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43 (298p0r phdsidleposition is the main industrial way to depose thin films with
reasonable throughput and acceptable purity. Those techniques could be MOCVD
(Metal-organic Chemical Vapor Deposition) or ALD (Atomic Layer Deposition).
Metal-organic or metal-halide precursors are required for those processes. Various
hafnium, zirconium and titanium metal-organic compounds have been considered
as precursors to enable such deposition.

Halides such as HfCls, ZrCls are commonly used as Hf or Zr precursors and
have been widely described. Triyoso et al.[Journal of Applied Physics 97 (2005)
124107], Kawahara et al. [Japanese Journal of Applied Physics 43 (2004) 4129],
Caymax et al.[Material Research Society symp proc Vol 765 (2003) 47], evaluated
HfCl,4 for the deposition of HfO, by ALD. The main disadvantage is the generation
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Caymax et al. [Material Research Society synp proc Vol
765 (2003) 47], evaluated H Cl 4 for the deposition of
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gel fallpwmet ¢argat seff-tmitggeALD temperature window, hence reducing the
process window. In particular, Zr(NEtMe)s may decompose in the distribution lines

and generate particles above 170°C which is a common distribution temperature.
Hf(NEtMe)4 is more thermally stable yet do not afford self-limited atomic layer
deposition above 300°C due to thermal decomposition.

In WO2007/055088, Thenappan et al. disclose hafnium and zirconium
guanidinates complexes and their application for vapor phase deposition.
Hf(NEt2)2((NiPr-CNEt,), is given as example. Hafnium and zirconium guanidinates
are however generally solids with very limited volatility. As exemplified in
W02007/055088 thermal gravimetric analysis, one may not obtain Hf(NEt2)2((NiPr-
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deposi ti on above 300 C due to thermal deconposition.
I n WO2007/ 055088, Thenappan et al. disclose hafnium

w@aeoada46dni um guani di nat es conBl exes and t hei PCT/EP2009/051683

application for vapor phase deposition.
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present the disadvantage to be thermally unstable. A thermogravimetric analysis
shows 20 % of residues for an end of vaporization at 310°C. The second
drawback for a using in an industrial manner is their solid state.

The main industrial options to enable the deposition of highly uniform and
conformal thin films with reasonable throughput in high aspect ratio structures are
techniques such as MOCVD (Metal-Organic Chemical Vapor Deposition) or ALD
(Atomic Layer Deposition).

However, films deposited by MOCVD need high thermal budget and
generally follow a 3D-growth mechanism described by a Volmer-Weber model.
Thin films grow by clusters nucleation and such technique also leads to insufficient

step coverage.
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options to enable the deposition of highly uniform and
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coverage in high aspect ratio structures.

Nevertheless, according to the state of the art, MOCVD process is the best
solution in terms of interesting growth rate, so others processes have never been
implemented.

According to a first embodiment, the invention relates to a method for
forming a titanium-containing layer on a substrate, the method comprising at least
the steps of:

a) providing a vapor comprising at least one precursor compound of the
formula Ti(MesCp)(OR)s (l), wherein R is selected in the group consisting in
methyl, ethyl, isopropyl; or of the formula Ti(R'Cp)(OR%)s (ll), wherein R' is
selected from the group consisting in H, methyl, ethyl, isopropyl and R? is
independently selected from the group consisting in methyl, ethyl, isopropyl or tert-

butyl,
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deposition wll result in an excessive carbon
contam nati on and poor step coverage in high aspect
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of the art, MOCVD process is the best solution in
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proaowdsaora(nsrhon- rgatic earhimen sflahersdisibarieqi igngr sildraas, witylamines,
Ao, MhorBeoas haBTPTae i) ool egd, SererfaposhSHine, meta
n I S a i
A e B S Rine, ARIARSLAS oxfier!, ¥ior@R Wtp THBhSoor peroxide,
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chl or ppHYSH GBS THIERD)(0iPr)s Ti(MeCp)(OtBu)s TI(ELCP)(OEL)s Ti(EtCP)(
OiPr)s. Ti(EtCp)(OtBu)s . Ti(Cp)(OEt)s: Ti(Cp)(OiPr)s; Ti(Cp)(OtBu)s.
Ti(MesCp)(OMe)s. Ti(MeCp)(OMe)s, Ti(MeCp)(OEt)s, Ti(MeCp)(OiPr)s,
Ti(MeCp)(OtBu)s, Ti(EtCp)(OMe)s, Ti(EtCp)(OEt)s, Ti(EtCp)(OiPr)s,
Ti(EtCp)(OtBu)s;, Ti(Cp)(OMe)s, Ti(Cp)(OEt);, Ti(Cp)(OiPr);, Ti(Cp)(OtBu)s.
Ti(iPrCp)(OMe)s, Ti(iPrCp)(OEt)s, Ti(iPrCp)(QiPr)s, Ti(iPrCp)(OtBu)s, preferably
Ti(MesCp)(OMe)s

