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DEPQOSI TI ON Cross- Reference to Rel ated Applications 5This application is a
cont i nuatworeeimeepeet of prior Application No. 12/981, 872CTfisk@d/ oBssenber
30, 2010, which clains benefit under 85 U.S.C. 119(e) to provisional
application No. 61/321,763, filed April 7, 2010, the entire contents of
both being incorporated herein by reference. 10Technical Field
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324, 289 (2003); T. WD 2011/127122PCT/ US2011/ 031346 2 Inoue et al., Nature

(London) 27RyeBugin@7epor ¢ppadittareprogesse®ppl . Phys. Lett. 85, 64 (2004)).
In addition, TiOQ2 is also a constituent of several inportant nulti-netal
oxi de systens, such as strontiumtitanates (STGs), barium strontium
titanates Background

One of the serious challenges the semiconductor industry faces is
developing new gate dielectric materials for DRAM and capacitors. For
decades, silicon dioxide (SiO2) was a reliable dielectric, but as transistors
have continued to shrink and the technology has moved from “Full Si”

20 transistors to “Metal Gate/High-k” transistors, the reliability of the SiO,-based
gate dielectric is reaching its physical limits. The need for new high dielectric
constant materials and processes is increasing and becoming more and more
critical as the size for current technology shrinks.

Standard dielectric materials like TiO; or new dielectric materials

25 containing alkaline earth metals called strontium titanates, such as SrTiO; or
Sr,TiOy4, or barium strontium titanates provide a significant advantage in
capacitance compared to conventional dielectric materials. The new dielectric
materials are also attractive candidates for several thin film applications, such
as high dielectric constant materials for electronic devices, anti-reflection

30 optical coatings, biocompatible coatings, photocatalysis, and solar cells. (H. A.
Durand et al., Appl. Surf. Sci. 86, 122 (1995); C.-W. Wang et al., J. Appl. Phys.
91, 9198 (2002); M. Keshmiri et al., J. Non-Cryst. Solids 324, 289 (2003); T.



5(BSTs), and lead zirconiumtitanates (PZTs), for dielectric and
ferroelectric applications. (P. Alluri et al., Integr. Ferroelectr., 21,
305 (1998yp 2011A278¢o0tt et al ., Science 246, 1400 (1989) PCT/US2011/031346
Nevert hel ess, deposition of Ti contaifing layers is difficult and new
material s and processes are needed. For instance, atom c |ayer deposition,
| OALD, has been identified as an inportant thin filmgrowh technique for
m croel ectronics manufacturing, relying on sequential and saturating
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3 A S Rty Okygen Soures suCh 2s dzona or waier s used in this o' &M 1)
deposition method. The surface-controlled nature of ALD enables the growth
15 of thin films of high conformality and uniformity with an accurate thickness
control.
In STO ALD depasition, available Sr precursors show excellent
reactivity with O3 and acceptable reactivity with water. However, the use of
ozone as an oxidant may have undesired results with the underlying layer,
20 such as TiN or strontium ruthenium oxide (SRQ), when the STO film is
deposited at high temperature. it may either oxidize the TiN layer or partially
etch Ru from SRO layer.
Although atomic layer deposition (ALD) of Ti compounds has been
disclosed, these metal precursors have poor reactivity, especially with
25 moisture, and low stability often requiring low substrate temperatures and
strong oxidizers to grow a film, which is often contaminated with carbon or
nitrogen.
Air Liquide showed that most of the standard homoleptic Ti molecules
have limited ALD process temperature window or no deposition (R.
30 Katamreddy, V. Omarjee, B. Feist, C. Dussarrat, ECS conference 2008). For
example, in a water ALLD process, the Ti molecules titanium
tetrakis(isopropoxide) (TTIP), tetrakis(dimethylamino) titanium (TDMAT),



titanium (TEMAT) had deposition rates below 0.6 A/cycle and process w ndows
that did not exceed 250C. Id. New Ti precursors having higher thermal

stabi | it ywatohghee process 6t enperatures are needed. HPrgh/useonpasutar e
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incorporating Ti" materials are being 25sought for new generations of

i nt egivat ed bigi“!dm/@luaéﬁ S HwanpyeIO grakubsorisang. di.fekadd. K@wmadyAbhscl osed
S0, TSR R Mot P AR LSRNy sy 1905)
or Ti (R -N( %Zﬁhﬁg@f@)o\rs(% HENRERGLERGRT @FO bMTI(SYINC(NIPr,) N-
Cy)(OnBu),. Chinese Science Bulletin (2005), 50(24), 2817-2820. Chen et
al. disclose the synthesis of Ti(OnBu).{(O2CMe),. Huaxue Xuebao (2003),
15 61(10), 15692-1596. Uses for these compounds were not disclosed.
US Pat App Pub No 2005/277223 discloses ALD methods of forming
metal oxides using metai-containing precursors having the formula
M(L1)(L2),, wherein M is a metal, L1 and L2 may be halide, diketonate,
alkoxide, amino, alkoxyamine, amidinate, or multidentate ligands. The
20 exemplary precursors however are only Hf(OtBu)z(NEtMe),, Hf(OtBu)(NEt,),,
Hf(NEt:),(DMAMP),, Hi(NEtMe):{DMAMP),, Ti{OtBu);Cl, Ti(OtBu):Me,
Ti(OtBU)2(NEL)., TI(NEt:)2(DMAMP),, Ti(OtBu),(DMAMP),, and
TiCl(DMAMP);.
Other sources and methods of incorporating Ti materials are being
25 sought for new generations of integrated circuit devices. Novel precursors are

needed.

Summary
Disclosed are molecules having the following formula:
30 Ti(R4-N-C(R3)-N-R2),(OR4}x{(NR5Rs),(02CR7) Formula |
or
Ti{R4-N-{C(R3)2)m-N-R2)\{OR4)x(NRsR¢){O2CR7); Formula i



WO 2011/ 127122PCT/ US2011/ 031346 4 wherein: Rl, R2, R5, R6, and R7 are
i ndependently selected fromthe group consisting of Hand Cl1-C6 al kyl
group; R80=20H/12022C6 al kyl group, or Nwve2; 5R4 is a ClPCoh/Ushéayglo3greoup; m

=2-4, u=20-2; v =0-1; 4 x =1-3; 10y = 0-2; z =0-1; in
Formula |, u+x+y+z = 4; in Formula Il, 2v+x+y+z = 4; and U, v, or z 15The
di scl osed nol ecul es may further include one or nore of the foll ow ng
aspects: the nolecule having Forrmula I, wherein u=1, x=3, y=0, and z=0;

t he nol ecul ghbeiing sel ected fromthe group consisting of

Ti (i Pr-NC(Me)-N-iPr)i %no Pr)y3, Ti(iPr-NC(Me)-N-iPr)1(0OMe)3

Ti (i Pr-N-C(Me)-N* 20i P e, 8, ¥l (rmreNpagnasciently spieptshiseynathe
Ti (i Pr-N- - i Pr. PN A = E)-N-i Pr)1(0i Bu) 3,
T (1P o R bRl g T e &) 1ok 3.

Ti (Et-N-C(Me) - N-Et)i (RBye)R, CTiGERHNM Gdvp) oNNEtlg.1( OnPr) 3,

TI (Et - N-C(Me) - N-Et )i (QsBu) 3, Ti ( Et - NC( M) - N- Et ) 1( 0i Bu) 3,
Ti (Et 5N-C( Me) - N- Bt ) i ( BeBufd -2y @ev2iN- 250 NVe2) - N-i Pr) ( 0i PO3:

. m = 2-4;
. u=0-2;
- v =0-1;
. X =1-3;
10 . y = 0-2;
= z=0-1,
" in Formula |, u+x+y+z = 4,
= in Formula I, 2v+x+y+z = 4; and
" u,v,orz =1.
15 The disclosed molecules may further include one or more of the following
aspects:

» the molecule having Formula |, wherein u=1, x=3, y=0, and z=0;

¢ the molecule being selected from the group consisting of Ti(iPr-N-
C(Me)-N-iPr)(QiPr)a, Ti(iPr-N-C(Me)-N-iPr};{OMe)s, Ti(iPr-N-C(Me)-N-

20 iPr){(OEt)s, Ti(IPr-N-C(Me)-N-iPr)}4{OnPr)s, Ti(iPr-N-C{Me}-N-
iPr)«(OsBu)s, Ti(iPr-N-C(Me)-N-iPr)«{OiBu), Ti(iPr-N-C(Me)-N-
iPr)1(OtBu)s, Ti(Et-N-C(Me)-N-Et),{OEt);, Ti(Et-N-C(Me)-N-Et)1(OMe)s,
Ti(Et-N-C(Me)-N-Et)1(OnPr);, THEt-N-C(Me)}-N-Et)1{OsBu)s, Ti(Et-N-
C(Me}-N-Et}1(OiBu);, Ti(Et-N-C(Me)-N-Et);(OtBu)s, and Ti(iPr-N-

25 C(NMey)-N-iPr)(OiPr)s;

« the molecule having Formula 1f, wherein v=1, x=2, y=0, and z=0;

+ The molecule being selected from the group consisting of Ti(iPr-N-
(CHy)p-N-iPr}4(OiPr),, Ti(iPr-N-(CH2)2-N-iPr)s(CMe)z, Ti(iPr-N-(CHz),-N-
iPr)+(OEt),, Ti(iPr-N~(CHy),-N-iPr}1(OnPr)z, Ti(iPr-N-(CHz)2-N-

30 iPr}(0OsBu),, Ti(iPr-N-{CH3)2-N-iPr)4(QiBu),, Ti(iPr-N-(CHz)2-N-
iPrys(OtBu),, TH{EL-N-(CH),-N-Et)1(OiPr),, Ti(Et-N-(CHz):-N-Et)1(OMe),,
Ti(Et-N-(CH,),-N-Et)4( OEt),, Ti(Et-N-(CH2)2-N-E1)«(OnPr)z, Ti(Ef-N-



t he nol ecul e having Fornmula 11, wherein v=1, x=2, y=0, and z=0; The
nol ecul e being selected fromthe group consisting of
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Ti(iPr-N-(CH2)2-N- 30i Pr)-1(0sBu)2, Ti(iPr-N(CH2)2-NiPr)1(01Bu) 2,
Ti(iPr-N-(CH2)2-N- iPr)1(QBu)2, Ti(Et-N-(CH2)2-NEt)1(Q Pr) 2,

Ti (Et-N-(CH2)2-N-Et)i (Owe) 2, Ti(Et-N (CH2)2-N Et)1(0Et) 2,
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20 iPr).(OtBu),, TI{E-N-C(Me)-N-Et),(OiPr),, Ta(Et—N~C(Me)~N—Et)z(OMe)g,
THEE-N-C(Me)-N-Et),{OEt),, Té(Et~N-C(Me)—NnEt)z(OnPr)g, Ti(Et-N-
C(Me)-N-Ef)(OsBu),, Ti(Et-N-C(Me)-N-Et),(OiBu),, and T{Et-N-C(Me)-
N-Et)(OtBu),;

» the molecule having Formula |, wherein u=1, x=2, y=1, and z=0;

25 s the molecule being selected from the group consisting of Ti(iPr-N-
C(Me)-N-iPr)(OiPr),{(NMe;), Ti(iPr-N-C(Me)-N-iPry{QiPr)(NEt,), Ti(iPr-
N-C(Me)-N-iPr)}{OiPr),(NEtMe), Ti(Et-N-C(Me)-N-Et)(QiPr),(NMe,),
Ti(EE-N-C(Me)}-N-Et){QiPr)(NEt,), TI(E-N-C{Me)}-N-Et)(OiPr)(NEtMe),
Ti(iPr-N-C(NMe;)-N-iPr)(OiPr},(NMe;), Ti(iPr-N-C{NMe;)-N-

30 iIPr(QiPr)x(NEt,), Ti(iPr-N-C{NMe;)-N-iPr)(OiPr):(NEtMe), Ti(iPr-N-
C(Me)-N-iPr)(OiPr),(NMeiPr), Ti{iPr-N-C(Me)-N-iPr)(OiPr)y(NiPr;),
Ti(iPr-N-C(Me)-N-~iPr)(OiPr),(NMetBu), Ti(iPr-N-C{Me)-N-



30 ilpr)(OiPr)2(NEt2), Ti(iPr-NC(NMe2)-N-iPr)(01Pr)2(NEtM),

Ti (i Pr-NC(Me)-N-iPr)(0iPr)2(NweiPr), Ti(iPr-N-C(Me)-N1Pr)(0iPr)2(Ni Pr2),
Ti (i Pr- N-v€ONBY/I7128r ) (0i Pr) 2( NMet Bu), Ti (i Pr-N-C( Me) - N- PCWDS2011/031346
2011/ 127122PCT/ US2011/ 031346 6 i Pr) (0fPr) 2( NneoPenty12),

Ti (Et-N-C(Me)-N-Et)(0i Pr)2(Nwei Pr), Ti(EtN-C(Me)-N-Et)(0iPr)2(N Pr2),

Ti (Et-N-C(Me)-N-Et) (0i Pr)2(NneoPentyl2),

Ti (i Pr-N-C(NMe2)-N-iPr)(0iPr)2(NweiPr),

Ti (i Pr-N-C( NMe2) iRi( Ef?l()ﬂNlﬁi‘ebE’(eNtyler)2)Ta(Et~N—C(Me)—N-Et)(OiPr)g(NE\/EeiPr), Ti(Et-

Ti (i Pr-N-C(NMe2)-N-iPr) (0i Pﬁ% 2(.NneaP nt_{lzl%], and )

5Ti (i Pr- N—C(NIVEZN MY EREHP DBy )it E-N (M NEHOIRE NGBS i) 1,
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T s i a e CRN R o,
1L A mmanes i mpanase e
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Formuba |11, wher%ha nhble@ule)b%ﬁhg Qéké@%d fesrdl tBe groug h@nsmlr@cmﬂ'ﬁ(zbe-ll\hg
Ti (O Pr)2(OZCIV02 t he nol ecul e havi ngEelther Forpula | or Formula |1,

wherein u, v, %PHx)r@d fPam&?'P&)@Oz%Ma) HRr-hois-B-ha) Ry Py Be) 3( 020Me) .
iﬁﬁif?a?'e“k"fiic TRy A S e NN “one substrate
di sposed wi t hin iRr)(OFtiRe)( @@@Me)oﬁ'l(mr—N-é@Bﬁg)zdﬁﬁPO(O$Ble)(®m3b’@t)l|BSIPd-IN&CI osed
fhe substr at e to(F ORI bTHICEBHEGPRMD: T g S 6 e B BHI G aEe of 't he
substigate S0usi ngi(er.¥aESM,)IRPEBIOFPROICARAS PHETRG GHisENosed met hods may
Et)(OMe){O2CMe), Ti{Et-N-(CHa):-N-Et)}{ OE1)O,CMe), THEL-N-(CHz)-
N-Et)(OnPr)(02CMe), TI{Et-N-(CH2),-N-Et)( OsBu)(O.CMe), Ti(Et-N-
{CH2)2-N-Et)(OiBu)(O,CMe), and Ti{Et-N-(CH3)-N-Et)(O1Bu)(O.CMe});
¢ the molecule having either Formula | or Formula il, wherein u, v, y=0,
20 x=2, and z=2;
» the molecule being Ti{OiPr);{O,CMe),;
* the molecule having either Formula | or Formula Il, wherein u, v, y=0,
x=3, and z=1; and
e the molecule being Ti(QiPr);{(O,CMe).
25 Also disclosed are methods of forming a Ti-containing layer on a
substrate. A reaction chamber is provided having at least one substrate
disposed within it. The vapor of at least one of the molecules disclosed above
is infroduced into the reaction chamber. The vapor is contacted with the
substrate to form a Ti-containing layer on at least one surface of the substrate
30 using a vapor deposition process. The disclosed methods may further include

one or more of the following aspects:



one or nore of the foll ow ng aspects: WO 2011/127122PCT/ US2011/ 031346 7
introducing into the reaction chanber a second vapor including at |east one
met al - corwaiznimg7peecur sor and contacting the second vapomr/us2eih/osises
substrate to forma netal -contai ning Fayer on at | east one surface of the
substrate using the vapor deposition process, wherein the netal -

5contai ning precursor is selected fromthe group consisting of ML)2 and
MVL)2.A wherein: Mis Sr or Ba; L is selected fromsubstituted
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A is a neutral oxygen containing fromt he group

consi sting of tethahyshtefteiugmg tﬁeﬂabbcnymdflﬁmepr@hegbywherdrm tted satal- and
tetraglyne; and the_ netal -containing precursor bei ngpsel ect from t he

gr oup Sconsi st i ngCentagHng PF@@E?@ is SelgCRBHRIhergrouRc f”ﬁ@@)?

