁ(ybmdldimsj&ergrouﬁgptf(manadmmmcgmﬁseammelam;hmlrgjcg:pups wherein

each alkyl group, idengical or different from the other, Is linear, or b ng from four
carbon atoms, the Iin%g:lr |obo?sbretr§cﬁe(93wd ande enden“ ﬁea rcc;[reﬁ one toq?% roa or?g (;%rrn][‘;hgoh

alkylsilyl a&min@mmjpgdmsmatrﬂtkmalIcwgm,uprmtmearamfcbmmmmmbascﬁrd)raonbed &dkyicarbon
atoms, the dlalkglsgﬁ(ﬁmmo %rou swher$|n eac aIk ordiffere t rom
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linear or branc Ore fo four car on atoms, the ria Iyl amino gr u|os erein each
alkyl group, |detthgrg_15>d;ﬁwbnefmm traothed enlthkas cﬁrdnramdaéd o habfroratorestdtfeur

carbon atoms, I;}ﬁ mdlnates roups and the carbonyl, b Ing unders t, If l[%(ll)
comprises mor%I agn (;br% BT rg)u B%%%’h erﬁ%‘{) b& [dentical or ¢ ﬁe%r?%é%i #o?h@agbe o form a
first gas phasethmt&hsquecmezﬁ eQpaonhéy astepes' fobrapodinfpat mnmmmemlmeataming

precursor, 2 be q.28 he;a;rﬁ(above deflne to fori%%no eti J) £e9 %agtotmg [ce 25 -

S
A step c) o intfd umﬂghsal st%aqs plll‘%ge Ret source an seuH opti ional secodcﬁ]gas &4 gmetal

source, in the readtionyycharsbehgcireor des wkprgvolp thdineantadimithhesichsublsaateono geadeate the
e o L R0 ) RPIANS AFBRAALH S 4D G,
identical or different from the other, is linear or branched and has from one to four
carbon atoms, the trialkylsilyl amino groups wherein each alkyl group, identical or
15 different from the other, is linear or branched and has from one to four carbon
atoms, the amidinates groups and the carbonyl, being understobd that, if said
formula (II) comprises more than one R' groups, each R’ may be identical or
different one from another,
to form a first gas phase metal source;
20
- Optionally a_step b") of vaporizing at least one M? metal containing
precursor, M? being as hereinabove defined; to form an optional second gas

phase metal source;

25 - A step ¢) of introducing said first gas phase metal source and said
optional second gas phase metal source, in the reaction chamber, in order to
provoke their contact with said substrate, to generate the deposition of a metal
containing dielectric film comprising a compound of the formula (I) as
hereinbefore defined, on said substrate;

30 provided that, if the at least one metal containing dielectric film to be
formed comprises the compound of the formula (I'):

M’y Oy ),

corresponding to the formula (1), as hereinbefore defined wherein, a= 0, b= 2,



30 provided that, if the at least one metal containing dielectric film to be formed comprises the
compound of the formula (I'): M1102 (I11), corresponding to the formula (1), as hereinbefore defined
wherein, a= 0, b= 2, 7 and ¢=0, and if the M1 metal containing precursor, which is involved in step b),
is a compound of the formula (II'): (R2tCp)2 M" R'2 (), corresponding to the formula (Il) as
hereinabove defined wherein x=0, and z= 2, 5 in said formula (II'), t > 0 in at least one of the two
(R2tCp) ligandsinih ¢+6 naeth e Mé reisab ovetdafing ghrému stdeashareisriatallced taisitap pyeisursor of
the formula (II) and if necegsz%% the Ieai%doﬁgi_ M2 metal containing precursor, have a melting point

a

generally belovd g&ap&%?ergbly Befow! d they are preferably liquid at room temperature. 10

According to a particular embodiment o(ﬁ@pﬁthﬁdé‘ﬁg hereinbefofd’)defined, the vaporization step b)

and if necessary, the vaparization step b") are .achieved by introduging.a carrier gas, intQ a heated
container conta%ﬁfﬁ%sf?\oe'qéin% %tp %fﬁﬁ]ﬂ%ﬂgt Il)c%%g%ﬁ%ae}pﬁr%\éﬁrggﬁ% e o?%ﬂl%? ):a yﬁp X
(R2tCp)z M' R'#mszidl fptb@ad I inécebsaryt taahttbeeamiéhstmme(mﬁ@péﬂ@mmmning precursor. The

container is preferably ngateg 41 3 femneratigialowing o gepifie sl metal spuges g phase
and at a sufficient vapor pressure. 1f hecessary, oné or both’ metal précursors may be mixe a
solvent or to a preturemf siolkerfrarnanid/dH @ adsthbiizessahe ﬁa&dmmaé\flémwmmﬂmm@mmd from

octane, 20 hexane, pentane or tetramethylsilane. The,cong¢entgati f the tal [SLs in the
cohant o in RO i e Ao M BRI SHite Bi At LR A e
around 0.05M. {hibg eeerpeimEslidysedectes!, wibthotentipstatiore, from Ar, He, H2, N2 or mixtures of

e e S oSS R S SR AR e
amount of precdesioeth lieevempriiestdhstearie agasifloacsassug)Yheonapiser: ietvaden b) scem
(standard cubig ¢enUMLIRN ARG thaCE Rafriel s8R ' FRLRIPRS NN BMRKIRRY the at
least one M' metal containing precursor of the formula (I0):
(R"yOp)x (RACP): M' Rigosc (I
15 and if necessary, both the at least one M? metal containing precursor. The
container is preferably heated at a temperature allowing to get the said metal
sources in liquid phase and at a sufficient vapor pressure. If necessary, one or
both metal precursors may be mixed to a solvent or to a mixture of solvents
and/or to a stabilizer. The said solvent is for example selected from octane,
20  hexane, pentane or tetramethylsilane. The concentration of the metal precursors
in the solvant or in the mixture of solvents is usually between 0.01M and 0.5M
and is more particularly around 0.05M. The carrier gas is selected, without
limitation, from Ar, He, H», N2 or mixtures of thereof. If necessary, the container
may be heated at temperatures in the range of 80-110°C. Those skilled in the art
25 will consider that the temperature of the container can be adjusted to control the
amount of precursor to be vaporized.

The carrier gas flow is usually comprised between 10 sccm (standard
cubic centimeter) and 500 sccm. Preferably, the carrier gas flow is comprised
between 50 sccm and 200 scem.

30 According to another particular embodiment of the method as
hereinbefore defined, the vaporization step b) and if necessary, the vaporization
step b} are achieved by introducing in a liquid form, the M' metal containing

precursor of the formuia (I1):



between 50 sccm and 200 sccm. 30 According to another particular embodiment of the method as
hereinbefore defined, the vaporization step b) and if necessary, the vaporization step b') are achieved
by introducing in a liquid form, the M1 metal containing precursor of the formula (ll): 8 (R'yOp)X
(R2tCp)= Mt R'41-1 (ll) and if necessary both the M2gmetal containing precursor to a vaporizer where
it is vaporized. If necessary, one or both metal precursors may be mixed to a solvent or to a mixture
of solvents and/or to a stabilizer. The(%@@%&ﬁ@ﬁewxﬁr‘wk 5 selddied from octane, hexane,

pentane or tetramethylsilane. The concenteation .of t tal precursors in the solvent.or in th
mixture of solvgﬂg 'igxl?scl?e%lff r%et(\?v&e‘eﬁqnef). 1m%£ﬁh°&l§%@ﬁ8a Ps%rr%grrg ??atf ic":auY:;%‘lfi’f/§ g%gﬂ}@) érgég\}g
According to a veparigadidiizecrataginoest cthiboth posiatime ciepond armly teeva@arizaticobepb') are
combined in ong yanorizotion sfep, i GEoh dp sources Puing e sien g ahihe methodiage
hereinbefore definéd, the vaporized ™ metal containing precursor is infroduced into a reaction'chamber
where it is Sconsadeetetd asnbstiate, |heReremextahther getcameiindsitiore . sUbstratecerinakicany

substrate 15 used, in the semiconductor. facturin hi because ir technical fupction,
requires to be coated by 'metal containing films.”Such substrates are for” examplé not only selecte
trate 15 used 0 the spmieansuciors manaeiting, Whigh hecaise of tapiisehaical, Lypetior
from silicon sultsthatesn(8if) Hilicand ubStvhtesl(B5iGR) e silichouiylesustrat8SNEIN) or silicon oxy

nitride substrates (Si r n sub es (W) .or.nob >tal substrat h as for
example, 20 Platinun%?éﬂi%é[f@ﬁ%ﬁ%us%%ﬁ“m%@ (ﬁ%%t F%ﬁgd\d%%@ﬁé%gtrﬁtgs%ﬁﬁ) %E'agold
substrates (AuthZhesguirstedienissiegatol gl tembmerce dtemnperapositatihtasiapeb Gesiranbttim with
a sufficieqtggro%@lr%g and with the desired physical state and composition. 25 The temperature

during step c), usually fanges from 150C to 600C. Preferably the temperature is lower or equal to
450C. The pressure ibtiengeHuticteghamifeihis owmitrotiegstdetstmihaferelasifiedd, the vaporized

metal containing precursor is infroduced into a reaction chamber where it is
contacted {o a substrate.

In the context of the present invention, substrate means any substrate

15 used in the semiconductors manufacturing, which, because of their technical
function, requires to be coated by metal containing films. Such substrates are for
example not only selected from silicon substrates (Si), silica substrates (SiOy),
silicon nitride substrates (SiN) or silicon oxy nitride substrates (SION), but also
from tungsten substrates (W) or noble metal substrates such as for example,

20  Platinum substrates (Pt), Palladium substrates (Pd), Rhodium substrates (Rh) or
gold substrates (Au).

The substrate is heated until the required temperature to obtain the
desired film with a sufficient growth rate and with the desired physical state and
composition.

25 The temperature during step c¢), usually ranges from 150°C to 600°C.
Preferably the temperature is lower or equal to 450°C.

