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Met hod of formng dielectric filnms, new precursors and
their use in the sem -conductor manufacturing The

WO noentiosn rel ates to a nethod of form ng hi ghP&r/EP2007/052507

dielectric filnms such as hafniumor zirconium oxi des
or oxynitrides and their use for manufacturing

seni -copductors. Wth the shrink of the critical. .
dﬁﬂéﬂtchﬂg?%“'ﬂ 'PIRQSF'Q fijese new Bﬁe‘EHrsé’éﬁiaﬂédﬁ&trc‘t'% in the
devices, the intr ti [ , especially
havi ng hi gh di el e%?ﬁﬁcé%lgétggﬁ%@?%@ged. I'n CMOS

ar chi TR inuedsion hélatestod Retdd ofarming Higtkidigldctrie films such as
replace Si O 2 which reaches its physical limts,

halriurg e gircaniuy exides eq@xvaitidas BRACIwS yseffonmaanufacturing

lom Simlarly, high-k dielectrics are required in
ﬁ/%%f:‘?ﬁ‘%‘éﬁ&:& or-Metal architectures for RAM

appl i patH s -sh¥iaki OUthdTRYigtalC BiMEEibnPRS thavittheegeneration of
considered to fulfill both the materials requirenents _
seinecendudtor deniceanthe lindedduptioouefr pew, matgrilal espedialynhaving

B e o EE e B0 P, MRS S PGB geectis
8ECRIIGebaB ThpIakk iSO, which FaMHES MR WiRATRfts, having typically a
materi als, such as 02, HSO4, Zro 2, ZrSi O 4,
8@y eyuiyaleht ihiwkneSkof mbonty1sml. ect ed from t he gr oup

nd nSRRTghe Pat-5 gkt SRV P Beihg MRS ETeHEer-Metal
té?dh%&ﬁﬁ'e§ rfBWFQKIQIUEPEI'icatﬁ]gPN/drlto'ug ﬁié@al%%ﬁg%i%ns loria\fi‘a been

ransition netal, anong nost prom Sing eria
eomgitdereuoodulfilbbothptHevimatdridls repineoserits ddiclemiriatetstbet, leakage
considered for electrode and/or Cu diffusion barrier

SpiEe e aeivsiRllizationn termperalure r ChrSyd[RANE) a5k dhanintegration
Fcbivefiotts Mrprmafbiiey i3S inrcs; o) Sofirfeaklbily ...

deposiThe oBraafp $Uchaddu mdtetiar, Wuch as rf@soHBI®@,, ZrO,, ZrSiO,,

t hroughput _and an acceptable purity are vapor phase )

bEGE5 HflaOr @enbrifaseleciedt fiorstheraropp CoBtRIISINg seandium, yttrium
. e ALD( o _

RS Fufe bantf BRI fots YepPlrve AhCK oyt ¥Ry, f being an

Bleptaitselsctéd&onTsbup Ul Grolip drpahd Groaguilb s transitibn metal,
a proper industrial use. Metal-organic or netal-halide

preeamese Momsomising maderals. kwdiermsrecersawslV vgtalg ggmposition
Q ﬁréilsuonb%ngonsidered for electrode and/or Cu diffusion barrier applications,
such as TiN for mid-gap metal gate and HfN, ZrN, HfSi, ZrSi, HfSiN, ZrSiN, TiSiN
for MIM electrodes.

The main industrial options to enable the deposition of such thin films with
a reasonable throughput and an acceptable purity are vapor phase deposition
techniques, such as MOCVD (Metal-organic Chemical Vapor Deposition) or ALD
(Atomic Layer Deposition). Such deposition processes require metal precursors
that must fulfill drastic requirements for a proper industrial use. Metal-organic or
metal-halide precursors are required for those processes. Various hafnium and
zirconium metal-organic compounds have been considered as precursors to
enable such a deposition.

Halides such as HfCl,, ZrCl, are the most common Hf/Zr precursors and
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zi rconi um net al - organi ¢ conpounds have been consi der ed

as precursors to enable such a deposition. Halides
weomi1awsH CI 4, ZrCl 4 are the nost common Hf PEI/EP2007/052507

precursors andhave been w del§ described. Kimet al.

di scl osed the use of HHCl4 for the deposition of H Q2

By masn ﬁyzﬁ‘ﬁgl bede o eh ¢ ﬁg%&?é‘éf&g‘ji Sd of HfCI, for the

g?ﬁ%@&ﬁgfﬂfﬂz ADS ( ﬁﬁﬁ%‘i'aﬁ' &Fd?:%%ﬁ?s&%%@ﬁdiﬁ&é 2005-05,

can cause surtace/i nf ace roughness t
B87 dA00bIE Komevien, tsbend |b;aprqmuctsergene$ateﬁl beringoth® ldeposition
byproducts, dependi ng on the oxygen source used, na
BEOOSSS aFWrbLAS HﬁdPﬁQ\st“@ﬁ&@US@@U cpﬂv@uf@ﬁetr%gfmsst at can be

, d
AN 10 B, SR BE SR RE b fing on the
ergserobolnicghudedyxhae beGhazardbus. nport inbiseseaGCIRi bygh the OCI
detrinental to the final electrical properties.

fregmess byt QMS, hasdoesnAglaatedes & byarasyct pE thes eeagtion between

F‘f#’ ?H% (5r|e|6|(/<gP ’{\ﬁé\@{ nghh“ﬁllpkéo@&é’,i@ﬁrf IMQ%?S are highly

@9%4&3%)the<ﬂmngle@tn@h ropﬁirﬁéérochem Solid. State
Let., 7(6), F42-F44 E 004@11 WIllianms et al. have
b

eval uBliEasaHe{ mpzad u;ty@:ﬁebg_ze g qxffttfkl@taﬂ)4 for HfO,
MSEyp' Bnd Kb rekeseliet MRSt of dli vh TehEFch! Sobl, 152(3).

Gr0st-i @@ { Zc&ﬁb)ad:haﬁg ek lagaE!éctrochem Solld State Let., 7(6f F42-F44
(1- met hoxy- 2- et hyl propanol ate [ CH2OVe, 'mmp])

(@00)]. héliliemisnkt [@ilt hage otvajomtedi Izlfa(mmp)manchHfﬁ@tthJ&(mmp)z for

e B R a2 el 4P gl T i, zr and Lo

self#&grs pevéde digvbactoRet tRnefigdiBed  alkoxy  ligand

I mted deposition in ALD process as suggested by
Potitethoxt-2-ahethyR3-prépanaate P{OCeaCkieOMeT. Dnmignnimhich  helps

NGRS CRPBRrZAASE AL 7R RS HT JRE GAmPORaNS ang;ipgreasing their

S8Ry Mo AR THonBKY BTASS: ISSHIS AaciEMs Fave the

draavtharkabtito enadld sélétimited aldpdasitioakin AdtD proceks é@suggested by
Sci. Technol . A 22(4) JuI/Aug 2004: Haussmann et

Bﬁglﬁﬁ Anelr (R ddtester £ Ra3ngkarnsB.D. Manang aHee- Aaﬂpln%"J Y.F.Loo,
AR prESYon i, Eon el s B dpee Sl 8 Peposiion

21)05 ef1,a°3, Ws92(B¥9/ 0056219 Al].

Alkylamides precursors such as Hf(NEtMe),, Hf(NMe.)s, Hf(NEt;), 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 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(NEtz)s and Hf(NEtMe),)
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
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G oup IV al kylam des are both suitable for ALD and
MOCVD processes. Furthernore, sone are liquid at room

wo esopasmture (Hf (NEt 2)4 and Hf (NEt Me) 4) and OPCT/EP2007/052507

sufficient volatility, and thdy allow self-linited ALD
at low tenperature for a limted thermal budget
r ocess. wever, G qup. IV al kyl ani des, al kyl am des, i :
HarambaseAuzno depistrikilionia sente F8ieal leaig ik SoSaRisgooging
i e S - I Nk @i -
e e R RS TPl hEF el ok e ftctes during
tlepotsition,| they orayt batallaponiuniformt t@yipositioge rdurmgedeep trenches
particles during deposition, they may entail
HePRiHeR BreRessaDANG thed SniRliaYy adeeiow slfitifiied ALD temperature

WFhé’rﬁbe"?%@érj@%he%c&?ﬂmiﬂ@&% (i 'ec%‘g‘[ei&:IQrarZRPﬁ’gEtMep may

-Pimted nperature w ndow, h reduci

tibeorppose Fsthé disteibutibm lipes bhé geaeraté paNidldeabdvemy0°C which is
deconpose in the distribution |ines and generate

paomrape dlisinbyiéon temnesrakire hHi G E{Meantsomots Sarmally isgaple yet do

hETREPAL Sef e Rl ol aR R T A0 o thorma

abevrapadifios due to thermal deconposition. In WO

2007/ 855088, Thenappan et al. disclose hafniumand _
zi r colii W @RS sThanapbearest alndisclaser hafppim edi greonium
for vapor phase depositipn. Hf (NEt.2) 2[ (Ni Pr- CNEt 2 i o
PR TRARE SR URPL ebICELB Tt yabor aragp edepositon
ﬂlf(lwmg Fr-ORBEeLA! isy_g_oéh dsasgM ERarpker YHathitint €&nd  zirconium
volatility. As exenplified in thermal gravinetric
guanigigiades aie hewevert gebetilly $6IANEWRR( & Very ONBite@ wlatility. As

va%%u[.f.%gase, w’let hort_a risk.of thermal deco ositiop btai
SRRt s dquettierpal ¢ igpUMiirier ATAYEIS eRRCer Mgy, not  obtain
ﬁmﬁ[y?@r;@ﬂliﬂfz' ih VaPouse, %tho%?QTi%F‘!Z)zf %rﬂléwrgﬁ\l/g%@omposition

tri met hyl hydrazi do) zirconium
and g subseghehnpanickngerdraetionuse for | ow t enperature

CVD. The exenplifjed conmpounds have ccept .
Vol at Lo o Ai(EhEm- o Ry 1ooeesaor 2008 thpabpasd) disclose
i t_: e I . .
eI B Gy Bldats) 2 F AT CIRAUAENIR ) SahE, BliniBly and their
bsd fordow tehfpggpaied IC([TaT ha eebmplified iconipasieds inave an acceptable
El ect rochem Soc Proceedi ngs, 260, 2005-09, 2005) and
wkadility (syblimatian @i ol &t. 39°C repeiteVabelr theyprsi solishat room
ﬁgp?% é995 : Putkonen et al., J Mater Chem 3141 ,
PYEEI® Niinisto et al. .
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, 159,
5 ,1995 ; Putkonen et al., J Mater Chem, 3141, 11, 2001 ; Niinisto et al.,
Langmuir, 7321, 21, 2005) proposed a new family of Zr and Hf compounds as
alternatives to hafnium and zirconium alkylamides: Bis(cyclopentadienyl)
bisdimethyl 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
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Langmuir, 7321 , 2 1, 2005) proposed a new fam |y of
Zr and H conpounds as alternatives to hafni um and

wa eoocamiosn al kyl am des: Bi s(cycl opent adi enyl ) PCT/EP2007/052507
bi sdi met hyl haf nium bis(cycl 6pent adi enyl ) bi sdi net hyl
zirconium which allow an efficient ALD dep03| tion
Erocess with an ALD w ndow up to 400 .C and

tavealitemaksrs o ysathpse RTe §°@H5ﬁ”d”§%t@5‘ﬁ rﬁanner thatis using

AptacH A cbAglcks Blthg"ahd eHER Sotn{8cEAbhUHd pidiHeY Heues.
sol i dIrpl[JS(BJMiS 478, PaMMxetalab&nmIm@tf(d-lﬁﬁﬁi\(@(@rl)wlﬁgx to make
point is 57.50C) ThIS revents | C makers to use those

armﬁﬁ|s69§/0|rna a{ﬁer@' tde daveranvhare Mhds selegied n@om tantalum,
ggﬁé’cﬁﬁllﬁ ARShiGRANMR B&hfurh) bé |§'3¥clepgn%§ eg',ygﬁ %@ organic group.

tation an process I Ssue

Bk hexagiples - ofdisthiose drte nisisiunl dyClopBhtadidd_sompounds are
make a netal and/or  a netal nitride |layer, where Mis

disclosedd Howaver.ane Anuie PreshEaren @ rﬂ"@@ﬂ"@ﬁf Bavingaa mglfing point
R Onl
Bgvérs[ goeggﬁﬁ%'off%and ! s an or gani c gr oup. y

exarrp ni obi um cycl opent adi enyl

CO"DOUi@d%?d @Ts@cﬁl&pér@é@dnylb‘lqu& vesRave FBHehtIp R 5ﬁr@bosed by
or a precursor havin ting point |ower than

Heysiet al. dfshé\éD 2@0@01&1%ﬂs%ﬁ¢\@@\@ﬁ heyatil presritithedisedyantage
IpeSelauty 2R R RRRA: Btas 8¢ niraotl M, may tmit the

gtﬁ,,ggl(y@@pm telimted volatility and al so present
| arge steric hindrance that may limt the achieved

gr owt hoday ethefitag, neetefos providingekquit gr |pWoIVl|elilngng|nt (<50°C)
ot B et R ERpanBRy Phg iebatiane M dnf Oh GoMrtRigs. that
\(N%mdjalﬁivl/ QMthdﬁ@oh@WHl%dér@ld?ﬁ&ﬂﬁfn Qihggfcbpé;’ttaté)@hermal stability

physical state, thérnal stability a I stribution
atedlpmbantlon Mpeaatwred;e awide dalfriimied ALD winddewand dieposition of

'cpeoﬁl i OqT btﬁfg['sg'ilé\h(gﬁ t Ez:t giynAlg)E/)clo:)pmgi enyl
or Eé@dﬁ% o d;'ﬂ@%ﬁx&’e ?i“?eu‘té( n@c@gg@i@%ﬁ &fo%g‘t'écﬁeﬁﬁ based

have een Sul ta

broupeVahetaborganic pgedutsorsfhidvesbdey feuhd suitahlp forthh!(dé{dbsmon of
E_:;_ocesses and to have the foll ow nghadvanta es:

eup {\jmejabeoniaiping BipBims by eitber AR M é@asseg and to

RIS thd ANEHidd advalaGes:

- 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 quaternary materials, by using one or a combination of co-reactants
(selected from the group comprising of Hz, NH3, O, H,O, O3, SiH4, SizHs, SizHs,
TriDMAS, BDMAS, BDEAS, TDEAS, TDMAS, TEMAS, (SiH;);N, (SiH3):0, TMA
or an aluminum-containing precursor, TBTDET, TAT-DMAE, PET, TBTDEN,