Sr (t Bu3CP) 2, Sr(w ?%\3 ne Sr(tBu3Cp)2.dme, Sr(thnd)?2,
Sr(thnd)2.triglyme,”* Sr'Zthrmr)z tetragl yme, Sr(Me5Cp)2, Sr(Me4Cp) 2,
Sr ( Me4Et Op) 2, Sr(l\/b4n|%@rf3r20r HBa( i Pr3Cp) 2, Ba(iPr3Cp)2.thf, Ba(iPr3Cp)2.dne,

Ba(t Bu3Cp)2, Ba(tB 3 t )
ngthlrjrd)qg)trig?)(/rreu i shlried Bong BES?O%’ Sy eBe AL fganpysiems

Ba( Me4Et Cp) 2, ang R 2& ‘F%@bQE’Q BetadhikeiBRal RENSSEtahE -OREROGH @f%d@pos' ting
a STO or BST frlm

reacti on chanber 71's provided havi ngi | east one
substitat e di sposed -wi thim of R taRslizéastependently stlecteshpwuridisr dilsebosed above

is pulsed into tpe rea |g(r:1 c(is: &?E An oxygen source is pulsed into the
reacti on chanber! n%\arn%r PICREhESVhe M " pr ecur sor is pul sed into the reaction

chamber. The netal -- each of Rg and Ry is independently selected from C1-C6 linear
or branched alkyl chain; and
- Ais a neutral oxygen containing molecules selected from the
15 group consisting of tetrahydrofuran, dimethoxyethane, diglyme,
triglyme, and tetraglyme; and
» the metal-containing precursor being selected from the group
consisting of Sr(iPrsCp)z, Sr(iPr;Cp)a.thf, Sr(iPr;Cp)z.dme, Sr{tBusCp),,
Sr(tBuszCp)a.thf, Sr{tBusCp)..dme, Sr(thmd),, Sr(thmd),.triglyme,
20 Sr(thmd).tetraglyme, Sr(MesCp)z, Sr(MesCp)z, St{MesEtCp)y,
Sr(MesnBuCp)z, Ba(iPraCp)z, Ba(iPrsCp)..thf, Ba(iPraCp)z.dme,
Ba(tBusCp),, Ba(tBus;Cp)..thf, Ba(tBuzCp),.dme, Ba(thmd),,
Ba(thmd),.triglyme, Ba{thmd), tetraglyme, Ba(MesCp)z, Ba(MesCp)s,
Ba(Me4EtCp),, and Ba(MesnBuCp),.
25 Also disclosed are methods of depositing a STO or BST film. An ALD
reaction chamber is provided having at least one substrate disposed within it.
At least one of the compounds disclosed above is pulsed into the reaction
chamber. An oxygen source is pulsed into the reaction chamber. A metal-
containing precursor is pulsed into the reaction chamber. The metal-
30 containing precursor is selected from the group consisting of M(L), and
M(L),.A, wherein:
- Mis SrorBa;



30cont ai ning precursor is selected fromthe group consisting of ML)2 and
ML)2.A wherein: Mis Sr or Ba; WD 2011/127122PCT/US2011/031346 8 - L is
sel ect ed woamisizberi t ut ed cycl opent adenyl |igand syst enPCRIR2R3IMBARICy or
bet a- di ketonate |igand systens -0-CR68CH CR7-0-; - each of RL to R5is

i ndependently selected fromH or C1-C6 |linear or branched al kyl chain; 5-
each of R6 and R7 is independently selected from01-06 |inear or branched
al kyl chai n; and - Ais a neutral oxygen containing nol ecul es sel ected
fromthe group consi stLiingelbtddetrasmhpudatitited cycdopatthdzygtiband sydicghy me,

triglyme, and tetraglyne. 10A second oxygen source is pulsed. |nto the
reagt iyon chanber R fﬁgl@g/%ﬁ;ﬁ@n@r&@@@k%pn%ﬁ!geﬂgapgtqyétqrﬂs t(ﬁé{@rg%aﬁﬁs&é‘fl Imis
control | ed by varyi.ngebe oIS R. G ifilshagn®f SHScAd Mt pr equesor and

he disclose 0

nmet al - cont ai ni ng precursor. net’hods may fturther include one
or nore of the fobohéavemygaasiptaikyl diain;he nmet al - cont ai ni ng precursor being

| ected f th isti of. i Pr3 2 1 Pr3 hf
S (1 PRSCp) 2. dme, At BAGOR) B 28 (R BRI Erer Y SPaCR BT e 134 he) 2.
Sr(thmd)2.trigl ygpbraﬁ,f&bargjlgﬁchgw aghyne, Sr(Me5Cp)2, Sr(Me4Cp) 2,

Sr (Me4Et OP) 2, Sr(Me4nBuCp)2,” Ba(i Pr3Cp)2, Ba(iPr3Cp)2.thf, Ba(iPr3Cp)2.dne,
20Ba(t Bu3Cp) 2, Ba(t-Buddpy2neuifgl oBageBad@e)r2ng mnle@i¢s hetyed from the

Ba( NeAE! Op) 2, M NEAMELEGY 20 2Rd e Ry beR BT SR/ TRe second
oxygen source bet al &fid tedRfyrAki on and Nomencl ature Certain

abbrevi ations, synbols, and terns are used throughout the_follow ng
descrifpt i onAasRECOANYSERMOUIGRCISUNESE It Hishieagtian cbaMbsTOTheefers to

Lo o iy AR BB 30 BB AT B by B
number of pulsing steps for the precursor and metal-containing precursor.
The disclosed methods may further include one or more of the following
aspects: _

15 + the metal-containing precursor being selected from the group
consisting of Sr(iPrsCp),, Sr(iPr3Cp)s.thf, Sr(iPrsCp)..dme, Sr{tBusCp)y,
Sr(tBuzCp)s.thf, Sr(tBusCp),.dme, Sr{thmd),, Sr(thmd),.triglyme,
Sr{thmd),.tetraglyme, Sr{MesCp);, Sr{MesCp)a, Sr{(MesEICpP),,
Sr(MesnBuCp)s, Ba(iPrsCp)z, Ba(iPraCp),.thf, Ba(iPr:Cp)..dme,

20 Ba(tBu;Cp),, Ba(tBuzCp)la.thf, Ba(tBu;Cp)s.dme, Ba{thmd)s,
Ba{thmd),.triglyme, Ba(thmd),.tetraglyme, Ba{MesCp),, Ba(MesCp)s,,
Ba(Me4EtCp),, and Ba{MesnBuCp),; and

¢ the oxygen source and the second oxygen source being water.

25 Notation and Nomenclature
Certain abbreviations, symbols, and terms are used throughout the
following description and claims and include: the abbreviation “STO” refers to
strontium titanates; the abbreviation "BST" refers to barium strontium titanates;
the abbreviation "PZT" refers to lead zirconium titanates;

30 the abbreviation “R-NC(R3)N-R" refers to the following chemical structure:



30t he abbreviation "RL-NC(R3)N-R2" refers to the follow ng chem cal
structure: WD 2011/127122PCT/US2011/031346 9 R N, R2 the abbreviation

"Ri - N(C(R8p2pmvivR2" refers to the foll owi ng chem cal stPcuatserie/03R326
(C(R3)2)m NC) the abbreviation "02CR7Y refers to the follow ng chem cal
structure: 0, 5 t he abbreviation "Cy" refers to cycl ohexyl; the
abbreviation "Cp" refers to cycl opentadi ene; the term"aliphatic group”
refers to a Cl-C6 |linear or branched chain al kyl group; the term "al kyl
group” refers to saturated functi onal youps contai ni ng excl usi vely carbon
and hydrogen atons and ioincludes |inedr, branched, or cyclic al kyl groups.

Exanpl es of |inear al kyl groups incl ;@ "W tg&ut limtation, nethyl groups,
et hyl groups, n-propyl groups, n-but % ., etc. Exanpl es of branched
al kyl's groups include without limtati d?h t-butyl. Exanples of cyclic alkyl
groups include without limtation, cycl:ﬁopr opyl groups, cyclobutyl groups,
cycl opentyl groups, cyclohexyl groups, ¥setc. The abbreviation "Me" refers

to a methyl g htiteviahen sRPNEEIFRDIHQIN-FE! reféft8 e o EEMdthical QHRtuihe
abbreviation "Pr" refers to a propyl group; the abbreviation "iPr" refers

to an isopropyl group; the abbreviatiétp"iBu" refers to an isobutyl group;
t he abbreviation "nBu" refers to a n-butyl group; the abbreviation "sBu"
refers to a sec-butyl group; the abbrf¥iation "tBu" refers to 20a tertiary
butyl group; the abbreviation " neoxﬁnt " refers to -CH2Cwe3; the

(C(R3)2)m

R4

the abbreviation "O,CR;" refers to the following chemical structure:

5 HO
the abbreviation “Cy” refers to cyclohexyl; the abbreviation “Cp’ refers

fo cyclopentadiene; the term “aliphatic group” refers fo a C1-C6 linear or
branched chain alkyl group; the term “alkyl group” refers to saturated
functional groups containing exclusively carbon and hydrogen atoms and

10 includes linear, branched, or cyclic alkyl groups. Examples of linear alkyl
groups include without limitation, methyl groups, ethyl groups, n-propyl groups,
n-butyl groups, etc. Examples of branched alkyls groups include without
limitation, t-butyl. Examples of cyclic alkyl groups include without limitation,
cyclopropy! groups, cyclobutyl groups, cyclopentyl groups, cyclohexyl groups,

15 etc. The abbreviation “Me” refers to a methyl group; the abbreviation “Et”
refers to an ethyt group; the abbreviation “Pr” refers to a propyl group; the
abbreviation “iPr” refers to an isopropy! group; the abbreviation “iBu” refers to
an isobutyl group; the abbreviation "nBu” refers to a n-butyl group; the
abbreviation "sBu” refers to a sec-butyl group; the abbreviation “tBu” refers to

20 a tertiary butyl group; the abbreviation “neo-pentyl” refers to -CH,CMeyg; the
abbreviation “N%-amd” refers to Ri-NC(R3) N-R;, wherein R; = a C1-C86 alkyl



abbreviation "Nz-amd" refers to RI-NC(R3) N-R2, wherein R3 = a Cl1-C6 al kyl
WO 2011/ 127122PCT/ US2011/ 031346 10 group and RL and R2 = Z, which is

defi ned asoNBi11/Br122Pr, i Pr, nBu, iBu, sBu, or tBu, for examsb@imss4and is
Me- NC( Me) N- Me; the abbreviation "Nz-fwd" refers to RL-NC(R3) N-R2, wherein
R3 Hand R1 and R2 = Z, which is defined as Me, Et, Pr, iPr, or tBu; the
abbreviation "1\ 12-gnd" refers to RL-NC(R3) N-R2 5Wnerein R3 = NR5R6 with Rs
and R6 = Hor a Cl-C6 al k oup, and Rl and R2 Z, which is defined as
Vo, Et, i lcom, anbi, AnBe s B iesh SEieneHa By B RinnBIHBU, SBLePS 1o

abbr ovi al ?Ll:ﬁt?%zaé“ﬁﬁ@%%%ﬂ%ﬁﬂ%ﬂ%@“e@%o@%%%r@%ﬂé* BB on
"CVD' refergftms t@rfenNuRSMamg wiepeisi Ri oM abd & oy reyt:ﬁ iverich &' déTPda’
refers to | ow pressure chenical vapor deposition: the abbreviation "P-CVD'

refers to pafd&Rl EhBriiBaIoEpoiheripysViglion; Ni- A peiesy faRi DRk refers
t | at f

o Netal | nelPRtarheRe e Ty ERFE L 60T 2 KECB AP S Mt 071 St P on
"DRAM' ref eRs =D, Wichnis deﬁmublam!\m:cas@r nenoBy, iBhesBhabliBayihat i on " FeRAM

refers to ferroelectric random acce rrermry t he abbrevi on ".CMOXS"
refers to caRpieAivnarl @Fm@?{jﬁrswea ErRTtGH e 8PP b REOREEMA IS Taa

refers 10 thghEpgr ARG heAR¥oiton AL » refSReICSHBRART [ cphbpaYiian ons of

[
the el enents fro%the periodic tab e of elenents are us erein. I't should
be under st ottt &ihaevetieneéthd malerbéo 2bemical vepot defpsitidne Siee abbregistiani ons

Ba refers. t scri ption

08 2H by annioEVRh feterd Bl res R iahigr it BRbsiaf: e SlniSuglGis e ot

the present “@giiyerié@no Htﬁieﬁf@rﬂ%ﬁicéh@éﬂdi d%%o@ﬁ:@ﬂ R dieeliaibewbpg detail ed
description, taken in conjunction with acconpanyi ng draw ngs, in which

like el erremﬂ\&,Darr@fe@ {eplashe enianced %tﬂmm@aasdem%whdbe abhtaMaticnd
deronst rati Y Vi aisredie BULUSIAREN Y (Lt ERRp M Ebd TRk BB ge or
Ti (1 er - amd) 68bR)Aion3TRAM2 réfersaioldyhghiapanden abced Rieras) #(0i PO2;
15 abbreviation “FeRAM” refers to ferroelectric random access memory; the
abbreviation “CMOS” refers to complementary metal-oxide-semiconductor,;
the abbreviation “TGA” refers to thermogravimetric analysis.
The standard abbreviations of the elements from the periodic table of
elements are used herein. It should be understood that elements may be
20 referred to by these abbreviations (e.g., Ti refers to titanium, Ba refers to

barium, etc.).

Brief Description of the Drawings
For a further understanding of the nature and objects of the present
25 invention, reference should be made 1o the following detailed description,
taken in conjunction with the accompanying drawings, in which like elements
are given the same or analogous reference numbers and wherein:
FIG 1 is a thermogravimetric analysis (TGA) graph demonstrating the
percentage of weight loss with temperature change for Ti(N"-amd)(OiPr)a;
30 FIG 2 is 2 TGA graph for Ti(N™"-amd),(QiPr)y:
FIG 3 is a TGA graph for Ti(N"™"-fmd),(OiPr),;
FIG 4 is a TGA graph for Ti(N™"-amd)}(QiPr),(NMe,):



FIG3 is a TGA graph for Ti (NI P1-fnd)2(0iP02; FIG4 is a TGA graph for

Ti (NI P1-and) (0i Pr)2(NMe2); WD 2011/127122PCT/US2011/031346 11 FIG5 is a
TGA gr aptwbapitfiz(Be- N- (CH2) 2- N-Et ) (0i Pr)2; and FI G 6 i sPaT/lS201g/0a13h6 f or

Ti (Me2CH- N- (CH2) 3- N- CHwe2) (0i PO2. Desdription of Preferred Enbodi ments

5D scl osed are novel titaniumcontaining precursors, nethods of

synt hesi zi ng the sane, and net hods of using the sane. The di scl osed

heterol eptic titani umcontaining precursors are derived fromdifferent
cl asses of |iganllGpss enkGAgaph & HikldNate)-Rdrtp@lir op;reice, guani di nat e,

Gesi gn may el p TI6ed0e TaraFobh 15 Pl N e R P BaP i s or
very low nelting solids), increase reactivity with water, and increase

thermal stability for wi der process w ndow aEpI i cations. The
di scl osed titani um cont ailPgsyipiee of Eseterrag Embrdimantswi ng f or mul ae:

Ti (R N (O Ro) 2) DRSNS FONaRe) PRk ADRGT T ot Malteds & ar ro. e,

R6, and R7 sythesidepeandsainte, ssel rmethedsfof erirightte2gmeup consisting of H and
Cl- C6 al kyl grou;lo_' R3 = H, Cl1-C6 al kyl group, or Nwe2; ,
he disclosed heteroleptic titanium-containing precursors are derived

from different classes of ligand systems, such as amidinate, formamidinate,
guanidinate, amide, and/or chelating amide ligands, plus alkoxide ligands.

10 Precursor design may help improve volatility, reduce the melting point (liquids
or very low melting solids), increase reactivity with water, and increase
thermal stability for wider process window applications.

The disclosed titanium-containing precursors have the following

formulae:
15 Ti{R4-N-C(R3)-N-Rz2)u(OR4)x(NRsRs),{O2CR7}, Formulal
or
Ti(R1-N-{C{R3)2)m~N-R2},{OR4)x(NR5Rg),{02CR7}, Formuia Il
wherein:
. R1, Ry, Rs, Rg, and Ry are independently selected from the
20 group consisting of H and C1-C6 alkyl group;

. Rz = H, C1-C6 alkyl group, or NMey;
= R4 is a C1-C6 alkyl group;

= m = 2-4;
' u=_0-2;
25 . v =0-1,
- X =1-3;
. y = 0-2;
* z=0-1;
a in Formula |, u+x+y+z = 4,
30 . in Formula I, 2vtx+y+z = 4; and

. U, v, orz =1.



R4 is a C1-C6 al kyl group; m= 2-4; u=20-2; 25V =0- 1 x =1-3; y = 0-2
z =0-1; in Formula I, u-Fx+y+z = 30in Forrmula Il, 2vi-x+y+z = 4; and u, v,
or z WOWORM112722PCT/ US2011/ 031346 12 As def i nedTalseme/03t3he Cl- Co
al kyl group includes any |inear, branched, or cyclic alkyl groups having
from1l to 6 carbon atons, including but not limted to Me, tBu, or

cycl ohexyl groups. In Formula I, the RI-NC(R3)N-R2 |igand has
the foll owi ng chem cal 5structure: R2 In Forrmlall t he

R-N(C(R3)2)m NAlaz:iafm@araﬂJowastner@meﬁ pltswi grguphiestiides ay fineanubeanaked,
L0Ther ef or ey, 3l LR B SRETNG HRIF TS SMBoR SRMIBRBLAIRESLY Mot P
limited to Me, tBu, or cyclohexyl groups.