The pressure in the reaction chamber is controlled to obtain the desired
metal containing film with a sufficient growth rate. The pressure during step c¢)
usually ranges from around 1mTorr (0.1333224 Pa) to around 100Torr (13332.24

30 Pa).

In the context of the present invention, the M* metal containing precursor,

is selected from the group consisting of:

Silicon derivatives or their Germanium homologues, such as:




metal containing film with a sufficient growth rate. The pressure during step ¢) usually ranges from
around 1 mTorr (0.1333224 Pa) to around 100Torr (13332.24 30 Pa). In the context of the present
invention, the M2 metal containing precursor, is selected from the group consisting of: Silicon
derivatives or their Germanium homologues, such ag; 9 disiloxane, trisilylamine, disilane, trisilane,
alkoxysilane of the formula: (1111) SiHx(OR3)4-x, (1111) wherein: 0 <_x <_ 3 and R3 represents a
linear or branched hydisit@thne, grsilyldntiaeingisitare: carsdarsorakosijmienge bl dine formedormula
(1112): Si(OH))ﬁPF4)4-x (1112) wherein: 1 <_x <_ 3 and R4 represents a linear or branched alkyl
group, having i d’ 6 carbon atoms, preferably Si(OH)(OR4)3 and more preferably Si(OH)(OtBu)3; 10
aminosilane derivative of the formul:S(Hi,](IE)haﬁle(NR5R6)4-x (1113)(Whgrein: 0 <_x <_ 3 and R5 and

R6 are identical gr different and indepepdently repres li nched
alkyt having 1 8 IELElbon aoms Biidsat g e Ine o o S e (AT g
SIH2(NEt2)2 le(RiFAR)baramtbuix@iaathereof; Aluminum derivatives, such as trimethylaluminum

[AI(CH3)3], dimethyl , aluminum hydride [AIH(CH3)2], alkoxyalane of the formula (IV1): AIR8X(OR7)3-x
(IV1) wherein: Bﬁaﬁ/(?(|:§ el Y%lne ?o[r m% Iﬁ\l? r or branched alkyl having 1 to 6 20 carbon atom,

andvﬁ'f)represen sa
and R8, identical to or different from R?S'r@i-és@&“}m hydrogen &ibih, or preferably AIROR10(OR7),

with R9 and R10, identical or different which_| n y.r | h yl
having 1 to 6 c\égrrﬁ%rﬁ?@t‘oqun%( "r“n%s np?re eFé%?f %%/?g%g%’r% gﬁé’%ﬁ@ég %@E&ﬁﬁl@%ﬁ@% gé(
AIR11x(NRt2RE 2¥&bofl ¥R)mh qresferably SHCHHQR2andiRae ideeftcably SIRIBIDBYwsent an
hydrogen 10

aminosilane derivative of the formula (llis):

SiH(NRR®) 4 (ill3)
wherein: 0 < x < 3 and R®and R® are identical or different and independently
represents an hydrogen atom or a linear or branched alkyl having 1 to 6 carbon
atoms, preferably SiH(NMe,); (TriDMAS); SiHx(NHtBu); (BTBAS); SiH2(NEtz)>
15 (BDEAS)) and mixtures thereof,

Aluminum_derivatives, such as frimethylaluminum [A{CHa)s], dimethyi

aluminum hydride [AIH(CHs);], alkoxyalane of the formula (1V4):
AIRE(OR )3 (V1)
wherein: 0 < x < 3 and R’ represents a linear or branched alkyl having 1 to 6
20 carbon atom, and R®, identical to or different from R, represents an hydrogen
atom, or preferably AER9R1°(OR7), with R® and R identical or different, which
independently represent an linear or branched alkyl having 1 to 6 carbon atoms,
most preferably AiMe,(OiPr);
amidoalane of the formula (IVz):
25 AR (NR'*R") (V)
wherein: 0 < x < 3 and R'? and R™ identical or different, represent an hydrogen
atom or a finear or branched alky! having 1 to 6 carbon atoms, and R" identical
to or different from R” and represents an hydrogen atom or a linear or branched
alkyl having 1 to 6 carbon atoms;
30 Tantalum derivatives, such as: Ta(OMe)s, Ta(OEt)s, Ta(NMez)s, Ta(NEt,)s,
Ta(NEty)s, a tantalum derivative of the formula (V).
Ta(OR'*)JO-C(R™)(R"®)-CH,-OR'"]

wherein R, R15, R and R”, identical or different, independently represent an




atom or a linear or branched alkyl having 1 to 6 carbon atoms, and R11, identical to or different from
R7 and , represents an hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms; 30
Tantalum derivatives, such as: Ta(OMe)5, Ta(OEt)5, Ta(NMe2)5, Ta(NEt2)5, Ta(NEt2)5, a tantalum
derivative of the formula (Vi): Ta(OR14)4[O-C(R15)(316)-CH2-OR171 wherein R14, R15, R16 and
Rt7, identical or different, independently represent an 10 hydrogen atom or a linear or branched alkyl
having 1 to 6 chydoogannzspmreferablinda( QEtREDCMeR @HZI Oden T ATHO MAE)otardatdom,

R15, k20, RIS LERELH Y GHEr LBk 2y aTesint AR MY R o or S ncer

or branched alkythaldn@y/1)to 6 carbon atoms, a tatalum derivative of the formula (V3):
Ta(=NR24)(NR25R26)3 ( [ R25andR2Q, identicabor different, independently
represent an 10 hydrogeﬁ§@R$M§§?O ra%c#lé%%llﬁ%?ﬁg%?n 1 to 6 carbon“atoms; Niobium
derivatives; suethasaNbFOVIB)S, RIOED) anNIRK Mee)SicalgNE R ent btE2) i entijotspresterivative
of the formula (VI1): Nb(OR27)4(0-C(R28)(R29):CH2-0OR3 1). whergin.R27, R28. R29 and R30,
identical or diﬁ%t[é qr[l%é%%r%éﬂ(llf? rre‘%gr@sgeéﬁt%nb@ﬁ%goé}e?ﬁ };%gr?ﬁﬂoq g If%re]ggch Orgn%ﬁ'?g!ds a|ﬁy|
having 1 to 6 ctrtauratdenygiieiarbitily Mo(QE) MNHCMe2CH2-OMe) (NBT-DMAE), a niobium
derivative of the formula (VI12): Nb( L4104 3)-CH2-N(R34)(R35)7 1 (V12) wherein R31,
R32, R33, R34 and R35, identical o(r]IRl E&ﬁ,iﬂhﬁﬁgﬁ%ntly represent 20 an hydrogen atom or a
linear or branchedbadiyl Raking*1 tand dafbordattdinal @rnibfiznentiemdsivercfehidyforptasdnAn
Nb(=NR36)(NR37R38)3 (VI3): wherein R36 R37 and R38 identical ifferent, in ntly...
represent?gn E‘Qﬁdr{)%%gnna%ot% ol Il‘?leiénreoarrb%ncﬁae#éﬁk?ﬁ ﬁqaﬁ\)r(:l ng%\;fé% ?:a% oEral aﬁ%ﬁﬁpdﬂ%m&
Niobium derivatives, such as Nb(OMe)s, Nb(OEt)s, Nb(NMey)s, Nb(NEty)4,

Nb(NEt;)s, a niobium derivative of the formula (Vi4):
Nb(OR?}4(O-C(R*®)(R*)-CH,-OR) (Vi)
wherein R27, R28, R and RSO, identical or different, independently represent an

15 hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms,
preferably Nb(OE)4(OCMe,CH;-OMe) (NBT-DMAE), a niobium derivative of the
formula (Vi2):

Nb(OR™)(O-CR**)(R™)-CH-N(R*)(R™)] (V)
wherein R¥, R% R®, R* and R®®, identical or different, independently represent

20 an hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms, a

niobium derivative of the formula (Vls):

Nb(=NR>*®)(NR*’R%); (Vls):
wherein R*®, R¥ and R, identical or different, independently represent an
hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms;

25 lanthanide derivatives, such as scandium derivatives, yttrium derivatives,

cerium derivatives, praseodinum derivatives, gadolinium derivatives, dysprosium

derivatives, erbium derivatives, lanthanum derivatives, a derivative with at least

one PB-diketonate ligand or at least a cyclopentadienyl ligand optionally

substituted with one or several linear or branched alkyl groups having 1 to 6
30 carbon atoms;

divalent metal derivatives , such as strontium (Sr), barium (Ba),

magnesium (Mg), caicium (Ca) or zinc (Zn) derivatives, with at least one

B-diketonate ligand or at least a cyclopentadieny! ligand optionally substituted



25 lanthanide derivatives, such as scandium derivatives, yttrium derivatives, cerium derivatives,
praseodinum derivatives, gadolinium derivatives, dysprosium derivatives, erbium derivatives,
lanthanum derivatives, a derivative with at least one (3-diketonate ligand or at least a cyclopentadienyl
ligand optionally substituted with one or several linegy or branched alkyl groups having 1 to 6 30
carbon atoms; divalent metal derivatives , such as strontium (Sr), barium (Ba), magnesium (Mg),
calcium (Ca) owzihm(@nc)aideew/atazememtlma!b#eashedai@i@k@h@lsane\hggn‘dtorammmaatoms
cyclopentadienyl Ilgan _ ubstJ[tuted 11 W|thtone raI I rLor br m: e% aijk rﬂroups
having 1 to 6 carbon &toth e \%ﬁ/ N 'ten 'T% >§' afnium
(Hf) or zirconiu(hif)Zey denuatmas(Z:)rcm«amm@Shémlh&amdmlmmsoﬂyeiawabvelerMmesrm adducts
containing thes ‘? E’, ies bem%ij gs}arsto d that said 5 derlvatlv s.are r|110t com 8@%5 és of%?e formula
(I1) as hereinbe 8”3 gr AL I AN %%.eft%l),l S empodt %n?et 50 88 Mereinbefore
defined, CmnprMVaﬁmemd?) nmlhemwpﬁmdsIe&ﬁh@»rﬁmmmm@tﬁbsdﬁmb@fmmdém the formula

(1), and if necessary, the ardeas one M2 met%ﬁ%maml .Ir'%cunrtsc%p |smlﬂ.lgjéxgg 0 at I%a§t one

reactant SpECIe pI’IOI’ C&%I’ &g| tﬁ@ocoﬁ{e% gr nuon Feas? one reac an spe(%els

chosen in relatiefiredhedarpeted metal based film, which is expected According to another
embodiment, the reactgnt e is,an oxygen .source and more rtlc gen O en
containing radicals 00 2\ gﬁb&ils oerr?ri]g)t{aar?c&eﬁg%ﬁ%ré)t%% y g Ferar?o(i asm one ﬁgﬁ%nﬁ%lsture
(H20) and H20frmnthrtiBiaedtireatedayrding & maetfmnemf)@dmmmﬂmmmmemels a
nitrogen ource an%;&nO@| gg coularl nitro en(% mgo&)en contglnlng radicals such as N', NH',
NH2, am onlanmﬁ ), hydraz ?ﬁ ﬁ[( [6F aryP 5 derivatives, and mixtures thereof.
According to another bnhlbedmm thfdhe avtantispetie Btﬂmﬂstaonﬁrmﬁnaahﬁp@miekygﬁmswﬁne and

more partlcularlglamh 't\é%e target 200 mb&la%%%saé] ﬁ[thu es‘r{[ﬁ'se Eg(%fected

According to another embodiment, the reactant specie is an oxygen

source and more particularly oxygen (O»), oxygen containing radicals O° or OH”,
15 for instance generated by a remote plasma, ozone (Os), moisture (H20) and
H>O, and mixture thereof.

