WO 2009/106433PCT/EP2009/051683 METHOD FOR FORMING A

TITANIUM-CONTAINING LAYER ON A SUBSTRATE USING AN

ATOMIC LAYER DEPOSITION (ALD) PROCESS The invention

Worgdategatdla method for forming a titanium-containing layer BRTARUREMHESES3

using an ALD (Atomic Layer Deposition) process. The new

requirements in terms of dimensions for the future generation

semiconductor devices, lead to the development of new materials with a
METHOD i iReslic corstam{I WigteR diclestice:nratenals areserpired$mCMO SiToMIc
LAYER JRRACE 1D Al ded 5 0Hfieh reaches its physical limits with a typical

thickness of 1 nm. Similarly, high-k dielectrics are required in

Metal-Insulator-Metal architectures for DRAM applications. Various metal

compositions have been considered to fulfil both the materials

requirgmeRisctkidaakage Suhranhansiatization fempPaailie.- ShaBing iayer on

trapping) and the integration requirements (for example, thermal stablllty
%ﬁ%ﬂ%&fﬁi\%w%@ﬁe‘%&ﬁ? T ﬁy?rm%ﬁﬁg%ﬁﬁes are among

the maskprewisiagueandidates, astfos instalice:asideoritaintg mixes generation

OXIde fil T|O SrT|O T|O 1103, Ti(OiPr)4, T| Ln
m%ongi} ?ed ar‘f’fgﬁa Ian%ndz;tﬁde an%eraeﬁé e)z}{‘r ; fséﬁ)nen r:%lé yith @ high

cgeimetauyc?ﬁrmtthl—bgmg arceinemtrselectd fznmrgmu@dil :gr@h@@l&’a device fo

?%&el@oo ﬁrﬁ&??ﬁ@&gée . pry sfclrtheIHIo c?ﬁtﬂ‘%%ﬁéﬁ&ga?"&ﬁ%é@f%ﬁ’ 1 nm.

titanium metals composition can a so be considered fo trode and

kAl E DA PP Reatitch seeuicecals THE Rl sEIRo MR I Sichistires for
AN fopdiMslectrodes s méanosRiaseifeRosiiR isdBe Maiiidered to fulfil

industrial way to depose thin films with reasonable throughput and

ePRBRABUH W@f@@ﬁ}ﬁqw\eé%a%&m@@v@rz’ﬁf@%aﬁ@aﬁ%ﬂmrature
@E@Q'Qﬂmrwm'mé@mﬁb@ (AdomimayerioeRositige, thermal stability

Met anic lha ide rsars arer uired for those process
T PRER Y SR 2o T I AP R B R g mos
Meefnsamsmdechmresufeorsamaenab@ Suctodépoiitomixed Helidesim, TiOs,

Hcib)asgl 3 T%CM%@“%%%%%@B# d ‘%’%L‘F\Eﬁ)r ﬁ,rpr%% 0r§e%&eéi7 among

ave e ely descri 0 et'al.[Journal of Applie Physm

lepeus)ide a0y rﬁ‘a\nfeafﬁraeé@:ﬂemmﬁ@sénwarr%rtﬁrﬁdﬂpmﬂ@psysms aging an

é%@i%at%%ﬁéaafvm% [Mgisnis!i fresRaralbSOce basymBPRas: ol 765
(2003) 47], evaluated HfC14 for the deposition of Hf02 bé ALD. The main

disadVaft ﬁ'é"ﬂ@@re’@@?f@ﬁtﬁﬁcw&rﬁo‘%ﬁh@éﬂé@ SheRsigagan also

tcélﬂﬁgésh@réeﬁ@slbmwm@ss@bsm%m@dLbﬁa"@ucmapsdal&in@r@&1 as TiN,
erf e hness that can be

%éf s;ﬁﬁtﬁ}%ﬁgh% rdp l%(eﬁr}}po%g 5?5? %€ products, depending

on thé@w@esm@m@th&a@mm%mdvemm Wy dasgegisg ki films with

QXA Ol d%ﬁ%ﬁ@rﬁ&i Bﬁé(bﬁ'g%tlfff”f‘ﬂ'o@et?&cﬂﬂﬂlfég%ﬁﬂ be MOCVD

properties. such as Hf 4, Zr(OtBu)4

W@im@m@)’@@@%{ﬁﬁ%@mﬁw } or ALD (Atomic Layer Deposition).

Mt’%@%@%ﬁ@ Gﬂ%@bﬁh@w&@é@%@‘é %gl*@t%s@ instanga by
Kukli et al. [Chem. Mater. 15 (2003) 22 andUPotter et P arious

NATHBRF R BB 1Y (580! @éﬁtﬁ{ F Gerapggadtcinyy borar@nsidered
#A.plfactossiike [éﬁamléact{)@mmm@n of the alkoxide ligand may

At HRERASE (SAh Lk B 1 VB FE R b (300 a7 sors and
@Wmmﬁﬂb«mammﬁﬁymy%pcehwrﬁﬁw tha! d)fl(ﬁ@ﬁlmdd?mlyeldﬁtt@? {2005)
pIERAROK AN e PSR HUENA g RUDMA M HIREA e 20,

been widely
Caymax et al [Material Research Sociely symp proc Vol 765 (2003} 47], evaluated

