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 semi-conductors. With the shrink of the
critical dimensions of the future generation of semi-cgnductor devices, the introduction of new
materials, especially having high dielectric constant, is required. In CMOS architectures, high-k
dielectrics are relfietbetoatfrasel siodiclariicctiines nephpseriitinits, hadithyeiypicsyratBe?2
10equivalent thickness of about mm. imilar igh-k dielectrics .are required in
Metal-Insulator-Metal architectures for%@%%%%a%ﬁ%?s&%ﬁﬁég kﬁl%gt%%ompositions have been
considered to fulfill bothahevsaternatelrgaitementshoibtddivicdogdtiit; Hehkgéricuinent serystadlization
temperature, charge, trappi e integration 1orequirements (thermal stability at the interface, dry
etching feasibi |ty...i)E.! BEI’%%)C Bﬁd%l(l\éxbsgs%gdé%a]é%ﬁgﬁj%rﬁgh%ansgl—%&% Iﬁfi‘%ifo? riﬁ?ﬁ‘,"@%%ﬁ%mm,
HfLnO" (Lr# beiagrsetsmtaddtons the group comprising scandium, yttrium and rare-earth elements) and
more generally HfMOgm{Fd I i n element,selected fro roup |, Group llla,and Group
111b, or a transition metal,%’évl ;%éryrf%%lg%%sfg é?]o@raﬁ|s%ﬂn§rg$1 r%%sﬂeor?a s” ﬁ?ﬁeﬁ%%rr%,@ro%rg ii ﬂm%%als
composition caglisodssl goiwiderdddor dledhivddumidiooCocdiffusitaribresrsmpitatanda;ghdhras TiN
for mid-gap meig| a rN, HiSI, I, HfS) Si ISIN for MIM, elecirodes.. The main
industrial optio%%%%%alﬁgﬁi%gpgs%oﬁ%%ggﬁtéwggsév%ﬂt%%r%aghﬁgﬁ%e ﬁ?&i%ucg%ﬁgﬁtaarﬁd an
acceptable puriggaieydpoepliase déhositioh tecivhiguds, stghias! MOGYRaMetaloirgdlyic: Chgmical
Vapor Depositjon):o élﬁ i ition). Such deposition processes require metal
precursors thatg)ﬁ?tﬂs{%i ulfil %ﬁm&%ﬁ%r%%ﬁ?ﬁ or a proper industrial use. Metal-organic or
metal-halide precursériraierhaquirighlr thiidegrocesses. Variptsetafiiunivietdi3o szikaoniddats]
metal-organic com ggﬂﬁi cQnsi r sQr ble such.a depasition.

Halides such as Hfig:14, %%E%irﬁﬁﬁﬂn%ﬁgi%ﬁghﬁ }g{grgejél%t(%rga%on%%%svge& ﬁéseglI @v\{gel?/een
described. Kintetsilelieddsdulthicanib HidHGtarisistinedivapesitioftisf¢tf0R bprdian(Kirukige,
Electrochem Sq6Rraces 'anq{ QR;95 . H , Some .bysprodycts generated during the
deposition processe_, sUch&s HC%Qa or 12?%%%%&%%%%%ﬁlggﬁété%%%!%&gi‘%r%égss%that @aﬁ%gtion
detrimental to tReUireingrisdthes@iriepiigibldisy preirts, dbpertdingopiedsibibipxygen source
used, may be hazardeé. 5. tapc 2 th | fr nt S, b tected
as a byproduct of the reac?o?n l&itwee%agl%lg" gf]%i gg @%ﬁvéﬁ%@% c%#sgeélf‘ ’héﬁ?’oi%%é‘, Clor F
impurities are highly détfiméhtal-r intineslelkiedlfetpripe gies: I dgoguising smad dhang/ttiamstudied
the use of HI(QIRW4 for HfA2 10MOCYD and A r i i %?h t em. Soc.,
152(3), G203 - G209 (2805); Chang et al,; @ectrﬁ%ﬁggs‘gﬁggl{%%% . Ei(zﬁ}ﬁ%é%’]oéﬂ
Williams et al. flglecsispigeietfiemsicand HEoBD) Rmap Soun dbvDref Hoitinn metal,
W02003035926. 1985 &' abolisrinse palifh Licli 2 ane L RIS CUrSRISIMpraved vith 4900k,
functionalized alkoxy Iiggnd 155(_1-met?i%xy-2?methy -2-propar§§i%1’tet_§ %@&\gé@ﬁg%?rﬂ rﬁr?ﬁ%ﬁﬂovghich
helps inhibitin§ Mg Rteieatem SifEr e def elrexaitecaniiourids aiftLisioredsinigthepsiabiiitysowards
moisture. Howgyer. il Hiessalkaxisie npaursors have he drabackinolde epalle seilimied
deposition in ALD process as sugggfpt)ed by %%ter et aﬁ!?(R’.J.Po’tter, [P.R.Chglﬁ@r, ‘Iﬁggliﬂkgﬁr’ﬁﬁg\g
H.C.Aspinall, YoFM#¥ electrodes.

The main industrial options to enable the deposition of such thin films with

25 a reasonable throughput and an acceptable purity are vapor phase deposition
technigues, 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 precursers to
enable such a deposition.

Halides such as HfCly, ZrCls are the most common Hf/Zr precursors and

have been widely described. Kim et al. disciosed the use of HfCl, for the



<20 A.C.Jones, L.M.Smith, G.W.Critchlow, M.Schumacher, Chem. yap. Deposition, 2005, 11, N3,
159-167). Alkylamides precursors such as Hf(NEtMe)4, Hf(NMe2)4, Hf(NEt2)4 have been widely
disclosed in the literature [Senzaki et al, J. Vac. Sci. Technol. A 22(4) Jul/Aug 2004; Haussmann et al,
Chem. Mater. 2002, 14, 4350-4353; Kawahara 25 etal., J. Appl. Phys., Vol 43, N7A, 2004, pp
4129-4134; Hideaki et al., JP 2002-093804; Metzner et al. US 6,858,547; Dip et al. US 2005/0056219
All. Group IV aligpanitifas efrélBdthbsutdble formpeDehn & RTOvDeprotesse R Fradiegnatedsdihe are
liquid at room e ( g\\@\;% a (NEL ﬁ% d icient |§it n !
self-limited ALtggzplo%tHegr?ﬁpﬁature f)’r ag g30 irl\réﬁggt éel)‘r“r%%l g(%dﬁggg%%%cggsm{ o)\f(v%%e?ii rouﬁﬁ)&cﬁy
alkylamides, alk§paafdesusipagitiffaczitorapburiisthave seving deanbacis enaibatisien dsey may

; ahstarmsceapant s drsnisaci n
e vapozer, Iy e GemeiTe g e A L ey e o o e o

compositiéns difiisg dcaEpitienckes dmiﬁem@m@@@, fahd imwmy alloly, drarroty Befdirdited
ALD tempefaﬂf?ﬁé@%’é%?‘% .%Wérﬁgggﬁé%ms&@&%asgg'@3@4&%@%&%&4&%@@

decompose in the distribution s an nerate particles above 1

distribution tenifératans. i NEe)eTs mdne tramaliyisiateystaddChor afforg selisinstechibivic layer
deposition aboa&gg%%tgy%t%@cﬁﬂg%%%mgéqgg%?gmes In VVO 2007/055088, Thenappan et al.
. . : g .

disclose hafnium and zirconium guanidinates c exes and their application for vapor phase

deposition. Hf(NEt2) 2[(MPsCRIERR] 2ivdgiveRiag ekarhpiél digthithe ane zZilcolumb o)guanidifiates are
however gene i it ery.limi Hi plified-i r ravimetrj lysis,
one may %ﬁt oﬁgﬁ%&ﬁ%)%%%i?%c %‘?%%ﬁﬁéﬁ?;ﬁﬁéﬂ ﬁit%ﬁéﬁéﬁ%ﬁgﬁgﬁl é%ggsr?i’position
and a subsequerPpartickd dAertitiofNasinastall; [Ceeivoyasn Deplisitiniebes,, T2628042843 disclose
15 tetrakis(tri drazi irconiym JZr 4 nigm.a | low,
temperature g\?gtyﬂ}é %%%e%?%mpﬁv%%%?a%atﬂpta 18 v%@ilﬁﬁ@t%%ﬁﬁp% 5966 Torr,
90C reported) Wit thély afdEblid lat YeorRGeaeratiel @@tetehl diistisectig ddeldf, Zr and La
bis(cyclopentagienypbisdimeiiy hajoium. ZR{HICERMS2) (G il sisrlosesp Rleciradham Soc
Proceedings, 260, 2005-09, 2005) and several authors (Codato et al., Chem Vapor Deposition, 159, 5
1995; Putkoneli ength@utdrene hen-Blepanalai 010 NiestereQMea. angmal) 7321ichl, Reps)

proposed a neyiffitig Wiigofd 25 6O BRUR S A SRRAIME G ISTINER b atieetaUm AlaeaT des

Bis(cyclopentadienil) isdimethyl 25 hafnium, bis(cyclopentadienyl) bisdimethyl zirconiu
i

allow an efficieiepility depEsme npritass. withvweavarDalitbieseupiteyoecraaa daeshieveméne of films

with less than Q,230@dR ABHIRIZGLERLRRSLR H20RH R RAKIAN I FRWEYEls 'é(%%@ﬁ%% H

ZrCp2Me2 both have the drawback of being solid products at room temperature (HfCp2MeZ2 melting
point is 57.5C)°TRES pRdvahts(Boid aitkerdteiusbahiese grétifsordng afitadstamlatanhéer -0t is

using delgcalizecscgaiainersylkng;Rne: el ROl RCHARION ANLRKICESSdRFUeS . DelibEifon,

6,743,473, Parkhe et al. disclose the use of (Cp(R)n)xMHy_x, to make a metal and/or a metal nitride

layer, where MEf&0seiddidd Forho@mi@iim, vanadium, 4
Alkylamides precursors such as Hf(NEtMe)s, Hf(NMez),, Hf(NEL), have

been widely disclosed in the literature [Senzaki et al, J. Vac. Sci. Technol. A 22(4)
Jul/Aug 2004; Haussmann et al, Chem. Mater. 2002, 14, 4350-4353; Kawahara
25 et al, J. Appl. Phys., Vol 43, N°7A, 2004, pp 4129-4134; Hideaki et al., JP
2002-093804; Metzner et al. US 6,858,547; Dip et al. US 2005/0056219 A1].
Group IV alkylamides are both suitable for ALD and MOCVD processes.
Furthermore, some are liquid at room temperature (Hf(NEt;), and Hf(NEtMe),)
and of sufficient volatility, and they aliow self-limited ALD at low temperature for a
30 limited thermal budget process. However, Group IV alkylamides, alkylamides in
particular Zr compounds, have several drawbacks, among which they may
aecompose during the distribution to some extent leading to a possible clogging

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



niobium and hafnium, Cp is cyclopentadienyl, R is an organic group. Only examples of tantalum and
niobium cyclopentadienyl compounds are disclosed. However, no liquid precursor or a precursor
having a melting point lower than 50C is disclosed. Liquid bis(cyclopentadienyl) derivatives have
recently been proposed by Heys et al. in WO 2006/131751 Al. However, they still present the
disadvantage of limited volatility and also present large steric hindrance that may limit the achieved

growth rate.  I"PYdE3AYhEFEAE I RELH TR THRoFIRIRGMLIRNGr fBingeltRg D IR =IBET Cgrugitinn
precursor com%@més@é}damopﬂ@g%ﬁmw 2T eomppwaisyihalyvayle 3!}63 simulianppusly, a

proper distribution (physical state, thermal stability at distribution temperat , a wide self-limited
ALD window, aH"&QIEFS4HIN IBERIRCARRRY ERABY DY AIEN I6H MIOENVBE tMehdredifrrtanthedavention,

certain cyclopeniadienyhotipgniagdieaydasedarpup imetakgimanicresuisars have beepoynd

suitable for the deposition of Group 1V metal containing thin films by either ALD or MOCVD processes

and to have thefglibwiiry devapesgee. THEYREahuie masoheemplratrbloniviog@hlong point
lower than S0Gse it im B85 %A 5B IR BabIe Fspperliiibuian {ansahasg prdiiect iuid

injection) without particles generation, - They are thermally stable to allow wide self-limited ALD
window, 4) allowing d%b&f%d%@f@%ﬁ of CreapIvRias covrliamimsinendingaenisry or
quaternary magqrm{%ehmggmao?ﬁ@@g@g%@%@ﬁ ob PALERGAHS @ﬁégﬁ%ﬂ&ﬁ% hEgrMR,
comprising of Hz, NH3, 02, H20, 03, Sil1-14, Si21-16, Si3H8, TriDMAS, BDMAS, BDEAS, TDEAS,
TDMAS, TEMAS{NSHBIANC (SHRE; TRA 6ivaR ald@hinarattveinihtpfristarssnd BTDETum