According to another embodiment, the reactant specie is a nitrogen
source and more particularly nitrogen (N2), nitrogen-containing radicals such as
N°® NH® NH,*, ammonia (NHs), hydrazine (NH>NH;) and its alkyl or aryl

20 derivatives, and mixtures thereof.

According to another embodiment, the reactant specie is both a nitrogen
and an oxygen source and more particularly, NO, NO2, N2O, N»Os, N2Os and
mixtures thereof,

Depending on the ratio N/O, which is required, the reactant specie which is,

25 if necessary, used in the method as hereinbefore defined, may be either an
oxygen source, either a mixture of an oxygen source and of a nitrogen source
either both an oxygen and a nitrogen source or a mixture thereof.

According o another embodiment of the invention, if the targeted metal
based film contains carbon, such as for example without limitation metal carbide

30 or metal carbonitride, at least one reactant specie is a carbon source more
particularly, methane, ethane, propane, butane, ethylene, propylene, t-butylene,

According to another embodiment of the invention if the targeted metal

based film contains silicon, such as for example without limitation metal silicide,



Depending on the ratio N/O, which is required, the reactant specie which is, 25 if necessary, used in
the method as hereinbefore defined, may be either an oxygen source, either a mixture of an oxygen
source and of a nitrogen source either both an oxygen and a nitrogen source or a mixture thereof.
According to another embodiment of the invention, if the targeted metal based film contains carbon,
such as for example without limitation metal carbide 30 or metal carbonitride, at least one reactant
specie is a carbdiccouttgansite e ticdiidyg; cadtbamjdehab & gebpanea thatane) extleyls mesipcopylene,
t-butylene, According to e}_lnother embodiment of the invention if the targeted metal based film
contains silicons,oquc gg?oraeSXample without limitation metal silicide, 12 silico-nitride, silicate or
silico-carbo-nitride, atdedisivange atsiplaspipa e disdasibc(Bi Bajrcesdaok 4SiHgjloatoeytisihdaoiine,

disilane (Si2HG), trisilane (Sj ), alkoxysilane of the formulas,(1111),(1112) or (1

eroberors AR s S Bl R 5D A DR R AR e )2
(BDEAS)) and fhinkiives3)) eRddf( MidtBedin @ T ak)t Heit-h évicujar BbbA& hent] thedusthdbeasof.
hereinbefore defined, comrprise: - a stiﬁ q, wherein the at least ?nﬁ)g/l;nrgﬁ;lal conyﬁininﬁéjergcursor of

the formula (II) and ifahceccoegs':n t,otr?en N gﬁ%ui\ﬂ et érgr?trélhlng precuorgoar,slsei“:())i mixed to at

least one reactdefispdcempinieaeaction chamber. The mode of introduction of the at least one M1

metal containing precursgy _of the formula (11) and if necessary, the at least one M2 metal containing
orecursor, and the at e 1R e AL R P B B e B e
mode of deposftonufithid) fmdoin tleesstmtyatbeTidenstabce iviimrelal Spnéainisgrpmwlitser réactant

e e AT S R gt process o
example in a pulsed Titeelifled atimtrtajertivepafsiiornpersssneidlencthbcarEasingnardtursetal
o e AR L e e s b
separate pulseand itha ptilsedtchesicakiamiospdejgositibe peactiss whemsiethpeaticdiyt depeltisetal
containing pre%unrst%reorf},]tgge of deposition of the film on the substrate. The metal containing
15 precursors and the reactant species are generally introduced simultaneously in a
chemical vapor deposition process, or sequentially in an atomic fayer deposition
process or according to several combinations, as for example in a pulsed
modified atomic layer deposition process wherein the at least one M' metal
containing precursor of the formula (If) and if necessary, the at least one M* metal
20 containing precursor, are introduced together in one pulse and the at least one
reactant specie is introduced in a separate pulse; or in a pulsed chemical vapor
deposition process wherein the at least one M' metal containing precursor of the
formuia (I} and if necessary, the at least one M? metal containing precursor, are
introduced by pulse and the at least one reactant specie is introduced
25  continuously.

According to another of the invention, the at least one reactant specie is
passed through a plasma system localized remotely from the reaction chamber,
and decomposed to radicals.

According to another embodiment, the step (b) of the method as

30 hereinabove defined, consists of a step (by) of mixing at least one first metal
containing precursor of the formula (I) together with at least a second of the
following precursors: M'(NMez)s, M'(NEt2)s, M'(NMeEt)s, M'(mmp)s, M'(OtBu)s,

M1(OtBu)2(mmp)2 and mixtures thereof and a step (b,) of vaporizing said mixture.



formula (I) and if necessary, the at least one M2 metal containing precursor, are introduced by pulse
and the at least one reactant specie is introduced 25 continuously. According to another of the
invention, the at least one reactant specie is passed through a plasma system localized remotely from
the reaction chamber, and decomposed to radicals. According to another embodiment, the step (b) of
the method as 3o hereinabove defined, consists of a step bil of mixing at least one first metal
containing precursor @fdberfing iz éll)rtmgetlpamvjﬂhmt%a!sodimmdm thﬂeﬁuﬂilowiogqm@usrsmrs

M'(NMe2)4, M'(NEt2)4, M'(NMeEYH4, M tBu M'(QtBu)2 2.and m| es thereof
2 stop (62) STV BRI ST e S g 0 A SO
invention concéiins ecometixdcsa hempmﬁfdrefdemmnnﬂde{nowﬁ"mmh draddl nmtwnmgaimt@tnc
film comprising a co und the form f;' 111 wherein the M1 metal containing precursor is of the

formula (Ili): 5(53{ 11 corresponding to the formula (Il), wherein x=0, z=1

and R' repﬁese}ntj the group N(R39)?.6%0)3)\I\M{?ilds§fh3?<®4%)ﬂw Rﬁo idexiiigal or dlffefrent mdgpendently

represent an rogen atom ear or a ro aving fram one to fqur, carbon atoms

an alkylsilyl groélljp, e%rl?ereln b Orr%nlﬁjp ?s(nﬁnear or rgncﬁeé to%ancf[ has er%rl%sgn% t@?o%?oég)rbon

atoms, a dialkyl$iif ¢, \mim“n ééf’@keaktkﬂ”*&roimhdahbca:l|ﬁemﬁ!3remtdpmndeetk§rtmrﬁen9ar or

branched and has fro Lone t fourc rbon atoms or rou wher n each alk roup,
ek sl

en a mear o branc U avm om on
identical or dlf%reHY the o?ﬁﬂer Is linear or branc¢ gm one our car o oms 15

According to a cachepaticniradkdisigingthe invbetiEin toacdkys grouptisothasherdindetbred
defined, of depo n of.a metal containin 'elec ric_film ¢ g asompat und .of the formula (11):
R R R R S B RIS S R e

M102 (11) correspondl WhérSinH erein't
containing precynaaqp, wm|wmumﬂe®nsfmomm thdimganprdoasistind ahd HESHREI2one

Hf(MeCp)ZMe%b%%P é Ct%%ﬂy cf:' Met%B?k %%yi%fr% E)Mv(\?lga: Mneéach alkyl group, identical or
different from the other, is linear or branched and has from one to four carbon
atoms

15 According to a more particular embodiment, the invention concerns a
method as hereinbefore defined, of deposition of a metal containing dielectric
film comprising a compound of the formula (1):
M'O, (h):
corresponding to the formula (1}, wherein a=0, b = 2 and ¢ = 0, wherein the metal
20  containing precursor of the formula (Il} is selected from the group consisting of:
HfCp,Cl,, Hf(MeCp).Me;, HfCp(MeCp)Cl;, Hf(MeCp).Cl,, HfCp(MeCp)Me:,
Hf(EtCp)(MeCp)Me,, HI(EtCp).Me,, Hf(MeCp)(CO),, ZrCpoCly, Zr{(MeCp).Me,,
ZrCp(MeCp)Cly,  Zr(MeCp),Cl,,  ZrCp(MeCp)Me,,  Zr(EtCp)(MeCp)Me,,
Zr(EtCp).Mes, Zr(MeCp)z(CO)s, Zr{MeCp)(NMejz)s, Zr(EtCp)(NMey)s,
25 ZrCp{(NMejy)s, Zr(MeCp)(NEtMe)s,, Zr(EtCp)(NEtMe)s, ZrCp(NEtMe)s,
Zr{MeCp)(NEt;)s, Zr(EtCp)(NEt:)s, ZrCp(NEL)s, Zr(iPraCp)Y{NMes;),
Zr(tBu,Cp)(NMey)s,  Hf(MeCp)(NMes)s,  H(EiCp)(NMez)s, HfCp(NMey)s,
Hf(MeCp)(NEtMe)s, Hf(EtCp)(NEtMe)s, HICp(NEtMe);, HF(MeCp)(NEL)s,
Hf(EtCp)(NEty)s, HFCp(NEt,)s, Hf(iPrCp)(NMes)s, Hi(tBuCp)(NMez)s
30 and mixtures thereof.
According to a more particular embodiment, the invention concerns a
method as hereinbefore defined, of deposition of a metal containing dielectric

film comprising a compound of the formula (Io):



Hf(EtCp)(MeCp)Me2, Hf(EtCp)2Me2, Hf(MeCp)2(CO)2, ZrCp2CI2, Zr(MeCp)2Me2, ZrCp(MeCp)C12,
Zr(MeCp)2C12, ZrCp(MeCp)Me2, Zr(EtCp)(MeCp)Me2, Zr(EtCp)2Me2, Zr(MeCp)2(CO)2,
Zr(MeCp)(NMe2)3, Zr(EtCp)(NMe2)3, 25 ZrCp(NMe2)3, Zr(MeCp)(NEtMe)3, Zr(EtCp)(NEtMe)3,
ZrCp(NEtMe)3, Zr(MeCp)(NEt2)3, Zr(EtCp)(NEt2)3,,4rCp(NEt2)3, Zr(iPr2Cp)(NMe2)3,
Zr(tBu2Cp)(NMe2)3, Hf(MeCp)(NMe2)3, Hf(EtCp)(NMe2)3, HfCp(NMe2)3, Hf(MeCp)(NEtMe)3,
Hf(EtCp)(NEtMe)3, HFCp(NEtMe)3, Hf(MeCWGNB\Pc)S, Hf(EtCp§(NEt2)3, HfCp(NEt2)3,

HIGP2CENVIEZ)R, HIBECRNUSRIR 3R 3 IRSHES J09eRls ACEOIIDG 9 Hote parter

embodiment, the inven ncerns a me eréinbefore defined, of deposition of a metal
containing dieledteceiilrtheometidicgraaompoorsd afsdbredd theilko (AR) 1 41)Md Ol edted1frpm the

o esponn 15 SN HOA, eb gl TABERS, Wi pee
Hf(MeCp)2MeHSIGMMEOME1 2, I Cp)dBap i p(MpMe2Viaf(EtCdj(MeCp)NeR):,
ZH(ECo)MoCANEE (RSN S (LRSS S RS B RN
ZrCp(NMe2)3, Zr(fEpp)ieEiMe) ZrVEIDRICEIMe)3, Z(BIRNENNB)S,) L (MeUHNEINd e2)s,
HH(E P (NMeZ LMz LHHACE) NS, A SN O
Hi(MeCp)(NEtZ)AMBBEXBIEIUNE2)3, EACHINEIIES: HifiPr2ZIS)(NNER)S, Hi(IEuipRpiNdRa)and
nercinbefbie BN o BB of B el P i CBOAMEEHE of the
formula (13): (MiMe M QENIE)3) coifesiemiigtidane folitR(NFMeeein bIKMaGr) (b0,
20 HiCp2C12, EHTROUN R e TLRe L2 R p TR e T R A ©*
mixture thereof.

