COVPCSI TI ONS AND METHODS OF USE FOR FORM NG Tl TANI UM CONTAI NI NG THI N FI LMS
CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This patent clains the benefit
of U S. pwownsi/am®b application Serial No. 61/227,123, Pcras2an/0288dul y
2009. The disclosure of U S. provisional application is incorporated by
reference in its entirety. FIELD OF THE | NVENTI ON [ 0002] The present
invention relates to titani umcontaining conpositions and nethods of use in
thin filmdeposition Vari ous

organonetal lic precu Qﬁ%gmgég@%ff%%ﬁ)%éﬁgﬁo@ tric thin netal
films for use in t HORMINGAFLANPMALNTAINING THIN FENSZi t i on processes

are used to formthe netal filnms, such as chem cal vapor deposition ("CVD")
or atomic |ayer dep T I}§]9[ i | ayer epitaxy.
[0004]CVD is a Chem@gé%gg@g@?@ ET6b p‘gggmsor sﬁar eposited on a
subst r at @o0b] fOI’IﬂihﬁpSt@htl dlaihs nhd ibenefitl de a.s ypﬂwaior@JBpplﬁ@ﬁeﬁsseriaheJo
precursors are passed over a substrate (wafe within a | Qw pressure or

anmbi ent pHésslte fHledoni vhlekAH9er . Th%élsepé%rar%fo%s rpé%fe%wlaa%claxpahcad@emsfpose on

the subsiat6 S fASR %%itg}g in filmof deposited material. Volatile
by- pr oductgltpﬁe r vé y by gasm?-l w t hrough the reacti on chanber. The

deposited fil m t hi ckness carFIBeDJOFIFUINVENTEONt r ol because it depends on

coor di nat i aranmeters such as tenperature,. pressure as flow
Cobumee. oot A3 b Rieich “HErods oRCBRPBLOLTAIG EPREC iOB0SIALD 15 a
chem cal RIHREESSyMh fin BBRARFI@EFont he precursors during the reaction. The
first precursor is passed over the substrate producing a nonol ayer on the

substrate. Any excess unB@éBﬁ@EO@}M@LQFSBHEiIQWEENﬂéH\TOUt of the reaction

hanb h d d
i e nel @97 S S 8hslalic s R BERORG Mifoeaer Behel DT e °

first-fomerdfifrhd foreBe iM@e %él’ﬁﬁ:bfldﬂc@orﬁtidhfsﬁ?e Vamu§ d&pesltRni fFodeefRe atethet O
create a filmof desired thickness. ALD filmgrowh is self-limted and

based ontosipriade mpefak fijphssucl aeghpmigal) ﬁﬁﬁ%rdﬁp@@%@ﬁt%ﬁs) Phatongig ayss

2011/ 01159884 00! o Sha P bR asReRtlont app i cation o,

P2005- 17[0004] r e@VID3s & theanicalpro@s e dhpiebg preeorssrsf0¢ degritedio hembsaate tsapor
deposi tion. [0007] Eur opean Publication No. 0476671 A2 reports ol efins and
pr ocesse@r%‘i‘ sBp 6]&1;1'@1]]@1 ollBfg pical CVD process, the precursors are passed over a

substrate (wafer) within a low pressure or ambient pressure reaction chamber. The

precursors react and/or decompose on the substrate surface creating a thin film of
deposited material. Volatile by-products are removed by gas flow through the reaction
chamber. The deposited film thickness can be difficult to control because it depends on
coordination of many parameters such as temperature, pressure, gas flow volumes and
uniformity, chemical depletion effects and time.

[0005] ALD is a chemical process which separates the precursors during the reaction.
The first precursor is passed over the substrate producing a monolayer on the substrate.
Any excess unreacted precursor is pumped out of the reaction chamber. A second
precursor is then passed over the substrate and reacts with the first precursor, forming a
second monolayer of film over the first-formed film on the substrate surface. This cycle
is repeated to create a film of desired thickness. ALD film growth is self-limited and
based on surface reactions, creating uniform depositions that can be controlled at the

nanometer-thickness scale.



[0008] It is beneficial for a precursor to be in liquid state and behave as
a single material in the deposition process. The physical nature of sone
pr ecur sorwoi2e11gueivot hat they are solid at anbi ent tenperarursesioamssso | ess
suited to convenient handling and usage for deposition of
titaniumcontaining films, such as TiQ2 and TiN thin-filnms, in a

repr oduci bl e manner. Therefore, liquid conpositions and net hods of

i qui fyi ch solid Rrecurgors are e or thin fi]lmdepgsition
and havef@&]g/ nt A@%@er g@? IGHiony dlaﬁ-@% &1392 EPaH HIREnst g?spgf t he
resultin egﬁrg(ws%MsgnglchgB&sdegbgﬂOMen hi gh voI ume manufacture and

di stribution are considered MVARY OF THE | NVENTI ON [ 0009] I n one

enbodi meld007h cdipersin i Rublicaionf dfori (HGOaT k iA2aménomts calnfiad pindgprbédseasi for
provi ded. eThe cg osition conprises at |east one precursor selected from
t he grouPBBHE SNy of (nmethyl cycl opent adi enyl ) Ti (NMe2) 3,

(et hyl cymoogent adisepale)idial N\t@a?&?ecursor to be in liquid state and behave as a single
(i sopropyl cycl opent adi enyl ) Ti (NMe2) 3, (net hyl cycl opent adi enyl ) Ti ( NEt 2) 3,
( et hyl cipetespletit heidepgaition pinesst Y e I(héyﬁlﬁyll RAFEE ) SAME TG IOFTIS( VR 8t 3 and

(et hyl C%ﬁ%&j%?ee %1‘?&1 WE 1¥1,|b e};l Qe%e)rimfeg asIo e§5a§1§1te(ant% co V menttlrl| ndh and

cycl opent adi en con ainin |on co-factor er hé'at | east
one pr ecudageoror drdpemablm of heanaim-lceﬁsinngnﬁlnﬁ:sy@hd}pﬁﬁfﬁlil aﬁrﬂyTlNcmni ﬁlnm g a
l'iquification co-factor is present in amount sufficient to coact with the
at | east egrRsupiblsc BRBRS! “éh%reforﬁ disivig fampentions #d Retheds og diguifying Prebeur sor,

forms a édlﬂ”?f@c&@%oﬁbta{d‘%ﬁntaé&%%f AR & 588&1?%{; a8 Mave SdSRMRAS! fdron for

formng a titaniumcontainin Imis provi conmposi tion tonprises
MeCpTi (I\pzbﬂr)u&oandamﬂmgeastagemad cn;aokfepeﬁﬂaadneaﬂyhg tignidapracurgpr] dogupiokitioat i on

co-factor, se fromthe nsi stin 2, MeCpH and a
combi nat V8! lﬁ VB]g‘f“ © ARGt ggﬁf&?”élggtareo oggm adi en;c/:lo cont ai ni ng

| i quification co-factor i ssmggty @pmlwg}}%@}p on fromabout 0.5 %to
about 1%to co-act with the MeCpTi (NMe2)3 and in conbination with the

MeCpTi (N999B, florome ambrOanedlt,sa a@rePOSﬁt@ﬂllfp]r Ifnrnyleg aatn@mlh@rcmmdg ddmtis a

nmethod to || eastt one recur sor S8 epor Bhase
Gopoat t i B8P othe SR Blarc Pk 21 PEREHES Plssh®niBcied diofh LR Shou

sel ect edcdnisBthg hef qmurymg@r@bﬁttadﬂagyml(lﬁmmyl(@m«ylcgaapéraghlaﬁym NMBMBZ) 3,
(et hyl cycl opent adi enyl ) Ti (NMe2) 3, (1s prop ylc ycl opent adi enyl gétl\/EZ)S
( et hyl cg}tqp@@éfﬁrtyghrpéﬁtyriryrrrl YNENDHeR)3( et hy cyc(r@@bﬂmapm%d}emb MR

Ergt Egldcé/@l ﬁ%s(%ceg m%%ﬁtgt argaé@kg&og&}%{g rec rsor %MTI( a )Iselgte

one cycl @mmylayhlwtadmm)m(ml\m3,l iamdi fat Ccadasonow0- Eyatdpentadichel-cdntdninghe at
| east ong precursor to forma liquid conposition. [0012]1n yet anot her
enbodi mehauificationt ¢ofictos qthguinpy the af &8k Oh BIRCUEY, \ﬁmréms%r.aa least one

cyclopentadienyl-containing liquification co-factor is present in amount sufficient to co-
act with the at least one precursor, and in combination with the at least one precursor,
forms a liquid composition.

[0010] In another embodiment, a composition for forming a titanium-containing film
is provided. The composition comprises MeCpTi(NMe,);s and at least one
cyclopentadienyl-containing liquification co-factor selected from the group consisting of
(MeCpH),, MeCpH and a combination thereof, wherein the at least one
cyclopentadienyl-containing liquification co-factor is present in the composition from
about 0.5 % to about 1% to co-act with the MeCpTi(NMe,); and in combination with the
MeCpTi(NMe,)s, form a liquid state.

[0011] In yet another embodiment, a method to liquify at least one solid precursor for



(et hyl cycl opent adi enyl ) Ti (NMe2) 3 is provided. The net hod conprises addi ng
at | east one cycl opentadi enyl-containing liquification co-factor selected
from t he woaop/aoysi sting of (MeCpH) 2, MeCpH and a conbipnatisesobksseof to
the (methyl cycl opentadienyl ) Ti (NMe2)3 to forma |iquid conposition, wherein
the at | east one cycl opentadi enyl-containing liquification co-factor is
added in an anount from about 0.5%to about 1% based on total weight of the
| i qui d conposition. LOO&S In yet another e odb%yent, a net hgg to I%{;uify at
| east abBiit™ SoYBRGH PBAELAGPSIHRR NGEY & BR&IfEadi ety MY SR N VS FPEd i RECBIYi ded.
The et hpd.eoRpr isga addi NGodb h)égﬁﬁé%ﬁfgbol?f | '(Iﬂb'ﬂhfylc‘}é‘lbbé}ﬂacﬁéh IAGNVIeHavi ng
between 7 and 20 carbon atons in an anmount to forma |iquid conposition,
wher ei n tetfylcayetpantadisnyly BiNMsout 0. 5% t 0 dboptopslyblapedadienyl)di@Mewi,ght  of

au 1y e FERISblRngb 3 e s or 1 (et R By RS GRBRT A BT WIERRE2) 3 1 s
provi ded(eth%c[@%ﬂ@dieﬁ?mKN%Et)@dcﬂnﬂg (nmgaR1dpentabRnyl)Ti(OMe);.  The

(met hyl cycl opentadi enyl ) Ti (NMe2)3 in an anount to forma |iquid
conposi t methodwpppiises t gratacingetie pls lepgtienei poligh pagrvuer Witbnitaeist aWE5% t o

bout 1% el ght . . i_ui [ L 0 t
cbout 1 Rases a0 PUALELINL RS, Ll S ORRRL Lof ghORREIAT, e
(et hyl cfemapaniddirepysiton. (NMe2) 3 i s provi ded. The net hod conprises adding
dodecane_to _the (nmethyl cycl opentadi enyl)Ti (NMe2)3 in an ampunt to forma
liquid c¥bdki tilonet Hiodrsiembedincdbdemaihadite ligadiat feast ahouimtithPurerhiflabout
1%t b 9 ¥ h Wolth i L 6] |
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yet anot odi ment, ormng a titaniu m by
a vapor depogictapemapiengesataimngr byguifieationT h®-faetohoselesedr frems thsi pgup | i qui d

Pt by cyXRa: ok oayie HFEmnEhaha ) BLoEuIgRglasR RS Of coper ! ses
cycl open@&éﬁge%d@%.g%ugénpw&ww fol bl PMq6R- ARG RIoREWaekegf e AMehdie group

consisting o ' ' and a conbi nation thereof. [0017]In yet
anot her erbodlopentadienylresnkadeing fiqhidicationgcaafacior anidded com ainpumtdrdo bbeuty a

vapor de ition process i oVi The net hod .conprises using a liquid
precur soﬁ'g%ootﬁﬁgg?@io}éﬁ?se O@ﬁ%ﬁ%LWFWgF& taﬁﬂﬂmg‘r%%@? gg?n'conposi tion conprises
(met hyl cpooll SpentiagbemoieFieavBiR)cht, anghetob 6l 1iqGiay boRadtiabbitf I9TabLRKkOGA- f act or
ot her than (nmethyl cycl opent adi enyl ) Ti (NMe2) 3, wherein the hydrocarbon

| i qui fi cargtbylcxdopeatadismyD$i(pidMessnts iprovides. c ol snethed qompakseuriddigom about

0-5%“[))% i (%_@ C W% Ingul r 0, sition.
BRI EF Ko RERAGHEN shift [ by E?%E?“e‘h fgi%%ﬁ’é)ﬁgar?og%{nﬁ“c%ﬂ Ao
r epr esentodfoiran 1afuid banpaiicay wietein the anaduyis issrdnl @dgutdaia tdab@mnis aidedg
wei ght % vs. tenperature/tinme. The TGA overlay conpares TGA data using (1)
sol i d MeCHPAR N of thediduibessmeeNi®2) 3 + MeCp di mer i quid conposition, (3)
MeCpTi ( %]8 + 1 ﬁg@%%r lehﬂ)%ﬂﬁine(h@,@?@fhhh @y 1i3£]'§g & 1 58P b5 ISP pLiNoi THE
| NVENTI 19]1n various aspects of the invention, conpositions and
nmet hods an@hﬁcmn@athdie_myf)&(hﬁl\ﬂdzb3aiﬂ ipmmdfgnht ﬁmmglodio@h@mﬂscsi additg mlﬂdnbns.
L002011 1, 3 L1 oty Sy RRpe ey Tt VRS i o2 arhSur S Yo S 1l COMpbAord
wherein the toluene is added in an amount from about 0.5% to about 1% based on total
weight of the liquid composition.
[0015] In yet another embodiment, a method to liquify at least about 99% pure solid
(methylcyclopentadienyl)Ti(NMe,); is provided. = The method comprises adding
dodecane to the (methylcyclopentadienyl)Ti(NMe,); in an amount to form a liquid
composition, wherein the dodecane is added in an amount from about 1% to about 5%
based on total weight of the liquid composition.

