"WO 2007/141059PCT/EP2007/052507 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-conductor$ @ 204 %e shrink of the critical dimensions of the future EEW&H%OWW
semi-conductor devices, the introduction of new materials, especially having high dielectric constant, is
required. In CMOS architectures, high-k dielectrics are required to replace Si02 which reaches its
physical limits, haviriefjisieaaf fatonno 2 kiepitr fit tcRsvs pisiatsarinmid thelspsitaim/thagh-k

dielectrics are required in Metal-lnsuIatogmgebﬁgﬂ%gmgﬁd%&wgpplications. Various metal

compositions have been considered to fulfill both the materials requirements (dielectric constant,

leakage current, crystallizagibiyestiperaliies termnriteabifeyang tiah ikdigletisl iisregurkmfents

(thermal stability aithe interfase, iy, pichipg deasiBliMindes aHieRIRURE BRsed Malerialy, such as
Hf02, HfSiO4, Zr02, ZrSiO4, HfZr04, HfLnOx (Ln being selected from the group comprising scandium,

yttrium and rave-eHtH SRIHERE%and more generally HIMOXx and ZrMOx, M being an element selected

from Group II, Group lllasgn feEodRrkklbr ora Biamsitiolreeiah 20 HreRMoRG st AEabisiBY
materials. Furthermore, Group IV metals composition can also be considered for electrode and/or Cu

diffusion barrier aifpEAROHYCKICHS PN 137 IREOGHGIRR ST Q¥ Anaisiiris zrpesaly Zavingsin,
ZrSiN, TiSIN for Miph efestiedes:oFeantaie indusiial ptions SoeoabietheLlengsitiandéavel thin films
with 25 a reasonable throughput and an_acceptable purity are vapor phase depasition techniques,
Such 2 MOCVD 1 T SR A AR DBLRe s 8 R A i e B, Such
deposition process€s sepincdemistsilcprecarsbasdbati nrast fulfill drastic requirements for a proper
industrial use. Metal-or%al\rqqi&a%r metal-halide precursors are égeﬂh;ggd for tyase proce: Sﬁﬁfle\@rious
hafnium and 30 zirconium me gl-org%nic compoungs have betn considered as precursors’to enable
such a depositiorarétalfsgreaciradIiig lzhiicgtivase erimisstreel@mommabitiprecbeserand WO

2007/141059PC L RANZIASASNT 2ol hesawidel desrrnd im el disclosefspegse o

HfC14 for the deposition of Hf02 by ALD (Kim et al., Eléctrochem Soc Proceedings J5, 397,
2005). However, 36188 thychrskiliEstifen deiesg @livicy thesdepolriemabce’d, sighiaegietioor C12, can

cause surfagelinfgiaee RURTABR AR A BPaFiririmRBial o ha nalneapesse: piher possible

byproducts, depending_on the oxygen source used, may be hazardous. For instance, OC12, through

the OCI fragment by QU 1z8¥dN detaetedatea A pBHUCEST tHE re dttRiRbefitéendHfitld and 03.
Moreover, in thejgas®0fiiaRcl Rxidsaikd QBlbdrER WHis SRy @aIgh borgiFENes RIdedh e fipaligigctrical
e O T e oo Clemie) 3nd More generally HIVOX and ZiMow M being an
element selected from Group [, Group llla 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 HIN, ZrN, HiSi, ZrSi, HfSIN, ZrSiN, TiSiN
for MIM electrodes.
The main industrial options o enable the deposition of such thin films with
25 a reasonable throughput and an acceptable purity are vapor phése 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, ZrCls are the most common Hi/Zr precursors and



"MOCVD and ALD, respectively [Triyoso et al.; J. Electrochem. Soc., 152(3), G203 - G209 (2005);
Chang et al.; Electrochem. Solid. State Let., 7(6), F42-F44 (2004)]. Williams et al. have evaluated

-Hf(mmp)4 and Hf(OtBu)2(mmp)2 for MOCVD of Hf02. In W02003035926, Jones et al. disclose solid
Ti, Hf, Zr and La"P5{rédifsdbrs improved with donor functionalized alkoxy li§SheFF2007/052507
(1-methoxy-2-methy1-2-propanolate [OCMe2CH20Me, rim* which helps inhibiting oligomerization of Zr

and Hf alkoxide compounds and increasing their stability towards moisture. However, all those
alkoxide precursofglavesgie widapadrasobrrlendblesict-ligielpercpdibriorsm ALDiprodessiws

suggested by 20 Faties et ab{RrPoten 5 -Rihatkar, E%&Mﬁﬂ@iﬂ%&:%é@&ﬁx”gg 32;11159&5

A.C.Jones, L.M.Smith, G.W.Critchlow, M.Schumacher, Chem. yap. Deposition, 2005, 11, N3,
159-167).  AlkyldmidE¥pre dupsuressuchPaeH N EMETAS HIRIRIESE, et 2Ne hdoaastisn widely

disclosed in the litgrgtute [Senzakiet fbrk:Y asrS6hEedRRlcAirR 2264)- JuliAves3004; Haussmann et
al, Chem. Mater. 2002, 14, 4350-4353; Kawahara et al., J. Apgl. Phys., Vol 43, N7A, 2004,

. : . p
4129-4134; HideIEEMENEbD H THeA8mPigsn i H SBEAPCSiFEPEN U 8508056219
Al]. Group IV alkylamigdessatadotissyitaiie s Abbhanrdid O6ME: RIS SO, Furhe/mere (some are
liquid at room temperature (Hf(NEt2)4 and Hf(NEtMe)4) 30 and of sufficient volatility, and they allow
e limiton ALD AL TS 3l 15 e LS L B GE GoAe IHEVEQEIOr R 967
alkylamides, alkyldfgidesdChanNictiaryr, Gothpausdsyiiiaye-Reveda] GrawlFdaks, daengaviichythey may

WO 2007/141059&3PCT/EF€907/0 2507 decomipose during the distribution to some extent leading to a
: : e o the Jinal electfica ropelﬁjaes. : . "
possible clogging gftt e teeding line or thé vaporizer, they may generate particles during deposition,

they may entail non-unifoipeeormpesitions Gheng ddep. trendhlesitiepositioh gfeEsseSoanddhey only
allow a narrow self-limited ALD, per. wi cq redugj CQSS. Wi In
particular, Zr(N E?I\\I/Iceg)fég‘r\}réaé% eg‘?gbé%gégég%gf isﬂll}t)Rfj\étllsoéﬁ?néﬁs'’a“ﬂtLjjg é%%té@%ee Fﬁéﬁ:jlsg'é ggg(%’ﬂoc

which is a comm@?ﬁ%tr@&ﬂ@rﬁlmle@ﬁ@ﬁ@.HQN;EEM@)ZD@W@)rSQﬁérﬁfaﬂy_%ﬁbl"é(%tWrﬁﬂ‘iafford
self-limited atom'@@d&'}ﬁ.d%%w gp%\{.e_z ﬁgpec Md&é@e%ﬂﬁﬁo@p@%m@%@%ﬂ%ﬂ%%%,

Thenappan et al. disclose hafnium and zirconium guanidinates complexes and their appﬁcation for

vapor phase depbaiovDiaf(NiEt2)21 (NPRORER282%s Ja0eh elsebsdipsec salifidmEnd Atdhum

guanidinates; arejawgusrgensially, solids witha verydipitedyalaliib g exemplified ipdaggmal
gravimetric analysis, one may not obtain 15Hf(NEt2)2[(NiPr-CNEt212 in vapour phase, without a risk

of thermal decordpdeRiBRAMrREhrkeRIoREFAIESe d Gh2PMh efBIRENeMSHp BB osition,

2006, 12, 280-284hdisele shidetristntneshylhydpridakaieeniamidadiy ehdadiddsandihatmium and

their se for low temperature CVD. The exemplified compounds have an acceptaple 20volatilit
(sublimation at SRCHOH, [OVE S8 BRI Bt HRMUFNR sBATB A RN AESHISOTs RENA RS o),

disclose the use @@mswcmemeﬂmwmmmhwmﬁmﬂm iHACi2Me2d{Cattawigdsidisdigses in
B o BIRF S 3P 23 P 3095 P rPBRENN FRIFIERARE OIS ERGSIRR! 9 Ehem Varor
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),, Hf{NMe,),, HE(NEL), have
been widely disclosed in the literature [Senzaki et al, J. Vac. Sci. Technol. A
25 22(4) JuiiAug 2004; Haussmann et al, Chem. Mater. 2002, 14, 4350-4353;
Kawahara et al., J. Appl. Phys., Vol 43, N°7A, 2004, pp 4129-4134, Hideaki et al.,
JP 2002-093804; Metzner et al. US 6,858,847, Dip et al. US 2005/0056218 A1l
Group IV alkylamides are both suitable for ALD and MQOCVD processes.
Furthermore, some are liquid at room temperature (Hf(NEL)s and Hf(INEtMe).)
30  and of sufficient volatility, and they allow self-limited ALD at low temperature for
a limited thermal budget process. However, Group IV alkylamides, alkylamides

in particular Zr compounds, have several drawbacks, among which they may



"255,1995 ; 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 hafnium, bis(cyclopentadienyl) bisdimethyl zirconium, which allow an
efficient ALD deposibiIpte¥ess with an ALD window up to 400C and an 30FACHIEFEHHEHEST films with

less than 0.2% C in optimized conditions with H20 as co-reactant. However, HfCp2Me2 and
ZrCp2Me2 both have the drawback of being solid products at room temperature (HfCp2Me2 melting
point is 57.5C). ThiscWQ @804 0SseRETIEFARE0T 66280 Epldnaming I© makesible dsgaligse

precursors in an ingustria er, that i in caliz ontal jl gntail
facilitation and prébgesﬁiglsi%géeé% ﬁrﬁ% ég @4%%%& ark eget a%?c_le%%i{)sgﬁe?%%e of (Cp(R)),MHy..,
to make a metal afeposhichettlatiteyBide Wi MPErs e RSEE PN Tamitalten dS2palaaiiss niobium

and hafnium, Cp ig gyclapeniagieayh R A5 Ak JIMNCAEHR IE2AMRRS O kiah RlHPARd-BIobIUM
cyclopentadienyl compounds are disclosed. However, no liquid precursor or a_precursor having a
melting point I%Wéf‘”f%%d@@%iﬁ%%&ﬁ the ProERﬁﬁd"ﬁi&%‘ﬁ}’eleéﬁ%‘&l@ﬁ?l) Shitises mave

recently been propaggshhystaH aws Gl imidN Gre9Qk/d daAadkl pdignayspdhey At prasenisthe

disadvantage of limited volatility and also present large steric hindrance that may limit the achieved

growth rate. oty MABAFE R iyt R Ghdm QU SR lolE MGG oAt <8 J-HP Iv

precursor compouyf@sa@nd iRgafisidar bband Zyeenippusiisnthaiodd oeid allow simudangously a
proper distributior&éph sical state, thermal stability at distribution temperatures), a wide self-limited
ALD window, and ?ngBgﬁiB?lﬂof pure films either by ALD or MOCVD. According to the iinvention,

certain cyclopentadienylrotpentadiediosse & herggmsm 1% retalsokganicyinecursars Hiavaineen found

suable for the depostien of 20C104p 1Y, metgl confaning & s .6l AL rMOGYD
processes and tohave tha Tollowing advantages: -They are liquid at room temperature or
having a melting piNEonéNtReC BB is given - Theyeasshermbiffritable ap@naiieproper

distribution (gas %ﬂ%ﬁdinates are however generally solids with a very limited volatility. As
exemplified in thermal gravimetric analysis, one may not obtain
15  H{NEL)[(NiPr-CNEt:]; in vapour phase, without a risk of thermal decompaosition

and a subsequent particle generation.

Lehn et al. (Chem. Vap. Deposition, 2006, 12, 280-284) disclose
tetrakis{trimethyihydrazido) zirconium [Zr(NMeNMae;}s,] and hafnium and their
use for low temperature CVD. The exemplified compounds have an acceptable

20  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,
[HfCp,Me;] (Carta et al. discloses in Electrochem Soc Proceedings, 260,
2005-09, 2005) and several authors (Codato et al., Chem Vapor Deposition, 1589,

25 5 ,1995 ; Putkonen et al., J Mater Chem, 3141, 1'1, 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 hafnium, bis(cyclopentadienyl) bisdimethy! zirconium, which allow
an efficient ALD deposition process with an ALD window up to 400°C and an

30 achievement of films with less than 0.2% C in optimized conditions with H,0 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



- 250r direct liquid injection) without particles generation, - They are thermally stable to allow
wide self-limited ALD window, 4) allowing deposition of a variety of Group IV metals containing films,

- including ternary or quaternary materials, by using one or a combination of co-reactants (selected from
the group comp¥éigoafRHEINH3, 02, H20, 03, SiH4, Si21-15, S131-18, 30 THOMABT/BBNIAS,
BDEAS, TDEAS, TDMAS, TEMAS, (SiH3)3N, (SiH3)20, TMA or an aluminum-containing precursor,
TBTDET, TAT-DMAE, PET, TBTDEN, PEN, lanthanide-containing precursors such as Ln(tmhd)3...).
4a In one aspeeldhirélisrptovis euseribtizedood cleposstin@pimaustiisEtradenef, dhddstieing metal

taining dielectrjc,fil iSj f - - Ch( in: 0 Se <
1705 b5 5. preferaly L L EhE MRS, iR B ALl MR e .
zirconium (Zr) and titaniUniJEr; 73 73, Mirkbprelsaintisal mstéhauss Sefepted:ibir,magnesiam (Mg),
calcium (Ca): zm%%ﬁ%@m %Jumgﬂf%%(ﬁhé”%ﬁ@?,(%e?ﬁ'%ﬁs@@&%‘%ﬁ?ﬁ%ﬁ (Gl (S).

hafnium (Hf), zirconium .(Zr), titanium vanadium (V), niobium (Nb), tant a); and the

Lanthanides atonY&@diksTparadiiat ¢ e i ($6), iyeHoiereniatendnth#hamoia) sneredre-earth
metal atoms: Whi@:ih%%feé%%@lemmw% ﬁ&SW)&EBﬁéﬂ%B%ﬁﬁ%?%H&Q gfgaction

chamber; A ste{f (b) of vaporizing at least one M1 metal containing precursor of the formula (I1):
(R1y0p). (R2tCp)TEHHErPIFY §6 49 Histth &FBY¢ tifiRed; Precursor having a melting point

lower than 50°C is disclosed.
Liguid bis(cyclopentadieny!) derivatives have recently been proposed by
10 Heys etal in WO 2006/131751 A1. However, they still present the disadvantage
of fimited volatility and also present large steric hindrance that may limit the
achieved growth rate.
Today, there is a need for providing liquid or low melting point (<50°C)
group 1V precursor compounds, and in particular Hf and Zr compounds, that
13 would allow simultaneously a proper distribution (physical state, thermal stability
at distribution temperatures), a wide self-limited ALD window, and a deposition of
pure films either by ALD or MOCVD. =~
According to the ﬁnvemt@n kézggi;#&;;:!opentadienyl or pentadienyl based
group 1V metal-organic ,érecursors have been found suitable for the deposition of
20  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,
- They are thermally stable tc enable proper distribution (gas phase
25; or direct liquid injection} without particles generation,
- They are thermally stable to allow wide self-limited ALD window,
4) allowing deposition of a variety of Group [V metals containing films, including
ternary or quaternary materials, by using cne or a combination of co-reactants
(selected from the group comprising of Hy, NHs, Oz, H,0, O, SiHy, SizHs, SisHs,
30 TriDMAS, BDMAS, BDEAS, TDEAS, TDMAS, TEMAS, (SiH3)N, (SiH;).0, TMA
or an aluminum-containing precursor, TBTDET, TAT-DMAE, PET, TBTDEN,

PEN, lanthanide-containing precursors such as Ln{tmhd)a...}.