HfCls for the deposition of HfO» by ALD. The main disadvantage is the generation
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15 studied. The deposition of Hf02 from TEMAH by ALD was studied by
Senzaki et al[J.Vac.Sc.Techn.A 22 (2004) 1175] Kawahara etal. [JJAP 43
(2004) 4129] and others. Those alkylamides are both suitable for ALD and

woM@EMB processes and present interesting properties for distritpmtian sinees

they are liquid at room temperature (TDEAH and TEMAH) and of sufficient
HpdlineFushisrmares theys30Allgynreliipiss MDA WOMBERIWE . Those

for limited thermal budget processes. The drawback of the Group IV

CORPRMITER FRECERESR: P HRGH IMHcach SR eessI Ph R nPsafglingntal to the
fg‘@@icgﬂﬁimrﬂéﬁlW@ﬂ%}@f@tﬁ@éﬁ?ﬁydﬁéﬁtgﬁééﬁmﬁ_t_ ﬂgsﬁﬁm%%iu_riimﬂ&@ might be
IStrigution, can genera articles rn eposition, may.entall . .
T T RoEoR SLEr i ot T Dot £ JHakties, are rignty
dbeyrami25indhalfowiaslangécae frimiedALD temperature window, hence
duci ' ti (N 4 d
i the e e e e R N 0 Wfmmoe
(GomiTof-gisthibuiich eeipératbrerafiE &avis beore ehatwaigly, Seiblsimce by
mwtaéfo{@ﬁ@#ﬁlim@%&.awggd@zgrﬁ%%?sgm pRaxe 30 Q@W@nﬁwap.aep. 11

thermal decomposition. 30In W02007/055088, Thenappan et al. disclose _
{Bafiun 2d Hrssien qfafdaeaeseoRip Beantt their Spheatidrefdr-hydride

ARALRBASS dRROsISRBT(NELR) 2(AIRIFGNEI2IRISAIven a8 BXRIMBIE. A direct

Hafnium and zirconium guanidinates are however generally solids with
GRRPAFRESARONARRE HASCER AR TNV D0 485888 fhétnidlVac-Sc.Techn.A

Zraymoelriciangysisyane rmah nehvebtaibinfiNEt2) (MRt the oxide film for
i,'50(39é1064f’-,33PCT/EP2009/051683 CNEt2)2 in vapour phase without risk

PR tI%Bf(;(‘\féggﬂ{position and subsequent particle generation.
LehnetiyEviiE2(2008) 2803h &vErviddy cdetiiiA );, HI(DEA)) have been widely

is@rim zjdo)zircani i (NMe n .
T S
aEc¥ptabhe hastatlty {sul@ifialidn GrlokeeTirare gt abpdidl) it HPe4ert! 29] and

dhedisadyantags ahhging selidsk reemiemBe Ayt ng MERAL A cesses and
(Electrochem Soc Proceedings, 260, 2005-09, 2005) have introduced a

REE AR INEER T PIIPES S0 IRD SR NEIRR LG &S h N3 Endigd at room

téwmilstmealwmnd '%B@hais(ggﬁ@p@wi@ﬂﬁmme”' U%éﬁﬂiﬂimherﬂwore, they
iscyc ntadienylhisdimethylzirconum. They. allo icient ALD with an

RE SHTBITER BLDGE. Bt AR B (o S G HEC s eapesses.

Toptimizedson ditiote WRhoH2 0l s albyteattantpidowsees, HfCpaMeded thermal
i e HiCn2Me eltj int i

B T L R e P Ak noose

shginlyedutigt IsesinliEslsualivet eontamie ramfieigs shuirganssition, may entail

Jasiliasion and RISRRRS deRURS deliitkdlicreloncniadicny dervaliveshaveey do
recently been proposed by Heys et al. in W02006/131751 Al. However,

by . .
"PeyPUBIY pPedaittthadid N o imREEATSIgIN 4R alSB e sEriucing the
prigesstesicibindranceibalmay (Naitike.ashie RAGHPBHE in the distribution lines

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

in WOZ2007/055088, Thenappan et al. disclose hafnium and zirconium
guanidinates complexes and their application for vapor phase deposition.
HI{NEL L((NIPr-CNEt:), is given as example. Hafnium and zirconium guanidinates
are however generally solids with very limited volatilily. As exemplified in
WO2007/055088 thermal gravimeitric analysis, one may not obtain Hf{NEL)z((NiPr-
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20rate. Heysetal.inWw02006/131751Alhaveintroducedthe
bis(cyclopentadienyl)bis(alkoxyde) hafnium and zirconium family.
However, HfCp2(0Me)2 and HfCp2(0Me)2 has the major drawback of

wih#ityieelid. They present the dlsadvantﬁge to be thermally RistE®IM51683

thermogravimetric analysis 25 shows 20 % of residues for an end of

&amgi)gaﬁov&ba&%awemm@mdlgkawﬁoac@ﬂﬁﬁm ajusthia e anondysirialibsequent
%% 'lgr IS th(%h{l solid state. The main industrial options to enable the

tGF aﬁly uniform and conformal thin films with reasonable
throughgut in lEgh asidéntfatio siruct(f@s8dre teéghiqueswauch asdMOEAMD new

D
s L e SR B g
Ibuddetrasdegeneafollow aeserrg:rbﬁmﬁ m@anmiﬁ desetibectbytable volatility
&%E?Bﬂﬁ{a%ﬂbﬁ{ megeh T hihHmsgrovs by &H%%%é}%c RatgRAMLRUE of being

echnique also leads to insufficient step’coverage.
SHigoa GeAB RIPREf AP 8009/051683  The typlcal ALD process (e.g as

descripeghin RIEALAEMotidehihE LAJY. FNRBYG haverd3eposiitngs, 2005) have

Handbook of thin films mat als mvolves aseous reactants led onto a

BSHEES ) PrILeE Ut by Horr SRS RGP EEUNS, hbediym and
soeotants are inctaksilancotslyubeatbptetnaioniing i,

deco 05| ein AL he loss of the dlst uced b
oSS U B e el RPN, SRACAR S oA Ao
whieckuyfaceivedllitn 2are agifdimitedh wiiiGhraliolv thesdépositi@ioChig h:ipt:mized

é&HEﬂf%h%’\QIEPN%’%%' HIS. RISELIPIR VLS BV, %'egﬁﬁi SVie, are both

enough to be eaS|Iy transferred to the reaction chamber w eing

FRiCOApERED. Wawr@héif@gzmﬁsm@tmméteﬁoé@rﬁv@th‘m prevents IC
(FRRBIS A AILIRSREIIPRWIRGE T ARSIHALERASPRARLTAWER KAl&ing delocalized

containers  filling, and entail both facilitation and process issues. Liquid
dicyclopentadienyl derivatives have recently been proposed by Heys et al in
WQO2006/131751 A1. However, they siill present the disadvantage of limiied
volatility and also present large steric hindrance that may limit the achieved growth
rate.