- The method, wherein the temperature of the substrate is 25 °C to 600 °C,
preferably 380°C to 425°C, and wherein the atomic layer deposition chamber
containing the substrate has a pressure of 0.133 Pa to 133 kPa, preferably below
27 kPa.
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al kyl, arsine, phosphine, trialkyl boron, oxygen,
ozone, water, hydrogen peroxide, nitrous oxide,
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c t.o600 0C
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27 kPEhe veperizaiidodf theutltamrm compee & replizae byt iBprogdticing a carrier
e
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f 3
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selected fromAr, He, H2, N2
source can be increased. The pressure in the container can for instance be
changed in the range of 0.133 Pa until 133 kPa, preferably below 27 kPa.

The said titanium source can also be fed in liquid state to a vaporizer where
it is vaporized. The said metal source can be mixed to a solvent. The said titanium
source can be mixed to another metal source. The said mixture of metal sources
can be mixed to a solvent or a mixture of solvent. The said titanium source can be
mixed to a stabilizer. The said solvent can be selected in the group consisting of
alcanes such as hexane, heptane, octane, aromatic solvents such as benzene,
toluene, mesitylene, xylene, silicon containing solvent such as
hexamethyldisiloxane, hexamethyldisilazane, tetramethylsilane, sulphur containing
solvents such as dimethylsulfoxide, oxygen containing solvent such as

tetrahydrofuran, dioxane.
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m xtures of them The said titanium source can be
m xed to a solvant or to another netal source or to a

workoowao@3df themin the contai nér. The cont ai NBCT/ER2909/051683

for instance be heated at tenperatures in the range of
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It 1s vaporized. The said netal source can
thusompsove tfeheeashivitly of trensaichveporized cmtabsource eddtar the reactivity
netal source. The,said m xture of netal

anot her
Qﬂﬁtﬁ@égaé%‘?%%o‘?ﬁ'%&sﬁg 0 G PIRESESor & nixture of

sol verhe nldtRod f thé bF@d@nlﬂrﬁ\iiéh‘tibﬁQs %%eﬂ%d”éé%ﬁ’ﬁe& Q)rfhot by plasma
stabilizer. The said solvent can be selected in th

tpobopIuesn rsdenagitisg altisaniem-eardaining ﬁlermﬁetherﬁéma@ﬁeof a substrate

EELPRSnaRL e8! BT bEsR EBHES TSkt 2l 8iugyerecursor
bexaiveidnlyy thes fdlionang gehexarfetrhylbdisort @hadrel a reagent selected from
tetranet hyl si |l ane, sul phur contai ni ng. sol vents such as

Eﬁ%ﬂ%{l@@ﬁtﬁ@tﬁb %'d'ﬁﬂgg"@ﬁlcw aﬂﬂQ/Q{gnngIOgrﬁeaﬂ%ﬁS at produce a
lighi AR eehey il QL'?rfac‘c?H cEx\é Liok ?Q?%ér%%h%@ selected in

source |sp%rllqhg%lntro u g Thto a rea ron c
tmaehset iHo, |I\152I-lzpmahylbgldm|rtdwel\llsg;rs¢tae SifHea SithstTSAESi>Cls or any

TRIBBIATE Oh e HOOPRYS e T RGP BALRT. ZhER B abe metal alky
BP—Q BEI"-I&1 pias A&, Hhﬁﬁétﬁﬁbor%attﬁetﬁgl%o%ﬁ?’g@%b%ﬁdgbammes, diamines,

Typi cal 'tenperatures range from1
mixifiegsabf yhaerheon plaseraacamprising tragment of ghase tsped®B8C Example of

The. process can_be assi sted t nj h

G086 fratnie Pad e Se8leE nde Ml PorPrd e NS R0z, N-0,

1—30&'{ 8P anY AThANGAret BthepR ot pldsniks e8miPisirgy flgments of those
i cals_and thus inmprove the reactivity of the said

era@mes zExigiaing spReiese @AY/ Gltemadivebadg vme;elnsfrrg@mlﬁercompounds
PRSI BRSEE DA e P ooesss, T s oy

pl asnihé eleposiorsnethod, defrsiriviengorm improves upon known methods by
Eliowing e T2 of lowel demperatires And produeing highér qualty fims

Furthermore, the thermical stability is improved: the ALD process will be
provided with a higher temperature.