In Formula |, the R1-NC(R3)N-R; ligand has the following chemical

5 structure:
Ri
I
N
@ >‘-R3
Rz
In Formula ll, the R4-N-(C(R3)2)m-N-R; ligand has the following chemical
structure:
Rz
s
(C(R\a)z)m
l
R
10 Therefore, although the same elements have been maintained in the

backbone of the ligand (i.e., -N-C-N-), the ligand itself has gone from a -1
ligand having one delocalized negative charge between the -N-C-N-
backbone to a -2 ligand having a negative charge localized at each nitrogen
atom. Additionally, the Formula | ligand has a more rigid structure than the
15 Formula [l ligand.
When Ry and Rz are C1-C6 linear or branched alkyl groups in Formula
I, Ry and Rs may be independent substituents or they may be linked together
to form a monocyclic structure extending from R4 to R, as demonstrated
below.
20
O R

R4-N-C-N-R;



backbone of the ligand (i.e., -NNCN), the ligand itself has gone froma
-1 ligand having one del ocalized negative charge between the -N C Nbackbone
to a -2 |Iwgand/hareng a negative charge | ocalized at ea®hTaiSkelogers4@t om

Additionally, the Formula | ligand ha® a nore rigid structure than the
15Formula 11 1igand. Wien R1 and R3 are Cl1-C6 |inear or branched
al kyl groups in Formula I, RL and R3 nmay be independent substituents or

they may be |inked togft her to form a nonocyclic structure extending from
Rl to R3, as densistlamdt ehaseRovids 200 RereN-RE linggy or branched alkyl

2011/ 127122PCT/ q:JO]rf]‘IQI‘T’ are
C1- i nea gp‘gﬁr anc edal?AFg’%%’garnguRp‘%maﬁ @o'nﬁ%bgn?%{m%,b%eand%egy be

[ ndependent nsaibisé libkehtogetherttb dyrnmaybibelit istietiré ogetitrenntwatedriyslewbi cycl i ¢
structure, as denonstrated below. 5R3 R1-N-C-N-R2 10The configuration of
the di sclosed precursors was selected in order to optimze the reactivity
(espegially with H20) and, at the same tine e stability. The Ti-N bond
is weak and will react rapidly/on the sugface. JAt the sanme tinme, the Ti-0
bond is nmuch stronger and w Il \help statri lize yhe nolecule to avoid fast
deconposition. By tuning this Iecul e, la pregursor is obtained that
15reacts well on the substrate t E\i %2_% ker site When u=1,
x=3, y=0, and z=0 in Formula I, preferably Et or ilpr, R3is
preferably H M, or Nwe2, and R4 |s pr ef erably a Cl-C4 linear or branched
al kyl chain. Exenplary precursors include Ti(iPr-NC(H-NPr)1(Q Pr) 3,

Ti (i Pr-N- N-i 1 y P -1D)-N1 P 0E T (i,Pr-

SON Q1 b )1 (TS0 HaTonsr e Histjoskd b ettt Skt dgogt 9 -

i Pr)1(01B034 Ngﬂ_h'ﬁiéalhel\i'e%ﬂ)ltﬁ\{'egpréé{é @Hh?hlgo-ﬁ'e(rldara‘( N‘recé%b‘tﬂ?hé Rhe sidtithr ) 3,

Ti (i Pr-N- N-i Pr -N-i Pr) (OEt 3, T|(|Pr-N-C(NE)-

N-iPr)i( OnprTj'lg Tigy pppﬁ Jw@@tv@md[\wm p:eq@(r@@gu/)@n the strface. At the same time,

TP AR AL ol B PR B o i

Ti (Et - N- C( MR st Neltbribioeiien) By fEln(rt'g tHe ﬁi(ol}@:)uﬂé\l-ipr)elc(,:%ué SbtalnddRhat
N- C( Me N-Et)l(OlBu)3 Ti (Et- N- N-Et)1( O Buy)3, or

Ti (i P> N-C( KRS Gl Fﬁfr)’(f‘@l sy ater %?é‘? ér"l‘%@i‘eéﬁétﬁpl ary precursor is
Ti (i Pr-N-C(Me) - NuPRd 1 {8k Prad =0, and z=0 in Formula |, Ry and R, are preferably Et

or iPr, Rz is preferably H, Me, or NMe,, and Ry is preferably a C1-C4 linear or

branched alkyl chain. Exemplary precursors include Ti(iPr-N-C(H)-N-
iPT)+(QiPr)s, Ti(iPr-N-C(H)-N-iPr){{(OMe)s, Ti(iPr-N-C(H}-N-iPr),(OEt)s, Ti(iPr-
20 N-C(H}-N-iPr)y{OnPr)s, Ti{iPr-N-C{H)-N-iPr}(OsBu);, Ti(iPr-N-C(H)-N-
iPr):(QiBu)s, Ti(iPr-N-C(H)-N-iPr);(OtBu)s, Ti(iPr-N-C(Me)-N-iPr){(QiPr)s,
Ti(iPr-N-C(Me)-N-iPr){(OMe)s, THiPr-N-C(Me)-N-iPr){(OEt)s, Ti(iPr-N-C(Me)-
N-iPr)4(OnPr)s, Ti{iPr-N-C(Me)-N-iPr)«(OsBu)s, Ti(iPr-N-C{Me)-N-iPr){(QiBu)s,
Ti(iPr-N-C(Me)-N-iPr){(OtBu)s, TI{Et-N-C(Me)-N-Et)(OEt)s, Ti{Et-N-C(Me)-N-
25 Ef)1(OMe)s, Ti{Et-N-C(Me)-N-Et)1(OnPr);, Ti(Et-N-C{Me)-N-Et},{OsBu};, Ti(Et-
N-C(Me)-N-Et);(OiBu)s, Ti(Et-N-C(Me)-N-Et),(OtBu}s, or Ti(iPr-N-C(NMe;)-N-
iPr){OiPr)s. The preferred exemplary precursor is Ti(iPr-N-C(Me)-N-
iPr(QiPr)a.
When m=2 or 3, v=1, x=2, y=0, and z=0 in Formula ll, Ry and R, are
30 preferably Et or iPr, Rz is preferably H, and R, is preferably a C1-C4 linear or
branched alkyl chain. More preferably, Ry and R are not Me when m=2.
Exemplary precursors include Ti(iPr-N-(CH;)2-N-iPr)(OiPr),, Ti{iPr-N-(CHy)s-



When me2 or 3, v=1, x=2, y=0, and z=0 in Formula Il, Rl and R2 are
30preferably Et or iPr, R3is preferably H and R4 is preferably a C1-C4

| i near orwbrancher2al kyl chain. Mre preferably, Rl andPR2/Use@1/0st34d/e when
m=2. Exenpl ary precursors include Ti (#4Pr-N(CH2)2-N-Pr)1(0i Pr) 2,

Ti (i Pr-N-(CH2)2- WD 2011/127122PCT/ US2011/ 031346 14 N-i Pr)1(0M) 2,

Ti (1 Pr-N-(CH2) 2- N-1i Pr)l(CEt)Z Ti (1 Pr-N-(CH2)2-N-i Pr)1(0nP02,

Ti (1 Pr-N-(CH2) 2- N-|Pr)|(CBB Ti (i Pr- N-égCHT) Nlel(Ol Bu)2, Ti(iPr-N
(CH2) 2- N-i PNPI(PEg)2 T Tﬁr(fﬁt(cﬁz 26&1125’@4(@ b2 T(@TEN Jo-N-iPr)(GnPr),

T (BN (o) B bR o O %@%%&ﬁ@@@@ Ti(Pr-N-

Ti (Et - N- ( CHRZR, DHNER L @mu))zzn Hi- K\IECH,B;( Mt))ROWPr)EtDs(Et@EDHZ)e N-

Ti (i Pr- N—(CH 3N—|Pr)1§0|Pr) T|(|Pr %m £?I\I-IPN gﬁ{I\/E)Z

E g: E; xg ENeizpi EﬂE&C)%z > N-EDROR FlESBE ek peN-EDHBINRY)2, ;

T (PPN (B R N e e J%%f&@@“ﬁ% I %BH ¢

E EEE ﬁé%ﬁﬁ@lﬁ)é ﬂ(ﬁﬂl’:\)feNQ(CHE)a( IEHPNw((GEH:? b STINP Y- MEBI)isl)(aQEG?r)#IO(EVIe)z

N- ( CH2) 3- N- %’%ggé{a% 05 ﬁ%’tg trlkitl\é éﬁ%ﬁ M'\EE% é(%B;‘ *l'?feNgfLJé‘fZéYred
exenpl ary pNiFF’w‘ é@u r @i(iBr (- ECHDFH 2)$2 ;h g(%%lg)&rN) |2Er)1 OtBu)s,

Ti (Et - N—(CH2)3 )1( Rilley
When u=2, xFREHN=GHAmN- Eiz)@(@tﬁr)EoTlﬁEltHsi CI—Ezt)ahﬁ ﬁiﬁé@Mes)arTiCrEats\l{ﬁéiz)bB‘ﬁol | owi ng

chem 2  SUERIES, TR By e bt CORT Rty SR 2

or Mg, and Ré(cs,) WE@H%?BM)zaoBlr(@ELNLGOT%g NOEt)RCaBaRed brnélfer%@l n. 'Vbr e
[

preferably, IS not ar recursors include i Pr
20i Pr) 2( 0i P@y@mpw(/lpwcwswmmﬂ - N-IPTH(PB)NT @EHM@HM §\|2( OEt ) 2
Ti(iPr- Et)(OiPr), or Ti(EN-(CHy)o-N-Et)}1(OiP1).
When u=2, x=2, y=0, and z=0 in Formula [, the precursor has the
15 following chemical structure:
Rz R
\ OR4 1
N l/ ”f; t, \\\\\\\ N
R
Sy \ ’
/ OR
4
R4 R2

In this embodiment, Ry and R, are preferably Et or iPr, Rj is preferably H or
Me, and Ry is preferably a C1-C4 linear or branched alkyl chain. More
preferably, Rs is not NMe,. Exemplary precursars include Ti(iPr-N-C(H)-N-

20 iPr)2(QiPr)z, Ti(iPr-N-C{H)-N-iPr)2(OMe),, Ti(iPr-N-C(H)-N-iPr),{O&t),, Ti(iPr-
N-C{H)-N-iPr)2(OnPr),, Ti(iPr-N-C(H)}-N-iPr)2,(OsBu),, Ti(iPr-N-C{H)-N-
iPr)z(OiBu)y, Ti(iPr-N-C(H)-N-iPr){OtBu),, Ti{(Et-N-C(H)-N-Et),(OiPr),, Ti(EL-N-
C(H)-N-Et),(OMe),, TI{Et-N-C(H)-N-Et),{OEt),, Ti(Et-N-C(H)}-N-Et),(OnPr)s,,
Ti(Et-N-C{H)-N-Et)2(OsBu)z, Ti(Et-N-C(H)-N-Et)2(OiBu),, Ti(Et-N-C(H)-N-

25 Et)o(OtBuU)z, Ti(iPr-N-C{(Me)-N-iPr)2(QiPr)z, Ti(iPr-N-C(Me)-N-iPr),(OMe),,
Ti(iPr-N-C{Me)-N-iPr)(OEt),, Ti(iPr-N-C{Me)-N-iPr),(OnPr),, Ti(iPr-N-C(Me)-
N-iPr){OsBu),, T{iPr-N-C{Me)-N-iPr)(OiBu),, Ti(iPr-N-C{Me)-N-iPr),(OtBu),,
Ti(Et-N-C{Me)-N-Et)o(OiPr),, Ti(Et-N-C{Me)-N-Ef),(OMe),, THEEN-C(Me)-N-



NC(H-NiPr)2(0nPr)2, Ti(iPr-NC(H)-N1iPr)2(0sBu)2,

Ti (iPr-N-C(H)-Ni Pr)2(0iBu)2, Ti(iPr-NC(H)-NiPr)2(0tBu)2,

Ti (Et - N- GyBi2eNyBr22(0i Pr)2, Ti (Et-NC(H)-NEt)2(0Me)2, PCT/US2011/031346
Ti(Et-NC(H)-N-Et)2(0Et)2, Ti(Et-NC(#)-N-Et)2(0nPr)2,

Ti (Et-N-C(H)-N-Et)2(0sBu)2, Ti(Et-N-C(H)-N E02(0iBu)2, Ti(Et-N C(H)-N
25Et)2(0tBu)2, Ti(iPr-NC(Me)-NiPr)2(0iPr)2, Ti(iPr-NC(Me)-N1iPr)2(0M)2,

Ti (i Pr-N-C(Me)-N-i Pr OEt)2, Ti(iPr-NC( I\/E -N-i Pr)2(0nPr

Ti (i Pr- N C(MEMO 51)*( SEMEN- &i)@GCMF’%@ ﬁé)N KK §\? @;Bzu)z Ti(E

E g 'E,I[Dr I\I-NC(C(V\E;E();?\@I‘SE* @g@@@zﬁﬁiﬂ%ﬁ g@@@hf\ll\k%&ég Pr'ﬁr?e' preferred

2011/ 127122825%5%2@ 3446 TUTPEN)HOEN)Rr),(DiPEL oNTCRVEN-OVE))N( OnPr ) 2,

Ti (Et-NC(Me N—Etr§2(OSBu)2 Ti (EEN-C(Me)-N-Et)2(0i Bu)2, and
Ti (Et-NC( 22(0t Bu) 2. The preferred exenplary precursor is

TP Q) - T it 7.0 F?Iz)zzyoﬁ ahd ZE0 1RGN TR DRk hes thhen u=l,

X=2, y 1, and z ormula-l he precursor hé | owm ng chem cal
structure: mav»’qupdﬁédnkmrswméﬁ C,,,mour AR3 R2 R40 In this enbodi ment,
Rl and R2 are preferably Et or iPr; IS preferably H M, [oor Nwe2; R4
is preferably iPr; and R5 and R6 pref 4@oly arei£1 ndependently Me or Et.
Exenpl ary precursors include Ti(iPr-N C\Me) - N- r)(0i Pr)2( Nwe2),

Ti (i Pr-N-C(Me)-N-iPr)(0iPr)2(NE hﬁ i Prwi V\%__ i Pr)(0i Pr)2(NEt M),
Ti (Et-N-C(Me)-N-Et) (0i Pr)2( NMe2)™6 IJEt- E??@OlPr)Z(NEtZ)

Ti (Et-NC(Me)-N-Et) (0i Pr)2(NEt M), Ti(iPrfENC( 2)-N-i Pr) (0i Pr)2(Nwve2),
Ti (i Pr-N- 15C(NMe2)-N-iPr)(0i Pr)2(NEt2), R
Ti (i Pr-N-C(NMe2) - N-i Pr) (0i Pr)2(Net Me)R,D (iPr- 2
N-C(Me)-N-iPr)(0iPr)2(NveiPr), Ti(iPr- N-C(IVE) N-i Pr) (0i Pr)2(N| Pr2),
Ti (1 Pr- NC(IVE) N-i Pr)(O1Pr) 2( NMet Bu) ,

Ti (i Pr-N-C( N-i P

T e N oo i S Pob b T R o Bdra iy PR Ra S5 isray (s,

Ti (Etfy C( Mepr N,) RQii P@éMWiP&néNdE)s and Rg preferably are independently Me
Ti (1 Pr-N-C(NMe2) -N-iPr) (0i Pr)2(Nwei

20Ti (i Pr-N- Q[ ﬁ&/e!ixempiwp(rwmﬁ@@(wpﬂ)s)ﬂ (IR7-Nr P B RVEDI (N Me2),

Ti(iPr-N-C(Me)-N-iPr)(QiPr),(NEt,), Ti(iPr-N-C(Me)-N-iPr}{OiPr),(NEtMe),
Ti(Et-N-C{Me)}-N-Et)(OiPr),(NMe;), Ti(Et-N-C{Me)-N-Et)}(OiPr)y(NEtz), Ti{Et-N-
C(Me)-N-Et)(QiPr)(NEtMe), TiPr-N-C{(NMe)-N-iPr)(OiPr),(NMejy), Ti(iPr-N-

15 C(NMey)}-N-iPr}{(OiPr)a(NEt,), Ti(iPr-N-C{NMez)-N-iPr)(OCiPr),(NEtMe), Ti(iPr-
N-C{Me)-N-iPr)(QiPr);(NMeiPr), Ti(iPr-N-C{Me)-N-iPr}{(QiPr),(NiPry), Ti{iPr-N-
C(Me)-N-iPr)}{OiPr);(NMetBu), Ti(iPr-N-C(Me}-N-iPr)(OiPr),(NneoPentyl,),
Ti(Et-N-C(Me)-N-Et)(OiPr)(NMeiPr), Ti(Et-N-C(Me)-N-Ef)(OiPr)z{NiPry), Ti(Et-
N-C(Me)-N-Et)}(OiPr);(NneoPentyl,), THiPr-N-C(NMe,}-N-iPr}(OiPr):(NMeiPr),

20 Ti(iPr-N-C(NMe;)-N-iPr}{OiPr)z(NiPr;), Ti(iPr-N-C(NMe3)-N-
iPrY(QiPr)2(NneoPentyls}, and Ti(iPr-N-C(NMe;)-N-iPr)(QiPr)z(NMeiPr). The
preferred exemplary precursor is Ti(iPr-N-C(Me)-N-iPr)}{OiPr),(NMe,).