[0016] In yet another embodiment, a method of forming a titanium-containing film



containing filmconprising at | east one precursor selected fromthe group
consi sting of

(et hyl cywbapantiazdvenyl ) Ti (NMe2) 3, (et hyl cycl opent adi enyPLTiuShiMe2Y384 (i S
prop ylc ycl opentadi enyl)Ti (NMe2) 3, (net hyl cycl opent adi enyl ) Ti ( NEt 2) 3,

(et hyl cycl opent adi enyl ) Ti (NMeEt) 3, (ethyl cycl opent adi enyl ) Ti (NMeEt) 3 and
(met hyl cycl opent adi enyl ) Ti (OWe) 3; and at |east one liquification co-factor;

wherein the at | east one liquificatiqn co-factor js present .in apount

suf i ci e 3 §3R%- LRPsifipe POV dt ey ?d'onqél_lepp&lﬁﬂdlsﬁ‘?rgp’%% UL Gt | on
with the @Eurk&aséorﬁﬁ&itﬂfn‘?c WiReLin ftRE miiqﬁid' ' Efébﬁirs&onp&ﬁbés‘it%h E&Qﬁrﬂe@s used
herein, the term"precursor" refers to an organonetal lic nol ecule, conplex
and/ or congbylaytlepentidiengDEuPM ofndf ot milengt aonehi eyclapenadiengl-guivdningt e by a

b eour sop el B GEET S BUE R B eBhg S min e S G B VBRI BT st ot o

at anbi egdmpigimerdéses and pressures that nmay or may not remain in this
state in the deposition processes deli ver(il system under the higher
t enper at 0%l enpn ogeanathesrambpdimey 2 rrikod ef Frmaye' a tiggnayrg-coptagping film

cycl open [ I | i wWhi ' It al.. As
used herféf%, g%%lﬂr (ﬁ%\?gﬁ 28r<'lir rgﬁqutlgmsrggfi &?hgﬂgq‘?eﬁlgoana&%l?l? Solllljsn% ggh@hg nmet al
cent er i predudrSorc oosmapariionon wherdih - hbadiliggid Thecekor ecohpesifisrec usimptissof t he
invention are it conplexes, [0023]1noneenbodi nent, theatl eastoneprecursoris
(et hyl c%ﬁftbﬁemlﬁtﬁnaaﬁgﬂny}ﬁfﬁlﬂﬁv&)ss@nd[ao@zdmaﬁb%lw%%@aiCf?efﬁ’ftg{ obgr thane

pr ecur sof,,l i oSt hew .er i .. two or
e e e L3 st e

pr ecur sopssant & thelcbohpasitdoh esameunt fieth tlwut RiSfHe fd dboudepdsised antotal lverigftor e,
surprisi nfgﬁlg . ﬁge inventors have found that at |east one liquification
co- f act off the HAtdmsraEroREPBPS Yt esent in the conposition co-acts with the

at | east one precursor BRIEF PEYERIPTHYND B TAEDRUWINGS f yi ng the at | east
one precursor. [0027] A precursor may be solid when it has been prepared to

ul tra- hi §18lr i tyguTHeised graphichhrepresertntiod omtrermogiginatri¢ easlysiof€Gpnecur sor
to be |i ified is . substantiall ure. "Substant.iall ure" refer o the

bt | oast SihaeBPRiTHEE e g Yoo Bie " 080 T eveblaY fontifies AL | onst
about 99dhH%o puie.(1)TRakd | MeChTRNMe,),:£a3] MECPTNMMLSOL, MRED akeuit liddkior | ess

contam nation., [0028] As used herein, the term"liquification co-factor"
refers tePrapasiisn (3 TigfMenemided¢cagel Hieideemphsiepn.i s capabl e of naki ng

certain solid precurﬁfgrlsAIL P§>§é@ﬁ)ﬁ(ﬂj{ "PHEiINX/E?\PILIUN precursors, into a

liquid (i.e. toliquity a so precursor).
[0019] In various aspects of the invention, compositions and methods are provided to

form titanium-containing dielectric thin films.
[0020] In a first embodiment, a composition is provided for forming a titanium-

containing film comprising at least one precursor selected from the group consisting of

(methylcyclopentadienyl) Ti(NMe,)s, (ethylcyclopentadienyl) Ti(NMe:)s,
(isopropylcyclopentadienyl) Ti(NMe:)s, (methylcyclopentadienyl) Ti(NEt,)s,
(methylcyclopentadienyl) Ti(NMeEt)s, (ethylcyclopentadienyl) Ti(NMeEt); and

(methylcyclopentadienyl)Ti(OMe)s; and at least one liquification co-factor; wherein the
at least one liquification co-factor is present in amount sufficient to co-act with the at
least one precursor, and in combination with the at least one precursor, forms a liquid
composition.

[0021] As used herein, the term “precursor” refers to an organometallic molecule,

complex and/or compound which is capable of forming a thin film on a substrate by a



[ 0029] A purpose of a liquification co-factor, as a snmall anmount of chem cal
additive introduced to a solid precursor, is to provide a |iquid source of
titani umwonbainizyg cycl opent adi enyl conpl ex precursorsPChatS2@enizssm t o
substantially the same standard as neat solid precursors for use in ALD.
[0030] Many prior attenpts to overcone the issues related to a solid
precursor require the addition of significant ampunts of solvent to the
solid prec In this in ficant apounts of solvent
results Y%Poéatﬁ%ﬁtonlﬂrﬁ‘i?ﬁ%ls"fﬁ g’;‘ﬁ? Pb%ﬁﬁafg glécﬁ,pgpwgor\,rg S 19 & RPe P eBur sor
for exanpkelid P@fel dueH!Ard %ylig8ine LsBAN 0P Oni-{ BRISsthB AR a§1@1@nt k&gseritDRR 2hQ% and
nmore particularly Iess than 5% precursor. In the present invention, the
rati o i spreesvwegsstbet may lor mvatnotfremammartbisestatab@me QU IBION POPCSS {55 delivapr wil |

be present |nt e fin | -The liquification co-factors of

the i nvehtiSh gle gherf%%%eﬁagﬁst%‘@? figheé‘?tﬁhge certain solid precursors

into a |fjopagd Stﬁf%@eﬁrrhg@p behay esa a,sct@p&lwa&etn@znt@ﬁS aﬁidr\ﬂlheh pEdRbab ai N the
eF

deposi tion process, ‘%‘0031 ]1'n sone enbodi nent s, i quification co-factor

i s a chetnsgiongaefiak i A& usei hereigodkiivoearber et@tnStOﬁéheereemebareéﬁeatﬂe) DRel f

lif f bout 2
e s F oA BE B 3o TR RS S AL NSl Lo R eyt
co- factoaire@caumrqm;de'sal n the liquid composition in aliquid state for

subst ant | alléﬁ the useabl e shelf life of the liquid conposition frominitial
li qui fi ck0f [00329nen s&MBOEMsHHI nethes, the [S3%ui f PB&t i AHEXEFactr has a
vol atili ¢ 5o hRRAY; Tﬁ@mﬁf simlar to the resulting liquid

conposi tél%enﬂyrllg:%r pee xanp “ZB R 2|%qU| fication cofactor may have a volatility
and/ or vi024] pr dssomeellnbwmehtsamlamde wiechisor 5 9rayEnt ih ehevalngtasitiony and/ or

vapor pr soli.d precursor at a typical usage te rature of
R RIS S O oo e BodimeRisr S o et S8 arr R s eaiR
Wi thin 2fGoaé) 75®ankhpSte @i ﬂ@@cu%yeateagﬁﬁuaﬁquesst b@tedvtaeﬂﬂlryﬁtrﬂgtepwq@&ﬂ ng

t echni ques, corrp05|t|onal changes do not occur that may result in | oss of
the addi Therefosushiprisanglyt e ipvegorsdare rfemsldhatoht flgagsoneTlgrbéasion, COrfactanot her

enbodi nent . the east o o-factor. can sy prevent th

or ocur sof Satendersi e BDm B8 CFREf - RIRT § I RiE el o1 o
carrier gﬁﬁlafttcpmgtatea)y\tapﬁryl QH@&ﬂlEzis@Bn@ @E@ss. "Substantially prevent”
means to prevent an anount precursor from solidifying where the

sol i di fi E42&hourt ptvmrsargnmfsbmt)h@wl}pnmtdek bsep esenasrsd tod ultrankj 2k A&t er in a
vapor ph i r it J ion
toP b ol R IE L NERREE e ORI G A or S UL A G

t enper at pure. aubhiathlly tphre’apfers pr #esitfienst sneepiealrsdiobdife aSld:EtS‘thbldﬂ 8172

at nospheric pressure and it is often called the normal boiling pojnt. For
exanpl e, PYRePASETYahyatdeash b IR e nNibeY 5. the ableggipme psuesorfyaabiWr e, in
Some i NS{@NGesskbniG@thaignadvant ageous for the liquification co-factor to
have a boiling point ranging fromabout 200 C to about 260 C. For exanple,
dii sopr o[ﬂpB&]enzeﬁmenshdshemmohé temg ‘Pigniftcatén 20BacEyr” Mefehsytbaychdpanbadiofne

di h il t of 200. C and tetrad h b I
o rr” 0GR Lo 0L 08 0L Bl 200, A1 SLiadicanc ooy 3,0 o
2011/0113\91%?@314&@%@1;1%@4@@%1@@@% (150, GRagaRRRS. the 11 qui f1cat i on

co-factor iS a material, such as a hydrocarbon material, that is capable of
liqui fyi 0§28bl i A pme@mcsfmrhql(lﬁezft@mrcecfactor as aesrrmylmm bfmhelniliqaliaﬂﬁttiaztei on
co-fact or ). g4 Cegyt rgcag(?rspre r fJcation cg Jmy cont. nCO rorrlrllnabout 7
to about "¥8EEHEN &P FoY exar?ppevéeh CH’%JCL, I’SB%I% aﬂ éﬁ%“ﬁh HEMEed as a
hydr ocar d@opeh@uichicadmpglex peechia6isahat Sdfima® WoGanallyUndegan @tanﬁzﬁﬂ rgdecane
or dodecane. Alternatively hydrocarbon ring systens may be used, such as
t ol uene, n‘-’)@?ﬁ@ﬁd)re‘tletqréfﬂfdtseﬁh@hphal ene (aka tetralin), decahydronaphthal ene
aka dec , 35 ment s,
'Ehe | quﬁifol cati on ré}c)}ﬁ g@gﬁgggééc}% oﬁlgnl%/gug?gerltat%-%cof]r?'lthglp?t?clrFSO?p%glﬂjeal t hat
i s chem thalddditidbinf (ffeirlgnflcéﬂt amduhe @t @dvens os thesmlhl piscirbaCphi) ﬂus Mefaptt,
(Et CpH) 2, Et CpH,. or a comnbi nation thereof. g herein, "Me" refers to
met hyl  ahting Benificahicpraoyrds af Ryvent gt %faltltlelﬂ%}ll FOI&PP%%HW CBUAHEt or 5
may be used to forma liquid conposition. [0037]1n one enbodi nent, the
liquification co-factor is (MCpH) 2.
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[0038] I n anot her enbodi nent, the liquification co-factor is MeCpH [0039]In
anot her enbodinent, the liquification co-factor is toluene. [0040]In

anot her ewbadiwam9s the liquificiation co-factor is dodecans201062584 | n

anot her enbodi nent, the liquification co-factor is a conbination of

(MeCpH) 2 and MeCpH. [0042] I n a particul ar enbodi ment, the liquification
co-factor is selected fromthe group consisting of (MeCpH)2, MCpH,

(EtCpH) 2, EtCpH, toluene, dodecane and. any conbjnatjon thereof. 043]1n
some enbidy 4R Brecgiipy 16he el PREGHITN <65 TRaRCROF - |o5° fhagtli ]ie_ﬁ*[ e
conposi t | @4 addQA8A Jatti QUGS 18IS PleBurs b MO he BRYEtih hkibh CRE kAMD is

co-factors are present in‘the conposition. [0045] The at |east one_
| i qui fi cevensed eushfthast for emargplebabaut 88%rir more tphesucsonpold be ipeaseitrin gire mdunt to

f | . qui. d itign, Surprisingly,. it b found that anl
ot | anbiaH SPGB RGP Ctatieres! B3 JEFoB PRy Rt °
precur soguitablRetefchte ortanesIDPEHcORDBEs, ifthea Alquiasdte OME: ek | £ahi on

co-factor is present in the conposition fromabout 0.05%to about 5% In a
par t i cul gbsanbdbi siegle matasial iy the depasitionedrpgegui fi cati on co- factor is

present gii}s%ﬁg gﬁ’ ’5‘6’8? ie\Ln[ibﬁﬁ'in{er Ps”lh%tifqlﬁﬁﬁc%uﬁn%cla-? &S’rol?.ta c%gc/ﬁlicépgdcii@veawflféflt her
particul ar odl nent, e'at Teastione Piquiiication Co-factor 1's present
in the cospasitatfect the @xpaddalitise@ble%htld 180 @fitthel Poec1804 6TThe erpeteeiminedblaent

the liquification co-factor is I\/bOpH)éZ, I\/bOgH, (Et.CpH) 2, Et CpH, toluene or
any conbisHtlitess WRisAIbHRbOUL A yermdo phout aoeds: iT8cisiuedhPng gbplineBiissitt i on

from abo}éﬁst%n@"oé#fgct&bé’alﬁt %lft’éﬁaélﬁ g;%gl.gidi&‘ c@rﬂg&‘?@én ﬁ”&f’ﬁﬁiﬁiﬁ%%tte fdrGbdchitahil,! cati on

co-factor i s dodecane an ane 1S present In the conposition from
about 1%htosebtruthelf 05 opide liqoid cnlppsiftioo froabmitial 1jwmifcaddout 5% [0048]1In a

parti cul f381™Og) TSR enbod 2R e 12fhificuBh 25 5&0: fl'a YA ndof LAY U™

pressure similar to the resulting liquid composition. For example, the liquification co-
factor may have a volatility and/or vapor pressure lower than and within 5% of the
volatility and/or vapor pressure of the solid precursor at a typical usage temperature of
around 75°C, particularly within 3% at 75°C, and even more particularly within 2% at
75°C. This can be advantageous so that when using bubbling techniques, compositional
changes do not occur that may result in loss of the additive such that the precursor re-
solidifies. Therefore, in another embodiment the at least one co-factor can substantially
prevent the precursor in the liquid composition from re-solidifying during use with a
carrier gas flow in a vapor deposition process. “Substantially prevent” means to prevent
an amount of precursor from solidifying where the solidified amount would substantially
block pipes used during transfer in a vapor phase deposition process.