TAT-DMAE, PElafRiHafEN. RENARIIAN descoraining pIECUESOTS SUS aﬁ&ﬁ@@*%étsrﬁyﬁs_ _Ina
first aspect, there is provided a method of deposition on a substrate, of at least one metal containing
dielectric film RFTRIED cdinpdtipiarknedtRMIMALNY: M22FUEIENG SPavheareil: 0r88c Db 5 3,

preferably 1.5% 255 Q\FP SENEL fHeala HRELE SRIREIRLIAR brRuiRATan Bl 20

and M2 represents a metal atom selected from magnesium (Mg), calcium (Ca), zin ore
(B), aluminum 8§ makkagrveRliRanics)IgeRTRIRGM (Ge), tin (Sn), hafnium (Hf), zirconium (Zr),

titanium (Ti), vanadium.y). giobiumyMekranialym 6Easanghedeahanides atoms, mare paicularly

scandium (Sc), yttrium (Y) and lanthanum (La) and rare-earth metal atoms, which comprises the
following 'Stepdetrkisfiriyeiibying Sl uBsaammd 2 (Mabeaimbard hafnium and their

use for low temperature CVD. The exempiified compounds have an acceptable
volatility (sublimation at 0.06 Torr, 90°C reported) but they are solid at room
temperature.
Carta et al. disclose the use of bis(cyclopentadienyl)bisdimethyl hafnium,
26 [HfCpoMez] (Carta et al. discloses in Electrochem Soc Proceedings, 260,
2005-09, 2005) and several authors (Codato et al., Chem Vapor Deposition, 159,
35,1995 | 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) bisdimethy!
25 hafnium, bis(cyclopentadienyl) bisdimethyl zirconium, which allow an efficient
ALD deposition process with an ALD window up to 400°C and an achievement of
films with less than 0.2% C in optimized conditions with H.O as co-reactant.
However, HfCp.Me,; and ZrCp,Me, both have the drawback of being solid
products at room temperature (HfCp.Me, melting point is 57.5°C). This prevents
3¢ 1C makers to use those precursors in an industrial manner, that is using
delocalized containers filling, and entail both facilitation and process issues.
in US 6,743,473, Parkhe et al. disclose the use of (Cp(R)n)xMH,.«, to make

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



A step (b) of vaporizing at least one M1 metal containing precursor selected from: 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,
ZrCp(NEt2)3,Zr(iPr2CP)(NMe2)3,Zr(tBu2CP)(NMe2)3,Hf(MeCp)(NMe2)3, Hf(EtCp)(N
Me2)3,HfCP(NMe2)3,Hf(MeCp)(NEtMe)3,Hf(EtCp)(NEtMe)3,
HfCp(NEtMe)3,Hf(MeCp)(NEt2)3,Hf(EtCp)(NEt2)#HfCp(NEt2)3, Hf(iPr2CP)(NMe2)3,

HI(tBu2CPiM&2) 349 fﬁé%iﬁﬁfsrk'%ﬁso'&%?oﬁﬁﬁ?écﬁ% eROptigRallyaterdauy vengyizing at least

one M2 metal containing precursor, M2 being as hereinabove defined; to form an optional second gas

phase met&re6iRles A REPUBIIREJIGEINT AT RRYY AL IBRASETHIRANEEEr8EafF<aRPEptional
second gas{phase MAtalsecedR HRe reRcHoR-eharshiehdtimde i mrey akant oieirpentact with

said substrate, to generate the deposition of a metal containing dielectric film comprising a compound
of the formafa )5 EiReRSRBefore defined, on said substrate. In a second aspect, there is provided

th? use ;)(f the cca)mi@faﬁmWﬁpéﬁrmm)mpm%mf&émmwmaﬁssm by
Zr(EtCp)(NIVie2)3, ZrCP , Cp)(NEtme)3, zr(EtCp)NEtMe)3, ZrCp(NEtMe)3
Zr(MeCp)(NEE¥H 5! fﬁ@}é}?ﬁ?ﬂé@%@%ﬁ £ ,?ﬁ?’ﬁfzé‘\?}’( &%ﬁa&%@%ﬁﬁﬁ?‘%gﬁ
Hf(MeCp)(NMia)iétH Bt NAel2 yBsid fE RS 2 85kl féie C phinEevied3fitf( Er@p) (Nt Me) 3,
HfCp(NEtMe)3, Hf eg\BMNaEtteZ)s' Hf(EtCp)(NEt2)3, HfCp(NEt2)3, Hf(iPr2CP)(NMe2)3,

Hf(tBu2CP e? ;giio make dielectric films more particularly for integrated circuits or in the
preparation of Metaidmgsuthtse Metal (v ferchivesting difpiRandom medésg Menidiés"C) According

f0 2 Tt Ao W%ﬁ%@%ﬂﬁ@ﬂé&éﬁ%&& 9 AmAthedef denosition; on asibstialas Ofakdeast one

metal containing diel ilm comprising a compound of the formula (1): (Mii-a M2a) LI Nc, (1) wherein: .
5 0S a <1,would allow simultaneously a proper distribution (physical state, thermal stability

at distribution temperatures), a wide self-limited ALD window, and a deposition of
nure films either by ALD or MOCVD.

According to the invention, certain cyclopentadienyl or pentadienyl based
group IV metal-organic precursors have been found suitable for the deposition of
Group IV metal containing thin films by either ALD or MOCVD processes and to
have the following advantages:

- They are liquid at room temperature or having a melting point lower than
50°C,

- They are thermally stable to enable proper distribution (gas phase 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 IV metals containing films, including
ternary or guaternary materials, by using one or a combination of co-reactants
(selected from the group comprising of Hy, NHa, Oa, H20, O3, SiHs, SizHg, SisHe,
TriDMAS, BDMAS, BDEAS, TDEAS, TDMAS, TEMAS, (SiH;)sN, (SiH2)20, TMA
or an aluminum-containing precursor, TBTDET, TAT-DMAE, PET, TBTDEN,

PEN, lanthanide-containing precursors such as Ln(tmhd)s...).



0< b 53, preferably 1.55b 52.5;0¢c 5 1, M1 represents a metal selected from hafnium (Hf),
zirconium (Zr) and 5titanium (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), IDyttrium (Y) and lanthanum (La) and rare-earth
metal atoms, which comprises the following steps#8A step a) of providing a substrate into a reaction

chamber; A step 4] ]| - L ula 01):
(RIy0P (RACPYS T "é@-%%?@f{)ﬁﬁ%#{%aﬁﬁ%ﬁ%ﬁ%ﬁ%ﬁ%@ﬁ%ﬁ?ﬁ%@%%%‘%é%amy ‘=0

or 1; 200 z%¥ #! Jréreh g Fetprontaising digisgirs S somisianIy rpeesisobibferably t=1;
(R1yOp) reprasenigig pentadienyl (Op) ligand, which is either unsubstituted or substituted by one ore
more R1 groups, y representing the number of substituting R1 groups on said pentadieny! ligand;
(R2tCp) represents a cyclopentadier{)sxr (@VIiﬁa@H,NMhich is either unsubstituted or substituted by one
or more R2ngrengps, t representing the number of substituting R1 groups on said cyclopentadienyl
ligand; R1 and Ré}gre id?ntical or different and are independently selected from 30 the group

consisting of the To?o<gr0up, the linear or branched, alkyl groups having from one to four carbon

atoms, the N-alkyl anhirfodg reras: alvhyetednstbesatldy] group is linear or branched and has from one to
four carbon atom%,%g\l,!N - dialkyl amino groups, wherein each alkyl group, identical or different from

the
M' represents a metal selected from hafnium (Hf) and zirconium (Zr); and

M? represents a metal atom selected from magnasium (Mg), calcium (Ca),
zinc (Zn}), bore (B}, aluminurm (A), indium (In), silicon (Si), germanium (Ge), tin
(Sn), hafpium (Hf), zirconium (Zr), titanium (Ti), vanadium (V), niobium (Nb),
fantalum (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;

- A sfep (b) of vaporizing at least one M* metal containing precursor selected
from: Zr(MeCp)(NMez)a, Zr(EtCp)(NMez)s, ZrCp(NMes)s, Zr(MeCp)(NEtMe)s,
Zr(EtCp)(NEtMe),, ZrCp{NEtMe)s, Zr{MeCp)(NEt)s, Zr(EtCp)(NEty)s,
ZrCp(NEty)s, Zr(iProCp)(NMey)s, Zr(tBuCp)(NMe2)s, Hf(MeCp)}(NMes)s,
HR(EtCp)(NMez)s,  HICp(NMes)s,  Hi(MeCp)(NEtMe)s,  HIEICp)YNEiMe)s,
HICp(NEtMe)s, Hf(MeCp)(NEL)3, Hf(EtCp)(NELL)s, HfCp(NEto)s,
Hi(iPr.Cp)(NMez)s, Hf(tBu,Cp)(NMe»)s, 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 metal source and said optional

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



6 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 alkylsilylamides groups, the amidinates groups and
the carbonyl group; R' represents a ligand independently selected from the group consisiting of
the hydrogen, fiuoro, 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 alkyl group is linear or branched and
has from one to four carbon atoms, the N,N-dialky##amino groups, wherein each alkyl group, identical
or different A4S c s.from one.to four carbon atoms, the linear 10
or branchedEF,faL&IrE'o%(a;(%é%%}lf{é”s’%ﬁ h%%%%ﬂ%%ﬁ‘?ﬁ%%&%&éﬁ gte rr?glht 2 %{k@fg‘ﬁ%}iﬁﬁﬂ SP&st wherein
the alkyl grélipiestitteiror ompittiaa ampmaee romobieaddonricath ars dterain bt dialkeisiyl, amino
groups wheggingachaliedgroup, identical or different from the other, is linear or branched and has
from one to four carbon atoms, the trialkylsilyl amino groups wherein each alkyl group, identical or 15
different from the SHREEETREASERBraliErBdaRPHES 6% oive tof e cartopuatbnes dweamidinates

groups anditbmcabanplbeipgsinmer Spos thats i suddoimulain senmEses ﬁ@ﬁqﬂ% ne R’
groups, ea ma tical qr different one from another, to form a first gas phase Métal source;
20 - 02@‘&%@%@%@% V%&ﬁ%(ﬁﬁgggﬁne KRB taining PreSnsdtErdR being as
hereinabovérdeftmdNibiiim anZzpignatsgcond BAFPRISRNNGSS) Source @3 A pieRakof, introducing
said first g | source ai iopal second gas phase metal source, in the reaction
chamber, i?ﬁg §r6fp roVe %thei%@fﬁ%?&id sﬁ%@?\%%nerﬁg%@@ﬁ%ﬁmwma metal
containing didfetteie(flntidepprisindfamdtipdengd of thefforen g Uk RS, hereinpgfare deiingd, on said
substrate; ' that,e} ne | taining.dielectric film to be formed comprises
the compoﬁﬁgfgﬁ%g‘%g’rmﬁéﬁiﬁxﬁ@%’an%@g ?C(gﬁ i é)ﬁlllk%e'??ﬁ %nigéﬁll?ﬁéf Grd¥i¥or, which is
involved in Steis Maré§ai e founates whiedoninuidg 10y, (R2@p)2evAbiIR /of Meastdspanrgding to the

formula (I asberpinapas eineLs YBRFER I A0S frenilbRald formula (I, t> O'in at least one of
the two (R2tCp) hgands. '

ccording fo a first embodiment, the invention relates to a method of
deposition on a substrate, of at least one metal containing dielectric film
comprising a compound of the formula ():
(M'1.2 M?2) Op N, ()
wherein:



- In the method as hereinabove defined, the at least one metal containing precursor of the formula (I1)
and if necessary, the least one M2 metal containing precursor, have a melting point generally below
50C, preferably below 35C and they are preferably liquid at room temperature. 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 lead? &rie M. metal containing precursor of the formula (I1): (R1yOp)x (R2tCP)z M1
F4-x-z(Il) 15and if negesgary; f@ﬁtﬁ&@@k%g M2.metal containing precursor. The container is
preferably heated at a temperature allowing to get the said metal sources in liquid phase and at a
sufficient vapor pressufet If lecessary, one or both metal precursors may be mixed to a solvent or to a
mbdure of solvents apeioe i . siallizen diae saitksalyepl s s mramplpgelaciediiom oclagey 20
hexane, pentane or tetramethylsilane. The concentration of the metal precursors in the solvant or in
the mixture of 6108HTs (SiLisiiElly between 0.01M and 0.5M and is more particularly around 0.05M. The
carrier gas is selectegyihauldmialion JommAl seiectia Nanrmhienfl ihrreel fingeessary. the
container may be heated at temperatures in the range of 80-110C. Those skilled in the art 25will
consider that thi@%elAperatife (61)iha waritame tican sbuagj (ks dsiicsn il treegimauiniof(frebuisor to be
vaporized. (Jhe carder-gagfovisuanaly GamRrisaeReteen LA SoRM: (BANdar pHRiq ggptimeten)

and 500 sccm. Preferably, the carrier gas flow is’comprised between 50 sccm and 200 sccm.