When u=1, x=2, y=0, and z=1 in Formula |, the precursor has the

following chemical structure:



i Pr)(0i Pr)2(NneoPentyl12),
preferred exenplary precursor
When u=1,we=2011/p2#22 and z=1 in Formula I,
chem cal structure: WD 2011/127122P0p/ US2011/031346 16 R1 0 R4 R34
R2 OR4 In this enbodinment, Rl and R2 are preferably Et or iPr;
preferably Hor Me; R4 is preferably iPr; and R7 is preferably M.
Exenpl ary precursors 5include Ti(iPr-N-C(Me)-N-iPr)(0iPr)2(02Cve) and

10

and Ti (i Pr-N-C(NMe2)-N-iPr)(0iPr)2(NwveiPr).
is Ti(iPr-N-C(Me)-N-iPr)(0iPr)2(Nwe2).
t he precur sor Phagiskée/08 Blé owi ng

The

000
R3 is

Ti (Et-N-C(Me)-N- Et) (0i Pr)2(02CVe)R Wen v =1, x =1, y=0, and z =

1in Formula I, the precursor has\t he Utthovm ng chemical structure:

| oWhen m 2, v-l, x-1, y-0, z- 1_{&%” “@\\@recursor has the foll ow ng
(/8 W

chem cal structure:

Ry

R2 O R4

In this embodiment, R1 and Ry are preferably Et or iPr; Rs is preferably H or

Me; Ry is preferably iPr; and Ry is preferably Me. Exemplary precursors
5 include TKiPr-N-C(Me)-N-iPr)(OiPr),(0,CMe) and Ti{Et-N-C{Me)-N-
Et)(OiPr),(0,CMe).

Whenv=1,x=1, y=0, and z = 1 in Formula ll, the precursor has the

following chemical structure:

R:

l*{f: GR.

/ .
| \_,-i l}r :Mi\m>_R
s\l

R;
10 When m=2, v=1, x=1, y=0, z=1, and Rs=H, the precursor has the
following chemical structure:
K-
e f: i f["‘_;
J,é/ .
[ /Tl\w -
l
F

When m=3, v=1, x=1, y=0, z=1, and R;=H, the precursor has the

following chemical structure:



Wen m3, v-1, x-1, y-0, z-1, andR3-H, the precursor has the follow ng
chem cal structure: WD 2011/127122PCT/US2011/031346 17 R R4 I Ti R In
t hese enbwoizoemt2gizzm i s preferably 2 or 3, Rl and R2 ar ecprusteanabisye Et or
iPr; R3is preferably HH R4 is prefer@bly a C1-C4 linear or branched al kyl
chain; and R7 is preferably Me. Exenplary precursors include

Ti (i Pr-N-(CH2)2-N- 5iPr)(0i Pr)(02Cwe), Ti(iPr-N(CH2)2-N-iPr)(0M)(02CW),
Ti (i Pr-N-(CH2)2-N iPr)(OEt)(02CWe), Ti(iPr-N(CH2)2-NiPr)(0OnPr)(02Cwe),
Ti (i Pr-N-(CH2)2-Ni Pr) (0sBu) (02Cve), Ti(iPr-N(CH2)2-N-iPr)(0iBu)(02Cw),
Ti (i Pr-N-(CH2) 2-Ni Pr) (0t Bu) (02Cwe), TF(.Et N- (CH2) 2- N-Et) (0i Pr) (02Cwe) ,

Ti (Et-N-(CH2) 2- NEt) (OMe) (02CWR), Tij .q\:-N-({ 2) 2-N-Et) (OEt) (02Cwe) ,

Ti (Et-N-(CH2)2-N- 10Et) (OnPr) (02 “W:;QE[t Nt CH2) 2- N- Et ) (0sBu) (02Cwe) ,

Ti (Et-N-(CH2)2-N- Et) (0i Bu) (02 : and T }@HZ)Z N- Et) (Ot Bu) (02Cwe) .
When u=1, x=1, y=2, and z=0 in Foru exenpl ary precursors include
Ti(1Pr-N-C(Me)-N-iPr)(O0i Pr)(NI\/e2)2 ﬁ(lPr-N-C(I\/E)-Ni Pr) (0i Pr) ( NEt 2) 2,

Ti (i Pr-N-C(Me)-N-iPr)(01Pr) (NEtM) 2, |J{|(Et N-C(Me)-N 15Et) (01Pr) (Nwe2) 2,
Ti (Et-N-C(Me) - N—Et)(OlPr)(NEt2)2 Ti (Et-N-C(Me)-N- Et)(0i Pr) (NEt Me) 2,

N1 Pr (o1pr )1 REEE) SO ot Reianly ok B rTBlor el Y Shdn w1,

x=1, y=1, aift, BRz0s prefeabiuHaRylis p@fembli;aaﬂ)‘lpcadnmescmsbrmhadaikyi chain;

T Pr-N-(CH2) 2- N- P 0i Pr) (Nwve2 T Pr- N NEt 2
T (O (N T (L () N 0L &mwe)z)
5 IPr(OiPr)(O2CMe), Ti(iPr-N-(CHa)o-N-iPr)(OMe)(O,CMe), Ti{iPr-N-{CH2),-

iIPH(OEO,CMe), Ti(iPr-N-(CH3),-N-iPr)}(OnPr)(0,CMe), Ti(iPr-N-(CHa)2-N-
iPr)(OsBu){O.CMe), Ti(iPr-N-(CHz)2-N-iPr)(QiBu)0,CMe), Ti(iPr-N-(CH2),-N-
iPr)(OtBu)O,CMe), Ti{ Et-N-(CH;)»-N-Et)Y{ OiPr)}(O,CMe), Ti(Et-N-{CH3)2-N-
Et}OMe)(O,CMe), Ti{Et-N-(CHy),-N-Et)( OEt)( O,CMe), Ti{Et-N-(CHg)2-N-

10 Et{OnPriO:CMe), THEL-N-(CH2)o-N-Et)(OsBu)(O.CMe), Ti{Et-N-(CH2),-N-
Et{OiBu){O.CMe), and Ti(Et-N-(CH2),-N-Ef)(OtBu){O.CMe).

When u=1, x=1, y=2, and z=0 in Formula |, exemplary precursors
include Ti(iPr-N-C(Me }-N-iPr)}{OiPr}(NMes),, Ti(iPr-N-C(Me)-N-
IPrY{OIPr}NEt;)z, THiPr-N-C(Me)-N-iPr)(OiPr)(NEtMe),, Ti(Et-N-C(Me)-N-

15 Et)(QCiPr)(NMez),, Ti{Et-N-C{Me)-N-Et} OiPriNEt;),, Ti(Et-N-C(Me)-N-
Et)(OiPr)(NEtMe),, Ti(iPr-N-C(NMez)-N-iPr}{OiPr)(NMe;),, Ti(iPr-N-C(NMe:;)-
N-iPN(OiPr)NEtz),, and Ti(iPr-N-C{(NMe;)-N-iPr)(OiPr)(NEtMe)s.

When v=1, x=1, y=1, and z=0 in Formula ll, exemplary precursors
include Ti{iPr-N-{CHy)2-N-iPr)(OiPr)}{(NMe;), Ti(iPr-N-(CHz)2-N-iPr)(OiPr)}(NEt;),

20 Ti(iPr-N-(CH2)2-N-iPr}{ OiPr)}(NEtMe), Ti(Et-N-(CH2)2-N-Et)(OiPr)}(NMe,),
TH{Et-N-(CH2)2-N-Et)(OiPr)(NEt:), and Ti{(Et-N-(CH2),-N-Et)}(OiPr)(NEtMe).

When u=1, x=1, y=0, and z=2 in Formula 1, exemplary precursors
include Ti(iPr-N-C{Me)-N-iPr){OiPr) (O,CMe); and TH{E-N-C{Me)-N-
Et)(OiPr}(O,CMe)s,.

25 When u, v, y=0, x=2, and z=2 in either of Formula | or Formula I,

exemptary precursors include Ti(OiPr)x{C.CMe)s..



Ti (Et-N-(CH2)2-N-Et)(0i Pr)(NEt2), and Ti (Et-N (CH2)2-N-Et) (0i Pr) (NEt M).
When u=1, x=1, y=0, and z=2 in Fornmula 1, exenplary precursors include

Ti (i Pr- N-vwQONRI/Ii2Pr ) (Oi Pr) (02CWe) 2 and Ti ( Et - N- C( Me) - RET)USR# 103 (382 CVE) 2.
25When u, v, y=0, x=2, and z=2 in eit®Wer of Formula | or Fornmula exenplary
precursors include Ti (Q Pr)2(02Cwve) 2. WD 2011/127122PCT/ US2011/031346 18
When u, v, y=0, x=3, and z=1 in either of Formula | or Formula II,

exenpl ary precursors include Ti (G Pr)3(02Cwe). The di scl osed
precursors may b&ksmuhesi=ted=Byardabi m agher ofydiroséa bonFeohuigilbn of

H(RL- N- C(R3) - N- with a neat, qr -h C 5 solution of a titanium
conpound, Séé‘ﬁmggﬁ?%p(%ﬁﬁ%fﬁ\'ﬁ%[ﬂé? ﬂ@%ﬁé@@%@?h%%) 2, under atnosphere of
nitrogen, the outrhet diciddee Mrsti@ofd aglybeients\e@iEeaidethy Oc@hbidirg babbl er.
Exenpl ary h%dr ocar bon sol utions incl udment ane. The resulting solution is

sé L r{j ed gtf pdiocedinpercalutios 60 etRghtC(RANBEBJappin capast PDZFIQ?O%E?O’B)e
Femovéd 1 o HE o R a KpBod, adkh v TR KON SOHRORV G RY. ©

resul ting | updéeda®iosphktalof sitrogen) ttd cutlet b/thai mixing Bdslkoipeing cenbédetadtto on,
respectively. Additional synthesis details are provided in the Exarrgl es.
Al so di scl 038dOohr UM odEXYTPIasr Mydreraraewr csidlianst inciieumedéiaai nif ig

brecursor's Los HaPesiAaPAs thian FRidAdsmotha i sphnired mhaedsopragide for

15t he use o ani um contai'ning precursors for deposition of titanium
cont ai ni ng HOMOR, Mbe bdistledsed foethbodisrethiorifel Zisetitd. Solvemtearmamigles ur e of

sem conduct or, ghoto og tai¢c, LCD.TFT, .(%r flat tpanel t ype devices. Tﬂe
7ot hod i ncl @Hb4CTRVEY e SRR aIBtUr bRl NgowapETrRIAPhd et
| east one Ofreédl‘tﬁwgfi‘ri@ﬁé%?‘%giié id éé‘f'ri%‘&}?%ﬁdﬁ?ﬂﬂl%@oﬁb‘?%‘ﬂxb%&ﬁén,%@pé&%ﬁﬁt' ng

t he vapor 20wt substrate (and typically directing the vapor to the
substrate) todftional syrthesniiaiaile ane arovidey indheExammds.| east one surface of

t he substrate. . The di scl osed,nef hads ,al so _provi.de for farmng a

bi met al - cont ai ni A5 A5EPSE 5 STEvraTEUsIan i BRoRES EEbel et BRI cess
and, nore parddrsbmItbyvap@ideiRRARIN Memhodk. FHS @EcIBSId hidihdds gReidd ®el osed
nmet hods may be useful in 25the manufacture of sem conductor, photovoltaic,

LCD- THT, or the dse phite titepiye-genicdung premirsestodepraiiriedt ilgpv-di ng a
subst rat e; B{)Rf’dirﬂhggﬁrﬁs.v%ﬂgrdiéd?&éegld@%ﬁ?o%ts Anﬁg%% 19k tﬁ@ﬁaﬁx‘uf t&’;%ecgfs rate

titaniumcontalining precursors an acting the vapor w e su

(and typi cakkpichrideetarnghdtoeoNaipol CDOTR Neorsidh pnst petdevicesmTaebi
nmet al - cont ai ni ng | a){er on at | east one surface of the 30substrate. An

oxygen sour Etheddihidesn Brovddingip ey brdeNe° Vishgr 8 VABPYINABY il /e8P0 be
provi ded w {Rct1¢n¥ ARRlosed titanium-containing precursors: and contacting the vapor

20 with the substrate (and typically directing the vapor to the substrate) to form a
titanium-containing layer on at least one surface of the substrate.

The disclosed methods also provide for forming a bimetal-containing
layer on a substrate using a vapor deposition process and, more particularly,
for deposition of STO or BST films. The disclosed methods may be useful in

25 the manufacture of semiconductor, photovoltaic, LCD-TFT, or flat panel type
devices. The method includes: providing a substrate; providing a vapor
including at least one of the disclosed titanium-containing precursors and
contacting the vapor with the substrate (and typically directing the vapor to the
substrate) to form a bi metal-containing layer on at least one surface of the

30 substrate. An oxygen source, such as O3, O, H;O, and NO, preferably H,O,

may also be provided with the vapor.



WO 2011/ 127122PCT/ US2011/ 031346 19 The di scl osed titani um containing
precursors may be used to deposit titaniumcontaining filnms using any
deposi ti omormetihiede2known to those of skill in the art. Examsh@s/osf34cuit abl e
deposition nmethods include without |liMitation, conventional chem cal vapor
deposition (CVD), |ow pressure chem cal vapor 5deposition (LPCVD), atomc

| ayer deposition (ALD), pul sed chem cal vapor deposition (P-CVD), plasm
enhanced atom c | ayer deposition (PE-ALD), or conbinations thereof.
Preferably, the depdiicldsed timingdcardaining ecweom D2y Pedisegdgerdespst he

cont ai ni ng. der I BEPBRERCHRE vafie SR RBRE B N o KRR IR heBHRINEN, .
wi thin the peaetdroreExdrapieeof snithiiibecpesines alatiicihclube vithost iitati@r e hel d
at suitable conditions so that contact between the titanium containing

precursor afen@ienalaheniea vapsr farediomtG \da). W rassuE ARanitrhyeRdyer on at
| t - ' : hel p |
forma on of bt LR eRTbieTafer rpSRRh AL DTS AP e "oy "

enclhosur e odegdsitre(P-GV (A, piegmzecnhanshi aordiedegeitdapositietliBEsAt Bk erpl ace,
such as, without limtation, a parallel-plate t rea r, col d-wal |
type react oFOMBINAYPTRAATCely R CFERRN ot d&@ﬁﬁf@ﬂﬁ%ﬁpeﬁs LB dfeAls

mul ti-wafer reacgpg ’vaPBr %ﬁ\%%éh&ﬁﬁ—&drﬁ%ﬁﬁirﬂ%fj%%gfsﬂrtié ProtNREg Mo AN | of

t hese exenplary reaction c ers are capa serving as an ALD
20r eact i on ciemtiberchamiter coattiniog at hsashene rmpstiatenal i &irmezratitreangrtbssur e

ing f bout Q. 5 ol 0.07 Pa) to about 20 T 270Q Pa). |
i tihon, ¢ R oo e et carbr st FoEieta e B Sisi™s o about
200C to aboHéId@%&taQ&%dﬁditﬁ{r@@ﬂhﬁt skhtakt bétwlded AEtitMiLin-EaaaBIHEZe that

the tenperature may be optim ze rough nere experinentation to achieve
t he 25desi r peeouesariand substrate mwilts drpamationeofsf Trerntaising lpyar emahisast nay be

controi 11 ngotsSulid of B s@sye, BBk BRGNS bRark R HOZH To hoat “the
substrate afgnigiowdfitie Theoaining Rgereactor wall is heated to a sufficient

tenperature to 30obtain the desired filmat a sufficient growh rate and
wi th '@esired phydhedeacion @ainke By s ANYoNCIESHB R IChaMeh §T exdavsedny

Lo ot eI R EPAE G858 Mty g an sl Trom
plate type reactor, a cold-wall type reactor, a hot-wall type reaclor, a single- :
wafer reactor, a multi-wafer reactor, or other such types of deposition systems.

All of these exemplary reaction chambers are capable of serving as an ALD
20 reaction chamber. The reaction chamber may be maintained at a pressure

ranging from about 0.5 mTorr (0.07 Pa) to about 20 Torr (2700 Pa). In

addition, the temperature within the reaction chamber may range from about

200°C to about 600°C. One of ordinary skill in the art will recognize that the

temperature may be optimized through mere experimentation to achieve the
25 desired result.