PEN, lanthanide-containing precursors such as Ln(tmhd)s...).
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- They are thermally stable to enabl e proper
di stribution (gas phase or direct liquid injection)

wowdoiowtospar ti cl es generation, - They are therped/ER2007/052507

stable to al low wide self-1infted ALD wi ndow, 4)
al  owi ng deposition of a variety of Goup |V netals

containing. filnms, including terpary or_ quaternar
mat er fGPATING, Qi it FEDLHIMENEo s Iyentfin gelates t6 a method of

dnd t 0
péﬁﬁgﬁ %Sa @g&ﬁ%&e‘? %F ﬁg%éé‘teHgb @%ﬂgmﬂaﬁgﬁg @blectric film

EoMdpBsinBlRESGIN pODRASS thHEDMASUIaTENAS, (Si H3) 3N, (S H3) 20,
TMA or an al um num copt aini ng recursor, TBTDET,
TAT. DVAE, PET. TBTOEA = MEN, O Mt hani de-®ont ai ni ng
%ngpééﬁsors such as Ln(tmhd)3...).According to a first

I'ment, the invention relates to a nethod of
deposOtd®r Yn a substrate, of at |east one metal
containing dielectric filmconprising a conpound of

the f@rnRiEas, @referaplérled &b ©2D< 1, o< b < 3,
prefe Qb+¥15<b<25 O ¢ 1, M represents a
net al "Sefected from haf nium (Hf), zirconium (Zr) and

ti t anpMiniepiésentfzdmélalr ssleesenfremahaRtivdh gnfgmz.&ﬁirmhe((zr) and
from magnesi um (My), calcium (Ca), zinc (Zn bor e

ti niunal(lixi atgn (A), indium (In), silicon (Si)

a2t B GEs el S AOR ok b BRI et (co),
Elﬂ@t@hy%c(r@&(B) éli]?mh@l‘ﬁ (',Sﬁé)nlrﬂﬂﬂhq&f—) @ﬂl@@ﬁ(SﬁD](]@rmamum (Ge), tin

particul arly Scandium ('Sc), yttrium (Y) and Tanthanum
(3 faﬁrdurraﬂdf),eawccbnmm éZr) a’tl’r@nmvaFﬁ)cNaOQWplm $¥% ninkium (Nb),

e B8 0 o bR il PSR St 0
he f I

Y| T‘\g’rh (m%nyﬁq%@b%ns%@ 3hBirag:- Eéﬁﬁlﬁﬁétgf?t%mhhsg he formila

which comprises the following steps

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

- A step (b) of vaporizing at least one M metal containing precursor of the
formula (I1):
(R'Op)x (R%Cp): M' Ra (11
wherein:

M'is as hereinabove defined;

0 <x <3, preferably x =0 or 1;

0 <z <3, preferably z=1 or 2;

1<(x+2z)<4;

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

(R1yOp) represents a pentadienyl (Op) ligand, which is either
unsubstituted or substituted by one ore more R' groups, y representing the
number of substituting R' groups on said pentadienyl ligand;

(thCp) represents a cyclopentadienyl (Cp) ligand, which is either

unsubstituted or substituted by one or more R? groups, t representing the number
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ML is as herei nabove defined; 0 < x

3, preferably x
=0or 1; 0 <z <3, preferably z o]

<
lor 2; 1< (x +

W@ 2001410590 <y < 7, preferabl;P/ y=2 0 <t < 5, PCT/EP2007/052507
e

preferably t=1 ; (Rl yQp) repPesents a pentadi enyl
(Op) ligand, which is either unsubstituted or

Bl e eda? et o1 seiy clepsglediplyighoala

t
g;gl gg&%tﬂg 9?"&%%{)@5&? @%rérﬁpé fég ﬁlgi@{:)ﬁrécriently selected from

thes glasip tm$stmy of ths thioud elolny, theelirwar noT leraR2hgd oalRgl, groups
t representi n?Oat he nunberof substituting RL groups on

BAYVIBY IR en oatUERATDPN gdoras. e Nralkybaminoedioyest mherein the
ik P%Fo‘h@ﬁ?ﬂﬁ é\%’rtﬁ%ﬁ Hé‘tﬁjﬁﬁﬁﬂgg%rﬁ( oﬁS't(‘t?ﬁ&Lﬁ%a%mfo'ﬁ% the N,N
grgu ¥ g o ¢ e

consistin he” chl' oro I near

bﬁmu@ﬁ@mhinalgwmgr\mmmaamglk‘yl gmmedémudaour differéetnfrom the
atonms, the N-al kyl am no groups, wherein the al kyl

gihstipsilisepr aebrarehed afdiaslTamPa® PHbRRhIS atentetlte linear or

GRG0 RN o Subbc e i L A TBHP CoprtE” Shdtns, o

Qlkly%f Iylaln‘idésk Qﬁﬂjpsothé)éﬁfmh@l@s&g‘rduggénﬁ rtﬁ@béftﬁ)rtyogfdlw
carbon atons, the |inear or branched al koxy I%ﬂou psS,

havi ng fepsasenis a iganslindenendentht @eiﬁctetdrféom the group consisiting

BT B PR rcbi oA B SR RRER R R, ey
?Ril.ﬁ)%ﬂ%inﬁ ROMLAHR @ fBUPCcABBAIstbins NtheN-168 aR¥iS ERIps, wherein

| uoro oro, brono or iodo atoms, the |linear or
Mﬁkhle;fpuallﬂyme@'ranmgnﬁmd agd fas ficon ene do fewrcarbebatoms, the

t the N al am no he al kyl,.
B3 FrrRecsrolips o Pheeil A Moot BidsE RLT giferent from
(ﬂﬂar 34 ﬁﬁ@ar driahbiEdafd Kéié frdf ?ﬁe & fdPear tBhls, the linear
each al'kyl group, identical or different fromthe
ot heamched dlkmqa@roupsbha\nngélcd)naodehaéorﬂrr carboneatomsf ther alkylsilyl

carbon atons, the Ii r_or nched al ko
ARG LG s e BT SralBdn aE e DTERENS DS GgyTom one to

@paggggﬁ ngﬁg% 'a.ahb .@I %nsr@% Swhérré‘ﬁ‘?rea% alkyl group,

rom our ca on at ons,
ieatikayll o differentifram ghetqmlserwmenaear eabtamhleyjla@r ba@ from one to

four carbon atoms, the trialkylsilyl 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 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 c) of introducing said first gas phase metal source and said

optional second gas phase metal source, in the reaction chamber, in order to
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identical or different fromthe other, is |inear or
branched and has fromone to four carbon atons, the

w0 pooalikybsi | yl am no groups wherein each al kyl pgrapmp7/052507

identical or different fromtHhe other, is linear or
branched and has fromone to four carbon atons, the

am di naf es groups .and the carponyl, being understood
BFRYOKE AN BicN RS LS By IbSBREH 14 SENAEHE (b algBRLOROf @ metal
Séﬁt‘éﬁﬁmg eaféifl?dﬂic b@orhﬂﬁé\hbcﬁl Bk EMhePBrhlRM(1) as
another; to forma first gas”phase tal source; -
bptainvefbtey defirsdde pnisgid glibstapter | zi ng at | east one M2

net al cont ai ni ng_precursor, M being as herei habove _

def i nBEpvided! fhatnitaiheopt leashionserisial eprialing diglestr film to be
flﬁH{e%eéor?pl‘loéessttﬁ@cﬂn %Jdo”&gtﬂgtﬂtiﬂnﬁ‘&as(ﬁj:d first gas

phase netal source dnd said optional' Second gas phase

metal source, in the reagti®n chagiber, in order

toprovoke their contact with said substrate, to
gemespanding éo drpdaymuladl)ops dereinkefare medingdngherein, a= 0, b= 2,

G55 Ehe AT SRRy ERRRAAE Bl B AUt . &

Breovpirhdt dfahe fofmidlBglI'at | east one metal contai ning
dielectric filmto b%’@ ornmed conprises the conmpound of
ol

the formula ( 11) R Ri21) , corréBponding to the

i hing to, i MBI Hr &R obBiR aPARRE WBiesdin S, 8o =2
LLE fdsﬁmhm\(n?,weﬂ 0iiR a$ 1’3t Bhe df $hétw® RYCPYIigindde

formula (Il 1) : (R tCp)2 ML R2 (Il 1) ,

cor r ebpihedinethadoas herdinabaMead¢fingd, dke lat lesist Anevwetal containing

preculSiy qhifg foula, ABY inackssetlo TS askR) M Rkl cohtaining
bredubSor™Bbled; ateiliey ot HRrARS bBRY 5DPE, ?felf)éﬁagﬁ% bi@Pﬁv 35°C

nmet al contal ning precursor of the fornula
ard dssnang, preferabbdgiuid abrddin ternpératoret ai ni ng

o1 of PaEP} s S6RIH” eRBFCPENDPERR? JBROR: SRineTainbelore
aeffed, aARSAPbHESon step b) and if necessary, the vaporization step b') are
achieved by introducing a carrier gas into a heated container containing the at
least one M' metal containing precursor of the formula (I1):

(R'Op)x (R%Cp): M' Ra (11
and if necessary, both the at least one M* metal containing precursor. The
container is preferably heated at a temperature allowing to get the said metal
sources in liquid phase and at a sufficient vapor pressure. If necessary, one or
both metal precursors may be mixed to a solvent or to a mixture of solvents
and/or to a stabilizer. The said solvent is for example selected from octane,
hexane, pentane or tetramethylsilane. The concentration of the metal precursors
in the solvant or in the mixture of solvents is usually between 0.01M and 0.5M
and is more particularly around 0.05M. The carrier gas is selected, without
limitation, from Ar, He, H;, N, 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
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According to a particular enbodi nrent of the nethod as
her ei nbef ore defined, the vaporization step b) and if

woemedsmsy, the vaporization step b') are achi BOBEPINY7/052507

introducing a carrier gas intd a heated cont ai ner

containing the at | east one ML netal containing

recursor of the formula (I11): (RlL yOp)x (R2"Cp)z ML
uglt QPE"'GIC)J"%P(HOPF YaRoEZedry, both the at | east one

ﬁﬂ%l‘%?ﬁ Hé HHWPIE pdhal atﬁﬁ) |S€ SvB8h 16 scom Estandard

prefera ed at a tenp Iovvlngto

sabid geptialets Lamle§0® isceimg Lﬁréfthlalsfe than daateregessuMw d$ eoinprised
vapor pressure. |f necessary, one or both netal

BPaans? SCemyPNEe20A $&Mt 0 a sol vent or to a mixture
of SoJAX@&‘dﬁquangf O%n&? ?)Eﬂ@ullérzeémba_@%e?ﬁ' fs%%/eWiethod as

is for exa Fom oct ane exane, pen

herdigtiefareedefihed | thoeapdtzatiomstepth) ahblcvrnéﬁestsbﬁ/ R @hporization
precursors in the solvant or in the mxture of

siepvRhise iachisvies by ifeqdusing O @dliquiadarm. te Mhdnetal containing

PR G 1ttt R T Pon, from A e 13 N2 or

m xtures of ther erf,0p)f(RIEHSMER,, he cogpai ner nay
be heated at tenPeragures in the range of 80-1 10 C

Fne mesrpsarydatinthend” aratahgantaipmgspreeurson i atvaporizer where it is

VR HiacRemy” fe of Bolt efabeeGuRil By DeqRinendo a solvent

6R1d & Bhix@RE of SeWehts A58t to/a GBIz eThO SbESHvAM i§ fP@r”éxample
(standard cubic centineter) and 500 seem Preferably,

sélectear fromrogjare.fhexanies peoigne aretetrootatbyail . sTdawmmentratlon

LY R e T R
BeRIdrZGoH R/Faﬁ& @Pél\ﬁ)an@rlg nhérerk?é%ﬁ&ﬂéﬂy arddtl 0.05M.

vaporization step b') are achieved by int roducing in a
l'i qui Actandimg tohe mMdirerpetriddulap atrdiodimentp thee vapanizadibntdiep b) and

I HeGukaticl BnbYReNeomBIt EoRisi VAT ZBHER g8 o) of both

gour%@grl zer where it is vaporized. |If necessary, one

both netal precursors nmay be mixed to a solvent or
t o a Buxnhgrtee ctes o) vktitesmetitidas thereinbéfabe [defined, fRleevaporized
said solvent is for exanmple
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
example not only selected from silicon substrates (Si), silica substrates (SiO,),
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).

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.
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sel ected from octane, hexane, pentane or
tetranet hyl silane. The concentration of the netal

w@e@cas®ey s in the solvent or in the m xture OPCT/EP2007/052507

solvents is usually between 0701 Mand 0.5M and is

nore particularly around 0.05M According to a nore

particul ar enbodi ment, the vaporization st b), _an .