According to a more particular embodiment, the invention concerns a

15 method as hereinbefore defined, of deposition of a metal containing dielectric
film comprising a compound of the formula (Is):

(M1 M) O (1s)
corresponding to the formula (1), wherein 0 = a < 1 and ¢=0, wherein the metal
containing precursor of the formula (ll) is selected from the group consisting of:

20  HfCpCly, Hf(MeCp),Me;, HfCp(MeCp)Cly, Hf(MeCp).Cl;, HfCp(MeCp)Me,,
Hf(EtCp)(MeCp)Me,, Hf(EtCp).Mesz, Hi(MeCp)2(CO)2, ZrCp,Cly, Zr(MeCp).Mes,
ZrCp{MeCp)Cl,,  Zr(MeCp).Cl,,  ZrCp(MeCp)Mesz,  Zr(EtCp)(MeCp)Mey,
Zr(EtCp)oMey, Zr(MeCp),(CO)a, Zr{MeCp){(NMe,)s, Zr{EtCp)(NMe,)s,
ZrCp(NMey)s, Zr(MeCp)}{NEtMe)s,, Zr(EtCpXNEiMe)s, ZrCp(NEtMe)s,

25 Zr(MeCp)(NEt;)s, Zr(EtCp)(NEty)s, ZrCp(NEt)s, Zr(iPr,Cp)(NMe3)a,
Zr(tBuCp)(NMey)s, Hf(MeCp)(NMey);,  H(EtCpj(NMeg)s, HfCp(NMey)s,
Hf(MeCp)(NEtMe)s, Hf(EtCp)(NEtMe)s, HICp(NEtMe)s, Hf(MeCp)(NEL;)s,
Hf(EtCp)(NEt:)s, HFCp(NEL,)s, Hf(iPr2Cp)(NMeg)s, Hi(tBuCp)(NMez): and the M?
metal containing precursor is preferably selected from the silicon derivatives or

30 their germanium homologues, the tantalum derivatives, lanthanide derivatives,
and the magnesium derivatives as hereinabove defined.

According to a more particular embodiment, the invention concerns a

method as hereinbefore defined, of deposition of a metal containing dielectric



Hf(EtCp)(MeCp)Me2, Hf(EtCp)2Me2, Hf(MeCp)2(CO)2, ZrCp2C12, Zr(MeCp)2Me2, ZrCp(MeCp)C12,
Zr(MeCp)2CI2, ZrCp(MeCp)Me2, Zr(EtCp)(MeCp)Me2, Zr(EtCp)2Me2, Zr(MeCp)2(CO)2,
Zr(MeCp)(NMe2)3, Zr(EtCp)(NMe2)3, ZrCp(NMe2)3, Zr(MeCp)(NEtMe)3, Zr(EtCp)(NEtMe)3,
ZrCp(NEtMe)3, 25 Zr(MeCp)(NEt2)3, Zr(EtCp)(NEt2)3, ZrCp(NEt2)3, Zr(iPr2Cp)(NMe2)3,
Zr(tBu2Cp)(NMe2)3, Hf(MeCp)(NMe2)3, Hf(EtCp)(NMe2)3, HfCp(NMe2)3, Hf(MeCp)(NEtMe)3,

Hf(EtCp)(NEtM)B, dofEp(aiEtMeid e pf(MER)BN L (ELEP) (NEL2)3, HICP(NEL2)3,

Hf(iPr2Cp)(NMe2)3, Hf(tBuZCp)(NMeZ)glﬁnd tM@ IXIE} rﬂetal contai Jg)g precursor is preferably selected
from the silicon derivatives or 30 their germafiumthotholbgues, the ‘tdntalum derivatives, lanthanide

derivatives, anchthespahesitmtdefvatings g3, hdieneabOve defineshd\Ccordin@1b, avimenampérecular

embodiment, the inglentio cancerns a methog as hefreianfor defineﬁ, o{ d pfcgsitio of a mStaI
containing diel&&Hg' 15° ’%g%ﬁ?fsﬁﬁrgoéor%pouﬁd Sfthedo ulés(f ?ﬁfﬁ-a%a@‘%bgl(ﬂ: &4)
corresponging totsesfiorgnulaf(l) Hies€ih 0 HfévieCpntie.< c KICp8/abp)Ein, thetfiihdtdl mpbiaining

FicpecnC T GURCRYJES. Ml ocs Hie co Ve CARS: LR O
Hf(MeCp)2(COLC #%KCin2 A Me(Webin2M a2 CHEHUSCH) C 12 MVieloP)2 C 12 ZpQuddeiphle?,
Zr(Eth)(MeC%ﬁ@% Zgéﬁé(éo{%ﬂ)ﬂﬂ Zé%%é%g)z, %%e%%% ,3, % Wﬁ
ZrCp(NMe2)3, Zr (& e%’% Zr(EICp &3, to 21Cp €)3, Zr( p t2)3,
Zr(EtCp)(NEt2)By(EtCp{(INEiz)3s, Zr(IProGiiiddr2)3, Zr(tBeCGNEMED)3, HIPMECR)IINELR)S),
VAN D PHERRINEL2)s, S HISIEDIS 2 AR E s RO the w2
metal containingrpRre0rsok M@j@fgrmm@p@w\ﬂé;ﬁ@m &Iﬁé\hlmm)ﬁwwwjvéjf(ﬁu@gy(lg&mmium
oot L Sl T S T S e
containing preddfddeGiNativiged intbifiE Cag ittt Ag cordihidgCp (@tiather embdidifre@pifidMagntion
concerns the u?ﬁ(%&?&p)(NMez)s, the M? metal containing precursor is preferably selected
15 from the silicon derivatives or their germanium homologues, the tantalum
derivatives, lanthanide derivatives, and the magnesium derivatives as hereabove
defined, and at least one oxygen containing precursor and at least one nitrogen
containing precursor is introduced into the reactor.
According to another embodiment the invention concerns the use of the
20 compounds of the formula (ll) as hereinbefore defined, to make dielectric fiims
more particularly for integrated circuits or in the preparation of Metal Insulator
Metal (MIM) architectures for Random Access Memories.
According to another embodiment, the invention concerns a compound
the formula (li4):
25 (RACPIM'IN(R*™)(R™)]s (1)
corresponding to the formula (1), wherein x = 0, z = 1 and R’ represents the group
N(R*)(R*®), wherein R* and R*, identical or different, independently represent
an hydrogen atom, a linear or branched alkyl group having from one to four
carbon atoms, an alkylsily! group, wherein the alkyl group is linear or branched
30 and has from one to four carbon atoms, a dialkylsilyl group, wherein each alkyl
group, identical or different from the other, is linear or branched and has from one
to four carbon atoms or a trialkylsilyl group wherein each alky! group, identical or

different from the other, is linear or branched and has from one to four carbon



20 compounds of the formula (11) as hereinbefore defined, to make dielectric films more particularly.
for integrated circuits or in the preparation of Metal Insulator Metal (MIM) architectures for Random
Access Memories. According to another embodiment, the invention concerns a compound the formula
(111): 25 (R 2tCp)M1[N(R39)(R40)13 (111) corresponding to the formula (11), whereinx =0,z =1
and R' represents the group N(R39)(R40), wherein R39 and R40, identical or different, independently
represent an hy@iogen atom, a linear or branched alkyl group having from one to four carbon atoms,

lkylsilyl , Wherein the alkyl IS li hed 3 d has fr f b
atoms, & iyl ofSCR SRl cAct AN Bloue HGHLESTbr Mfork R HRY, lntbar o

branched and kasrivonrane tocfdormathgh, atasTiscosialtadiyl sibfirgsdypmhdreiniRgaR T alkyl Rbup,
identical or different from the other,.is linear or branched and has.from gne,to,four carbon 16 atoms.
According to & SAALPL GO RE R P RIEENS Lo A RAARGLER e TOITR MY s
hereinbefose defimgld prapsiieindzo B3 oamg, Resb utnseatsutyittere nerirlepeodantly, sptenors a
I S AR, o ol et e
ZrCp(NMe2)3, Zr(MeCp)(NFty)e)3, Z(ENCD(INRIES)3, ZIDiipRiMe)B, Zr(Me@mOsigEiMe)s,
FHECPNMASHHE RS, HORSHEIRES, FEE BRI HICHETBLE o
Hf(MeCp) (NEtZRC p{NEIDR) (NEZ2)BrHOON(INEL)3, HTRBGIOOMNRRD, HI(BURGRTMKIDS);,
et M I BHR o2 3 R GE)2. P CAGI55: i (MEE R ke
HfCp(NMe2)3. HifiysiN&itiliedsin the arf(vile Credipiirasthat theHfigrEdpg ok ) metal-okigpiNiei)pounds
could be used [ iy A RARBICHIRE ) KGR

According to a more specific embodiment, the invention relates to the
following compounds:

15 Z(EtCp)(NMey)s, Zr(MeCp)(NMes)s, ZrCp(NMe,)s, HF(EICp)}(NMes)s,
Hf(MeCp)(NMe;); and HfCp(NMes)s.

Those skilled in the art will recognize that the hereinabove
metal-organic compounds could be used for any other applications than vapour
phase deposition processes, such as catalysts or any other industrial process or

20  application requiring the use of metal-organic compounds...