[0033] Further, a suitable liquification co-factor’s atmospheric pressure boiling point
corresponds to the temperature at which its vapor pressure is equal to the surrounding
atmospheric pressure and it is often called the normal boiling point. For example, the
boiling point of MeCpTi(NMe,); is around 230 °C. Therefore, in some instances it can
be advantageous for the liquification co-factor to have a boiling point ranging from about
200 °C to about 260 °C. For example, diisopropylbenzene has a boiling point of 203 °C,
Methylcyclopentadiene dimer [(MeCpH).] has a boiling point of 200 °C and tetradecane

has a boiling point of 252 °C, and all may be used in the practice of the invention.



containing filmconprising MeCpTi (NMe2)3 and at |east one liquification
co-factor selected fromthe group consisting of (MeCpH)2, MCpH, tol uene
and any cwobnatimn t hereof, wherein the liquification eoTfisetion4i3ss present
fromO0.5%to about 1% of the conposition to co-act with the MeCpTi (NMe2)3
and in conmbination wwth the MeCpTi (NMe2)3 forma liquid state. [0049]In
anot her enbodinent, a nmethod to liquify at | east one solid precursor

| ected f t i Sti f (et hyl | opent adi 1) Ti (NMe2) 3,
(ot hy oytB0380n I B b0 B heRiap e YErSpan SO 1 RNE2) 3
(met hyl cyed-onemaagmal,) thid NEEmhBe( SRLAYIFENE |sORE Hradh @Ry (efdrfdiMeEL) 3,

(ethyl cycl opentadi enyl ) Ti (NMeEt) 3 and (n€t hyl cycl'opentadienyl)Ti (OVe)3 is
pr ovi dedhydroeriaet hgdficasioprdosiestotio mh dytiiongrboh diqaificheers to-taveorsody dongriecur sor

with at Least o cycl nt adi enyl - cont ai ni hg | i.quif.ication co-factgor to
form ot hedhoRn sy B S RGh B e bRk s o SRy fREfe
conpri seg @i hytbcABon MQaificagor e-faétol, eakh Nee&@b] Unidc@Rdl RBHIRAAO R

contact with the co-factor or (2) heating the at |east one solid precursor
and co- f éedesined urlinigptiygly lordregareon 1égentystenisipgax beusd, sushos tdpenes syleee,
precurso 1 -fa r, (3) I ti ar di pent,
option Z{Cfr\é}ﬁ%@r%fﬁaggglgfég%dc(%%y }eglégé)\’/e dllguge% Pﬁoélg]t)}ﬂIéB%% e afllggl cF’ogﬁa{gt er%gr ature
up to theuthibehieng apdinetitydéneci t her the at | east one solid precursor or any
one of the at |east one co-factors present. [0051]In. anot her enbodi nent,

the met hd¥3pLr ¢ Hersogsmsmbedimaagi. ¢ e tigpilisation EdMSting e¥rorsntadisask one
Soltd Preguiinge Miutde b AnldaARliR0FORAMhE ol @RSHER RIRRLRES, M X! NG

to forma substantially honbgenous Tiquid conposition.
2011/ 0112ROPET/(ESI0DE/ RCPBS 4r L0O5Hinatioa tharef. c LAansedrizodi Ve’ rdfhs tat | east

one solid precursos i.s substantially pure as defined above. [0053]1In
anot her %’ﬁ%@!g?ﬁﬁﬁ r‘ifWét%Ft?lP’]:ast one liquification co-factor has a vapor

pressurergoBshi N 2o éf/ai%re%bemac?&sinfa? b hged @SUrh b MGuld Qeigds@BAPOSI ti on,
particularly about 3% and nore particularly about 2% [0054] 1 n anot her

enbodi mel¥0371 he Tapn¢ embedioaat, thedujufficasion gorfaasorfia Ve pHy. a

cycl open Lbenyl-containing.liquifi.cation co-factor | ected fromthe group
consi sti f@g%f (I%&?r}i;*?,e%o%fﬁfnq(%f’gﬁ?—#]f?u%}%{ac%ﬁ&g %%@P onbi nati on t hereof.
[ 0055] | n[oBag} henn endhel dRsidiméhethalighigratioraeraciog tiveasi on co-factor is

present 1n the conposition from about 0.05%to about 5% particularly from
about 0. 0¥0b adeanotBeseahpdiraend. tha lighidigiaden gofacien iadedecanc.5% t o about 1%

g0056] Thigoan] N R LRI B imeh I h@t 11 EASHIR"Eo- MY 1d GaLSRRinGSod agtor 1S
(MeCpH), and MeCpH.
[0042] In a particular embodiment, the liquification co-factor is selected from the
group consisting of (MeCpH),, MeCpH, (EtCpH),, EtCpH, toluene, dodecane and any
combination thereof.
[0043] In some embodiments, only one liquification co-factor is present in the
composition.
[0044] In other embodiments, two or more liquification co-factors are present in the
composition.
[0045] The at least one liquification co-factor must be present in the composition in
an amount to form a liquid composition. Surprisingly, it has been found that only a small
amount of liquification co-factor is necessary to liquify the precursor. Therefore, in one
embodiment, the at least one liquification co-factor is present in the composition from

about 0.05% to about 5%. In a particular embodiment, the at least one liquification co-



cycl opent adi enyl -containing liquification co-factor such as (MCpH) 2,
MeCpH, (EtCpH)2, EtCpH and any conbi nation thereof; and the at | east one
cycl opentwdizenydiconat ai ni ng liquification co-factor is pPeTars20i004138€
conposition fromabout 0.5%to about 1% [0057]1n a particul ar enbodi nent,
the nethod is used to liquify (nethylcycl opentadi enyl)Ti (NMe2)3 and the at
| east one liquification co-factor is the cycl opentadi enyl -contai ni ng
l'iquification co-facto CpH.. [ 0058] [ nan e rrb0| nt, the thod is
used to ?aF?ffﬂH? yre(sﬁ%tlﬁyfﬁ‘ﬁf(BF’&B%lﬂchﬁ%ﬁL?% (?W?e & hebngh ) g Awitheg e
liquifi Cﬁérhélﬂalc%n{b%afn%nt' $hd he ry&! Qﬂ@rﬁcﬁﬁ'ﬂl&aﬁﬁh G&F&c@dr”ﬁan)rés'eﬁltu'lﬁ' f@ation
co-factor, (MeCpH)2. [0059]1n a particul ar enbodi nent, the nethod further

conpri se@ommttmtfrmgabm Oaft% It@dmutd)%e solid precursor with toluene to form

the Iiquj rrpS|t|on I omabou %to 5% ne may
b’ usod THEETP R b Biedim e THE bl oBiFasfit 1o RRIEHHP AR

co- f act ofEtCpHME ERCAH, ddiukie bghyPéddeiin. thé@O6@hd theaddOtabRF 159;5?@@@& Ieme, a
method to |1 quify about 99% pure solid (net hyI cycl opent adi enyl ) Ti (NMe2)3 is

provi dedCOWIt@tfmab@ﬁ@rﬁ%ésaWﬂ%g at |east one
| f f | f
cyc ppep&,gngn ( (%ﬁt)ﬂ%l ”%?é%) gyl Théatd f‘ca‘f’%n @ocf {or ﬁ 8?&&3?1}{: .88 fpe group

consi sti and a co i Rat! on

(et hyl cysleopenis gaésentyin) the (CHMpaYiBok rohoioud 1% q:ualﬁbwdﬂﬁzowtticﬁﬁﬂyvﬂﬂ@ﬁel n the
at | east one cycl opent adi enyl -containing liquification co-factor is added
in an anthowt fr8Palolft 0. 5% to about 1% based on total weight of the

liquid c S’F' tiy. péh Q@aﬂs oéﬁ en@rhoé osﬁ%P?QFfS%{Hed 8 %?rhﬂl%da ttltﬁ hhﬂ“' fy

about 99A) pure soli met h opent enyl) Tt (NMe2) 3, e met
conpri si mtanlnig nfylna cbyqum@r Isibﬁlplh(wdéz)scamd an lent fomet liquifieationgcbbcween 7

and 20 ca in an anpunt f or Lqui d.co ition, wherein the
oot SR RSB Orons ket Mao ik oueb R SuSeed ey BmREoR Gui d
conposi t {eRof, [@Q@raﬂnl &eyﬁc}mm%hecro ﬁ%@qg fﬂS?é%Em BoRebBodd avbdidcait for ﬁ@out 99%
pure solid (net yl cycl opent adi enyl ) Ti (NMe2) 3 is provided, the netho

conpri si egnpadiong te oreredte With tthe MebipHyiNYe)opedt i emybinpatiqoNive!) 3th|en an
anount t ition, wherein the toluene is added in an
anount f&%@iﬁh@?e%oflés}n@g qggpstsﬁtel% based on total weight of the liquid
conposi t j0089] [ 008 3nbthey &intvanhdie! aembOEl nBNtiquify AB1dEd oh® sbiigWrbduradpout 99%

pure solid (nethyl cycl opentadi enyl)Ti (NMe2)3 is f?r ovi ded, the nethod
conpr i si $eciddi AprdodEeangotp teRASHRE hyfrfcyéllnétﬂié V@GP@W}dl‘}HMD(TNW?QS,l n an

amount t S tion, wher T'i‘ﬁﬁﬁ |n an
anmount f&tﬁr%(P émo%f: Mf@lébg)f out “B% based on S%P Ito?ﬂ/\g?lgﬁ‘%ﬁ&ﬁ ‘1@

conposi t(mhyl[:ﬁﬂ@ﬂ:htaﬂleﬁmbﬂ"ﬂhlﬂtﬁﬂbodl ment of(mbih@ldyalwﬁéﬁtadamylmﬂmhﬁd3,of
formng a titanium containin a_vapor deposition process is

provi ded CtphecIRPERBEICE YA IN Vs goaélrlii\i@em&ya oprRfadignyy HEdMesr s Pt ti on to
a substrghe MRS %Iﬂpltl&@ édn%hgg RhEQHNSRE one solid precursor with at least one

cyclopentadienyl-containing liquification co-factor to form a liquid composition.