Heys et al i WGO02006/131751A1 have  introduced the
bis(cyciopentadienyibis(aikoxyde} hafnium and zirconium family. However,
HICp2(OMe), and HICp2(OMe): has the major drawback of being solid. They
present the disadvaniage 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 {echnigue also leads to insufficient

step coverage.
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However, common group IV or V (Ti, V, Nb, Ta) based metal-organic
precursors are not suitable for the deposition without assisting the thermal
ALD process by plasma techniques. 15According to the present invention,

Wsgrprigisughy, it appears that in applying Atomic Layer DepogitigyEP2009/051683

techniques to a molecule which could have been first proposed for
Cr?]he_m'ﬂ:ﬁéVﬁ@@él%@@jﬂ%@e@ﬂoﬁﬂﬁt%gQié&?md;lﬁ@?ﬂflilmsﬂmdﬁ@@ﬂ M.,
e inconvenients cited above. Moreover, using such metal-organic
Rl ebr B, WRPERE at GHOROT 28 Bt b OB RS e TR gseous
efduighty. usdotmiccenfarbrtdten fimsuiSech slepositéan Wl restulgasanurging. In
ive carbon contamination an r step_coverage in high.aspgct
U RpRe R A e R AR B R ma st
MoTVDBHocessils theAbestibelinksndhteriisaotintdresting lyrowtrestey seaction
et PracessesRysneKerReeN R pIemente noraHRCQMIRG R surface

first embodiment, the invention relates to a method for forming a .
iRaEioRE caftaiRfig AIeR orfASiibsthall, the redriitesmpfisiightt |esdiorm and

thasters Cffirﬁé.pF%i@lLfﬁﬁ:@sVMtC%@mﬁmgeatéﬁ@S&@%p@%%W to be easily
compound of the 30 formula Ti(Me5Cp)(0R)3 (1), wherein R is selected in

TROYRSTR ChSGiRgAR RIb Ry BRI LSRR 38 daReTasGR: Moreover, they
mi(R10p) (REZ2I84| I3 wheretniiRl issselreteid droprdhpgroupreonsisting ibHensure
metg%l eltéwﬁlr,ois ro e,yl and R2 is independently selected from the group

& |sﬁﬁgi me hy?, ethyl, isopropyl or ten-butyl;, WO
200911064385PCMEBES2009L061688" V (b)) r¥achiby the)vapsed metal-organic

SIARging the aldeastone 1‘709’%%"%8 IRWAHA LU W % thermal ALD

substrate, according to an atomic layer deposition process, toform a layer
plogeshtaYURREBIR AN TéPhplex on at least one surface of said

substraig.drairth epmaee pribehe mhodimends HIRdRVanieR&sts ™athe applying
method according to the invention further comprising the step: ,
Atomic Layer Deposition techniques to & molecuie ‘which could have been first
proposed for Chemical Vapor Deposition, allows to get very good TiO; fiims and
solves the inconvenients cited above.

Moreover, using such metal-organic precursors by MOCVD at 600°C, can
not be suitable for the deposition of highly uniform, conformal thin fiims. Such
deposition will result in an excessive carbon contamination and poor step
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
implementied.

According to a first embodiment, the invention relates o & 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
formuia Ti{MesCp}OR}s (1), wherein R is selecied in the group consisting in
methyl, ethy!, isopropyl: or of the formula TI{R'CpYOR*s (11}, 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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c) reaction of the complex formed obtained in step b) with a reagent
selected from another metal source, reducing reactants and/or nitriding
reactants and/or oxidizing reactants. - The method wherein the vapour

wWOiderddh step a) further comprises oRe 10 or more metad (RIBTEAEpiecs3

precursor(s) to produce thin films containing titanium and M'. M' being
independemthngetestesbtsonpanyisithe trelernesddndhe guosmlntlef fdtsBila (1) or
ulpher (S), transition metal, lanthanoids, or rare-earth metals, - The
R S e rs St BNE ERb i i o 2
laydeastomedactionrjais iscsetec el front theagtote conisiny skibsubstrate.

hydrogen,fydraaen auliide,udragan seirnids,hydhogen telluride, carbon

monoxide, ammonia, organic amine, silane, disilane, higher silanes,
silylamihbg rofyorgrsasyeizgivelm dgmiRdEieccribrosime Baden:
chloropplysilanesimetal aleykaging. phosphingdiialky|Rosy YRR & reagent

ozone, water, hydrogen peroxide, nitrous oxide, nitro%en monoxide,
THitrodeh EREiEEC KIBDRBFE pRUFRE cORHGLIRg SBFAGMEHS B figiling reactants
SReiesxianchgaakinatiens thereof, preferably ozone or water. - The

method wheren e M oSSy SHRUIA Oy SHPRREes one

o‘Fi_(thm@p?z(ﬁﬁt)@@l(ﬁﬁg@pﬁ(@i@c)ﬁﬂ’a’@v{egm(ﬁ)tB@l)@@Ti@t}CfﬁM@El@&f&ii(Em@ﬁ)(an%um
| ; f . . N3: ) .
DR Rl SR RO SR s oo
AiIMECE ORI )E T (RTHY@MEsati Bt #IoEy 3eTi [ Bte gRUIPR)8 alS.
TECABWRACAME L ERIE TR GPRACTIGR BN gas
T|(|PGCg(OMe)3, Ti(iPrCp)(OEY)3, Ti(iPrCp)(0iPr)3, Ti(iPrCp)(0tBu)3, . |
WhRErSIALIYET AMIESE T ROV ES8 AR T B SIS e ERTIHE S HBHmcRBF NG of