30According tézataitier patlicalag did ddwient Gleheatisiiodras e fantresrevdenped ] whe (apbrization

step b) and if necessary e vapgrization stanp aecachisved by infgguucing in a liquid form, the M1
metal containing precursor of the formula (1l): 8 (RlyOP)x (R2tCP)z M1 R14-x-z(ll) and if necessary

both the M2 nistafBcivEiRRE prévuTedrare vdpBtizer where it is vaporized. If necessary, one or both
metal precursors m@é@% @')ﬁdp%@&g ent ordpamidyre of solvents anglor. 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 solvents is usually between 0.01M and 0.5M

and is more particularly. 2royne,0\0aMrizing AGEILBALNG THUE PRBIGURLMDAMEDE H8he

vaporization step b)and the vaporization step b') are combined in one vaporization step b") of both
10sources.  fomuiaditie step c) of the method as hereinbefore defined, the vaporized metal
containing precursor is introduced in{ga@%qgt(igqég%nﬁﬁe;e{vmgre it is %A tacted to a substrate. In the
context of the present invention, substrdte means any substrate 15 used in the semiconductors
manufacturing™i@iei:because of their technical function, requires to be coated by metal containing
films. Such substratei@;a{seggrr@%mg@o%tmégfected from silicon substrates (Si), silica substrates
(Si02), silicon nitride substrates (SiN) or silicon oxy nitride substrates (SION), but also from tungsten
substrates (W) or noBI& rétal SiB&Fally itk & for example, 20Platinum substrates (Pt), Palladium

substrateg (Pd), Rhogium substrales{R0)0k 1 or 2:

1=s{x+2z)s4,

0 sy=7, preferably y=2 0 =1 < 5, preferably t=1,

(R1y0p) represents a pentadienyl (Op) ligand, which is either
unsubstituted or substituted by one ore more R' groups, v representing the

25  number of substituting =¥ groups on said pentadienyl! ligand;

(Rzsz) represents a cyclopentadienyl (Cp) ligand, which is either
unsubstifuted or substituted by one or more R? groups, { representing the number
of substituting R’ groups on said cyclopentadienyl ligand;

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

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

- dialkyl amino groups, wherein each alky! group, identical or different from the



- gold substrates (Au). The substrate is heated until the required temperature to obtain the desired
film with a sufficient growth rate and with the desired physical state and composition. 25The
temperature during step c), usually ranges from 150C to 600C. Preferably the temperature is lower or
equal to 450C. The pressure in the reaction chagber is controlled to obtain the desired metal

containing film with a sufficient growth rate. The pressure during step c) usually ranges from around
1mTorr (0.13384%f Pajitearsumes fi@@‘l%@r%@@f@i@@@?ﬁ? to foly grIeRtBIABet E% EeaRtor

invention, the 'M:%HHP]@&C%@Qiﬁgngsohé%sﬁ@'e‘?l%%?hff%ﬂéhex:cgf%ﬂrw@éi%@?g QficpHiconhe

derivatives or their Germanium molog1 es, such as: 9 disiloxane, trisilylamine, disilane, trisilane,
alkoxysilane oftRg VARG SSINOREM ﬂ@ﬂ?maﬁ#ﬁs%ﬁﬂ@‘ﬁﬁﬁ% @‘%rﬁ@iﬂ?gﬁéb@é@@ﬁts a linear or

branched hydrocarbog-geqyn \é,'%glégé%@ GRIbeR.atems; sianoldervative obibe formias(ddd 2):
Si(OH)x(OR4)4,(1112) whereln 1 x 5. 3 and R4 represents a linear or branched alky lﬁ% oup, havmg 1

to 6 carboh atmﬁvq;wmsf%@aﬁg(mhha@aha)m@r@w&@r@m%(@ﬂ (RBUYS: DB ERTIRG TR
derivative of t ?’M %&Aﬁﬁbél&%@ﬂﬁ%%ﬁ&#é{w%w QBN arRiABGRRBEARE 28

identical or different and independently
the alkyl group is linear or branched and has from one to four carbon atoms, the

N, N-dialkvl 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
10 or branched alkoxy groups, having from one 1o four carbon atoms, the alkylsiivi
amino groups wherein the alkyl group is linear or branched and has from cne to
four carbon atoms, the dialkylisilyl 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 trialkylsily} amino groups wherein each alky! group, identical or
15 different from the other, is linear or branched and has from one to four carbon
atoms, the amidinates groups and the carbonyl, being understood that, it 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;
20
- Optionally a_step b of vaporizing at least one M* metal containing
precursor, M2 being as hereinabove defined; to form an optional second gas

ohase metal source;

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

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

M's O, *),

corresponding to the formula (I}, as hereinbefore defined wherein, a= 0, b= 2,



- represents an hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms, preferably
SiH(NMe2)3 (TriDMAS); SiH2(NHtBu)2 (BTBAS); SiH2(NEt2)2 15(BDEAS)) and mixtu.res thereof;
Aluminum derivatives, such as trimethylaluminum [Al(OH3)3], dimethyl aluminum hydride
[A1H(CHB3)2], alkoxyalane of the formula (NO: AIR8x(OR7)3_x(1V1) wherein: 05 x 5 3 and R?
represents a linear or branched alkyg having 1 to 6 20 carbon atom, and R9, identic_al to or dlff_erent
from R7, repre886t$ah idtdgbes Ao et rerirnipeaRIRBGORTI withrRelsad Ristderiticasor
different, which,independently fepresfMLi@liyear or branched alkyl having 1 to 6 carbon atoms, most
preferably AIMe2(0iPr); amidoalane of the}or?nula 41V2): 25AIR11"(NR12R1 3)3-x(1V2) wherein: 0 x 5
3 and R12 and R13 identical or different,Fefrekelk anhydrogen atéiy or a linear or branched alkyl
having 1 t0 6 cashan ainih AR To/RICA '8 Or diterent TORLRT a0l oDresents Apudiogen

atom or a linear or branched alkyl having 1 to 6 carbon atoms; 30Tant erivatives, suc
Ta(OMe)5® Ta(OEGS TeiRne)S, TaREtDbicratNER)s, thednal (i t@@)\ﬂéﬂﬁﬁidﬁ the flc)rr]mqla (\1/i): 3
Ta(0OR14)4[0 c(R, 5 2 1 inear, ing. 1 to
(Svazrloon atoms, pIOerAD ToISE O SEMESCRBONIe) (L DA I dor A e
formula (V2): THERSREAG-DOERIPINREOJHE 2zt N CR9ERRZ) I BwhessinmLB| Rﬂi@t&?mnta@m@Edl

2, identical ggdifiesentyindep r y
R22, identical praliffasep h%’@%Qﬁﬁ@’ﬁ_@ﬁ{f’@&ﬂéﬁé}i@%@ﬁBW@@%ﬁ%{%@jﬁﬁ%@%gn%

having 1 to 6 carbon atoms, a tatalum derivative of the" formula (V
they are preferably liguid at room temperature,

10 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 infroducing a carrier gas into a heated container containing the at
least one M' metal containing precursor of the formula (IN):

(R Op)x (RACp): M R4z (I

15 and if necessary, both the at least one M® metal containing precursor. The
container is preferably heated at a temperature allowing to get the said metal
sources in liquid phase and at a sufficient vapor pressure. If necessary, one or
both metal precursors may be mixed to a soivent or to a mixture of solvents
and/or to a stabilizer. The said solvent is for example selected from octane,

20 hexane, pentane or tetramethylsilane, The concentration of the metal precursors
irn the solvant or in the mixture of solvents is usually between 0.01M and 0.5M
and is more particularly around 0.05M. The carrier gas is selected, without
limitation, from Ar, He, Mo, No or mixtures of thereof. If necessary, the container
may be heated at temperatures in the range of 80-110°C. Those skilled in the art

25 will consider that the temperature of the container can be adjusted to control the
amount of precursor to be vaporized.

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

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

precursor of the formula (i1):



- (V3) wherein R24, R25 and R26, , or different, independently represent an 10hydrogen atom or a
linear or branched alkyl having 1 tow6locarbon atoms; Niobium derivatives, such as Nb(OMe)5,
Nb(OEt)5, Nb(NMe2)5, Nb(NEt2)4, Nb(NEt2)5, a niobium derivative of the formula (V11):
Nb(OR27)4(0-C(R28)(R23)-CH2-0R33) 28, - whereirgR27, K R--29 and R33, identical
or different, independently represent an 15hydragen atom or a linear or branched alkyl having 1 to 6
carbon atoms, preferably Nb(OEt)4(6BMeeGHE gy MIBT-BMAE), ahibbium derivative of the

formula (V12): @133 BA0 RARNRBRGHAN AR RAEUIR) rs WS8R 3 B320 5% 834 and

R38, identical or different, independently represent 20 an hydrogen atom or a linear or branched alkyl

having 1 to 6 C&PBER#ROMENaGBHIM BeAiReBMIRILMAAL BPISITRY CRRIDINRIALSVI3):
wherein R38, R3{-and R Jddgntigal ar-difeientindepengenty represpnt aR by drogsnaaiaaher a

linear or branched alkyl having 1 to 6 carbon atoms; 25 lanthanide derivatives, such as scandium
derivative$, yttRaipciRdivErIveasesiu e RRatves iHasebtffam einaies, JadofiriadetPitives,

dysprosium degivatives.esbiim dpENAlivESHANRAAHD Sefiyativess@idesivative vathatdeastame p

-diketon a te ligand or at least a cyclopentadienyl ligand optionally substituted with one or several
linear or brancheBaRry GfoldsenavihaM &6 SoEeBRETEHSEY 26MHIEH-Fetél derivatives |, such as

strontium (Sr), bariumn(Ba)4Raqpes - EMArraleBKEBLRRAINC {(40)4praiiem with &)lgagt one
P I aparization Stop B ‘ara cambined Th ong Vaponsation step b") of both
10 sources.

During the step c) of the method as hereinbefore defined, the vaporized
metal containing precursor is introduced into a reaction chamber where it is
contacted {o a substrate.

in the context of the present invention, subsirate means any substrate

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

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

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

25 The temperature during step c), usually ranges from 150°C 1o 600°C.
Preferably the temperature is lower or equal to 450°C.

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

30 Pa).

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

is selected from the group consisting of:

Sificon derivatives or their Germanium homologues, such as:




| with one or several linear or branched alkyl groups having 1 to 6 carbon atoms; other metal
derivatives such as tungsten(VV), molybdenum (Mo), hafnium (Hf) or zirconium (Zr) derivatives, for
example the alkoxy derivatives, the amino derivatives or adducts containing these species, being
understood that said 5derivatives are not compounds;of the formula (1) as hereinbefore defined.
According to another particular embodiment, the method as hereinbefore defined, comprise: -A
step d), wherein the dtifdisEorte MishERicentdipiRprdeiniboior tlerarmianenf 4ha ifoiareissary,
the at least onee;M; metal containing precursor, is 10mixed to at least one reactant specie prior to step
C). In the context of the invention, the at least one reactant specie is chosen in relation to the
targeted metal based film, which is exjié¢tel )« According to anothef#mibodiment, the reactant
specie is an oxygepsgeurce and merepaficulady oxxgen;(2), exysenenRinngradicals 9.of OH-,
15for instance generated by a remote plasma, ozone (03), moisture (H20) and H202 and mixture
thereof. Aécordifyfs anstieF&iBOdREHY; the reactant specie is a nitrogen source and more
particularly nitrggan. (N2}, pliregen-erniaiRngragisals such as NH', NH?, ammonia (NH3),
hydrazine (NH2NH2) and its alkyl or aryl 20derivatives, and mixtures thereof. According to another

embodiment, the reactant specie is bothS¥ Ritth§faR and an oxygen @itrce and more particularly, NO,

NO2, N20, N2Q5 V2P pad mixtures Hiemeqt. Depending anhe lis, MQuuhis s reaired 1the

reactant specie which is, 25 if necessary, used in the method as hereinbefore defined, may be either

an oxygen souPce2 gife s are'srahioajeh Kbiirces & shargipeyiensivred @ith€p bbb an

oxygen angd a piragensALreearAiRbEpIedhergafia (iA\ccording to another embodiment of the
invention, if the targeted metal based film contaips carbon, such as for example without limitation

metal carbide ' SiH(NR™R )4x (1113)
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
atomns, preferably SiH(NMes); (TriDMAS); SiHo(NHIBuU), (BTBAS); SiH(NEL),
15 (BDEAS)) and mixdtures thereof;