[0050] In one embodiment, the method further comprises either (1) heating the at
least one solid precursor before contact with the co-factor or (2) heating the at least one
solid precursor and co-factor during and/or after contacting the at least one solid
precursor with the co-factor, or (3) both. In a particular embodiment, option 2 is
employed and may involve heating the material to a temperature up to the boiling point
of either the at least one solid precursor or any one of the at least one co-factors present.
[0051] In another embodiment, the method further comprises agitating after
contacting the at least one solid precursor with the liquification co-factor to ensure

adequate mixing to form a substantially homogenous liquid composition.



conposition conprises a precursor selected fromthe group consisting of

(met hyl cycl opent adi enyl ) Ti (NMe2) 3, (et hyl cycl opent adi enyl ) Ti (NWe2) 3, (is
prop yl c wolopenizdi enyl ) Ti (NMe2) 3, (et hyl cycl opent adi ergr)Useqidas B8,

(et hyl cycl opent adi enyl ) Ti (NMeEt) 3, (ethyl cycl opent adi enyl ) Ti (NMeEt) 3 and
(et hyl cycl opent adi enyl ) Ti (OWe) 3; and at | east one

cycl opent adi enyl -containing |iquification co- factor sel ected fromthe group

consi sti (MeCpH) 2, Me Et CpH) 2, Et conbi nati on._thereof.
WO 2011/ 8’%%9%‘? B‘ilé?fo%g%dd&ﬁ@t@é F“nleé[St II%{FX"é%o‘ai H@Sﬁi‘n taflpe
l'iquid ppaeyYs adineaQBp@si tion to formthe ti tan| umcontal ning filmfurther

conprises toluene to liquify the precursor. For exanple, from about 2%to
about 5%008BLiendn magthat smbbdinwdtietble tap ldnel pnd ilqumfrrcythrheo ﬁacmrdtasoar VaH0®066] I n

anot her parti cul rovi de tit

cont ar ni Bgoers MR S08Ra R enelT T o 1By bRulER Hani rbrostiat Apbieb @y ™
de|Iverlﬂgm@3%JQMjﬂmpgﬁﬁM&ﬁijgﬁﬂpQ%ltlOn to a substrate, where the liquid
precursor conprises (methylcycl opentadienyl)Ti (NMe2)3 and a hydrocarbon

| quificE0Pdh cdnf aratesr, cbetiaant.t e Hydicgstaroponlifyiggatianc soifaeforoisf act or i s
pr esent i ed on
Potar ey P EpaRIROR e sRuRTRUGH co BRI AR b U BRE Son B o ™
hydrocar@ﬂaCﬁHQuNkaHIGﬂ@pﬂmfE&Qﬂ@aﬁdm@M&mﬂﬁmﬂmth@ﬁssed previously, such
as tol uene_and dodecane. used herein, the term"high-K dielectric”

refers t@08at dp ﬁ&?thersqmdagﬂa @F@éﬁﬁﬂrﬂneélﬁyléicm%cﬁqcmr lwrpﬁﬁnalrmhsher
di el
I el ect r&&nﬁd%ﬁ%a%m(:ﬁ V@@%Ctgr%&-@ﬁt_e}%l @aﬁhﬁl‘aﬁg@% gﬁ&kg?. {9phh GBoltasy, a

di el ectric constant o al l'y, electric filmis
used i n sshmoeducutnlyaorofabodtlrd%ago pﬂnqmé%es to replace the silicon

di oxi de dielectric Kd| ect ic fil may be referred.to as
navi ng alUORbh- R g% & BpERPIRiRG I 9Bt rEnNeatn; €[kl s 2a gat e
mat eri al c@NhehRdica}l-dRRihing. hiqg{f%u@h el:@@écrtdrc GeRNShaNtMECA)S| Me@m

di oxi de. T0068] As used herein, the term"relative permttivity"
synony ro(RCHh EdCpHl swtirany coorhinagion tbm)eof [2D0 6B Aslaaste@hdweYCé@mntaﬂRka erm

d vl f
techni querttinedGuBRRRE Sadtsor § BrabT st Syt A LB R Eh O PRI ATE R, o
may takeighe formof liquid injection CVD. In other enbodiments, ALD may be

ei t her photo assisted ALD or liquid injection ALD. [0070] The vapor
deposi t i M95pk ocdBsex dfaftﬂqﬁléafl nvehedipRnt. subR amelpt aid oD, &an liggiflised to

for m VarLrﬁéﬁZ%E*ctl(g%h&me% g‘tﬂ}l{%a thel b st Ot ﬂag%g%gc%nah Plctdfehaphe O de

es us ohe of the or i C precursors
rrentl One@cﬂ@feﬁlaﬁl,enplacfdnltaimhgIhlqylf(cﬁﬁdilhqd fiyoirodedpHdi enyl ) Ti (NMe2) 3. The film
can be forrﬁT&M bﬁ the liquid precursor conposition i ndependent ly or. in
t

conbi nat {09 a @Boehct HAPOYRSRE be theef ePFE8dt 0 s BEpr deur digmify
Exanpl es C r e ydr @gen,
hydr bgen. B E R R URAGH AN U e el B B A B e
bor ane, @cﬂmetadmngaln@pnmamlag)hqmﬁwmmad:q tatarh@MegfH),..[ 0071] I n one enbodi ment ,
the Iiquj ecyrsor co 03| nis delivere o the substrate in pul ses
2l ter nat l5Pr T i o BB o BRige s pistioe et et kG g gty | 1 m
Exanmpl esje@ft onbl GHlid¥08R01SOHR E2enens Foteeihe MO mdsMohatHo® Bxadfle, fréld or

ozone.
about 2% to about 5% toluene may be used in addition to the cyclopentadienyl-

containing liquification co-factor to help liquify the precursor.

[0060] In another embodiment, a method to liquify about 99% pure solid
(methylcyclopentadienyl)Ti(NMe;); is provided. The method comprises adding at least
one cyclopentadienyl-containing liquification co-factor selected from the group
consisting of (MeCpH),, MeCpH and a combination thereof to the

(methylcyclopentadienyl)Ti(NMe,); to form a liquid composition, wherein the at least



[0072] A variety of substrates can be used in the nethods of the present

i nvention. For exanple, the liquid precursor conposition nmay be delivered
for deposwOizon/amgubstrates such as, but not |imted t@®@cTdaiskeloom3ssilicon
oxide, silicon nitride, tantalum tantalumnitride, or copper. [0073] The
ALD and CVD net hods of the invention enconpass various types of ALD and CVD

processes such as, but not limted to, conventional processes quuid
i njection progﬁssei and photo-assi.st ed esses 0074]1n o odi ment ,
convent i OMatYc RACHY PP lﬂlruélcﬁé%% F‘Pﬁéﬁ Hldsd 1 A P}“?t 95%? Pt he

l'iquid p@@%Mb%@Bu@ﬁﬁB&&ﬂkhQGml%@gh@&ﬂﬁ@ﬁ%egQ%hlGMEb@rocesses see for
exanple Smth, Donald (1995). Thin-Fil posi |on Princi pl es and

Pract i cel00OREG ava Hvdtl anofl@0 78hhadimnust e megsloté epify dbagti Y% rjueetsobd CVD i s

used to thin filmthe Li.quid precurs

conpos: I Ryt S EENEREP B ameliodbPBRTEdd §Ble i X3 eeshs

i ncl ude, lltgl—iflcz@foﬂ dboﬁacﬂo!r Maliad HeBiechl) aUbStdasicd AtERPEA AhUWnRund @O 1H@DE on

Si (100) ( ). Evaporator tenperature: about 200C 3) React or pressure: about

Snmbar  ( 4)quid gamgopities uyiesein teypmguprie dipns aboutili e do2bewt X besy amiosdt i on
rate: ab&g%hggwﬁgﬁgéd%nég%mpgﬁon fIOM/raFe about_200 cnB mn-1 (7) Oxygen
ou

flow rate: (8) Run tine: 10 mn [0077] 1 n anot her
enbodi mef0s2photin- pssimtied avbdisetsed rﬂeﬂld‘domcmlalurf@t ghout CINTE apuné N@litthi n
filmusi anetitlﬁgycll(i)p%ntaghe%r}de)%y(lr\ﬁ\/([)erﬁ3C12 r{)egvslded the method comprising adding toluene
to the (methylcyclopentadienyl)Ti(NMe,); in an amount to form a liquid composition,
wherein the toluene is added in an amount from about 0.5% to about 1% based on total
weight of the liquid composition.
[0063] In yet another embodiment, a method to liquify about 99% pure solid
(methylcyclopentadienyl)Ti(NMe,); is provided, the method comprising adding dodecane
to the (methylcyclopentadienyl)Ti(NMe,)s; in an amount to form a liquid composition,
wherein the dodecane is added in an amount from about 1% to about 5% based on total
weight of the liquid composition.
[0064] In another embodiment of the invention, a method of forming a titanium-
containing film by a vapor deposition process is provided. The method comprises

delivering a liquid precursor composition to a substrate, wherein the liquid precursor

composition comprises a precursor selected from the group consisting of

(methylcyclopentadienyl) Ti(NMe,)s, (ethylcyclopentadienyl) Ti(NMe:)s,
(isopropylcyclopentadienyl) Ti(NMe:)s, (methylcyclopentadienyl) Ti(NEt,)s,
(methylcyclopentadienyl) Ti(NMeEt)s, (ethylcyclopentadienyl) Ti(NMeEt), and

(methylcyclopentadienyl)Ti(OMe);; and at least one cyclopentadienyl-containing
liquification co-factor selected from the group consisting of (MeCpH),, MeCpH,
(EtCpH),, EtCpH and any combination thereof.

10



[0078] I n a further enbodi nent, conventional ALD is used to forma netal -
containing thin filmusing the |iquid precursor conposition. For

convent i ovel20awmdime pul sed injection ALD process see f@ecTawsanplog23s£eor ge
S M, et. al. J. Phys. Chem 1996. 100:13121-13131. [0079] I n anot her
enbodi ment, liquid injection ALD is used to forma netal- containing thin
filmusing the liquid precursor conposition, wherein the |i qui d precursor

conposit] js delivere he. reacti on chanber by direct idinjection
as oppos ﬁ@gjo g’boar PRffig a‘b)?”%’ gﬁ‘b%‘it’e&‘ B [RrGRY P | SRRSO tﬂqﬁ% ess
see, for@XRMREShtaiRRIBM Brthdr con§rise@oluedB 8MiqMAPhe PeRABILT BBy ex%gﬁ)'l_’e

11(3):159. [0080] Exanples of liquid injection ALD growm h conditions
i ncl ude, fromtabants? % de abhqutd fretdlucoe may plsSibissdderd © hegmperifit the erecaBOr. 300C on

Si (100 t t t bout bout
Srbar { A00B5E A 3Peler bETERRS RSP REE AT it oot RAc dprrf &y RO on
rate: ab&iﬂtmﬁm?@ﬂﬁtﬂyszﬁvélpoﬁrﬂeﬁd&htﬁﬁﬁplﬁé’&sk 8hd hetfoll doRfpiisingafelileaw £ By@d about

200 cnB mn-1 (7) Pul se sequence (sec.) (precursor/purge/ H20/ purge): wll
vary accRiceiisef teonealioar t8i Ae. substrate, ~wherg) thqurkiid oPresyesoes compliesvar y

accordin e [ i t quid

pr ecur so@n&ﬁ 1932 elﬁgdrc]i élng glc]}}f‘itég’ %%ir mhgglt%ljcygﬁflg COJ&PQ?&BEQ& i I\ﬂq%lgélhl iquid

i njecti otmeAl;Jarooahﬁjhehdjmﬁmlohi apuifadtoprie @uess ol irC ciepasndsaioni Mﬁ&l!ihtlfﬁ@:ﬁ as the
injection material. This can be used to access high growh rates and renove

excess sHWeMO% dquahoshek dasedoprs9tnh waieht 196rthe dsdisl R@ﬁvrsobﬁ%%O%%% st ed
ALD is UE%In 185 EPEﬁEh%JH%c%!rbonCH ifit ol %ol Ak d hdVA BE3h Qﬂsch&%dlp'{w&g Wil e,

pr ecur sor osition.” For phot 0-assi sted ALD processes see
U S Pat Bmh aleue;h,eFaﬁd dad&ane.
[0067] As used herein, the term “high-i dielectric” refers to a material, such as a

titanium-containing film, with a higher dielectric constant () when compared to silicon
dioxide (which has a dielectric constant of about 3.7). Typically, a high-x dielectric film
is used in semiconductor manufacturing processes to replace the silicon dioxide gate
dielectric. A high-k dielectric film may be referred to as having a “high-« gate property”
when the dielectric film is used as a gate material and has at least a higher dielectric
constant than silicon dioxide.

[0068] As used herein, the term “relative permittivity” is synonymous with dielectric
constant (k).

[0069] As used herein, the term “vapor deposition process” is used to refer to any
type of vapor deposition technique such as CVD or ALD. In various embodiments of the
invention, CVD may take the form of liquid injection CVD. In other embodiments, ALD
may be either photo-assisted ALD or liquid injection ALD.

[0070] The vapor deposition processes of the invention, such as ALD and CVD, can
be used to form various titanium-containing thin films, such as metal or metal oxide
films, on substrates using at least one of the organometallic precursors mentioned herein,
particularly (methylcyclopentadienyl)Ti(NMe,)s. The film can be formed by the liquid
precursor composition independently or in combination with a co-reactant (can be
referred to as co-precursor). Examples of such co-reactants include, but are not limited to

hydrogen, hydrogen plasma, oxygen, air, water, ammonia, hydrazine, alkylhydrazine,

11



[ 0083] I n anot her enbodi nent, both liquid injection and photo-assisted ALD
may be used to forma titaniumcontaining filmusing a liquid precursor
conposi t iwo 2daganidbed herein. WO 2011/ 011299PCT/ US2010,02233¢10[0@13841] | n
anot her enbodi nent, pl asma-assisted ALD nmay be used to forma titani um
containing filmusing a liquid precursor conposition described herein.