H?@r@_@@ﬁtram@ddﬁo%@ﬁ? @J&g&%w@f@g@bly %@ﬁd@,gz@@m%mnwt@r@mhecamon
B B S YR LS AREE S Famines

diborane, hydrazine, methylhydrazine, chlorosilane and chioropolysilane, metal
alkyl, arsine, phosphine, trialkylboron, oxygen, ozone, water, hydrogen peroxide,
nitrous oxide, nitrogen monoxide, nitrogen dioxide, alcchols, plasma comprising
fragments of those species, and combinations thereof, preferably czone or water.

- The method, wherein the titanium precursor of formuia (1) or (I1) is selected
in the group consisting of:

Ti(MeCp)OEt)s TiiMeCp X OiPr)s TH{MeCp Y OtBu)s TI{EICp)(OEL)s THELCP)(
OiPr)s THELCpWOtBU)s . THCp)OEt)a, TH{CpHGIPr)s, Ti(Cp)XOtBu)a.
Ti(MesCp)(OMe)s. Ti(MeCp)}(OMe)s, Ti{MeCp)}(OEt)s, Ti(MeCp)OiPr)s,
TiMeCp)(OtBu)s, TI(EICpHTOMe)s, THEICD)OEL)a, Ti(EtCp}OiPr)s,
THEtCPYOtBU)s.  TI(Cp)YOMe)s, TI(CPXOEt)s, Ti(CpYOiPr)s, Ti{Cp)OtBu)s
THIPrCp)(OMe)s, Ti(iPrCp)(OEt)s, Ti(IPrCp)(OiPr)s, Ti(IPrCp)(OtBu)s, preferabiy
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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WO 2009/1064336PCIIEP2009/051683 - The method, further
comprising the step of purging excess vapor comprising the at least one
compound of formula (1) from the substrate, with an inert gas selected

WOfR8f tfed Froup consisting of hydrogen,%itrogen, helium, arffoEBAY/E51683

mixtures thereof. 5- A method of manufacturing a semiconductor
structur&reompstsing, tHerstepsoohtivei sivethddedefiapd an thergregenkcess vapor
invention, wherein th strate i emi quFi t trate. .
R "E[eS[c{F%;%hljee%%o lggsﬁ%o%?#%téﬁﬁ%&é%oﬁté?nfﬁg |r§s?bsrsfﬁ%%m%fgal§gr%sa%%:e’ with an
inedcgesors| detsaribomiyiehg folovang gdre el fyardenl 0iTngesCIorRa), argon,

%%W ;@Lss[pilé;:%%f_ The vaporization of the titanium source is realized
y introducing a carrier gas into a heated container containing the said

metal-séurEeingfe ebrtaneilyiatkapipheeted el efipeidturéomprising the

Apwingite gakihesashimalahsey ool ansfficianby anerpsessHECs ThGrate is a
carrier gas can be selected from Ar, He, H2, N2 or 15 mixtures of them.

SPRUCOHURERIGHPSEERe can be mixed to a solvant or to another metal
sourcé onégva impkiniguef themdpdbét ctitdainen Ebeziniamdiioes fozing metal-
anstance be heated at te ' T M

&le

£)

{ feentrol the amount of precursor

vaporized. To conirol ihe 20 BYAROIALAL Jeveldndhe. conRiNal dBEcing & carrier

pressure in the container can be modified. By reducing the pressure in'the

arsnigiifed, frRalederonvapR AfoHa0R M2 IRRnARN Jo6FE TAH TR inBR&SEGRINET IS

FhRRissSHER NS conatas-sandopipsiarrad gshangad i thetangg.rle at a
p0.1,’:’»3 Pg until 133 kPa, preferably below 27 kPa%The said titanium source

LHICKES YRPRIGATF UG- stAR W54Y/aBBR A AR REES RSB dfzdde THe: N2 O

repidipetal seurca ranbe miedtosasalvanin Hersnetitar wrhaairoe teaanother
be mixed to another met sourc%e The snai mixturg—:'aof meﬁl sources can

rﬂgtﬁ[ﬂ)?ga'rt%eaosrolyeﬁt c@”é%‘iext%refho?nsﬂ]o'ven;e %nsafl%e{itanu?mcggcltﬁ%:ﬂeeaacnan for
ibstanixe thécha stab ki ePheataidssoleatreag HefSHIECEO 1T thetrienpobly below
fapsist 8&%&%@@%&;{&9 a8 D URNERIENS: ARIIBE AN NE R htainer

such as benzene, 30 toluene, mesitylene, xylene, silicon containin
asslveat adissieg HexaaTHtRYIHISI GRagen hekdpremhyigisiararzed. To control the

detiampsibvisioneisiahul aMaining sebentfeskcihaseimaHisaifoxidencdified.

oxygen containing solvent such as tetrahydrofuran, dioxane. WO

By Gottissun S BFeRsE R b 108 fegieiner. the level of vaporation of the tiatnium

source can be increased. The pressure in the coniainer 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 1o a solvent. The said titanium
source can be mixed to another metal source. The said mixiure 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,
toluang, mesitylene,  xylene,  silicon containing  solvent  such  as
hexamethyidisiloxane, hexamethyldisilazane, tetramsthylsilane, sulphur containing
solvents such as dimethylsulioxide, oxygen containing solvent such as

tetrahydrofuran, dioxane.
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The said vaporized titanium source is then introduced into a reaction
chamber where it is contacted to the surface of a substrate. The substrate
can be heated to sufficient temperature to obtain the desired film at