Aluminum derivatives, such as trimethylaluminum [A{CHa)s], dimethyl

aluminum hyaride JAIH(CHs),], alkoxyalane of the formula (IV;):
AIR®{(OR)3.x (V)
wherein: 0 < x £ 3 and R’ represents a iinear or branched alkyl having 110 6
20 carbon atom, and R®, identical to or different from R’, represents an hydrogen
atom, or preferably AIR’R'®(OR"), with R® and R0 identical or different, which
independently represent an linear or branched alkyl having 1 to 6 carbon atoms,
most preferably Alvie(QiPr);
amidoalane of the formula {IV,):
25 AR (NRZR My, (IV2)
wherein: 0 < x £ 3 and R and R" identical or different, represent an hydrogen
atom or a linear or branched alkyl having 1 to 6 carbon atoms, and R"", identical
to or different from R’ and , represents an hydrogen atom or a linear or branched
alkyl having 1 to 6 carbon atoms;
30 Tantalum derivatives, such as: Ta(OMe)s, Ta(OEt)s, Ta(NMez)s, Ta(NEL)s,
Ta(NEt)s, a tantalum derivative of the formula (V4):
Ta(OR"™)JO-C(R"YR')-CH,-OR ']

wherein R™, R™®, R'® and R, identical or different, independently represent an




300r metal carbonitride, at least one reactant specie is a carbon source more particularly, methane,
ethane, propane, butane, ethylene, propylene, t-butylene, According to another embodiment of the
invention if the targeted metal based film contains silicon, such as for example without limitation metal
silicide, 12 silica-nitride, silicate or silico-carbo-nitrideg at least on reactant specie is a silicon source
such as: disiloxane, trisilylamine, disilane (Si2H6), trisilane (Si3H8), alkoxysilane of the formulas

(1111), (1112) BY40Red), athereinibeféieaiefhdd Foresdnilie/Sharinged) 3G (Fripwias); atoms,
SiH2(NHtBuU)2 4Bk . i AL J r
particular emb&im%%??hi%n%?h%@%e%ﬁ%%%ﬂﬁ%%&%ﬁg?amaﬁﬁgﬁ%iﬁﬁr@gggﬁ% the at
least one M1 nfr%‘t%]i&fé‘rﬁ‘éiﬁﬁng precursor of the formula (ll) and if necessary, the at least one M2 metal

containing precursor, is 10@(@@@5 ﬁ@%ﬁgﬁﬁ%@p@[@@@@i&%ﬁﬁe reaction m%jber. The
1

mode of introduction of the at leasf oneg g containing pre: r of the for (I and if
necessary’ the"ét$6akt Bne M2 rictalorEming piéetiiser, aindiifivecat lisdepnadentiantmeseietin the

reaction cham ey spneiall denends 91ihs mods aheRBaslien SLITRJIN e sybstials, Ths meta

containing 15 precursors and the reactant species are generally introduced simultaneously i a
chemical vapofetialbRifigh rtvesy, tbedettielaMpln an atomic layer deposition process or according
to several combinations, as for g)(_anTpA?;iﬂ @2%{@@@5@@@% atomic Ia¢(4¢a3 deposition process wherein
the at least one M1 metal,contgining precursor of the formula (Il) and if necessary, the at least one M2
metal 90 cont¥iRfi§Predursdr, a@ mtfdducegréigather idifsepllsedepomdeant least mrs eohcant

specie is jplrodyeada:R senarale RHIAReSY Bradulsedeneiica!anR; derasiion pigGessuprein the

I
at least one M1 metal containing precursor of the formula (Il) and i essary, the at least one M2

metal containing precii@awzraeriyavescshgipardiaid e athbdsitne Mediahe spebie(stjaduced
25continuouslyyy N ERo%ling, %ﬁ’f‘%@%é‘?&@%’#@%@%‘?ﬁﬂ@(@ﬁ 1Igast one reactant specie is passed

through a plasma system localized remotel fr%n thz% reaction CA’& mber, and decomposed to radicals.
According to another embodif¥etieFthebtep-(h) ok thie Intetho@BS )30 hereinabéh defined, consists of

fast a second i ahoimg brectares N e U (R o
M1(OtBudd, MAYGIBGRTnAHRIIR BhdnliRgreh&reseed aslton (5)ing vhperifingadidmmatems, 13
preferably Nb(OEt)4(OCMe,CH,-OMe) (NBT-DMAE), a niobium derivative of the
formula (Viz):
Nb(OR>")4[0-C(R**)(R*)-CHo-N(R*)(R*)] (VI2)

wherein R*' R R*®, R* and R*® identical or different, independently represent

20 an hydrogen atom or a linear or branched alkyl having 1 to 8 carbon atoms, a
niobium derivative of the formula (Vis):
Nb(=NR*)(NR*'R%®), (Vis):
wherein R*, R¥ and R*® identical or different, independently represent an
hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms:

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

cerium derivatives, praseodinum derivatives, gadolinium derivatives, dysprosium

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

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

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

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

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

p-diketonate ligand or at least a cyclopentadienyl ligand optionally substituted



According to a more particular embodiment, the invention concerns a method as hereinbefore defined,
of deposition of a metal containing dielectric film comprising a compound of the formula (1), wherein
the M1 metal containing precursor is of the formula (lll): (R2tCp)M1[N(R39 )(R40 )j3(lll) corresponding
to the formula (1), wherein x =0, z = 1 and R’ represents the group N(R39)( R49), wherein R39 and
R49, identical or different, independently represent an hydrogen atom, a linear or branched alkyl group
having from or&itd R5F eRASYRIROIRS AR aRGASIEg el eitsmindk)Iigreuardanetesrs,

branched 10 and has{fam ARG 4PdaHysarRenAloMms: & dliglusi,grauR HMasIE @\%E Alkigrgup.

identical or different ffom the othér, IS Tinear or branched and has }rom one to four'carbon atoms or a
trialkylsilyl grodpWRe TR HER i) groivgliventied St itdramedaneativaindaecibiamched

and has from Qnelo, IR BeRAAMS,hAGHAAIILID & BIgEe PRKi BrEmbam AN, Lidnvention

concerns a method as hereinbefore defined, of deposition of a metal containing ctric film
comprising a cBRipPEiNGDRIR I ARIPAU)EM b Ioreoraspordidgte tieformdiigdwherein a=0,

b=2and c = 0, whergin-themetal 204ABIAIRING RISCErRBLANNS, ot diiddsselegied fiom the
group consisting of: HICp2CI2; Hf(MeCp)2Me2, FItCP(MeCP)C12, Hf(MeCp)2CI2, HfCp(MeCP)Me2,

Hf(EtCp)(MeCEMNIBEY HEETEEFEVe2, Hf(MeCp)2(C0)2, ZrCp2C12, Zr(MeCp)2Me2, ZrCp(MeCp)012,

Zr(MeCp)2CI2, ZrCp(Me PiREGPIMEeG RMEZ e ' metal containing precursor of the
Zr(EtCp)2Me2,Zr(MeCp) ,Zr(MeCp)(NMe2)3,Zr(EtCp)(NMe2)3,

257rCp(NMe2)aiZHiaedh) aNe i aps:zseep ek lersr Fop(NEMMeS) containing precursor, is
Zr(MeCp)(NE)3.ZHIFICR)MNEI A 3LFERMNRIZ) e%ﬁ@&fr%&%'é‘.{%%@&éz)g)

Zr(tBu2CP)(NMe2)3,Hf(MeCp)(NMe2)3,Hf(EtCp)(NMe2)3,HfC '
Hf(MeCp)(NEtMe)3, HR{ Eie sHNEN) §iafc e B srf irecyneE ensian(srepiNetsen in
HICP(NEL2)3, FidhrzGE N Mgl hiiBUd CBANME#) 3iPandsuxpues thereof.  According to a

more particular embodiment, the invention concerns a method as hereinbefore defined, of deposition
of a metal containing OFEIREIMIFA COIRBIRING BRAPEHhd brRhERHANaseYieMDeNGEIEn

source and more particularly oxygen (Oz), oxygen containing radicals O° or OH®,
15 for instance generated by a remote plasma, ozone (O3), moisture (HO) and
202 and mixture thereof.

According to another embodiment, the reactant specie is a nitrogen
source and more particularly nitrogen (N3), nitrogen-containing radicals such as
N, NH®, NH.°, ammonia (NH3), hydrazine (NH,NH;) and its alkyl or aryi

20 derivatives, and mixtures thereof.

According to another embodiment, the reactant specie is both a nitrogen
and an oxygen source and more pariicularly, NO, NO;, NoO, NxOg, NoO4 and
mixtures thereof.

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

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

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

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

According to another embodiment of the invention if the targeted metal

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



- corresponding to the formula (1), wherein a=0, 1.5 .5 b2.5 and 0 < ¢ 5 0.5, wherein the metal
containing precursor of the formula (ll) is selected from the group consisting of: HfCp2CI2,
Hf(MeCp)2Me2, HfCP(MeCp)C12, Hf(MeCp)2CI2, HfCp(MeCp)Me2, Hf(EtCp)(MeCP)Me2,
Hf(EtCp)2Me2, Hf(MeCp)2(CO0)2, ZrCp2CI2, Zr(MeCp)2Me2, Zr(MeCp)2C12, ZrCp(MeCp)Me2,
Zr(EtCp)(MeCP)Me2, Zr(EtCp)2Me2, Zr(MeCp)2(C0)2, Zr(MeCp)(NMe2)3, Zr(EtCp)(NMe2)3,
ZrCp(NMe2)3, Zii{nre TpjieEsiiestezp(Eitpy(NEtva)8 e {NEae)B, reactant specie is a silicon

Zr(MeCp)(NEt%){%J;l% %Ja t2)3 ZrCp(NEt2)3,Zr(iPr2CP)(NMe2)3,
i0Zr(tBu2Cp)(NMe2)3,Hf(MeCp)(NMe2)3,Hf(EtCp)(NMe2)3,HfCP(NMe2)3, Hf(MeCp)(NEtMe)3,

Hf(EtCp)(NEtMe)3, HETHNBMe | BSHIEIeTp) (NeH2)8, (SEtS piiivip)s | B RINE)S s lane of
Hf(iPr2CP)(N f d rt| ular
embodiment, theor s e e e e e

containing5d|elé%tﬁﬂﬁ%boﬁﬁﬁn@iﬁﬁ@@m@a%ﬁ&beﬁ@thﬂa(@@ﬁM]}lam Jrodyis) torresponding

to the formula (1), wh r rmula (I1)
is selected from the ﬁé?% %ﬁ'ﬁ @.jr?gﬂ %&%o%@@éﬁﬁ&@&%{ﬁg lﬁ%é% (? §§3%?1%%e§%‘[8
HIf(MeCp)2C1Q®ﬁW@§(M@@pW@2 Hf(EtCp)(MeCp)Me2, Hf(EtCp)2Me2, Hf(MeCp)2(C0)2, ZrCp2C12,

Zr(MeCp)2Me2, ZrCp(ld %ﬁé@&%@ﬁggﬁeﬁ ﬁgxﬁ%@g@%%@@%% the

Zr(EtCp)2Me2,Zr(MeCp) Zr(Me p)(NMe2)3,Z
ZrCp(NMe2)3, ZrMeB R (INEWM &) S reE ey (NIRMé )8 ZOpiN Bde)stal containing precursor, is

Z(BUZC NN e N B T LR s 1 9%%%@%5“%?
Hf(MeCp)(NEtMe)3, HI B Op) (iR EdVia) B4 CistN BTN 3iHE s Op NE )3 aHIE B H) INBLR)3) rsor
HICPNELZ)3. HiGBaGRINMAP HHURUZCEMNNR2 B e MR DY

preferably selected from erivatives
and the at ieast one reactant specie in the reaction chamber generally depends

onh the mode of deposition of the film on the substrate. The metal containing
15 precursors and the reactant species are generally introduced simuitaneously in a
chemical vapor deposition process, or sequentially in an atomic layer deposition
process or according to several combinations, as for example in a pulsed
modified atomic layer deposition process wherein the at least one M' metal
containing precursor of the formula (1) and if necessary, the at least one M* metal
20  containing precursor, are infroduced together in one pulse and the at least one
reactant specie is introduced in a separate pulse; or in a pulsed chemical vapor
deposition process wherein the at least one M’ metal containing precursor of the
formula (il) and if necessary, the at least one M? metal containing precursor, are
introduced by pulse and the at ieast one reactant specie is introduced
25 continuously.

According to another of the invention, the at least one reactant specie is
passed through a plasma system localized remotely from the reaction chamber,
and decomposed 1o radicals.

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

3¢ hereinabove defined, consists of a step (by) of mixing at least one first metal
containing precursor of the formula (Il) together with at least a second of the
following precursors: M1(NMez)4, M%NE&)@ M1(NMeEt)4, M (mmp)a, M1(Ot8u)4,

M’ (OtBu)o(mmp); and mixtures thereof and a step (by) of vaporizing said mixture.