The temperature of the reaction chamber may be controlled by either
controlling the temperature of the substrate hoider or controlling the
temperature of the reactor wall. Devices used {o heat the substrate are
known in the art. The reactor wall is heated to a sufficient temperature to

30 obtain the desired film at a sufficient growth rate and with desired physical
state and composition. A non-limiting exemplary temperature range to which

the reactor wall may be heated includes from approximately 200°C to



20 approxi mately 600C. When a pl asma deposition process is utilized, the
deposition tenperature may range from approxi mately 200C to approxi mately
550C. Al twonati/nel2g, when a thermal process is perfornmedCTiuseoidopsgéti on
tenperature may range from approxi mat®y 400C to 5approxi mately 600C.
Alternatively, the substrate may be heated to a sufficient tenperature to
obtain the desired titaniumcontaining filmat a sufficient growmh rate and
w th desired physical state and conposition. A non-limting exenplary

t enper at ur eappigEnaienBd 1. t Hesub stasmedergsitien pawesd is vdlizedeth & rom 150C

10t o 600C. PRrefer r f_t . raie~remins | ess than
or equal todﬁ%é)‘?{’g#w@pé%ﬁﬂéﬁpnggé% @ﬁ Sqquﬁgﬁt%ﬁ%ﬁ{%ﬁﬁ gﬁgt he

titani um cogppioximgtely 650°@.| Aitb@adep9sivhed avhkimupsrcdeprnsigne, tihe fi nal
use intended. |In sone enbodi nents, the substrate nmay be chosen from oxides
whi ch are ugeposition Smeeaédreipansangs G anprimateRAi0 6rioFeRam

technql ogi e Hf 02 based materials, Ti 2 based materials, Zr02
based%mter?‘géio?({rpggém%ﬁ% oxi de based materials, ternary oxide based
materi al s, etc.) Atterfatioalyntie soestizas athyf hd heatekddo exdffipkat tehapdraturat are

used as an oxygen barrier between copper and the Lowk |ayer. O her
sEbtstra]t 1(_'as_ FaHbigdn UE&QPF ﬁ'rﬁdttgin'Hﬁhﬁ@@ffﬂhrﬂ%ﬁW aé@gﬁ#i%?mﬁ%gﬁr@ﬁe angb o
phot ovol t ai e anmpi: substrat es
i ncl ude, buﬁﬁgrdee%t qﬁy%&t%ledt l?éo‘?ﬁggﬁ (ﬁ)q%ﬁ?ggt ?%Pes%gﬁgﬁégg nr;@%ég? nitride
cont ai ni ng &arbg¢mairesagfieto ekaipihe, subsNatelimdy bANhedtadMclTd@NfroTaBNC and

TiSiN); i I f I Si 02, Si o S Hf 02, Ta2 Zr 02,
Ti 02, o1 20310 GG GaPIIR<B ORE P PIUsaRa)e SyPeGr e "Bs FRanBen Phat
i nclude 25apy gusheyp-ef conbinations of these materials. The actual

substrate utilized may al so depend upon the specific precursor enbodi nent
utilized. | n manyhergpantewbatisteghontvacipihg denaim-sapiniag dlmmill bged wil |

be selected from T N . i, t S

titanium coH?B?ﬁef#gwwr\%?gpggghWﬁg%r@h]eé%%l?Hg‘??ﬁ%ﬁ@éit [’5’[%&%‘3 a 30vapori zer
where it isexaRelimhssd, BRf Qittstidie heay 4 cRGsEeto b adéhahiegtl edchanber .
Prior to its vaporization, the titani um.caontaining precursor may optionally

be nitted wi gieleHeEc ratabals idbilvektRAMepe FeRapbiashrlogiessen @eymplendrO:
2011/ 1271228%«4@%&%@%%60%16(} materials, ZrQ, based materials, rare earth oxide
based materials, ternary oxide based materials, etc.) or from nitride-based
films (for example, TaN) that are used as an oxygen barrier between copper
and the low-k layer. Other substrates may be used in the manufacture of
20 semiconductors, photovoltaics, LCD-TFT, or flat panel devices. Examples of
such substrates include, but are not limited to, solid substrates such as metal
nitride containing substrates (for example, TaN, TiN, WN, TaCN, TiCN, TaSiN,
and TiSiN); insulators (for example, SiO;, SizNs, SION, HfO,, Tay0s5, ZrOs,
TiO», Al,O3, and barium strontium titanate); or other substrates that include
25 any number of combinations of these materials. The actual substrate utilized
may also depend upon the specific precursor embodiment utilized. In many
instances though, the preferred substrate utilized will be selected from TiN,
SRO, Ru, and Si type substrates.
The titanium-containing precursor may be fed in liquid state to a
30 vaporizer where it is vaporized before it is introduced into the reaction
chamber. Prior to its vaporization, the titanium-containing precursor may

optionally be mixed with one or more solvents, one or more metal sources,



and a m xture of one or nore solvents and one or nore netal sources. The
sol vents may be selected fromthe group consisting of toluene, ethyl
benzene, w9l2ene27reesi tyl ene, decane, dodecane, octane, Rrexarse11834@ne, or
others. The resulting concentration ndy range from approximately 0.05 Mto
S5approximtely 2 M The netal source may include any netal-containing
precursors now known or | ater devel oped. Alternatively, the

titani um contai ni ng precursor nay be vaporized by passing a carrier gas
into a contanthermgbredf BinagPrihere $alwits mne sMeemNALe Hedd mosioiesor TS

carri or “gasoali oy oy PRl P AR BRRL Y O R ARt S (e

reaction chabes, msésity/ ¥ ocahBedededdrer ogameByxams peteand)wlr otiserpot

limted to,_ Ar, He, N2,and m xtures thereof. The titani um containing

precursor mhye 6ptUlIREPNCEEratipRenaY FANdsrRBmPIrAdmaiRly 9 &nM & nore

sol vept s, - | Hk NG 1 . pecessary,

he c8nt i narP Sy e rohal Ba Trarce Trs bRy RElf R priiind

titani um copteaurddrg npwelnoveoor tatetdevaiopdds | i quid phase and to have a

sufficient vapor pressure. The contai ner be mai ntained at t eratures
Al 1 b8

in the range of, %W%‘X%‘Hpﬂ@,titéﬁ'ﬁﬂb&?'ﬁ@i@ﬁr@%ﬁéuﬁ%ordﬁwQﬁivﬁé’PQF 0C. Those
killed i . . Qani : ) A
skitled in bgsﬁ(lﬁ%% JREGIUZ Pitd Q%n%ﬁﬁeéﬁ?ﬁ%hﬁ%ﬁ%t@%@;hﬁﬁc&%frﬁﬁd‘er may be

adjusted in wn nmanner to control nt t1tanulr mcontaining
precur sor vamourgedr by bubblingnhaddirtar grastintotthe tibgmivmaeintainkighgresfirsoe

titani i ni . with sol.vent tal -,cont ai nj ,
and <Pabi |1 30F SABT AR AN DPbBCED BT RSB0 B O EHBEr TELHE
titani um COpdkiBhRGaRIRE WeSPTapBYY TR MNBHGHS Hbﬁﬁﬁ_@%é.”b@ i Mok Agjtbhe

reaction chanber. Exenplary reactants include, 2Z25without |imtation,
met al - cont aimiAigHpr Beandoniktigas thereokt Famtiianhooenia AingPrpewsar 58Ys,

any. conbi nab P EEFLEMEndht Sy A M TLD PP oBRERNRRES R S5 < ey b

i ncor por at edomtairtng peeduesarst aniniftine® therediialflnegeastnyt iMescorasinar gepam , or
as a second or third netal in the resulti ngq film such as BST and 30STO.
Wien Bhe deBeeled tpia ipnrareksntatmesgitsitheniBnignoniainig RIRGYSAT IBhe I as,

00X SURTAARR a0 200EER 10 peghan Tl o 1O
not |im tedbtonaifaindBat tdhtherbROs irattetriangacif dor Epammald, mpproximately
POl e PL RS TR LU0k iy Bl ety Miepan LD
plasma in ofdehe/afdes WP L8RS may be adjusted in a known manner to control
20 the amount of titanuim-containing precursor vaporized.
In addition to the optional mixing of the titanium-containing precursor
with solvents, metal-containing precursors, and stabilizers prior to introduction
into the reaction chamber, the titanium-containing precursor may be mixed
with reactants inside the reaction chamber. Exemplary reactants include,
25 without limitation, metal-containing precursors such as strontium-containing
precursors, barium-containing cursors, aluminum-containing precursors such
as TMA, and any combination thereof. These or other metal-containing
precursors may be incorporated into the resultant film in small quantities, as a
dopant, or as a second or third metal in the resulting film, such as BST and
30 STO.
When the desired titanium-containing film also contains oxygen, such

as, for example and without limitation, STO, the reactants may include an



Sreactant into its radical form The plasma nmay be generated or present
within the reaction chanber itself. Alternatively, the plasma may general ly
be at a Iwoapvilen’renoved fromthe reacti on chanber, for PCmAiSana®313ue a
renmotely |ocated plasma system One of2 skill in the art will recognize

met hods and apparatus suitable for such plasma treatnment. 10For exanpl e,
the reactant may be introduced into a direct pI asma reactor, which

generates a plasnma in the reaction chanber, %@tduce t he pI asma-treated
react ant i nOXYgern suee qufha@ﬁéacte@r@mﬁpbawotdm topPasha Habadiabts i ncl ude

e, T TR YR BT BB R A £ BB eregf JiFAbAT ™

processi ng. whkheimnaltD pebobsstis eeffbaadd ths ese3shingHy@y occur sinul taneously
with the introduction of reactant. In-situ plasm is pically a 13.56 Mz
W@éﬁ

RF capacitively ébapeagapt @@Mﬁ?qqﬁ%teﬂ@/@ﬁ@ﬂét'@@@%ﬂ Cfes8HB%er head and
the sybst raFeeactE%Jwtqﬁ{o itsT) %h YRS aﬁ'ﬁeta%astntf? y%é?ﬁ%té@éfr &%S%.H?WRR] red

el ect rode dependi ng on er positive ion I'npa occur’s.” Typi ca

appl i ed pommesrearatmnﬁhammepitaslfmAgemmaelqrBweagsiasmamyagpnepallymaeﬁztya 100 Wto
approximately 1000 W Th associj.ati on the reactant using in-situ

plasma is tyseEan |F§mpé§%?fpﬁb SJERCEYR AN %@%ﬁ{:y qr NeHCE: Pl 288ROENrce for the

same power ef easth
di sasgom at !dgﬁ%ﬁsagg?iasn&k%gl gr‘irggog%[[i gfrt]h%vé]d E;UL!EI%%OQ'glglébenega%|aal 25for the

deposi ti on appaetiad swiaklé de-cohtdasmhadreftiest. on subst rates easily damaged
by plasnma. Alternpativel he pl as ated react.a roduced
outsi@e of the r Qﬁﬁf%fﬂ\é@ngﬁ%é‘%&%ﬂk eNﬁ%‘?#WHP ¥?§Cﬁ\ﬁ 'MBactive gas
generator MayadiSr, Wifkch §6ndagal 5 bfh%nﬁ&#ﬁth@%a@t‘idr%hérﬁb@la%ﬁﬁtﬂidc@ttﬁet he
reaction 30chanber. Opeérated at GHz, | asma power, and a pressure

rangi ng froplaspp- tsfaate@itr@ayta@hrbme ne@ch@pr:b&mhat ekEyemolary aTpeirect piasmeact ant 03
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about 1 kW frecabastanimay\We imaroaupsebad aklyinfthemeabiid ciZarbb&Wier tabout 7. 5
kW When the desired titaniumcontaining filmalso contains anot her

net al 15 suchPESMF procegaingl &\lignativielnhde Plasma a'cheﬁ?»inwdnawwzr No, My, Al,
Sr, Y, Ba, grrt@taré% sSRwitPthe iR od?@honc‘{i’ﬁre'a@f%gam—gﬁi? Kzﬁ§ satg;lm'é!a'ﬂ a0r

conbl nati on €er eo the reac e ane cont
precur sor WHBAES MstﬁFezebadltuffelgmpublﬂd mg‘amblthiﬁtlecgeMQratHéﬂa&ltwaérkmes such as
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and any co
be the powered electrode depending on whether positive ion impact

20 occurs. Typical applied powers in in-situ plasma generators are from
approximately 100 W to approximately 1000 W. The disassociation of the
reactant using in-situ plasma is typically less than achieved using a remote
plasma source for the same power input and is therefore not as efficient in
reactant disassociation as a remote plasma system, which may be beneficial

25 for the deposition of metal-nitride-containing films on substrates easily
damaged by plasma.

Alternatively, the plasma-treated reactant may be produced outside of
the reaction chamber. The MKS Instruments’ ASTRON®i reactive gas
generator may be used to treat the reactant prior to passage into the reaction

30 chamber. Operated at 2.45 GHz, 7kW plasma power, and a pressure ranging
from approximately 3 Torr to approximately 10 Torr, the reactant Oz may be

decomposed into three O radicals. Preferably, the remote plasma may be



In one preferred enbodi ment, the reactant may be a netal - contai ni ng

10pr ecursor conpound having the formula ML)2 or ML)2. A wherein Mis Sr
or Ba, L we2sdleect2ed from (a) substituted cycl opent adi emgir/usegansigyst ens
(RIR2ZR3R4R5Cp) in which each of RL t®3R5 is independently selected fromH
or Cl1-C6 linear or branched al kyl chains, or (b) beta-di ketonate |igand
systenms (-0-CR6-CH CR7-0-), in which each of R6 and R7 is independently
sel ected 15from 01-06 |inear or branched al kyl chain; and A =is a neutral
oxygen cont SEREIEIVItEIP@Ve] Iaing HigmbaRoU dtkWitaiabeut 18 kt\/%tmafﬁfdr of ur an,

di met hoxyet Bfeﬁgfarrgt % [}tré @lkWTFU aéc?ﬁtrf‘glkWE or a conbi nation thereof.

Pref erably, COnt i ng precursor has the formula MR5Cp)2 with

each R bei ng i ndgpendertdosisel irghiach-toctainthg M aléb coanging BuotZPBxeap! ary
met al - contai ni ng precursors include but are _not & @ﬁ}gd to Sl‘§$l PrB?Op)Z

Sr (i Pr3Cp) 2SHH asSof esrmiel) andmdthogt i akieh) ke, Fér Mgk

S tB 3Cp) 2

S 12300 2cirhg, SECBL e SRS TR, £ S Al s pbien:

Ba(i Pr 3Cp) 2thenfeacBa(ts Pna3CorRidena meBak ¢BudiGpicpreBa(oBud @) B. sdiécted from,

Ba( Ve50p) 2, PHACREEES 210" B Ry BTt b BEORBENSROBEe Tetar SRSy apor
of the met alsu@l‘?@%%r PYINRIeG gc& (Nﬁﬂez S8RANGy\@RHihatich iHkéduced into a
reacti on chanber. The 't enperatur e pressure wthin the reaction

chanber and the tren*perpaefarredmbdxmrrwbsfheaie@ctaratemlaelt@ amaaleataiging
30conditi ons so that contact between th | - I d
Substiat e r BESHFROh ST il Dafr e et - oA A wBfrdle §F BP0 ne
surface WORZ0L3%4 %a%h?e%ﬂﬁmtéga?@é@étﬁ@tb%ﬂ@c?odpewtaduéwsugaﬁars@é@msﬁ react ant

may al so be used to in formation of the Mcontaining |ayer

On
of ordi nary(Biﬁzﬁsmﬁs@aagmawhIcwfﬂachrcé&gtﬁlF%sesm%ap@m@mivéﬂ@rctadefé@mdmoé n’aye
be used in @cé'nﬁ%éPBFEr deRasi R;{PEh@nQCSF@)g%ata Efke"tcﬁ{d{% n@&ﬁ&@. SESAROr " Sis

nmerely used to avord con FUSI on ani unt cont ai ni ng

precursor. FO-ORDHIER,-@-5anavticly apoi odR; antER Ak -idepenidehtig spleetdd sor
having the formula Sr(iPr3Cp)2 and a third vapaor of a netal -containing

pr ecur®sor hg@ﬁh@1t(ﬁ@|'f‘%?rn‘ﬁﬂ @aBéb%Q@d ohay 2P Aus B MevKak Re9¢8por  of t he
di sclosed ti.hamiHAY SUEANB! REIRIRFHGSVTinliRd BrBranRRbrdrhhm

dimethoxyethane, diglyme, triglyme, tetraglyme, or a combination thereof.
Preferably, the metal-containing precursor has the formula M(RsCp), with
each R being independently selected from H, Me, Et, and nBu.

20 Exemplary metal-containing precursors include but are not limited to
Sr(iPr;Cp)e, Sr(iPraCply.thf, Sr(iPrsCp),.dme, Sr(tBusCp)z, Sr(tBusCp)e.thf,
Sr{tBusCp).dme, Sr(thmd)g, Sr(thmd).triglyme, Sr(thmd),.tetraglyme,
Sr(MesCp)s, SHMesCp)a, Sr(MesEtCp)a, Sr(MesnBuCp),, Ba(iPrsCp)s,
Ba(iPr;Cp)a.thf, Ba(iPrsCp)..dme, Ba{tBus;Cp)z, Ba(tBuzCp),.thf,

25 Ba(tBu;Cp)..dme, Ba(thmd),, Ba(thmd)..triglyme, Ba(thmd),.tetraglyme,
Ba(MesCp)z, Ba(MesCp)., Ba(Me4EtCp),, and Ba(MesnBuCp),.

The vapor of the metal-containing precursor {i.e., second vapor} is
introduced into a reaction chamber. The temperature and the pressure within
the reaction chamber and the temperature of the substrate are held at suitable

30 conditions so that contact between the metal-containing precursor and

substrate results in formation of a M-containing layer on at least one surface



10The titani umcontaining precursor and one or nore reactants may be

i ntroduced into the reaction chanber simnultaneously (chem cal vapor

deposi ti onp20sequeati al ly (atom c | ayer deposition), or PCH/Uskéig31346

conbi nati ons. For exanple, the titani4m containing precursor my be

i ntroduced in one pulse and two additional netal sources may be introduced
together in a separate 15pulse [nodified atom c | ayer deposition].