WOseiffii@et3growth rate and with desired ﬁhysical state and cEP@BIIONDS1683

Typical temperatures range from 5 150C to 600C. Preferably the
tempeTagl rga‘mlmhaﬁ.&@@ Uﬂl?ﬁﬂltﬁﬁogoﬂ-rbh@ H@Qﬁéﬁh Cm@@%@@istﬁﬁ) by &eaction
lasma technique. The use sma technigues allows to ionize the
SHRRLROrVSHOF 4 o ARGR R MBS for HORAE arldarosate can be
lievpiray eotbeffieastivigrgldte saithvaparizeéderedalrsduice andidiidket growth rate
Ivity.of seou ecl ed in.the process. 10The methad of

R e S e B PR T R g e rom
Téﬂﬁép@siﬁﬂ@"@tit@f@mﬁab@m&iﬁirﬁg?ﬁmﬁf@m iSuttaioe offa sulbsirate450°C. The
semesgableast axosifionplihesulace pla %Hesgééeatﬁ;gﬁf%@ YBknniques

precursor described by the following general formula (1) or

PR P JBIUER I fr ORF FERREING RERARRHIR, Biuighigaeaetastdamfrprradicals and
hilEdmpriRrciaets detrgauce 8 IS dtianibim SOMAIRINGIEEIMOR e reactivity
surface. Example of reagent can be selected in the list: H2, N2H2,
GRS AT SRR S IMEPSIaRE. TSA, SI2C16 o any
chrlorasitanetrcchtdropotysitane inkeetbylalumindindZatstizion annmeaial plasma
Ikvl. BH3, B2H6, PH3, As trimethylboron, triethylbaron, CO

B S e R e S gt oot
asiriioisengpridiers Erapasid @t 00t rexisliringar edgeritb siantd tose bizteitiin phecursor

d@éﬁggegﬁbm& 13ROI QNP4 RO sHIPE g@g%i&%g%%éﬂé@%[&% from

them or plasma comprising fragments of those s ng species

TRENCHI SRS HEEINBr GRAEEH In FOGHIS RbidingiTgacinetal-sxygesuce a

theARnT B@rﬁgimﬁgtmrﬁﬁfh@ﬁ 198 WigrnventionpiRr ey es ROV selected in

ethods by 25allowing the use of lower temperatures an producing_

BigHE el oHim e BYTGr e Rt sty Selfaprbobd-SHGs or any
dAbibrpsosessovilbbierimlidsid vathiarhighglatempistuEnEt, Aneifiermetal alkyi,
vagtage is that the growth rate reaches.a good leyel with the process of .
R B R R BB e ot B o mines.
rﬂﬁ:ettime@mfo’mea_nsistsIaﬁmamnmgssngemmytaqitmﬁu-mggm. Example of
NEBRRAFARFHOG I eAenSiP L IRUIR{ILY B) ISR [EREI%00. no, N-0,

which depe

chambér with a reagent. In a temperature rangé nds'on the

(rsBlifser aeralaPBRlbit A Bhiweal ¢ BlRstEs caensising fragments of those
dfianien-reRMMBresHERMEI eachy InA:selklintied pranRBINEii®c  compounds
oG e S bandne

The deposition method, of this invention improves upon known methods by
aliowing the use of lower temperatures and producing higher quality films

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 consisis 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 onio the
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WO 2009/1064338PCT/EP2009/051683 surface of a substrate, chosen
without limitation. Preferably, un-deposited titanium-organic precursors
molecules are removed from the reaction chamber. The reagent

WOrHedwesd, reacts also in a self-limited fhanner. Once giictheEr2009/651683

complexes present on the surface of the substrate have reacted with the

defgent, giperies prersemovaddsomihiedeactionshamberdy Py Ie9akposited
s can for instance be selected within N2, Ar, He, H2 mixtures

The purge ga ]

P T R R S o) IR R ORI B B8 dE RS P i oS

Tiot neadifyitierchienedal seattivigodhthesinfadedditamatively, the purge

can be.realiz \% This pr s.can be repeated as many time

e ne A B R o PSR DR e

reeldie@ Mitbninre degivy e apRNgs, ARidiTgaeadtiio, hddigamgitsactatder by a
r IXtur t n in; list: H2,

R e SAGRAE €5 A ERN e SEIEClell DR e,

"PhiigresiRIHB Y cHIBropuTgsigas, B afgiBRIA N AN ZHESIS aREreeRdies that

@bt B33 b etiind cAisk Se i meshosoriaie tanberam, HOidpurge can be

monoamines, diamines, mixtures of them or plasma comprising fragment

TSPl Y Y M RS SR iR Th G S SEGEAIE L AR B Q¥INtYes 35 tirFRspary to
©2c03hE 2020 2 N @i dO2s N I0CH3EIH 0 anyeateahphrmixiilieied reactants,
them or plasma comprising fragments of those speci referably plasma

D R Ry 400 AT e K e ity B S O feagent
rastdkeosgitit=dom pgbaniis :cointaifirg ar2dhwitalraxigenNidndSiH., 1Bighe SisHs,

ebagiment, the mehod.afdhe B}@ﬁ'@?@p‘é‘%ﬁiﬁ}%ﬂmﬂ%@%ﬁ%iniurgll, ZnEty or

alternative Yy firsta titanium-organic precurs escribe e gener

FomaEE) A inkita rdadtdon Ehbmbhstind Sseeiyaosayeriteinaistssr, CO,
ek aaHERe dIAHS RROthek IR LEOHESE belgdniepsndenthyse t of those

from any other element in the 25 group I, lll-A, Sulpher (S), transition
THEEATSIaRRENBIR O o e A RN O PR FRERE TR dthidn Os H2O,

ieDendkOON G, precQrsat therrabstabilityaarshohy sigalipsopgritasmher plasma
said metal-% anic {%r%?%sors react in a se1Jf-Ii i