0x5 3, preferably x=00r1;z=1;05y5 7, preferably y=2; 0 t 5, preferably t=1, (RlyOp)
represents a pentadienyl (Op) ligand, which is either unsubstituted or substituted by one or more R1
groups, y representing the number of substituting R1 groups on said pentadienyl iigand; (R2tCp)
represents a cyclopentaciienyl (Cp) ligand, which is a[lther 4b unsubstituted or substituted by one or
more R2 groups, t representing the number of substituting R2 groups on said cyclopentadienyl ligand;
R1 and R2, are identical or different and are independently selected from the group consisting of the
chloro group, the linear or branched, alkyl groups haying from one to four carbon atoms, the N-alkyl

amino groups, wherein-tbaeadidegroupris dngaviae Branched apddeasdim ene W fueacarkon atoms,

the NO - dialky argg%oqug&g%v%he&ewiln each alkyl group, identical or different from the other, is linear
or branched aritf FESHBMGAE 0 U Carbon atoms, the linear or branched alkoxy groups, having from

one to four carhosiatatnsitheatpisihamides:guoups; the amidifwates groups and the carbonyl group;
R' represents a ligand independently seg tech 'E)thf‘?l N-alkyl ang\ilslo groups, wherein the alkyl group
is linear or branched and has from one to f6ur c&rboh dtoms, the N;N-dialkyl amino groups, wherein
each alkyl grouphigteintical or different from the other, is linear or branched and has from one to four
Carbon atoms, the lingar or hranched alkoxy groups, having from one to four carbon atoms, the
alkylsilyl amino groups"waheréin the alkyl group is linear or branched and has from one to four carbon
atoms, the dialkylsily Kansiro3groefs aiiefeinseach afkyl group, identical or different from the other, is
linear or branched ang Qgsgfrpm one to four carbon atoms, the trialkyisiiyl amino groups wherein each

alkyl group, identic,ai or different from the other, is linear or branched and has from one to four carbon

atoms, the amidinate$/gretiie Endsitie B&BbHAICHERT ipaersiddtnEIli SHRPIBHMUl& O Ftomprises
more than one tﬁég(&msme%g R' may be identical or different one from another, to form a first gas
phase metal source; ~’Optionally a step b') of vaporizing at least one M2 metal containing

precursor, M2 being 44 erERsaBEye AelReHom ST Stio naf daesH g XopHRlev Rt Yource: 40

optional secong;gasgahasemetal suraauin 1, lerstion eharibes ity desteaiaraketigiicontact
with said substrate, to generate the deposition of a metal containing djelec(t\r/ic film compa(gi@gg a
| .

compound of theRoriEE{TT 45 HerdiRBRIGR deinBREHRaid sutpd™ M Sitver ct, there is

provided the use-phfhe gwmpcmdsw@f thefosmules(1h:asslefined aboveitoimakerdielect&xfims more
particularly for integrate

circuits or in th@r%je aiation of Metal |nSLé|atOI’ Metal (MIM) architectures for
Random Acces&AEmoried dn Lo anth s%% £ AR Y PISIRIEA ompound having the formula
(1): (R2ICp)MINARBLOMARKEL W e following sieps:

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

- A step {b) of vaporizing atl least one M metal containing precursor of the
formuia (i)
(R'yOp) (R*Cp): M' Rlssa (1
wherein:
M'is as hereinabove defined;
0<xs3 preferably x =0 or 1;
z=1;
0=sy<7, preferably y=2;
0 st 5 preferably t=1;
(R“},Op) represenis a pentadienyl (Op) ligand, which is either
unsubstituted or substituted by one or more R groups, v repressnting the
number of substituting R' groups on said pentadienyi ligand;

(R%Cp) represents a cyclopentadienyl (Cp) ligand, which is efther



corresponding to the formula (1) as hereinabove defined above, wherein x =0, z = 1 and R’ represents
the group N(R39)(R40), wherein R39 and R4, identical or different, independently represent an
hydrogen atom, a linear or branched alkyl group having from one to four carbon atoms, an alkylsilyl
group, wherein the alkyl group is linear or branched and has from one to four carbon atoms, a
dialkylsilyl group, wherein each alkyl group, identidl or different from the other, is linear or branched
and has from one to four carbon atoms or a trialkylsilyl group wherein each alkyl group, identical or
different from thelbtvestis inkeirsiisiinsbtyang basfrenrogetpfotiramesentatoris. nunbastill another

aspect, there is proyidedh & PEPEEss-fIibe PengaHan R 2-Lo8RPHRd RS the formula (111), as defined

above, comprising: a steo 1, copsisting of the preparation of the compouhd of the formula (V111):
(R2,Cp)M1C13 whereiRk MICRY abi taestinsherdiffshenicaadiired e ine fermulas(iyidy frigreaction of

M1CI4 with (R2tR)NA, 2 stepigconsisting ofithe %9&9;9’%sfgm@am@@g%g&hﬁéw%a;{sv'“> 40.
prepared in step 1, with NH(R39)(R), to produce the compound of the formula” WO

2007/141059PCT2EipRdr7082807 Bour CAERSTdRHR S d'fr v élfBoainienty therpventihifelates to a

method of deposilion9n.a suhsitate, of atleastopermetal somaining diskesticSilm comprising a
compound of the formula (I): (M11-a M28) Ob NG,(I) Swherein: 0 sac 1, 0< b 53, preferably 1.55b 5
2.5;0ScSI, - Gl epresenie L metarssis GRe i HaRiiam (Rficarco silinr ek fag the

other, is linear or branched and has from one to four carbon atoms, the iinear or
branched alkoxy groups, having from one to four carbon aioms, the

alkylsilylamides groups, the amidinates groups and the carbonyl group;
R' represenis a ligand independently seiecied from the N-alkyl amino

groups, wherein the alkyl group is linear or branched and has from one o four
carbon atoms, the N,N-dialkyl aminc groups, wherein each alkyl group, identical
or different frorm the other, is linear or branched and has from one fo four carbon
atoms, the linear or branched alkoxy groups, having from one to four cérbon
atoms, the alkyisilyl amino groups wherein the alkyl group is linsar or branched
and has from one 1o four carbon atoms, the dialkylsilyl amino groups wherein
each alkyl group, identical or different from the other, is linear or branched and
has from one 1o four carbon atorns, the trialkvisityl amino groups wharain each
alkyl group, identical or different from the other, is iinear or branched and has
from ane to four carbon atoms, the amidinates groups and the carbonyl, being
understood that, if said formula (Il) comprises more than one R' groups, each R
may be identical or different one from another,

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;

- A step ¢} of introducing said first gas phase melal source and said



10titanium (Ti); and M2 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 atoms,
more particularly scandium (Sc), 15yttrium (Y) and Janthanum (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 N11 metal containing precursor of the 20formula (l1): (R1yOe).

(R2ICP)zM1 R'4,-z(ll) wherein: Ml is as hergj ined; r X 1;250 z s 3,
preferably z = 1 %?Zt%?)"lgyss(???“z% 53 Yo e%ﬁ‘ﬁ)’%g LSS 5%%3%?5%%@%’ " Qrg{ézrlixom
represents a pemptadisiey H{OPydigant yihishits witiseralinstb guuesae tBaIERAPEPo A BEmore RI

groups, y representing the 3 mﬁ r ubstit | graups ﬁéid@e%diw(yggar@g; sz (R2tCp)
represents a cy&%ﬁggr%ia%eg%]%&% ig%&%,mwhigh %gié;ither unsu%ituted or substituted by one or more
R2 groups, t repressintinipthe slimaber\W@2egHTA1959PCT/EP2007/052507 6 of substituting R2

groups on said cyclopentadienyl ligand; R1 and R2, are identical or different and are -

independently selectedifrom ! gr%ro%tc%%s%;%%%i%% ?ﬂgj{{g@[‘)@% thelineanonpranched, alkyl

groups having from one't§ fourcarbon atoms, yl amino groups, wherein the
formula (i) as defined above, {0

make dielectric films more particularly for integrated circuits or in the preparation

of Meta! Insulator Metat (MiM) architectures for Random Access Memories.

in yet ancther aspect, there is provided a compound having the formula (ily):
(RECOMIN(R™YR™)L {lis)

corresponding to the formuia (Il) as hereinabove defined above, 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 finear or branched alkyi
group having from one o four carbon atoms, an alkylsilyl group, wherein the alkyl
group is linear or branched and has from one to four carbon atoms, a dialkylsily!
group, wherein each alkyl group, identical or different from the other, is finear or
hranched and has from one to four carbon atoms or a trialkylsilyl group wherein
sach alkyl group, identical or different from the other, is finear or branched and

has from one o four carbon atoms.

in stili another aspect, there is provided a process for the preparation of a

compound of the formula (11;), as defined above, comprising!

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

(Vili):
(RACpIM ' Cls (Vilg)
wherein M', R® and t are as hereinabove defined for the formula (I}, by the
reaction of M'Cl, with (R%Cp)Na :
a siep 2, consisting of the reaction of the compound of the formuta (Vli4)

prepared in step 1, with NH(R™)(R*®), to produce the compound of the formula

(He}.



-5 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 other, is linear or branched and has
-from one to four carbon atoms, the linear or branched alkoxy groups, having from one to four carbon
atoms, the alkyl$il§iHide¥YProups, the amidinates groups and the carbonyl GrddF2H5/ R presents a
ligand independently selected from the group consisiting of the hydrogen, fluoro, chloro, bromo or iodo
atoms, the linear or branched, alkyl groups having from one to four carbon atoms, the N-alkyl amino
groups, wherein the alkyhggoufinis finearfiostbearshichanid tesiframntone te ddes tarbonatomis;ithe
N.N-cialkyl amino grouggoihyeln sactal! grouprddentcal ondiierenlitnm.Is e gthernis inear or
branched and has from one to four carbon atoms, the linear or branched alkoxy groups, having from
one to four carborFaieiisinhe akyisiyndraiibeyi@updaviierein the alkyl group is linear or branched and
has from one to four carbon atoms, the di%}@ima)a@giﬂﬁgroups wggrein each alkyl group, identical or
different from the other, is linear or branched and Ras from one to 20 four carbon atoms, the
trialkylsilyl andino §fstip&livherein each alkyl group, identical or different from the other, is linear or
branched and has from greste four carbon atoms, the amidinates groups and the carbonyl, being
understood that if said formula (II) comprises more than one R' groups, each R' may be identical or

different one from anothér: D56 BrRTEFRY §asPhadeetal source; - Optionally a step b'") of

vaporizing at least one iz metal containing precursor, M2 being as hereinabove defined; to form an
optional second gas phase metal source; 30 WQ 2007/141059PCT/EP2007/052507 (,provoke their
contact with saic substbie! 15 GEREISE (HEALSBAGH of & aedh CBh e ing EIREFC F i &mprising a
compound aithe ifermuda (7)) asriereinbefore defined, on said substrate; provided that, if the at
least one metal containing dielectri{:sfgm é? ?gtgr}‘]oge gcggc?gpeoﬂqises trpesgzor%n@%up% f;Ihn% f@'a ula (I'):

, as hereinbefore HeRed Wher |r9; = ,%z & and c=0,

s {

, represe
MI11 02(1"), correspon mgei% fhe formula
and if the M1 metithcdatgiringeiRswBonivdnicthls indolvedrih stbpob)(#)agompoiund @B¢hetiformula

(I": 10(R2tCp)2 M R'2(1l5).: corresponding ; r ) @$, herel efi in x=0, and

o2, in said ol (1 0 (L 1ok B A i AL Tt tiie Mgy 7

hereinabove defifdalithe 4T fagirehéhmétan temidieinglomprateisdrastientefbrraotadinnarn($e.

necessary, {he '%ﬁﬁmﬂwéﬁa%kﬁmwg)%%%%ﬁwﬂ gf@,lﬁi@lg point generally below 50C,
refera

preferably below 35C andthey are p bly’liquid at room temperature. According to a particular
embodiment of th&'iFfeirsaPas Helamisdirwing 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
20 formula (i)
(R'Op)x (R%Cp). M' Rlsxz (it)
wherein:
M'is as hereinabove defined;
0 =x <3, preferably x = 0 or 1;
25 0=z<3, preferably z= 1 or 2;
Ts(x+z)s4;
0 sy=s7, preferably y=2 0 £t £ 5, preferably t=1;
(R',Op) represents a pentadienyl (Op) ligand, which is either
unsubstituted or substituted by one ore more R groups, y representing the
30  number of substituting R groups on said pentadieny! ligand;
(thCp) represents a cyciopentadiehy! (Cp) ligand, which is either

unsubstituted or substituted by one or more R? groups, t representing the number



defined, the vaporization step b) and if necessary, the vaporization step b') are  achieved by
introducing a carrier gas into a heated container containing the at 20least one M1 metal containing
precursor of the formula (ID: (R1yOp)" (R21Cp)z M1 R'4-.-z(ll) and if necessary, both the at least one
M2 metal contagingngh$esigesor. The container is preferably heated at a tempe@;ﬁ,@d@y&%p get the
said metal sources in liquid phase and at a sufficient vapor pressure. If necessary, one or 25 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 frpm octane, hexane, pentane qr tetramethylsilane. The concentration
of the metal precu{“‘)r{;)%lr“lsé isrﬁlﬁ%éngo%e%gfoou in %eshé%(rsﬁye SPE ?@Yi ?ﬁ%ﬁy between 0.01M and 0.5M
and is more particularly Bfaurtiit’ 08N, ilbeticar ter difeissclenietheviiibope S0Jimjtaliassomdy, He,

H2, N2 or mixtures of f. Jlnecessary, the container may be heated at temperatures in the range
of 80-110C. Tho§§ és)lécﬁ%?c‘ﬁ% t ﬂemﬁasiﬁj \/%Iloio%ﬁgi eéﬁ? Atthe feniperilifrl &F (HEPEGREn &84 PR A8 usted
to control the WO2007/i4050R CT /BR20ATIAE2E0¥E: atheUNtAkAreeHiiso uio hesVapesizad the The
carrier gas flow i PL een 10 sc standard cybic centimeter) and 500 sccm.
Preferably, tr(i%e cgmggsﬁggv@%%%gﬁ Beﬁ\gaéﬁc%g w%%%%%ss%% Qﬂﬁlééb‘%“é‘&:‘éﬁg%%ﬁ Sefint o hbther
particular embodiniéaikyt araindetiiodrss hheinvetaredefit drine Vaportization Sigs- o) a6l the
necessary, the v |zl ; [ introducing ip a liquid form, the M1 metal
containing precu?gﬁgg’fa!t qeiaf%?n%llbe? E%g%%ﬁy%}é%% %%z%&’ﬂ W@f@%ﬁ%i%%%é?ﬁ’ﬁécﬁ%%%ﬁﬁ the
M2 metal containiigijreedirsekaxy vapahizer Wherit iSwaporized idf Necessanonesasmeth metal
precursors may hgmj I ' f solvents and/or to a stabilizer. The said
solvent is for examp éﬁé@@g %gfﬁg%%éﬁfg%ﬁ%%%g é%h%t’gﬁg?%%?e %%f &R concentration
of the metal’frecursors i fE@SsiIvetR sriipethe imitpesoésbivealsdedSuatlythshetuperofihand