Al ternatively, the reaction chanber may already contain the reactant prior
to |ntroduchth$ gfostriate.tA reantanhroey aloragsest tschelpon formadioneaidbaM- nmay be
passed thr oug @ag system |l ocalized renotely fromthe reaction
chanber, anf % 'ﬁ% &t to radical s. Alternatively, the titani um containing
precursor may beQnt gfasipeey éﬂtlﬁmm&&}mﬂpﬁe@ nBarbesdeehaineastahs whil e
ot her nmetal sources are introduced by pul sed- chem cal vapor

deposi t i on) Mayedsed w@@mlﬁclowqﬁe@wa@wweﬁ@w ohbd BN sqsengeraper”
evacuglion algp b0 LEAOYE,EHGERT.ATRWRRINEE ARG SPIRANERLAL BbRAMGEd. | n
each éxanpl €, e’ purse may last tor a tinme period ranging from about 0.01
s to about pfecirs@l tiﬁfrl‘w@hﬁlgﬂdz,ya fsecrmcam:tﬁrcﬁaaﬂatatmoammiﬁﬁécwsor
alternatlvelyfromabout s to abou In one non-limting

exenpl ary ab@Wng h@@@m@mﬂsﬁm @rﬁ)@ tiawé)aé@gr O BTN PRESe of a
titani UmCOBP&JE’éMagf ﬁHLesf%Fmb% i (Itw\he gﬁ‘t’;ﬁeﬁ]d rﬁ&ugtgwﬁﬁ%ﬁé Vg orCJS'ﬁHBer

where it is contact suita str ess tltalumcontalnlng
precursor maisctdsed theniverovadinirgpprechesars&e farona &nler. by 30pur gi ng and/ or

evacuating the reactjon chanmber. An oxygen source is introduced [nto the
F eactilon 3hanber‘7‘% sl hiooTe ARt he Bemd e ra ARt ek iFsar 1

sel f-11imti jgJREBE nto MY rBHES THhAMLSE BinRAHNEBUSIS (éi?éFﬁ*égFivafdon WO
2011/ 127122PCT/ U82011/ 031346 25 the reaction chanber by purging and/or

evacuat i ng thpositaitt senuertiaty eatomid layhedetessitiard, ¢4 inwithey conthinalivingm oxi de

be. 1 epeat odr The TR 1T Rau o RRE Bkl T Bkl Thb T EAAEBBIsRL, no ned.

SAl t er nat i vehy twb fadbhi@nepsictRdoliidemnh®y Be irittoiticoitdRitbér iR spdratem (1. e.
Ti M), the two-step process above may be followed by introduction of a

second vapopulse @:wqq%ﬁteéﬂat@@m Iavﬁr%@owté&ﬂ.r%ernaﬁv@yt g reaefian derebRinber . The
| - h
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titani um me

reacti on chardgrsort thel@aetaat mrttapamsm@ threegtrsplasirg systen ddoalized t h the
substrate. An @excess met al - cont ai ni n%rafgrecursor drs repoved fromthe

reaction ch fehbliompg irAdIRREGIMREF 9??@“?9%6 ©48HI%815 chanber . Once
again, an o t@%ti@@ﬁ/rﬁ%tﬂEMuHPcérﬂéfnﬂ%}’ﬁr%@ui S\ﬂ?% eaaLtansfamber to

react with the metal’-containi ng precursor Xygen source i s renoved
fromaohe r eagadtion abbaentteecobinuously while other metal sources are introduced by
pulse (pulsed-chemical vapor deposition). In each example, a pulée may be
followed by a purge or evacuation step to remove excess amounts of the
component introduced. [n each example, the pulse may last for a time period
ranging from about 0.01 s to about 10 s, aiternatively from about 0.3 s to about
25 3 s, alternatively from about 0.5 s to about 2 s.

In one non-limiting exemplary atomic layer deposition type process, the
vapor phase of a titanium-containing precursor is intfroduced into the reaction
chamber, where it is contacted with a suitable substrate. Excess titanium-
containing precursor may then be removed from the reaction chamber by

30 purging and/or evacuating the reaction chamber. An oxygen source is
introduced into the reaction chamber where it reacts with the absorbed titanium

precursor in a self-limiting manner. Any excess oxygen source is removed from



15pur gi ng and/ or evacuating the reaction chanber. If a desired film

t hi ckness has been achi eved, the process nay be term nated. However, if a
t hi cker fwbDrmiwg2degi red, the entire four-step process megThS201epested. By
alternating the provision of the tita&% um containing precursor,

met al - cont ai ni ng precursor, and oxygen source, a filmof desired
conposition and thickness can be deposited. 20Additionally, by varying the
nunber of pulses, filnms having a desired stoichionmetric MTi ratio may be
obt ai ned. Fure wrahpt ehambsr TPOYiIng hnd/aagvamiadbg dne eebabpn ighampgrofe pul se

of the titapium containing.precurser.and two pul ses of -.cont ai ni ng
orecursor . - e SeLRMls B BURREG MBldnSHoRipe Bl Srs iy BRYBEF8our co.
However, onge&fedfilth thidkvies&bl mayhd R@eatdd with b fibreeAgthemdcdatar/he nunber
of pulses required to obtain the desired filmmy not be identical to the

st oi chi onet HMigknegsihgssreenidtaised ting film The titani um contai ning
i LEFe ining | o | Lum co ¥
bove Sy | e ude AT sl AUEIER RGP BRI AP TR P

above “may i ncl ude I'nary he art” will

recogni ze t traf twaystep Pretadls sirhveahapbe dblicivel apiptroducidreof a second vapor
30ti tani um cont ai ni ng precursor and reactants, the desired film conposition
may be obt aPhadetakgenigininopresvspriniQbrreectan shamber ekhaspieda- The

fol | owi ng naRibidilg bt RATRA B3, BIERI S OIRGh IR SAilFSH b ihatilindheral

enbodi nents 0 nvent 1 on. wever, e exanples are not 1 ntended to be
al | i ncl usi eridarfiimdethqdépdsited nddidr irdrdduction trie thec Eaetioh chambenveat | ons
descri bed 5herein. Exanple 1 TR Vr-and)(0jPr)3: A 200 .,nL pentane sol ution
was CHI | ed NS B0 PLRCUTse Faaiety) Sahihs SHodrte0 0y SE9sS B0l - o
Ti (O Pr) 3( N¥sgehirid p I Mrétho R M thE TRLBhWHA G &%y pﬁrgaagmv&r of
nitrogen. A solution of N Pr-and-H (5.28g, 37.15 nmmol) in 20 nL of pentane
was added skwgtuating théecationehaimbtanr &nctragadutdneaxyglntseardd meak bias

er

connest e oyt UL Bl Roae 4 Rat PR SRR SReb R, 20, v g
Sol vent andpulupddrl €5c88E BxYRIPYRFcE PR feae the Feadbith XhdrbevRder
vacuum resulting in an orange liquid. Purification of the orange
15 purging and/or evacuating the reaction chamber. If a desired film thicknéss has
been achieved, the process may be terminated. However, if a thicker film is
desired, the entire four-step process may be repeated. By alternating the
provision of the titanium-containing precursor, metal-containing precursor, and
oxygen source, a film of desired composition and thickness can be deposited.
20 Additionally, by varying the number of pulses, films having a desired
stoichiometric M:Ti ratio may be obtained. For example, a Sr,;TiO4 film may be
obtained by having one pulse of the titanium-containing precursor and two
pulses of the metal-containing precursor, with each pulse being followed by
pulses of the oxygen source. However, one of ordinary skill in the art will
25 recognize that the number of pulses required to obtain the desired film may not
be identical to the stoichiometric ratio of the resulting film.

The titanium-containing films or titanium-containing layers resulting from
the processes discussed above may include STO, BST, or PZT. One of
ordinary skill in the art will recognize that by judicial selection of the appropriate

30 titanium-containing precursor and reactants, the desired film composition may

be obtained.



liquid by distillation gave 12.5g (92% . FIG 1 is a TGA graph denonstrating
the percentage of weight loss with tenperature change for this precursor.
NVR ( CoDawoep1yie7Z (12H, d, (CH3)2-CH N- C(CH3) =N CH ( CP8x2a)s2011/0234¢ 18H, d,
0-CH(CH3)2), 1.86 (3H, s, (CH3)2-CHMN C(CH3)=N-CH (CH3)2), 3.57 (1H,
20rT1, 0-CH(CH3)2), 4.46 (2H, m O-CH(CH3)2), 4.73 (2H m (CH3)2-CH N
C(H) =N-CH (Cl1-13)2). Exanple 2 Ti (N Pr-and)2(0i Pr)2: To a pentane sol ution
containing 11.19g, 78.68 nmol, 250f N Pr-amd-H stirring at roomtenperature
was added slowly a neat Ti (O Pr)2(NI\/§Z)1mP(|&$ 00 g, 39.34 nmol) conpound
under at rmsphere

bubbl er. The resu ?lf(ﬁtlj’t ro lT'PPan é)%té(lf"ﬁtp% a%ﬁrp&g‘%ﬁ%gﬁ@@t&%ﬁt&% %gem glh!t

Sol vent andemplogirht s M@m@am@ﬁwﬁd Hovavet Beles@eipionard Kotnndadas beacuum
A dark orange-red 30solid was obtained. Purification of the solid was

carri ed out 2bjnclumiye aad ivem Not ivéenaadng finpit {eesepprelds thg ingsdipnsdesoribed a TGA
gr aph .denon RLY %l ng the percentage of weight loss with tenperature change
for tRis precursor WO 2011/ 127122PCT/ US2011/ 031346 27 NWVR (C6D6, 5): 1.14
(6H, br, (CH3)2-CH N C(CH3)=N-CH (CH3)2), 1.31 (24H, br,
(CI-B)Z-CI—I—I\I—C(I—i)zI\I—CI—l—(CI—B)Z), 1.53 (12H, d, O-CH-(CHS)Z), 3.56 (4H, br,

( CH3) 2- mmﬁ@@mﬁwm(&e)z) 4. 85 (2H d, 0-CH (CH3)2)- 5Exanple 3

Ti (1711pPCH ”?EKI(F@'aP 87!2;;) RSBHIRE pB Al ﬁ?utﬁﬂmvg Qm%FJtQ -89 1ot 8 h68 ol ,

of N Pr-fnd stlrrl roomtenperature was a owW y a neat

Ti (01Pr) 2( NMBRW2d(Hy0additign 03903)@ B 0I5 mewipaufitDingedMat narepsigrieg e
nltro en, the oEt!et % the fl ask cRnne ed to an oi lt bubﬁj . ‘é’
resul'0i ng 108D (#TMBRTAIHE '$9e 1 ATOPNSoth T EASEN af ORIV gFAMIS)| vent  and

vol ati | es .9826:5&)\15%%9% tzb%t%@gbh%e%@; HH@e&'@%‘%ﬂy Y@ﬁ#élé‘ﬂaov‘é yel | ow
orange sol i obt ai ned.” Purification of the solid was carried out by

subl i mat i onmixtesal trengutiet of thet taskleas gonnagied ke @3l lsukblanawhighaisiurn
de-m)nSt rati %?tc%%fée Cent%%%8fsgvﬁ) FQFEII%)%H rﬁ‘séiﬁ{@ne{m%ts%rti?reﬁ%qggmf or

this precur

( CH3) 2- CH Niphbraihretd hQ)SoI\Jerﬁ%nﬁ%ti@s v@r&érﬁ@t’@d #bm Be9Batddh br,
(CH3) 2-CH N- C(H) =N- CH- ( )2), 4.88 (2H, d, 0- CH(CH3)2), 7.88 (2H, br,

( CH3)12- CH NOGtHye: N B YagMe)2)resulting in an orange liquid. Purification of the orange
liquid by distillation gave 12.5g (92%). FIG 1 is a TGA graph demonstrating

the percentage of weight loss with temperature change for this precursor.
NMR (CgDg, 8): 1.17 (12H, d, (CH3)2-CH-N-C(CH3)=N-CH-(CHs3),), 1.23 (18H,
d, O-CH-(CHs)2), 1.86 (3H, s, (CH3)o-CH-N-C({CHs)=N-CH-(CHzs)2), 3.57 (1H,

20 m, O-CH-(CH3)z), 4.46 (2H, m, O-CH-(CH3)z), 4.73 (2H, m, (CH3),-CH-N-
C{H)=N-CH~(CHs),).

Example 2
Ti(N""-amd),(OiPr),: To a pentane solution containing 11.19g, 78.68 mmol,

25 of NP"-amd-H stirring at room temperature was added slowly a neat
Ti{OiPr)2(NMe3), (10.00 g, 39.34 mmol) compound under atmosphere of
nitrogen, the outlet of the flask connected to an cil bubbler. The resuiting
solution was stirred at room temperature overnight. Solvent and volatiles
were removed from the reaction mixture under vacuum. A dark orange-red

30 solid was obtained. Purification of the solid was carried out by sublimation,
resulting in yield: 15.4g, 88%. FIG 2 is a TGA graph demonstrating the

percentage of weight loss with temperature change for this precursor.



Example 4 20Ti (N Pr-gMCO2(0i PO2: To a pentane solution containing 2.98 g,
23.60 mmol, of i Pr-N=C=N-iPr stirring at roomtenperature was added slowy
a neat Tiwai2Pry2¢ike2)2 (3.00 g, 11.80 mml) conpound umdeUsatimospher e of
nitrogen, the outlet of the flask comiected to an oil bubbler. The
resulting solution was stirred at roomtenperature overnight. Solvent and
vol atil es 25were renoved fromthe reaction m xture under vacuum A red
solid was obtained. Purification of the solid was carried out by

subl i mat i onNMBECGEDs.RY: 1.44U6Hy br,d@Ha)eCH- NP{Nl@fiqc)eNt@ld (Sirted éh‘u?s%Hur e of

EI)IOS;J?E)?] cgﬁfwﬁgckﬁgﬁwlsg %%%%) ﬁ%%’((?% ﬁkﬁ&)’%qé)tnb B%e@t&a room

t enper at ur e pundsy )AL FORAOENENAE rop wise a
sol ution of "N Bt Ked 1 )2011%7132% ST 2011/ 0313 %@d(s 0lg, 56.31

mml) in 50 nL pentane. The outlet of the fl ask connected to an oil

bubbl er, which in turn was connected to an acid scrubber. The resulting

sol uti‘on wa at room tenperature overnight. Solvent and volatiles
ver e renmovediiNtiid)ggiPast Ten pﬁ@méhé%olmlﬁdﬁfco\/rﬁﬁhlmgﬂor 179, 6®) mirAolabf or ange
red 5liquid. Purification of orange red liquid by disti ‘ation gave 11. 5¢g

(609% . FI G Nidmd-Hehricapoganisnarsraturay/ashad eewiya@eeef wei ght | 0ss

itht 12H, d,
(G) 2° O ey Iy ERRES: [0 8! S9R TR on e aigeotoitial (5
(()08'3_2 (ZCIC—JB-S ?ﬁt@%fg’é%ﬂwm% flaﬁ; BcYm(Eﬁ)‘teclc(ﬁ) arN@(DtBle)erB T46 r(egl:ﬂ;tmgll -

Ti (EtUN- ( m@)ﬁbﬂlﬂne@% i pisb ! 1P T 0 FE B VRO Bl S e%ﬂmvcaawﬁﬁg 15. 0g,
59: 01 mrol . ufie POV BIHRNEAZ L Fikit BhobCRBEIPAN I MAGB S0l |

15at rmsphere of nitrogen was a rop W se ne
( CH2) 2- NH Etwastoldsmed5 P oitication pf thEhepliduvde tamiedtda biyl sabimagisnconnect ed t o

an oil bubbl er, whjch n ect 0 _an Cld S bb The

fosul ti ng soriithrideibiedi% FROMT entiahrare SB0LrHRS i vent and
volatiles wape.d Sﬁ'wfafg@lmds'%%lﬂ?f%ﬁﬁﬂ)é}ﬁtﬂb%'éhgeh’(b"&%fs MReUr®y. resulting in
an orange red 20 quid.” Purification of orange red liquid by distillation

resultsed in Wad@ebbt&lt g (gitel, tr, (BIFG)BCHsNeC(FIANGCHEIC HgnpihsOr(d@irhg. t he
percent age. of el G, | 95 Wi ! RIS LARPCTIRIRE L 0EHL ) 5 85 ESYT S 5:

CH-(CHa)y), 7.88 (2H, br, (CHs)y-CH-N-C(H)=N-CH-(CHj)2).

Example 4
20 Ti{N""-gmd),(OiPr)2: To a pentane solution containing 2.98 g, 23.60 mmol, of

iPr-N=C=N-iPr stirring at room temperature was added slowly a neat
Ti(OIPr):{NMe,): (3.00 g, 11.80 mmol) compound under atmosphere of
nitrogen, the outlet of the flask connected to an oil bubbler. The resulting
solution was stirred at room temperature overnight. Solvent and volatiles

25 were removed from the reaction mixture under vacuum. A red solid was
obtained. Purification of the solid was carried out by sublimation, resulting in

very low vield, NMR spectra showed a mixture of products.