COMIDMS] en =0rS react S ,ted manner with. the
SheRigalthon S present Onto the surtace

PRI RS P FIRERIS Ha: NHs or
Ln-Oxibsitedametiiorganie! isreairstysha oledal ez gaeicecoovect fromc30tiaéning
mgjgwégrggﬁaThe reagent introduced, reacts also in a self-limited

manner: In another embodiment of the invention, the said metal

sourceisofeR RIMgRfdinieate % NIBAZePWIRGrdYRNaporResISEhE siidoducing
dnelakeesice-san ReMinachiganethri-metn seskreetng said Jakiie Shmula ()

metal sources can be mixed to a solvent or a mixture of solvent. The said

HhetAl0 R B RHPBE NP IPAARS B0 8/ IRRIRI ISP RIS 061053 0gge - This
stathibzencidiessaidsoyent caebensietieskiotesamptedranather grieuwient in the

GEETIR AL IS P PR SOt o 2
looataetenkreiarsubstate Wiehsdbseatts can Beeselecteddrothehearetability and
physical properties, the said metal-organic precursors react in a self-limited
manner with the chemical bonds present onto the surface of a subsirate.
Preferably, un-deposited metal-organic precursors molecules are removed from
the reaction chamber. The reagent intreduced, reacts also in a self-limited manner.,

in another embodiment of the invention, the said metal source is fed in
liguid 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 fo

a solveni or a mixture of solvent. The said metal source can be mixed o a
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5 consisting of Si, Si02, SiN, SiON, W containing film and other metal
containing films. The substrate can be heated to sufficient temperature to
obtain the desired film at sufficient growth rate and with desired physical

wstate/amdizomposition. Typical temperafure ranges from 158Cr orBOOGs1683

Preferably the temperature is lower or equal to 450C. The pressure in the

seaqfian chaamben iscroatioled te Leiehkindhedeairdmastiaheogiaiingnsisting

film at sufficient growth rate. Typical pressure ranges from Im Torr (133.10

BHTEVE (L XBOT O VRS AEPBIIHIREE: I one embodiment of the
inventitine theicaidpogialsonetel iscnixed 0 mieaciant Spasies rEetith theamber

reactian.chamber. In one_ embodiment of the invention where the targeted
B e L e A R BRI SRR B orou
etab by -oithideb the saill reaiCihht'\8peoids imoludénarsorygiesousts containing

hichyis selgcied: from, Y RELIKRIRAJgy 8?8%9%@49?&3‘?%5?@?8 BUGRIS (Y esired

's
instance 0 or OH), for instance generated by a remote plasma, 0zone

fity3) ah e TigeiNDowHolSis 2 (42 B e SiDED AhYGira b iBERIiATShteSTIRESition.
ratioRwhea the tangeted-metakbased filmo28 containamifragete Skiehature is

as for example metal nitride or metal carbo-nitride, the said reactant

ISREEY iRBYRIEX Tiffolyen BEUREBSHHTEN TS (S8 dERE RBnT BR St Infr@led to
alirggand Na}irammemna coydsaning rand-alkykriesivatives Nre@NtaEiyine! pressure

dicals (for i :NH2), N 02 i I .
NBSIHEN] B 108 Sk Aol HEal Rt et e Bgher-
contaifrs @mb@mbmmmfof éhxarmplentetalicarbrie mpa&t@tabwmomitﬂded o a
ibe said %ﬁ@&&%‘éﬁ&?@%@%%ﬁoﬂ cahap source which is selected from,
ited to, met

but not i ethane, ethane, propane, butane, ethylene, propylene,

t-butylEnenisehippeiee w4 the diceatithowhaiat bietHargs@stiomishéresed film
dbadargeiedmetal basad hm Sepntaing silico S\ RserExamPlge, the said

metal silicide, silico-nitride, silicate, silicocarbo-nitride, the said reactant

'SFEERES FRAGIES A SiHESPELORYESThRIVESRIBIRR IS RREHat HE TimRegnet limited
{0y §iRH B, Hidki@ehrilaidds BOMASSRIREAS; DPEEAS: iRbdHY2, generated by

IR DRTaf 4 MKy il SO S Ay SR L0

(OR3)4n ,ogt@rM&HMWW@@l@@@AB@iOﬁ@TﬁEﬁ@O@@E@B&&eta£ based film
R, SRS, s o R a b T ormmpnirise, e
At perrient pREoRa 0I6CEa OHEINEn, SEIHEE Wb braRelsstesr tpoliciut not
IRFREIRM I MARSI HINVRA, %-#%%r%%@w)%eﬁ%ﬁé, N-containing
S1H2(NEt2)2 and mixtures thereof. The .

radicals (for instance N, NH, NHz), NO, N2O, NO3, amines.

In one embodiment of the invention where the targeted metal based film
contains carbon, such as for exampie metal carbide or metai carbo-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, CCla.