Another advantage is that the growth rate reaches a good level with the
process of the invention: 0.6 Angstrom.cycle™.

In one embodiment, the method of the invention consists in introducing
alternatively a titanium-organic precursor described by the general formula (1) or
(1) into a reaction chamber with a reagent. In a temperature range which depends
on the precursor thermal stability and physical properties, the said titanium-organic

precursor reacts in a self-limited manner with the chemical bonds present onto the
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conprising at |east: exposition of the surface of a
substrate to a titanium precursor described by the

wo edoboodssyy general formula (1) 8r (I'1) and a rPEEPI009/051683

sel ected fromreduci ng reactants, oxidizing reactants

SO P SRR ebRobT  whfip Pt ditelch, , PRAGIER. un-deposited
figaaenorgamic Nereselserd etblesuledearki @imovdd, frdRHEhe reaction chamber.
nmet hyl hydrazi ne, NH3, SiH4, Si2H6, Si3H8, TSA, Si2Cl6

bpe éﬁ@g@ﬂrlmmt&qqdaﬁ%acﬁ alsel iBropRI-jited manner.

t hnet I u

e, OEhE M8k B PRERe, Plsll ofF I et of P guostvte nave

mm@@dmmthsthedr@geme,sspemes lareesembveue‘mmrthpl r@an‘&on chamber by a
r|3|n fra nent of th]pses eci es.

S?ﬁg ﬁ?sg%%r?aﬁe adngenss be Sﬁlfecn% Syith "apNz, Ar, He, H;
%tU#%%f ?%t hem - l'\g ad%hy %@dngf% 2BM M Bfmé?lgas species that

m xture o macon‘prlsm rag nents of
db oot nxuiifyitee ch@snmzal zearglvﬁp@cfrtrwsw&@cealmmrmuvaheltbe parge can be

3L A RS R 20 R B8 Bl 988 as ncessary to
FEENOESdesRen AMmotkiesSoTise Pé’ag?érit %@I@cfébefrélﬁlere@fﬁcmg reactants,
| oner tenperatures and producing her ual it

Fiiding raaetants; ipxidizeg rrieaaants, am a mlytur% o rhlmmv)ée:amnl@ of reagent

Caslr SRR I B i A S BRI Whauits it Sists

T8AG Ml@og@ﬁ? dreroebsilainehort (tTﬁOWp@C;@ﬂén@fterhylalumlnlum ZnEt, or
i nventi on: 6 Angstrom c I n one enbodi e

Ry Wﬁtﬁo@”@ﬁ' thhids,i Aot iRt 3,c&%ﬁ%t@'mqhwﬁ?‘i%duB’ierﬂ@/'boron CO,
ARG YRR 1 0y it S on o oo

smmbsarEmmbleaof exrigening rdaafge:nts egpevateleetediirg theristc10,, Os, H20,
e rec thermal stabjli and
Be0e 10 Nane NEEEEHok i Y alhPamm B ©F them or plasma
r
BOAPHS PR TAABH OtBe8 Spbtles) LI AR AB PRisnih BripfRing Ha, NHs or
azo@aidiz/ihg Ispaciesimay atteoativelyebe i lyorganicdepopd urads containing a
ni unt og}g}am c precursors nol ecules are renoved from
F}?a reYEEN hanber The reagent introduced, reacts

al so jmMopes@hbobiinfBritethaansbd 6hare aMentiBa @(S?’(’Qi%t@ﬂﬁslntroducmg
present on the surface of the substrate have reacted

aﬁtematw@yrf@%tg@ﬁtanwp@rgéelcar@curéﬁbdeacmbemby ftee general formula (1)

BB [RATRR PP o R et P ER Ry el Gurce. This

tah@trner Mapwtgee daingridepdddéntinstleytetioindi anyobimer ef@aent in the
SPO%%I I(Ieslll -A, III B, Sulpher (S), transition metal, lanthanoids, or rare-earth metals.
In a temperature range which depends on the precursor thermal stability and
physical properties, the said metal-organic precursors react in a self-limited
manner with the chemical bonds present onto the surface of a substrate.
Preferably, un-deposited metal-organic precursors molecules are removed from
the reaction chamber. The reagent introduced, reacts also in a self-limited manner.