Phe. VBB rEaberaNre usng: Stear ). dsHamheangss Gt 150°C to 600°C.
f f i odUring the step

ROBHARSRAEREs By it Rl 850G 1o

vapor Theprexsiak icdiné aeadtion ¢hambesisrcdrdralletirtodbiaid the desired

into a reaction chanber _where it is contacted to a .

giabal gatainingyfil with gheefliciest arewthprate e hbeimeesiredhiring step c)

a S | h
I o e o e Sy LTS (RT923 Bl o rerppnd, 100Tor
{€3382.28Paf.unction, requires to be coated by netal
containing films. Such substrates are for exanple not
onl y Kelhecroadextahihe praseshinygpten.dhedV’(melal copiaigiag precursor,

%@é%{tlggﬁﬁorﬁ ﬁJ]eOél}qurpl %@%%E@t&at ride substrates (SiN)

or~'s on oxy tes (SiON), but also
f rom SHidga idefivatiss betesr C¥ImadiurPkRbroltguak, Sudisas:at es
such as for exanple, Platinumsubstrates (Pt),
Pal | adisilxangs striséyleminerdjisilaRe driaiana bdkexisdane Ff) ther formula:
ﬁﬁl d substrates (Au). The substrate is heated until
é) required tenperature to obtain the desired film
with a sufficient giguoR’j,ate and withififye desired
physi cal state and conposition. The tenperature during
whereio) 0 <uxuaB landr Rhgepretents d fioe@ obbephed hydrocarbon group

E’%efeqabl% t he tetnE]er_ature is lower or equal to 450 C
€nBr AL F@rqoﬁ“”l‘ﬂ Sreaction chanber is controlled to
giE@I@eFiUSti\F@éf theForRLR (IIJ;F]ZZﬁt aining filmwth a

ficient growth rate. pressure during step c)

usual |y ranges froBi@@R\mrorr (0. 1883224 Pa) to
around ] QOTor r 3332.24 Pa), In the contex f the |
BhBtan ] EReREndR ToRisshpismliara A ahea iy ErgbBohaving 1 to

. ; b foogl _
e Bl B0 AR IR b Preferatt SO OBu)s
dirdndsileapelerivhtive pf ta foemutd gild)ane, trisil ane,

al koxysi | ane of the formdl a:
y SiHX(NrIQéR@)A;_X (113)

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

represents an hydrogen atom or a linear or branched alkyl having 1 to 6 carbon
atoms, preferably SiH(NMe;); (TriDMAS); SiHx(NHtBu), (BTBAS); SiHx(NEt;),
(BDEAS)) and mixtures thereof;

Aluminum_derivatives, such as trimethylaluminum [AI(CH3)s], dimethyl

aluminum hydride [AIH(CHzs),], alkoxyalane of the formula (1V4):

AIR®,(OR")s., (IV4)
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
atom, or preferably AIRR'(OR"), with R® and R identical or different, which
independently represent an linear or branched alkyl having 1 to 6 carbon atoms,

most preferably AlMe,(OiPr);
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(NI 1) SiHX(OR3)4_x, (M 1) wherein: 0 < x < 3 and R3
represents a |linear or branched hydrocarbon group

whaoongio3o t o 6 carbon atons; sjlanol derivati veCDEP10b®052507

formula ( 1112) : wherein: 1 Uyx <3and R4 represents
a linear or branched al kyl group, having 1 to 6 carbon

at ons, e r apl [ (OR4)3 and nore preferably
@W@‘B? B8 ﬁ‘%‘g”ﬁHﬁ’né Fane derivative of the formula

(NI'3) : wherein: )d R5 and@}areidentical

or different and |n e éndently repr esent Q an hydrogen
whereinr 0 & % Krieand &' bn@vﬁéﬁmﬂarmjbhybr titfererg, fegresént an hydrogen
carbon atons, preferably SiH(NMe2)3 (Tri DVAS)

@FQLTZPNPIt“BQ?QO( Q)?d aﬁﬂ‘r‘-l@@KElQZB <2 @B@@%‘b ?toﬁifd and R", identical

1 S4B ELTR! ot ALOURASI N bUgs pSHEP heororbranched

Akgr haldng Al to(6CeEnbdh atomiskoxyal ane of the forrrul a (1vl)
: ARS8 X((R?)S X (1'V1) wherein:

}epre_@ﬁ_@ ympdenivatiyes o$uQ51r%ﬁ\JI«?é@Mﬁ)seyTa(ﬁ)ﬂ)sn@a(i\lMgz)@ Ta(NEty)s,
31202 9] oBRuab AT e bt Ll fer ent from

sen preferably

AI R9R10((R7) : vvrp: SO IOl ORRY ) (RI€pEHS DRB] di f ferent,
whi ch ind 'E%ndqptl represent an linear or branched
whegeiniRivi Rg, R't and R:arldﬁﬂtlQﬁ|@ﬂ‘r|§“ff¢F§§t Ipdeneandmtly represent an

Qs Aol BT £ B Fer btk 25U Rabind2)h o, B Riroipatoms.

pﬁtﬁr@ﬁab«vﬂa@Em(O‘@m@ H OﬁM)G(SFNTtDMAEWQVtQQt%TUrﬁfd@H\/QFve of the
I i near or branche 2k having 1 to 6 carbon atons,

fmmuﬂ-”a(\iz)ﬁ i denti cal to or dlfferent from R7and |,

eyt GRS SR B S RABRMIRER) O der vy ves
iy %Fblﬁwa ROQYE) R died REL JGentibal %&bﬁenﬁ%@ﬁbﬁbémly represent

NEt 2) 5, a tantal um derivative formul'a
an hydrogen atom or a linear or branched alkyl having 1 to 6 carbon atoms a

tatalum derivative of the formula (Vs):
Ta(=NR*)(NR*°R*); (Vs)
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;
Niobium derivatives, such as Nb(OMe)s, Nb(OEt)s, Nb(NMey)s, Nb(NEty)s,
Nb(NEt;)s, a niobium derivative of the formula (VI,):
Nb(OR?*"),(O-C(R*)(R**)-CH,-OR™) (Vly)

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 Nb(OEt),(OCMe,CH,-OMe) (NBT-DMAE), a niobium derivative of the
formula (VIy):
Nb(OR*"),[O-C(R¥*)(R*)-CH-N(R*)(R*)] (Vl,)
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
niobium derivative of the formula (VIs):
Nb(=NR*)(NR*R*), (Vls):
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Ta(OR14 )4[ O C(R15) (R16) - CH2- OR17] wherein R14 , R15 ,
R16 and R17 , identical or different, independently

WO eqas®rd an hydrogen atomor a | i near or br amcher2007/052507
al kyl having 1 to 6 carbon at b, preferably
Ta( @t)4(OCIVEZCH2 Owve) (TAT- DMAE) a tantal um
deri vat

A QrmJI a
ReEREReT & L aats o GPnBsl R MifarppiaBsiePeRASth EsRrpReNt an
I
doge E%Z%m %ge?%s%nt?ﬁﬂﬁ*%tkzp@%"h?2&9% c&fophHigH:
or br antteaddaldieyilatives, 8gch asscandminb deriedatones, yirium derivatives,
tatal um derivative of the fornul a

FRAIWRR2 AP (KSR 6) @ra(svgsiln\%recmu ng @gdg%uw6,derivative3,
Hg [815%‘?\11 d Flvgtﬁ\fefse%mhm H@Rﬁeﬁﬁl ﬁl%h %’ar{uﬁﬁrd%?i@gfiv@sn a,derivative

en a omor a | near oOr
that:wéemrbra?é ikebdridé Urgamher by adti least asuydslopéntaduenyl ligand
Nb(OVe) 5, No(COEt)5, No(NMe2)5, No(NEt2)4, No(NEt2)5, 'a
apenalin sbstitied withgane hrese\mraUIraaa(rvr bne)nched alkyl groups having

Eg@%m7é4é%oc,ﬁ§ 8) (R29) - CH2- OR30) (VI 1) wherein R27,

identical or different,
i ndepgRER | hetPIRIRALIVED NYUATER ateRiaNn gstj, Ngafium (Ba),
or branched alkyl having I to 6 carbon atomns,
pragnesiaunh y(Mg( @EdQMI(nO(I&@)ZOFIZZImS/b()ZF()I\mTJ\HWE‘ﬁ, with at least one

et Semstirad %m”é%%‘ P gandhBbEpvplisubsituted
ﬁ r@g(% sﬁé@alﬁfﬁ%a%?bréﬁ%’éﬁ' gg%uﬂé ﬁéﬁhgr‘lt 0, 6 carbon atoms;
epen e

ntly represent an h n atom o
or br atheh edctal derlivatiaes sgch atsduﬁgsten(Wr) mbtybsienam (Mo) hafnium
ni obi um deri vative of the formul a {\/I ?
N Omgewwsmsae@vweg) forygxapnle thesalkopg Aesiuativess the amino
I I
HQ péc;[g%% ogfar(gr%%oﬁsf &SRe ﬁ%%@%&%ﬁ:cﬂ%]s'égefﬁuﬁé{rgfqogﬁghiu said

ﬁen@ath@l‘sme it @mfhpoluadls lfthelforoheda Ygtas/iesretnb@for@sdefined.
scandi um derivatives, yttriumderivatives, cerium
der i vAEFQIENG @r@%@bai pamiclar iemiqdigent, db@l@l‘ﬁ’thpd @s hereinbefore

t dysprosi um deri vatives, erbium
ggﬂl%cgtélov |SeI ant hanum deri vatives, a derivative with

at | eaAtstQ% ) Pwieké et pRAdtchboemsINmetal te@inifg precursor of the
cycl opentadi enyl |igand
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 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
source and more particularly oxygen (O), oxygen containing radicals O® or OH®,
for instance generated by a remote plasma, ozone (Os;), moisture (H,O) and H;O,
and mixture thereof.

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

According to another embodiment, the reactant specie is both a nitrogen
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optionally substituted with one or several |inear or
branched al kyl groups having 1 to 6 carbon atons;

waleoalienty net al derivatives such as stronti um 2SI/EP2007/052507

bari um (Ba), magnesium (My), talcium (Ca) or zinc (Zn)
derivatives, with at |east one b-di ketonate |igand or

at | east a cycl opentadi enyl |.igand tional ]y

SUBN HGRD SPUTGeo GroTeeRartigNIany Bk NEOooNERNe@s. N2O: and
: having 1 to 6 carbon atons; other netal

ﬁ{éﬁyteﬁ\%@éuch as tungsten(W, nolybdenum (M),

haf ni Depéhtiingan theratioi /@, Whigh teraquiaredy thee rdfagtant specie which

exanpl e the al koxy derivatives, the am no derjvatives

5 TAIRASEEANG SgEHiINithg M9tbed asderreibeleys; drfinadd shax Begither an
e N A e R

i ned. ng to ano
paliér Isathain exRed darend nittdyenmsddred oas ixt@ierthefepfe
defined, conprise: - A step d) wherein the at |east

one !\ﬁ\cﬁ@'ﬁéﬂg toanelingr g hncpent ef ther invieation iifrm%ltf_(rgﬂ(%d metal
838 o SRRAR. ooty MR BBl Bl b

BF infétal @aficRittriel; ak Neddicos®neaxttndkpbbie isny &gdirbem.soufse more
at | east one reactant specie is chosen in relation to

padicularlye madhange, fithare aropanen buiane rethyleag ppropytene, t-butylene,
According to another enbodi.nent, .the.reactant , specie

e ol BOEhaBen IR BRI pr 1S ERGCRY 43 bBiea metal
ba Sy iR cE RN &iiidth, 'stéh &Rl for Ska®blithouf IRRitat RREA silicide,
generated by a renote plasm, ozone (O3) , npisture
siHeoNitsidd, dilcatears silice-gatha-hitidsf at Jeasbrati mgactent specie is a
anot her enbodj ment, the reactant specie is a nitrogen

SEPR S0UKE SH'eShar ticul arly nitrogen (N2) |

nitro sl Il q i rei
o R e RS gy {0y Jxpsiiane of
treyforrdalasv(iti), \(His) ora(hids) naschenceafbrer definedydooexihmpletiH(NMe,);

O SRR 5057 35H AR SETEbEAS) B3 Ryres hereor
Dopend R P Ihe aet BPRER SR S RRlod spdhereinbetore
defddydongprise: e whi ch

- a step d') wherein the at least one M' metal containing precursor of the
formula (1) 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 (lI) and if necessary, the at least one M? metal containing
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 generally introduced
simultaneously 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 (I1) and if necessary, the

at least one M? metal containing precursor, are introduced together in one pulse
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is, if necessary, used in the nethod as hereinbefore
defined, may be either an oxygen source, either a
W(mzow/uumsmf an oxygen source and of a nitrogenPGDEPIO7/052507
ei ther both an oxygen and a nptrogen source or a
m xture thereof. According to another enbodlnent of
vention, if the targeted netal bhased fil

BB AP AE easting oA b RolpdRpRECg Rogtparale pulse; or in a
FU@EE%HMCQF@Q&OF% sﬁitﬁ)nof)rdli%ts@lwﬁ@réppr\hErétq@astaBne M" metal

east one reactant specie a carbon source nor
patiirdg apréqursnebhmmforaMar(dal) apoip areeesbartyalies at least one M?
et hyl ene, propyl ene, t-butylene, According to another
EIRSORAITINGTOTEAerSPh ARITE3A ek \la Bt doe Aleast one reactant
basad il iR RBh AoRfndbldigon. such as for exanpl e

ou mtati on ne SUICIde silico-nitride,

si | i cAteordingstd asstherbbthanint/entien, the dt desdt are reeetdrapecie is
specie is a silicon source such as: disil oxane,
pessad frawghha plagraa sypient Kicalipgd remefely frameth@s:e@pmn chamber,

| IH), (IH2) O (Il 3
By BB RS R R AT e, o exapl e & HNE 23
(Tri DNA&Ording H8 ( Bt iBier 2er&1563rﬁ$ént ShER 6t 2b) (FBDERS)Method as

and mixtures thereof. According to another particular
betsitrbavet defined, mansisds of awéﬁmilmbpbmxmfatn@ast one first metal
Qne

FRTBINEE pras et Oh i tnrblFE ST 1o gt wilf 2 A5 ioond of the
f&l@WbVechQ&saM kl&%&p nﬁ(M@tzﬂEr\/ﬁtNmem)ﬁu ' @8np)s, M’ (OtBu)4,

pr.ecursor, | east” one react'ant specie in
M}éOliB&az(mm)z ehdmmémres’ H*@ra@fcmﬁd)a stamt (bedefotaponzing saie mixture.