0.5M and i | 0 i icular embodiment, th
el r;‘ggﬁ;ﬂg%ﬁi{ﬁf&@@%ﬁu%& Afbro t;ﬁb%%@ﬂ%é% %ténn%etﬁ\%%‘g%%q?ﬁ%%g 33 Aot

e Vaporization step b') are combined in one
sources. groups having from one to four carbon aioms, 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

t5  the other, is linear or branched and has from one to four carbon atoms, the linear
or branched alkoxy groups, having from one to four carbon atoms, the atkylsityl
amino groups wherein the alkyl group is linear or branched and has from one to
four carbon atoms, the dialkyisilyl amino groups wherein each alkyl group,
identical or different from the other, is linear or branched and has from one to

20 four carbon atorns, the trialkyisityl amino groups wherein each alkyl group,
identical or different from the other, is linear or branched and has from one o
four carbon atoms, the amidinates groups and the carbonyl, being understood
that, If said formula (i) comprises more than one R' groups, each R’ may be
identical or different one from another,

25 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: io form an optional second gas
phase metal source;

30
- A step c} of introducing said first gas phase metal source and said

optional second gas phase metal source, in the reaction chamber, in order to



_During the step c) of the method as hereinbefore defined, the vaporized 20metal containing precursor
is introduced into a reaction chamber where it is contacted to a substrate. In the context of the
_present invention, substrate means any substrate used in the semiconductors manufacturing, which,

because of theigfgchrigg] function, requires to be coated by metal containing-filseSuehssubstrates
are for 25 example not only selected from silicon substfates (Si), silica substrates (Si02), silicon nitride
substrates (SIN) or silicon oxy nitride substrates (SiON), but also from tungsten substrates (W) or
noble metal substrates,sugch as for. e I i r LR d),
Rhodium substrat%%j‘(&lhg oreéro? %tg é%%?%%%%%%%ﬁb@%ﬁ&%ﬁg ﬁiezge%? %%?&%ﬁég :
temperature to obtairiatmengesiigddiiie with acsuffivieinugrewthiraeusnd &itihe faesivi @hy@ﬁal state
and composition. h\é\{%@%%@%%%ﬁ@@% EB4Q0Z0R2207 9 The temperature during step c),

fo6 ' )

usually ranges from . Preferably the temperature is lower or equal to 450C. The
pressure in the reactionfeheisetigboftioned fesBtareriaidsraatAat copeiHiAg ' vith a
sufficient growth r@%@&m&mq@%@gg&bﬁw%@@gqs from around 1mTorr (0.1333224
Pa) to around 100Torr (13332.24 Pa). In the context of the present invention, the M2 metal
containing precursor, is selected from the grouﬂ%@ﬁ%ﬁsting df:)silicon derivatives or their Germanium
homologues, suchRgsHMISIRXanedrisihramine, sistangnbisianesahakysientnofth@fompla: (1111)
Si1-1,(0R3)4..,(1111) wherein: 0 5 x 5 3 and R3 represents a Iinea!jﬁ%méanc eddm%dsr%cpaé?oig group

having 1 to 6 carBOH Sibnd if the M metal containing precursor, w mvaolve
a compound of the formuta (i)
10 (R%Cp). M' R’ (,

corresponding to the formuia (i) as hereinabove defined wherein x=0, and z= 2,
in said formula ('), t > 0 in at least one of the two (R*%Cp) ligands.

In the method as hereinabove defined, the at least one metal containing
precursor of the formula (11} and E'f necessary, the least one M* metal containing

15 precursor, have a melting point generally below 50°C, preferably below 35°C
and they are preferably liquid at room temperaiure.

According to a particular embodiment of the method as hereinbefore
defined, the vaporization step b) and if necessary, the vaporization step b’} are
achieved by introducing a carrier gas into a heated container containing the at

20 least one M' metal containing precursor of the formula (II):
(R'Op) (RACp). M' Rz (1)
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 liguid phase and at a s_Ufﬁcient vapor pressure. if necessary, one or
25 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,
hexane, pentane or tetramethylsilane. The concentration of the metal precursors
in the solvant or in the mixture of “soivents is usually between 0.01M and 0.5M
and is more particularly arocund 0.05M. The carrier gas is selected, without
30 limitation, from Ar, He, Hz, Ny 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

will consider that the temperature of the container can be adjusted to control the



_ 15silanol derivative of the formula (1112): Si(OH)x(OR4)4,(1112) wherein: 1 5 x 53 and R4 represents
a linear or branched alkyl group, having 1 to 6 carbon atoms, preferably Si(OH)(0OR4)3 and more
preferably Si(OH)(0tBu)3; aminosilane derivative of the formula (1113): 20SINNR5R5)4-x(1113)
wherein: 0 x 5 3andR5a6d R6 are identical or different and independentlyptapresentsszenhydrogen
atom or a linear or branched alkyl having 1 to 6 carbonfatoms, preferably SiH(NMe2)3 (TriDMAS);
SiH2(NHtBu)2 (BTBAS); SiH2(NEt2)2 (BDEAS)) and mixtures thereof; 25Aluminum derivatives, such

as trimethylalumi §Jﬁgéml%tl%l\% minum hydride [AIH(CH3)2], alkoxyalane of the formula
(AV1): AIR8(OR7?¥§(%€\‘I/§:%ﬁ%rein: 05x5 SBand R7 represents a linear or branched alkyl having 1 to

6 carbon atom, and Fe, Ttientiegied srglifferein How! iR coapréehieirasbysrcsolaidmant
preferably ARQR&%@W@%M@I&? a9 &b identical rdliffarentowhishuingapepdertiyorapresant an

linear or branched alkyl having 1 to 6 carbon atoms, most preferably AlIMe2(0iPr); WO
2007/1_41059Pc1f¥@w2@0ﬁ©§?5@781@ aRficfs&alEne of the formula (1V2): AIR11.(NR12R13)3_,(1V2)
wherein: 0 5 5x 3 and RiZ-apfig 13ddesticaker dilawnir reprasanianthysirogen metom ogs linear or
branched alkyl having 1 tg 6 carbon atoms, and R11, identi%al 5}5{(}) or different {{;lom R7 an Eepresents

an hydrogen atori%PaRREAR SIbRERHER ARTRAIMYSICR Y RafhSHeERANY: the vaporiza o

step b') are achieved by introducing in a liquid form, the M' metal containing
precursor of the formula (1)
(R",Op} (R4Cp). M' R4 (m
16 and if necessary both the M? metal containing precursor to a vaporizer where it is
vaporized. If necessary, one or both metal precdrsors 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, hexane, pentane or tetramethylsilane. The concentration
of the metal precursors in the solvent or in the mixture of sclvents is usually
15 between 0.01M and 0.5M and is more particularly around 0.05M.

According to a more particular embodiment, the vaporization step b) and
the vaporization step b') are combined in one vaporization step b") of both
sources.

During the step c) of the method as hereinbefore defined, the vaporized

20 metal containing precursor is introduced into a reaction chamber where it is
contacted to a substrate.

In the context of the present invention, substrate means any substrate
used in the semiconductors manufacturing, which, because of their technical
function, requires to be coated by metal containing films. Such substrates are for

25 example not only selected from silicon substrates (Si), silica substrates (SiO3),
silicon nitride substrates (SiN) or silicon oxy nitride substrates (SiON), but also
from tungsten substrates (W) or noble metal substrates such as for example,
Platinum substrates (Pt), Palladium substrates (Pd), Rhodium substrates (Rh) or
gold substrates (Au).

30 The substrate is heated until the required temperafure to obiain the

desired film with a sufficient growth rate and with the desired physical state and

composition.



. 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[0-C(R15)(R16) CH2-0R17] 10wherein R14, R15, R16 and
~R17, identical or different, independently represent an hydrogen atom or a linear or branched alkyl

having 1 to 6 caghon,a0msPreferably Ta(OE04(0CMe2CH2-0Me)(TAT-DMpdz)axtantabam derivative
of the formula (V2): Ta(OR18)4[0-C(R19)(R20)-CH2-N(R21)(R22)] (V2) iswherein 1213, R19, R20,
R21 and R22, identical or different, independently represent an hydrogen atom or a
linear or branched alkyl having 1 t0 6 ¢ r%Qg. 0 a N h :
Ta(:NR24)(NR25R26)SR$§)tV%W k%ﬁ%atﬂ%a @agr{i]8 F\;% 6%%%‘% cgﬁ}é?%glf}eg%ﬁ]t?ﬁ%{gﬁggrﬁ?represent
an 20hydrogen atémeferablindar iorpramétredialryidiaviaguBtéostédibon atoms; Niobium

derivatives, such as Nb( t Et b derivati f
the formula (V11): Nb(op% Y o-%g ?fa@zg -g@zﬁ%@%ﬂﬁ%ﬁ%ﬂ%ﬁ%&E%z%ﬁ%%%I,Ve °

identical or differemet@ldumenidst|iveprikensicEs hgurelt Mo 6r B AREAR ST HR Akyl

having 1 to 6 carhon ajoms.qBeaferably NRORA9GHS2qL-129e) (NBT-RMABL@ niaigvew
derivative of the f(()%%uslg \éléa;)Nb(OR31)4[O-C(R32)(R33)-CH2-N(Rs4)8R35)1(VI2)

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:

10 disiioxane, trisilylamine, disilane, trisilane, alkoxysilane of the formula:
()
SiHAORY 4, (1114
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 (l1l2):
Si(OH)(ORY)ax (il13)
wherein: 1 € x <3 and R represents a linear or branched alkyl group, having 1 to
8 carbon atoms, preferably Si(OH)(OR“)S and more preferably Si{OH)OtBu}s;
aminosilane derivative of the formula (llls).
20 SiH(NR’R%)4x (His)
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); SiHy(NHiBu), (BTBAS), SiH(NEL)
(BDEAS)) and mixtures therecf;
25 Aluminum derivatives, such as trimethylaluminum [ACHaz)s], dimethyl
aluminum hydride JAIH(CHa)z], alkoxyalane of the formula (IV4):
AIR®(OR" )3« (V)
wherein: 0 s x £ 3 and_R7 represents a linear or branched alkyl having 1 t0 6

carbon atom, and R® identical to or different from R’, represents an hydrogen
30  atom, or preferably AIR®R'(OR’), with R® and R™ identical or different, which

independently represent an linear or branched alkyl having 1 to 6 carbon atoms,

most preferably AlMez(OiPr);



wherein R31, R32, R33, RR35, identical or different, independently represent 30an hydrogen atom or
a linear or branched alkyl having 1 to 6 carbon atoms, a niobium derivative of the formula (VI3):
Nb(=NR36)(NR37R38)3(VI3): WO 2007/141059PCT/EP2007/052507 1! wherein R36, R37 and R38,

identical or diffegent,indepandently represent an hydrogen atom or a linear gg-prgarhee:adicyl having 1
to 6 carbon atoms; lanthanide derivatives, such as Standium derivatives, yttrium derivatives,
cerium derivatives, praseodinum derivatives,gadolinium derivatives, 5 dysprosium derivatives, erbium

derivatives, lanthanum gFrivati%/ﬁ‘s 8 gerit\/aétiiv with at least one p-diketonate ligand or at least a
B8t

cyclopentadienyl ﬁgmdrqg o%?i%r?a ysu ith one or several linear or branched alkyl groups

having 1 to 6 carbon atoms; divalent met&i@%{ﬁ%f@éﬁ)su_ch as strd¥tium (Sr), barium (Ba), im
magnesium (Mg)ggi‘?éé% 5;1(5%%2 orZing,(&m) dervatives,with atleastone d3-diketonaie iggnd, or at

least a cyclopent yl'ligand optionally substituted with one or several linear or branched alkyl
groups having 1 tetereaiafirgaings; branetreratstaryBiyatodscsubrnataimy<ten ), Wrisaenum

(Mo), hafnium (Hi},05 ziieanRiN daNrderivaivese fenexamplaiiesalkexy deavalesr he Amie

15derivatives or adducts containing these species, being understood that said derivatives are not
compounds of théfgthhardn®)!ds ReraihBa®idMfefined.  According to another particular

embodiment, the methag: g liereiBReiekREafingcth SOTBISR),, Ta(ORASERRMENErEU(tE,R! least one
M1 metal containing precursor of the 20formula (11), and if n%c§?§_ary, the at least one M2 metal
[

containing precursr st nixa FY At A HRE Yo ALRRISPBY r to step c).
Ta(OR™,[O-C(RPHR™)-CH,-OR™

16 wherein R™ R R" and RY, identical or different, independenily represent an
hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms,
preferably Ta(OE)(OCMe,CH,-OMe) (TAT-DMAE), a tantalum derivative of the
formula (Va):

Ta(OR")[0-C(R™)R*)-CHrN(R™)(R™)] (Va)

15 wherein R", R", R, R*' and R%, identical or different, independently represent
an hydrogen atom or a linear or branched alky! having 1 to & carbon étoms, a
tatalum derivative of the formula (Vs):

Ta(=NR™)(NR®R*), (V)
wherein R* R* and R, identical or different, independently represent an
20 hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms;
Niobium derivatives, such as Nb(OMe)s, Nb(OEt}s, Nb(NMe,)s, Nb{NElz)s,
Nb{NEt.)s, & niobium derivative of the formula (Vi)
NB(OR™)4(O-C(R®)R*)-CH-OR™) (V1)
wherein R, R®, R* and R¥, identical or different, independently represent an

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

Nb(OR*),[O-C(R®)(R*)-CH-N(R™(R®)] (VI3)
wherein R R®, R®, R* and R, identical or different, independently rebresent
36 an hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms, a

niobium derivative of the formula (Via):
Nb(=NR®}NR*R*); (V1):



_ In the context of the invention, the at least one reactant specie is chosen in relation to the targeted
metal based film, which is expected According to another embodiment, the reactant specie is an
oxygen 25 source and more particularly oxygen (02), oxygen containing radicals 0 or OH', for instance
~ generated by a {ggwie/plasma, ozone (03), moisture (H20) and H202 and reixtERztEpELH7

According to another embodiment, the reactant specie 1S a nitrogen source and more particularly
nitrogen (N2), nitrogen-containing radicals such as 30NJ', NW, NH2s, ammonia (NH3), hydrazine
(NH2NH?2) and its gliyLor aryl derivatygsiandamisiires iieeeoh Ascasdingito fnetiresmbediment,
the reactant specie is both a nitrogen WO 2007/141059PCT/EP2007/052507 12 and an oxygen
source and more pHfiegRIONT ﬁdﬁ?‘l’\fﬁ,WW@W&R@WHS(&JF@&%&%W.ammbepending on the
ratio N/O, which is requifgdnthgkeaskaispecia whighdsaifdiaeassaniiused inithe deethuvas
hereinbefore defined, may be either an 50xy%§1§,source, either a mixture Ott an oxygen source and of a

nitrogen source efREHBothSEH GH)gEn amPEFREBUER sSlFALEY B mixHIRHHLESS, Tomk3

ereof. ccording to
another embadimepmbihednyentiands teebtargetedwmibtas based:filmcdataiii easbotesudivas for
example without limitation metal cargi% or metal carbonitride,. at least gne react egle is,a carbon
source more 10paHiBufErFaHefiihe: %ﬁeﬁﬂg,ai?rogbgfﬁeg; Ut é;e%?ﬁy?er? ?%r%%&%ﬂh%ﬁ b@% e%ne,
According to anothsticembpsiment efthatinveatiorsdiheitingater hretalteasalt filgragrsdimgrglicon,
such as for example ithogt limjtation metal silicide, silico-nitride, silicate or silico-carbo-nitride, at least
on reactant speci 18 8 SHISSH 84tiFEe such as: 15disiloxane, trisilylamine, disilane (S12F15), trisilane
(Si31-18), alkoxysilane dithierformatab @aiviigs12) ovdl 123), sBhéveindéfore detiied f8r.example
SH(NMe2)3 (TIDMASE SHANHBUZ (RTRAS): SIHANR)? (BREARA a0R i UssINGeo"
According to1 éno{ﬂgﬁrﬁ%ﬁ%ﬁéﬁw b%%%ﬂgﬁ;‘%% method a%s%]%sreinbefore defined, comprise:
B-diketonate ligand or at least a cyclopentadieny! ligand optionally substituted