In another embodiment of the invention, the said metal source is fed in
liquid state to a vaporizer where it is vaporized. The said metal source can be
mixed to another metal source. The said mixture of metal sources can be mixed to

a solvent or a mixture of solvent. The said metal source can be mixed to a
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do not nodify the chem cal reactivity of the surface.
Alternatively, the purge can be realized by vacuum

wahios/ipecess can be repeated a8 many tinmes asPCT/EP2009/051683

necessary to reach the desired filmthickness. The

FERIEE e 80 ol ety cPBhe SRECIAor SRENER, Forlire 4 Pbonsisting
Exestahe, iﬁiéxdr\%a@@ﬁtar@atetkbﬁ’nétﬁ Riaeg. in the list: H2,
N2H2, _met hyl hydrazi ne, NH3, SiH4, Si2H6, SJsSHS,

TSA
S 201 BN rSaithyVaper £ed eisriousee dﬁuarr@%cp%.lmtan@ reaction chamber

OB T, BOMRGAID o S0k naR o8 o B el B o the groue

ocomgistimgnes Si,d8a, N8N, HON u\l‘\/esomtblrtlrh@rﬁﬂrnrarrd athm metal containing

BB b O L SToR o 00 oL 058, SRRGEEP criadTRl e Clopsai the desied
i dﬁ%ﬁl%‘@ﬁﬁgrd\l@h F\%t)@ » an KitCdasIe @ o fﬁ)é}ba‘?'s‘fé’t@o?nd composition.

m xture m or plasma conpri sing ments o
Thoisel pepdratyrepraafes dtdny HBEM®D 66@&@ i Blreﬁgrallag/ theHBroperature is

Rien Sor D E8FToures e eSSl shagms fs controlled to
8B#ath tHedesifec QAN dBtAining niBE Q@ﬁci@ﬁt bF‘tﬁNﬂh%@é‘tTﬁﬁcal pressure

consi sts in introduci alternatively firs

tangesi frem dﬂ‘@&'ﬁrrc(1§Be1&Jn3?B@)r|ed@|st©r’iQ§b'60rH5>(1 3&&0%Babo@hlgher

a1 cagonte oy e i ikl e R BikeR B RE R Hied 10 o

FAtt A Speties prme@mmuwnmbmd from any Ot her
el ement in the%é;rou M-A M-B, Sul pher

t r ansint PB@ arek mqnﬁrﬁfﬁhﬂdn\'ﬂ%ﬂt'%\’ Wlhﬁf%-ﬂé%rt@'?g éﬁm%tal based film
{: tglntse léru‘éhr é#H e deBEN ki esrﬂﬁ?tﬁf Sﬁg nﬁﬂ&e the said

errral | Tty an cal proper
rmmdmtm;mmscmpMewfrs oxmemaomrcemch% kelacted &dm, but not limited
nner

Sl 6P, oRiiaSt Fadica S g e ahrs eﬁﬁoﬁﬁpﬁg.'@%ance generated by
AP A OPRARIL PHREYOIPID TRIGNE ey RS tam,

the reaction cha The reagen intro uce reacC
aI so Imoae sarhipediment ed thanneentudmw@nem tiee tergeted nmtal based film

the invention,, the.said msta

Bonfas biREEN, Slen Ao i Slarleametdl, e, Bp gietoL farbpspitrce, the

§aidCrazRaMt SPRfReineRRIeDs MTr¥gsh tsoupdtoWhedh talected from, but not
source. The said m xture of metal sources can be m xed

timited JoI vikagenr(Na), ramanéa, orydsarinenand ity Slerivatteesal N-containing
SRS GERSR HERL AR QB e O ImAg S oot e

of oclnaore dmbedimenp@ittapanvéstigrameichey ltise Itang@tedr Ingetal based film
ggﬁgm\/sgggr[pbéﬁgggﬁta% fosrog;e(t:rﬁpllesrnle?élrc?adr%f:d%dolr rPrtletalacarbo nitride, the
said reactant species include a carbon source which is selected from, but not
limited to, methane, ethane, propane, butane, ethylene, propylene, t-butylene,
isobutylene, CCly.