For mibgeang i Torh oarbedep <@g, ol Rysblig concems a

ARItRdd @M etelMudgorar e?iorof o@b@sfﬂ'&ﬁ a Ins&al cSHt%lnmg dielectric

reactant specie int reaction chanber genera y
ﬁlerp)ennirpnenngtmeonm@endfofdb@dsnnuwlanil)m’rvhtaimn fthé i 'ometaieontaining

substrate. The_ net ntai ni ng precursors and the
PESSUF SRS 9F gﬁ@ém&?%(lggner ally introduced

simul taneously i p r dep05| jhon process,

or sequentially ﬁ%@wm@ )(ils(a@gr deposi |)on process
oorresmm'romhglgo ttloe Sereulal (11g,owhereit ixond), as 1 @lndeRarmiresents the
in pul sed podi fied at,om c | agyer deposition proces

WPeMRt H&Rak Whersin fhe af Ret ddeptral @rnﬂlf@r%rﬂted[]?%%”de”“y
ﬁ%or&gfntfem %r@géﬁ % ot lihdar it Sad ey ?ﬁ(gﬁ‘% lh%@g@tiﬁ&ﬂ one to

precursor, are in
fourogerbpn| steaiy] am@llqtlsulw@sbuanh@e@ntmet alkgegireup 9s linear or

Ibpatnrccr)fggCaendd hgs ?ro?negﬁcra%?‘ogy l:asr%onoegtolms 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

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 (I+):

M'O, (Ih):

corresponding to the formula (1), wherein a=0, b = 2 and ¢ = 0, wherein the metal
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pul sed chem cal vapor deposition process wherein the
at |l east one ML netal containing precursor of the

wo osomakmsg11) and if necessary, the at |east oPer/EB2007/052507

metal containing precursor, al%e i ntroduced by pul se
and the at | east one reactant specie is introduced

cont | nuousl y. Acc d| n ot her nventi on
S alelging BRadtirafioot b dorntiodBRi SSPeta kB he kBt RoRsisting of:

P Ciay IR < ERCPRMCRIOly HITUECR)GHT, HiEB(MeCoe,

H'f(@t@ﬁ)(NmﬁdeIBhlf(Ethﬁl\mzeHf@\bf)Cp)‘z(@Wz r-Tt'ﬂbeQ@"z<’:12Ir(|\/leCp)zMez,
her ei nabove d consi sts of a

AP MESR) Glenst ZANEGH G, melsbrtdatailieny. EeiRMeCP)Me;

?ﬁ(eEtt(?é zfv%r\f\ﬁwnlgapr ecurpg% I;](l?/Fl( KMQ?%”W%@; g) S AL PINMe.).,

QNN D)4 Mz(rgwe(ﬁé)(NlEWlég Bu) Zr(a’t@m\l&umgm) Zr@p(CNEtMe)s,

nm xtures thereo d a step (b2) _of vagorlzm

AMarR)(NRbsor di i (E&r(NBRE. par &rea(ty tzkn‘ood%ﬁ@ﬁtsz)(NMez)a,

AN Rep oo FEMRRORYBIREL o HIRCRIMAG:S  Hch(Mes).

H&Mé{(};ﬁ)(NEtl‘f/Ie) 3M CHfrEt(Bp)(NEtMe%OWDHRDﬁ(I\IEtMé)? fq*{f(WIé@p)(NEtz)s,
), wherein the metal containing precursor is of
HiEEBH(MEAtas (HifICn(l)l EtzQRﬁf@lByzﬂp[)NMS9§ (Hiﬂ@}J]z@pl(MMez)s

corres ond fotheforrrula(ll) wherein x = 0, z =
Tngﬁ'&l gﬁ?@%ents the group N(R39) (R40) , wherein

R39 apdchrdthg télenhidral paticdiaf fe%&fﬁlme'nﬂd%eﬁﬂéﬂflbry concerns a
repr esent an hydr ogen atom a |linear or branched al kyl

gredipd laamerglrfaemmodm‘lrted fob wlepoaitivonofaa omgtal aantaining dielectric

| sil rou e al kyl group is linear or
i Fefeings RABoplBTOEHE f8Ml e arbon at oms. s
di al kyl silyl group WREDE 'N‘ each al kg{b gr oup,
identical or different fromthe ot he is |linear or
boratespmwna@cuo tize fémnauta dhe wheréioua= O;a‘r bof bag s amd @ < ¢ < 0.5,
roup .wherein eac

.k I I ,
Wherin 1he attal FpRaiing pfr?%ln'ﬁSPhQP mua W] isesgleged from the

grd%{jbcgf&ﬂsggﬁ}gb Be:> Hfg'%p%a?{]ﬁé I ar e od| mm@@?t'z Hf(MeCp).Cl,
H'f@B(fM$©p)|\¢®znngﬂmmﬁﬂbzawﬁ@mszHﬂmeﬁﬁf)i(ﬁ‘@)z ZrCpzCl,

of deposition of a netal contalnln di el ect

EEMRGRME2.a c&ﬁ%@ﬁe)z@ﬂz t heZ¥eR(Matep)Me:, Zr(Eth)(MeCp)Mez
Zr(EtCp):Me,, Zr(MeCp)2(CO),, Zr(MeCp)(NMe3)s, Zr(EtCp)(NMey)s,

ZrCp(NMey)s, Zr(MeCp)(NEtMe)s, Zr(EtCp)(NEtMe)s, ZrCp(NEtMe)s,
Zr(MeCp)(NEty)s, Zr(EtCp)(NEt,)s, ZrCp(NEty)s, Zr(iPr,Cp)(NMe3)s,
Zr(tBu,Cp)(NMe3z);,  Hf(MeCp)(NMez)s,  HF(EtCp)(NMez)s,  HfCp(NMey)s,
Hf(MeCp)(NEtMe);, Hf(EtCp)(NEtMe);, HfCp(NEtMe)s, Hf(MeCp)(NEt)s,
Hf(EtCp)(NEt:)s, HFCp(NELt,)s, Hf(iPr.Cp)(NMez)s, Hf(tBu.Cp)(NMez); and mixture
thereof.

According to a more particular embodiment, the invention concerns a
method as hereinbefore defined, of deposition of a metal containing dielectric
film comprising a compound of the formula (I3):

(M'1.a M%) Oy (I3)

corresponding to the formula (1), wherein 0 < a < 1 and ¢=0, wherein the metal
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MLO2 ( Il) . corresponding to the fornula (1), wherein
a=0, b =2 and ¢ = 0, wherein the netal containing

W(p)rz(mammssr of the forrrul a (II) |s sel ect ed fropet/BB2007/052507

group consi sting of: Hpr2CI2 Hf ( MeCp) 2Me2,
Hf Co(MeCp) Cl 2, Hf(l\/bCp)ZCIZ Hf Cp( MeCp) M2,

sevaitd PsrPhac) bt bl et T (hedhpispansistng o
UM BN B pgtcone.

BHGHCNNMECD) i W@Ebuﬂﬁg{%)-g@geflglz&é?m EDMB), Z(MeCp)Mes
G, 2 M S 2 2aCp e B)Mq%)p))((%@;@o)wecmmz,
Zﬁ%% VE2) BMAETLER) e et IRINAS) 3. Z1EtCp)NMed),

¢ Et 2r e@bI(EE@VI)EQs’\'Et 2YZECh feNEed) 3, ZGC(NEtMe)s,
ZF(&PrZ (vaez) Hf (t Bu2Cp) (NMe2) 3 and. mi xt ur

) (Ninboor di E@Fﬁ(hﬁ%ﬁg) par & Q(MEtZ)anbod|ZrE@HEZCP)(NM92)3=

ZHEB%@@W@@@%Q FEOSC S NBiea: o HORCEMINIGE"  Hico(wMea),

M@%NEtl‘f/le Jam CHf(Et(Bﬁ)(NEtMe%OTTDHRD@(NEtM%)? f<Hf(N4é@ {(NEty)s,
corresponding to the fornmula (

&tep {N&et0)s, HfQ(’o>(N )2 I'!3’('8|’1a@p():(l\1:l\/l@z)a d*fE‘otBuaﬁ@b(éiM\ez)h@nd the M

R st Plorr P i Blardilvisefeg 60 FonF s b derivatives or
eiMNg&dm B héih e ?anté"ﬁfrl\/a@ﬁ\)éif\?e% Ianthanlde derivatives,
Hf Cp{ MeCp) Me2, HF ( Et Cp) ( MeCp) Me2, Hf ( Et Cp) 2Me

ahd MeeCp)anhesive d2ricptdeiszas rzer(ewmm\@mmezr ( I\/bCp) 2Cl 2,

g (Cpl\/l(e%‘%’)@&% gd ZFT%}%E% E%@gp% p@%ﬁw%@ concerns a

GlcRediMe ) elr@re(‘ Cafirdat Me)deposibh SR i} E’Sﬁtaﬁung dielectric
71 Cp( NEE VB MeCp) (NEL 2} S 2r (Et Cp) ( NEt

HINCPOINEBNgNg, a Zormpluﬂd:p)‘ (MMe:fZDrfBlja g5 t Bu2Cp) ( vaez) 3
Hf (MeCp) (NVE2) 3,  Hf t )3, HfCp
Hf ( MeCp) ( NEt Me) 3, a Me) 3, Hf NEtl\/te)S

E&f%&% ﬁ}v@ﬁ'{f? r'lﬁf##% g% é\%&’ﬁ%@z ?f Eﬁ Bﬁ %%Cﬁ‘r 0.5, wherein the

nieealeobntakun@rphengrstom af rmeefopauta ¢l) as swibaddnfrom the group
E:gr(?s“stm/gemolfonH%)p?z%(lezr Hf(MeCp)zMez, HfCp(MeCp)Cl;, Hf(MeCp).Cly,
HfCp(MeCp)Me,, Hf(EtCp)(MeCp)Me,, Hf(EtCp).Me,, Hf(MeCp)2(CO),, ZrCp,Cl,
Zr(MeCp):Me,, ZrCp(MeCp)Cl,, Zr(MeCp).Cly, ZrCp(MeCp)Me,,
Zr(EtCp)(MeCp)Me,,  Zr(EtCp):Mez,  Zr(MeCp)z(CO),,  Zr(MeCp)(NMe3)s,
Zr(EtCp)(NMez)s,  ZrCp(NMey)s,  Zr(MeCp)(NEtMe);,  Zr(EtCp)(NEtMe)s,
ZrCp(NEtMe)s, Zr(MeCp)(NEty)s, Zr(EtCp)(NEt,)s, ZrCp(NEty)s,
Zr(iPr,Cp)(NMez)s,  Zr(tBuxCp)(NMey)s, Hf(MeCp)(NMey)s;, Hf(EtCp)(NMey)s,
HfCp(NMey)s, Hf(MeCp)(NEtMe)s, Hf(EtCp)(NEtMe)s, HfCp(NEtMe)s,
Hf(MeCp)(NEt,)s, Hf(EtCp)(NEty)s, HfCp(NEt,)s, Hf(iPr.Cp)(NMey)s,
Hf(tBu,Cp)(NMe,)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
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met hod as herei nbefore defined, of deposition of a
nmetal containing dielectric filmconprising a conpound

woboorhelobormula ( 13) : (M a M a) G ( 13) PCT/EP2007/052507

corresponding to the formula (1), wherein Oa < 1 and
c=0, wherein the netal containing precursor of the

formyla (I1) .is.selected fromthe group consisting of:
DR ORESoan SNt BICHTS QA TIRAOR s 10 R RBET o0 2

(o REERy ShoBeCRHIRGRA s ShEBHBLAN DR e upe of e

Zorhive(pd2 GF the BrEp(aKOpadbesinZefoke Gpjildt,Gp) iveke dielectric films
Zr (Et Cp) 2Ve2,  Zr ( MeCp) 2( CO) 2, ~ Zr ( MeCp) (NMVe 2) 3,
mgtp@ﬁ;@.ﬂmly soraintegraiedhpECHtS, orZp thedyPPREatoR) ofsMetal Insulator

B et Boos R RN R oo MM e 5

Zr ((t Ba2€pn(rgVier aRothidh (dveisanitde 2(h8, intrbhtsrCedh&deg )8 compound
Hf Cp( NMe2) 3, Hf (MeCp) (NEt Me) 3, Hf ( Et Cp) ( NEt Me) 3,
M&(nﬂe{ hB, Hf (MeCp) (N Et2)3, Hf (EtCp)(NEt2)3,

Hf Co( NEt 2) 3, Hf (j 1“}@2 40,Hf (t Bu2 NMe2) 3 and

the M2 netal con(l:gli‘c?ﬁ)%ip ec)zgl_r%sc))]r”_ i's prgﬁm)a_bly
§6ﬂr§§écﬁfﬁirﬁ%@c§nth@¢oﬁmhlac(ﬂm WREliRtk ¥€85 Ok 1 RRUrR’ represents the
germani u opol ogues, the tantal um derivatives,

peaviph A Rde(Rie)k i wherelne R ™ @and Rhe ifeghed)i amdiferentatingegendently

RS AR BB BUTEAB AT Ao
ﬁﬁfreéé”rbéﬁoét%n%ﬁférﬂ%kylﬁfyll dpegs Whereiff the Hlktngrou%fis linear or

containing dielectric fi'lmconprising a conpound
branchedraridcahags from one N faum@arbpnGionts, @ dialkylsilyl group, wherein

R0 SUD LSVl oh T rbeh MbHb BT Flg bkt S reBRhed and
: | _ e

108 2 DA ) (B8 RO 6 ARSI S0RaNSHH b aky

afduyk Ggriicial or idiftgréiveltpinviie, otHie(,Bs GmeaMeCbrateched and has from

Hf ( Et Cp) 2Me2, Hf (MeCp) 2( CO) 2, Zr Cp2Cl 2, Zr ( MeCp) 2Me2,
2?%&%@%3 %Cpcz))(zu )2 ZGCC?I\/ECp)I\/E (2 ®

Zr (Et %‘é )zt)Ng a2 paliéithCRANEdimett VREPIRIEHIDA: relates to a

Zr (Me
compound of the formula (Il1) as hereinbefore defined, wherein R?, R* and R*,

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)(NMe3)s,  Zr(EtCp)(NMez)s,  ZrCp(NMez)s,  Zr(MeCp)(NEtMe)s,,
Zr(EtCp)(NEtMe)s, ZrCp(NEtMe)s, Zr(MeCp)(NEty)s, Zr(EtCp)(NEt,)s,
ZrCp(NEtz)s,  Zr(iPr.Cp)(NMey)s,  Zr(tBuCp)(NMez);,  Hf(MeCp)(NMey)s,
Hf(EtCp)(NMez)s,  HfCp(NMez);, Hf(MeCp)(NEtMe);,  Hf(EtCp)(NEtMe)s,
HfCp(NEtMe)s, Hf(MeCp)(NEt,)s, Hf(EtCp)(NEty)s, HfCp(NEt,)s,
Hf(iPr.Cp)(NMez)s, Hf(tBuCp)(NMey)s.