[ 0085] The net hods of the invention can be used to forma variety of
titaniu containing filns usin | i quid precursor conposition. In a

par ti cul " REMBOYIHBM"S %428y f%rﬂ]i’lg?ﬂontql?r&ﬂyum oxide or titaniumnitride film

is for ”ER)OI?Y] A'—'ﬁq J&O%téd}m@ﬂptdi@rhq%@%cnﬁeﬁ ;cofhp BEtibRds | R1iRERY I e@ef or
formng a "mxed" netal filmby a vapor dep05|t|on process by delivering

for deposibsirgn in Ipelses qluﬁrrdatprgewuhsp@lse@@ﬁptmxwﬁnsm@b wt cieata st motk oxide
non-tita ur sor .. For exanp ui cur onposi tion and
D0™ eas ot ok BB SOk CR e P IR st vt PRGN B FRIBES e LTy

zi rconi uppo73t r ok whkﬁ@tﬁ%@/sﬁbstﬁ&{slddmﬂéﬁﬁé@ li$ @ie MethoBe ofl el yededel ifvehtion.
deposition to a substrate to create a "m xed" netal film For exanple, in a

parti cul Ber é’??é@l@iﬁ et liquidepreeuwsnrdcneRsifiafiomayobp dslivaredh f©1f depesitionyent i on
can be u?u%gttr Oq)uttlnto rl‘l'ﬁHEdetroe%H{C&? s1h onf 8£1 as1 (gnahltﬁaé atg %EIP‘L‘I I m

such as ron |um ‘itanat e arirum ‘anate or ZI rcondte nat e
(PZT) filamalfr0aBAdd, or aogpert i cul ar enbodi nent, the I | qui d precursor
conposition can be used to dgppe a netal  oxi de film such as but not limted

to a haf W0dM corihgi Al-Rgask mqthﬁdSanzﬁhﬁdaYﬁn&ﬁw@ﬁ@lap%ﬁs ngrigRt deesiafm a
| ant ha”'ﬂ Qxﬁ]@\rbqﬂo%&eqesut:hla@ Blt AGY 1EPER! DAL RRNGSE %?Scesé% H

her ei n, precursor conposition 1s use dope a netal oxide
film thmjetcnbmprasvmsanyndqﬂlmbgﬂstddpmmads or interstiti aI on the

filmfor attice. | n anot her i.cul a odinent, the liquid
pr ecur Sl Hhmadh it PR SO P OO Y if diFbaT SOt TR ERISFEanat ¢
titanat eqiPEh ufsintgrfhe ﬁl@@i%%]r@elfr@r Qoﬁi#o@ih@ﬁ e@‘giggoﬁ%nﬁoﬂﬁ@@m pebcebdeg degvention

can have a permttivity of between preferably at least 25 to 40
and nor efOpr@frampkaS}mldt D@méd (49D o ThOOFilRUPEMsitonanP ik diplas WinghPpetind.ttivity
can be C]Q/QE er}Fﬁ to be a value higher than 100. It is understood by one of
ordi nary Y the art that the resulting permittivity of the film

depends @078 nuimheinoter fereticaiients UiglidasnjtdtRnmeND (is)usesad foah seapasi-tion,
the thickness of the filmcreated, the paraneters and substrate enpl oyed

duri ng gfOViRIng sin Simdbe)liewd PW@@QE@Q@@OSH[@OQO] In a particul ar enbodi nent,
A L T N
limited to:
(1) Substrate temperature: 200-600°C on Si(100)
(2) Evaporator temperature: about 200°C
(3) Reactor pressure: about Smbar
(4) Liquid precursor: Solid precursor with co-factor
(5) Injection rate: about 30 cm’hr!
(6) Argon flow rate: about 200 cm’ min™
(7) Oxygen flow rate: about 100 cm’ min™
(8) Run time: 10 min
[0077] In another embodiment, photo-assisted CVD is used to form a metal-
containing thin film using the liquid precursor composition.

[0078] In a further embodiment, conventional ALD is used to form a metal-

containing thin film using the liquid precursor composition. For conventional and/or
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[0091] I n particul ar enbodi nents, the nethods of the invention are utilized
for applications such as dynam ¢ random access nenory (DRAM and

conpl emrenvaryimai®b oxi de sem -conductor (CMOS) for nmempCy/tseaolosrsse
applications, on substrates such as silicon chips. EXAMPLES [ 0092] The

foll owi ng exanples are nerely illustrative, and do not Iimt this

di scl osure in any way. Al rmani pul ati ons were carried out in an inert

at mospher e a gl ove box and Schl en ne te |ques

noi st ur ePélEﬁé I?Jg%msﬁg BiPERS Swerfer ﬁéarmﬂ’lﬁsd ﬁ?ﬁ&%r erett h I*Q—Ig-é}%i&—e%l ng
Schl enk {eghnp@iue2 NFnegen was used as inert gas Al'l Schl enk gl ass wear
was acid washed and rinsed with acetone before drying in an oven at 80C
over ni ghE007?D0931]1 Aﬂﬂotltﬁheambmihmenﬂed@%bugmtlomr AmDsiig maediltdrfooh (2 )metad used
wi t hout ur| fi cat c%ri. I\/b%ﬁﬁvl\as.cfr acked to i LS, rmngrrer tﬁt 1.di sdti |l ate

t enper at l%‘é PSS 5t Pes e r @ BPEn Sl gad “Wi ' A g Bef or e
use. [00&shh oarlahym@ed/\aﬁth@aéarch@ﬂ cRUhbd DlyNGredt BRIl e eaﬁﬁl\drlzopgasbhl tge.

[ 0095] Exanpl e 1. Crude |iquid product preparation [6096] In gl ove box

Ti (NMe2) uappgdagv by ajpbubblee s )Fakdisjuifemiastied pragess we.Sok IeémpleTR@t@r\Bas t hen

transferye t d. Lottom fl ask. Anhydrous tol uene
(2Lt) vvaJ; Xl‘ Iﬂ'o e gtlgn'sjggéh@t@ lﬁgto the sanme flask. Cracked MeCpH
(160g, 2[(m80] es)Ex\Aﬁ@Iead@fqumdahJeaﬁmutAm) heowth adnditdar® inehide Biitusie. nothe

reaction was then gradually heated to reflux, going fromabout 60C up to
about 100®@ItshiP t hen refl uxed overnight. The flask was left to cool (<40C).

A second batch j §ﬁ%ﬁ?&e§@9&ﬂr&1@&??o@@6@$gﬁ) ywas added over about 2
ua

hours, again the reaction s grad y heated to reflux, going from 60C up
to about 100C arid) Elsporatef fempechtweeraboght’5°Gol vent was rem)ved Vi a
trap-trap under %)ORgum 40C about é ]t')orr) [ 0097] NWVR i ntegration of
different runs ¢ FIARYS ?salé% &84 5. 8ppm (m 2H, C5H4), 5.68ppm (m

2H, CoH4), 3. 05pRMLidusd r%gﬁsoﬂ\l(sgﬂ%)p%éouré?%n% OPRPbor (s, 3H, CH3- C5H4)

al though slight variations in the integration values were observed. Prep
No Me-Cp NMe2 Céfmbrieasionkmeatout 2.5u1 pulse” (4 pulses cycle™)

(6) Inert gas flow rate: about 200 cm’ min b
(7) Pulse sequence (sec.) (precursor/purge/H,O/purge): will vary according to
chamber size.

(8) Number of cycles: will vary according to desired film thickness.
[0081] In one embodiment, the liquid precursor composition is used to form a
titanium-containing film by liquid injection ALD, wherein the liquid precursor
composition is used neat as the injection material. This can be used to access high
growth rates and remove excess solvent requirements.
[0082] In another embodiment, photo-assisted ALD is used to form a metal-
containing thin film using the liquid precursor composition. For photo-assisted ALD
processes see, for example, U.S. Patent No. 4,581,249.
[0083] In another embodiment, both liquid injection and photo-assisted ALD may be
used to form a titanium-containing film using a liquid precursor composition described

herein.
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13.381L
Li qui dpr

detail ed above was purified using high vacuumdistillation at 90-115C
.5Torr) resulting in a 95% yield divided into three fractions,

(about 0
red liqu
(nmp 75-8
desire t
reconbin
The whol

I qui dpr oductas prepared,w thout distillation LKR125 1 3.57

oduct as prepared,wthout distillation 2. Product purification and
subsequenwol2oguitiisgati on (1) [0098] The resul ting |iqui dppraseew/oei38ai ned as

dar k

id (428g), dark red liquid (472g) and a dark red waxy resin 171g

., bue to the different physical tes of the fractions and the
ﬁ’%ﬁbe In H%‘?f%@%ﬁ&%ﬂﬁ‘@ﬂtqﬂﬁgn%ﬁ%&ﬁ&ﬂa IMBHRE Yed &R foeﬁlsa Yiapigm-
&Qltédﬁihggihﬁqgln%gﬁ% ﬁ&ﬁﬁbﬁl‘é&scotnﬂ)ofsf%md@s&%%&h&%ﬁl.50' id/liquid slurry.

e was warned to 80C prior to adding freshly cracked MeCpH (5g,

0. 06nol ed088] 5%Thevmethathout thes invienueresambd usheé to douhtd meriety xafutiteningl-d at

el evat ed
r enai ned

e FIRE T SsRrE De he TeSA BR 2 oRRhlng: RGoifgt Lom

titanium, titanium oxide or titanium nitride film is formed by ALD.

[0086] In another embodiment, a method is provided for forming a “mixed” metal
film by a vapor deposition process by delivering for deposition the liquid precursor
composition and at least one non-titanium precursor. For example, the liquid precursor
composition and at least one appropriate non-titanium precursor, such as a lead, hafnium,
zirconium, strontium and/or barium precursor may be delivered for deposition to a
substrate to create a “mixed” metal film. For example, in a particular embodiment, the
liquid precursor composition of the invention can be used with a non-titanium precursor
to form a metal titanate film, such as a strontium titanate, barium titanate or lead
zirconate titanate (PZT) film.

[0087] In a particular embodiment, the liquid precursor composition can be used to
dope a metal oxide film, such as but not limited to a hafnium-containing oxide film, a
zirconium-containing oxide film, a lanthanide-containing oxide film or any combination
thereof. As used herein, when the liquid precursor composition is used to dope a metal
oxide film, the titanium may be substitutional or interstitial on the film-forming lattice.
[0088] In another particular embodiment, the liquid precursor composition can be
used to form a ferroelectric, lead zirconate titanate (PZT) film.

[0089] A thin film created by a method of the invention can have a permittivity of
between 10 and 250, preferably at least 25 to 40 and more preferably at least 40 to 100.
Further, an ultra high permittivity can be considered to be a value higher than 100. It is
understood by one of ordinary skill in the art that the resulting permittivity of the film
depends on a number of factors, such as the metal(s) used for deposition, the thickness of
the film created, the parameters and substrate employed during growth and subsequent
processing.

[0090] In a particular embodiment, the liquid precursor composition can be used to

form a film with an ultra high permittivity (high-x) of over 100.
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1 3.69 Conbi nedfractions spi kedw t hsone MeCp-H(0.5%to formliquid product

3. Produ
producti
yi el di ng

liquid p
to form
to addin
and the
st andi ng
Conment s

ct purification and subsequent |iquification (2) [0099] The
omoand/qupfi cati on of MeCpTi (NMe2) 3 was perf or rea/is301aloeses

a total of 950g in three fractions (two solid and one |iquid). Due
to the preval ence of solid product and the desire to have a honobgeneous

roduct all the fractions were reconbi ned using Schlenk techn

OBFL i sPbae et oaehe sk o, gopiauim Asobtied fi

55t dRQuit ad dYnemitelafldéth a8dRY ﬁfe%r* @PRW%%H%OB@[CH%M@? H{etalil

and cooling the fraction remained 11 quid. Prep
0§13 6enmi-@nd0octOo VIR flerameinorysand logic applications, on substrates such as

silicon chips.

EXAMPLES
[0092] The following examples are merely illustrative, and do not limit this
disclosure in any way. All manipulations were carried out in an inert atmosphere using a
glove box and Schlenk line techniques. Air- and moisture-sensitive substances were
handled under inert atmosphere using Schlenk technique. Nitrogen was used as inert
gas. All Schlenk glass wear was acid washed and rinsed with acetone before drying in an
oven at 80°C overnight.
[0093] All chemicals were bought from Sigma-Aldrich® and used without
purification. MeCpH was cracked to its monomer at distillate temperature 80°C. All
solvent bottles were pre-purged with nitrogen before use.
[0094] NMR analysis was carried out using a Bruker 250MHz machine.
[0095] Example 1
1. Crude liquid product preparation
[0096] In a glove box Ti(NMe,)4 (896g, 4.0 moles) was measured out into a Schlenk.
This was then transferred via catheter to a SLt round bottom flask. Anhydrous toluene
(2Lt) was then transferred via catheter into the same flask. Cracked MeCpH (160g,
2.0moles) was added over about 2 hours at room temperature. The reaction was then
gradually heated to reflux, going from about 60°C up to about 100°C and then refluxed
overnight. The flask was left to cool (<40°C). A second batch of cracked MeCpH (160g,
2.0moles) was added over about 2 hours, again the reaction was gradually heated to
reflux, going from 60°C up to about 100°C and then refluxed overnight. Solvent was
removed via trap-trap under vacuum 40°C (about 1 Torr).
[0097] NMR integration of different runs showed peaks as expected 5.8ppm, (m, 2H,
CsH,), 5.68ppm, (m, 2H, CsH,), 3.05ppm, (s, 18H, N(CHs),), and 2.0ppm, (s, 3H, CHs-

CsHy) although slight variations in the integration values were observed.
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spi kedwi t hsome MeCp-H(3%to formliquid product [00100] Exanple 2 -

Spi ki ng MeCpTi (NMe2)3 with (MeCpl-1)2 diner. [00101] Fromcrude liquid

mat eri al woppliadi a LKR125, a turbo vac distillation was/usarwioezssout, and
the solid fraction isolated. Fromthis, a spiking experinent was carried
out to see what percentage of uncracked (MeCpH)2 woul d be needed to
encourage the sanple to liquify. In the gl ovebox dopak bottles were charged
with MeCpTi (NMe2)3 (1g, 3.86x10-3 nmol). Spiking with 1% (0.01g, 6.23x10-5
mol ), 2% (0.02g, 1. 24x 10-"1 nol), 3% (0.03g, 1.87x10-4 nol), 4% (0. 04q,
2.50x 1 0-"1 nol) b R (0. 088e-Cp TRME; 4] (Bdmdd®CPH) 2 dj mer was carried

out by sinple addi nd—hapd stia m.xing. The sanples
were |eft overni gh;L anléﬁlH N recor(%e]% E ﬁ% ﬁ@% ‘é)) Comments SLH 44
1 0.285 Solid fragtion isolaied on turbo va 1st1i$aEt%n44Vi 90 Solid fraction

with 1% (MeCpH) 2 Gimer

LKR125 1 3.57 Liquid product as
prepared, without
distillation

2. Product purification and subsequent liquification (1)

[0098] The resulting liquid product obtained as detailed above was purified using
high vacuum distillation at 90-115°C (about 0.5Torr) resulting in a 95% yield divided
into three fractions, dark red liquid (428g), dark red liquid (472¢g) and a dark red waxy
resin 171g (mp 75-80°C). Due to the different physical states of the fractions and the
desire to have a homogeneous liquid product all the fractions were recombined using
Schlenk techniques to form a dark red solid/liquid slurry. The whole was warmed to
80°C prior to adding freshly cracked MeCpH (5g, 0.06moles, 0.5%) over about 15
minutes and the resulting mixture held at elevated temperature for an hour. On standing

and cooling the fraction remained liquid.