- 30their germanium homologues, the tantalum derivatives, lanthanide derivatives, and the magnesium
derivatives as hereinabove defined. According to a more particular embodiment, the invention
concerns a method as hereinbefore defined, of deposition of a metal containing dielectric 15 film
comprising a compound of the formula (14): (M1 1-a M2 a) 01) NO(14) corresponding to the formula
(), wherein05a<1and0<cb5QO0.5 wherein the metal containing precursor of the formula (ll) is

selected from the grodiSSRGHRGHAg DI FRCH TRRicHiIM eCHeNieE N CheVisEp) (a2, EIf(dAsGpy2012,
HCp(MeCp)Megdltiti aR) M emiUere Bl MR AMAGRIB L AR CRA AR A MERRIAY 2

ZrCp(MeCp)C12, Zr(MeCp)2C12, ZrCp(MeCP)Me2,
Zr(EtCp)(MeePjile2ME@zMedzRaUad pRicof2izinite Gp)iNves)sihe M' metal containing

Zr(Eth)(NMe@%%NM%EQ?MﬁG@W@ tMe)3,Zr(EtCp)(NEtMe)3,
ZGC(NEtMe)3,Zr(MeCp)(NEt2)3,Zr(Et9p) N }2)3, %Cp(4l>}lEt2)3, Zr(iPr2Cp)(NMe2)3,

Zr(tB1-12Cp)(NMe2)3, Hf(MeCp)(NME2)30 Hf HCp) (NKe2)s, (1)

HfCp(NMe2)3, J M )

Hf(I\/FI)éCp)?N)Et%%éﬁmﬁﬁgﬁﬂémﬁﬁ IgtN ‘%%?éﬁg%?ﬁ%ﬁg?%sﬁ%ﬁmﬁé’é?s?"%%wz
HI(ELG 3

metal containidt(preddisar vtpsreisrdbly aeteéled idsritienl tiediffietsnicrvaiersientheiegesssarium

homologues, thg, tajtHyR gletiuatv %éi@éﬁ?a@%gﬁ&w@&@%}{zyét&% 'H%Q!?ﬁihlg?ﬁi Snvajyes as

hereabove defined, and at least one oxygen containing precu and at least one nitrogen conifaining
precursor is infr8fee@iatoahancdkis! AceBrdingbairbtibeentibd dinent thdineantiohrecoberhs the

use of they  and has from one to four carbon atoms, a dialkylsilyl group, wherein each alkyl
group, identical or different from the other, is linear or branched and has from one
to four carbon atoms or a trialkylsilyl group wherein each alkyl group, identical or
different from the other, is linear or branched and has from one to four carbon
atoms
15 According to a more particular embodiment, the invention concerms 2z
method as hereinbefore defined, of deposition of a metal containing dielectric
film comprising a compound of the formula (1+):
M'O, (h):
corresponding to the formula (1), wherein a=0, b = 2 and ¢ = 0, wherein the metal
20 containing precursor of the formula (Il) is selected from the group consisting of:
HfCp2Cla,  Hf(MeCp).Mez, HICp(MeCp)Cl,, Hf(MeCp)2Cly, HfCp(MeCp)Mes,
Rf(EICp)(MeCp)Me;, HI(EtCp)Mes, Hf(MeCp)x(CO)z, ZrCp2Cla, Zr(MeCp)Me,,
ZriCp(MeCp)Cla,  Zr(MeCp),Clz,  ZrCp(MeCp)Me.,  Zr(EtCp)(MeCp)Me,,
Zr(EtCp).Me,, Zr{MeCp)(CO);, Zr(MeCp){(NMey)s, Zr(EtCp)(NMey)s,
25 ZiCp(NMe;s)s, Zi(MeCp)(NEtMe)s, Zr(EtCp)(NEtMe)s, ZrCp(NEtMe)s,
Zr(MeCp){NEtz)s, Zr(EtCp)(NEty)s, ZrCp(NEty)s, Zr(iPr2Cp){NMey)a,
Zr(tBu2Cp)(NMez)s,  Hf(MeCp)(NMez)s,  HF(EICp)(NMes)s,  HfCp(NMes)s,
Hi(MeCp)(NEtMe)s,  Hf(EtCp)(NEtMe)s, HICp(NEtMe)s, Hf(MeCp)(NEty)s,
HHEICP)(NEL)s, HICPp(NEt:)s, Hi(iPr2Cp)(NMey)s, HE(tBuCp)(NMes)s
30 and mixtures thereof.
According to a more particular embodiment, the invention concerns a
method as hereinbefore defined, of deposition of a metal containing dislectric

fitm comprising a compound of the formuta (I,):



- 20 compounds of the formula (ll) as hereinbefore defined, to make dielectric films more particularly for
integrated circuits or in the preparation of Metal Insulator Metal (MIM) architectures for Random
Access Memories. According to another embodiment, the invention concerns a compound the
formula (Ill): 25(Fetcom1[N(R39)(R40)]3(11i) correspepding to the formula (Il), whereinx =0,z =1
and R' represents the group N(R39)(R40), wherein R39 and R40, identical or different, independently
represent an hydrogen atom, a linear or bra%ﬁ@d%&kyl group ha(\ij_»mg from one to four carbon atoms,

an alkylsilyl gr %%ta)oup Gfoal!ﬂ’é %%]qu s near oL ﬂngtl g gng Qaf gom one Jo foybqoarbon

atoms, a dialkylsi erein eac roup, | entlca br different from the o her i§ linear or
branched and mé&f@im %\%Wféhﬁ@aiﬁtﬁn!’wm sctriafkiisilybgratp Whemsemibzalkwgrtb@

identical or diff f [ has f ur toms.
According to a%%rgtj}éu ar em ﬂ %%enst}%t nv%ntlowéﬁ(z%te Eo{f(?i %%’ﬁ‘(%%é Q?ﬁﬁ 1
hereinbefore déﬁﬁ@dMﬂﬁ@ﬁWﬁRZ R34 ke RECpdaeal oerﬁffé@pingigpenEd&MIs@epj(@@l}g a

acial selected e il SEHIY, PORNLISORISEY! RASISERIB, % AU RIS

groups, and more

Zr(MeCp)(NMe&i@@@@}@xwemm@mm&ms Zr(MeBp OB MES;)5, Zr(EtCp){(NMeg)s,
Zr(EtCp)(NEt tMe) Zr(E
ZGC(NEtz)s,%%cp)%wﬁ%%%%&%z )3, H%&gg%ﬁ\ﬁ%% > ZICP(NEtMe),
JoHf(EtCp)(NMeédys:Rfoi{Nie2)3, Hf@ﬂ&@‘@)ﬁ(ﬁmﬁmas 1- 1@@@@{&5}%)3 )%‘(iprsz)(NMeﬁz)g,
HfCp(NE e)%@@qp Ge) (NE :m@% NM
Hf(tgl(JZCEy)(NMe )3 @% %ﬁ%é ng toam%@f}) gmbo%}r%zegngtEg EIA tition r )??é it‘g@ﬁ%é
following compaiiivi: REAEEAGH N MERYEI M&IM@NMeZWCb(@[E(MQZ)B (B [ (WD) 3,
Hi(MeCp)(NMe2)2 R RIERINMERSo (NEL,)s,  HGPRLCp)(NMes)s,  H(tBu,Cp)(NMey)s and

mixture thereof.
According to a more particular embodiment, the invention concerns a

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

film comprising a compound of the formula (I3):

(M2 M%) Op (I3)

corresponding to the formula (1), wherein 0 £ a < 1 and c=0, wherein the metal

containing precursor of the formula (i) is selected from the group consisting of:
20 HICpaCly, Hf(MeCp):Me,, HfCp(MeCp)Cly, Hf(MeCp),Cl,, HfCp(MeCp)Mes,

Hf(EtCp)(MeCp)Mes, H(EtCp)Me,, Hf(MeCp)(CO);, ZrCp.Cls, Zr(MeCp).Mes,

ZrCp(MeCp)Cls, Lir(MeCp)2Cly, ZiCp(MeCp)Me;,  Zr(EtCp)}(MeCp)Me.,

Zr{EtCp)Me,, Zr{MeCp)2(CO),, Zr(MeCp)(NMe;)s, Zr(EtCp){(NMe2)s,

ZrCp(NMes)s, Zr{MeCp){(NEtMe),, Zr{EtCp)(NEtMe)a, ZrCp(NEtMe)s,,
25 Zr(MeCp)(NEty)3, Zr(EtCp)(NEL)s, ZrCp(NEt,)s, Zr{iPraCp}(NMes)s,

Zr(tBu,Cp)(NMez)s,  Hf(MeCp)(NMez)s, HIEtCp)(NMe,);,  HICp(NMes)s,

Hi(MeCp)(NEtMe);, HF(EtCp)(NEtMe)s, HICp(NEtMe)s, Hf(MeCp)(NEty)s,

H(EtCp)(NEtz)s, HICp(NEL)s, HI(IPRCp)(NMes)s, Hi(tBu.Cp)(NMes)s and the M?

metai containing precursor is preferably selected from the silicon derivatives or
30 their germanium homologues, the tantalum derivatives, lanthanide derivatives,

and the magnesium derivatives as hereinabove defined.

According to a more particular embodiment, the invention concerns a

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



- Those skilled in the art will recognize that the hereinabove metal-organic compounds could be used for
any other applications than vapour phase deposition processes, such as catalysts or any other
industrial process or 20application requiring the use of metal-organic compounds... According to
another embodiment, the invention concerns a process for the preparation of a compound of the
formula (Ill) as hereinabove defined, which comprises: a step 1, consisting of the preparation of the
compound of tHERSRTORISEE A, samprephaicis e Rrbrein MI, R2 and t are as hereinabove
defined for the formula (I1), by the reacti(emqf_al\lgl[,ﬁg @ygtINQRZth)Na(;‘Q) a step 2, consisting of the
reaction of the compound of the formula (Vllzj30prepa_red in step 1, with NH(R39)(R40), to produce
the compound GHiESRSIRINE fa 1ye formHiE ) Mrexiziivieer)ives BrzfEe P 2MEren thepe

following examples; preqandlstationcehshe arione embegisnents of theprasentigventian gwitheout
being a limitation. hafnium and zirconium The film to be deposited comfpnses a compound of the

formula (IPwhéreiis &g, bef 2 afre L. toTé Make triderepokitiop(MieerHitm off théeSeiidetof a
wafer orin a degPp(MeCp)Me,, HAEICPHMeCp)Me,,  HA(EICDPLMe,,  Hi(MeCp)ACO)s,

ZrCpoGla, Zr(MeCp).Me,, ZrCp(MeCp)Cla, Zr(MeCp),Clh, ZrCp(MeCp)Me,,
Zr(EtCp)MeCp)Me,,  Zr(EtCploMe;,  Zr(MeCp)(CO).,  Zr(MeCp){(NMey)s,
Zr(EtCpy(NMes)s,  ZrCp(NMes)s,  Zr(MeCp)(NEtMe);,  Zr(EtCp)(NEtMe)s,
10 ZrCp(NEtMe)s, Zr(MeCp){NEL)s, Zr{EtCpYNEL)s, ZrCp(NEL)s,
Zr(iPrCp)(NMes)s, Zr(iBuCp)(NihMiey)s, Hf(MeCp)(NMesz)as, HF(EtCp)(NMe,)s,
HfCp(NMes)s, Hf(MeCp)(NEtMe)s, Hi(EtCp)(NEtMe)s, HICp(NEtMe)s,
Hi(MeCp)(NEt);, H(EtCp)(NEt)s, HICp(NEt;)3, HI(IPrCp)(NMez)s,
Hf(tBu,Cp)(NMe.)s, the M? metal containing precursor is preferably selected
15 from the silicon derivatives or their germanium homologues, the tantalum
derivatives, lanthanide derivatives, and the magnesium derivatives as hereabove
defined, and at least one oxygen containing precurser and at least one nitrogen
containing precursor is introduced into the reactor.
According to another embodiment the invention concerns the use of the
20  compounds of the formula (Il) as hereinbefore defined, o make dielectric films
more particularly for integrated circuits or in the preparation of Metal insulator
Metal (MIM) architectures for Random Access Memories.
According to another embodiment, the invention concerns a compound
the formula (Ii4):
25 (RECP)M'IN(R*)(R™)]: (I14)
corresponding to the formula (i), wherein x = 0, z = 1 and R’ represents the group
N(R*)(R*), wherein R® and R*, identical or different, independently represent
an hydrogen atom, a linear or branched alkyl group having from one to four
carbon atoms, an alkylsilyl group, wherein the alkyl group is linear or branched
30 and has from one io four carbon atorns, a dialkylsilyl group, wherein each alkyl
group, identical or different from the other, is linear or branched and has from one
to four carbon atoms or a trialkylsilyl group wherein each alkyl group, identical or

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



trench to manufacture MIM structures for DRAM, one need to vaporize the M1 metal source as defined
in step (b) and to introduce it into the reactor (preferably Hafnium or Zirconium), to inject an oxygen
source, preferably moisture, oxygen or ozone into said reactor, react the products at appropriate
temperature 15 (preferably between 150C and 350C)qand pressure (preferably between 25 Pa and
1000 Pa) for the duration necessary to achieve either a thin film deposition on the substrate or to fill
out deep trenchéB§: ALD or pulse CVD process (sequential pulse injection of metal sources are
necessary in order to lar.d it h ided trench ressively fill out this
trench 20and provideﬁ%e\%ﬁgjnqtie%?g%ﬁ%ﬁ%# eaerﬁ}jj% %éillre orz’ n?)r%ef!él}%;\{gih%%eﬁ 05%%?51 dr %i\elgctric
film).  The Giekeawndlef shalfoiavelsnd! desirde frinbedmpatitive thevbarsse itialy VasiatiGii€, of the

b val gl . 5T ft f
componds of S mela ) s e e 6 R B o LR B P e a)

The compbdund8tth@forvula¢nios vhosiv freah ZiMeSpiand 2kl (BtCh)2MeRo Hi@Viatp)2hte2 and
Hf(MeCp)2Me%.pechciC @ngﬁéﬁémj&%&{ﬁ%%%‘ﬁéd form is usually carried out by bubbling an 30inert
. ) B :

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

b) The compoufithée tHa {8hsula. (11) i€ €hosen HbtaZ:(2,4-Kr€20M)2Me2 andZHiR:CME20R)2Me2. 18

¢) The compo (I is Zr(M - Me2

Hf(MeCp)(2,4-i\/I%gE2q0% ggm% The%mts@gau%% shaef?ge%%rééﬁg‘@ﬁ%tho? i?r%%%%gwsg%g%/gen

(02), oxygen radietlNffér) instarddé iy se Ay Meh as rdtlitilsGeXiblidied by a Hehbe€ 5plasmaa)system,

ozone, NQ, N isture (H : egarding; 0sitic ‘ itself, the
AT s N R I T

reactants can be intro 1o the reactor si y emic por de sequéntially

(atomic layer déeatliGeMs)differentHoidiFa b (ane exafrflietispigiGintoduce n&als&irce and
the other met%gpggeﬁm%%inm@g@; gﬂg%( /gen in a separate pulse [modified atomic layer
i ’ C

deposition]; another option is to introduce oxygen ¢ htinuously and/or to introduce the metal source by
pulse (pulsed-chemicAfvaisbn@dpositivgyel sEseiiplembbdiositioritat mmetainbeunieldestins MaON

with M1 being ﬁ@gﬁﬁﬁﬁlﬁcﬁﬂﬁwﬂhgnd Zirconium
15 Zr(EtCp)(NMez)s, Zr(MeCp)(NMes)s, ZrCp(NMey)s, H(EtCp)(NMe,)s,
Hf(MeCp)(NMey)s; and HfCp(NMe;)s.