According to another embodiment, the invention concerns a process for
the preparation of a compound of the formula (1l1) as hereinabove defined, which
comprises:

a step 1, consisting of the preparation of the compound of the formula

25 (Vil):
(RECp)M'Cls (V1ly)
wherein M', R? and t are as hereinabove defined for the formula (I}, by the
reaction of M'Cls with (R%Cp)Na :

a step 2, consisting of the reaction of the compound of the formula (VIi4)

36 prepared in step 1, with NH(R*}R"), to produce the compound of the formula
(1h).
According to a last embodiment, the invention concerns the following

compounds of the formula (ll) as hereinabove defined:



phase deposition processes, such as catalysts or any other industrial process or 20 application
requiring the use of metal-organic compounds... According to another embodiment, the invention
concerns a process for the preparation of a compound of the formula (lli) as hereinabove defined,
which comprises: a step 1, consisting of the preparation of the compound of the formula 25 (Vill):
(R2tCp)M'CI3 (VII1) wherein M', R2 and t are as hereinabove defined for the formula (ll), by the
reaction of M'CH (BRI MidVaCateppe, considtiiepafittes reaction of the compound of the formula
(V1) 30 prepared in step 1, with NH(R39)(R40), to produce the compound of the formula (lli).
According to a last embodiment, the invention concerns the following compounds of the formula (1) as
hereinabove defined: Tie Hi{E@ipiPtiedn ZEa@piaN k& valiv(EoC )2 MadoTine follodiimg eisadiiples
are an illustratign_of the v rlous m f h tlnventlon without being a limitation. 5
Example I De;ﬁc])snoon 0 migtV oxu?é%?% %ﬁ%gwé gl{%ﬁ gl%g ‘preferably hafnium and zirconium The
film to be deposited comprlses a compound of the formula () Whereln a=0,b=2andc=0.10To
make the depogition sychufilm on g8, _ trcﬁﬁ}c%tonmanufectu eMIM
structures for O Re nEed e e M thetats ' o
introduce it lntmmr@ﬁcmdmefmaWnHafmum or erconlum) to |nject an oxygen source, preferably
moisture, oxygen or ald reactor, react the roducts at app e te ture 15
(preferably between 1@6%& 8(‘})8888 ‘éscé{ﬂf‘é’ %&%@%@W@ ?f%aeé § ?El 5'for the
duration necesaarwtmacm@r&jmthe] a thin film deposmon on the substrate or to f||| out deep trenches

by ADD o pulse CVDG0ees equsnlal RUT IR HHAN S e Bl AgUIrsP SleaRsesPrne dagyder ©

R AE R

trench to manufacture MIM structures for DRAM, one need to vaporize the vk
metal source as defined in step (b) and to introduce it into the reactor (preferably
Hafnium or Zirconium), to inject an oxygen source, preferably moisture, oxygen
or ozone into said reactor, react the products at appropriate temperature

15 (preferably between 150°C and 350°C) and pressure (preferably between 25 Pa
and 1000 Pa) for the duration necessary to achieve either a thin film deposition
on the substrate or to fill out deep trenches by ALD or pulse CVD process
(sequential pulse injection of metal sources are necessary in order to allow
regular deposition of the oxide in the trench to progressively fill out this trench

20  and provide no voids in the dielectric film and therefore no defect in the capacitor
dielectric film).

The dielectric film shall have the desired final composition {(here
essentially variations of the b value around 2 modifying the ratio of precursor to
oxygen source).

25 Three examples of types of compounds of the formula (ll) were chosen
according to the three following options a, b or ¢:

a) The compound of the formula (ll) is chosen from Zr(MeCp).Me,,
Zr(EtCp):Me;, Hf{MeCp).Me; and Hf(MeCp).Me;.

Delivery of molecules in liquid form is usually carried out by bubbling an

30  inert gas (N2, He, Ar, ...) into the liquid and providing the inert gas plus liquid gas
mixture to the reactor.

b) The compound of the formula (if} is chosen from Zr(2,4-Me,Op).Me;
and Hf(2,4-Me,Op),Me:.



regular deposition of the oxide in the trench to progressively fill out this trench 20 and provide no voids
in the dielectric film and therefore no defect in the capacitor dielectric film). The dielectric film shall
have the desired final composition (here essentially variations of the b value around 2 modifying the
ratio of precursor to oxygen source). 25 Three exam&les of types of compounds of the formula (l1)
were chosen according to the three following options a, b or c: a) The compound of the formula (I1) is
chosen from Zr(MeCmRMéheZr(Etomdivte?, Hcﬁ@Me&@ZMEﬂrauhh Hf(MeCp2Mehdaelhverjrom
molecules in I| lly.carried ou as (N2, He, Ar, ...) into the
liquid and prov ﬁ{é?#éq @efﬁ?g&hﬁ é%@%ﬁ%& @@Q&%) The compound of the
formula (I1) is chosen Tﬂ@mcﬁd&@&‘hMeﬁﬁlp)EhﬁQbarm'éf&%é{M@Emp)ﬂl\ﬁeﬁtalBJr@, Thegeam@ynd of
the formula (Il) is chosen 10 % 2 e2 Eﬂ\/lez nd Hf(Me )é§i4-M 2 gMeZ The oxygen
source shall be YRS T Ol IRSAREHG o g (G0 Ty e R a R LT GO,
such as radlcalpigsmﬁegaﬁdmy,&mm@,tedﬁ, Wh@nbﬁ@gsmmsmm‘(eizl@@ahﬁﬁgﬂpz moisture (H20)
and H202. Regarding the deposition process by itself, the reactants can be introduced into the reactor
simultaneously (chemical vapor deposition), sequentially (atomic layer deposition) or different
combinations (one exRepdedmng0 thdntdegusHioretalrscarze dyd thebthérenetaldantse tagetber in one
pulse and oxygen in a separ ulse [modified.ato |c Ia er depgsition]; another option i
introduce oxyg ggﬁ'ffﬁ OJQI?? rih?orf b P(SdL?ci ane Fé’ou@e é@lse’ a(%?fse ERgm?QAI vapor
deposition). 15éxmptlally Repoditizyef amxasmm)mmmmmmmmmb@ng eehepidbiy
Hafnium and Z rcolum The fllm Ito be depo?n C{Brjé)rlse? 3 comg l% Ff_fthe formula Whe ein

S SShT osIsC AT Liion given INEXample'| ’“soa“p?pPé' ?e iiCthis

a=0 and b and '€ ¢ ation given i [
Example Il, oxygenina separate pulse [modlfled atomic layer deposition]; another option is

to introduce oxygen continuously and/or to introduce the metal source by pulse

{pulsed-chemical vapor deposition).

15 Example Il: Deposition of metal oxynitride films M'ON with M’ being

preferably Hafnium and Zirconium

The film to be deposited comprises a compound of the formula (1) wherein
a=0 and b and c are different from zero.
All the information given in Example |, is applicablie in this Example I,
20  except that nitrogen needs to be introduced into the reactor.
The nitrogen shall be selected from a nitrogen source selected from the
group comprising nitrogen (N2}, ammonia, hydrazine and alkyl derivatives,
N-containing radicals (for instance N°, NH®, NH>*), NO, N,O, NO, or the like.

25 Example Hi: Deposition of M'M2 metal oxide films with M’ bsing preferably

Hf or Zr and M? being preferably Si or Al

The film to be deposited comprises a compound of the formula (1) wherein
a#0, b#0 and ¢c=0.
All the information given in Example [, is applicable in this Example 1,
30 except that a M* metal source is additionally needed.
The M? containing precursor is also introduced into the reactor to crate the
M? source of metal. This M? containing precursor source shall be preferably:

a) a silicon (or germanium) source, for example Si{OH){OtBu);,



20 except that nitrogen needs to be introduced into the reactor. The nitrogen shall be selected from a
nitrogen source selected from the group comprising nitrogen (N2), ammonia, hydrazine and alkyl

derivatives, N-containing radicals (for instance N', NH', NH2"), NO, N20, NO2 or the like. 25 Example
[Il: Deposition of M1M2 metal oxide films with M’ beiqg preferably Hf or Zr and M2 being preferably Si
or Al The film to be deposited comprises a compound of the formula (I) wherein a#0, b#0 and c=0. All
the informationQjhExiie BxdMmilldIAR)a BiiHedihétBuhiBH BahE) end, S30 eMetph HBDEAS metal source

is additionally needed, .The M2 contalnln%g ursor |rsna [A\k@{ (@Cﬁcynt]p the reactor to crate the M2
source of metal. This fgo?{%ﬁl]%lse Sor bGREINS S? &rd I>9 a) a silicon (or germanium)

source, for example SH{QHYOBW)S, (&P nBibi(M e2)3r¢&i BV ASarH 2 OBER . (BEBAS)aadd
SiIH2(NEt2)2 ( al ﬁ:]gr mple AIMe2(OiPr); or c) a tantalum (or niobium)
source, for exa Bﬁ%fé‘%@% %ﬁ&fg l:@fg}ﬁ)(OCMe2CH2-OMe) (TATDMAE); 5 The
invention is dlrected ta Neenm\&mimhue dirdttet tod fitntepbibdo i dield ctittdilensugfitbe furchudes a
wafer, in a rea smg ALD gVD hMOCVD ulse CVD rocessezélzﬁ 'ﬁ @smo of M1M2
metal oxynitrld gﬁnﬁy %HS ﬁ@sp%é’\’g Blynl-ﬁ 6? hd T lr s §\9 e‘r Yé%g? t‘R‘IJ Re film to
be deposited c@vprisescagsmrpound of the formula (I) wherein a#0, b#0 and c#0. All the information

given in Example Ill, is applicable in this case, except that nitrogen needs to be introduced into the
reactor. 15 The nitrogen source shall be selected from the group comprising nitrogen (N2), ammonia,

hydrazine and EbkaheistévdvveBidyasittaiminf ratiisisnifets insteywitrid o\ Filrhi- 20ith VN 2ihi 2

Example V. Synthes clopentadienyl) tris(dimerhylamino) 20 zirconium, Zr(EtCp)(NMe2)3
zr(EtCp)(NMe W] ﬁ ge}/n? gg‘lerag%%n

The film to be deposuted comprises a compound of the formula (1) wherein
a#0, b#0 and c#0.

All the information given in Example 1ll, is applicable in this case, except
that nitrogen needs to be introduced into the reactor.
15 The nitrogen source shall be selected from the group comprising nitrogen
(N2), ammonia, hydrazine and alkyl derivatives, N-containing radicals (for
instance N', NH', NH»), NO, NoO, NO..

Example V: Synthesis of {ethvlcycliopentadienvi) ftris{dimethviamino}

20  zirconium, Zr{EtCp){(NMe-),

Zr(EtCp)(NMe,)s is prepared in 3 steps.

The first step is the preparation of Zr(EtCp)Cls by the reaction of (EtCp)Na
over ZrCl,;

The second step is the reaction LiNMe; with Zr(EtCp)Cl; to produce

25 Zr(EtCp)(NMe,)s. The resulting compound is purified by distillation. Overall yield

was 35%.

(Ethylcyclopentadienylitris(dimethylamino)zirconium has been found to be
a stable liquid pale yellow compound.