Prep No Me-Cp | NMe, | Comments

LKR118 1 3.69 Combined fractions
spiked with some
MeCp-H (0.5%) to
form liquid product

3. Product purification and subsequent liquification (2)

[0099] The production and purification of MeCpTi(NMe,); was performed as above
yielding a total of 950g in three fractions (two solid and one liquid). Due to the
prevalence of solid product and the desire to have a homogeneous liquid product all the
fractions were recombined using Schlenk techniques to form a dark red solid/liquid
slurry. The whole was warmed to 80°C prior to adding freshly cracked MeCpH (28g,
0.3moles, 3%) over about 15 minutes and the resulting mixture held at elevated

temperature for an hour. On standing and cooling the fraction remained liquid.
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Becanme Liquid. SLH 44 1 0.300 Solid fraction with 2% (MeCpH)2 di ner. Becane

Liqguid SLH 44 1 0.315 Solid fraction with 3% (MeCpH) 2 di ner.
SLH 44 1 wo2b/@oiepd fraction with 4% (MeCpH) 2 di ner.

Prep No

Me-Cp

NMez

Comments

SH36

3.00

Combined fractions
spiked with some
MeCp-H (3%) to
form liquid product

[00100] Example 2 - Spiking MeCpTi(NMe,); with (MeCpH), dimer.

Becane Liquid

Becarms2aioquizds SLH 44

[00101] From crude liquid material supplied via LKR125, a turbo vac distillation was

carried out, and the solid fraction isolated. From this, a spiking experiment was carried

out to see what percentage of uncracked (MeCpH), would be needed to encourage the

sample to liquify. In the glovebox dopak bottles were charged with MeCpTi(NMe,)s (1g,
3.86x10™ mol). Spiking with 1% (0.01g, 6.23x10™ mol), 2% (0.02g, 1.24x10™ mol), 3%
(0.03g, 1.87x10™ mol), 4% (0.04g, 2.50x10™ mol) and 5% (0.05g, 3.12x10* mol)

(MeCpH), dimer was carried out by simple addition and hand shaking to ensure good

mixing. The samples were left overnight and 'H NMR recorded.

Prep No

NMez

Me-Cp

Comments

SLH 44

1

0.285

Solid fraction isolated
on turbo vac.

SLH 44

1

0.290

Solid fraction with
1% (MeCpH), dimer.
Became Liquid.

SLH 44

0.300

Solid fraction with
2% (MeCpH), dimer.
Became Liquid

SLH 44

0.315

Solid fraction with
3% (MeCpH), dimer.
Became Liquid

SLH 44

0.310

Solid fraction with
4% (MeCpH), dimer.
Became Liquid

SLH 44

0.315

Solid fraction with
5% (MeCpH), dimer.
Became Liquid
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1 0.315 Solid fraction with 5% (MeCpH)2 diner. Becane Liquid [00102]
Conclusion is that addition of small amounts of (MeCpH)2 diner result in
conpl et e Woquitfdiembi on of solid MeCpTi (NMe2) 3 product. ReTiUSRalbe4B84 1%
achieves this objective. [00103] Exanple 3 - Spiking MeCpTi (NMe2)3 with
MeCpH nmonomer. [00104] Fromcrude liquid material supplied via LKR125, a
turbo vac distillation is carried out, and the solid fraction isol ated.
Fromthis, a spiking experinent was carried out to see what percentage of
cracked MeCpH nononmer woul d be needed to encourage the sanple to liquify.
In the ggaemox CARPRKIOATL [th @SR ShARIEdnhA M@&é ENVEZN3: (it in
3. 86x10 Spiking with 1% (0.01g, 1.24xle no % (0. 029, 2.46x10-4
mol ), 3%C(r@ple@dlqusflcm)arl@>f40hd)IMeCmPAWMeMgrOMC%MOLMB all¥o agtded%otlie. 05¢g,
6.17x10-ﬁyngk) MeCpH nmononer was carried out by sinple addition and hand
shaki ng YY°€hSure good mixing. The sanples were I eft overnight and 1H NMVR
recor dedppoifosp Nixablyie 3MSpikin N 4éth MM HH Aol d fraction
00103 by a 4453@“7 54%’('““% Fie; H

i solated on turbo vac. SLH . ' ' o
[00 From crude liquid material supplied via LKR125, a turbo vac distillation is

carried out, and the solid fraction isolated. From this, a spiking experiment was carried
out to see what percentage of cracked MeCpH monomer would be needed to encourage
the sample to liquify. In the glovebox dopak bottles were charged with MeCpTi(NMe,)3
(1g, 3.86x10” mol). Spiking with 1% (0.01g, 1.24x10™ mol), 2% (0.02g, 2.46x10™
mol), 3% (0.03g, 3.70x10™ mol), 4% (0.04g, 4.93x10™ mol) and 5% (0.05g, 6.17x10™
mol) MeCpH monomer was carried out by simple addition and hand shaking to ensure

good mixing. The samples were left overnight and 'H NMR recorded.

Prep No NMe, | Me-Cp Comments
SLH 44 7.04 0.285 | Solid fraction isolated
on turbo vac.
SLH 44 7.45 0.305 Solid fraction with
1% MeCpH
monomer. Became
semi-solid.
SLH 44 6.87 0.325 Solid fraction with
2% MeCpH
monomer,
Became semi-solid.
SLH 44 6.25 0.360 Solid fraction with
3% MeCpH
monomer,
Became Liquid
SLH 44 6.43 0.345 Solid fraction with
4% MeCpH
monomer,
Became Liquid
SLH 44 6.29 0.355 Solid fraction with
5% MeCpH
monomer,
Became Liquid

[00105] Conclusion is that addition of small amounts of MeCpH monomer result in

complete liquification of solid MeCpTi(NMe,); product. As little as 1% achieves this
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0.305 Solid fraction with 1% MeCpH nononer. Becane sem -solid. SLH 44 6. 87
0.325 Solid fraction with 2% MeCpH nononer. Becane sem -solid. SLH 44 6. 25
0. 360 Solwd 2hrizaiisen wi t h 3% MeCpH nononer. Becane Li quipdT&ISEh14442384

objective which is slightly more than is needed of the (MeCpH), dimer to perform this
function.

[00106] Example 4 - Spiking MeCpTi(NMe,); with toluene.

[00107] From crude liquid material supplied via LKR125, a turbo vac distillation was
carried out, and the solid fraction isolated. From this, a spiking experiment was carried
out to see what percentage of toluene would be needed to encourage the sample to
liquify. In the glovebox dopak bottles were charged with MeCpTi(NMe,); (1g, 3.86x107
mol). Spiking with 1% (0.01g, 1.09x10™ mol), 2% (0.02g, 2.17x10™ mol), 3% (0.03g,
3.26x10™ mol), 4% (0.04g, 4.35x10™ mol) and 5% (0.05g, 5.43x10™ mol) toluene was
carried out by simple addition and hand shaking to ensure good mixing. The samples are

left overnight and and 'H NMR recorded.

Prep No NMe, | Me-Cp Comments
SLH 44 7.04 0.290 | Solid fraction isolated
on turbo vac.
SLH 44 6.80 0.320 Solid fraction with
1% toluene. Liquid.
SLH 44 6.54 0.335 Solid fraction with
2% toluene. Liquid.
SLH 44 6.65 0.320 Solid fraction with
3% toluene. Liquid.
SLH 44 7.16 0.305 Solid fraction with
4% toluene. Liquid.
SLH 44 7.08 0.315 Solid fraction with
5% toluene. Liquid.

[00108] Conclusion is that addition of small amounts of toluene result in complete
liquification of solid MeCpTi(NMe;); product. As little as 1% achieves this objective in
line with the (MeCpH), dimer.

[00109] Example S - Spiking MeCpTi(NMe,); with dodecane.

[00110] In a glove box 11g of the solid MeCpTi(NMe,); was placed into a small
schlenk labelled dodecane. Into another schlenk labelled MeCp was added 10g
MeCpTi(NMe,);. Both vessels where then transferred to the fume cupboard. Using an oil
bath both shlenks where heated with an oil bath to 80°C to melt the solid. A small
amount of dodecane was added to one schlenk and a small amount of MeCp dimer was

added to the other. Both samples were left to stir for two minutes before being removed
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6.43 0.345 Solid fraction with 4% MeCpH nononer. Becane Liquid SLH 44 6. 29
0.355 Solid fraction with 5% MeCpH nononer. Becane Liquid [00105]

Concl usi omoi2sitrhiaze9addi ti on of small anobunts of MeCpH mpo@rEseom@s$2384 1N
conplete liquification of solid MeCpTi (NMe2)3 product. As little as 1%
achieves this objective which is slightly nore than is needed of the
(MeCpH)2 diner to performthis function. [00106] Exanple 4 - Spiking

MeCpTi (NMe2) 3 wi.th toluene. [00107] Fr crude liquid material ied via
LKR125, Owﬁﬁaﬂfha@ ﬂ}dsaﬁﬁ“ie&t%ﬂ%%s%% rBpbaragple SRAE RO Rt o

i sol at EdThfémt%s%ep@ateﬁpﬁﬂ%il RAEHPRIINABMs MBS ﬁﬁéids@%eqw%cb@i(ﬁ%z Nt .
percent age of tol uene woul d be needed to encourage the sanple to liquify.

In the gboli@hdnt wopekmpotatiresSertabledibovged wi th MeCpTi (NWVe2) 3 (19,

3.86x10-3 ol ). Spiking wrth1t% {60t —F-0x10—1 nol ), 2% (0. 02g,
2.17x10-4 nol), 3% (0. 03g 3‘.’3&2@94 e 1216;9@%51. 04g, 4.35x10-4 nol) and 5%
(0.05g, 5.43x10-4 nol) tol )catried @ by sinple addition and hand
shaki ng to ensure good ni i ng.g-?.gge sanp! esooazi‘?;e lef{ overnight and and 1H
NVR recorded. Prep No 0197 RE
Total 0.516 Total 0.571
4.69% 5.70%

[00111] Dodecane caused solid MeCpTi(NMe;); to become a liquid at room
temperature when present above 4.7% w/w. This is 1% lower than what is required by
MeCp. Dodecane can be used to convert MeCpTi(NMe;); to a liquid at room
temperature at lower impurity levels than previously used MeCp dimer. NMR indicates
that it has no direct affect on the arrangement of the compound.

[00112] Residuals for all samples in TGA have been below 3%. See Figure 1. The
onset of decomposition for the MeCp derivative is approximately 65°C. This is 16.25°C
less than the onset of the solid, and similarly, the dodecane derivatives that start at
approximately 82°C. The MeCp seems to decompose at around 10°C less than the solid
sample up to 210°C after which the TGA curve starts to level out and results in 2.7%
residue. The dodecane sample offsets at the same time as the solid but tends to initially
decompose at a faster rate up to 175°C at which point it is decomposing at an equal rate
as that of the solid and results in an equal residue of 2.7%. All sample start to level out at
equal temperature, ~ 225°C. TGA analysis indicates that addition of MeCp to the solid
precursor causes a 10°C less stable compound compared to the pure solid. This is also
reflected in the lower residues suggesting a more easily lost volatile MeCp over the
course of the analysis. The stability of MeCpTi(NMe,); with the dodecane additive
behaves almost equal to the pure solid which is represented by equal residuals in both
samples.

[00113] Example 6 — ALD using (MeCp)Ti(NMe,); + (MeCpH) liquid composition
[00114] Titanium oxide thin films were deposited ina custom-built ALD reactor.
Liquid composition containing (MeCp)Ti(NMe,)s; and MeCpH, as prepared in example 1,

and ozone were used as precursors. The titanium oxide films were deposited on silicon
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NVe2 Me-Cp Comments SLH 44 7.04 0.290 Solid fraction isolated on turbo vac.
SLH 44 6.80 0.320 Solid fraction with 1% tol uene. Liquid. SLH 44 6.54 0.335
Solid frawoion/oidd 2% t ol uene. Liquid. SLH 44 6. 65 PCT/US2010/042384

wafer substrates. Prior to deposition, the wafer substrates were prepared by dicing the
wafer (linch x %2 inch), and 1% HF polished.

[00115] The growth temperature was 200-350°C. The growth pressure was 0.5-1.5
Torr. The reactor was continuously purged with 30 sccm of dry nitrogen. All the
computer controlled valves in the reactor were the air operated ALD VCR valves from
Cajon.