According to a more specific embodiment, the invention relates to the
following compounds:
Zr(EtCp)(NMey)s, Zr(MeCp)(NMes)s, ZrCp(NMey)s, Hf(EtCp)(NMey)s,
Hf(MeCp)(NMe;); and HFCp(NMey)s.
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Zr (Et Cp) (NMe 2)3, Zr Cp(NMe2) 3, Zr (MeCp) ( NEt M) 3,
Zr (Et Cp) (NEt Me) 3, Zr Cp(NEtMe) 3, Zr (MeCp) (NEt 2) 3,

w@e@EnQoyg NEt 2) 3, Zr Cp(NEt 2) 3, Zr (i Pr2Cp) ( NMERQBEP2007/052507

Zr (t Bu2Cp) (NMe2) 3, HF ( MeCp) (NVe2) 3, HF (Et Cp) (NMe2) 3,
Hf Cp( NVe2) 3, Hf(I\/ECp)(NEtI\/E)S Hf(Eth)(NEtI\/E)S

¥ Co( NEt 2) 5109 (SIS0 ( Raoe 575 @J@%@Eeﬁmly% herginabove
P/% Enfi;ocfH rgtﬂs Bid %res&fed 1%r B‘h?fo?l'i n%pl%% ti§&< §hn vapour
omt e silicon derivatives or the

pbasd dgpesition peodesstal suvhdes catalysteesr, adya@mbamcmetnal process or
derjvatives, and the magnesi um derivatives as
ﬂ@P'@e?é'@Vé’e%'ﬂ"lnﬁéHe Uéﬁd)féi‘eqaéﬁﬁﬂa%%éo%‘??bjﬁﬂs €ont ai ni ng
Pr€CUREOLrd tof nét g,st ‘i’gt‘ﬁ% if %ﬁtf’dnﬂ &%ergs apregess for
precursor | uce e Feac ccor ing to
&feqbrieperammﬁlamﬁpblhm omeﬁbrmmaqnnwm@retﬁm@oueeieﬁﬁed, which
the conpounds of the formula (I11) as hereinbefore

BeMPAEeS: t o nmake dielectric films nmore particularly

| neul RGN ErSebfith ran @i prbBalatPolor ' BihiBu LTk formuie

npries. According to another enbodinent, the
I nvention concerns a c oudtheforrrula(ll-l)
(R2, Cp) ML[ N( R39)(R40)(ﬁ<ngWI Cleorrespdhdi ng to the
formul a,.{(143, reset
PRERp b R st ¢ mkofs MaTRRELPKE SRIMER (ORdBE TPERRR fuy by the
Eéac@ibhfcﬂwmuwitﬁqm@@m@tIy represent an hydrogen
atom a linear or branched al kyl group having from one

to foastemPboonsistngof the rgakiios of he gomppundiet tiee formhda (Vi)
[ kyl g is i hed d.h f
Sanyar%ciﬁr%%pgio AR Pl §PoBFS 45 SoRBRENA Sdbf formula

F“z group, identical or dlfferent fromthe other, is

ear or branched and has fromone to four carbon
at onsAocordirtg |t<ald<jds$|érybo@nmm thee iraiemtion.cdoradekyd the following

rou i deptic rent fromthe other, is
‘PWQ ings obinsiorEUlah ST PIahPEREeHBeSour  sar bon
ﬁ)fe%,oz M )(M@z Qlazﬁg@(yb)am enbodi nent, the

e
on relate ound of the fornula (I'h) as
herelnbefore deflned wherein R2, R39 and R40,
i dentical or dlfferent i nde endently represent a

r adi cahe dQling @xeppies AEe ?r@t'lhﬂﬁtrat'@f'fﬂflthe yRBey$ embodiments of
HRORYBK |’nHBHf|8:J1, witf R Wetlg a Sifficdaghy! and tert-butyl
groups, and nor e

Example I: Deposition of metal oxide film M102 with M’ being preferably

hafnium and zirconium

The film to be deposited comprises a compound of the formula (l) wherein
a=0,b=2andc=0.

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, oxygen
or ozone into said reactor, react the products at appropriate temperature

(preferably between 150°C and 350°C) and pressure (preferably between 25 Pa
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specifically the foll ow ng conpounds: Zr(MCp) ( NVe
2)S, Zr(EtCp) (NMe 2)3, ZrCp(Nwe 2)3, Zr(MCp) (NEt Me)

W@ 200Zn§H5Cp) ( NEt Me) 3, Zr Cp( NEt M) 3, Zr ( MeCp) P&EEPR)DBY52507

Zr (EtCp) (NEt 2)3, zZrCp(NEt 2)8 zr(ipPr 20p) (NVe 2) 3,
Zr (tBu 2Cp) (NMe 2)3, Hf (MeCp) (NMe 2)3, Hf (Et Cp) (Nve

2)3,, Hf 3, Ht.(Me NEt Me , Hf (Et NEL. .
B s A SR AL o LR KT eposiion
i~PF 2
B Bho Srilor TP OBl (P Faneh Bt O e PR geGHD, process
(sHqaicetial pulksbeinfedtibnveoinmetainpaunds :arér ifiddeSsalyNive o2d&t, to allow
Zr (MeCp) (NVe 2) 3, ZrCp(Nwme 2)3, Hf (EtCp)(NMwe 2&3, _
WW@?RW@Pg%GX'F’F@(tMFe@FE.WHB’Q@"%%@MQ% Iljout _W% trench
350 pbide PESERE g SRleqtiE Al bRUTRARIG ST GLfeBAARe Sapacitor
tistactiafitny. phase deposition processes, such as
catal ysts or any other industrial process or

appl i ¢Bei Bieledtti filmgshale have dhe ndesirechrfgiahi eomposition (here
SROBAN e SEAE D PO Y SITRLPE i i rapureor

erygunssureé).t he fornula (H) as herei nabove defined,
whi ch _conprises: a step 1 consisting of the
pr epal Braeoexanpleseofcype® oh ¢ostpaundstafrthal farmwel (11} )were chosen

R2 t ViJ 1).wh ' R2 dt
R bR AU dnfe BVl SBR A HRRE 1Y by the:
react hprHef chiotingl bh th&ZokkBlaNa () i chbSEn Zrom Zr(MeCp).Me,,
consi sting of the reaction of the ‘conpound of the
ZoEtOp pMey) H(MeGr)dYeas aad Hi(Me©p)Me-wi t h NH( R39) ( R40)
duce .t he co t he for

, to pr aund o la (.N :
hccor BEEPH T PIEGH o8 LI iRy EALTEH kb eHRRling an
friet g?é%i I\QYW-I%QAF,Q[T.QWBQ% RGuitig d oy tHelihe@Yas plus liquid gas
her el nabove defi néd:
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).Mes.

c) The compound of the formula (ll) is chosen from
Zr(MeCp)(2,4-Me,Op)Me;, and Hf(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,0O) and H,O,.

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

(pulsed-chemical vapor deposition).
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Hf (Et Cp) 2Me2, Zr (MeCp) 2Me2 or Zr (EtCp) 2Me2. The

follow ng exanples are an illustration of the various
wepdodiwent s of the present invention, w thoutP®OBEEPYORE0S2507
limtation. Exanple | : Deposition of netal oxide film
MLO2 with ML being preferably hafniumand zirconium

A R R RN R T L A

XAy g RRRIHPH S glaly Eidg HimsgM OnN, wild o
it 0 ' on the surface of a wafer
@P&ewgﬁ%ﬂ?‘fq.“f" 2 ofn'iﬁrw acture MM structures for

DRAI Tﬁéjﬁlrﬁ@@detd@gbéiﬁ&l ta@@pkisés YoficndssTuré fordfula (1) wherein
defined in step (b) and to introduce it into the

pedendrb apd efare abffgrephframuzerer  zi rconi un), to inject
an ox source.. preferably nojsture X n. or, .0zZQne
nt o Siibe iRgof v T FEeficcenrticagli ipihisiecmele Il
bRERABALRIROGEN AkeHakd Behstrygrdlint hearéciR0 C) and
pressure (preferably between 25 Paand 1000 Pa) for the

dur at The nicegsrs angll be setddted droph ahwirogen Isonrda selected from the
deposition. on the subs&gﬁte or to &ihl out deepk ati
PR (FRSTRSFTAL BRI (Se) CUBMII B S¥0BH LN afkvp fltivatives,
NOGSHERInYy RIdicES Hor HRMESES NAT RHMEARSSANYD, NICONES! oft the like.

al  ow regul ar deposition of the oxide in the trench to
progressively fill out this trench and provi de no

oids in the die!ect ' 2ilm?nd_ hzregore 0, defect

LClaL PE3 o S L NS MWD IV
B Br zr P VP i Drb fiffably'@f oFRIPOS! Lion (here

ESSEIt T ar 1y vartatrons ofr tre-o val ue around 2

nodi f Yhedirh ke be alebesitéd BoRpHESSE cotnsDW@eST tRe fdréri)la (1) wherein
Three exanpl es of types of conmpounds of the fornula

g¥0,b#{keed €RBsen according to the three fol | ow ng

(1 R g idiofinefion, lan A RATER .95 (Hariisolec s Example i
Bk EAREMICARE A S6ARGLANRBaRphb¥gey, of Mol ecul es

in | i_CIIUi d formis usually carried out by bubbling an
i nert Tha /" (qupfairiag precursor bs alse ntrdskeiced gufiodhareactor to crate the
oviding the inert gas plus |liquid gas m xtu to th )
BE R0 Stptate R oot Reeterannoues phel Be ehglediply:
from gy (&, 4iitBR OpdreNRFmanium) source, for example Si(OH)(OtBu)s,
SiH(NMe;); (TriDMAS); SiHx(NHtBu), (BTBAS) and SiHx(NEt;), (BDEAS)

b) an aluminum source, for example AlMe,(OiPr); or

c¢) a tantalum (or niobium) source, for example Ta(OMe)s, Ta(OEt)s and
Ta(OEt)(OCMe,CH-OMe) (TATDMAE);

The invention is directed to the deposition of dielectric films of the formula
|, onto a support such as a wafer, in a reactor using ALD, CVD, MOCVD, pulse

CVD processes.

Example IV: Deposition of M'M?> metal oxynitride 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 (l) wherein
a#0, b#0 and c#0.

All the information given in Example Ill, is applicable in this case, except
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and Hf (2, 4- M2Qp) 2Me2. c) The conpound of the formula
(I'1) is chosen from zZr(MeCp) (2, 4-Me 20p) M2 and

wotdqoverQorq 2, 4- M 20p) Me2. The oxygen source shed1T/EP®07/052507

preferably, wthout Ilmtatlo?rf)s oxygen (Q2) , oxygen
radi cals (for instance O or O—I) , such as radicals

enerated b renote p tem ozone, NO N20O
b P phedy 05 s URBaBnOHBE SPHEBE t re domost ) on
P06 CHie Mtrddeifedurot Bfiafl B8 Sefikad figfh (e arBlb AdHfsifing nitrogen

(eppsamimumia, beduweintd andy alled aferivatiaysr l\uemtalmmg)rr)admals (for
di fferent conbi nations qgone exanple is to introduce
stancesiuNet. MRld).the: BeReNQret al  source together in

one pul se and oxygen in a separate pulse [nodified

atom c | ayer deposition]; another option is to

Exbimjslgc&/:0 Re§igntof Uetsylgyalupedtadienyllt ridid(diendthglamino

metal source by pulse (pulsed-chenical vapor
WMEH&M: Deposi tion of metal oxynitride

2 1 CoR b RhEIMEAis PEoREeBif o ERR conpri Ses o

conpoyngd fidt s&é‘tﬁsftﬁé %@ar(ah&n Y}hzf(ﬁlt@?ﬁﬂg?b?ﬂ% Ra06n of (EtCp)Na
are different from zero. he I nformation given i
exemdi@,;l , is applicable | n this Exanple Il, except

The: nf be cuRRnEnSe isehsoreedian ERINE, AN %@Sﬁpiﬁhrteepmduce
Zﬁm) Fﬁﬂlh{]ézggr ahge‘regulﬂljﬁ cﬁﬁgqyunﬂ'lg%uﬂhé& QQ%tﬁI@%n Overall yield

zine an derivatives cont ai ni ng
wadidbah s (for |nstance N* , el NH2 * ) , NO N20O,
N2 or_the |ik position of MLM2 et al
oxi de(Ethvwcl@pﬁﬂtamerw&trﬂfddw@hétagwﬂg))woewnzrha@neem found to

BS'an&anveel (‘gf'%g%&{?ﬁ@ ?Cﬁ%ﬁgﬁlﬁofl Imto be deposited

nprises rnula (1) wherein aG
bOandTG;bOandwi;istdﬁaréEthb(megp given in Exanple | , is
applicable in this Exanple I'lT, except that a M netal

sour c&he shermal Gravieatijc ARRa@LS WRE Stareg Jh@ai aToRR glove box with
filoisttte Bhd' Sxyet cbMehP MHEGRELIALE DR 1oAY CThbnd" ffimetric

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. The
residue level was 2.6% with full evaporation temperatures of 260°C. The

resulting graph is on Figure 1.

Example VI: Atomic Layer Deposition of ZrO, thin films using

Zr(EtCp)(NMe,)s

Zr(EtCp)(NMe,); 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 the
container is controlled at 50Torr. O3 is used as oxygen source. The substrate is
heated at 350°C. During a first step, Zr(EtCp)(NMey)s 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 O3 is then introduced into the reaction chamber
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M2 source of netal. This M2 containing precursor
source shall be preferably: a) a silicon (or

w@eosomamiosdr) source, for exanple Si (OH) (O Bu) 3pCBEP{oNVES2507

2) (TriDMAS); SiH2(NHtBu) 2 (BTBAS) and Si H2(NEt2)2
(BDEAS)_ b) an al um num source, for exanple

@L&/ﬁé,‘zé %QPWQ)WS an %%legén%&aJrq%%t%gltw sogt%%g arcfa?'epeated
266D c(bT@ng:\’g@% {ll}@?%l?‘f@&ég Borhit @g&ﬁ&%ﬁé’%n‘i&w ishébtained.

deposition o , onto

a supBimilars uxipesimentsvatan, ben marfwmetiorwml Hf Aah8logs. Similar
CvD, . MOCVD, pul se CVD processes. Exanple |V:
%%W?F@rpa@fb%@@d%?‘éwwﬁ BPIYIENSRRIGE-t h ML

being preferably H or Zr and M2 being preferably Si
or Al The filmto be deposited conprises a conpound of

ERaniple nvila Métal \@refadic @Remié@NYapor BbPoﬁhEbn of ZrO, using
Infornmation given 1n Exanpl e s applicable in
ZHEICpHNMedxcept t hat nitrogen needs to be introduced

into e Th en sour.ce a

sol ocdReRRAMEY 5, Sed kRS PRt TR rofRier is heated at
erﬂn@ N?Y@U@éd'“a% é‘é}?lleﬁ|g|él§kla1td§ﬁ‘lb\ﬁﬁbg 5@§ccn'¥" ‘?H@tpﬁbé‘élﬂﬁ in the

radicals (for iInstance \
Ecvataples 19: cBytrdlledsat 56ﬂ'o(retZT§,EEtQm(NMem)b aﬂjmngdi )to an Oz/Nz gas

tris(dimet niu (.N

B o) DN, FhaRPen The 5o iimusts eated it S0QC. The

P%tség %overe é%%ﬁqﬁéerﬁg%ﬁg)ﬁg{ glf’leégif’?rgh@ Eﬁ?g%t%gﬂ% oxide is

bbfdiiEsi.wi th Zr (Et Cp) C1 3 to produce Zr (Et Cp) (NMe2) 3.