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

other metal derivatives such as tungsten(W), molybdenum (Mo), hafnium

(Hf) or zirconium (Zr) derivatives, for example the alkoxy derivatives, the amino
15 derivatives or adducts containing these species, being understood that said
derivatives are not compounds of the formula (If) as hereinbefore defined.
According to another particular embodiment, the method as hereinbefore
defined, comprise:
- A step d}, wherein the at least one M’ metal containing precursor of the
20 formula (i1}, and if necessary, the at least one M? metal containing precursor, is
mixed to at least one reactant specie prior to step c).
In the context of the invention, the at least onie reactant specie is chosen
in relation to the targeted metal based film, which is expected
Accord‘ing to another embodiment, the reactant specie is an oxygen
25 source and more particularly oxygen (O2), oxygen containing radicals 0O° or OH®,
for instance generated by a remote plasma, ozone (Os), moisture (H;O) and H202
and mixture thereof.
According to another embodiment, the reactant specie is a nitrogen
source and m.bre particularly nitrogen (Ng), nitrogen-containing radicals such as
36 N°, NH°, NH;*, ammonia (NH;), hydrazine (NHNH:} and its alkyl or aryl
derivatives, and mixtures thereof.
According o another embodiment, the reactant specie is both a nitrogen



~ 20- a step d') wherein the at least one M1 metal containing precursor of the formula (Il) and if
necessary, the at least one M2 metal containing precursor, is mixed to at least one reactant specie in
the reaction chamber. The mode of introduction of the at least one M1 metal containing precursor

~ of the formula (D pnd-f hgspssary, the at least one M2 metal containing 2p¢rasuisausand the at least
one reactant specie in the reaction chamber generally Hepends on the mode of deposition of the film
on the substrate. The metal containing precursors and the reactant species are generally introduced

simultaneously in 3 Shemical ¥aPOlRRISIHOM BROEERT. AL 3 NN, Thas, Aeoic faxs) gposition

process or accorcﬁng £5'sEVeral com Inations, as for 30 example in a pulsed modified atomic layer
deposition processiwthereihehecht least one M1 metal containing precursor of the formula (Il) and if

necessary. the at least B A E WIBRIORANILPIARHSA AR addaRAdeaRGSdR cRulse WO
2007/141059PCT/EP20 52507 13" and the at [east one reactant specie is introduced in a separate

pulse; or in a puldediohesaissivapseddpdsrisieprtasdwisbiamafedaiiea: BRY PR B8 bntaining

precursor of the farmula dh) and dipescessantulestieasygoe Maaetalcontaininggeieedsor, are
introduced by pulse and the at least one reactant 5specie is introduced continyously. According to

another of the inviHtRSTD G5 FEHEEH I e RIEREEP SO 7 PSS BIHIS UGR 8 Mlasma system localized
remotely from the reactiggrehampes, artHiecontpesediootitiedts/ehticording ¢oametherreatodiment,

the step (b) of the method as to hereinabove defined, consists of a st 1). of mixi least one
first metal contaimASEArECLRBHBNMThEFHRu RN D %Ftﬁé?mﬁiﬁ g‘f"ie%%fgés%c%ﬁd%%a% 0 @\%ing

precursors: M1(NlieRdaiMAi(hEi2)Ma(NddeE he M(cia iR did1 (O tB oMb (B a¥2(niep)2 and
mixtures thereof and.a step (b2),0f vaporizing said_mixture, Ac ing.t i

embodimenfptheﬁﬁgé(i‘lﬁ%aec%h%gﬁflseae %%%88855% httge{#gglfrw%é%gtﬁg%g iﬁ%%’%%‘é%%g%%gﬁ a metal
containing dielectric filndcovngirising arcohascembicofithentoririben ifyewieidinitsclMasisetareShtaining

precursor is of the foryle (1) (R 1 GRIMINRAONRANIAN cqSRATHRG AR aTTHIAEL)

a
wherein x =0, z :alsgnd{ﬁ" represen group N(R39)(R40), wherein R39 and R40, identical or

different, indepersilentiyitegeesoiitain ydedigencatomniritteatiolBfinehe@ ai§T b AT Raling from one
to four carbon atgmgorggoq}h%sg Lgroup, wherein the alkyl group is linear or branched and has from
one to four carbon atoms, a dialkylsilyl group, wherein each alkyl group, identical or different from the

other, is lindar or branctisticxaac25iREYarsincoisig 16 PikinoHatBRR ik wias R RSB wherein
each alkyl groupyjdenficalLr different bom theatherimbred esfiaschedanthasiminians to four

ﬁarb_on atoms _ Accorqllng_ll;o a mor%éartlculqr e_r_n%%gjmer%%tgﬁg}vgﬂfonq&%?ggg grgorpethod as
ereinbefore deflelP \AGEpaSiHON BBY B EPASHiSHMY Gizle )
According to another particular embodiment, the method as hereinbefore
defined, comprise:

20 - a step d') wherein the at least one M' metal containing precursor of the
formuta (It} and if necessary, the at least one M? metal containing precursor, is
mixed to at least one reactant specie in the reaction chamber.

The mode of introduction of the at least one M metal containing precursor
of the formula (1) and if necessary, the at least one Mz" metal containing

25  precursor, and the at least one reactant specie in the reaction chamber generally
depends on the mode of deposition of the film on the substrate. The metal
containing precursors and the reactant species are gen'eratly infroduced
simultaneously in a chemical vapor deposition process, or $equent£aliy in an
atomic layer deposition process or according to several conﬁbinations, as for

30 example in a pulsed modified atomic layer deposition process wherein the at
least one M" metal containing precursor of the formula (I} and if necessary, the

at least one M? metal containing precursor, are introduced together in one pulse



) 30fi|m_comprising a compound of the formula (11): M102(11): corresponding to the formula (1),
wherein a=0, b = 2 and ¢ = 0, wherein the metal WO 2007/141059PCT/EP2007/052507 containing
precursor of the formula (ll) is selected from the group consisting of: HfCp2CI2, Hf(MeCp)2Me2,

" HfCp(MeCp)C CI2 HfCp(MeCp)Me2, Hf(EtCp)(MeCp)Me2,
Hf(MeCp)2(CO0) (gwj%g% Zr(MeCP)2Me2, ZrCp(MeBp)CI2, Zr(MeCp)ZE&EF%@g%%%C{:}B)MeZ

Zr(EtCp)(MeCP)Me2, 5Zr(EtCp)2Me2,Zr(MeCp)2(C0)2,Zr(MeCp)(NMe2)3,Zr(EtCp)(NMe2)3,

ZrCp(NMe2)3,Zr(M )(NE Me 3 Zr(EtC EtMe)3,ZrC tMg
Zr(MeCp)(NEtz)safRép?@pﬁ &"ﬁf’(‘%r)%k’\g %‘%)ﬁﬁ @%‘?ﬂE Uiiidg)aa separate pulse; or in 2
Zr(tBu2Cp)(NMe2§:)@§éEﬁl\dﬁ6m)(ﬁMe@)8 HEESE) (NMe2) SsHECp(®IMaR)3at least one M’ metal

Hf(MeCp)(NEtM EtC NEtMe3 IC )
HfCp(NEt2)3, I|f(|§’<?§@é3 3% ?—?(t é)é Rﬁ%g @_I Q%Fni%re %@réﬁfg 4F %c%t(olér!t%rzgii a more
particular embodimeiat, dhetaiviegtioneoncerrs dtristHoeckevhaishbefone ¢géfrfed vedepesitibn of a
metal contalryng |eI Ctrz';&zHW% olui| Brk%ﬂgn%&gﬂpound of the formula (12): 15M10b N.,(12)

corresponding to ormula wherein a=0, I.55b 5 2.5 and 0 < ¢ 5 0.5, wherein the metal

containing precursor of ﬂ@@@ﬁ#ﬁ@l@(ﬁﬁ'@‘@él@fzi@@ Wﬁf‘f@g%@lﬁ‘c{@ﬁﬁs@i‘?@ BRERCHRagS Is

Hi(MeCp)2Me2, 5@9&%{'%98 éMﬁg é%&?idé&@@ébﬂe&%&@zﬁaﬁﬁﬁ@@mﬁ&pmber
Hf(EtCp)2Me2, (MeCp)Z(C GC2CI
Zr(MeCp)2Me?2, EW@@E@?@Q@ B(i‘ﬁ@’@@ﬂ\/leZ Zr(EtCp)(MeCP)Me2,

Zr(EtCp)2Me2, Zr(MeC\2(GR)2 r(M@a@@iﬁMM@a%M(ﬁéﬁp)(tNM%Zéﬁ (b) of the method as
ZrCp(NMe2)3,Zr(MeCp)(NEtMe)3 Zr(Eth)(NEtMe)S ZrCp(NEfMe

Zr(MeCp)(NEt2) Qﬁﬁ@ﬁ(ﬁ@@@eﬂr&ﬁmggg A g at least one first metal

containing precursor of the formula (i1} together wrth at least a second of the
following precursors: MY{NMez)s, M HNEt,)s, M(NMeEt)., M'(mmp)s, M'(OtBU),
M (OtBu)(mmp); and mixtures thereof and a step (by) of vaporizing said mixture.

According to a more particular embodiment, the invention concerns a

15 me'thod as hereinbefore defined, of deposition of a metal containing dielectric
film comprising a compound of the formula (1), wherein the M" metal containing
precursor is of the formula ([14):

(RACp)M'IN(R™)(R™)]a ()
corresponding to the formula (If), wherein x = 0, z = 1 and R’ represents the

20 group N(R®)NR™), wherein R* and R*, identical or different, independently
represent an hydrogen atom, a linear or branched alkyl group having from one io
four carbon atoms, an alkylsilyl group, wherein the alkyl group is linear or
branched and has from one to four carbon atoms, a dialkylsily! group, wherein
each alkyl group, identical or different from the other, is linear or branched and

25 has from one to four carbon atoms or a trialkylsilyl group wherein each alkyl
group, identical or different from the other, is linear or branched and has from
one' to four carbon atoms

~ According to a more particular embodiment, the invention concems a
method as hereinbefore defined, of deposition of a metal containing dielectric

30 film comprising a compound of the formula (l4):

MO, ()
corresponding to the formula (1), wherein a=0, b = 2 and ¢ = 0, wherein the metal



~ Zr(tBu2CP)(NMe2)3,Hf(MeCp)(NMe2)3,Hf(EtCp)(NMe2)3,HICP(NMe2)3, 25 Hf(MeCp)(NEtMe)3,
Hf(Eth)(NEtMe)S, HfCp(NEtMe)3, Hf(MeCp)(NEt2)3, Hf(EtCp)(NEt2)3, HfCp(NEt2)3,
lif(iPr2CP)(NMe2)3, Hf(tBu2CP)(NMe2)3 and mixture thereof. According to a more particular

- embodiment, th&,g%gggﬁrdsgoncer_n_s a method as hereinbefore defined, of depasitipn gfametal
containing dielectric 30tilm comprising a compound of the formula (13): (Mil-. M28) Ob(13)

corresponding to the formula (I), wherein 0 5 a < 1 and c=0, wherein the metal WO
2007/141059PCT/EP2007/052507 15 containing, precursar, of the.formula (11 | e rom th
group consisting 89%@5@?%?&@%@; 85“&!%@%’/?@63’853‘1%%’(5&%%&%@ %@%&%&%Mez
?f((II\EAtCé))ggﬂCeg)Mﬁ@pbﬁ(ﬁtﬁﬁlw%iﬁﬂéme@ﬁm@@ﬁpﬁﬁpmmeﬁzﬁowﬁpméﬁ\ﬂiﬁvmecpmz,
r(MeCp VA el Zr )

5Zr(EtCp)2Me2,Zr é@@@%&? HMe p&%ﬁ%%@%%%ﬁ%ﬁﬁ&)?c%Ez’ Zr(MeCp)zMes,
ZrCp(NMe2)3,Zr (FIEB@E(GR) 3, Z K EfCRYINEiMe) 3 ZiCpNEimess,  ZrH(EICp)(MeCp)Me,,
Zr(MeCp)(NEt2) Et2)3; t r(iPr @}{M

Zr(tBu2Cp)( Me%gﬁ(%ﬁ&%)(wg@%%F@%’Mez%ﬁHpr(&%ﬁ%,’ ZrECp)(NMeals,
Hi(MeCp)(NEtMeIsiatevepyNEIMEfdafiopii trirle)s, HIREGDIIFEls)s, 1044fetebiMe2)3,
HfCp(NEt2)3, Hf(ﬁ(%ggtw\l}é@ﬁgg, Hf@@@g}@@{!%ﬁ arlglrmgp&%metal COMRHIIG RIRIRY)SOr IS

preferably selected from the silicon derivatives or their germanium homologues, the tantalum

derivatives, lanth&Hids derifiliirsss and T RiaaibGrk deriVliR EL A NG Emabove- e

Qc;_:ortzjingftg a mprgRatiiseneEbodimgRIRRNBERION concpNeavitimetinidvas ot pfore

e, O oo oL AU R RSB SR o e ormia 19
and mixtures thereof,

According o 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 (lo): _

15 M'Op N, (l2)
corresponding to the formula (1), wherein =0, 1.5 b £25and 0 < ¢ = 0.5,
wherein the metal containing precursor of the formula (ll) is selected from the
group consisting of: HfCp,Clz, Hf{MeCp).Me;, HICp(MeCp)Clz, Hi{MeCp).Clz,
HfCp(MeCp)Me,, HIEICp)}(MeCp)Me., HI(EICp).Me,, Hf(MeCp}(CO),, ZrCp.Cls,

20 Zr(MeCp)Mes,, Zr(MeCp)aCla, ZrCp(MeCp)Me;, Zr(EiCp)(MeCp)Mes,
Zr{EtCp):Me,, Zr(MeCp)z(CO)a, Zr{MeCp}{NMey)s, Zr(EtCp)(NMez)s,
ZrCp(NMez)s, Zr(MeCp)(NEtMe)s, Zr(EtCp}(NEtMe)a, ZrCp(NEtMe)s,
Zr(MeCp){(NEt2)a, Zr(EtCp)(NEL)s, ZrCp(NEt)s, Zr(iPr2Cp)(NMeaks,
Zr(tBuCp){(NMez)s,  H(MeCp)}(NMez);,  H(ECp)(NMey)s, HICp(NMeg)s,

25 Hf(MeCp)(NEtMe);, Hf(EICp)}(NEtMe)s, HfCp(NEtMe)s, Hi(MeCp)}NE)s,
Hf(EICp)(NEt,)s, HFCp(NEL)s, H(iPr.Cp}(NMe,)s, HE(1Bu,Cp)(NMe2); and mixture
thereof. |