In one embodiment of the invention where the targeted metal based film
contains silicon, such as for example metal silicide, silico-nitride, silicate, silico-
carbo-nitride, the said reactant species include a silicon source which is selected
from, but not limited to, SiH4, SioHs, SisHs, TriDMAS, BDMAS, BDEAS, TDEAS,
TDMAS, TEMAS, (SiHs3)sN, (SiHs)20, trisilylamine, disiloxane, trisilylamine,
disilane, trisilane, a alkoxysilane SiH,(OR%)4, a silanol Si(OH),(OR®)4., ; preferably
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where it is contacted to a substrate. The substrate
can be selected fromthe group consisting of Si, Si Q2

WS2049/1Gi4EN, W containing filmakd ot her netal PCT/EP2009/051683

cont ai ni ng fi | ms. The substrate can be heated to

SHPHEoRk e PrlpBey IR, S sirfpnla SRR

@mier@cwmoe‘orhpﬂged et Otaipsr RE whe R“aa@emdbb@ﬁdélwe or a C1-
to 6000C. Preferably the tenperature is |ower or

£6 ssolon Tﬁ@alﬁr egiigre lingat, he_bra@@md ofr c%@br nrgfera%ly TriDMAS
gm@'\?ﬁ) i en g%lv\fﬁ\l%l%?j 2’ pl ca@ﬁ es Péer?dr Qﬁﬁgréé téreof. The

fargetetimfilfor carf élﬂfi*nétl\iélﬁ éeajtalhe@drrrtamumo ﬂerat(ovaaaﬁeﬂtloned Si

02 Pa) or higher n odi ment of .the invention,
P%ta 1Y S F@Hl&i*&% Fga?ﬁr&p@ﬂ Q& CREIRG BPHICEBeci es

prior
Th® s%rbeflﬁs?ﬁ%tbpém&ﬁénﬁ’@?oéds"b t aldsbase éfﬁﬂ%talogource and the

the invention where the targete
oeautmtrm)eme,sgwe mtrodumeﬂssequerébaﬂyrm themagttion xohdenber (atomic layer
ecies.inclu

BEDESIn DSl rERo e SSiind T BETAGE fighf 1 forr (138.10°

P'a)“tbeqiotl)OTor‘PX BBM A°ORh).. PRfiely r el Gabétof fstessure is comprised
i nstance O or for |nst ance generated by a renote

betaen 1 @neha0 (Togy (1330 PRGN purge gesi istiniredyeezidpetavaen the metal

£ bl 2 PR EEALER sicics Bub L P PRyt HES Eahi® setected from

frer groupTRbASiIBBMdIOf NS, r AleHOr Thetmbtet asdupcd)| pungéegast hmd reactant
sai d reactant species i ncl ude a nitrogen source
ﬁ@e@%ﬂi oelsegdyreda iseompsised; betvegnt @ 1rand 68@% E"f@?rabw the pulse
8¢ 8! i vatives, N-containing
'@Qﬁ%c% rr,gl}z)%;g,t%gnce ﬁld(%{ilﬁj qﬁllg-ﬂ . NO, N2O, N2,
am netn dne eEmebaditnedi rmfntth@fmt/bntlomvmﬁ|snconﬁemaetahesource is a

RUTHISE RS aprecath e eh P bt B abE: B b afree and is
5&@6@” uﬁﬁgtcﬂrﬁ@ed beLfr‘é‘Flr‘?tH?é 5] B%n%%‘t'l'h %f‘?@t‘ec rt? diketonates Ln(-
edt

selecté from _but not ane, ane

@r@ﬁahé;(ﬂﬁm{caﬁzé) Oex+@46e( ) ch%ar@(Féﬁr)r@ )(t Ob@tal)@(a )-C(R%)-0-)

ST PRE L ouateaBR o BRat o <o CaThieh fiieofner finear,
§#é¥i&hé§ 6r%ycﬂéﬁ@bﬁ:l6@érﬂbd%‘mypm G‘iﬂ)(R?@b)(Rwe(where each R is

silicate, silicocarbo- §Re sai d react ant
msleopadenthc His a @H%mr@@mf@lmhektmﬁr ineay eareeehed or cyclic),