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, SiHa, SizHs, SisHs, TriDMAS, BDMAS, BDEAS, TDEAS,
TDMAS, TEMAS, (SiHzlN, (SiH:)O, trisivlamine, disiioxane, trisilylamine,
disilane, trisilane, a alkoxysilane SiH{OR%).x, a silanol SHOH)(OR®4y ; preferably
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5 targeted film can alternatively contain Germanium. The
above-mentioned Si containing sources could be replaced by Ge
containing sources. The said first metal source, the possible said

WOsHgdhek#ktal source and the reactant %Be(:les are introducedizeepientizuhgs

in the reaction chamber (atomic layer deposition). The reactor pressure is

S@d_‘a@)@@fﬁﬁ gge mr?g@ fresrelanRors (L33) 10819 I%ag maasTgrreglsmww o
Prefera the reactor sur I etween 1 an orr

VIS 2 SR e N B S Balncine A Bar Bl ot @ ¢1-
(e mabtant sbemesq:othiee ?I‘fhmpur@eaym:s@an be spleicted porfetbelgronpDMAS

S s e SR b AL R erper

ipm@ée%cﬁtj?atﬁﬁﬁnsﬁéi’@m‘l@r%@ﬂ/ beflésn (BEREMOR. Thih eheve- memsoned Si
éé@ecmsry@rémééw@ma aﬁﬂw§%&@c@ﬂthanide and

rare earth metal source (Sc, Y, La, Ce, P source and is

selecteBe KR HHEHMEESOWER: tﬁ?&?@ﬁ%‘%ﬁ%@ﬂ@%@?ﬁ@@%ﬁoume and the
rek@tonalgsddaare introduced sequentialiy in the reaction chamber (atomic fayer

GG E R c o e e C‘g%%h#ﬁogn&%%s 10°
Hiapao, biaonched af sgclied, ﬁ&yclﬁ’mertadlﬁnyhén(%{ﬂpb(@%p),(rl%ap)wmpnsed
T B o SRR T e Rt the meta
SThiEcethetsh e mf@@@*@mm@ﬁmﬁ/@w@ aﬁ@mmmsm@@ﬁaimed from
tﬁ@'%&%ff&mm%%@%#mge%o +be ?ﬁeQFH%PaF%%r%@gpqrge gas and reactant

trimethylaluminum, dimet yIaIumlnum hydride, an alkox %}%ane

RIESIRORIRE JHERE S eRARFRS PEMRRRIPY 1f2] 495 aRteferally the pulse

dnﬁﬁﬁﬁrﬂ@%ﬁdﬁﬁ@b@h&@ﬁqx@g}@m either linear, branched or
cych(}gprefer ably Al 1R20R referanyAIMeZ(

IPr), an .
amido4lafigai®! f’omxf\fvﬁ ‘ée&S%néEB b%%\f&é% GgiR Srce s a
iaJmMMrendd*ermedehntlmétajr’sa;m:é)@car‘bdm%:ehﬁm Madthed linessurce and is

e sydiRand e hassl el mggfgﬂeta' OIS P rnates La(-

be a tun sten or mo denum sourc e o?her

@@ﬁ%@e}mﬁ)@@ﬁﬁfmm@o@f& s@eﬁ AETROR)H-6r-6HRSH- C(R8 C(RH-0-)
@keMdecgNtainiagMelaL 3T ﬁﬁ Y (NRIRM @ %9%&9%3 E%meteg linear.,

these species. The second metal source can alternatively be a diva

hirtaN a8 REEYPietePaBKF ISP NRE AR NG Cp)( °Cp) (where sach R'is
i?@EEH A3 HLBE 1 EP2QAD/05A6H3 dniinclented fip@abubneiiades-t@yciic),

TR B R or s SRS I cource can
drienedtiozly titaninnalihteb€ @g0Me)3nd is selected from, but not limited to, the
group consisting of trimethylaiuminum, dimethylatuminum hydride, an alkoxyalane
AIR(OR )3 (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 AiMe2(OiPr), an amidoalane AIRWNR R")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) 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?), or adducts containing these species. The second metal
source can alternatively be a divaient metal source (preferably Sr, Ba, Mg, Ca, and
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10MeOTiOMe OMe The synthesis is carried out. A yellow liquid is
obtained. The purified compound is analyzed by NMR. A portion is
analyzed by TGA. 50% of the mass is 15 evaporated at 205C and the

WOMBeaEis3s fully evaporated at 230C, with a negligible amoBRT GIRISRATAES3

(cf figure 1). It shows the excellent stability of the molecule until the full
Evppeatar terperaiwrerandidieemuchrnigherpalréitty sisthiscormgeiiedieny! or

compared to Ti OMe%a. :

ﬁ?s%\%f‘l' 9|£‘§} F@p%?ﬁ&manyltrimethoxytitanium 20 Ti(MeCp)(0OMe)3:
OMe The synthesis is carried out. A light yellow liquid is obtained.
i ig%r@gound is analyzed by NMR. A portion is analyzed by
5096 0T tfrie-mass is evaporated at 196C and the molecule is fully
evapofatsthasad 8Gyiwitherganmelligivis mnentrditragidubintetfiguse 2)itanium
ﬁ@@gm@g@@@qllent stability of the molecule until the full evaporation
temperature and the much higher volatility of this molecule compared to
TROMe)4

MeO—Ti—OMe

ORe

The synthesis is carried out. A yellow liquid is obtained. The purified
compound is analyzed by NMR. A poriion is anaiyzed by TGA. 50% of the mass is
evaporated at 205°C and the moilecule is fully evaporaied af 230°C, with a
negligible amount of residues (cf figure 1). If shows the excellent stability of the
molecule until the full evaporation temperature and the much higher volatility of
this molecule compared to T{OMe)s.

Synthesis of methylcyciopentadienyl trimethoxy titanium

Ti(MeCp){OMe)s .