According to a more particular @mbodimeni, the invention concerns a
method as hereinbefore defined, of deposition of a_. metal containing dielectric

30 fitm comprising a compound of the formula {I3):
(M'sa M%) Op (1a)
corresponding to the formula (1), wherein 0 < a < 1 and ¢=0, wherein the metal



~ corresponding to the formula (1), wherein 0 _5a <1 and 0 <c 5 0.5, wherein the metal containing
precursor of the formula (ll) is selected from the group 20 consisting of HfCp2CI2, Hf(MeCp)2Me2,
HfCp(MeCp)CI2, Hf(MeCp)2C12, HICp(MeCp)Me2, Hf(EtCp)(MeCp)Me2, Hf(EtCp)2Me2,

" Hf(MeCp)2(CO erg%:?% , Zr(MeCp)2Me2, ZrCp(MeCp)CI2, Zr(MeCp)2Qler £55datMeSh)Me2,
Zr(EtCp)(MeCp)Me2,Zi(EtCp)2Me2, Zr(MeCp)2(C0)2, Br(MeCp)(NMe2)3,
Zr(EtCp)(NMe2)3,ZrCp(NMe2)3,Zr(MeCp)(NEtMe)3,Zr(EtCp)(NEtMe)3, 25 ZrCp(NEtMe)3,
Zr(MeCp)(NEt2)3, Zr(EtCp)(NEt2)3, ZrCp(NEt2)3, Zr(iPr2Cp)(NMe2)3, . Zr(tBu2CP .
Hf(MeCp)(NMe2) SO HifE (ﬂ%ﬁgﬁéf’ﬁ%pﬁiﬂi%%@ﬁﬁ(ﬁfg é?ﬁfﬁfmé%, %%ﬁ@%&%@e 5
H;(Cp(l\zllétl\g?)& Hﬁﬂﬁﬁm,(Nﬁtﬁ)@ﬂﬁtﬁOEW@@)(NWXMBEIDWE@W@BP%@)(?M@@@CP)M%I
Hf(tBu2CP)(NMe the conigini recurSoy y C silicon
derivatives or theﬁ@%’#ﬁ)ﬁh%erg @ﬁﬁé’loﬁﬁggaﬁ%\%%tgﬁ&iﬁég%%g%%é,%%%ﬁ?ﬁi e ggﬁ(\%#\}geé%'and the
magnesium derivativpgveCéfsabovedieiiag,Gad at feast bieé plygen cofithiting Meebidsrand at

least WO 2007/ RCT/EP20 7 [ al s/l dint
eas 0 g%ggﬁﬁ&q}% I %{ %ﬁégjt)hne NFQYREINARING pregg(ﬁggﬁﬂ@ﬁﬁ@%ce into

the reactor. Another ‘emb nt the invention concerns the use of the compounds of

the formula (Il) aZHepéiibethre definddete KR @blectri€ KRtsmHOHEMaXicularfy foX MedYrdted circuits
orin the preparatﬂg@d\é%qk@gyIator%g—%{}mg\{gsgrchitgg@gg@gg%ﬁandmﬁgggwl\a@mgries.
r nti

According to another embodiment, the invention concerns a compound the formula%g@!:
(R21Cp)MI[N(R38)(F40GaifbdraspondlfiliemE Maa (5T erifieh, 2 = and'¥erdnresents
the 10 group N(R3Q)ER49InwhaEsIN Rwimp?(@ﬂqgmicalmg'(fﬁmmé)gndeﬁthﬁml}mepjﬁ,sent an
hydrogen atom, a linear or branched alkyl group havin gl&g (in%’%g#o%c&w%tométﬁnﬁ&kylsilyl
group, wheréin tH& &P ¥ Pbiiplis W@B?Wﬁé@% Hgﬂzéﬂ% frorm one'ts R S atomns, a
dialkylsilyl group swéaerelimeaeh @lod @neup idderiferhisly difflersoti firom the eitiver elivetives branched

and 15 has from one to four carbon atoms or a,trialkylsilyl group wherejn each alkyl gr jdentical or
different from the(RReF TS RIEAF df %g]%%sa?%eﬁ{ s‘Yf ??(L)Xrﬁ] %ﬁg\%\{v\(l)%sr’ cfgr%banma%r%é&gweg’

and the magnesium derivatives as hereinabove defined.

According to a more particular embodiment, the invention concemns a
15 method as hereinbefore defined, of deposition of a metal containing dielectric

film comprising a compound of the formuta (l4):

(M'1.2 M%) Os N (la)

corresponding to the formula (1), wherein 0 <a < 1 and 0 < ¢ < 0.5, wherein the
metal containing precursor of the formula (ll) is selected from the group
20 consisting of HfCpsCl, HfMeCpj.Mez, HICp(MeCp)Cly, Hi(MeCp):Cla,
HfCp(MeCp)Me,, HI(EICp)(MeCp)Mez, HI(ELCp)Me,, H(MeCp)oCO)a, ZrCp2Clz,
Zr(MeCp).Mes, ZrCp(MeCp)Cly, Zr{MeCp),Cls, ZrCp(MeCp)Me,,
Zr{EtCpYMeCp)Me,,  Zr(EtCplMe;,  Zr(MeCp)(CO),, Zr(MeCp)NMes)a,
_ Zr(EtCp}NMez)s,  ZrCp(NMeg)s,  Zr(MeCp){NEtMe)s, Zr(EICp)YNEMe)s,
25 ZrCp(NEtMe)s, Zr{MeCp}(NEtz)a, Zr(EtCp}NEt)s, ZrCp{NEts)s,
Zr(iPrCp)(NMez)s,  Zr(tBuCp)(NMesz)s, Hf(MeCp)(NMez)s, HF(EtCp)(NMez)s,
HfCp(NMey)s, Hf(MeCp}{NEtMe}s, Hf(EtCp)(NEtMe)s, HICp(NEtMe)s,
HiMeCp)(NEt)a, HA(EtCp {NEL)s, HICp(NEL)s, Hf(iPr.Cp)(NMey)s,
Hi(1Bu,Cp)Y{NMez)s, the M? metal containing precursor is preferably selected
30 from the silicon derivatives or their germanium homologues, the tantalum
derivatives, lanthanide derivatives, and the magnesium derivalives as

hereabove defined, and at least one oxygen containing precursor and at least



~According to a particular embodiment, the invention relates to a compound of the formula (111) as
hereinbefore defined, wherein R2, R39 and R49, 20 identical or different, independently represent a

radical selected from the methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl and tert-butyl

" groups, and m 'f'(i;@sl;y the following compounds: PCT/EP2007/052507

Zr(MeCp)(NMe2)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,

25ZrCp(NEt2)3,Zr(iPr2 NMe2)3.Zr(tB
HffEtCp)(NMe2)3! “f”c‘b’%ﬁé?&?@'ﬁﬁm%%%%%&%wg}é@%%@@?‘gg%@ ézt))l\%lh(i, oo or
HfCp(NEtMe)3, Hf(Me C(NER)8, Hf EIGhINE RS op(NESHRIPFRCE MEg)dse of the

Hf(tBu2Cp)(NMe2)3. di ifi i f, IRveRkiaBfelatamto the
30following compgﬁrﬁgg:ugtrj&'b?%%p%%N%gj%g @fg%&%ﬁﬁ%ﬁ%%%?é%%ﬁgg% Hf(EtCp)(NMe2)3,
Hf(MeCp)(NMe2)BarfafpRite)3neanr b sirea ke ss P i je Pt A el Metal InsUiigise skilled

in the art will tecogpize thayiheAgEeinaboys metlprganisLomaaURgs. could be used for any other
applications than vapOLgr phase deposition processes, such as cat éIiysts or an%lé)ther industrial process

5 cata
or application requiring ARGt i AP BRTARASHTITINdE. NREUSRIFREE Doth&P CRBEHment, the

invention concerng asBrRef$%Ifgr the preparation of a compound of the formula (Ill) as hereinabove
defined, which comprises: a step 1, consisting.of the; praparation of the compound of the formula (Viii):
10(R2,Cp)M1C13(V111) (R ﬁGrJ)I\% Nﬁ R by

corresponding to the formula (1), wherein x = 0, z = 1 and R’ represents the

10 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 fc
four carbon atoms, an alkylsilyl group, wherein the alkyl group is linear or
branched 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

i15  has from one to four carbon atoms or a triaikylsilyl group wherein each alkyl
group, identical or different from the other, is linear or branched and has from
one to four carbon atoms.

According to a particular embodiment, the invention relates to a
compound of the formula (I} as hereinbefore defined, wherein R?, R* and R*

20 identical or different, independently represent a radical selected from the methyl,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl and tert-butyl groups, and more
specifically the following compounds:

Zr(MeCp)(NMezjs,  Zr(EICp)(NMeg)s,  ZrCp(NMez)s, Zr{MeCp){(NEtMe)s,
Zi{EtCp}(NEtMe)s, ZrCp(NEtMe)s, Zr{MeCp)(NE1L)s, Zr{EtCp)(NEL)s,

25  ZiCp(NEb)s,  Zr(iPrCp){NMez)s,  Z(iBuCp)(NMez)s, Hf(MeCp){(NMez)a,
HF(EtCp)(NMe)s,  HfCp(NMey)s,  Hi{(MeCp)(NEtMe);, HF(EtCp)}NEiMe)a,
HfCp(NEtMe)s, Hf(MeCpXNEt,)s, Hf(EtCp)}NEty)s, HFCp(NEL)s,
Hf(iPr.Cp)}(NMez)s, H(tBuCpl{NMey)s.

According to a more specific embodiment, the invention reiates to the

30 following compounds: '

Zr(EtCp)(NMey)s, Zr(MeCp)(NMez)s, ZrCp(NMes)s, HI(ELCp)(NMez)s,
Hf(MeCp){(NMez)s and HfCp(NMez)s.



~wherein M', R2 and t are as , hereinabove defined for the formula (Il), by the reaction of M1C14 with
(R2tCp)Na ; a step 2, consisting of the reaction of the compound of the formula (V111) prepared in

step 1, with NH(R39)(R40), to produce the compound of the formula 15(111). According to a last

" embodiment, thgdmefmiaeseoncerns the following compounds of the formuRCEFRESF @8 above

defined: Hf(EtCp)2Me2, Zr(MeCp)2Me2 or Zr(EtCp)2Me2. 20The following examples are an illustration

of the various embodiments of the present invention, without being a limitation. Example I: Deposition

of metal oxide film M10 with h}pddeeingipsegferahhehafniuwm argaimesiumat2FThe Biwinatealeposited
comprises a compound of the formula (I) wherein a = 0, ? =2 anf%ji =0. . To nﬁke tgeeqjeposition
of such film on thE'&i&EBPBIACREIRPYITR S HrERth ' ACFARLGIRYP AR TSRS DRAM,
one need to vaposizesthedMds msiahsRiuaaassdefinacinaieps () andtoentiratisteai ntodeareactor
(preferably 30 Hafnium or Zirconi_umﬁl’to inéegj an oxygen source Jgf rably moisture, oxygen or
ozone into said réREE TRE B R SRS RUSBrEPIT: %apeg?n%)erg Ure (preferably between 150C and
350C) and pressure (praferaily petweeii2d RenhMEr20071d 1059RGT (BRROOTE/@32507s68%Nd 1000

Pa) forthe duratign necessapy loachicye siler b I dopssiignan s subsale ifpdl o

deep trenches b ;Eseg'aﬁ% process (sequential pulse’injection of metal sources are
necessary in ordeptopait@s; regular deposition of the oxide in the trench to progressively fill out this

trench 5and provide noavo'kgs i;ln,ltl(@h&%é%%ﬁ@ré&gf% d%@gpmgglqr@f.@ﬁedggﬂ%@%e&agﬁgqg%gjglectric

film). The dielectric i ehall hia sired final composition (here essentially variations of the
b value around 2{ibdlifying the ratio of precursor to oxygen source).

10 (R%ACpIM'Cls (Vily)
wherein M', R? and t are as hereinabove defined for the formula (i), by the

reaction of M'Cl, with (R3Cp)Na ;
a step 2, consisting of the reacticn of the compound of the formula (V1)

prepared in step 1, with NH(R*)(R*), to produce the compound of the formula

15 {Ih).
According to a last embodiment, the invention concerns the following

compounds of the formula (I} as hereinabove defined:
Hf(EtCp):Me2, Zr{MeCp).Me. or Zr(EtCp).Me.

20 The following examples are an illustration of the various embodiments of

the present invention, without being a limitation.

Example |; Deposition of metal oxide film M'Q; with M’ being preferably

hafnivem and zirconium
25 The film to be deposited comprises a compound of the formula (I) wherein
a=0,b=2andc=0.
To make the deposition of such film on the surface of a wafer or in a deep
trench o manufacture MIM structures for DRAM, one need to vaporize the M
metal source as defined in step (b) and to introduce it into the reactor (preferably
30 Hafnium or Zirconium), to inject an oxygen source, preferably moisture, oxygen
or ozone into said reactor, react the products at appropriate temperaiure
(preferably between 150°C and 350°C) and pressure (preferably between 25 Pa



[0Three examples of types of compounds of the formula (lI) were chosen according to the three
following options a, b or c: a) The compound of the formula (I1) is chosen from Zr(MeCp)2Me2,
Zr(EtCp)2Me2, Hf(MeCp)2Me2 and Hf(MeCp)2Me2. Delivery of molecules in liquid form is

usually carried @it Ry-BypRling an 15inert gas (N2, He, Ar, ...) into the liquid apgpreviding,the inert gas
plus liquid gas mixture to the reactor. b) The comi¥ound of the formula () is chosen from

Zr(2,4-Me20P)2Me2 and Hf(2,4-Me20p)2Me2. c) The compound of the formula (ll) is chosen
from 20 Zr(MeCp - e2 and HitMeCp)(2,4-Me20I1D)Me?2.... The oxygen source shall be
preferably, Withoéﬁﬁrﬁiﬁéﬁgﬁé’? Ic})/ékry%gheen wﬁgg?gx@%o(é)aéﬁér;g&fc%lg %?Yﬁs?gﬂgg o?ncﬁﬁg,%%%sﬁg?adicals
generated by a remdi’@pﬁfaéﬁiaagyﬁem, ﬁ&cmé ey MZ!B,CN@Zbynéil_sEhm (HE@)_ anibH202ess
N G A S KR e e RIS AR e
simultaneously (chemical vapor deposition), sequentially (atomic layer deposition) or different
combinations (or€&Xaffre s teheoieceiratil doutnahdasastisssiveialiauicinljettidr in one

pulse and oxygen i aaeRar AL RS madifisc-atemis averdenesiionkanetherntianisgoto

introduce oxygen _contin_uouslg and/or to introduce the metal source by pulse (pulsed-chemical vapor
deposition). WOXRIB7a {BbPCT/EP2007/052507 19 Example I1: Deposition of metal oxynitride films

WON with M1 being prefesakiyidatmumandrancenivn the doarilim tpde dappsirdcomerises a
compound of the formulzwlgwherein a=0 and b and c are different from zerq. 5All the information given
i

in Example 1, is appieaBIE it TS BaPhETE R, \GIUE 5 R geivietiie e lie Mseuestfifo the

reactor. oxygen solrce).
10 Three examples of types of compounds of the formula {Il} were chosen
according to the three following options a, b or c: _
a)} The compound of the formula (I} is chosen from Zr{MeCp),Me,,
Zr(EtCp).Me,, HftMeCp).Me; and Hf(MeCp).Me,.
Delivery of molecules in liguid form is usually carried out by bubbling an
15 inert gas (N2, He, Ar, ...} into the liquid and providing the inert gas plus liguid gas
mixture to the reactor.
b) The compound of the formula (I} is chosen from Zr(2,4-Me,Op).Me;
and Hf(2,4-Me,Op).Me:.
¢} The compound of the formula (I} is chosen from
20 Zr(MeCp)(2,4-Me;Op)Me; and Hi(MeCp)(2,4-Me,Op)Me;.
The oxygen source shall be preferably, without limitations, oxygen (O,),
oxygen radicals (for instance O or OH'), such as radicals generated by a remote

plasma system, ozone, NO, N;O, NO,, moisture (H,O) and H,O..