Em,%ﬁém?daﬁoo’m%ms fﬁie?éﬁf ﬂ '8%’]6 lPrl%\(gs’source can

alternatively be an aluminum source and is selected from, but not limited to, the
group consisting of trimethylaluminum, dimethylaluminum hydride, an alkoxyalane
AIR'(OR)s.« (where x is comprised between 0 and 2; R' and R? are independently
H or a C1-C6 carbon chain, either linear, branched or cyclic); preferably
AIR'R?0OR, most preferably AlMe(OiPr), an amidoalane AIRY(NRR”)s.x (where x is
comprised between 0 and 2; R' and R? are independently H or a C1-C6 carbon
chain, either linear, branched or cyclic) and mixtures thereof. The other metal
source can alternatively be a tungsten or molybdenum source. The other metal
source can be a titanium source such as Ti(OR'), or other alkoxide-containing
metal sources, M(NR'R?)4, or adducts containing these species. The second metal
source can alternatively be a divalent metal source (preferably Sr, Ba, Mg, Ca, and
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TDVAS, TEMAS, (SiH3)3N, (SiH3)20 trisilylamne,
di sil oxane, trisilylamne, disilane, trisilane, a

wabdoosyass ane Si Hx(OR3)4-x, a st anol Si(OH) xPCRBPW0X051683

; preferanySi(()—D((R 3)3 ; nore preferably

2@ %Ej&o%ep\?{g @écl}ﬁg%@%ﬁbélggﬁeg riad'tes (c Iopenfédlenyl or

hOGERS REAihiMg th&de spdeids. 6 carbon chain, either
linear, br anc%ed or cyclic); preferably Tri DVAS

SiH(NMe 2)S, BTBAS Si H2(NHtBu) 2, BDEAS Si H2( NE 2) 2
and m éhereof The targeted filmcan
altegggkibgig—contaln Ger mani um The above-nenti oned
Si cosyathdsig sefir qgretanidtiykyciopdmadibriyy Grimethoxy titanium
contai_ning sources. The said tirst nmetal source, the
PUMesEPX el: second metal source and the reactant
species are introduced sequentially in the reaction
chanber (atom c |ayer depogition). The reactor
pressure is selected i e from 1nforr (133.1 0
3 Pa) to 100 Torr ( 133. a). Preferably, the
reactor pressure is conpri between 1 and 10 Torr
(1330 Pa). A purge garRO-s—TitrOMeced between the netal
source pul se and the reactdnt species pul se. The purge
gas can be selected fromtigm&roup consisting of N2,
Ar, He. The netal source, purge gas and reactant

speci es pul se duration is conprised between 0.1 and

100s. Tﬁé%y@fﬂ@@élé’ |§h§arFP|kéH36uijAa§/éIRiW'Ifi]u‘F(P'T@rétﬂﬁmed The purified
bet ween 0. 0s. I n one enbodi nent of

CompauNdis amaiw%@bmw\/lﬁeﬁamorﬁeun%enalyzgd bath%nﬁQf’é cfiie mass is

baS Bl & e ) B dieple KEruY mvbberafe drgapec. win a

hé@@bl@t@n@gmsostemeﬁ (d‘fa‘rgfmr@agt It shdvas eHmkgreellent stability of the

OC(R1

C( ’wﬁf fs) Tl P(/ar@retlwg ﬁym@@r@yrec@ng)th@ mughiigher volatility of
ﬁﬁ{ﬁn dléchﬁ!)% &Mﬁ\g@(ﬂ or a C 1-C6 carbon chain,
el t her &

| near, ranch r cycl ic), a cyclopentadi enyl
Ln( Rlsvbl(lﬁsicp) ( 8f 3Cpnethyleyeloperitadienys | niapetiteayt | y titanium
i—,l@‘r E: - carbon chain, either linear, branched or
i %“29),0 NR 1R2) (NR3R4) (NR5R6) and mi xt ur es
thereof. The other netal source can alternatively be
an al um num source and is selected from but not

limted to, the group consisSii of thnethyl al um num
di met hyl al umi num hydri de, oxyal ane

AR c(OR) 3-c(where x is c ed between 0 and 2; Rl
and R2 are independe 6 H C6 carbon chai n,
either linear, branc or g{’cl |§’v} preferably

Al RIR2ZOR , nost prefer abI y Ajl Me2(Q Pr), an am doal ane
AIR c(NR R')3-c(where x is OMe

The synthesis is carried out. A light yellow liquid is obtained. The purified
compound is analyzed by NMR. A portion is analyzed by TGA. 50% of the mass is
evaporated at 196°C and the molecule is fully evaporated at 218°C, with a
negligible amount of residues (cf figure 2). It shows the excellent stability of the
molecule until the full evaporation temperature and the much higher volatility of

this molecule compared to Ti(OMe).



conprised between 0 and 2; Rl and R2 are independently
Hor a C 1-C6 carbon chain, either linear, branched or

weymbitepsand ni xtures thereof. tbhe ot her netal PGDEPIEY/051683
can alternatively be a tungsten or nol ybdenum sour ce.