TGA analysis of Zr{EtCp)(NMe>)s

30 The thermal gravimetric apparatus was stored in an argon glove box with

moisture and oxygen content maintained below 1ppmv. Thermal gravimetric
analysis was performed by placing a 35mg sample in an aluminum crucible. The

sample was then heated at a 10°C/min temperature ramp from 35°C to 400°C.



The first step is the preparation of Zr(EtCp)CI3 by the reaction of (EtCp)Na over ZrCl4; The second
step is the reaction LiINMe2 with Zr(EtCp)CI3 to produce 25 Zr(EtCp)(NMe2)3. The resulting
compound is purified by distillation. Overall yield was 35%.
(Ethylcyclopentadienyl)tris(dimethylamino)zirconium has been found to be a stable liquid pale yellow
compound. TGA analysis of Zr(EtCp)(NMe3 30 The thermal gravimetric apparatus was stored in an
argon glove boXwétimmeistise wad oxygrorednientnianctdoredbéleveippitsie Tgmpaaligravimiedric
analysis was perfarmed by placing in an aluminum crucible. The s was then
nontot t & 10CT G e o A S HETHEEILE 2L AOR Tl o
function of the esgailtiegteraiperiwe.Fithgrerdsidue level was 2.6% with full evaporation temperatures of
260C. The resulting graph is on Figure 1. 5 Example VI: Atomic Layer Deposition of Zr02 thin films
using Zr(EtCp)(NMe2)3 Zr(EtCp)(NMe2)3 is stored into a container. The container is heated at 90C
and N2 is ysedBeapier 0f atideicof bageem Ddpopitisntreghe Zzgntaitiginis ¢uniglledmigOTorr.
03 is used as oxyqgen source. The substrate is io heated at 350C. During a first step, Zr(EtCp)(NMe2)3
is introduced infS¥RE=ReENSRIEhamber during 2s. A N2 purge of 5s is performed afterwards as
second step. As thirdZ{gnCa pMBR05 08 istdred inflotershiaindheTractiontaimamehskiagats,
followed by a Zﬁﬁl% purge as fourth étep. All four steps aree{;epeaﬂtf%1 100 timi_ to obtain a ZyO2 film.
Self-limited atoffiic ta d&%oﬁti‘dﬁel FrAFATE 838 rfila? DM enISTHR bl o PR GuitASHf
analolgS- Sim”«'?{ﬁ?]ﬁi@ﬁé?i@rﬁérﬁﬂﬂibﬂ e0800Rd ®itly Heéaa@so@;yg%éhsmme@e.E?ﬁ?m)éfﬂbte is
Metal-Organic Chemical Vapor Deposition of ZrO2 usi r(EtC Me2 3.20 Zr(EtCp)(NMe2)3 is
Storedt It COTREIRE et Bt AT N D Dl S A Mt NGt
50sccm. The presstitshioHamrardaines Bsconiolrdqs 603916 getiiemnt\hie)dis snineskispag 02/N2
gas

step. As third step, a pulse of O3 is then introduced into the reaction chamber

during 2s, followed by a 2s N; purge as fourth step. All four steps are repeated

100 times to obtain a ZrO; film. Self-limited atomic layer deposition is obtained.
15 Similar experiments can be performed with Hf analogs. Similar

experiments can be conducted with H,O as oxygen source.

Example VIi: Metal-Organic Chemical Vapor Deposition of Zr0, using

ng ETCQ M NM92!3

20 Zr{EtCp)(NMey); is stored into a container. The container is heated at

90°C and N; is used as carrier gas at a flow of 50scecm. The pressure in the

container is controlled at 50Torr. Zr(EtCp)(NMes)s is mixed to an Ox/N; gas

mixture into the reaction chamber. The substrate is heated at 500°C. The

pressure inside the reaction chamber is set at 10Torr. A film of zirconium oxide is
25 obtained.

Similar experiments can be performed with Hf analogs.

Example Vill: Comparison of Zr(EtCp)}{(NMe,); and Zr(NEtMe}, thermal

behavior

30 Thermal gravimetric analysis is performed on Zr(EtCp)(NMez); and
Zr{NEtMe), in similar conditions. Thermal gravimetric apparatus was stored in an
argon giove box with moisture and oxygen content maintained below 1ppmv.

Thermal gravimetric analysis was performed by placing a 35mg sample in an



mixture into the reaction chamber. The substrate is heated at 500C. The pressure inside the reaction
chamber is set at 10Torr. A film of zirconium oxide is 25 obtained. Similar experiments can be
performed with Hf analogs. Example VIII: Comparison of Zr(EtCp)(NMe2j3 and Zr(NEtMe)4 thermal
behavior 30 Thermal gravimetric analysis is performeggl on Zr(EtCp)(NMe2)3 and Zr(NEtMe)4 in similar
conditions. Thermal gravimetric apparatus was stored in an argon glove box with moisture and
oxygen contentiuaiiriainecrbeiole. |Fravs ahinslenakbgraven ehéaethlysia IGS Qeriorteeodeyailaeing a
35mg sample in.an 21 alumi crucible. The sample was then heated at a 10€/min temperature
ramp from 35C ?pjbéewuﬁé%;%s@?s &v’?ia:is[hn%oﬁ?gr%gogg LRI of ﬁ%?eagracﬂécfgrﬂp%rg{?&re. In
closed cup configuistmnemperatacepdn Edetgus pladeriovisthe opimibéel comtaitidy tha) is
metal-organic ccimcp(?é.md to,slow down 5 the evapor tion.e'gai:s indicates the thermal tabilétg art1 higher
2 etisses :

temperature. TRE Tea IndIEarEd TR ZHE IS S RRIGR o tRB ARy RSSTE tRan

Zr(NEtMe)4, midengvih fortitesratiaciwedicatese the Thpon phakb jlitg cair soghEh éengsattdane SHewn on
Figure 2. 10 22 CLAIMS 1. Methgd pf it n a substrate. of at least one metal containing
cicloctc fim oSBT UR B G IR DS. 5 (OIne s NP2y Caa ey AR acs,

0 < b <_ 3, prefandiifiiMey < making i6 fubther<difrbotMé fepresems aapetapsetecmedrosohaliiem (Hf)
and zirconium %%dl?ngre'ws Ie rec;sr?r&tls am tal atom selected from magnesium (Mg), calcium (Ca),
zinc (Zn), bore (B), a umlnum‘fg),&'), A ﬁr% silicon (Si), germanium (Ge), tin (Sn), hafnium (Hf),

zirconium (Zr), titanium (Ti), vanadium (V), niobium (Nb),

10



tantalum (Ta); and the Lanthanides atoms, more particularly scandium (Sc), 15 yttrium (Y) and
lanthanum (La) and rare-earth metal atoms, which comprises the following steps: - A step a) of
providing a substrate into a reaction chamber; - A step (b) of vaporizing at least one M1 metal
containing precursor selected 20 from: Zr(MeCp)(NMg2)3, Zr(EtCp)(NMe2)3, ZrCp(NMe2)3,
Zr(MeCp)(NEtMe)3, Zr(EtCp)(NEtMe)3, ZrCp(NEtMe)3, Zr(MeCp)(NEt2)3, Zr(EtCp)(NEt2)3,
ZrCp(NEt2)3, Zr(iPr2Cp)(NMe2)3, Zr(tBuZCp)(NM’\%@Iﬁ&ﬂeCp)(NMeZ)S, Hf(EtCp)(NMe2)3,
HfCp(NMe2)3, Hf(MeCp)(NEtMe)3, Hf(EtCp)(NEt ) p(NEtMe)3, Hf(MeCp)(NEt2)3,
Hf(EtCp)(NEt2)3, HFCp(NEt2)3, 25 Hf(iPr2Cp)(NMe2)3, Hf(tBu2Cp)(NMe2)3, to form a first gas phase

metal source; - Optionally, a step k') of vaporizing at least one M2 metal containing precursor, M2
being a6 hereinabove AN AoRPAR BBIo A EU0R s BhAbd e GO S5 A RS ) of
introducing saiditsistcgés fplrasempelsingparcenapoisal bdfito fainsdadid gas phase metal source, in the
reaction chamber, in order to provoke theirico t with said substrate, to generate the deposition of a
metal containing 23 dielectric film comp@nbag\%g}n%%ﬁﬁd of the foﬁ)tnula (I) as hereinbefore defined,
on said substraitheteMethod according to claim 1, wherein the vaporization step b) and the 5
vaporization step b’) ag,e<cor<nt%ined in one vaporization step b") of both sources. 3. Method according
to one of claim 1 or 2 Whdtein'the M2 metal containing precursor, is selected from the group
consisting of: Silicon dexnEVgsooeitvabipdrfhanius2®mologues, such as: 10 disiloxane, trisilylamine,
disilane, trisilane, alk \ésilag'ﬁ of the formula: (1111) SiHx(OR3)4-X, (1111) wherein: 0 5x <_3 and
R3 represents a linea of Brarched hydrocarbon group having 1 to 6 carbon atoms; 15 silanol
derivative of the formiH (&piseSi{RH@RBIBtEY ¥ hafnium (Hf) and zirconium (Zr): and

M? represents a metal atom selected from magnesium (Mg), calcium (Ca),
zinc (Zn), bore (B), aluminum (A), indium (In), silicon (Si), germanium (Ge), tin
(Sn), hafnium (Hf), zirconium (Zr), titanium (Ti), vanadium (V), niobium (Nb),
tantalum (Ta); and the Lanthanides aloms, more particularly scandium (Sc),

15 yttrium (Y} and lanthanum (La) and rare-earth metal atoms,
which comprises the foliowing steps:

- A step a) of providing a substrate into a reaction chamber,;

- A step (b) of vaporizing at least one M' metal containing precursor selected
20 from: Zr{MeCp)}{NMey)s, Zr(EtCp)(NMez)s, ZrCp(NMe;)s;, Zr(MeCp)(NEiMe)s,
Zr(EtCp)}(NEtMe)s, ZrCp(NEtMe)s3, Zr{MeCp)(NEts)s, Zr(EtCp)(NEty)a,
ZriCp(NEty)s,  Zr(iPr,Cp)(NMesz)s,  Zr(tBuCp)(NMeo)s,  Hf(MeCp)(NMe3)s,
Hf(EtCp)(NMez)s, HICp(NMey)s, Hf(MeCp)(NEtMe);, Hf(EICp)(NEtMe),,
HfCp(NEiMe),, Hf(MeCp)(NEt;)s, H(EICPp)(NEt,)s, HICp(NEtz)s,