25 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 example is
to introduce metal source and the other metal source together in one pulse and
oxygen in a separate pulse [modified atomic layer deposition]; another option is

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

(pulsed-chemical vapor deposition).



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,
N20, NO2 or the like. 10 Example IlI: Deposition of M1M2 metal oxide films with M1 being preferably

Hf or Zr and M2Z:keing prgferably Sior Al The film to be deposited comprises A5mpeund of the
formula (1) wherein a#O, b#0 and c¢=0. 15All the inform&tion given in Example I, is applicable in this

Example lll, except that a M2 metal source is additionally needed. The M2 containing precursor is
e e AN Bl e B A AR Hi A fiega" >ovree

shall be preferably: &) SHTCOTT 2 ) ;
20SiH(NMe2)3 (TriBias)y B Z(BBAG) and SiH2(NEt2)2 (BDEAS) b) an aluminum

source, for example Al (%%BP I c%! ntalum (or niobium) souyrce, for example Ta(OMe)5,
Ta(OEt)5 and Ta(OEO(0OCMe t 28&\%35)? A@#&ﬁ%se@ ° C%é]%bérﬁ#é%eiéﬁéwgc?e%‘é%ﬁéaeposition
of dielectric films &fArnforranra2sie oifferardipporsach as a wafer, in a reactor using ALD, CVD,

MOCVD, pulse CVD pragagisesExpmpledyeRapasiiinn of MMz memlonnifide fims ith 1111

being preferably Hf or Zr and M2 being preferably Sior Al _30The IIm to be deposited comprises a
compound of theS&FRflIE ) WG ®egs 150eednbasicenlitietitoneiabn given in Example Ill, is

applicable in this case, xsemoWda RN Bt d0R8RE WER 200it/0927%8urce selected from the

group comprising nitrogen (N}, ammonia, hydrazine and alkyl derivatives,
N-containing radicals (for instance N°, NH®, NH,;™}, NO, N;O, NG, or the like.

Example lll: Deposition of M'M* metal oxide films with M' being preferably

Hf or Zr and M being preferably Si or Al

The film to be deposited comprises a compound of the formula (I} wherein
z#0, b#0 and ¢c=0,
15 All the information given in Example |, is applicable in this Example Ili,
except that a M metal source is additionaily 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)s,
20 SiH(NMe;)s (TriDMAS); SiHx(NHtBu), (BTBAS) and SiHx(NEL,), (BDEAS)
b) an aluminum source, for example AlMex(QiPr); or
¢} a tantalum (or niobium) source, for example Ta(OMe)s, Ta(OEt)s and
Ta(OEtOCMe,CH,-OMe) (TATDMAEY);
The invention is directed to the deposition of dielectric films of the formula
25 |, onto a support such as a wafer, in a reactor using ALD, CVD, MOCVD, pulse

CVD processes.

Example IV: Deposition of M'M® metal cxynitride films with M' being

preferably HF or Zr and M being preferably Si or Al

30 The film to be deposited comprises a compound of the formula (}) wherein

a#0, b#¥0 and c#0.
All the information given in Example (1], is applicable in this case, except



20 that nitrogen needs to be introduced into the reactor. The nitrogen source shall be selected
from the group comprising nitrogen (N2), ammonia, hydrazine and alkyl derivatives, N-containing
radicals (for instance N, NH, NH2 ), NO, N20, NO2. 5 Example V: Synthesis of

(ethylcy cIopeQ@%djﬁ%leus(d|methylam|no) zirconium, Zr(EtCp)(NMe )3 Zﬁ@%}}{g@gﬁ is prepared
in 3 steps irst step is the preparation of Z¢EfEtCp)CI3 by the reaction of (EtCp)Na toover
ZrC14; The second step is the reaction LrNMe2 with Zr(EtCp)CI3 to produce Zr(EtCp)(NMe2)3.

The resulting co dis purlflﬁﬁg l% $ISII| at verag%/leld as 35%.

(Ethylcyclopenta %{Pg%ﬂr%% aéén ﬁo?z our?% rh?a ereer‘t'" ind to 15be a stable liquid pale yellow
compound. TGA analy§‘ sohifEeCE)MNMezha! be sdlaetthehmal @u&ag'rmeirimappiaha@us"tmerstored in
an argon glove b ith moisture xyge tm I Tét a avimetric
analysis was perﬁ\z’(2 ri/egrgy %Ta%mgﬁy%d rrér(g s%r?t?)% Erﬂ an alumlrtggmqgr%c ?Herﬂ gséaﬂ]nr! Fwas then
heated at a 10C/imteterd peraturetamp HenizBAYe400C. The mass loss was monitored as a function
of the crucible temperature. The residue level was 2.6% with full evaporation temperatures of 260C.
The resulting graph is on Frure 1. 25Example VI: Atomlc Layer Deposmon of Zr02 thln films using
Zr(EtCp)(NMe2) EX2MBEEIE D) Rineasis ahrdatiiiercdappitadiand) cdhs{densdhvdamiaat o0C and
N2 is used as caﬂ'tgbgmtg,@@ J,f m. The pressure the contarner is controlled at 50Torr. 03 is
used as oxygen SOUrCE. The substrate 1s 30 heated at 350C. During a first step, Zr(EtCp)(NMe2)3 is
introduced into the reaéf GricRiMEeJdifripp Parea NS SRgE of 5s is performed afterwards as second
step. As third step, a pylseE03ds then:ipkodiisgshinta Fnerranelion,.chambeiioN et (Etcp)Na
2007/14105921PCT/EP2007/052507 during 2s, followed by a 2s N2 purge as fourth step All four
steps are réBeat‘éoeigf)QItnes to obtain a Zr02 film. Self-limited atomic layer deposition is obtained.

Similar experiments carhbeseedanmadpvith thé analags. Similay, experimgntspoan he ¢ppdueted with
H20 as oxygen %kﬁ&?b)(NMez)g. The resulting compound is purified by distillation. Overall yield

was 35%.

(Ethylcyclopentadienyhtris(dimethylamino)zirconium has been found to

15 be a stable liquid pale yellow compound.
TGA analysis of Zr(E1Cp){NMe,)s

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
20  sample was then heated at a 10°C/min temperature ramp from 35°C to 400°C.
The mass loss was monitored as a function of the crucible temperature. The
residue level was 2.6% with full evaporation temperatures of 260°C. The

resulting graph is on Figure 1.

25  Example VI: Aftomic Laver Deposition of Zr0, thin films using

Zr(Eth)(NMez)g
Zr(EtCp)(NMey)s 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 the
container is conirolled at 50Torr. O3 is used as oxygen source. The substrate is
30 heated at 350°C. During a first step, Zr(EtCp)(NMey); is introduced into the
reaction chamber during 2s. A N, purge of 5s is performed afterwards as second

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



5 Example VII: Metal-Organic Chemical Vapor Deposition of Zr02 using Zr(EtCp)(NMe2)3
Zr(EtCp)(NMe2)3 is stored into a container. The container is heated at 90C and N2 is used as carrier
gas at a flow of 50sccm. The pressure in the 10 container is controlled at 50Torr. Zr(EtCp)(NMe2)3 is
mixed to an 02{Ng,ga mpdure into the reaction chamber. The substrate ishgateg@lR00¢. The
pressure inside the reaction chamber is set at | OTorr 2A film of zirconium oxide is obtained. Similar
experiments can be performed with Hf analogs. 15 Example VIII: Comparison of Zr(EtCp)(NMe2)3 and
Zr(NEtMe)4 thermal, Egv]; f T Ifqr Imetrc analysis. | r(EtCp)(NMe2)3 and
Zr(NEtMe)4 in simi afﬁ%eondit?or?geﬂe rﬁgg g_raz\%\rdn tshé %@puaqiﬁtézeéigg Irsff%%g{%rﬁ graizr %Oréaggé%(n@é\lﬂove box
with moisture and BRytjessderbifimaiftaméa bepinigshaioThe Fayar grendsideridanbiysisdvas
performed by placing a§@mgrsaéng AR alginym crueble, cEhesgmple wasg Hen hegted-ata

10C/min temperature ramp from 35C to 400C. The mass loss was monitored as a function of the
crucible temperaftifee i eSSBS ConfiyGRatisnna plé Re @ pHis(PBUER) is 25 placed over the

crucible containing the metal-organic compound to slow down the evaporation. This indicates the
thermal stability at higher tepratr The results indicates that r(Eth)(NMeZ) is much more
2 L g - .. A 'f?';'—:. § ol 38 04 SRR

Si
thermally stable = Sy Metal g felemical Mapar | [ o0 of ZEQ MSIRGor The
results are showzgaEigHMER: 30 WO 2007/141059PCT/EP2007/052507 22 EtCpNa. Hf(EtCp)2Me2
is then obtained by a slow addition of 2 moles L.iMe over 1 mole Hf(EtCp)2C12 at -20C and increasing
the temperature until 0 FHeP (NYtanEIHARLIHNEN IRRIHPIHREICHT2/EPI8Lelsalsi@8% 6n LiCl and
solvent by Sdistiltation aHG A asalysis ekHigREN)2MeR nfvacumreaditians |eavesra residue of 1.0%
for a starting,mags qf. AbOUL 30MA (788 BIOKET ). 2r(EiCp)NMes)s is mixed to an OyN, gas

mixture into the reaciion chamber. The substrate is heated at 300°C. The

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

obtained.

Similar experiments can be performed with Hf analogs.

Example VHI: Comparison of Zr(EtCpi{NMe.); and Zr(NEtMe), thermal

bhehavior
Thermal gravimetric analysis is performed on Zr(EtCp)(NMe;); and
Zr(NEtMe). in similar conditions. Thermal gravimetric apparatus was stored in an
20 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 mass loss was monitored as a function of the
crucible temperature. In closed cup configuration, a pierced pan (0.8 mm) is
25 placed over the crucible containing the metal-organic compound to slow down
the evaporation. This indicates the thermal stability at higher temperature. The
resulls indicates that Zr(EtCp)}{(NMe;)s is much more thermally stable than
Zr(NEtMe),, making it further attractive for use as vapor phase precursor. The
results are shown on Figure 2.
30
Example X Synthesis and thermal behavior of Hi{EtCp).Me,

Hi(EtCp).Cl; is readily obtained by the reaction of 1 mole HfCl, over



Example X: atomic layer deposition of Hf02 from Hf(EtCp) Me2 and 03 This example concerns the
fabrication of hafnium oxide films. A silicon to wafer is mounted in a deposition chamber that is
provided with a heater over ts circumference and the desired film is formed on the surface of the
silicon wafer. Thg chamhgsis evacuated by a pump. The metal precursor, s 588652507
dimethylhafnocene HfMe2(EtCp)2, is stored in a heatéd liquid container. Nitrogen gas is used as the
carrier gas for the Hf(EtCp)2Me2. The Hf(EtCP)2Me2 in the 15 liquid container is transported by
flowing the nitrogg&t%%ugh the liquefied material. Nitrogen is transported through a mass flow
controller into the'vaporizer. The Hf(EtCp)2Me2 vapors were carried by nitrogen and fed to the
chamber along, or diveH&& tora-bgpdssHirreabirinethéwaletalladiiipthel itrodestiddobtes precursor
into the reactor is,lpseAAp ggeaiorane 035 2R UxLife (Vg SarIA iiFoed tiguoh a

mass flow controller either into the chamber or to a bypass’line. Oxygen/ozone on one side and

Hf(EtCp)2Me2 oRRFRish &iespirairsldineiddr iftfothudée: t6Raparais Alisian & AR srobapleCVD
reaction. They werg;lskilyria ORGRERNS, BRCH Feasiant RiHaRiSeINR SePaaed Ry purge time

where only N2 was introduced into the chamber. 25Hafnium oxide films were produced at a -0.7
Alcycle under th@AHORIlY 2 SiRfRMEasHE HrHESEAIsF eS0T IBFésEure = 3 torr, temperature =
350C, Hf(EtCp)2Me2 flow rate = 0.5 sccm, 02 flow rate= 100 sccm. 03 flow rate= 8 sccm. N2 flow rate
=100 sccm. An puger profile of the obtained film is given as example (See Figure 4), 24 CLAIMS
1. Method of depaiiisR A a2 BRLEARY e CaREa YR QTR B {@%%8omprising a
compound of the formutai§1dxaiNAL LWA23):s abNi(bivdrnein: B:Hrausl oRidebiinds. prefarahly 1.55b 5
2.5; 05 c 1, toM1 represents a metal selected from hafnium (Hf), zirconium (Zr) and

10 wafer is mounted in a deposition chamber that is provided with a heater over iis

circumference and the desired film is formed on the surface of the silicon wafer.
The chamber is evacuated by a pump. The metal precursor, in this case
dimethylhafnocene HfMe(EtCp)s, is stored in a heated liquid container. Nitrogen
gas is used as the carrier gas for the Hf{EICp):Me,. The Hi(EICp).Me; in the

15 liguid container is transported by flowing the nitrogen through the liquefied
material. Nitrogen is transported through a mass flow controller info the
vaporizer. The Hi(EtCp):Me, vapors were carried by nitrogen and fed to the
chamber along, or diverted to a bypass line when the valve allowing the
introduction of the precursor into the reactor is closed. An oxygen/ozone gas

20  mixture (oxidizing agent) is also fed through a mass flow controller either into the
chamber or to a bypass line. Oxygen/ozone on one side and Hf{(EtCp).Me; on the
other side were never introduced together to avoid a highly probable CVD
reaction. They were usually introduced one by one, each reactant pulse being
separated by purge time where only N, was introduced into the chamber.