[00116] Ozone was purged in excess. The titanium was stored in a stainless steel
ampoule. Attached directly to the ampoule was an ALD valve. The output of this ALD
valve was Tee'd with another ALD valve used for nitrogen injection. The Tee outlet leg
was connected to a 500 cm’ stainless steel reservoir. The outlet of the reservoir was
attached to a third ALD valve, called the inject valve, whose outlet goes directly to the
reactor. Nitrogen injection was used to build up the total pressure behind the titanium
inject valve so that the pressure was higher than the reactor growth
pressure. The injected nitrogen was accomplished using a 30 micron pin hole VCR
gasket. All of the valves and ampoule were placed into an oven-like enclosure that
allowed the ampoule, valves, and tubing to be heated uniformly to 50° C to 250° C.
[00117] During the ALD growth operation, the valves were sequenced in the following
manner. The titanium precursor was introduced to the activated silicon surface.
A nitrogen purge then took place which included evacuation to remove surplus reactant
molecules not attached to the surface. Ozone was then introduced as a co-reactant
species, followed by an additional purge with nitrogen. The ozone was then injected to
start the ALD cycle all over again.

[00118] The total amount of cycles was from 100 to 400, typically 300. Results
showed that the deposition rate was independent of the titanium dose as varied through its
vapor pressure, which in turn was varied through its evaporation temperature. This proves
that the film growth proceeded in a self-limiting manner as is characteristic of ALD.
[00119] All patents and publications cited herein are incorporated by reference into
this application in their entirety.

[00120] The words “comprise”, “comprises”, and “comprising” are to be interpreted

inclusively rather than exclusively.
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0.320 Solid fraction with 3% toluene. Liquid. SLH 44 7.16 0.305 Solid
fraction with 4%toluene. Liquid. SLH 44 7.08 0.315 Solid fraction with 5%
t ol uene. wWOQui1h1129p00108] Concl usion is that addition ofcInmbkétommssnt s of
toluene result in conplete liquification of solid MeCpTi (NMe2)3 product. As
little as 1% achieves this objective in line wwth the (MeCpH)2 di ner.

[ 00109] Exanple 5 - Spiking MeCpTi (NWMe2)3 with dodecane. [00110] In a gl ove

box 1 1g ol i pTi (NMe2) 3 was placed into a small schlenk
| abel | ed“g%@tggﬁiAlbﬂ%%/?éﬁot her schlenk |abelled MeCp was added | Oy
MeCpTi (NMe2) 3. Both vessels where then transferred to the funme cupboard.

Using an oil bath both shl enks where heated with an oil bath to 80C to nelt
the solid. A sempésitaerodiont faminddettmenwasntasded filo oneprsdid ehleahdna snal |

f Me di ded h her. B I f i
For - two_ Retlids st G Fal st Pntt meoB R S T o o cool
to 25C Batyic\zripeh@dichacRMRMe, 50! i d at 28-(&3ﬁfﬁg%¢§d?g@%§ﬁ?@@m@gq@gd unti |

enough |igand was added to cause the MeCpTi ( ' uid at room
t enper at tnehylgedopeatmdienyBlTeWEtDedecane addé@ethglcyclopentadienyl)Ti(NMeEt)s,

(ethylcyclopentadienyl)Ti(NMeEt); and (methylcyclopentadienyl) Ti(OMe);; and

at least one cyclopentadienyl-containing liquification co-factor other than the at least one
precursor; wherein the at least one cyclopentadienyl-containing liquification co-factor is
present in amount sufficient to co-act with the at least one precursor, and in combination

with the at least one precursor, forms a liquid composition.

2. The composition of Claim 1, wherein the at least one precursor is

(methylcyclopentadienyl) Ti(NMe:)s.

3. The composition of Claim 1, wherein the at least one cyclopentadienyl-containing
liquification co-factor has a vapor pressure lower than and within about 5% at 75°C to the

resulting liquid composition.

4. The composition of Claim 1, wherein the at least one cyclopentadienyl-containing
liquification co-factor has a vapor pressure lower than and within about 2% at 75°C to the

resulting liquid composition.
5. The composition of Claim 1, wherein the at least one cyclopentadienyl-containing
liquification co-factor is selected from the group consisting of (MeCpH),, MeCpH,

(EtCpH),, EtCpH and combination thereof.

6. The composition of Claim 1, wherein the at least one cyclopentadienyl-containing

liquification co-factor is present in the composition from about 0.05% to about 5%.
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MeCp added (g) 0.163 0.22 0.156 0.231 0.197 0.12 Total 0.516 Total 0.571
4.69% 5. 70% [00111] Dodecane caused solid MeCpTi (NMe2)3 to becone a liquid
at room twoperiatiizee when present above 4. 7% w w. Thi s i #CT/sbaves23shan what
is required by MeCp. Dodecane can be used to convert MCpTi (NMe2)3 to a
liquid at roomtenperature at lower inpurity |levels than previously used
MeCp dinmer. NVR indicates that it has no direct affect on the arrangenent

f th d. [00112 dual s f ! in TGA h been bel
39 Soe B e SIPOMET GHSGR B - QUEBGES €1 Bt B HURSBEIRr T8 | s
appr oxi NRE&fiYatRaeo-fAltbSis éﬁes&@t iR e dRSR st e AR DAl & adie3qol i d, and

simlarly, the dodecane derivatives that start at approximately 82C. The
MeCp seens to deconpose at around 10C | ess than the solid sarrpl e up to 210C

The- dodebanteams G Sa B b o R SR T E Gk nihbET o

initiall jq@ReARQSFadbr B prashtah theddnpiRition floh® &bl Vi et NMp. it 'S
deconposi ng at an equal rate as that of the solid and results in an equal

residue of 2.7% Al sanple start to | evel out at equal tenperature, -
225C. T t Cp to the solid precursor
causes g@lgfé@% %OSSH dqf?%l?lofﬁﬁ%erac% 1sf?1gt?|fue e pure solid. This is also
reflected in the | ower resi dues suggestl ng a nore easily lost volatile MeCp
over the course of the analysis. The stab|I|t¥ of MeCpTi (NMe2)3 with the
dodecanelGddi %qwsm?aﬁ?é§0ra1%§tﬂt@awarcomﬂlm% irempgising Masehi(Nyle:)s
represen [ I ALD

usi ng (l\/glls\l%igi1 Ti (1 NI\/EZ §§§§%élgl/e%%)yl P?Ig%}lglgcgtﬁrtgggﬁopoﬁy %glfl {'Iélﬁt g?lllﬁutrlrl] oxi de
thin filgeupepssidegosi (MaiH),.aMelptamd bucdrbiAbtion beebd rwhelr¢iguhalatcloaposi ti on
contai nin Ti NN§233 .and iVECFH as re ared in exanple 1, and ozone
were use %S? Q'S CORFHAING g ﬁ?ﬂ%‘x? qu ePiREsnE 1B etBo SOmResItiTsi | i con
waf er 5U§§1tnra%Toﬁ§0 5P tfarabbgt @l%p@%ota&nmﬁ he M%tg“h NM%%% T AUSR MRlbgndiogPar ed
by dicing the wafer (linch x 2 inch), and 1% HF poli shed. [00115] The
grow h twrtbéhfaMa€eTl(\HM€2D0f03@@@qUT¢1€ta@r ow h pressure was 0.5-1.5 Torr. The
reactor was continuously purged with 30 sccmof dry nitrogen. AII t he
conputer controlled valves in the reactor were the air operated ALD VCR

val ves f1rnmAGapthed to [iQGitl 6] lebt e sWRS pRIuGOHfdriseXCeSapor Phasd ddparitiem was
stored in a stainless steel anmpoule. Attached directly to the anpoul e was
an ALD vRiogess sqipetedutrpint tsf grenps osnpsyneg (& (asthyisgclgreitadienahdiBeYleALD val ve
used for e Tee outl 500 cnB
stai nl es%ms);‘éégﬁ)%rgrgggﬂreﬁ/ PT&N%? )houtlet of %Lebﬁggw %%@@&%W% ‘to a
third ALGnateylvglopeatddecyl)MENiBe)gct val ve, \(\dmes@logulbbatta@agsﬂd(NMeEi)y to the
reactor. Nitrogen injection was used tQ bui|ld up the total pressure behind
the tit a?ﬁﬂl}/ﬁ‘iycﬁipé’éttad\‘?@/%@MetEFPatan@ necppesiopentadisn i GHeMeh e PR feact or
growt h pg &‘.@% The i I’lj ected nitrogen was acconplished using a 30 m cron
pi n hol e VCR gasket of the valves and anpoul e were placed into an
oven-1li ke enc¢ctm;amagtthatat aasowed stlivk parpoat evithval ieest, orendydefentadichgl-be

heat ed ugérftzgrrlirr?gﬁlqulﬁcggor? co%actor ot%er than the at least one precursor to form a liquid

composition.

12. The method of Claim 11, wherein the at least one solid precursor is at least about

99.5 % pure.

13. The method of Claim 11, wherein the at least one solid precursor is at least about

99.99 % pure.
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[00117] During the ALD growth operation, the valves were sequenced in the
foll ow ng manner. The titani um precursor was introduced to the activated
silicon swofatent1229ni t rogen purge then took pl ace whi chpcmalsades4mssacuat i on
to renmove surplus reactant nol ecules not attached to the surface. Ozone was
then introduced as a co-reactant species, followed by an additional purge
with nitrogen. The ozone was then injected to start the ALD cycle all over
again. | 8] The tatal. apmpount of cycl.es was from 100 to 400, typically
300. Resg‘gtlih"]sﬁ‘%@ﬂ O(E[) ﬁi%lmt ﬁg?%}%ﬁ“? Biing agatingdhg 3 Eﬁéﬂ‘&f‘e?‘iﬁld&m‘%"ﬂ%@r

titani uUmgose RJealebhelyddPeatitnl i SontARRL IRFUERIULE coWitit&Ntd AUl Ng\¥as
varied through its evaporation ténperature.” This proves that the ?I I m
growt h peasesded. in a self-linmting manner as is characteristic of ALD.
[00119] All patents and publications cited herein are incorporated by
reference into this application in their entirety. [00120] The words
"conprises, THomRHoaest Cland] I cRp@EinSinddat RA® diRk HRIdpRheHRheL &shtdifiabusi vely
rather than exclusively. WHAT IS CLAIMED IS: 1. A conposition for formng
a titani banitentoai ¢n-Fgtor ilamac vaner insesigcavithisagdoupiée gt deter sotheseaselgingd from
t he grou i sti-ng of (nmethylcycl opentadienyl)Ti (NWe2) 3,

(et hyl cy@?@%gﬁi"%l@%w ) Ti (NMe2) 3, (i sopropyl cycl opent adi enyl ) Ti (NMe2) 3,

(et hyl cycl opent adi enyl ) Ti (NEt 2) 3, (et hyl cycl opent adi enyl ) Ti ( NMeEt) 3,

(et hyl cycl opent adi enylf) Ti (NMeEt) 3 and (met hyl cycl opent adi eny]l ) Ti (Owe) 3; and
at | east lonelheyBredipdnelatidmy | L cyhgrainnthsgatl legthi dnecexclansnegdien ¢ Baiginger t han
the at | . ; | -I ° :

cycl openf ol BEER Ik LT b uRhin FRRL SO 2575 S S H ot
suf f i ci elquit commpesatén.wi th the at | east one precursor, and in conbination
with the at | east one precursor, fornms a liquid conposition. 2. The
conposition of Claim1, wherein the at | east one precursor is

(et hyl cygl opgniReioanyt! CldihNMe2) Rerein3the Thele&QRRSEfd RnRbiEy BEdRkningher ei n
the at |east one cyclopentadienyl-containing |iquification co-factor has a
vapor preggfieaionoewefactdiain whagtegi frhimn theb gromp50enaistifs ©ft MeCm e MdGplhg
liquid c ositign.. 4. The conpesition of Claim1l, wherein the at |east
one cycl %@Rﬁ%ﬁ@ﬁﬁﬂd&% lﬂ?thoéltﬁ?rﬁﬂ#'fi cation co-factor has a vapor
pressure |ower than and within about 2% at 75C to the resulting liquid
conposition. 5. The conposition of Claim1, wherein the at |east one
cycl opent@diEwymetodt ofi kiag 11 quhdreimaticodt leastf et exclapsnidicark eantdiniven t he
group copsi-sti f . fpation
t her eof _ﬂ&%_ﬁ&i{.ﬁg Cgof?ré)%/lgﬁ%llf%ﬁmolw %égmnéo %%Or%éfln Qﬁeld 5§ngl a(ebgg{%d{%he
cycl opent adi enyl -containing liquification co-factor is present in the
conposition from about 0.05%to about 5% 7. The conposjtion of Claiml,
wherei n the Hie MeHer Inelaipcl bpuheradi Brytt- Bt Aenf¥ePRcTGeicny cepndping
co- Fact Ofiqificdfofit8Mherbllis PR FATRAS drh Ritloh ¢BR ROtk 0042 % idubhaut 3% 6.
The corrpo%|t| on of daim 1, wherein the at |east one
cycl opent adi enyl -containing liquification co-factor is present in the

i g 0 L ,
oS O ARt o 1P, SRGSh o Ras 3R ERTRRALLAN-Snhile™ &

liquification co-factor is present in the composition from about 0.5% to about 1%.