25 Hf(iPr,Cp)(NMes);, Hf{tBu.Cp)(NMey);, to form a first gas phase metal source;

- Optionally a step b") of vaporizing at least one M? metal containing precursor,
M? being as hereinabove defined; to form an optional second gas phase metal
source;
30
- A step ¢) of infroducing said first gas phase metal source and said optional
second gas phase metal source, in the reaction chamber, in order to provoke

their contact with said substrate, to generate the deposition of a metal containing



wherein: 1 <_x:5 3 and R4 represents a linear or branched alkyl group, having 1 to 6 carbon atoms,
preferably Si(OH)(OR4)3 and more preferably Si(OH)(OtBu)3; aminosilane derivative of the formula
(1113): 20 SiHX(NR5R6)4-x (1113) wherein: 0 <_x <_ 3 and R5 and R6 are identical or different and
independently represents an hydrogen atom or a lingar or branched alkyl having 1 to 6 carbon atoms,
preferably SiH(NMe2)3 (Tr1DMAS); SiH2(NHtBu)2 (BTBAS) SiH2(NEt2)2 (BDEAS)) and mixtures
thereof; 25 Alumi un% deﬂvatlves such as trlme inu :? Aﬁ\&:m met I alu ig£1ydr|de
AH(CH3)2), AR ] R 2 o RS IR TR e T bS8 e

represents a lir@asaidgabstretkalkyl having 1 to 6 carbon atom, and R8, identical to or dlfferent from
R7, represents an hydrogen 30 atom, or preferably AIR9R10(OR7), with R9 and R10 identical or

different, which independently represent an linear or branched alkyl having 1 to 6 carbon atoms, most
preferably AlMe2(OiPB); kiwidodlanewtiihg fomlmjta (1Vaha¢intRd LYRAZIRIB80 BY 2nditesein: O

< x<3an R12 and 13 identical or differen resent an hvdro en at li ear or branched
aIkyI havmglto & o'r?rao% Bincﬁ{i § PPonorVgﬁ%réﬁtﬂf% n}t 1cse[{;resents an

hydrogen atom or a Ilnear or branched s aIkyI havmg 1 to 6 carbon atoms; Tantalum derivatives, such
as: Ta(OMe)5, Ta(O w 8)5 Taé/NEtZ 5 2)5 ntalum d a/atlve of the farmula (Vi):
Ta(OR14)4[0-C(R15) E?% 7 eré‘u)e ?{fi i;g’ ORPRIDS I ATERL? T%ereng
independently prprasent,aa sbﬂblat&hio‘gan ﬁmngmm,@lhmmrsimlgraﬁched alkyl having 1 to 6 carbon
atoms, preferably Ta Et§4(§)% N 2CH2 Cﬁ,li/l g{éaTAT DMAE ntalum derl\éatlve of the formula

(V2): Ta(ORt8)4[O-C \éeRI&E (RZHT 93\ wheorré’uﬁ PEERIYRSS: R21 and R22,
identical ordifferent, idddpeadenttjisipersioat, HisdarteyduigiEmaioatkoxpsiiaear of hihen diveciédky |
having 1 to 6 Cﬂ p?n atoms, a
SiH(OR)4, (IH14)
wherein: 0 < x < 3 and R® represents a linear or branched hydrocarbon group
having 1 to 6 carbon atoms;
15 silanol derivative of the formula (Ill;):
S{OH)(OR")4x (i)
wherein: 1 £ x < 3'and R* represents a linear or branched alky! group, having 1 to
6 carbon atoms, preferably Si(OH)(OR"): and more preferably Si(OH)(OtBu)s;
aminosilane derivative of the formula (llls):
20 SiH(NR’R®) 44 (Ilts)
wherein: 0 £ x < 3 and R’ and R® are identical or different and independently
represents an hydrogen atom or a linear or branched alkyl having 1 to 6 carbon
atoms, preferably SiH(NMey)s (TriDMAS); SiHz(NHtBu), (BTBAS); SiHx(NEt),
(BDEAS)) and mixtures thereof;
25 Aluminum derivatives, such as trimethylaluminum [AI(CH3)s], dimethyl
aluminum hydride [AIH(CHs).], alkoxyalane of the formula (IV:):
AIR®(OR)3.x (Vi)
wherein: 0 < x < 3 and R’ represents a linear or branched alkyl having 1 to 6
carbon atom, and R?, identical to or different from R’, represents an hydrogen
30 atom, or preferably AIRR'Y(OR"), with R® and R" identical or different, which
independently represent an linear or branched alkyl having 1 to 6 carbon atoms,
most preferably AlMex(OQiPr);

amidoalane of the formula (1V2):



tatalum derivative of the formula (V3): Ta(=NR24)(NR25R26)3 (V3) wherein R24, R25 and R26,
identical or different, independently represent an hydrogen atom or a linear or branched alkyl having 1
to 6 carbon atoms; 20 Niobium derivatives, such as Nb(OMe)5, Nb(OEt)5, Nb(NMe2)5, Nb(NEt2)4,
Nb(NEt2)5, a niobium derivative of the formula (VI1):2%1b(OR27)4(O-C(R28)(R29)-CH2-OR30) (VI1)
wherein R27, R28, R29 and R30, identical or different, independently represent an hydrogen atom or
a linear or branched alkyl having 1 to 6 H%ﬂ%bom ,355 preferablyVNb(OEt)4(OCMe2CH2-OMe)
(NBT-DMAE), a niobium derivative of tHe" for (V12)3 (1V2)

Nb(OR31)4[O-GR32)MRE)-L ki 2- N3 F R Rd) R V1idkrwberein s &32:B3: Rt anchik@agigentical
or different, independently represent an hydrggen atom or a linear or branched alkylhaving.1 to 6
catbon atoms, B0 BN S BRI B8 AT 190 ARS8 ies FRasss (HeTiRorein
R36, R37 and R36r iffatisat hodiffetent indepesdentiym epwmareinaatony dioganaipoy BFsnibhear or

branched alkyl\%%yiggql.to 6 %ar on atoms, 25 lanthanide derivatives, such as scandium derivatives,
yttrium derivati , ?ﬂﬁ%:e R8t ,%éé%ﬁaﬁ;m derivatives, gadolinium derivatives or Nd

derivatives, a derivativernvifiuat denisttnes3sdietanara (reg;oTatdaas:, ar sydinesptadignrtligand
optionally substjtu ith ope or several linear oy 5 branched alkyl groups having 1 to 6 carbon
atoms; divalent ﬁ@%ﬁén@%\?@%‘,%‘ﬂﬁ?&gi}w&nﬂﬂ?ﬂ‘?é‘?ﬁ”ﬂfﬁ@lBa), magnesium (Mg), calcium (Ca)
or zinc (Zn) derivatives, with at least argOR djketeoae Tigaify-orat (eaét)a cyclopentadienyl ligand

optionally substituted. withyonesor several ligear or branched alkyl groups having 1 to 6 carbon atoms;
10 other metal YEAVELVES siith’ tuﬁaétt CV\%?%E a'éﬁﬁfﬁfﬁéb)t zgﬂﬁﬂﬁ/eﬂa?ﬁ SPIRESAIAR (Zr)
derivatives,ofor texdmgie thecatkaxy deliivedives, thenachisg dikgyvatbdspriaddustsarssainigiieese

species. 4. Methiod of Claip) SIS\ A2 BRI SPAR AR P S SR A R B P O
formula (V2):
Ta(OR ™), [O-C(R™YR®)-CH-N(R*)R?)] (V2)
wherein R'®, R, R R? and R*, identical or different, independently represent
15 an hydrogen atom or a linear or branched alky! having 1 to 6 carbon atoms, a
tatalum derivative of the formula (V3):
Ta(=NR*)(NR*R*)3 (Va)
wherein R*, R® and R®, identical or different, independently represent an

hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms;

20 Niobium derivatives, such as Nb(OMe)s, Nb(OEt)s, Nb(NMe,)s, Nb(NEL,),,
Nb(NEtz)s, a niobium derivative of the formula (VlI):
Nb(OR¥)4(0-C(R®®)(R®)-CH,-OR®) (V1)

wherein R¥, R?®, R% and R™, identical or different, independently represent an

hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms,
25 preferably Nb(OEt)4(OCMe,CH,-OMe) (NBT-DMAE), a niobium derivative of the

formula (Vip):

Nb(OR*)4{O-C(R*)(R¥)-CH-N(R*™)(R*)] (Vi)

wherein R31, R32, RSB, R* and R35, identical or different, independently represent

an hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms, a
30 niobium derivative of the formula (Vls):

Nb(=NR*)(NR*'R*), (Via):
wherein R®, R¥ and R, identical or different, independently represent an

hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms;



5. Method according to one of Claim 1 to 4, which further comprises: - A step d), wherein the at least
one M1 metal containing precursor, and if necessary, the at least one M2 metal containing precursor,
is mixed to at least 20 one reactant specie prior to step c). 6. Method according to one of Claim 1 to 5,
which further comprises: - a step d') wherein the at I%st one M1 metal containing precursor and if
necessary, the at least one M2 metal containing precursor, is mixed to at least 25 one reactant specie
in the reaction chamber. 7. Method according to one of Claim 1 tQ 6. %;.de osjtion of a megal
containing dielectric fi‘ﬂ?gaﬂé%%@g%%ﬁﬁt%\ﬁ@o?%%c%? HiA rj\’ Y6 ’(!%l.% ggﬂ‘é% X ding to
the formula (1), swierain derivadtived ansksesidivhedenvhavesiagsooliaining pketusoess selepigd from
the group consisting of: Zr(Me&g&(NMeZ)B, Zr(Eth)(tNMe2)3, ZrCp(NMe2)3, Z (MeCP)%NEtMe)IB,
Zr(EtCp)(NEIMBFEVEESINR RN ¥aBYAMNER) MiEest ANBE) &7 [83{ER) Bt dgast a

Zr(iPr2Cp)(NMega®pafitB e R4aR) (Ndiew) SobtioMaln X IN4aR) &scH IR RN M 2 EbvEHEEPIMA4e 203,
Hf(MeCp)(NEtMe)3, Hf(EtCp)(NEtMe)3, HICp(NEtMe)3, Hf(MeCp)(NEt2)3, Hf(EtCp)(NEt2)3,

HfCp(NEt2)3, IEBRIEH) alMe5RUPSHBIRE bR MESTRUNE RBRures thereof. 5 8. Method according

to one of Claim 1 to 6gpisigmosiierp§ adnetalveantainig dieleelisriltmeongmisinghggampeand of the
formula (12): M10Ob NO, (12) corresponding t§ the formula&ﬁwherein a=0,15< b< 25and0<c

<_0.5, io whelBRgHRSIHQalMentafli e ttiRols NG ted hrARTINBIYRup WtRs RGeSt one

Zr(MeCp)(NM YARREY, A RidiMed)BopdMagial Ew, fidrisiR) QsMeNRd
ZGC(NEtMe)ﬁ(ﬁﬁcﬁ%EtZ)& Zr(Eth)(NEtZgg, OZ%{Cp(NEtZ 3 r(iprz0 pl) NMRéz)s,

Zr(tBu2Cp)(NMERY R @ISEPFRMESHS, OFHR(E ﬁlﬂ@ib@;"ﬁ-”#@%w&)é,tp{ NFBERDNEERE) 3,

HIEICP)NEIME)S, 1oi{CHNIINIR A AAGRN NS @R HLF 10P) VB ISR sP (MR Rarnium
Hf(iPr2Cp)(NMe2)3, Hf_(tBuZ_Cp)ENMeZ)S and mixture thereof. 9. Method according to one of Claim 1
to 6, of depositibi)ArZiranium (Zr) derivatives, for example the alkoxy derivatives, the amino

derivatives or adducts containing these species.