2e i PERPSa Srober “uf il e “ubhhaR  PRgS Rt afré Etried out at
Ephberature M ABOVRA0D° o1 stasldingt shes ailgBémistgbilitye se Tl(MeCp)(OMe)3
speci es. The second nmetal source can alternatively b

goapaeackior Ti@Me)s.sour ce (preferably Sr, Ba, My, Ca,
andZn f ;
anZ 3 BB O BT Coyiplnd W i BeiFRbAbng sy Cole THx
ishezseed pet absve E(X@NPUE& iBg rid lae&toscm'tbmetrlc film.

pent anet hyl cycl opent adi enyl trinmethoxy titani um

Ti (Me5Cp) (OWe) 3: The synthesis is carried out. A
yellow liquid is obtained. The purified conmpound is
anal yzed by NMR A portion is analyzed by TGA. 50% of
the mass is evaporated at 205 C and the nolecule is
fully evaporated at 230 C, with a negligi bl e anmount of
residues (cf figure 1) . It shows the excellent
stability of the nolecule until the full evaporation
tenperature and the much higher volatility of this

nol ecul e conpared to Ti (Ow) 4. Synthesis of

nmet hyl cycl opent adi enyl trinethoxy titanium

Ti (MeCp) (OWR)3 : MeOi- OV OWe The synthesis is
carried out. Alight yellowliquid is obtained. The
purified conmpound is analyzed by NVR. A portion is
anal yzed by TGA. 50% of the mass is evaporated at 196C
and the nolecule is fully evaporated at 2 18C, with a
negli gi bl e amount of residues (cf figure 2). It shows
the excellent stability of the nolecule until the ful
evaporation tenperature and the nmuch higher volatility
of this nolecule conpared to Ti (Ow)4Depositions of
U2 using this titanium precursor are carried out at

t enper at ures above 400 C, showi ng the higher stability
of Ti (MeCp)(Owe)3 conpared to Ti (Owve)4. The deposition
of SrTiOs using this titanium precursor and

Sr (i Pr3Cp) 2, THFx
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is carried out above 400 C, leading to a
stoechionetric film CLAI M 1. A nmet hod for formng a

WO 240ania4ss cont ai ni ng | ayer on al&ubstrate, thePCEEPAY/051683

conprising at |east the steps of: a) providing a vapor
conprising at | east one precursor conpound of the
formula Ti (Me5CP)(OR)3 (I), wherein Ris selected in
the group consisting in netgUAIMS hyl, isopropyl; or
of the fornula Ti (R 1Cp) (OR2)3 (IT1), wherein Rl is

sel ected fromthe group consisting in H nethyl,

et hyl 4 'A?‘?ﬂét%&'fo?”fﬂrrﬁi%g'ﬁ gﬂﬂ%ﬂ%ﬁﬁﬁ%’iﬁiﬁgﬁﬁ#&%ﬁ%fsru‘E)g}rate, the
t he roup consir st ng yl',ethyl”, 'I'Sopfopyl or
trmtrhdxnltgﬂnprlb)wgrammgtmlgestwsvcafpor conprising the at

| east one n‘gound of forrrula%ll‘leor (1) with 't

subst%PEOV' BEo? (PRET COMPRISHID R (6954 RNe 86%%1‘3% B‘anpound of the
mrﬁﬁﬁw.gnesgmma |(@yWhe%|PaRt @%@ié&%&qm%ﬂgr&p consisting  in

conpl ex ne surface of sald substr 1
Fﬁeéhy‘lretel’nmd asombpylmar DUrtIneuefDrmclmﬂ"l(ﬁ AP )OR)st(Hp: \Am)ereln R' is
r e _co r med

P ot che g R s eb .ot nale, o isenbeyl and R? is

Fn@@béhﬂ&wﬂ}ﬁ@éléé’t%ﬂ‘rcﬁﬁ @lﬁ@@rcsuﬂ EbriHistthg iRaRbamt, Setﬁ**] d/s@br0fyl or tert-
oxi di zi ng ‘react ants. The nmet hod of one of clains

batyl wherein each R |s different from one anot her.