MeO——Ti——OMe

Ohe

The synthesis is carried out. A light yeliow liguid 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
negiigible 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 molecuie compared to T{OMe)a,



WO 2009/10443312PCDEP2009/051683 Depositions of TiO2 using

this titanium precursor are carried out at temperatures above 400C,

showing the higher stability of Ti(MeCp)(0Me)3 compared to TROMe)4.
WeREgAMISkion of SITiO3 using this tita ftim precursor and PCI/EP2003/051683

Sr(iPr3Cp)2,THFx 5is carried out above 400C, leading to a stoechiornetric

film. 1Behoslimds ofl. MOnetlsinbfotHierrimgiartitapieoseontaireng:dayied out at

? U e, ethod. comprisi Ia%st .0f: 5 vidi

e T SRde SR 5 e ove

TRVBBEE)OR)EMewherein R is selected in the group consisting in

methylrethyls iRapiaRu: erpBDERIIME HARAPUIREL (W AHIPNE, THPx

is selected from the group consisting in H, methyl, ethyl, isopropyl an
i$ i%%‘éﬁ&@&ﬁ%&gﬁ%" rSRARE GroUp eBrERESY ih Hethyl, ethyl,
isopropyl or tert- 10butyl; b) reacting the vapor comprising the at least
one compound of formula (1) or (II) with the substrate, according to an
atomic layer deposition process, to form a layer of a titanium-containing
complex on at least one surface of said substrate. 152. The method of
claim 1 further comprising the step: c) reaction of the complex formed
obtained In step b) with a reagent selected from another metal source,
reducing reactants and/or nitriding reactants and/or oxidizing reactants.
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203. The method of one of claims 1 to 2 wherein each R is different from
one another. 4. The method of ope 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 25 films containing titanium and
M'. 5. The method of one of claimgvsto 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
selehids TSERERTCATIIBI 30 LABGIMHRRERIN ariten i FysHRs rate. the
meRpinecraneirtisiprashighessianes, silylamines, diborane, hydrazine,
methyl hydrazine chlorosilane and chloropolysilane, metal alkyl, arsine,
pho8pRIRY EREADGIBRT GRTGRMASBZ0Re, SRRb My BT GRigRoUnd of the
for?%ﬂfm%%aﬁg%g %@%??ﬁg??grﬁ@f%ﬂﬁ Wehe group consisting in
alco S mpyisin : :
meﬁ#&@m%mloﬁﬁaé%%eaf‘eé?faﬁbecé?ﬁmHﬁﬁiéﬁzﬁﬁ@@?&ﬂ%ﬁ%ﬁ@oP“ 5
selM@RI. from BinEhgmethedeiienagfialaimsAdmb, wheyeindberdgpivand R” is
precursor is 5selected in the group consisting aof: Ti(MeCp)(0Et)3;
89 é i&gl}gp%gpropyl or tert-

INdPRRASEHIORERAMEED J RS (RIE OB 63 FREWE b

butP(EtCp)(0tBu)3;Ti(Cp)(0EY3;Ti(Cp)(0iPr)3;Ti(Cp) (0tBu)3,
Ti(Me5Cp)(0Me)3Ti(MeCp)(0Me)3, Ti(MeCp)(OE1)3,Ti(MeCp)(0iPr)3
Ti(MECBHOIRS) ﬁ‘if’@{z@ﬁ)gﬁmgﬁ‘ﬂ@é%ﬁgﬁ%%?@?%@WEEQH%J of formula (1)

or (1) with the substrate, according o an atomic layer deposition process, to form

a layer of a titanium-containing complex on at ieast one surface of said substrate.

2. The method of claim 1 further comprising the step:
¢) reaction of the complex formed obfained In step b) with a reagent
selected from another metal source, reducing reactants and/or nitriding reaciants

and/or oxidizing reactants.

3. The method of one of claims 1 to 2 wherein each R is different from one

another.

4. The method of one of claims 1 fo 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, methyl hydrazine, chlorosilane and
chioropolysitane, metal alkyi, arsine, phosphine, trialkylboron, oxygen, ozone,

water, hydrogen peroxide, nitrous oxide, nitrogen monoxide, nitrogen dioxide,
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10Ti(EtCp)(0tBu)3, Ti(Cp)(0OMe)3, Ti(Cp)(OEt)3,Ti(Cp)(0iPr)3,
Ti(Cp)(0tBu)3, Ti(iPrCp)(0OMe)3, Ti(iPrCp)(0Et)3, Ti(iPrCp)(0iPr)3,
Ti(iPrCp)(0tBu)3. 7. The method of one of claims 1 to 6, wherein the

waempapatie of the substrate is 25C to 660C, preferably 38¢CHER2ED)51683

and wherein the atomic 15layer deposition chamber containing the

Sidpsisaie brsmPressuenng. FaRates133 kRaserefssally belew 2émbinations

kPa. %Thi&method of one of claims 1 to 7 further comprising the
T&%@% p?l']? ﬁ%b 858@%35&838anrising the at least one compound of

formula (I) from the 20substrate, with an inert gas selected from the group

consisting L YeiRgen, NIFaos dialium, ALOBn, ANGIGHIS INBIEOh oy roor i
9. A method of manufacturing a semiconductdr structure, comprisingthe
stepiast théhemethod definsdig afiy one of claims 1 to 8, wherein the

substraig 8 @ ARSEMISNANEIRN SHPSIRICp ) OtBU)s TIEICH)OEL): TIEICD)(
OiPr)s TIELCPNOtBU)s THCPYOEL):, THCP)OIPT): THCPYOtBU)s
TiMesCp)OMe)s  Ti(MeCp)OMe)s,  TiMeCp)OEs,  Ti(MeCp)(OiPr)s,
TMeCp)(OtBu)s,  THEICPHOMe)s,  TIELCPNOEDs  Ti(ECP)(QiPr)s,
THEICPYOWBu)s,  Ti(CoYOMes, TICP)OEt)s,  THCPNOIP)s  THCP)OLBU)s,
Ti(iPrCp)(OMe)s, THIPrCP)OEL)s, TI(IPICPYQIPT)s, TiPrCp)OtBu)s.

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

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

nitrogen, helium, argon, and mixtures thereot.

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

semiconductor substrate.