Those skilled in the art will recognize that the hereinabove

metal-organic compounds could be used for any other applications than vapour
phase deposition processes, such as catalysts or any other industrial process or
20 application requiring the use of metal-organic compounds. ..

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

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

25 (Vi)
(RACPIM'Cly (Vi)
wherein M', R® and t are as hereinabove defined for the formuia (i), by the
reaction of M'Cl, with (R%Cp)Na ;

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

30 prepared in step 1, with NH(R®YR), 1o produce the compound of the formula
().
According to a last embodiment, the invention concerns the following

compounds of the formula (ll) as hereinabove defined:



The film to be deposited comprises a compound of the formula (I) wherein a=0 and b and ¢ are
different from zero. All the information given in Example |, is applicable in this Example II,
20except that nitrogen needs to be introduced into the reactor. The nitrogen shall be selected from
a nitrogen source selected from the group comprising nitrogen (N2), ammonia, hydrazine and alkyl
derivatives, N-containing radicals (for instance 1I', NW, NH2.), NO, N20, NO2 or the like. 25Example Il
Deposition of Mifi2Gpetilexide(aSpyifiad bEmgtiefdvidyly or Zr and M2 being preferably Si or Al
The film to be deposited comprises a compound of the formula (1) wherein a#O, b=0 and c=0.

All the information given in Example |, is applicable in this Example lll, 30except that a M2 metal
source is additionally hbedetlo™MroM2 montainiag mredlivsdrdt @aisofititodadeddniothaedieastos tef crate

the M2 source is.M2.containing precursar,source shall be preferably: a) a silicon (or
germanium) soﬁ%@? or%ﬁ?ﬁﬁ’%l%et%f?ow{ﬁ%%%f”%féﬁfiﬁ@%%’e%s (TrIDMAS); SiH2(NHtBu)2 (BTBAS)
and SiH2(NEt2)2 (BDEAS) b) an aluminum source, for example AlMe2(0iPr); or ) a tantalum
(or niobium) source, far examp ] CMe2( H2-0Me) (T);
wafer, in a reac¢tefnising2AdcDziEdaRiMECVD, pulse CVD processes.  Example IV: Deposition of M1

itride fi i ing io0.pref ly Hf or Zr and M2 bein referably Si or Al
M2 metal oxynitride fllmse\f\s’llrrq %‘%Q%Bﬂé& e@ c%%‘]p rnses a compound off?%e‘f%rmula (% wherein

a=0,b=2andc=0.

16 To make the deposition of such film on the surface of a wafer or in a deep
trench to 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
Hafnium or Zirconium), to inject an oxygen source, preferably moisture, oxvgen
or ozone into said reactor, react the products at appropriate femperature

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

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

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

23 Three examples of types of compounds of the formula (1) were chosen
according to the three following options a, b or ¢

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

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

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

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



The film to be deposited comprises a compound of the formula (I) wherein a#0, b#0 and c#0. All
the information given in Example IIl, is applicable in this case, except that nitrogen needs to be
introduced into the reactor. 15The 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. Example V: Synthesis of (bgthylcyclopentadienyl) tris(dimethylamino)

20zirconium, Zr(EtCpNNieR)3 Z&ﬁﬁ%BWe%‘? istyﬂreeparfg%%steﬁg. is The.fi ep ks the

preparation of Zr(Eth CI3 by the reaction of (EtCp)Na over ZrCl4; The second step is the
reaction LINMEZ Wiy PHEE Me@ wo'\eo diivk REMeE0 3 (s 3pMexesulting compound is purified

by distillation. 0vera||Mi%do%e?ﬁg&ume@QW%'BP&%‘EJRA‘XM%S@mﬁ%{%ﬂg‘%@%@w%@&?ﬁ;

been found to be a stable liquid pale yellow compound. TGA analysis of Zr(EtCp)(NMe213
thermal gravim@tfi§appastaswas sieteacn ehargonlgve bax witicaligtireraieridyy geiseoritent

maintained, belg\%%gr@ s@ﬁ?{%ﬁ@%?ﬂﬁ%@%j%ﬁ%@%@@%91865‘.9 a 35mg sample in

an aluminum crucible. The sample was then heated at a 10C/min temperature ramp from 35C to
400C. 20 The mass loss was monitored as a function of the crucible temperature. The residue level

was 2.6% with full evqp@égp&%erm@r%b%%ggﬁ%ogé&r%Itimaggés ALEIGHES Tan be
infroduced info the reactor simultaneously (chemical vapor deposition),

sequentially (atomic layer deposition) or different combinations (one example is

10 to introduce metal source and the other metal source together in one pulse and

oxygen in a separate pulse [modified atomic layer deposition]; another opfion is

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

{pulsed-chemical vapor deposition).

15 Example I* Deposition of metal oxvynitride films M'ON with M’ being

preferably Hatnium and Zirconium

The film to be deposited comprises a compound of the formula (1) wherein
a=0 and b and ¢ are different from zero.
All the information given in Example |, is applicable in this Example I,
20  except that nitrogen needs to be introduced into the reactor.
The nitrogen shall be selected from a nitrogen source selected from the
group comprising nitrogen (Np), ammonia, hydrazine and alkyl derivatives,
N-containing radicals (for instance N°, NH®, NH2"), NO, N,O, NO, or the iike.

25 Example lli: 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 (1) wherein
a#0, b#0 and ¢c=0.
All the information given in Example 1, is applicable in this Example i,
36 except that a M? metal source is additionally needed.
The M? containing precursor is also introduced into the reactor o crate the
M? source of metal. This M? containing precursor source shall be preferably:

a) a silicon (or germanium) source, for example Si(OH)(OiBu),,



- 5 Exam le VI: Atomic La ver De osition of Zr02 thin films usin Zr(EtCp)(NMe2)1 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 the container is controlled at 50Torr. 03 is used as oxygen source. The
substrate is 10 heated at 350C. During a first step, Zr(EtCp)(NMe2)3 is introduced into the reaction
chamber during 2s. A N2 purge of 5s is performed aftérwards as second step. As third step, a pulse of
03 is then intrody It the x @A ri f ourth step. All
four steps are r%%iﬁaqujg %68?|%%§%ﬂ$a%?@%%#%§ggﬁﬁ%§% gﬁ%@%@&?@?&%ﬁgn is
obtained. 15Similar eXpéihfdnisisEMFOpettorineaxgitroie AldrRdSiBimitir experiments can be
conducted with H20 r Xal - Metal- ic Chemi ap sition, of
Zr02 using Zr(EtC g&%ﬁ%@%ﬁﬁ%( tCE%P‘?N:J{]/Ie )%é%g }s\f']t%rzf%?i)nt a %c%itgat% & &%ﬂﬁﬁ%@? isQfgaéated
at 90C and N2 is{iged)Heehieel iJasida) fldvi 6P5B3EEm. The pressure in the container is controlled at
S0Torr. Zr(RIC)NMeR)S i Bfifch (e 02 R bdbe 4R BiefRRling Fhamben,d hssibstrate s
heated at 500C. The pressure inside the reaction chamber is set at 10Torr. A film of zirconium oxide is
250btained. SimildHEx@EHRTEPTSSCHR RS FeWéitie dvAtheREHT S Evdm Pl VMO pBarisdaof
Zr(Eth)(NMemBr}grgégggélgl_eM thermal behavior 30Thermal gravimetric analysis is performed on
Zr(EtCp)(NMe2)3 and Zr(NEtMe)4 in similar conditions. Thermal gravimetric apparatus was stored in
an argon glove box with moisture and oxygen content maintained below 1ppmv. Thermal gravimetric

analysis was PEHATER WP asiieha #ino SPTPIT Adar. BRINRHECTHRIRG Jith SARlGffgs then

heated at a 10CTmin tempera
of the crutible &g et ie8edmah (0.8 mm) is placed over the
crucible containing the metal- [ t ion. This,indj the
thermal stability at higTuer tenge}qrg%ugfg& %@%%%@ﬁ%%ﬁ%g?@ g?gggﬁﬁﬁﬁe@%%mﬁﬁgﬁﬁe
thermally stabl@tRan?@mEEY4, making it further attractive for use as vapor phase precursor. The

results are shown on Kge frformation given in Example 1il, is applicable in this case, except

that nitrogen needs to be introduced into the reactor.

15 The nitrogen source shall be selected from the group comprising nitrogen
(N2), ammonia, hydrazine and alkyl derivatives, N-containing radicals (for
instance N, NH', NH2), NO, NG, NO..

Example V: Synthesis of (ethvilcyclopentadienyi} tris{dimethylamino)
20 zirconium, ZH{ECp)(NMe,);
Zr(EtCp){(NMey); is prepared in 3 steps.

The first step is the preparation of Zr(EtCp)Cl; by the reaction of (EtCp)Na
over ZrCly;

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

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

was 35%.

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

TGA analysis of Zr{ECp)(NMes)s

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

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

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



- 10 22 CLAIMS 1. Method of deposition on a substrate, of at least one metal containing dielectric
film comprising a compound of the formula (I): 5(M11-8 M2a) Ob Nc,(l) wherein: 0 .5a<1,0<b5 3,
preferably 1.5 Sb 52.5; OS c Si, 10M1 represents a metal selected from hafnium (Hf) and zirconium
(Zr); and M2 represents a metal atom selected from magnesium (Mg), calcium (Ca), zinc (Zn),
bore (B), aluminum (A), indium (In), silicon (Si), germ%fhium (Ge), tin (Sn), hafnium (Hf), zirconium (Zr),
titanium (Ti), vaadipBdy)caiohiie (N spBkAlEN{ Takiararh the hRNThaRIARS RIRIDS4NGNE Paqiicularly
scandium (Sc), 15 yttrium (Y) and lanthanum (La) and rare-earth metal atoms, which comprises the
following stepsTe&idHs) Vel previddG o subttr dtélirvabrsatasn Eaptiaturasstep @b vagdiizing at
least one M1 m%toqugg%@t ning %rggu%,%elﬁcted 20 from: Zr(MeCp)(NMe2)3, Zr(EtCp)(NMe2)3,
ZrCP(NMe2)3, Zr(Me p?(N tMe)3,

M2 thin films using
V1E)3;

HfCp(NEtMe)34{Eic0} ;
Zr(EtCp)(NMe;); is stored into a container. The container is healed at

80°C and Nz is used as carrier gas at a flow of 80sccm. The pressure the
container is controlied at 50Torr. O3 is used as oxygen scurce. The substrate is
10 heated at 350°C. During a first step, Zr(EtCp)(NMe;); is introduced into the
reaction chamber during 2s. A Ny purge of 5s is performed afterwards as second
step. As third step, a pulse of Os is then introduced into the reaction chamber
during 2s, followed by a 2s N purge as fourth step. All four steps are repeated
100 times fo obtain a ZrO; film. Self-limited atomic layer deposition is obtained.
15 Similar experiments can be performed with Hf analogs. Similar

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

Example Vii: Metal-Organic Chemical Vapor Deposition of ZrO; using
pi{NMea)s
20 Zr(EtCp)(NMe»)s is stored into a container. The container is heated at

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

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

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

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

Similar experiments can be performed with Hf analogs.