21. The method of Claim 11, wherein the at least one cyclopentadienyl-containing
liquification co-factor is selected from the group consisting of (MeCpH),, MeCpH and
combination thereof; and the at least one cyclopentadienyl-containing liquification co-

factor is present in the composition from about 0.5% to about 1%.
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10. A conmposition for formng a titaniumcontaining filmconprising
MeCpTi (NMe2) 3 and at | east one cycl opentadi enyl -containing liquification
co-f act orweebaatierdof rom t he group consi sting of (MeCpH) PCTNSGpbIosa3ds a
conbi nati on thereof, wherein the at | east one cycl opentadi enyl -contai ni ng
liquification co-factor is present in the conposition fromabout 0.5 %to
about 1% to co-act with the I\/bCpTi(NI\/bZ)3 and in conbination with the

MeCpTi ( 2) for allq d st odtoI| fy at |east one
solid pr °fi ?ilémba}aa]o Wﬁﬁ%‘b %‘Epé% E3HnONt osgggspgeé}l@{?fe‘é from

the gr Ouﬁn&ﬁﬂé%&%ﬂeﬂgld%fn mﬁ %ycl opent adi enyl ) Ti (NMe2) 3,
(et hyl cycl opent adi enyl ) Me2) 3, (1 sopropyl cycl opent adi enyl ) Ti (NMe2) 3,
(et hyl cycl opent adi enyl )T| (NEt 2) 3, (et hyl cycl opent adi enyl ) Ti ( NMeEt) 3,

(et hyl cygl op tadl ) Ti (NMeEL and hyl cy pent adi Owve) 3; the
et hod wtor  Diengnetied ok MEES 1o Sl e AR ES RN Pkt bEr®oa t '
| east On@n&ﬂﬁbﬁﬂ@kﬁl%l&@MTf{NM@%D|aﬁ6 the Cl?lﬂllfsétsﬁadrieoéycﬂ}(ﬁ)eflﬁ@ieﬁ I-&nfgfinghan the
at |east one precursor to forma liquid conposition. 12. The nethod of

d ai m 11liqwifiegteneotfpetonis Nlegd. one solid precursor is at |east about 99.5 %
pure. 13. The nmethod of Caim 11, wherein the at |east one solid precursor
is at | east about 99.99 % pure. 14. The method of Caim 11, further
conpri si gy aditeatmdijod hef &llaiheaslt, omercsol thd pr deast somie aotidt peecatsof e@st one
cyclopentadl enyl -containjng liquification co-factor to forma liquid
conposi t {negihyl Cn%opevw&wrwbﬁgallv&fz)saaaﬂ nihg gat lﬁh%r%encxcmemad}eazﬂsffon&m@ng

cycl open{; h@eﬁ%‘nc%%&@fi@'(ﬂﬁd !ng fication co-factor has a vapor pressure

wi thin about 5% at /5C to thg fesul ti ng liquid conposition. 16. The net hod
of Claim 11, wherein the at |east one cycl opentadi enyl - cont ai ni ng

liquific co-factor has % r pressure withi.n apout 5%at 75C to the
L oot o Co et of (IS 1V RS RLSRNRE el RO 538 She TR0 ()

| east ong; e%&&p@pmn@wforﬁp{ﬁ&ﬁg{éﬁﬁ@grﬂpbggbﬁI cation co-factor is selected

fromthe group consisting of MeCpH, (EtCpH)2, EtCpH and

conbi nati on ther eof. 18. The net hod of Claim1ll, wherein the at | east one

cycl opentad RNt BA8,A| WRLHGTHECH 35" A5 o taBiRS i el

wher ei n Ildilﬁﬁeettmhaﬁsﬂact@flﬁlaﬁmhpﬂ%ﬂi@m @dS]M?os@‘@cﬂi il Niiggd Ista@ifdrisaBdthmnally
co-factor is %resent in the conposition fromabout 0.1%to about 3% 20.
a

The met hibg vsgably dickhlifa of Yy digaidreopmpesigion [feoas initih diquification.
cycl opent adi enyl -containing liquification co-factor is present in the

conposition fromabout 0.5%to about 1% 21. The nethod of C aim 11,
wher ei n 2he Hie hedstl eh€layicl hpehérach idydt- leant @iencyeipdehdiehilcadnitaning
co-factor i.s selected fromthe group consisting.o H) 2, MeCpH and

combi nat iigHIsHOPEOrfactghphs Rty Prexayts Bﬁé)f%f%ﬁ%b‘éﬂleégf“g%m%ﬁt% fHemg
about 190 00 S0E BT 3oeh o 6 oh08 “ﬁﬂ’i@%‘%&% NARERS a2l m 11,
wherein the at | east one solid precursor
28. A method to liquify at least about 99%  pure solid
(methylcyclopentadienyl)Ti(NMe,);, the method comprising adding at least one
cyclopentadienyl-containing liquification co-factor selected from the group consisting of
(MeCpH)2, MeCpH and a combination thereof to the (methylcyclopentadienyl) Ti(NMe>);
to form a liquid composition, wherein the amount of the at least one cyclopentadienyl-
containing liquification co-factor present is from about 0.5% to about 1% based on total

weight of the liquid composition.
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(et hyl cycl opent adi enyl ) Ti (NMe2) 3; 23. The nethod of Claim 11, wherein the
at |l east one solid precursor is (nethylcyclopentadi enyl)Ti (NMe2)3, and the
at | east woeotyulimpent adi enyl -containing |iquification eoTfisetion4izss MeCpH.
24. The nethod of Claim 11, wherein the at |east one solid precursor is
(et hyl cycl opent adi enyl ) Ti (NMe2) 3, and the at |east one

cycl opent adi enyl -containing liquification co-factor is (MeCpH) 2. 25. The
met hod o£9CIaim11, fyrther conprising coqtacti t he | east one_.golid

precursof’wi th tol uBf8o f8r mitHEY| i qili d 'ethpod Q‘iton.93 26. Piife méliflod of
A ai m 11imdAEESheh Rl TR &Me, AN EhE Y fleMBENESHHBANS - LRIM Al NiMY—rocarbon
liquification co-factor naintains the liquid conpositionin aliquid state
f or subsli@nficaionycofaetondenink eethesinf 7 hind @0gfarhdneatbing ui dnconpws ite ifenm fir om

initial liqguificatjon. . 27. The neth f aim1l, wherein the at |east
one. cycl IsEtERGPEHGRT sonefd DT O Ao e b Bt B EEBuy B Rl oy
prevent sfrb@bBHIES S0 hbdit S Basell @H itétaCREBPRSIIthORq il @pmpssieed.i di fyi ng during
use with a carrier gas flow in the vapor deposition process. 28.

Anmet hodt ol i qui fyat | east about 99%pur esol i d (net hyl cycl opent adi enyl ) Ti (NMe2) 3,
the nmeth CONPI, Si di aty. st one | o adi | - t ai ni-ng
l'iquification C()A-fagggh%gselqgct elgiu oma?he léa)régupglg%tﬁsi g’?l%/ng g&g( I\/e%%)lai) 2,
MeCpH an@nahgdoydibpeatadienyl)MaNadd, ).t aht heethoet bythpiysho peidirgditeloyde) To (IWL2) 3 to
forma liquid conmposition, wherein the anount of the at |east one |

cycl opentadhdayalersaiadienyHgi(NMeaisrin @atamang & fosmt playd cempesifien.priswsiabout

0.5%to 0 fﬁ@eq al [ t IOk i biQn 29.
Anet hodt g]lgi%gtoiu%‘ t;qe)lf eas'f: %E%E%lg%dgﬁgg@{ti@q r%gt(:%l Ré*t?%ﬁg%@%@?&elrﬁ %hltio(f NMVe2) 3,
t he net hid ligoipronghiosigioaddi ng a hydrocarbon |iquification co-factor having
between 7 and 20 carbon atons in an anount to forma |liquid conposition,
wherei n the anmount of hydrocarbon liquification co-factor present is from
about 0.5%f6to about ;R¥.Based on; g&,al Mei ghis of aphie | iogyd d pRREPOSitiHON.

30. Anet hodt ol i qui fyatl| east about 99%ur esol i d

(et hyl ciredtoygeyd eptineadidny T {(NMER):3 , the heethed Ivothpeisimgr adsiingy dadetiang toothaene t o

the (nmethylcvcl opent adi enyl 2Tk (NVe2) 3 in mount. t.o form.a liquid
conpos t TEHExARERARREDEIA NG N b bl B PR b€ pRafiligbufiéidiag, « o
about 1%hbase@no6f dQledineie@ht isOfrothN®ohd TP tel 26OWIBRISE ibhéc@on todal -weight of
Anmet hodt ol i qui f yat| east about 99%pur esol i d (et hyl cycl opent adi enyl %Ti (NMe2) 3,
t he met hbd ligsidgionyiosigioaddi ng dodecane to the

(et hyl cycl opent adi enyl ) Ti (NMe2)3 in an anmount to forma liquid
conposition, wherein the anount of dodecane present is fromabout 1%to
about 5% hasesiethnd tof falming iaghiniomh-doneidihg dilel yoapgsir deposition3grocédsimhthod  of
formng a titaniumcontaining filmby a vapor depaqgsition process, the

met hod cORPPH SORPISERNG L P ilGUIdPISFEEes SURPSY o STheredh thepHeyidi BeqUser| i qui d

Pr ecur SOF MRS { LORoS QDT (iR IRYRKI.CKE FPRRAAL]CTL] Thf NYER) S 3pd at

| east one opent enyl - contal ni icati on co-factor selected from
t he gr ougyctapesiadicnplgcantaiiive Cokif R atidfe Gpkhctondseorelifran ittengibhe cewsdisting38. The

met hod o im 3 ere the at | east. one cycl opent adi enyl - cont ai ni ng
liquifi cé\g%ﬂ%)éoh/]%%yn&ﬂldicgmgpé@%fhe fi?tft he 1iquid precursor conposition from
about 0.5%to about 1.0% 34. The nethod of C aim 32, wherein the vapor

deposition process is chem cal vapor deposition.
The method of Claim 32, where the at least one cyclopentadienyl-containing

liquification co-factor is present in the liquid precursor composition from about 0.5% to

about 1.0%.

34. The method of Claim 32, wherein the vapor deposition process is chemical vapor

deposition.
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35. The nethod of C aim 34, wherein the chem cal vapor deposition is

| i qui d-injection chem cal vapor deposition. 36. The nethod of C aim 32,
wher ei n tWe 2oapar29deposi ti on process is atom c | ayer depa¥iuszam/04238¥. The
met hod of Claim 36, wherein the atomi c |ayer deposition is |liquid-injection
atom c | ayer deposition. 38. The nethod of C aim 32, wherein the liquid
precursor conposition is delivered to the substrate in pulses alternating

with pul ses.of an o n.sqyrce. .39. The.nethod of Cl aim 38, wherein the
oxygen sour & ew@éﬁf@w%ﬁoﬁﬁfm 316&6@%?8?@? depepitiophis idiHeSP Al ai m
32, furtafégniggqglgglqjeggsitiérn addition to the liquid precursor conposition,

delivering to the substrate at | east one co-reactant selected fromthe
group consi sting of hydrogen, hydrogen plasna, oxygen, air, water, amoni a,

hyd i kyl hyd i .Si ..and nbi pat.i th f.
P s T et Nt T T g
at | eastd@peitisn-titani um precursor to forma m xed-netal oxide film 42,

The nethod of Cl aim 32, wherein the mxed netal filmforned is sel ected
fromthe group consisting of strontiumtitanate, bariumtitanate, hafnium

titanatez, zir I i e i tifanate. 43 . . et hod
of O a2, TRAPA b TR G e B e T ey b S0 R el e
for a memomyc Ape/depoditgi.c appl i cation. 44. The nethod of C ai m 32,
wherein the liquid precursor conposition further conprises toluene. 45. A

met hod of formng a titaniumcontaining filmby a vapor deposition process,

the met hod SQIMALHSHBICHTND, nbicAting 119&?%%%3{0&8{%@8&5&& F&eli%l’)@&?d fhet he

| i qui d precursor composition conprise cycl opent adi en Ti (NMe2) 3
and a hysscae ropulbésqulefmatag wath putsef afdrooxygamerecar t he hydr ocar bon
liquification co-factor is present in the conposition in anmount from about
0.5% to about 5% based on total weight of the |iquid precursor conposition.

39. The method of Claim 38, wherein the oxygen source is selected from H,O, O, or

ozZone.

40. The method of Claim 32, further comprising, in addition to the liquid precursor
composition, delivering to the substrate at least one co-reactant selected from the group
consisting of hydrogen, hydrogen plasma, oxygen, air, water, ammonia, hydrazine,

alkylhydrazine, borane, silane, ozone and a combination thereof.

41. The method of Claim 32, further comprising delivering to the substrate at least one

non-titanium precursor to form a mixed-metal oxide film.
42. The method of Claim 32, wherein the mixed metal film formed is selected from the
group consisting of strontium titanate, barium titanate, hafnium titanate, zirconium

titanate and lead zirconate titanate.

43. The method of Claim 32, wherein the titanium-containing film is a dielectric film

used for a memory and/or logic application.
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44. The method of Claim 32, wherein the liquid precursor composition further comprises

toluene.

45. A method of forming a titanium-containing film by a vapor deposition process, the
method comprising using a liquid precursor composition, wherein the liquid precursor
composition comprises (methylcyclopentadienyl)Ti(NMe,); and a hydrocarbon
liquification co-factor, wherein the hydrocarbon liquification co-factor is present in the
composition in amount from about 0.5% to about 5% based on total weight of the liquid

precursor composition.
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