Example 5
30 Ti(NP-amd){OiPr),(NMe;): To an 80 mL pentane solution containing 14.3g,

56.31 mmol of Ti(OiPr),(NMe,), stirring at room temperature under

atmosphere of nitrogen was added slowly drop wise a solution of N*"-amd-H



NVR (Ce6D6, 6): 1.20 (6H, t, CH3-CH2-N CH2-CH2-N-CH2-CH3), 1.3 (12H, d, O-
CH (CH3)2), 3.5 (4H, s, CH3-CH2-N- CH2-CH2-N-CH2-CH3), 3.7 (4H, q, (CH3-
25CH2- N- GMR-2CHZR2N2@H2- CH3) , 4.7 (2H, m O0-CH (CH3) 2. EX®CpIUs2(1/031346

Ti (Me-N-(CH2) 2-N- M) (0i PO2: Synthesi 28was carried out simlar to Exanple 6.
Purification of a red liquid by distillation resulted in deconposition of
30 conpound. NWR (C6D6, 8): 1.31 (12H, d, 0-CH-(CH3)2),3 29 (6H, t,

CH3- NCH2- CH2-N-CH3), 3.41 (4H, s, CH3-N-CH2-CH2-N-CH3), 4.73 (2H, m

0- CH( CHB) 2. (8.9¢w 28A.31 mmmazr@@@/rmsmmnar@giTM@@i@t& askgoonnected to an

Ti (Me2CH N (CH? 011302 t
Eeanpi e 6 PIECROIEL SRR I raeod i fER i AR SaLphEr TR oSk bt ©1 ose
with termer%m.@nmﬁré‘ooét rbbhstew@@ruf@@roveﬁh{t)ﬁﬂ 6ehlepit af) volatdds Bt t,

CH3- CH2- N- CH2- CH2- CH2- N- CH2- CH3) , 12H, d, 0-CH (CH3)2), 2.23 (2H, br,

CHB CH2- N Cremoyed @pmmemgc@qumxtgrezgn endyaqg'lum resulting in an orange red

gj ﬁ@@égﬁﬁﬁ%ﬁaﬁ@ed ?@8 P%f}‘!%ml%taBn 98/t G5B EUBLFIS S ¢ o

The titani umsg@ARGEPIOdENhesstising bk @f@@mbge bf W'Ellgﬁﬂ‘tllhﬁgs it k¢ HbPratGre and
the reactant 03 were used to deposit a filmof TiO2 on a Si02/Si Substrate.

The Si 02/ Si cBangs rutteisiecwaPhtNVIRd§ e &: flérﬂp@ﬁért Gk €C6R)2450dN- The

"l uded a Thor BT CAFBUneE Tof> b Ak RGO h P S TR oo

fol | oned by CACHzRGI-OH- (DHE)@)% 037 Botses MdH:) 5B 4o yrd, dy CaCh-8e0nd pur ge.
The Ti 029rowth rate was observed to be 0,1 A/cycl e. The ALD regi ne was
asses¥ed up4t® DOl a%b‘o@ HEDHCHtEH A hi gh as 0.3 Alcycle.

20Exanmpl e 10 The titani um containing precursor of Exanple 1,
Ti (N1Pr-and) (0i Pr)3, and the reactant H20 were used to deposit a filmof
Ti @2 on a SE@R@ffle Substrate. The S102/Si substrate was i nt ai ned at a

t t d bub t d at
58?64?;‘6“2\?5%35’8%@%5&58“3 ol GBI hulaee oplugin 266hias TPl oued by
a 5 second egrfaemnicﬁlwxgg RAMESREkAHg No%ﬁw @mﬁe@&ﬁemerfol | owed by a

10 second purge. The h rate was observed to be 0.33 A/cycle. The
ALD riégi me w@rsoa@wssé@tthgwase@daﬂts!ovdydecmsdlsa @fﬁatri@ueﬂ akEhiNgh as 0. 40

Alcycle. BOFéﬁg})ll\ﬁ-l—Et (6.86g, 59.01 mmol). The outlet of the flask was connected to
an oil bubbler, which in turn was connected to an acid scrubber. The resulting
solution was stirred at room temperature overnight. Solvent and volatiles were
removed from the reaction mixture under vacuum, resulting in an orange red

20 liquid. Purification of orange red liquid by distillation resulted in a quantitative
yield. FIG 5 is a TGA graph demonstrating the percentage of weight loss with
temperature change for this precursor.

NMR (CgDg, 8): 1.20 (6H, t, CH3-CH»-N-CH,-CH3-N-CH»-CHs), 1.3 (12H, d, O-
CH-(CHs)2), 3.5 (4H, s, CH3-CH-N-CH;-CH,-N-CH2-CHj3), 3.7 (4H, q, (CHs-
25 CHy-N-CHy-CHo-N-CH3-CHs), 4.7 (2H, m, O-CH-(CHs),.

Example 7
Ti(Me-N-{CH,),-N-Me}{OiPr),: Synthesis was carried out similar to Example 6.

Purification of a red liquid by distillation resulted in decomposition of

30 compound. NMR (CgDs, 8): 1.31 {(12H, d, O-CH-(CH)2),3.29 (6H, t, CH3-N-
CHaz-CHz-N-CH3), 3.41 (4H, s, CH3-N-CH,-CH,-N-CH3), 4.73 (2H, m, O-CH-
(CHs)z.



The titani um containing precursor of Exanple 2, Ti(Nllj1l-and)2(0iPr)2, and
the reactant 03 were used to deposit a filmof TiO2 on a Si02/Si substrate.
The WO 28020W212122PCT/ US2011/ 031346 30 Si 02/ Si subst r aPeTus01mmB3d@i ned at
a tenperature of 300C. The orange red9precursor was vaporized in a bubbler
mai nt ai ned at 120C. The ALD cycle included a precursor pulse of 10 seconds,
followed by a 5 second purge, followed by a reactant pul se of 2 seconds,
foll owed by a 10 second purge. 5The TiO2 grow h rate was observed to be

0. 33 A/ cycl Examti¥e 81 D regi ne was assessed up to 325C with a deposition rate

Exampte 5. HRebHEKE oI RRY AP Rest b B8 B LR AP AR oo
deposit a fEkanpie &1 FRS 6ns a R5A2rSHh suhrinsahing THepSiceRtage slubsighat e was

mai ntai ned at a tenperature of 275C. The orange red precursor was vaporized
in a bubbl efosgayit ienmeeraitre thgage TordniQTEEYEOE i ncl uded a precursor pul se

of 10 _secon f,al howed 5 0 r-ge, I oy neact pul se
of 2 SocondSVRLHERAT byl 438" L3TaRG B oar ThE S e e n P a2
observed todbe-QHATH)LY 2128 (2Hh&r ALR, G- NECMAE HASCEISSEEHIRCHY), 328C Wi th a
deposition rate as high as 0.47 Alcycle. Exanple 13 The

titani um coffttdiGhilkdls @mw%wwz—%nw@ﬂsp%mwmanﬂ, (o P N-Nve2)
20and the r t ant 0si ' of TiO2 on a Si02/Si
substrat e. %%ﬁ@% Mﬁ%@%w ’eé‘\%ggﬁﬁhﬁnioa{%rihég%)z'a t enperature of 225C.
The orange red precursor was vaporized in a bubbler maintained at 55C. The
ALD cycl e included a precursor pulse of 15 seconds, followed by a 5 second
pur gel0 fol | 6%8H % reactant pul se of 2 seconds, followed by a 5 second

Fogime was Aosee ey P B IR AR I SRl O TR e MR T, 2°4 ™0
Al cycl e. Exaagitentl@; Mees tis¢dtn depcong dinmiondiQ@yr et arSitk/Sfsubstiatel éhs,
THONEL - amé);éﬁéf’é&@étr'\é'}’g%s maintained at a temperature of 250°C. The precursor
was vaporized in a bubbler maintained at 50°C. The ALD cycle included a
15 precursor pulse of 5 seconds, followed by a 5 second purge, followed by a
reactant pulse of 2 seconds, followed by a 5 second purge. The TiO; growth
rate was observed to be 0.1 Alcycle. The ALD regime was assessed up to

350°C with a deposition rate as high as 0.3 Alcycle.

20 Example 10
The titanium-containing precursor of Example 1, Ti(N""-amd)(OiPr)s and the

reactant H,O were used to deposit a film of TiO, on a Si0,/Si substrate. The
SiO,/Si substrate was maintained at a temperature of 250°C. The precursor
was vaporized in a bubbler maintained at 50°C. The ALD cycle included a

25 precursor pulse of 20 seconds, followed by a 5 second purge, followed by a
reactant pulse of 2 seconds, followed by a 10 second purge. The TiO; growth
rate was observed to be 0.33 A/cycle. The ALD regime was assessed up to

350°C with a deposition rate as high as 0.40 A/cycle.

30 Example 11
The titanium-containing precursor of Example 2, Ti(N™-amd),(OiPr),, and the

reactant O; were used to deposit a film of TiO, on a Si0,/Si substrate. The



30and the reactant H20 were used to deposit a filmof TiO2 on a Si02/Si
substrate. The Si02/Si substrate was nmai ntained at a tenperature of 225C
The orangeored/preeur sor was vapori zed in a bubbl er nai rCRUsed1481336C. WO
2011/ 127122PCT/ US2011/ 031346 31 The AWD cycle included a precursor pul se of
10 seconds, followed by a 10 second purge, followed by a reactant pul se of
1 second, followed by a 10 second purge. The Ti Q2growt h rate was observed

to be 0.73 Alcycle. The ALD regi me was assessed up to 375C with a
deposi ti on B#PEShsUbsiEe dasON8BREE Pt PdemPrEFPEIeoN0 Ehel he orange red

titaniumco I, Nl r,.f i NN - t i Pr)2,
and the rea k%d%é%%m%?éﬂ)’{@%é& 'ﬁda E@%gg% ﬁwa%tgt;ﬁleé]%gﬂ%ﬁ g@&(‘% /g.tggl(%fé Si
substrate. Tledh@dirseuhdte af €0 wasomdd, idiiwelbab Rséemepager e of 250C.
The precursor was vaporized in a bu er maintained at 50C. The ALD cycle

bbl
i ncl uded a fE¥AdRY a pepdanipulse ok &seragds fellowar 8y By & secyrLBwESpur ge,
fol | owed by rHeac f I : rge.
The Ticear owlR Tord il s Eed ol e RRaOT O AR A RIS e B AR
15assessed uapséssedFCtod25t Cawille pogeddsitior @te aahidh gh0ak) Alc3ctd cycl e.
Exanple 16 The titaniumcontaining precursor of Exanple 8, Ti
(Me2CH N- (CH2) 3- NCHWe2) (0i Pr)2, and the reactant 03 were used to deposit a
filmof Ti O&.gRe 49Si 02/ Si substrate. The Si02/Si substrate was maintai ned
at a tenper axm—éi%r‘%oc. The precursor was vaporized in a bubbler
mai nt ai ned Thesda@iuFheomaDing piesursuelafi dedrep!pRe TN bamali(€6P04, arfl theconds,

foll db d faoll d . t . . ds,
fol | oled by rarddegnaiigas iertreaghli Cate Mahueurdat ofie 0. 2
Alcycle. TheiALB 5 QeH BB aPaRTESAEE & aUBriperadRCof 14T TePefdridedidr ate as
hi gh as 0. 33 cycle. Exanple 17 A titanium containing precursor having

t he formul aPRQGEY2$ MpRXjZ2d iaridbybldesoeddsingdtat 080Wer d hestldDicyClgeposit a
filmof Ti O?hc(?t,%ead §'ip9@ét§£o:5&9§é B?tlﬁ'sewﬁds, followed by a 5 second purge,
followed by a reactant pulse of 2 seconds, followed by a 5 second purge. The
15 TiO, growth rate was observed to be 0.40 A/cycle. The ALD regime was
assessed up to 325°C with a deposition rate as high as 0.47 Alcycle.

Example 13
The titanium-containing precursor of Example 5, T{N""-amd }(OiPr)»:(NMa,),

20 and the reactant O; were used to deposit a film of TiO; on a Si0,/Si substrate.
The SiO,/Si substrate was maintained at a temperature of 225°C. The orange
red precursor was vaporized in a bubbler maintained at 55°C. The ALD cycle
included a precursor pulse of 15 seconds, followed by a 5 second purge,
followed by a reactant pulse of 2 seconds, followed by a 5 second purge. The

25 TiO, growth rate was observed to be 0.17 Alcycle. The ALD regime was
assessed up to 375°C with a deposition rate as high as 0.70 Alcycle.

Example 14
The titanium-containing precursor of Example 5, Ti(N™-amd)(QiPr)o(NMey),

30 and the reactant H,O were used to deposit a film of TiO, on a SiO,/Si
substrate. The SiO,/Si substrate was maintained at a temperature of 225°C.

The orange red precursor was vaporized in a bubbler maintained at 55°C.



Si 02/ Si substrate was maintained at a tenperature of 250C. The precursor
was vapori zed in a bubbler maintained at 30C, The ALD cycle included a WO
2011/ 1270RCT/1282011/ 031346 32 precursor pul se of 10 secwonssoiifositeowed by
a 5 second purge, followed by a reactdnt pul se of 2 seconds, followed by a
5 second purge. The TiO2 growth rate was observed to be 0.77 Alcycle. The
ALD regine was assessed up to 275C with a deposition rate as high as 0.77
Alcycle. 5 Exanple 18 The titaniumcontaining precursor of Exanple 12,

Ti (O Pr) 2( NWbg)y4,D awdetméucd@h@tmmurmopwge@fogee@cpedae‘p&@wed &yfa 16n of Ti Q2

'? grrgersi'i? 3/r SI %?LH%E% Roéigg&gs[kf%é%cl%ﬁg@&égég \%BH& Ag\ggﬁg’lyaar ﬁﬂl nt ai ned

at 30C. Theséédhcpy@rlg@ iTred VidBGrawi RRY ER otHdrssd w‘ bd 0sETAngsle. fid owed by
a 5 second purge foll owed by a reactant pulse of 2 seconds, followed by a

10 second pA-GregirAe WRSESSGSEoH h‘prtatgﬁ/\ﬁé"”gb§éjre@@§'“?6 gl a8 bighmsc80e. The
ALD r gl rre mcgessessed up to 275C with a deposition rate as high as 0.40
A/cycl e. It will be understood that many additional changes in

t he det ai I s, materials, steps, and arrangenent of parts, which have been
herein described and illustrated in order to explain the nature of the

i nventi on, de by those skilled in the art within the principle and

scope of t he b hygqLi ot AsinPALKREERS R kNS, BPRRBARAHUAI REEn T, t he
Pl e LT,

present invention I's not inten to be ed to th odi nent s
in the exa hé$h@r@mharattibyweamdsm ta Hepagit abime of ar@w\oﬂngﬁOQMSUbstrate

?833212332559 T SRR PRI T) (NP RB G Ch3ERTs 2 BBl & | 501
precursor was vaporized in a bubbler maintained at 50°C. The ALD cycle
included a precursor pulse of 15 seconds, followed by a 5 second purge,
followed by a reactant puise of 2 seconds, followed by a 5 second purge. The
TiO, growth rate was observed to be 0.1 Alcycle. The ALD regime was
15 assessed up to 325°C with a deposition rate as high as 0.3 Alcycle.

Example 16
The titanium-containing precursor of Example 8, Ti (Me,CH-N-(CH;z)3-N-

CHMe, X OiPr), and the reactant O; were used to deposit a film of TiO; on a
20 Si0,/Si substrate. The SiO,/Si substrate was maintained at a temperature of
250°C. The precursor was vaporized in a bubbler maintained at 50°C. The
ALD cycle included a precursor pulse of 15 seconds, followed by a 5 second
purge, followed by a reactant pulse of 2 seconds, followed by a 5 second
purge. The TiO; growth rate was observed to be 0.2 A/cycle. The ALD
25 regime was assessed up to 325°C with a deposition rate as high as 0.33

Alcycle.

Example 17
A titanium-containing precursor having the formula Ti(OiPr),(NMes),, and the

30 reactant O; were used to deposit a film of TiO; on a Si04/Si substrate. The
Si0,/Si substrate was maintained at a temperature of 250°C. The precursor

was vaporized in a bubbler maintained at 30°C. The ALD cycle included a



Ti(R-N(C(R3)2),-NR2), (OR4), (NRSR6) y(02CR7) , Formul a Il wherein: Rl, R2,
R5, R6, and R7 are independently selected fromthe group consisting of H
and Cl- Cowal2kyl12gr2oup; 10R3 = H, Cl-C6 al kyl group, or RuvEAIS2R4/08834@ Cl - C6
al kyl group; m= 2-4; u =0-2; v=0-132 15X =1-3; y =0-2; z =0-1; in
Formula |, u+x+y+z = 4; in Formula I, 2v+x+y+z = 4; and 20U, v, or z 2.The
nol ecul e of claim1, the nolecule having Fornula |, wherein u----- 1, x=3,
y=0, and z=0. 253. The nol ecule of claim2, wherein the nolecule is selected

from the grpEsuEsIWe a1 Gseqdpiollmedey aX seaond(@rge) B9llowed by a

Ti (i Pr-N- - Ni.Pr Ti (i-Pr.- -N- | Pr T e

T Pr - N O VRIS PR Bsor s oo e S gty B by O arown

Ti (i Pr-N-C( Map-vi¥d bt5¥arléDrd3ue 3. 7 7TA(dyEre, NFKE MeD- reblirh &iwWds(£358438d up to

Ti (Et- N-C( Me -NEt_tﬁl(OEt)_:f,, Ti (Et- N-Cf M) - N-Et) 1( OMe) 3,

30Ti (Et - N- CKBIC Nitht3 felewiigrarateiaseignae Vel Aevels i (osBu) 3,

Ti (Et xN-C(Me)-N- Et)1(0113u)3, Ti (Et-N-C(Me)-N-Et)i(CtBu)3, and

Ti (i PP-N-C(NMe2) - N-i Pr) (0i Pr)3. WD 2011/ 127122PCT/ US2011/ 031346
Example 18

The titanium-containing precursor of Example 12, Ti{(OiPr),{NMe;),, and the
reactant H,O were used to deposit a film of TiO, on a Si0,/Si substrate. The
Si0,/Si substrate was maintained at a temperature of 250°C. The precursor
10 was vaporized in a bubbler maintained at 30°C. The ALD cycle included a
precursor pulse of 7 seconds, followed by a 5 second purge, followed by a
reactant pulse of 2 seconds, followed by a 10 second purge.* The TiO; growth
rate was observed to be 0.25 Alcycle. The ALD regime was assessed up to

275°C with a deposition rate as high as 0.40 A/cycle.