The resultjing conmpound is purified by distillation.

S EEN efxp)elrlg]qpt%gn deoperformed with Hf analogs.

(Et hyl cycl opent adi enyl )tri s(di met hyl am no) zi rconi um

has been found to be a stable liquid pale yellow

ER 8dVIIEGEoiipanison _of Zw(EC dTZr(NEtMeR! thermal
ravinmetric apparatus was stored 1 n an argon gl ove box

E@bgwor

Thermal gravimetric analysis is performed on Zr(EtCp)(NMe;); and
Zr(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
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
placed over the crucible containing the metal-organic compound to slow down
the evaporation. This indicates the thermal stability at higher temperature. The
results indicates that Zr(EtCp)(NMe3)s; is much more thermally stable than
Zr(NEtMe)4, making it further attractive for use as vapor phase precursor. The

results are shown on Figure 2.

Example IX: Synthesis and thermal behavior of Hf(EtCp).Me,

Hf(EtCp).Cl; is readily obtained by the reaction of 1 mole HfCl, over
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noi sture and oxygen content mai ntai ned bel ow 1lppnv.
Thermal gravinetric anal ysis was perforned by pl acing

w@2®@5mgiosanpl e in an al um num cruci bl e. The sap@l/EBPWaF052507

then heated at a 10C/ mn tenp@rature ranp from35C to

400 C. The mass | oss was nonitored as a function of

&R’Sﬂ)ﬁr uci bl e tenperature. The residue | evel was 2. 6%
ful | evaporatl on tenperatures of 260 C. The

[:;gL Be g}“t R i gr}é?go%lmé; }]a ﬁ@@ﬁgﬁ}?\‘! of ZHUILE LiMe over 1

ZToGeEtHjQE(Oﬂi\XB?IZth( 200 (aNNbR])cBeassng;ttbeeténnpsératlﬂe unt|l 0 C. The
contai ner. The container is heated at 90 C and N2

gei@inedransparept Heid 7 (BtGR)Meots srraraied frem IflPé@@Grs@lvent by
Bgﬂll&%ﬂﬁdﬁﬁnéﬁzﬁ&%wgt@% gslﬁ%e iim C%dgg)&%S% v@§a reS|due

oXygen source. hea ed at

of 11005 forst starting fasSor Gbolye20Bgi(seé Migwdwed int o the
reaction chanber during 2s. A N2 purge of 5s is

perforrred aftervvards as second step. As th| rd step, a

st ep TFNS' eié?h‘ Iesécﬁft%n% ﬂwé ‘Pélﬁﬁia‘ﬁ@n]&%éfhm o&meoﬁlh% M silicon
a zZrOfilm Self-limted atomc | ayer deposition is

Rk 0 bt 2 ;,éeﬁ.om{mecrqngpg BELe T ) whte'a%ver s

anal oQs. IR 1A SXper Phentre ean

as oxygen source Le Met al - Or gapi

GApYP e%%%’s?ﬁﬁj &he 9?5'2‘? '”lhéﬁ ﬁ@@mzﬂ(qft @ﬁ)?ﬂ@&e)g}he S"'CO” wafer.
Zr(EtCp)(NMe ) is stored into a container. The

¢bat chiareber és lvacedteat b9oa pump. Nihei maigke gresursan; rinethis case
gas at a flow of 50sccm The pressure in the container

Hﬁnétﬁ?héﬂidc@ﬂeﬂlﬂ\/@(@(fp)z, # $terépin(Ah &8 2H3igurd &bﬁ‘tﬁme‘i’CNltrogen

an 2/ N2 gas m xture into the reaction chanber.
BN 818 ot B0 s EHITEE g g o
i orartanar op FnsaoeoyBy EiRg Bevni ro%ae@oﬁﬁav%&hed%quefied
Zr (Et Cp) (NMe2 and Zr (NEt Me) thernal behavi or Ther nal
gredetiatetNitroganalsy stagspertger thopugl anmzs$ Elap) ¢contney 3into  the
3250rizer. The Hf(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
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.

Hafnium oxide films were produced at a ~0.7 A/cycle under the following

conditions using the described tool:



Zr(NEtMe) 4 in simlar conditions. Thermal gravinetric

apparatus was stored in an argon gl ove box with
woistiunss and oxygen content nmi ntai ned bel ow BQPEP2007/052507

Thermal gravinetric analysis as performed by placing

a 35ng sanple in an alum num cruci bl e. The sanpl e was

hen heated at, a 10G/ m n er re ranmp_from 35 0

RS T OFhssMRseatuing HSEs STLEHCyNET o il G} Scom, ©;
the crucible tenperature. In closed cup configuration,
HowirgtecetD(phaccni 008 flawjrates PisacwcNoflew ratee= 400scone
containing the netal -organi c conpound to sl ow down the
Ananajeriprofle ofthé obtuinedfirs is fioeh kera@impsie aBekiRiyurat4).
hi gher tenperature. The results indicates that
Zr(EtCp) (NMe 2 3 is nuch nore thermally stable than
Zr(NEt Me) 4, making it further attractive for use as
vapor phase precursor. The results are shown on Figure
2 . Example I X2 Synthesis and thermal behavi or of

Hf (Et Cp) 2Me2 Hf (Et Cp)2C1I 2 is readily obtained by the
reaction of 1 nole H Cl4 over Et CoNa. Hf (Et Cp) 2Me2 is
then obtained by a slow addition of 2 noles Li Me over
1 nole HH(EtCp)2Cl 2 at -20 C and increasing the
tenperature until O C. The obtained transparent |iquid
Hf (Et Cp) 2Me2 is separated fromLi Cl and sol vent by
distillation. TGA anal ysis of Hf (EtCp) 2Me2 in vacuum
conditions, |leaves a residue of 1.0%for a starting
mass of about 30ny. (see Figure 3) Exanple X atomc
| ayer deposition of H Q2 from Hf (Et Cp) 2Me2 and O Thi s
exanpl e concerns the fabrication of hafnium oxi de
films. A silicon wafer is nounted in a deposition
chanber that is provided with a heater over its
circunference and the desired filmis fornmed on the
surface of the silicon wafer. The chamber is evacuated
by a punp. The nmetal precursor, in this case
di met hyl haf nocene Hf Me2(EtCp)2, is stored in a heated
liquid container. Nitrogen gas is used as the carrier
gas for the Hf (Et Cp) 2Me2. The Hf (Et Cp)2Me2 in the
liquid container is transported by flow ng the
nitrogen through the liquefied material. N trogen is
transported through a mass flow controller into the
vaporizer. The Hf (Et Cp) 2Me2 vapors were carried by
nitrogen and fed to the chanber along, or diverted to
a bypass lIine when the valve allow ng the
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i ntroduction of the precursor into the reactor is
cl osed. An oxygen/ozone gas m xture (oxidizing agent)

w0 200aliswsd ed t hrough a mass fl ow control | er ei POEEP200T/052507

t he chanber or to a bypass i 1ie. Oxygen/ ozone on one
side and Hf (Et Cp) 2Me2 on the ot her side were never

i ntroduced together to avoi {ghly probable CvD
reacti on. They were usuall;fi‘ﬂll'\*]%duced one by one,

each reactant pul se being separated by purge tine
where only N2 was introduced into the chanber. Hafnium

oxi de1f Metifodvef depositios e @lsubstréte! ofVat Yedse onedeaetdl entaining
fol | ow n_P conditions using the described tool:Pressure
diefegtde film cempsisinaua eompesndof the farmepy (I2ve2 flow rate

= 0.5 seem @2 flow,rat O,seem O3 f|ow rate= 8

seem N2 flow rate \;\{Méﬂ?vs?é)éﬁf NsA’n Auger @r ofile of the
abkpdined filmis given as exanple (See Figure

4) . CLAIMS 1. Method of deposition on a substrate, of

at | e@stacsrk netal containing dielectric film

conprisin (o40) n f ot ormula (lI): wherein: 0 <
a < 1?%%%%‘3 ,ra Vef%rsg)mg?' 5 <b<25 0O ¢ 1,
ML represents a netal selected from hafnium (Hf),

zi rconium (Zr) and titanium (Ti); and M2 represents a
met al Matrepressings tee theftaloselraigaeoomhatigm @), czicgani@a) (Zr) and

' nclgéi_?. s bé)re (B), alumnum (A), indium(In),
éfﬁ”i' : E)s?'?, germani um (Ge), tin (Sn), hafnium (Hf),
Zi I CORPY¥Edre4bits 4 He@éﬂ'a‘t'c%(s-@léoteé(%ﬁﬁhégh@ymanMQP'cH@ium (Ca),
(Nb), tantalum (Ta); and the Lanthani dés atons, "hore
piact(Zoyl Eorey(Bd calndiioum((@9) indiurt (i) msifisdn 481, gamdrdaom{Ge), tin

{50 GRTRYTE (e ErconiUe B4y 3B ral: deRGIBN (i Hiablm (Nb),

] i o oo
[ AR, R R 5 Ran e ded o8, bRk PartiBRll oot (so)
yttiigm (YRand CathaO &2’ (Ca) antkark-daxh médthl atoms,

which comprises the following steps:

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

- A step (b) of vaporizing at least one M metal containing precursor of the
formula (11):
(R'Op)x (R%Cp): M' Ra (11

wherein:

M'is as hereinabove defined;

0 <x <3, preferably x =0 or 1;

0 <z <3, preferably z=1 or 2;

1<(x+2z)<4;

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

(R1yOp) represents a pentadienyl (Op) ligand, which is either
unsubstituted or substituted by one ore more R' groups, y representing the
number of substituting R' groups on said pentadienyl ligand;

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



10

15

20

25

30

wherein: ML is as herei nabove defined; 0 < x < 3,
preferably x = 0 or 1; 0 <z < 3, preferably z = 1 or

WQ@200114106x + z) <4 ; 0 <y < 7, preferably y=PCDER07/652507

5, preferably t=1; (Rl yQp) 7rSepresents a pent adi enyl
(Op) ligand, which is either unsubstituted or

substituted by one ore nore Rl Qups, representi

bRelhaiier cseUbsuted bit PReORIOES RuBkouRs. bigresenting the number
' hi : -t t .

BN GING RL GRS of Sdid ERlodRE SRR e

el t heRUnadRY iareidahtical subiferénttad! bye innepondenttyesd@cted from

roups, t representing the nunber of substituting Rl
gTeogwpoﬁO@Sd$WQ:9f:F|”tﬂ)éWloé@i9é‘hW= tlhiegl!i}ﬁ?:r qi?lbré*ﬁéhﬁga, alkylegroups
: . . . I _
hegRbifh s, ) T ot Bt S e NERRN Ao aREIpRE Wibrein the

hikgegroupris hineacdrastanehdy Anghas Ponhané ng fdureartssreatoms, the NN
four carbon atons, the N-al kyl am no groups, wherein

t Hialkyl iapning asopPs. sviiereirapach alivharaim Idenfioshsr diftarerinom the

f . t , - dial ' .
it o inEaE RO BraoE o hibins orfe @ 50 G oy Wi finear or
bRtcbkbelalkdxy |drogps, Qfavh’fg-?\n@diirﬁd aed thagofif ofArBBA tfoms, the
four carbon atons, the linear or branched al kox

gikylsiglantides atpunse theamidipatesgroups Boe the sagonyhgroup;

| kyl si |yl ani th i di_nat d the . ..
car boRy RS A FockRfioBEhy bERKEY RS B2 @Rfp)Bhsising
§f3t|h@q{y‘€1@'%%(fr9 MubRS cHISHEPoIoRRS bsibtiB&téhs! the IREF 885ianched, alkyl

fluoro, chl oro, bromo or iodo atons, thellne_ar or _
praupsHeyingiramyl ongr lodfpsr barbiongtéme nitherld-alkyl faoino geoupsn wherein

t .. the Nal kyl ' , in.t | Kyl
By arofi e oo anendl oal han e Buk b s bap atoms, the
N"Nfb%lkzl; groo%{)ﬂ)%p% Whekeih ke chaaik I%@hﬁu%ntiwﬁgﬁhﬂerent from

each al identical or different fromt
thtehather ,iis lihearearbrancherdhand bds fnoch be td foumcarton atofrmythe linear

carybon atons, the |linear. or. branched al ko r oups )
AL braTshEr Gk XSO PP ol vieg figgh 088 ot srbln s (e alkylsily!