Example VHi: Comparison of Zr(E{Cpl{NMes)s and ZriNEthe), thermal

behavior

30 Thermal gravimetric analysis is performed on Zr(EtCp)(NMey); and
Zir(NEtMe), in similar conditions. 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



25 HfOR-2CONMe2)3, Hf(tBU2CP)(NMe2)3, to form a first gas phase metal source; Optionally a step
b") of vaporizing at least one M2 metal containing precursor, M2 being as hereinabove defined; to 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 provoke
their contact with said substrate, to generate the dep8§ition of a metal containing 23 dielectric film

comprising a CoppRHRRPLIBEN YAk AR BRIGIRRS I 08 Baet O SAEYORIA Semperafuethod

according to claim 1, Wherelq the vagoglzatlon step b) and the 5 vaporization step b’) are combined in
one vaporizatidiEB 190 HthisotvEes: Thesmastbbacksrdingtéwre sicrifincien ahirein the

M2 metal containipgRseairda selegted Jiam hg.oreipsansising.ohigilicanderivatyes Ay their
Germanium homologues, such as: 10disiloxane, trisilylamine, disilane, trisilane, alkoxysilane of the

formula: (111i) BAORIEI(NF FRepdHe o iimBR D R prelmesatife 8P Birane HedRreesBon
group haviag 11:%6@%@;5&9%1%%‘%@ﬂ?ﬁgl&ewgt{%@%é@%%waa{%éHE&&P@H&%@.‘VKH@Z)

wherein: 1 5 x 5 3 and R4 represents a linear or branched alkyl group, having 1 to' 6 carbon atoms,

preferably Si(OlaRt&)SHRa Rfork Brefetbify i OMpxBE) I EAInBsIEh dhriRalivestiitie f6@mula
(1113): 20SiHXENRERGMY X (A YV RETGiIR? Qtﬁé@%@é‘%?@@@%59&5@ri%§§%599é&w§&?”{fﬂ@d

independently represents an hydrogen atom or a linear or branched alkyl 1 to 6 carbon atoms,
preferably SiHRMED R aHRSYSigRIRIBU)2 (BTBAS); SiH2(NEt2)2 (BDEAS)) and mixtures
thereof; 25Aluminum derivatives, such as trimethylaluminum [AI(CH3)3], dimethyl

10



- aluminum hydride [A1H(OH3)2], alkoxyalane of the formula (1V1): AIR9x(OR7)3,(IVO wherein: 0 S x 5
3 and R7 represents a linear or branched alkyl having 1 to 6 carbon atom, and R9, identical to or
different from R2, represents an hydrogen 30 atom, or preferably A1IR9R19(0R2), with R9 and R19
identical or different, which independently represent a&n linear or branched alkyl having 1 to 6 carbon
atoms, most preferably AIMe2(01Pr); amidoalane of the formula (IV2): 24 AIR1 x(NR12R13)3-x(IV2)
wherein: 0 s x 3 and R12 and R13 identical or diffegni gpgresent an hydrogen atom or a linear or
branched alkyl having 1 to 6 carbon atoms, and R11, identical to or different from R7 and , represents
an hydrogen atom or a linear or branched 5 alkyl having 1 to 6 carbon atoms; Tantalum derivatives,

such as: Ta(OMe)s, ‘i@@@s%&}?b T 3iNMe2RictAUNERIn, TRNE [DIap AR dREvAs RE R ormula

(Vi): Ta(OR14)4[0-C(R15)(R16)-CH2-0R17] wherein R14, R15, R16 and R17, identical or different,
independentlydielEiifdgesratontsicadinetorBrasiiee iy wavibg 1 to 6 carbon atoms,
preferably Ta(OEt)4(0CMe2CH2-0Me) (Tmﬁ-[}wﬁl_—})@a fgntalum der'y}ative of the formula (V2):
Ta(OR18)2?[0-C(R19)(R20)-CH2-N(R21)%R2’23] 16”738, Wherein R18, RR21 and R22, identical or
different, indep@h@isntly represent 15 an hydrogen atom or a linear or branched alkyl having 1 to 6
carbon atoms, a tatalgm gegi\{gtive of the formula (V3):

0<bs3 preferably 1.5sb=2.5;
O=sc=1,
10 M' represents a metal selected from hafnium (Hf) and zirconium (Zr), and
M represents a metal atom selected from magnesium (Mg}, calcium (Ca),
zinc (Zn), bore (B), aluminum (A), indium (In), silicon (Si), germanium (Ge}, tin
{8n), hafnium (Hf), zirconium (Zr), titanium (Ti), vanadium (V), niobium (Nb},
tantalum (Ta); and the Lanthanides atomns, more particularly scandium (Sc),
15 yiirium (Y) and lanthanum (La) and rare-earth metal atoms,
which comprises the following steps:

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

- A step (b) of vaporizing at least one M’ metal containing precursor selected
20 from: Zr(MeCp){NMez)s, Zr(EICp)(NMeg)s, ZrCp(NMez)s, Zr(MeCp)(NEtMe)s,
Zr(EtCp)(NEtMe)s, ZrCp(NEtMe)s;, Zr(MeCp)(NEt2)s, Zr(EtCpHNEt:)s,
ZriCp(NEt)s,  Zr(iProCp)(NMey)s,  Zr(iBuCp)(NMes)s,  Hi(MeCp)(NMez)s,
Hf(EtCp)(NMez)s, HICp(NMesy)s, Hi(MeCp)(NEtMe)s, HF{EICp)(NEtMe),,
HiCp(NEtMe)s, Hf(MeCp)(NEts)s, Hi(EtCp)(NEL:)s, HICp(NEL:)s,

25 Hf(iPrRCpiNMey)s, Hi(tBuCp)(NMey)s, to form a first gas phase metal source;

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

source;

- A step ¢) of introducing said first gas phase metal source and said optional
second gas phase metal source, in the reaction chamber, in order to provoke

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



Ta(=-NR24)(NR25R26)3(V3) wherein R24, R25 and R26, identical or different, independently
represent an hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms; 20Niobium
derivatives, such as Nb(OMe)5, Nb(OEt)5, Nb(NMe2)5, Nb(NEt2)4, Nb(NEt2)5, a niobium derivative of
the formula (V11): Nb(OR27)4(0-C(R28)(R23)-CH2-0R30)(V11) wherein R27, R28, R29 and R30,
identical or different, independently present an hydrogen atom or a linear or branched alkyl having 1 to

6 carbon alome e relsTAPNRENECHRCHZ ML NAIRMAC, AR derualie e

formula (VI2): Nb(OR31)4[0-C( )-OH2-N(R34)(R 5)] wherein R31, R32, 4 and R35,
identical or diff@feRBithaepehaishtly represent an hydrogen atom or a linear or branched alkyl having 1
to 6 carbon atoms, a 30 niobium derivative of the formula (VI3): Nb(=NR38)(NR37R38)3(VI3): wherein
R36, R37 and R39, identical or different, independently represent an hydrogen atom or a linear or
branched alkyl having?1 MeE el a6 idwe tosiaim fantheieie desivaies;asirh sissdandivhihe

derivatives s yitgupbreEuBHGSFEY U deiNBliSs (R8RS i Setivatives, gadalinium defivatives or
Nd derivatives, a%erivative Witﬁca'?I least one j3-diketonate I%ga%nd or at é?a t%i g%ﬁ%ggﬂnfgagdqg%%'ligand
optionally substituted with one or several linear or 5 branched alkyl groups having 1 to 6 carbon atoms;

divalent metal deriva/agcteh AcHamD (R0 UM E5)oMARSTUR MO SAlFLM er zinc

(Zn) derivatives, with at least one p-diketonate ligand or at least a cyclopentadienyl ligand optiohally
substituted witR'6RE'6PEeFeraISHES bpHriiR BseLNGPRsRiRDRiving 1 to 6 carbon atoms; other

metal derivatives SuckiasSHNAStRRAYL) BHONBRENUR, (MR} PRGSO Ok ZizGanium (2r) derivatives,

for example the alkox({i;qerivatives,' the amino derivatives or adducts containing these species.
4. Method!8f Claim 3feréiRgnd M inatalsoniailang pteslese: iskmastiatmunt (HE dervatve.

SHEY
SiHx(OR ), (IHh)
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 (1llo):
SI(OH)(OR ") ax (11l2)
wherein: 1 £x < 3 and R* represents a linear or branched alkyl group, having 1 to
6 carbon atoms, preferably Si(OH)(OR*): and more preferably Si(OH)(OtBu)s;
aminosilane derivative of the formula (Ilis):
20 SiH(NRR®) 4 (ili5)
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(NMez); (TriDMAS); SiHy(NHtBu), (BTBAS); SiHo(NEts).
(BDEAS)) and mixtures thereof;
25 Aluminum derivatives, such as trimethylaluminum [AI(CHs)s), dimethyl
aluminum hydride [AIH(CHs);], alkoxyalane of the formula (iV4):
AIR®(OR")a4 (IVq)
wherein: 0 £ x £ 3 and R’ represents a linear or branched alkyl having 1 to 6
carbon atom, and R identical to or different from R’, represents an hydrogen
30 atom, or preferably A!RQRW(OR?), with R® and R'® identical or different, which
independently represent an linear or branched alky! having 1 to 6 carbon atoms,
most preferably AlMe(GiPr);

amidoalane of the formula (IV5):



5. Method according to one of Claim 1 to 4, which further comprises: A step d), wherein the at
least one 1VI1 metal containing precursor, and if necessary, the at least one M2 metal containing
precursor, is mixed to at least 20 one reactant specie prior to step c). 6. Method according to one of
Claim 1 to 5, which further comprises: a step djswherein the at least one MI metal containing
precursor and if necessary, the at least one M2 metal containing precursor, is mixed to at least 25 one
reactant specie in the reaction chamberA;R11X(NMezp®q3§(ccording one of Claim 1 to 6, of depositi(_)n
of a metal containing dielectric film comprising a compound of the forniula (11): M102 30 corresponding

to the formula MN&Rérelh 2205 B 22thhd 0o Rvhédeien aictiffemnhirmygrect aohidsetsted

from the group feRsisHRgiAE ATEVBERKNME2)3) AUGIPI(NMeR)3  LrCRENMe2)3s ZrMRCRINEMe)3,
Zr(EtCp)(NEtMe)3, ZrCp(NEtMe)3,Zr(MeCp)(NEt2)3,Zr EtCp)(NEt2)3,Zrep(NEt2)3, 26 5

Zr(iPr2CP)(NMEZYB SHest EPTINMEDS, FCISaMAE8, Rtedsy) MierMe) 3, linear or branched

Hf(MeCp)(IglEt%@ﬁ@@@(ﬂgt@ga}ﬁ%gg&@(NMeZ)S and mixtures thereof. Hf(MeCp)(NMe2)3,
Hf(EtCp)(NMe2)3, Hf(EtCp)(NEtMe)3,HfCp(NEtMe)3, HICp(NEt2)3,Hf(iPt2CP)(NIVIe2)3, 8. Method

according to one of Claf{Uis 6ehivabpesitibias mMadP bbmiminmd didke ctacNiie coniprisifdg:is.
compound of the, feimula LLAMARE NS92kve of the formula (Vy):

Ta(OR"™)JO-C(R"}R®)-CH,-OR ']
wherein R', R™ R'" and R" identical or different, independently represent an
16 hydrogen atom or a linear or branched alky! having 1 to 6 carbon atoms,
preterabiy Ta(OED(OCMe,CH,-OMe) (TAT-DMAE), a tantalum derivative of the
formula (V):
Ta(OR"*)[0-C(R™)(R*)-CH-N(R)(R™)] (V2)
wherein R'®, R" R* R* and R?, identical or different, independently represent
15 an hydrogen atom or a linear or branched alky! having 1 to 6 carbon atoms, a
tatalum derivative of the formula (V)
Ta(=NR*)(NR*R*)s (Va)
wherein R*, R® and R%, identical or different, independently represent an

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

20 Niobium derivatives, such as Nb(OMae)s, Nb(OE1)s, Nb(NMez)s, Nb(NEL),,
Nb(NE1)s, a niobium derivative of the formula (Vi)
Nb(OR*")(O-C(R*)}(R*®)-CH,-OR*) (V1)

wherein R*’, R® R* and R®, identical or different, independently represent an

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

formula (Vio):

Nb(OR™)4[O-C(R™)(R™)-CHz-N(R™)(R*)] (Vi2)

wherein R*, R*, R R* and R¥, identical or different, independently represent

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

Nb(=NR®HNRR*), (Vi3):
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;



corresponding to the formula (1), wherein a=0, 1.55b S 2.5 and 0 < ¢ S 0.5, wherein the metal
containing precursor is selected from the group consisting of: Zr(MeCp)(NMe Zr(EtCp)(NEtM
ZrCp(NEt2)3, Hf(EtCp)(NMe2 15 HfCp(NEtMe)3,
2)3,Zr(EtCp)(NMe2)3,ZrCp(NMe2)3,Zr(MeCp)(NEtMe33,
e)3,ZrCp(NEtMe)3,Zr(MeCp)(NEt2)3,Zr(EtCp)(NEt2)3,

Zr(iPr2CP)(NMe2)3,Z P)( 3 Hi( . _ , -
GRS Nl 107 ceraes v cenaties
Hf(MeCp)(NEtZy3HE 2¥3, HIGRMHLYS, iRDER H(tBi2GR e

mi§<tue;e ?r)](ereoiivzg/elgleg‘ogeﬁﬁ%?f%n%ﬁ}&OQF %}‘ a%ain% 1to | of deggsig%n 0 aog_negcal. e(;o%taining
dielectric film comprising a compound of the formula ﬁ:?o ﬁ?ﬂ a ?T Eorfespoh in% to the
formula (1), whargivp@ B ade fhanther@l whéeinlthe smetdl contaiwitly precursosis/setgcted fromrthe

group consisti e ZI(Et ps)% Me2)3, ZrCp(NMe2)3, zr(MeCp)(NEtMe)3,
Zr(EtCp)(@tn%%ﬁég%ﬁ@%é@ﬁwgw %E??@%( @é)?(NEtZ)&ZGC(NEtZ)& 25
711(iPr2CP)(NMe2) 3¢ ZiBu2 CRiMeR)By ke CpiidMeai3, stftmpy(NKBr2)3barium  (Ra),
HfCp(NMe2)3,Hf )3, Hf Et%{‘) % Me)3 HfCE%(\Irﬁt e§3 . :
Hf(MeCp)(NEt%é%%%%%&@Z)ﬁé&% é fzﬁf) iPiSC Nyl\éléei YallYGBu IEB) RIMEFS Hitfthe M2
metal containifiggkeconse ifgmeterablyt detedtted drom thesiticomnddrieaiives tiothely germanitsd
homologues, the tantalum , X . , ‘

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

10 other metal derivatives such as tungsten (W), molybdenum (Mo), hafnium
(Hf) or zirconium (Zr) derivatives, for example the alkoxy derivatives, the amino

derivatives or adducts containing these species.