25 Hafnium oxide films were produced at a ~0.7 Alcycle under the foliowing

conditions using the described {ool:



titanium (Ti); and M2 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), 15tantalum (Ta); and the Lanthanides atoms,
more particularly §6andibm{Sc), yttrium (Y) and lanthanum (La) and rare-egrth mpetal atoms, which
comprises the following steps: - A step a) of providing ‘& substrate into a reaction chamber; 20- A step
(b) of vaporizing at least one M1 metal containing precursor of the formula (10: (R1yOP)x (R2tCP)1 M1
R'4,-a(ll) wherein,M1 is as hereinabove defined; referably x=00r1.z=1-05y 57,
preferably y=2; 0 %egs BF%f"éirlo:é y"ti%“pefa?‘(ﬁ?lyd%@?é?prﬁege%@kxg‘éh?a%?’eﬁ“‘;}?@8;"1iS%%’B: VC\?Flich is

cither 30 unsubsiieg aLssLind by fAe SV BIaKEYRR LIEUSRRING fhe number o

substituting R1 groups on said pentadienyl ligand; ( p) represents a cyclopentadienyl (Cp) llgand,

which is either 23 tnsuRstiied oF SDSHIIED Y ORE ATINOE K2 AFAVPS.L 16RIFESIINg the number

of substituting R2 groups on said cyclopentadienyl ligand,



R1 and R2, are identical or different and are independently selected from the group consisting of the
chloro group, the linear or branched, alkyl groups 5 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 other, is linear
or branched and has from one to four carbon atoms, t & linear or branched alkoxy groups, having from
one to four carbon atoms, the 10alkylsilylamides groups, the amidinates groups and the carbonyl
group; R' represents a ligand independently sefgcigg&om 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 other, is linear or branched and has from one

to four carbon 15 atoms!’.tﬂﬁeéﬁb%aéé%&é&ﬁﬁﬁda@@M&%@?oﬁ@vimétm&ﬂ%i@i festite@ripgn atoms,
the alkylsilyl amino groups wherein the alkyl group is linear or branched and has from one to four

carbon atoms, theieegikisiin s ighuw pSWRBRAAIT ARYTHIEUD: identical or different from the
other, is lineqr or branched and has from(@mgatmfgmgaxcpon atoms(ithe trialkylsilyl amino groups
wherein each 20 alkyl group, identical or different from the other, is linear or branched and has from
one to four carboi &GS, the amidinates groups and the carbonyl, being understood that, if said
formula (II) comprises merg than one R’ groups, each R' may be identical or different one from
another, to form a first gas phase metal soyrce; 25 tionally a step b') of vaporizing at least one M2
metal containing prec:u&ésri?ﬁlf"b%r Srgﬁﬁgéiﬁ% gv%%efined; to form an optional second gas
30phase metal source;pA stepi ¢) of introducing said first gas phase metal source and said 26 optional
second gas phase metal.source, in the reaction AR pider to prevake heincqrackyyth said
substrate, tbggenerate e 'beéjﬁggﬁ?ot?\ Bf @?n&je’tasleg%g%ﬁﬁg die{}ectric fﬁﬁh{?)bomprising% gmpound of
the formula (1) agtdsiremnpPBjoeemdefined, on said substrata 2. Method according to claim 1, wherein

the vaporization step b} and 11e yaRqrizalan APl e LARIAIREIIR Q0B (RRIEaRmPleR ) of both
ng i

sources. 3. Method acedrding to claim 1 or to claim 2 wherein the M2 metal containing precursor,

is selected from tHedinip hors{Bing oniSHBoM AT or SHER GEM ASTRANSM G such as:
(8n), hafnium (Hf), zirconium (Zr), titanium (Ti), vanadium (V), niobium (Nb),
15 tantalum (Ta), and the Lanthanides atoms, more particularly scandium (Sc),
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;

20 - A step (b) of vaporizing at least one M’ metal containing precursor of the
formula (11}
(R'yOp) (R°Cp): M' Risxz (1
wherein:

M'is as hereinabove defined;
25 0 <x s 3, preferably x =0 or 1,

z=1;

0 gy <7, preferably y=2;

0 st< 5, preferably t=1;

(R1y0p) represents a pentadienyl (Op) ligand, which is either
30 unsubstitutéd or substituted by one or more R’ groups, y representing the

number of substituting R' groups on said pentadienyl ligand;

(R%Cp) represents a cyclopentadienyl (Cp) ligand, which is eijther



disiloxane, trisilylamine, disilane, trisilane, alkoxysilane of the formula: (Ih) SiH(OR3)4-x,(1111)
wherein: 0 5 x 5 3 and R3 represents a linear or branched hydrocarbon group having 1 to 6 carbon
atoms; silanol derivative of the formula (1112): Si(OH)"(0R4)4-x(1112) wherein: 1 x 5 3 and R4
represents a linear or branched alkyl group, having 1 to 6 carbon atoms, preferably Si(OH)(0R4)3 and
more preferably Si(OH)(0tBu)3; aminosilane derivative?df the formula (1113): Si1-14NR6R6)4-x(1113)
wherein: 0 5 x 5 3 and R6 and R6 are identical or different and independently WO

2007/14105927PCT/EP200Q7/052507 represents an ' kyl
having 1 to 6 carﬂgﬁ“E}%Elﬁgesr%?é?&ﬁ%?@ﬁﬁmgf)gr%ﬁ%ﬁga%g?@%?ﬂ%@%@ﬁZ{N Et2)2
(BDEAS)) and mbrtatgstieliogfR groupgupinaf BEFoaerEadisivh @R methylaluminum [AI(CH3)3],
dimethyl Saluminum hy 1%% W(g‘%%&%]“'t%gpéyﬁ ﬁc%%g{ the, f&FéﬂH@eﬁyﬁéﬁﬂﬁ%@%&ﬁ@MD

wherein: 0 x 5 3 and R7 represents a linear or bran alkyl having 1 to 6 carbon atom, and R8,

identical to or difféxeridramcRTsispesétits AhlnyelGeen. dloriinsaprafdisgRR SRYO @RHS with R9
and R19 ide@ticailwg\giggfﬁfcﬁﬂtbwgiﬁpfour carbon atoms, the N-alkyl amino groups, wherein the
alkyl group is linear or branched and has from one to four carbon atoms, the NN
- dialkyl amino groups, wherein each alkyl group, identical or different from the
other, is linear or branched and has from one to four carbon atoms, the linear or
branched alkoxy groups, having from one to four carbon atoms, the

10 alkylsilylamides groups, the amidinates groups and the carbony! group;
R' represents a ligand independently selected from the N-alkyl amino

groups, wherein the alky! 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 other, is linear or branched and has from one to four ¢arbon
atoms, the linear or branched alkoxy groups, having from one to four c“_arbon
atoms, the alkylsilyl amino groups wherein the alkyl group is linear or branched
and has from one to four carbon atoms, the dialkylsilyl amino groups wherein
each alkyl group, identical or different from the other, is linear or branched and
has from one to four carbon atoms, the trialkylsilyl amino groups wherein each

20 alkyl group, identical or different from the other, is linear or branched and has

15

from one to four carbon atoms, the amidinates groups and the carbonyl, being
understood that, if said formula (I} comprises more than one R’ groups, each R’
may be identical or different one from another,

to form a first gas phase metal source;
25

- Optionally a_step b') of vaporizing at least one M? metal containing
precursor, M® being as hereinabove defined; to form an optional second gas

30  phase metal source;

- A step c} of introducing said first gas phase metal source and said



10independently represent an linear or branched alkyl having 1 to 6 carbon atoms, most preferably
AlIMe2(0iPr); amidoalane of the formula (1V2): AIR11x(NR12R13)3-x(IV2)  wherein: 05 x 5 3 and
R12 and R13 identical or different, represent an hydrogen 15atom 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; ,, 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 (V1):
20Ta(0R14)4[0-C(R18)( R16)-CH2-0R17] R14,R16 and R17, n wherein R1,1-( identical or different,
independently regsesant ascdhltpgepratemmetal ismacer brdheeacsirg #RAMEL 1 OE&bBh atoms,
preferably Ta(OEt)4(0CMe2CH2-0M Q%T ar aé];é [vativ aulaaia):
25Ta(0R18)4[0-GRYSEREBY- ‘E?ﬂ?-?f( ?&i@gﬂﬁ%ﬁéﬂé& %@%@fﬁ%ﬁﬁﬁ%ﬁ%k
identical or differgpt:indagenngatlyicefiesertantsdgodencaorrend IMedfor BiaidRed aIG having 1
to 6 carbon atoms, a tatajJum derivative o ( (V3): Ta(=NR24)(NR28R26)3(V3) 30wherein
R24, R28 and R?@E?&I%t%ﬁl!%? ?{iﬁégre%?,giéggst% 5

pen ently represent an -

2. Method according to claim 1, wherein the vaporization step b) and the
vaporization step b') are combined in one vaporization step b") of both sources.

3 Method according to claim 1 or fo claim 2 wherein the M° metal

containing precursor, is selected from the group consisting of:

Silicon derivatives or their Germanium homologues, such as:

disiloxane, trisifylamine, disilane, trisilane, alkoxysilane of the formula:

| gin.
© S {ORYux, (Illy)

wherein: 0 < x < 3 and R” represents a linear or branched hydrocarbon group

having 1 to 6 carbon atoms;
silanol derivative of thé formuta (l2):

Si(OH){OR)ax (113)
wherein: 1 <x <3 and R’ represents a linear or branched alkyl group, having 110
6 carbon atoms, preferably Si(OH)(OR4)3 and more preferably Si{OH)(OtBu)s;
aminosilane derivative of the formula (IH3):

 SIHANRR®Jax (Itls)

wherein: 0 < x £ 3 and R®and R® are identical or different and independently



- hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms; Niobium derivatives, such as
Nb(OMe)5, Nb(OEt)5, Nb(NMe2)5, Nb(NEt2)4, 28 Nb(NEt2)5, a niobium derivative of the formula
(Vii): Nb(OR27)4(0-C(R28)(R29)-CH2-0R3)(V11) wherein R27, R28, R29 and R33, identical or
~different, indepegpgdenihigpiesent an  hydrogen atom or a linear or branched-aiahhaying 1 to 6
carbon atoms, 5preferably Nb(OEt)4(0CMe2CH2- OMe)ZZNBT DMAE), a niobium derivative of the
formula (V12): Nb(OR31)4[0-C(R32)(R33)-CH2-N(R34)(R35)](VI2) wherein R31, R32, R33, RR35,

identical or differe | having 1
to 6 carbon atoms@g}iggﬁiﬁ%lum %@%ﬁ”%ﬁ@ fgo)@mrétﬁec?\r/%g ml\;lﬁé@Nég ?gaﬁlﬁR ?F@Q% %/JII%{J] wherein

R36, R37 and R3stcrd@ntiér@rf@ifa@ﬁﬁfef?eﬁmM‘febeﬂd@w%épr%‘s‘éwﬁ?ﬁﬁﬁ«j{r Bhatord r&lﬁh ror

branched alkyl haying-1 9,6, 6a1R@R Fiamse/gpthanide derivatives, such as scandium derivatives,
yttrium derivatives, 15 cefium derlvatlves prae3|d|um derivatives, gadolinium derivatives or Nd

derivatives, a derivative AdiHIGHE aligag ﬁ&@a@gllggﬁltm’%ﬁ%@ dpliGhlsitaditnginigand

optionally Subﬁtltl.gﬁgﬁwwﬁ@§?ﬂ§ﬁ@;hﬁ%ré}jﬁd}{@]§h§(ﬂ}ﬂlﬂfyﬁgfﬁm (Im\gmg 1 to 6 carbon atoms;
divalent metal derivatives , such as strontlumg% anrlum (Ba), \FO magnesium (Mg), calcium (Ca) or
zinc (Zn) derivatives, with at least one 13-diks @’and or a( dhst a cyclopentadienyl ligand

optionally substituiedrefith ®@rexor SevebRinearasdoitanchiad:alkyl igrmuprdatiyg Hator chtbdh atoms;
other metal derivatives such as tu e éf’\} bed ejjé\g,o h um Hﬁ) or ZII‘ onium Zr)
derivatives, for efﬁﬁ]ﬁé ﬁ%%%lﬂﬂé}%ﬁ rf\g gépf ?ﬁ:—% rlvatl\ies g ducts'con (ﬁuﬁléng these
species, being urdterstandteétrsaiy AIR'R™ OR7) w;th R® and R identical or different, which

10 independently represent an linear or branched alkyl having 1 to 6 carbon atoms,

most preferably AlMe(QiPr);
amidoalane of the formuia (iVy):
AR (NR™R ") (IV2)
whersin: 0 < x £ 3 and R™ and R" identicai or different, represent an hydrogen
15 atom or a linear or branched alkyl having 1 o 6 carbon atoms, and R“, identical
to or different from R’ and , represents an hydrogen atom or a linear a:;r branched
alkyl having 1 to 6 carbon atoms;
Tantalum derivatives, such as: Ta(OMe)s, Ta(OEt)s, Ta{NMez)s, Ta(NEL)s,

Ta(NEt:)s, a tantalum derivative of the formula (V4):
20 Ta(OR™JO-C(R®HR™)-CH-OR™]
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,
preferably Ta(OEL)(OCMeCH,-OMe) (TAT-DMAE), a tantalum derivative of the
formula (Vo):
25 Ta(OR™®)[0-C(R®)R™)-CH-N(RTNR?)] (Va)
wherein R", 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, a
tatalum derivative of the formuia (Vs):
Ta(=NR™)(NR®R™), (Vs)
30 wherein R*, R® and R® identical or different, independently represent an
hydrogen atom or a linear or branched alkyl having 1 io 6 carbbn atoms;
Niobium derivatives, such as Nb(CMe)s, Nb(OEt)s, Nb(NMes)s, NB{NEL)4,




derivatives are not compounds of the formula (Il) as hereinbefore defined. 4. Method according to one
of Claim 1 to 3, which further comprises: - A step d) wherein the at least one M1 metal
containing precursor of the 30formula (Il), and if necessary, the at least one M2 metal containing
precursor, is mixed to at least one reactant species prigr to step ¢). 29 5. Method according to one of
Claim 1 to 4, which further comprises: - a step d’) whef8in the at least one M1 metal containing
precursor of the formula (H) and if necessary, the at least one M2 metal containing precursor, is mixed

to at least one remts Degies i ihersasdinr ghambsrrila (vR):Method according to one of Claim 1

3

to 5, wherein the step (b) consists of Qfstepgblgsof @)é&g at legst one first metal containing precursor
of the formula (Il) together withN&{ (@R std Qeehd B the H‘%d precursoré}fl\?l)l(NMeZM, M1(NEt2)4,

M1(NMeEt)4, M1{mepmidnM L(BtBeiM: MLEOB2(mmm 2 afdretikturessoibeiepteand sestem(b2) of
vaporizing said mixture. 7. Method according to one ofgl igj 1 to 6, wherein the M'tmetal
containing precufSGI 92 tREfBrRiufA Eiﬂﬁ%@i@gﬁﬁmﬁﬂﬁé )V(EQ %‘ﬁ%glécg?r spBhtRgAS e formula

(1), wherein x = Qs dpaNAHROEPIESENS IDE SR INIRIONRAR), wheseinrR88randvR40 tidentical or
different, independently r}eﬁa esent an hydrogen atom, a linear or branched alkyl group having from one
to four carbon atmfi%( ylsilyl group, wherein the alkyl group is linear or branched and has from

one to four carbon atoms, alB{akySHyDgeeRs ) RITYrein,20(BaHHXMY| group, iddhfidal or different from
the other, i necy,or aneheckapdaS.Lom ame (UL EMARLPLANTS 9L ALKy puoup vnerein
he [ and ha

;
each alkyl group\,’vf?l%rﬁﬁ% or differeht from dther, |s?|near or branche from one to four
carbon atoms 2581 Methodactordingadioser aff Clantien Fikpf deyositiole 6f eamhemlEéomtaiting

dielectric film comggﬂﬁgﬁrﬁpﬁ\p@gg%gffg}ﬁ]méwg%:(11): 1\4102(11):
Nb(=NR®}NRYR¥), (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;

lanthanide derivatives, such as scandium derivatives, yitrium derivatives,

15 cerium dérivatives, praesidium derivatives, gadolinium derivatives or Nd
derivativeé, a derivative with at least one B-diketonate ligand or at ieast a
cyclopentadieny! figand optionally substituted with one or several linear or
branched é!kyl groups having 1 to 6 carbon atoms;

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

20  magnesium (Mg), calcium (Ca) or zinc {(Zn) derivatives, with at least one
B-diketonate ligand or at least a cyclopentadienyl ligand optionally substituted
with one or several linear or branched alkyl groups having 1 o 6 carbon atoms;

other metal derivatives such as tungsten(W), molybdenum (Mo), hafnium

(Hf) or zirconium (Zr) derivatives, for example the alkoxy derivatives, the amino

25  derivatives or adducts containing these species, being understood that said

derivatives are not compounds of the formula {ll) as hereinbefore defined.