Eﬂi@ﬂ?ﬁﬁ@hﬁgﬁ{ FH'renO%I]kglﬁgerBPEYé IS4 Branbh&®8hd Mas 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 alkyl group,
identical or 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, 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 c) of introducing said first gas phase metal source and said
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four carbon atons, the dialkylsilyl am no groups
wherein each al kyl group, identical or different from

wo b@7ottey, is |inear or branched and has fr onmPONEP1007/052507

four carbon atons, the trial k%ﬁl silyl am no groups
vvher ein each al kyl group, identical or different from
other, is |linear or branched and has_ from o

e to
Pemnadaﬁe&eﬁda&mha%eﬂ%ﬁ# MUseeld Hieoigsstian£ha er, in order to
@ﬂf\)&?@%helr%hf&t WSl &ﬂsfrgt%t td)fgeﬁ@f Eﬁé @éb@gi(ibh)ofa metal
onprises nore than one roups, eac may be
coetainicg! dmlecllnéfﬁlnenctomp&smgom aooigoeind tod fher Mfoemula (1) as

first gas phase metal source; - Optionally a step b')
BP"W‘%\?&P@%@”‘@& Onesid SR met al  cont ai ni ng

pre.C“ ege'uf”ﬂhea t ib%rs?'o'h%bmé‘?aldééﬁtgﬁﬂw@ "d?blé&ﬁ?"fﬁ@ to be
OptIO secon gas ase tal sour step ' c) 0o
forireadsorhmidsesathe ddnﬁrsdur@mfthbdéﬂmﬂl‘et(ﬂj source and
sai doptional second gas phase netal source, in the
reaction chamber, in ordén Qo prodlbke their contact

. : ¢
et TN e e I N A R
ahdtke, ARd fuhe M”rw)uet@%dstﬂémm@pfem@saewhmus iol$&d nh step b), is
substrat e; fprowded that, if the at |east one netal
a@emnavngpfdhe ferulad i I m t o be forned conprlses t he
compound of the for

corresponding to t h 'g%:BPMI éz(i) as h L)el nbef or e
g6frb8shaihg Eeihe foRmufa (Ilt?-as%eré‘iﬁﬁbév@deﬂﬂé’d Wheﬁ'éiﬁ x= 0, and z= 2,

MLnet al containi ng precursor, is invol ved

gx ed formuls (H') clompooad lesfst phe qfdnernM@(IRﬁCp) Ilgmdsr:p) 2

ML R2 (Il 1) , corresponding to the fornula (I11) as

her ei nabove defi ned wherein x=0, and z= 2, in said

for mup aMQa'tHodléccoer@ {9 dlﬁm@ﬁ Wherdin @Iﬁ@vﬁﬁoﬁibqlotn‘”ﬁep b) and the
(R2t Cp) |i gands. . Method according to claim1
mMrmmlonMepbbcaremmtﬁmeétrepn@)/aaomizatlw stapd”) ablbotbrsources.
step b') are conbined in one vaporization step b") of

both sources. 3 . Method according to claim1 or to

cl ai M52 \AROE! SkdohGinliPrgTelRh. §OBK 7 Midifh BY GAISAT ihd #° metal
sel ecte rom e group consisting of: Silicon

demntairng pescursort feseleCedrfeor uhe igeoop ognsstingsoich as:

Silicon derivatives or their Germanium homologues, such as:

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

(I114)

SiH(OR%)4, (I114)
wherein: 0 < x < 3 and R® represents a linear or branched hydrocarbon group
having 1 to 6 carbon atoms;
silanol derivative of the formula (I11,):

Si(OH)(OR*)4x (1112)
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 (ll15):

SiH(NR®R®)4x (1113)

wherein: 0 < x < 3 and R®and R® are identical or different and independently
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di sil oxane, trisilylamne, disilane, trisilane,
al koxysilane of the formula: (N 1) Si Hx(OR3)4-x, (M

wddommhernsd n: 0 x 3 and R3 represents a | i neaPCDEP2007/052507

branched hydrocarbon group ha¥ing 1 to 6 carbon atons;
silanol derivative of the formula (IN) : wherein: 1 <

é@ﬁgerﬁgéﬁﬂ%@%g%g%;r%oH&ﬁ'%?g%aﬁcgglgﬁﬁhyavmg 1 to 6 carbon
?ﬂé%’égﬁﬂ v@ﬂézg?éﬁlghﬂ%y S§H NW%B@T%% ae|3|r|]‘|:z(NEtz)z

(BDEAS3) amdi nfueasdthBbectr e i dent i caI or different and
i ndependent | yrepresents an hydrogen atomor a |i

or br AMIHBHML dRUVAUGS. ny'Ch 85 Binethyghininyms, [A|(CH3)3] dimethyl

BEESREPhYPRAER a  ASe oPH R e f T

derivatives, such as AIRPy®RAyLal um gy [ Al (CH3) 3]
di met hyl al um num hydride [Al H; CH3) 2] , al koxyal ane of
whérelarﬂlﬁ ¥ Pwend R remessqiory Jigesr of \brc)nqm@r alkyt havieg 1 to 6

Farfon A0, Bref €583 48, Jrflaa? el A e84l an hyaroger
glidrih e@ﬁgﬁeféwa@gngg DRI MR Fa%ahadwg@éhtaiacpmr different, which
preferably AIRORIO(OR7) , with R9 and R1O0 identical or

tidependeantly Wﬂr@wntmmﬂ@ﬁbrwdwr@kﬂmavm 1 t;mEzarteen atoms,

bra | K to 6 carbon atons, npst
eﬁs@"%‘b@%ﬁé@ﬁ) am doal ane of the fornmula

éh\@aalané\bfiﬂnelfoﬁw%l?\?}ﬁﬁ X (1'V2) wherein: 0 x 3

and R12 and R13 identj cal or, dlfferent represent an
hydrogen at om or aAIRTMR' R’ b&anched (di‘i/:k)yl havi ng 1

6 .carbon 0 and or
WP TR e & = ahohd Budand oo KIEnURREOL MAYRIH O e oAy Pycrogen
Qtdnﬁ B?thn%r BF thﬂ%ﬁ@d@ll@fhabﬁ\ NGy écéﬂscﬁ] %h@%natF@mldentlcal
Tant al um derivatives , such : 5, Ta(Ort)

Ta¢MNNEe)eht froa( REag) 5represents an hydrogen atom or a Ilnear or branched
alkyl having 1 to 6 carbon atoms;

Tantalum derivatives, such as: Ta(OMe)s, Ta(OEt)s, Ta(NMe3)s, Ta(NEt,)s,
Ta(NEt;)s, a tantalum derivative of the formula (V,):

Ta(OR™),[O-C(R™)(R"®)-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(OEt),(OCMe,CH,-OMe) (TAT-DMAE), a tantalum derivative of the
formula (Vy):
Ta(OR)[O-C(R")(R*)-CH-N(R™)(R™)] (V2)
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 formula (Vs):
Ta(=NR*)(NR*°R*); (Vs)

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;

Niobium derivatives, such as Nb(OMe)s, Nb(OEt)s, Nb(NMey)s, Nb(NEty)s,
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Ta(NEt2)5, a tantalumderivative of the fornmula (V1)
Ta(OR14 )4[ O C(R15) (R16) - CH2- OR17] wherein R14 , R15 ,

wRi®7amdsR17 , identical or different, indepeneenEr3007/052507

represent an hydrogen atom or?%a linear or branched
al kyl having 1 to 6 carbon atons, preferably

B‘EX%@B %\ém%!y e%% OE%Q/%\/A L}Ia 1.} tant al um
R R0 oL R FEORFRONCRE GRIG22) ] (Vadyifier e m

|dent|cal or ditfferent,
whém]aeréanfSy W%an@ﬁﬁndemdald:rmﬂf@&reat ond@pserajdntlyeepresent an
or branched al kyl having 1 to 6 carbon ato

bydroogm aom \PJt?V'@Qﬁ" ‘?"I‘n@rqr&hﬁgl alk(vk/@ﬁvmg 1o & carbon atoms,

E %@ﬁlgg’% @@%re%@lﬁ |nd§;)®n%ﬁ(-en 4E %ﬁ'gggﬁ? @%ﬁvatlve of the

forchiutgeni, gt om or a |inear or branched aI kyl havi ng 1

to 6 b Ni obi d
NE( ey %N%?@%H%C(ﬁ% RS NI S) 4SK|E( Net 2V a

RPBER 20t ot AR AR tlbrat pensopyyropresen

BR &y dreFernBbnReR .a Ilﬁ@”ﬂdm‘en@he@“aﬂi‘yﬂihﬁmng 1 to 6 carbon atoms, a

|ndependently represent an hydrogen atomor a |inear
Biobiyragienizative R therfaumulg V1t)o 6 carbon at ons,

f bl Nb 4 NBT-
P bt um der i vt NSRRI A (V12) %ﬁﬁ(o?es
Mwé['@n QQ%@S( Fég};d) Wrd@hﬁ@éi) 6|R3ﬁﬁdreﬁf/| ﬁheb@ﬁd@rhtry Forésent an

i dentical or dl ferent,
hy@r@gen @étnml ora brpﬂarsmhraamewalkabmvnag drtodi carbonrasams;

or branched al k having 1 to 6 carbgn_.ato &
ni obi mm ﬂgh 28:5%an |u §5lvatlves ytirium derivatives,
E@&mﬁ'%&&ﬁ@&??é’esﬁé{h@ derW&ﬁO@éndg%@hmBﬁ? @&5vt98s or Nd

Identical or different, i|ndependently represent an
Hgdvatiyes, &t derivative lwithe at Imstbomqhdrkemﬁeyé Igawidngr &t least a

to 6 carbon atons; | anthani de derivatives such as
§>é%{%‘?m}ﬁ¢t?@b’! J'Q?PQe%Pt'%Ft%”M sk ditytedawith eane Iy paygral linear or

RIHCYRHI A8 orAeRashyT B bRl Bamsaadol i ni um

eriva derrvati ves erivative with at
| east dmamnb digtelt aepivativégandueh als Ist@stium (Sr), barium (Ba),

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 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
derivatives or adducts containing these species, being understood that said

derivatives are not compounds of the formula (II) as hereinbefore defined.

4. Method according to one of Claim 1 to 3, which further comprises:
- A step d), wherein the at least one M' metal containing precursor of the
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¢).
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cycl opent adi enyl ligand optionally substituted with
one or several linear or branched al kyl groups having

wd 2d0a/16106@r bon atons; di val ent _netal derivati vEGT/ERZN7/052507

as strontium (Sr), barium (Ba’, magnesium (M),
cal ci um (Ca) or zinc (Zn) deri vat ives, W t h at | east
one b-dj ket opat e |J and or st C nt adi en
T gand. MeeShar doyieana and Riadailt driodhavith S domprises:
Irnear n

tons: " atepadiAEe @QFY%A??%E@%SB@#%@' pofBirfng Bgtsor of the
fmhyﬂmelh)w.mc( Vmecebsdiny the éil—lfe)asbonell\nzcmeta]mohfarmmg precursor, is
derivatives, for exanple the al koxy derivatjves, the
Fbasbiogal ipasl InreEeastan spgstesindBa BRFHMChABRY - speci es,
bei ng understood that said derivatives are not
conpounds of the fornmula (l11) as herei nbefore defined.
4 . Mt Methatgatatiing tbrenef ©|fa|rﬁ11arid15 Iwhereth thehstep (b) consists
further conprises: - A stetp wherein the at |east
oha stap (bek ofl Mg 3l InRFiPNE eumetrl containiagmseekrsar of thy formula

d
ety FRE°R el e O, PR ORAED BreCliSofy b e
rvr (NEtZL,O M‘(NMe@t)@ M’ (M) AVAE@BLY), rwr (msen@nm‘p)zclaau Nixtures
ch further conprises: - d') wherein

heéeg&amcéaﬁemrta) rvflvamrazung:@ardammtwg precursor of the
formula (11) and if necessary, the at |east one M

nmetal containing precursor, is nmxed to at |east one

react antvi&neg! fcddrdingetd %ﬂ@t bP'CIémn’P% 66wher\@hhfh‘é M' metal
according to one of aimlto 5 wherein the step (b)
conitgiring pofcusaert ieof the faymula klihyg at | east one first

fooet hor it h ot TN IRRIRE:  The t dfiPow
ogether with a e Powi ng
ﬁ/d?lr‘(?éé ﬁ%/ué\/[klﬁé\"?@r?ﬁtﬂa (’f%(\bﬁé@iﬁlx Mg NVBE] Jhd R’ represents the

QO Bu) 4, )Zém“rp)z and m xtures

gtmrpeN(R%r)ﬂ? ), swiegre{rb B’ @fndvaﬂorrdenhr@elsm drﬁaremh,medeﬁendently
. Met hod acc rdl_n to oEe of %I %‘ﬁ g rern'\‘r
f\ﬁPrﬁ%%%\tla'”b ragﬁn Ppra sy R r@” eq &l Y'foPHBI 2VINGNgM one to

or nu )(1| vvher & Qriﬁ Sg% anfj’@]%dbfkgl l&;?or.tr 6?s linear or

bhamoged Lﬂhd\hﬁ@%ﬁ#@)we tovfberr eanbowoem;d aRdlrélkylsdghgnocml wherein
or different, independently represent an_hydr og

geealky! QTQ%HdQﬂt'C@r ahetiegent ikym the Slfehis m%arfqrotpﬁaaﬁlged and
bl 0D SR PR lfBon Hlol o & ik BTN GhouB\Gh8ich 48 alky

oup 1s Tinear
group, identical or different from the other, is linear or branched and has from

one to four carbon atoms

8. Method according to one of Claim 1 to 7, of deposition of a metal

containing dielectric film comprising a compound of the formula (I+):
M'O, (Ih):

corresponding to the formula (1), wherein a=0, b = 2 and ¢ = 0, wherein the metal
containing precursor of the formula (I1) is selected from the group consisting of:
HfCp,Cl,, Hf(MeCp),Me,, HfCp(MeCp)Cl;, Hf(MeCp).Cl,, HfCp(MeCp)Mey,
Hf(EtCp)(MeCp)Me,, Hf(EtCp).Me;, Hf(MeCp)(CO),z, ZrCp,Cl,, Zr(MeCp).Me,
ZrCp(MeCp)Cl,, Zr(MeCp).Cly, ZrCp(MeCp)Me,, Zr(EtCp)(MeCp)Mey,
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branched and has fromone to four carbon atons, a
di al kyl'silyl group, wherein each alkyl group,
wo dentikwad or different fromthe other, is |inPer/ERP2007/052507
br anched and has from one to fur carbon atons or a
trial kylsilyl group wherein each aIkyI group

BHEchbleand NESVRCGHGDet o GUMeERBISarons ZBECPINMe:),
R ear ot RUeCRANE RN, 7t TG RIRE BT ZIEh(EMe),

2 metal’ cont ric

ZC(MHﬂm)ﬂ\llEfz)st he fZT(FﬂﬂﬂFﬁ)(Mﬂlg% ( |Z)’CP(NETz)seSDOW(IEE&ODO(NMez)s,
army

£HSBwebiPal NMS:&@ ai n!‘%@”?ﬁ@lﬁ’ﬂl\%}s of Hf@%WM?za)s(l | ﬁfﬁ?e(NMez)s,

FROECEELIE ¢ CHRERD(RDRE Ry LRGN HiMeCp)NEL),

Hff‘E@C NFE)tJ\)@Z-IfOﬂ‘(NEtz‘;QQHfNE@Q))pI)@dMez)HPQfE‘BG@O)ﬁNNMez)s
C(j )2(CO) 2, ZrCp2Q 2, Zr(I\/ECp) 2Me2, Zr Cp(MeCp) CI
an zrm(lw@ hezespfz Zr Cp(MeCp) Me 2, Zr ( Et Cp) (MeCp) Me
2, Zr (Et Cp) 2Me2, Zr (MeCp) 2(CO) 2, Zr (MeCp) (NMVe 2) 3,
Zr (Et Cp) (NMe 2)3, ZrCp(NWVe2)3, Zr(MeCp) (NEt M) 3,
Zr (cEt I@I@)Kdﬁ'ﬁd&ebrd?ngzlf)@ﬁé\lﬁifl\/@]alﬁm 12t NeG) 0BBbsi8dR, of a metal
Zr (Et Cp) (NEt 2)3 r Co( NEt 2) 3, Zr(lPrZCEQB NMVe2) 3,
genteRIRCe)eieeiEL M canvisiy ngmqsmdmff LNWéQ) 3,
Hf Co( NMe2) 3, Hf ( MeCp) ﬁt )3, Hf (Et GR) (NEt Me) 3,
Hf Cp( NEt Me) 3, Hf(l\/lepr °2)3, Hf( ) (NEt 2) 3,