4. Method of Claim 3, wherein the M* metal containing precursor is an

15 hafnium (Hf) derivative.

5. Method according to one of Claim 1 to 4, which further comprises:
- A step d), wherein the at least one M" metal containing precursor, and if
necessary, the at least one M? metal containing precursor, is mixed to at least

20 one reactant specie prior to step ¢).

8. Method according to one of Claim 1 to 5, which further comprises:
- a step d") wherein the at least one M' metal containing precursor and if
necessary, the at least one M? metal containing precursor, is mixed to at least

25 one reactant specie in the reaction chamber.

7. Method according to one of Claim 1 to 6, of deposition of a metal
containing dielectric film comprising a compound of the formula (l,):
MO, (1y):

30 corresponding to the formula (1), wherein a=0, b = 2 and ¢ = 0, wherein the metal
containing precursor is selected from the group consisting of: Zr(MeCp)(NMez)a,
Zr(EtCp)(NMez)s, ZrCp(NMez)s, Zr(MeCp)}(NEtMe)s, Zr(EtCp)(NEtMe)s,,
ZrCp(NEtMe)s, Zr(MeCp)(NEt)s, . Zr(EtCp)(NEt,)s, ZrCp(NEts)s,



containing dielectric film comprising a compound of the formula (13): 20 (M11-a M2a) Ob (13)
corresponding to the formula (l), wherein 0 _< a < 1 and c=0, wherein the metal containing precursor
is selected from the group consisting of Zr(MeCp)(NMe2)3, Zr(EtCp)(NMe2)3, ZrCp(NMe2)3,
Zr(MeCp)(NEtMe)3, Zr(EtCp)(NEtMe)3, ZrCp(NEtMg)3, Zr(MeCp)(NEt2)3, Zr(EtCp)(NEt2)3,
ZrCp(NEt2)3, 25 Zr(iPr2Cp)(NMe2)3, Zr(tBu2Cp)(NMe2)3, Hf(MeCp)(NMe2)3, Hf(EtCp)(NMe2)3,

HfCp(NMe2)3, e tMe)3, tC e)3, Hf t Hf(M

Hf(EtCp)(NEL2 [,%'; N,l)%f(igggﬁ%gg%%f?ﬁ%@%ﬁgﬁ%nf@ﬁﬁgﬁﬁﬁ%ntaining
precursor is préfiTalNidelested F(iddip siltiiidesjvativias BICheiNGekmeaxnium RdColNgies)ihe
tantalum 30 derjyatives, nide defiyati the m Si erivatives.gs her, ve defined.
27 10. Methoﬁi@&%mm—g@% of C%@?ﬁ%&ews%%’?%@% al coﬁglhair gi)gﬁé@[)ﬁ&ﬂlm
comprising a ceiffiEubofiNiveiosmuthrib4)rgbtherad?l2a) b Nc (14) corresponding to the formula (1),
wherein0<_a<1l1landO<c<_0.5 wherein the 5 metal containing precursor is selected from the

group cons%ting of Zr(MeCp)(NMe2)3, Zr(EtCp)(NMe2)3, ZrCp(NMe2)3, Zr(MeCp)(NEtMe)3,
Zr(EtCp)(NEtMe)3, Zi& pdditibie)3ceo (g nd(NEER)S! Didtep) (MMER?)8f defpgMiEI?)S, a metal
Zr(iPr2Cp)(NMe2)3, .Zr(tBy2 NMe2)3, Hi(MeCp)(NMe2)3, Hf(EtCp)(NMe2)3, HfCp(NMe2)3,
Hf(MeCp)(NEt@%‘ﬂéﬁt@%ﬁ%ﬁ%ﬁ%@%??@éﬁ’&'& s te) Hﬁﬁ/fse%’ﬂﬁ?@% aﬂEth)(NEtz)&
HfCp(NEt2)3, Hf(iPr2Cp)(NMe2)3, Hf(tBu2EpINNIe2)3, the MZgetal containing precursor is
preferably selected from the silican derivatives.or their germaniym homa es tant

derivatives, lantRAMid4 H%t#\?e%]%f%rm%ll%ggjn‘ggﬁ% eariT/egl]tijré%é %sg] h%?%§b%cér§e%%%% at least
one oxygen comagniig tirecuetal andtainiegspréSunser idrogestedrtaimiribgoroursooissistiogloded into

precursor fs 2B ey TrN R B I Eefpourale Bt rom AU GER WoNiding of
Zr(MeCp)(NMe2)EtZeiENE)(edde2)3 ZCHiNNER)3, Zr(Me@BOBHINE)Ss, ~ Zr(EtCp)(NEt2)s,
ZrCp(NEta)s,  Zr(iPr:Cp)(NMez)s,  Zr(tBuCp)(NMesz)s,  Hf(MeCp){(NMey)s,
Hf(EtCp)(NMey)s, HfCp(NMes)s, Hf(MeCp)(NEtMe)s, Hf(EICp)(NEiMe)s,
15 HfCp(NEtMe)s, Hf(MeCp)(NEt)3, Hf(EtCp)(NEtz)s, HfCp(NE®)s,
Hf(iPr.Cp){(NMey)s, Hf(tBuCp)(NMe;)z and mixture thereof.

9. Method according to one of Claim 1 to 8, of deposition of a metal
containing dielectric film comprising a compound of the formula (I3):
20 (M'1a M7) Op (1)
corresponding to the formula (1), wherein 0 £ a < 1 and ¢=0, wherein the metal
containing precursor is selected from the group consisting of Zr(MeCp)(NMey)a,
Zr(EtCp)(NMez)s, ZrCp(NMey)s, Zr{(MeCp)(NEtMe)s,  Zr(EtCp)}{NEtMe)s,
ZrCp(NEtMe)s3, Zr(MeCp){NEf3)a, Zr(EtCp)(NEt)s, ZrCp(NEL:)s,
25  Zr(iPraCp){NMez)s, Zr(iBupCp)(NMez)s, Hf(MeCp)(NMes)s, H(EICp)(NMey)s,
HfCp(NMes)s3, Hif(MeCp)(NEtMe)s, Hf(EtCp)(NEtMe)s,  HfCp(NEtMe)s,
Hf(MeCp)}(NEt)s, Hf(EICp)(NEL)s, HfCp{NEt;)3, Hf(iPr.Cp)(NMey)a,
Hf(iBu.Cp)(NMe;); and the M? metal containing precursor is preferably selected
from the silicon derivatives or their germanium homologues, the tantalum
30 derivatives, lanthanide derivatives, and the magnesium derivatives as hereabove
defined.



Zr(EtCp)(NEtMe)3, ZrCp(NEtMe)3, Zr(MeCp)(NEt2)3, Zr(EtCp)(NEt2)3, ZrCp(NEt2)3,
Zr(iPr2Cp)(NMe2)3, Zr(tBu2Cp)(NMe2)3, Hf(MeCp)(NMe2)3, Hf(EtCp)(NMe2)3, HICp(NMe2)3,
Hf(MeCp)(NEtMe)3, Hf(EtCp)(NEtMe)3, 25 HfCp(NEtMe)3, Hf(MeCp)(NEt2)3, Hf(EtCp)(NEt2)3,
!—Ipr(NEtZ)_B, Hf(iPrng)(NMeZ)B, Hf(tBuZCp)(NMe?.)B, to make dielectric _films more particularly for
integrated circuits or in the preparation of Metal Insulator Metal (MIM) architectures for Random
Access Memories. 3010. Method according to one of Claim 1 to 6, of deposition of a metal
containing dielectric film comprising a compound of the formula (ls):
(M'1.a M) Op N (la)
corresponding to the formula (1), wherein 0 £ a < 1 and 0 < ¢ = 0.5, wherein the
5 metal containing precursor is selected from the group consisting of
ZI’(MECP)(NMGQ)g, Zr(EtCp)(NMes)s,  ZrCp(NMep)s,  Zr{MeCp)(NEtMe)s,
Zr(EtCp)(NEtMe)s, ZrCp(NEtMe),, Zr(MeCp)}(NEt,)s, Zr{EtCp)(NEty)s,
ZIiCp(NEtz);,  Zr(iProCp}(NMez)s,  Zr(iBuyCp)(NMez);, Hf(MeCp)(NMey)s,
HF(EtCp)(NMez)s, HfCp(NMes)s, Hf(MeCp)}(NEtMe)s, Hi(EICp)(NEtMe)s,
10 HfCp(NEtMe)s, Hf(MeCp)(NEt)s, Hf(EtCp)(NEty)s, HICp(NEty)s,
Hf(iPro.Cp}{NMe;)s, Hf(tBuCp}(NMes)s, the M? metal containing precursor is
preferably selected from the silicon derivatives or their germanium homologues,
the tantalum derivatives, lanthanide derivatives, and the magnesium derivatives
as hereabove defined, and at least one oxygen containing precursor and at least

15 one nitrogen containing precursor is introduced into the reactor.

11. Method according to one of Claim 1 to 10, wherein said M' metal

containing precursor is ZrCp(NMeg)s.

20 12. The use of the compounds selected from the group consisting of
Zr(MeCp)(NMey);,  Zr(EtCp)(NMey)s,  ZrCp{NMesz)s,  Zr(MeCp)(NEtMe)s,
Zr(EtCp)(NEtMe)s, ZrCp{NEtMe)s, Zr(MeCp)(NEt:)s, Zr(EtCp)(NEL)s,
ZrCp(NEta)s,  Zr(iPrzCp){(NMeyz)s,  Zr(tBuCp)(NMesz)s,  Hf(MeCp)(NMey)a,
Hf(EtCp)(NMe,)s, HICp(NMez)s, H{MeCp)(NEtMe);, Hf(EtCp)(NEtMe)s,

25 HfCp(NEiMe)s, Hf(MeCp)(NEt)s, Hf(EICp)(NEL)s, HfCp(NEt)s,
Hf(iPr.Cp)(NMey)s, Hf(tBu-Cp)(NMez)s, to make dielectric films more particularly
for integrated circuits or in the preparation of Metal Insulator Metal (MiM)

architectures for Random Access Memories.

30