4. Method according to cne of Claim 1 to 3, which further comprises:
- A step d}, wherein the at least one M metal containing precursor of the
30 formula (1), and if necessary, the at least one M? metal containing precursor, is

mixed to at least one reactant species prior fo step ¢).



corresponding to the formula (I), wherein a=0, b = 2 and ¢ = 0, wherein the metal containing precursor
of the formula (lI) is selected from the group consisting of: 30
Zr(MeCp)(NMe2)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,
ZGC(NEt2)3,Zr(iPrZCP)(NMe2)3,Zr(tBu2CP)(NMe2)3? f(MeCp)(NMe2)3,
Hf(EtCp)(NMe2)3,HfCp(NMe2)3,Hf(MeCp)(NEtMe)3,Hf(EtCp)(NEtMe)3,

SHICR(NENMe)3, HilMeC DN S LU PHNGIRoh BIER(NE A3 Rl eaies:

Hf(tBu2Cp)(NMe2)3. and mlxt.urest ereof. 9. Method according to one of Claim 1 to 7, of
Hgndietedtrib il eanimnany anesahs8RIMIHIF5HTARTMDE Miob

deposition of a metal 10cogtabNX

N, (12) correspongig jg i IR (hsudigr i a7 GedsBonb R 2ot riciring Browaiein e metal

containing precursor of the ormula (Il) is selected from the group consisting of: Zr(MeCp)(NMe2)3,
Zr(EtCp)(NMe2) & izeCR(NNER) 3 S CpyaNeVie JZitETY) WETRSE3, 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,HfCp(NMe2)3,Hf(M
) ( 6. Mpgghod ac?cording(to one)of’ CI ime??g(g,l%&%%?h the step (b) consists

of a step (bs) of mixing at least one first metal containing precursor of the formula
(1} together with at least a second of the following precursors: MY(NMez)s,
MYNEL)s, M'(NMeEt),, M'(mmp), M'(OtBu),, M'(OtBu)(mmp). and mixiures

10 thereof and a step (b.) of vaporizing said mixture.

7. Method according to one of Claim 1 to 6, wherein the M’ metal

containing precursor is of the formula (l1:):

(RECPM'IN(R)(R)l (Il

15 corresponding to the formula (1), wherein x = 0, z = 1 énd 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 alkylsilyl group, wherein the alkyl group is linear or
nranched and has from one te four carbon atoms, a dialkylsilyt group, wherein
20 each alkyl group, identical or different from the other, is finear or branched and
has from one to four carbon atoms or a trialkylsilyl group wherein each alkyl

group, identical or different from the other, is linear or branched and has from

one to four carbon atoms

25 8. Method according to one of Claim 1 to 7, of deposition of a metal
containing dielectric film comprising a compound of the formula (11):
MO, (14):
corresponding to the formula (1), wherein a=0,b =2 and ¢ = 0, wherein the metal

containing precursor of the formula (1l) is selected from thé group consisting of:

30



Hf(EtCp)(NEtMe)3,HfCp(NEtMe)3,Hf(MeCp)(NEt2)3,Hf(EtCp)(NEt2)3, HfCp(NELt2)3,
Hf(iPr2CP)(NMe2)3, 1-1f(tBu2CP)(NMe2)3 and mixture thereof. 20 2510. Method according to one of
Claim 1 to 7, of deposition of a metal containing dielectric film comprising a compound of the formula
(13): (M11 -a m2.) ob(13) corresponding to the formula (1), wherein 0 5 a < 1 and c=0, wherein the
metal containing precursor of the formula (Il) is selectetf from the group consisting of: 31
Zr(MeCp)(NMe2)3,Zr(EtCp)(Nrvie2)3,ZrCp(NMe2)3,Zr(MeCp)(NEtMe)3,

Zr(EtCp)(NEtMe)3; r(Me tCp)(
ZGC(NEt2)3,Zr(iPé@%W%%%i(tB%gg%ﬁﬁez ?Hf(l\/l%'?pa)l(%mihé, £r(MeCp)NEIMe)s,
Hf(EtCp)(NMe2)3, B eBBAaiave Cpi (NB(ME S BIRKEC pYNB IO ENB bitc p(NEIVR32 ) NEL)s,
Hf(MeCp)(NEt2)3, NEt2)3;. .k Eﬁ@m’% f(iPr Bu2C %ﬁ.m e
ﬂg%@lﬁé&’ IS p%be%gﬁ)y electéi Trom%%gg%??ﬁgﬁgésﬁ\'/es mr%@ ermaf%f?rr%

M2 metal containing p

homologues, the tatit&iim dbidatives, Iﬁfﬁk&ﬁ@@dhﬁivaﬁ%@\ﬂ@ﬁ@mgﬁmsiurﬁ%@@%&%‘t%@)&
hereabove defined. thod ac i f Claim ; ition of
iim comprising a compound’of thé’férmula (14): yob(14) corresponding to
e %fﬁ%!&éﬂ\%% Fﬁ{%@@gﬂ@%@ H%%?%;g@%& aprelal Eto)s

containing dielectric
the formula (1), whieféirgCe ¥NdegadHrERusInE Nikessin the 15metal containing precursor of the

formula (1) is seleg;&gj %%ng eré)rl,é%ﬁonsistingonr(MeCp)(N Me2)3,Zr(EtCp)(NMe2)3,ZrCp(NMe2)3,

9. Method according to' one of Claim 1 to 7, of deposition of a metal
10 containing dielectric film comprising a compound of the formula (12):
MO N, (iz)
corresponding to the formula (i), wherein a=0, 1.5 sb £ 25 and 0 < ¢ £ 0.5,
wherein the metal containing precursor of the formula (Il) is selected from the
group consisting of:  Zr(MeCp}NMez)s, Zr(EtCp)}(NMez)s, ZrCp(NMegjs,
15 Zr(MeCp)(NEtMe)s,  Zr(EtCp)(NEtMe)s,  ZrCp(NEtMe)s, Zr{MeCp)}{NEtp)s,
Zr(EtCp)(NEty)s, ZrCp(NEty)s, Zr(iPr,CpYNMeg)s, Zr(tBu,Cp)(NMesz)s,
Hf(MeCp)(NMez)s, HAEtCp)(NMesz)s, HICp(NMey);, Hf{MeCp){NEiMe)s,
Hf(EtCp)(NEiMe)s, HfCp(NEtMe)s, Hi(MeCp){NEf)s,  Hf(EICp)NEL);,

HICp(NEL)s, HI{IPrCp)}{NMez)s, Hf(tBuCp)(NMes); and mixture thereof.
20

25 ' 10. Method according to one of Claim 1 to 7, of deposition of & metal
containing dielectric film comprising a compound of the formula (ls):
| (M'a M%) O (Is)
corresponding to the formula (1), wherein 0 < a < 1 and ¢=0, wherein the metal

containing precursor of the formula (1) is selected from the group consisting of:

30



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(tBu2CP)(NMe2)3,
20Hf(MeCp)(NMe2)3,Hf(EtCp)(NMe2)3,HfCp(NMe2)3,Hf(MeCp)(NEtMe)3, Hf(EtCp)(NEtme)3,
HfCp(NEtMe)3, Hf(MeCp)(NEt2)3, Hf(EtCp)(NEt2)3, I—gICp(NEtZ)Is, Hf(iPr2Cp)(NMe2)3,
Hf(tBu2Cp)(NMe2)3, the M2 metal containing precursor is preferably selected from the silicon
derivatives or their germanium homologues, the tantalum derivatives, lanthanide derivatives, and the

I25 rr;agnesj tum d%ﬁ*‘(ﬁﬁ%@ﬁ)@ﬁPﬂé&%bOV?ZQEEE@%%W@;%&|?ﬁ52@§§mm9§)3 ,cor;t%h@ﬂﬂei@mqﬂ&b’f@%dl at
east one nitrogen containing_précursor is introduced {nto reactqr. of Me eta
(MIMm) architecturésfeiRaMBM Rlscess %ﬂgﬁ%g\ﬂdfé?c:on% 3@5%51@ fom%@m@é%&
(R2tcomIiN(R35)(5@ co p@;@fy) &p fornmaary Rexeinabove-dgfin ik 15
whereinx=0,z=1 an%@%é?? res%?ftis the g%ﬁm N%R39ﬁ?§(§)%%§ iE(Eg??g an Fgg ?W\W%
different, independ&i e an Hﬁ%@ﬁfﬁﬁsﬁn a iHEYF % ?alkyI% %;Iﬁ} W@?ﬁ one
to four carbon atqmg, R Elksilylgroupiwnereiiraalkyl growFistmeRNatDranchedrfEhiids trpm

one to four carbon atoms, a dialkylsilyl to group, wherein each alkyl group, identical or different from
the other, is Iinea‘i”‘ﬂﬂ?ﬁ&ﬁ‘)@ﬁ’@ﬁﬁhég N s @5%&?3\%@%%@95@%ﬂ91p§?&95%@rem

each alkyl group jeleatisehos slifetentisemtbesaiben e lnaares branehedancarasfrommodadeyr

carbon atoms. 1514. Compound of the formula (111) as defined in Claim 13, wherejn R2, R39.and
R49, identical or HifdAsHE HBHRAGRIMRErdprasanide a4 yas PR THAFRERYT IRV HIHS,

isopropyl, butyl, isghiityl3e6;0¥xkaad tert-butyl groups. 2015 The follow/no compounds the formula
(11-)) as rIPf&nP_d in Claim 14: Zr(MeCp)(NMe2)3,Zr(EtCp)(NMe2)3,ZrCp(NMe2)3,Zr(MeCp)(NEtMe)3,

Zr(EtCp)(NEtMe)3,ZrCp(NEtMe)3,Zr(MeCp)(NEL2)3, Zr(EtCp) (NEL2)3,
ZrCp(NEt2)3,Zr(iPr2CP) (hiMesas £ YONMe2) 3HEMrEe P) (NMe2)8f deposition of a metal

Hf(EtCp)(NMe2)3,HfCp(NMe2)3, hif(MeCp)(NEtMe)3,1-If(EtCp) (NEtMe)3,
containing dielectric film comprising a compound of the formula (1):
(M'1.2 M?3) Op N (le)

corresponding to the formula (1), wherein 0 s a < 1 and 0 < ¢ = 0.5, wherein the
metal containing precursor of the formula (It) is selected from the group
consisting of Zr(MeCp)(NMea)s, Zr(EtCp)(NMeg)s, ZrCp(NMez)s,
Zr(MeCp)(NEtMe);,  Zr(EtCp)}NEtMe);, ZGC(NEtMe)S; Zr{MeCp)}(NEfz)s,
Zr{EtCp)(NEt)a, ZrCp(NEts)s, Zr(iPrCp}{(NMes)s, Zr(tBu2Cp}(NMez)s,
Hf(MeCp)(NMez)s, HFEICP)(NMez)s, HCp(NMez);,  Hf(MeCp)(NEiMe)s,
H(EtCp)(NEiMe)s, HfCp(NEtMe)s, Hi(MeCp)(NEt;)s, HI(EtCp)(NEL,)s,
HfCp(NEt)a, H(iPrCp)}NMez)s, Hi(tBuCp)}NMez)s, the M? metal containing
precursor is preferably selected from the silicon derivatives or their germanium

15

20

homologues, the tantalum derivatives, lanthanide derivatives, and the
,s  Mmagnesium derivatives as hereabove defined, and at least one oxygen
containing precursor and at least one nitrogen containing precursor is introduced

into the reactor.

30
12. The use of the compounds of the formula (ll) as defined in Claim 1, to

make dielectric films more particularly for integrated circuits or in the preparation



25HfCp(NEtMe)3,Hf(MeCp)(NEt2)3,Hf(EtCp)(NEt2)3,HfCp(NELt2)3, HffiPr2Cp)(NMe2)3,
Hf(tBu2Cp)(NMe2)3, 16 The following compounds the formula (h1) as defined in Claim 15:
Zr(EtCp)(NMe2)3, Zr(MeCp)(NMe2)3, ZrCp(NMe2)3, Hf(EtCp)(NMe2)3, 30Hf(MeCp)(NMe2)3 and
HfCp(NMe2)3, 33 defined in one of Claim 13 to Claims16, comprising: a step 1, consisting of the
preparation of the compound of the formula (VII1): (R2tCp)M1CI3(V111) Swherein NAl, R2 and t are
as hereinabove defined for the formula (l1), by the reaction of M1Cl4 with (R2tCp)Na ; a step 2,
consisting of theaeidetimrrsLinmtdiapd dhihbr areh frefuas(Pr Fgplepateatns A
NH(Rag)(R40), to produce the compound of the formula (ill). 10

13. Compournd having the Tormula {li4):
(RECOM TN(R™H(R™ s (i)

5 corresponding to the formula (1) as hereinabove defined in Claim 1, wherain 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 carborn atoms, an alkyisilyl group, wherein the alky!
group is lingar or branched and has from one o four carbon atoms, a dialkylsilyl

16 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 trialkyisityl group wherein

each alkyl group, identical or different from the other, is linear or branched and

has from one to four carbon aioms.
15 414, Compound of the formula (li;) as defined in Claim 13, wherein R?, R*
and R, identical or different, independently represent a radical selected from

the methyl, ethyl, propy!, isopropyl, buty!, isobutyl, sec-butyl and tert-butyl

groups.

15 The following compounds the formulsg (I} as defined in Claim 14:
Zr(MeCp)(NMe:)s,  Zr(EtCp)}NMez),,  ZrCp(NMez)s,  Zr(MeCp){NEtMe)s,
ZH{ECp)NEtMe)s, ZrCp(NEtMe )s, Zr{MeCp){NEty)s, Zr{EtCp Y NEz)s,
ZICp(NEt)s,  Zi{iPrCpiNMes)s,  Zr(iBuCp)(NMegk,,  HiiMeCp}{NMey)s,

)
)

2
<>

HI(EICD)NMes)s,  HICP(NMegls,  Hf(MeCp)(NEtMe)s,  HF(ELCP)(NEtMels,
25 HfCp(NEtMe)s, Hi(MeCp)(NEtz)s, Hi(EICPHNEL)s, HCD(NE s,
HE(IPECPY(NMeo)s, HI{tBUCp)(NMes)s.

16 The following compounds the formula (li4) as defined in Claim 15:
Zr(EtCp)}NMe,)s, ZriMeCp)(NMez)s, ZrCp{NMez)s, HI{EICP)(NMe,)s,
30 Hi(MeCp)(NMe:)s and HfCp(NMez)s.

17.  Process for the preparation of a compound of the formula (liy), as



i0

33

defined in one of Claim 13 to Claim 16, comprising:
a step 1, consisting of the preparation of the compound of the formula

(Vi)
(RACp)M'Cly Vil
wherein M", R® and t are as hereinabove defined for the formula (1), by the

reaction of M'Cl, with (R%Cp)Na ;
a step 2, consisting of the reaction of the compound of the formula (Vih)

prepared in step 1, with NH(R™}R™), to produce the compound of the formula

(H4).