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

15 hafnium (Hf) derivative.

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

20 one reactant specie prior to step c).

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

25 one reactant specie in the reaction chamber.

7. Method according to one of Claim 1 fo 6, of deposition of a metal
containing dielectric film comprising a compound of the formula (14):
M'O, (14):

30 corresponding to the formula (i), wherein a=0, b = 2 and ¢ = 0, wherein the metal
containing precursor is selected from the group consisting of: Zr(MeCp)(NMe-)s,
Zr(EtCp)(NMez)s,  ZrCp(NMeg)s,  Zr(MeCp)(NEtMe);,  Zr(EtCp)(NEtMe),,
ZrCp(NEtMe)s, Zr{(MeCp)(NEtz)s, Zr{EtCp)NEL)s, ZrCp{NEt)s,



30 derivatives, lanthanide derivatives, and the magnesium derivatives as hereabove defined. 27 10.
Method according to one of Claim 1 to 6, of deposition of a metal containing dielectric film comprising
a compound of the formula (14): (M11-2 M2a) Ob N,(14) corresponding to the formula (I), wherein 0 a
<1landO0 <c 5. 0.5, wherein the 5 metal containing pygcursor is selected from the group consisting of
Zr(MeCp)(NMe2)3,Zr(EtCp)(NMe2)3,ZrCp(NMe2)3,Zr(MeCp)(NEtMe)3,

Zr(EtCp)(NEtM ( e)3,Zr. N r(Et NE12

ZGC(NEtZ)S,Z%}é%& m%ﬁ% :Zr(%%@% e é%f(k%@&%%ﬁm@& HI(EICp)(NMez)s,

hiorny (Nt RS, B T T2 N e b2
eCp)(NEt2)3, t2)3, iPr , Hf(tBu2Cp e2)3, the

metal containir% hﬁ%&%wﬁéferabéﬁy&%egﬁﬁ}&  the sﬁg‘%%\gg?é%\% ives of tHeir geHhAARam.

homologues, thé {artalimy bibfivgtves] lanthaniséhdedvatives, and the magnesium derivatives as

hereabove gjefined, and at least one oxygen containing precursor and at least 15 one nitrogen
containing precursor is introduced into the reactor. 11. Method according to one of Claim 1 to 10,

Wk:ereiré sfaid M1 metéi.cM&ﬁhpi@@mmf isgr ts Zn@Zp(BiMEIZ)& 1 1ol B, Diedspofitie 6PraPORALS

selected from t isti ) -

Zr(MeCp)(NMe%%%%@é%?%@%%f% BWE’%E&%E%WKAQ%TOWUG (2):

Zr(Eth)(NEtMe)3,ZGC(NEtMe)3,Zr(MeCp)“()NE)QMO,Zr(Eth)(N&tg)z,

ZrCp(NEt2)3,Zr(iPr2CP e2)3,Z1(tBu2CP)(NMe2)3,Hf(MeCp) e2)3, .

Hf(Eth)(Nl\/leé)g;fr 5?%8%%%2%3% %*@E'f%&w‘é‘@ﬁ’-ﬁ@@ﬁ ('Né%)%,%g'ﬁfé%\l%tﬁ/l@)i 0.5,

g_f(ll\/leC_p)fé_Fl Et2)B¢ f4(EtTp )Iml@]?mﬂ%ﬂ@ﬁf@@ EEN2)2, sif(i Py 2@ (b e2d8, m@@a@@p.);(yl‘é%%}@ “Es)llﬁ:m?ke

ielectric films mar, K orin ircuits or in ration of Metal Insulator Meta

(MIM) architectzi?rﬂé‘/é% f%%g%%ﬁb\ccéﬁfﬁgﬁiﬁé@? 258 Me#?gcﬁgﬁ@g? fhg di%%Mﬁgﬂ?%MW3*

precursors and’tielCygéNR e remi-candpONiE tranyfactuliiyleCp)(NEto)s,  Zr(EICHHNEL)s,
ZiICp(NEtz)s,  Zr(iProCp)(NMez)s,  Zr(tBu,Cp)(NMes)s, Hf(MeCp)(NMes)s,
HI(EICp)(NMez)s,  HFCp(NMey)s,  Hf(MeCp)(NEtMe)s, HF(EtCpj(NEiMe)s,

15 HfCp(NEtMe)s, Hf(MeCp)(NEts)s, HI(EICpYNEL),, HICp(NEty)s,

Hi(IPr2Cp)(NMey)s, Hi(tBuCp){(NMes)s and mixture thereof.

9. Method according to one of Claim 1 fo 6, of deposition of a metal
containing dielectric film comprising a compound of the formula (I3):
20 (M"y2 MZ) Oy (1)
corresponding to the formula (1), wherein 0 < a < 1 and ¢=0, wherein the metal
containing precursor is selected from the group consisting of Zr(MeCp)}{(NMeg)s,
Zr(EtCp)(NMez)s,  ZrCp(NMes)s, Zr(MeCp}(NEtMe)s;,  Zr(EtCp)(NEtMe)s,
ZrCp(NEtMe)s, Zr(MeCp)(NEt)s, Zi(EtCp)(NEty)s, ZrCp(NEt)s,
25 Zr(iPr2Cp)(NMez)s,  Zr(tBupCp)(NMey)s, Hf(MeCp)(NMes)s, HI(E{Cp)(NMey)s,
HICp(NMe;)s, Hf{MeCp){(NEtMe),, HI(EtCp)(NEtMe)s, HiCp(NEtMe),,
Hf(MeCp)(NEt,)s, HI{(EtCp)(NEtL),, HfCp(NEL)s, Hi(iPr,Cp){(NMe3)s,
Hf(tBu,Cp)(NMe,)s and the M? metal containing precursor is preferably selected
from the silicon derivatives or their germanium homologues, the tantalum
30 derivatives, lanthanide derivatives, and the magnesium derivatives as hereabove
defined.



5Abstract Method of deposition on a substrate, of a metal containing dielectric film comprising a
compound of the formula (I): (Mii-a M2a) Ob Nc,(l) 10 wherein05a<1,0<b53,05.¢51, M1
represents a metal selected from (Hf), (Zr) and (Ti); and M2 represents a metal atom atoms, which
comprises the following steps: A step al of providing-a substrate into a reaction chamber; A step (b)
of vaporizing a M1 metal containing precursor selected from: 15

Zr(MeCp)(NMe2)3,Zr C@é%@%@%ﬁ@g %e%g%zéﬂvgggﬁwﬁ%lg)%f deposition of a metal

Zr(EtCp)(NEtMe)3,ZrCp(NEtMe)3, (NEt (NEt
ZrCp(NEt2)3, Z(iPt2ic iy idE)BiZ FlsBUZOm(1N e 2 3:pif(Ma ) (N ne2iarmula (la):

Hf(EtCp)(NMe2)3,HfCp(NMe2)3,Hf(MeCp)(NE Hi(EtCp)(NEtMe)3,
Hpr(NEtMe)B,Hf(MeCp)(NEtZ)S,Hf(Etgg(Nﬁ%?ﬁt%%NEtZ)B, 2ygaaf(iprch)(NMe2)3,

Hf(tBu2CP)(NMe2)3;orfoimy acfifse Jas phiase metstsonites a A swipdc) of intfddbeindetieifirdtegas
phase metal s in ion inor v ejr.con ith said. substrate, to
generate the d%qpégg;tioégo igﬁﬁﬁ%l g%r?ﬁf%?ﬁ% g%)l:gc;t%c fﬁcﬁﬁﬁﬁsig%%a éﬁ%h;ﬁ{)uﬁgﬁgﬁép ?er%tﬁla ()

as hereinbeforgrdidirien)(bivVisaid, subgirditeC o idssiitabledigipd)Mez)s,  Zr(MeCp)(NEiMe)s,
ZHECP)(NEtMe)s,  ZICp(NEtMe)s,  Zr(MeCp)(NEts,  ZHECP)(NEt)s,

ZrCp{NEL)s,  Zr(iPrCpl{(NMes)s,  ZriBuCp){NMey)s,  H(MeCp){(NMeq)s,
Hi(EtCp)NMey)s,  HICp(NMeg)s;,  HiMeCp)NEiMe);,  HI(EICp)(NEIMe),,
10 HfCp(NEtMe);, Hi(MeCpY{(NEL);, HI(EtCp)(NEL)s, HfCp(NEt)s,
H{iPr.Cp){(NMey)s, HI(IBuCp){(NMes)s, the M? metal containing precursor is
preferably selected from the silicon derivatives or their germanium homologues,
the tantalum derivatives, lanthanide derivatives, and the magnesium derivatives
as hereabove defined, and at least one oxygen containing precursor and at least

15 one nitrogen containing precursor is introduced into the reactor.

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

containing precursor is ZrCp(NMey)s.

20 12. The use of the compounds selected from the group consisting of
Zr(MeCp)(NMe3);,  Zr(EtCp)(NMes)s, ZrCp{NMes)s,  Zr(MeCp)(NEiMe)s,
Zr(EtCp)(NEtMe)s, ZriCp(NEtMe)s, Zr(MeCp)(NEt)s, Zr(EtCp)(NEt,)s,
ZrCp(NEL)s,  Zr(iPrCpYNMeg)s,  Zr(iBuCp)(NMez)s,  Hi(MeCp}{(NMey)s,
HE(EtCp)(NMej)s, HICp(NMey)s,  Hi(MeCp)(NEiMe);,  HF(EtCp)(NEtMe)s,

25  HiCp{NEtMe)s, Hf(MeCp)(NEt,)s, Hf(EtCp)(NEL)s, HfCp(NEt:)s,
HI(IPraCp)}(NMey)s, HI{IBuCp)(NMes)s, to make dielectric films more particularly
for integrated circuits or in the preparation of Metal Insulator Metal (MIM)

architectures for Random Access Memories.
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Method of forming dielectric films, new precursors and their use in the

semi-conductor manufacturing
Abstract

Method of deposition on a substrate, of a metal containing dielectric film
comprising a compound of the formula (1):

(M'1.2 M?%3) Op N, (1
wherein0<a<1,0<bs3,0scs1, M represents a metal selected from (Hf),
(Zr) and (Ti); and M? represents a metal atom atoms, which comprises the
following steps:

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

- A step (b) of vaporizing a M' metal containing precursor selected from:
Zr(MeCp)(NMez)s,  Zr(EtCp){(NMey)s,  ZrCp(NMeg)s,  Zr(MeCp)(NEthMe)s,
Zr(EtCp}(NEtMe)s, ZrCp{NEtMe);, Zr(MeCp)(NEL)s, Zr(EtCp)(NEt,),,
ZrCp(NEtz)s,  Zr(iPrCp)(NMeg)s,  Zr(tBuCp)(NMe,)s,  Hf(MeCp)(NMes)s,
Hi(EICp)(NMez)s,  HICp(NMey)s, Hf(MeCp)(NEtMe)s, HF(EICp)(NEtMe)s,
HfCp(NEtMe)s, Hf(MeCp)(NEty)s, H(EtCp)(NEL)s, HICp(NEL)3,
H(iPr.Cp)(NMey)s, HI(IBu,Cp)(NMes);, to form ‘a first gas phase metal source;

- A step ¢) of introducing the first gas phase metal source in the reaction
chamber, in order to provoke their contact with said substrate, to generate the
deposition of a metal containing dielectric film comprising a compound of the

formula () as hereinbefore defined, on said substrate.

{no suitable figure)