Ebras PN Pio thé 'f&i*n?d?ﬁ)hsb'\%%\rém &kt P82Ep) €NVENY pand < 0.5,

m xt ures thereof thod according to one of Caim
Wheeeil thefmetiap osntairgng gireeunset af theofaraiuia i) i electedi fcom the

ﬁkp'u%’( Eas it PR Suf e Pnie B b Ryccnitt, dretor.cr
é )Wee,, Bif t@B?(Mé(fp)Wlez H?(Et(%‘ﬁ)%ﬂ/l%'lz)ﬂ-lf(n%dﬁﬁ(@O )2, ZrCp2Cla,

cont i ni ng precﬁEr SO t’he "t ormu I's select

ZF(MB@m)el\/lgE oup ZrdsCp).Chg of ZrEi(EeXip)¥eHf ( NaCRICNEAeCp)Me;,

z&%& )%%'&EW%%) 2we%ﬁa%W§q .00) ZN(EICp)(NMe:)s,
RS o AT P Ry L BB G\ REISNE ) PRCANE M),

Zr(MEC) N BV, 2) 3, Zrﬂi‘zt(CEIE@Et(zNNE 2)230p@‘ﬂghlsNNEZ)Zﬁ(lPrsz)(NMez)sa
Zr(EBu %Op)fNMez)3 Hf(Me(Cé)CﬁMez)s, Hf(Ethr)(cl:\lpl\(/lez)s )Hpr(NMez)g,

Hf(MeCp)(NEtMe)s,  Hf(EtCp)(NEtMe)s,  HfCp(NEtMe)s,  Hf(MeCp)(NEty)s,
Hf(EtCp)(NEty)s, HICP(NE,)s, Hi(iPr.Cp)(NMey)s, Hf(tBu.Cp)(NMe,)s and mixture

thereof.

10. Method according to one of Claim 1 to 7, of deposition of a metal

containing dielectric film comprising a compound of the formula (I3):
(M'1.a M%) Oy (I3)

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:
HfCp,Cl,, Hf(MeCp),Me,, HfCp(MeCp)Cl;, Hf(MeCp).Cl,, HfCp(MeCp)Mey,
Hf(EtCp)(MeCp)Me,, Hf(EtCp).Me;, Hf(MeCp)(CO),z, ZrCp,Cl,, Zr(MeCp).Me,
ZrCp(MeCp)Cl,, Zr(MeCp).Cly, ZrCp(MeCp)Me,, Zr(EtCp)(MeCp)Mey,
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Zr (MeCp) (NEt 2)S, Zr(EtCp)(NEt 2)3, Zr Cp(NEt2)3,

Zr (i Pr2Cp) (NWMe2) 3, Zr(tBu2Cp) (Nwve2) 3, Hf (MeCp) (NWe2) 3,
wob@En Qo NVe2) 3, Hf Cp( NMe2) 3, Hf ( MeCp) ( NEt Me) BCT/EP2007/052507

Hf ( Et Cp) ( NEt Me) 3, Hf Cp( NEt Me)3, Hf (MeCp) (N Et 2) 3,

Hf (Et Cp) (NEt 2) 3, HfF Cp(NEt2)S, Hf (i Pr2Cp) (Nwe2) 3,

ZHESCRRNGL: o ARMST RGO eGP orriRCR)NMez)s

! fil
SRORNAEDS o ZHMPESIRECAe, | ZHERCBINENDR)S - RGHMEMe),,
Zf()\/le@mmetsz 0 éZrGEtCrﬁ)mE@)ap \MZeCp(NIEtzhe rretZal(lPrZCp)(NMez)s,
cont ai ni n@wprecursor of th i s sel ect

SR IVBae. cohaseRlRBIe. it chRE SRR WQ@p)ZH@QP(NMez)s,

UG, HBSEAISE el LR By SOOIV,

Af(ERCH)(RIELSS, (WNE Hf P%&@Wb 2Hf tBL(szW\EQ)SZand the M?
Zr Cp(MeCp) Me 2, Zr(Et I\/EZZr

metaecg2ining) @'eczﬁq(/m@iq@bly)sgle%q Cfr(qwgcqg gerlvatlves or

S A Ty AR R oo

an &Nk siufh deRva2s(AVk3eabode deBH3EP) ( NMVe2) 3,
Hf (MeCp) (NVe2) 3, Hf (Et Cp) (NVB2) 3, Hf Cp( NME2) 3,
Hf(l\/bCp)(NEtl\/b)S Hf(Eth)(NEtl\/b)S Hf Cp( NEt Me) 3,

(BRSOl Tkl bbtea o mov

@@rﬁ‘ﬁaﬁnﬁ‘g QeI SEtAe l#llrﬁ%n'lpﬁlsﬂ@é %ﬁ*ﬂdﬂn@%ﬁﬁé ‘P&rﬁdl@%} he
silicon derivatives or thel r germani um honol ogues, the

tant al um deri vati v+ BAs)IRnNde deri v&h) ves, and the

SRAESRNG & bifclosiita 07 WErEE 6 < o HERAY £ fonOck Wierein the
H%té\' cORBIRhG] chfﬂreéf thé ﬁoh‘nmac‘zgﬁé Séél@ct@dcﬁﬂﬁplﬂﬁ‘@ group
of the formura ( 14) : (MY a M a) Nc I 4)

consistippnaif ngHfGCp Ohe  flof(iMelCp ) {4, vHﬁ}pz(MeCQa)Cdaz < Hf(Mﬂ@p)sz

P fpgaiiey PRE) MatRlss. HiERe kbl BlEEMEEQ R Ry Cr-Cla
AR, "L ASLESPIeS " P ETRRTIRY) b, rCPIMeCPIMe
P (EEC DVRIG) Mebf ( NEQR)CK ok 2, ZLQW2QR,(CI)6, Ve () [BED) (NMe: ),
Zr(%oé)p)(NMez)g, Zr&p(l\cl:mez)g Zr(MeC(,p)(ﬁ%)tMe)g, Zr(EtCp)(NEtMe)s,,
ZrCp(NEtMe)s, Zr(MeCp)(NEty)s, Zr(EtCp)(NEt,)s, ZrCp(NEt,)s,
Zr(iPrCp)(NMez)s, Zr(tBuCp)(NMey)s, Hf(MeCp)(NMes)s, HF(EtCp)(NMey)s,
HfCp(NMey)s, Hf(MeCp)(NEtMe)s, Hf(EtCp)(NEtMe)s, HfCp(NEtMe)s,
Hf(MeCp)(NEt,)s, Hf(EtCp)(NEL:)s, HfCp(NEt,)s, Hf(iPr.Cp)(NMe3)s,
Hf(tBuoCp)(NMe,)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

one nitrogen containing precursor is introduced into the reactor.

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

make dielectric films more particularly for integrated circuits or in the preparation
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Zr (Et Cp) (MeCp) Me 2, Zr ( Et Cp) 2Me2, Zr ( MeCp) 2( CO) 2,
Zr (MeCp) (NMe 2)3, Zr (EtCp) (NMe 2)S, Zr Cp( NMe2) 3,

(
waeqoveQoyg NEt M) 3, Zr (Et Cp) (NEt Me) 3, Zr Cp( NEPOEEPBN7/052507
(

Zr (MeCp) (NEt 2)3, Zr (Et Cp) (NEt? 2)3, Zr Cp( NEt 2) 3,
Zr(|Pr2Cp)(Nl\/e2)3 Zr (t Bu2Cp) (NMe2) 3, Hf ( MeCp) (NMVE2) 3,

&Et%%'é g %tam%b ﬁ;{%‘;tg}_gﬁ-{fge%@ég% 3s§ Memories.

Hf (Et Cp) (NEt2 3, Hf Cp(NEt2)3, Hf (i Pr2Cp)(Nwe2)3,

Hf (t Bu2Cp) (NMe2) 3, the M2 netal containing precursor
i's pré8eCappusditiee farchfla ¢ig)t he silicon derivatives or
t hei r germani um hohol ogues.,.,t he tantal um derl vatives,

| ant hani de deri vétt [M(%I )l(ﬁe)]magne5| urlllder i vat i ves

éérrggf ip ngé(?o Hreeffoﬂﬁgla @@gsﬂererﬁgpbvé’ﬁgﬂﬁﬁggglﬁrm 1, wherein x =

con precur sor one ni

oontaianidB’ rpessgriothd grouptN@IURY) iviti@retrhR>™ragaR T identical or
12. The use of the conmpounds of the formula (I11) as
défererddindependenivi represertkan Bydogen™tem; alingapeF branched alkyl

L%) e r?g%{’ré?n cﬁr&et &%ﬁpé%gﬂg%rbé? EIF%SW%&)US wherein the alkyl

grcsuy icaipeHf 65bfé?fch8§@ﬁr@lfha‘§31¢@r$ﬁod\£!@fbw§arbbﬁ at@ﬁrﬁaatméilkwsnw
the formula ( ML[ N( (R40)]3

@mupey\ﬁmﬁqmrﬂycdm&wegroupnrdeathallor reet e e\mher is linear or

Eef | B Sg rﬁr@ W?eﬁa%%‘%{%‘éff‘ﬁ’ﬁb afomvaqgrr%,tr,lﬁr]%ggﬂyg@aoup wherein

Bééh alk§e BEduiAlidénitica Bf’ arfRPént frofaReAREY liy lifned &®Bhched and
an hydrogen atom a |inear or branched al kyl group

hay frog bneite e cacbdroatonesr bon at ons, an al kyl si | yl
group, wherein the alkyl group is li near or branched
and has fromone to four carbon atons, a dial kylsilyl

gr 0Up14V‘@8ﬁ1%b0n8%‘m1@fdﬁﬂulé3gﬂ?‘ﬁs deﬁﬁ@& i @aiff 13 wherern R? R*

different fromthe other I near or branched and

bag R oideotiealtar cﬂrfferent,amldepeadermu;/ ceprasemtr alr&gitsi $elécted from
ou ere n each u den or differ

ﬁreomﬁ’etﬁg thi FopvE | §8aronyh Bk oRahUEhyshiL UM G ert-buty

g ur carbon atons. 14. Conmpound of the formula (Ih)

fined in daim113, wherein R2, R39 and R40,
|dent|cal or different, |ndependently represent a
radi cal _sel ected fronrthe net hy

i sopr 3576 Blleging qcsapRuTyls Mederhueyl ki BrIad b flpim 14:
SR (r&@leg“e f%ﬂﬁ&“p‘)‘@ll\ﬁé’{j?"“”ﬂﬁ)ﬁ(ﬁ%ﬂé r mul 2 (b MFEtMe ),
ZH(EtCp)(NEtMe)s,  ZrCp(NEtMe)s,  Zr(MeCp)(NEt)s,  Zr(EtCp)(NEty)s,
ZICp(NEt)s,  Zr(iPrCp)(NMes)s,  Zr(tBu,Cp)(NMes)s,  Hf(MeCp)(NMey)s,
Hf(EtCp)(NMes)s,  HfCp(NMe,)s,  Hf(MeCp)(NEtMe)s,  HF(EtCp)(NEtMe)s,
HfCp(NEtMe)s, Hf(MeCp)(NEt)s, Hf(EtCp)(NEt,)s, HfCp(NEt,)s,
Hf(iPr.Cp)(NMey)s, Hf(tBu,Cp)(NMey)s.

16 The following compounds the formula (ll4) as defined in Claim 15:
Zr(EtCp)(NMe,)s, Zr(MeCp)(NMe;)s, ZrCp(NMe,)s, HF(EtCp)(NMe,)s,

Hf(MeCp)(NMe;); and HICp(NMe,)s.

17.  Process for the preparation of a compound of the formula (I14), as
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Zr (MeCp) (NMe 2)S, Zr (Et Cp) (NMe 2) 3, Zr Cp(NMVe 2) 3,
Zr (MeCp) (NEt Me) 3, Zr (Et Cp) (NEt Me) 3, Zr Cp(NEt Me) 3,

waeqoveQord NEt 2) 3, Zr (Et Cp) (NEt. 2) 3, Zr Cp(NEt PYBEP2007/052507

Zr (i Pr 2Cp) (NMe 2)3, zZr(tBu 28p) (NVe 2)3, Hf (MeCp) (NMVe
2)3, HF(EtCp)(NMVe 2)3, Hf Cp(NMe 2)3, Hf (MeCp) (NEt Me)

et R GBI 11 Hl B N B T (MO (N EL2)3,
H)”rﬁ?%kl%ﬂ% i JEE?‘P%?%,%W &@%@@Egﬁmﬁgﬁéﬁ‘% formula

BNECP) (N 2)3, Z:ij(NI\/b 2)3, Hf(EtCp) (NMe 2) 3,

Me NVe 2)S 3. 17. P f th
prt(sparcgzl(on of)a ggnﬁ%&%&@%‘ﬁhé fo(WLnI)ar?ICﬁ)SS e
%Qfélhq@d RO o8 9fe %arﬁ]%%%bbgeq ISl tﬁ%%ﬁhﬁl‘anﬁr?d by the

consi sti1 ng prepara I on O

féadnba dfaniol Wltﬁ\(’RFth;)Na (R2 tCp)MLCI 3 (VI 1) vvner ein
ML, R2 and t are as her ei nabove defined for the

f or nuB &tgn ) comsjstingof tecisaskon of frecampptiRd oRthe &yynda (Vi)

BreheRes T Sian & TR INAR ClBEar e FRgLER dne pohiffuf8 B He Formula
QIH §R39) (R40) , to produce the conpound of the formula

The follow ng compounds the forrmula (I11) as
defined in daim1l: Hf (EtCp)2Me2, Zr(MCp) 2M2 or

Zr (Et¢p) 12

: Thév?o%rowing compounds the formula (1) as defined in Claim 1:
Hf(EtCp).Me,, Zr(MeCp).Me; or Zr(EtCp).Me,.