g?gvﬁtggg?ﬁq ep a%gcfr #&h@s'%%&@? i‘%esr %g% #g}ﬁ@{@ﬁé’%‘f .formula (1)

oty wiiMbe sulgstriite, acaﬁdrngotb(ai atomipri@gkrcgegdsition pmess to form
containing titaniumand M. . The nethod of one

allayerof t@ataAumeﬂrttw@mg&%naliegmgatde@ﬁzhQﬂer@réacq @‘aﬁs’ﬂt‘d substrate.
one reaction gas wherein the at |east one reaction gas
Is selected fromthe group consisting of hydrogen,
hydr oge T reeumniethobed ofhgldino ¢ dartisex cmﬁwplmsin@mb Sigen
tellurjde, carb q nonoxi de, . ammon anic a
gt oBtaiged

si | and), reAioNa Rk, i GHEPIEX] forRed 2 Pl it a reagent
gﬂ@@fe@”ﬁ" mhé(rﬁjdtlé}érL %tal?&&fhﬂh nt%acféﬂté"a‘h%}’dr@ﬂﬁlo%@ reactants

| 'oropol ysi I ane, |ne phosphi ne,
and/a)rokyillznmg)reﬂ(;tamtSygen ozone, water, hydrogen
per oxi de, nitrous oxide, nitrogen nDnoxide, nitrogen
di oxi de, al cohol s, plasma conprising fragnents of those

speci s, THRNEheGIHONGH S BNElaiMsasf2 whersigealeh)R aZ@iferaét from one
water. 6 . The nethod of one of clains 1 to 5, wherein

apethert ani um precursor is

4. The method of one of claims 1 to 3 wherein the vapour provided in step
a) further comprises one or more metal (M’)-organic precursor(s) to produce thin

films containing titanium and M’.

5. The method of one of claims 1 to 4, further comprising providing at least
one reaction gas wherein the at least one reaction gas is selected from the group
consisting of hydrogen, hydrogen sulfide, hydrogen selenide, hydrogen telluride,
carbon monoxide, ammonia, organic amine, silane, disilane, higher silanes,
silylamines, diborane, hydrazine, methylhydrazine, chlorosilane and
chloropolysilane, metal alkyl, arsine, phosphine, trialkylboron, oxygen, ozone,
water, hydrogen peroxide, nitrous oxide, nitrogen monoxide, nitrogen dioxide,
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selected in the group consisting of:

Ti (MeCp) (CEt) 3Ti (MeCp) (G Pr)

Bu) 3Ti (Et Cp) (OEt) T34 Ti (Et Cp) ( PCT/EP2009/051683
Q Pr)3Ti (Et Cp) (O Bu) : (Cet) 3, Ti(Cp)(Q Pr)

Il BTN, SIS conoris

Helr&61Opydiehdd) 8zorTe o6EwWemr(OEt) 3, Ti(EtCp) (G Pr) 3,
T|(Eth)(OtB 3, Ti(Cp)(OMe) 3, Ti(Cp)(CEt) 3,
Ti(Cp) (A Pr) 3, Ti(Cp)(QLBu) 3, Ti(IPGC)(OVb) 3,
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tiMesCp)(Me e st'éﬂ\/leCph((DMefa)afg exEéN@C\pa(QEt)go?'ﬁrTleMe@p)(OlPr)g,
one u or \ m e
EB@@@@@%W aﬁ?@gpﬂ%\g 3sel ﬂ&lﬂd)@#ﬁhe gr JIFICP)OIPT)s,
WE&téﬂoﬂmJ)Qf Wxébnge)gni tTi(I%?)(OEB@' | OCH{@IPR);, and(Cp)(OtBu)s,
ures of manufact u
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net hod defined in any one of clains 1 to 8, wherein
the substrate is a sem conductor substrate.

7. The method of one of claims 1 to 6, wherein the temperature of the
substrate is 25°C to 600°C, preferably 380°C to 425°C, and wherein the atomic
layer deposition chamber containing the substrate has a pressure of 0.133 Pa to
133 kPa, preferably below 27 kPa.

8. The method of one of claims 1 to 7 further comprising the step of
purging excess vapor comprising the at least one compound of formula (l) from the
substrate, with an inert gas selected from the group consisting of hydrogen,

nitrogen, helium, argon, and mixtures thereof.

9. A method of manufacturing a semiconductor structure, comprising the
steps of the method defined in any one of claims 1 to 8, wherein the substrate is a

semiconductor substrate.