15
it will be understood that many additional changes in the details,
materials, steps, and arrangement of parts, which have been herein described
and illustrated in order to explain the nature of the invention, may be made by
those skilled in the art within the principle and scope of the invention as
20 expressed in the appended claims. Thus, the present invention is not

intended to be limited to the specific embodiments in the examples given

above and/or the attached drawings.



34 4. The nolecule of claim1l1, the nolecule having Fornula Il, wherein
v=l, x=2, y=0, and z=0. 5. The nolecule of claim4, wherein the nolecule
i s sel ectwo 2brionzvtzhe 5group consi sting of Ti (i Pr- N ( CH2P2TNS2Rn 03306 Pr) 2,
Ti(iPr-N-(CH2)2-N- iPr)1(Owe)2, Ti(iR3-N (CH2)2-N 11Dr)1(0Et) 2,
Ti(iPr-N-(CH2)2-N-iPr)1(OnPr)2, Ti(iPr-N(CH2)2-NiPr)i(GCsBu)?2,
Ti(iPr-N-(CH2)2-14-iPr)2(Q13u)2, Ti(iPr-N (CH2)2-1\1-iPr)i (CQBu)2,

Ti (BEt-N-(CH2)2-N-Et)1(0i Pr)2, Ti(Et-N(CH2)2-NEt)1(Ow)?2,

Ti (Et- N (cHYYatis eleymedis) 2, Ti (Et-N-(CH2) 2-N-Et)i (OnPr)2, Ti (Et-
10N-(CH2) 2-N-Et)1(OGsBu)2, Ti(Et-N-(CH2)2-N-Et)i (G Bu)2, Ti(Et-N (CH2)2-N
Et)i(QBu)2, Ti(iPr-N(CH2)3-NiPr)1(0iPr)2, Ti(iPr-N(CH2)3-NiPr)1(omMx2,
Ti (i | Dr-N-( €H2) 3ANnbRcuE dtin@ thelTfolloWing\of@dR): 3- N-i Pr) i (OnPr) 2;

Ti (i Pr-N-(CH2) 3- i Pr)i w. 2, Ti(iPr- 2)3-N-i Pr)i (G Bu)?2

Tl Ei Pr- N E CHzg 3- K&L rN%%é@%ﬁ)'%@%uﬁ'?t(éfe&&%%{@é'ﬁn)a ) 1( 2)i EP?’?,L&a '

Ti (Et yN-(CH2) 3-N-Et) 1(0Me) 2, Ti (Et-N-(CH)3-N 15Et)1(0Et) 2,
Ti(Et-N-(CH2)3-N-Et)i (OnPr)2, Ti(Et-N(CH2)3-N-Et)i(0OsBu)2, Ti(Et-

N- ( CH2) 3- N- Et ) 1( 0i{By)N-( C Rl )i MR ) NORGHEN Bs Rk YO JGRX) Bu) 2ForduldHe nol ecul e
of claim1, the .nolecule having Fornula 1, wherein u=2, x=2, y=0, and z=0.
20 7. The €¢llie of claim6, wherein the molecule is selected fromthe
group consistingeof TR(IRE-RE FHandR Ak H&FR—NRntly selected from the

Ti (i Pr-N-C(H)-N-iPr)2(0Me)2, 'Ti(iPr-NC(H)-N1Pr)2{0Et)?2,

Ti (i Pr- N- C( Bjous eamsistiraneirh 2and 16 08 alkyIgredipNi Pr) 2( 0sBu) 2,

Ly T S 20 e e

Ti (Et- N-C(H) - N- Eb) 2( 0BQ2s 2T {-Bl6- Mcfldrupk Et ) 2( OnPr ) 2,
Ti (Et-N-C(H)-N-Et)2(0sBu) 2, Ti(Et-N C(H)-NEt)2(0iBu)?2,
Ti (Et - N-C(H) - N- Ef') 2( 0fB&)24 Ti (i Pr- N-C(Me) - N-i Pr) 2(0i Pr)2,

Ti (i PrN-C(Me) - N Pr) 2 Og\/ﬁ . Ti (i Pr-N-C(Me)-NiPr)2(0Et)?2,

Ti (i Pr-N-C(Me) - Ni Pr)Z}JOn r2)2’2, Ti (i Pr-N-C(Me)-N-i Pr)2(0sBu) 2,

Ti (i Pr-N-C(Me) - Nsi Pr)2E008u)2, 30Ti (i Pr-NC(Me)-NiPr)2(0tBu)2,

Ti (Et-N-C(Me)-N-Et)2(0i Pr)2, Ti(Et-N C(Me)-N Et)2(0Me)?2,

Ti (Et™SN-C(Me) - N-Bt ) 2( 85§ Ti (Et-N-C(Me)-N-Et)2(0nPr)2, Ti(Et- WO
2011/ 127122PCT/ US20114,033346 35 N- C(Me)- N- Et) 2( 0sBu) 2,

Ti (Et-N-C(Me)-N-Et)2(0i Buy2, and Ti (Et-N C(Me)-NEt) 2(0t Bu) 2.

z=0-1;
. in Formula |, utx+y+z = 4,
= in Formula Il, 2v+x+y+z = 4; and
20 = u, v, orz =1.
2. The molecule of claim 1, the molecule having Formuia |, wherein u=1,

x=3, y=0, and z=0.

25 3. The molecule of claim 2, wherein the molecule is selected from the
group consisting of Ti(iPr-N-C(Me)-N-iPr){«(QiPr);, Ti(iPr-N-C{Me)-N-
iPr)1(OMe)s, Ti(iPr-N-C(Me)}-N-iPr)1(OEt)s, Ti(iPr-N-C(Me)-N-iPr)1(OnPr)s,
Ti(iPr-N-C(Me)-N-iPr)(OsBu)s, Ti{iPr-N-C(Me)-N-iPr),(OiBu);, THiPr-N-C(Me)-
N-iPr){{OtBu);, Ti{Et-N-C(Me)-N-Et)1(OEt)s, Ti(Et-N-C(Me)}-N-Et)1(OMe)s,

30 Ti(Et-N-C(Me)-N-Et)1{OnPr);, Ti{Et-N-C(Me)-N-Et}1{OsBu)z, Ti(Et-N-C({Me)-N-
Et){(OiBu)s, Ti(Et-N-C(Me)-N-Et)1(OtBu)s, and Ti(iPr-N-C{(NMe, )}-N-iPr)(QiPr}s.



8. The nol ecule of claim1, the nolecule having Formula I, wherein u=l,
5x=2, y=1, and z=0. 9. The nolecule of claim8, wherein the nolecule is
sel ect ed woam1tthie12gr oup consi sting of Ti (i Pr-N C(M)-N PPT)USRIIROIBINVE2) ,
Ti (i Pr-N-C(Me)-Ni Pr)(0iPr)2(NEt2), Tid4i Pr-N-C(Me)-N-iPr)(0iPr)2(NEtM),
Ti (Et-N-C(Me)-N- 10Et) (0i Pr)2(Nwe2), Ti(Et-NC(Me)-NEt)(0iPr)2(NEt2),

Ti (Et-N-C(Me)-N- Et)(0iPr)2(NEt M), Ti(iPp-NC(NMe2)-N-iPr)(0iPr)2(Nwve2),
Ti (i Pr-N-C(NMe2)- N-iPr)(0i Pr)2(NEt?2),

Ti (i Pr- N- O fve2) TReinse o iaimet 8§ mateeulphaning Meyoula 1, wherein v=1,

N-i Pr) (0i P P Pr-N-C(Me)-N-i Pr) (0i Pr)2(NiPr2
(P o e NPT 2t Bl RS

Ti(iPr-N-C(Me)-N-11Dr)(0i Pr)2(NneoPenty12) Ti (Et-N
15C( Me) - N—Et)(OlPr)Z(NI\/blP) N- C( Me) - N—Etgl 0|Pr Ni Pr 2 T|(Et N-

C(Me) - N Et ) P0i Pr Tb?méﬂéﬁ@fﬁé}'m %uwhqfﬁlwlé(mﬂ/@@ eNS|SIBE) e BPyRORMei Pr) |

710 SR NI ) OBy TP

Ti (i Pr- N- C{ MvB2DME)), FrnomreNRQrﬂzomPPﬁooEggm(lFrm (@2 MHErafOePal,m 1, the

ol coul o of TEIPHREO roltap ek, e b e SePsE B JiRmd or oThe
consisting gL rffrab%g@mtttﬁr PR 2 RAG) T TGy e C V) -

25N- Et) (0i Pr 2% The nol ec claim1, the molecul e havi ng
Formula || EM](@ME:h W#Et Nyl Jyr Mokt e fde t= T i EBOREC HH e Nvbt)e€URY) o ffi(Elai m 12,

(1 PN ?ENW B 6T odue TC R i S P vk oocne

Ti (i Pr- N 2o
2:)(1I1/r1271(2(2:§ Sy 4139(63%316 3 )ipg nPrPP2 Ng 1GHR-NW), (OMe)e

Ti (i Pr- N ( CHEPZ=MN Cbke) s(%g%t))(QEzM)(i rINg( Cbh)shN(lE)th(ﬁnFﬁ{rOzPrT)((Ftrriéd%EGve)

i (BN (v B I RSP BRY %&?&é@‘?# (o R o TR T BETER)

RN (o) 5" ﬁg?‘ﬂwa AR T'(E‘E'g&-tr’*??f( ) W‘OE“M%?%WX%VE)
o e o & B G RoeE e e e TE N ChE LA R ey . TR V)

Formula |1 M'\(E?rflz% N-Bt),(0iBYZO and THELMUECADZ-N-Et),(OtBu),.

8. The molecule of claim 1, the molecule having Formula I, wherein u=2,
x=2, y=0, and z=0.

20
7. The molecule of claim 6, wherein the molecule is selected from the
group consisting of Ti(iPr-N-C(H)-N-iPr),(OiPr);, Ti(iPr-N-C(H)-N-iPr)(OMe),,
Ti(iPr-N-C(H}-N-iPr){ OEt),, Ti(iPr-N-C(H)-N-iPr)2(OnPr)z, Ti(iPr-N-C(H)-N-
iPr)(OsBu),, Ti(iPr-N-C{H)-N-iPr)o(QiBu)z, THiPr-N-C(H)-N-iPr),(OtBu)., Ti(Et-

25 N-C(H)-N-Et)2(OiPr)z, Ti(Et-N-C(H)-N-Et),(OMe),, Ti(Et-N-C(H)-N-Et),(OEt),,
Ti(E-N-C(H)-N-E),{OnPr),, Ti(Et-N-C(H)-N-Et),(OsBu),, Ti(Et-N-C(H)-N-
Et)o(OiBu),, Ti{E-N-C(H)-N-Et),(OtBu),, Ti(iPr-N-C(Me)-N-iPr},(OiPr),, Ti{iPr-
N-C(Me)-N-iPr),(OMe),, Ti(iPr-N-C(Me)-N-iPr)(OEt),, Ti(iPr-N-C(Me)-N-
iPr(OnPr);, Ti(iPr-N-C(Me)-N-iPr),(0sBu),, Ti(iPr-N-C(Me)-N-iPr),(OiBu).,

30 Ti(iPr-N-C(Me)}-N-iPr)o(OtBu),, Ti(Ef-N-C(Me}-N-Et);(OiPr),, Ti(Et-N-C(Me)-N-
Ef)2(OMe),, TI(E-N-C(Me)-N-Et)x(OEt),, Ti{Et-N-C(Me)-N-Et),(OnPr),, Ti{Et-



15. The nol ecul e of claim 14, the nol ecule being Ti (O Pr)2(02Cwe) 2.

16. The nolecule of claim1, the nolecule having either Formula | or

Formul a IWO 20hereiza u, v, y=0, x=3, and z=1. 17. The mpCeask@1o813aé ai m 16,
the nol ecule being Ti (G Pr)3(02Cwe). 3518. A nethod of formng a
Ti-containing |l ayer on a substrate, the nmethod conprising: 20providing a
reacti on chanber having at | east one substrate di sposed therein;

i ntroducing into the reaction chanber a vapor incl udi ngr at | east one
precur sor havCodel-heEndOsRua, Ti(Et-N-C(Me)-N-Et),(OiBu),, and Ti(Et-N-C(Me)-N-

Ti (R - N-C( % , (OR4), (NR5R6) y(02CR7) zFornul a | 25or

Ti (R -N(C( ))ZQ;) "‘R2)v(OR4),, (NR5R6) 1, (02CR7) zForrmul a || wherein: Rl, R2,
R5, R6, and R7 are |ndependently selected fromthe group consisting of H
and Cl-C6 al kyI grroup, H, Cl-C6 al kyl group, or NWe2: R4 is a Cl-C6
al kyl group8-m ezmolevmezﬁpiam‘vﬂ@@%ﬁ%@d@f@&gmulgﬁ wheteipus1,

5 x=2, y=1, and z=0.

9. The molecule of claim 8, wherein the molecule is selected from the
group consisting of Ti(iPr-N-C(Me)-N-iPr)(OiPr)},(NMe;), TKiPr-N-C{Me)-N-
iIPr}(OiPr)(NEt;), Ti{iPr-N-C{Me)-N-iPr{OiPr):(NEtMe), Ti(Et-N-C(Me)-N-

10 Et)(OiPr){NMey), Ti(Et-N-C{Me)-N-EO)(QiPr);(NEt,), Ti(Et-N-C(Me)-N-
Et)(OiPr),(NEtMe), Ti(iPr-N-C(NMe,)-N-iPr)(OiPr),(NMe,), Ti(iPr-N-C(NMe;)-
N-iPr)(OiPr)(NEty), Ti(iPr-N-C(NMey)-N-iPr)(OiPr)y(NEtMe), Ti(IPr-N-C(Me}-
N-iPr)(QiPr)(NMeiPr), Ti(iPr-N-C(Me)-N-iPr)(OiPr):(NiPr,}, Ti(iPr-N-C(Me)-N-
iPr}{OiPr)(NMetBu), Ti(iPr-N-C(Me)-N-iPr)(OiPr),(NneoPentyly), Ti(Ef-N-

15 C(Me)-N-Et}OiPr)2(NMeiPr), Ti(Et-N-C(Me)-N-Et)(OiPr)z(NiPry), TH{EL-N-
C(Me)-N-Et)}{OiPr),(NneoPentyl,), Ti(iPr-N-C(NMe;,)-N-iPr){QiPr){(NMeiPr),
Ti(iPr-N-C(NMe2)-N-iPr}{OiPr)o(NiPrp), Ti(iPr-N-C{NMe;)-N-
iIPry(OiPr)2(NneoPentylz), and Ti(iPr-N-C{NMe;)-N-iPr)(OiPr)(NMeiPr);

20 10.  The molecule of claim 1, the molecule having Formula |, wherein u=1,

x=2, y=0, and z=1.

11.  The molecule of claim 10, wherein the molecule is selected from the
group consisting of Ti(iPr-N-C(Me)-N-iPr)}(QiPr),(0O,CMe) and Ti(Et-N-C(Me}-
25 N-Et}{OiPr)2(0.CMe).

12.  The molecule of claim 1, the molecule having Formula I, wherein v=1,

x=1, y=0, and z=1.

30 13. The molecule of claim 12, wherein the molecule is selected from the
group consisting of Ti(iPr-N-(CH2)2-N-iPr){QiPr}{0;CMe}, Ti(iPr-N-{CHz),-N-
iPr)(OMe)(O,CMe), Ti(IPr-N-(CHa),-N-iPr)(OEL)(O,CMe), Ti(iPr-N-(CHy),-N-



v =0-1, x =1-3; vy 0-2; 5Z. =0-1; in Formula |, u+x+y+z = 4; in
Formula 11, 2v+x+y+z 4, and u, v, or zl,; contacting the
vapor w twotha/guatzgtrate to forma Ti-containing | ayer eoTAGat11/08e8¢ one
surface of the substrate using a vapo¥ deposition process. 19. The met hod of
claim 18, wherein the at | east one precursor is selected fromthe group
consisting of Ti(iPr-NC(Me)-NiPr)i(QPr)3, Ti(iPr-N-C(Me)-Ni Pr)1(QOw) 3,
Ti (i Pr-N-C(Me)-NiPr)1(0Et) 3, T|(| Pr-N-C(Me)-N-iPr)i(OnPr) 3,

15Ti (i Pr- N- ErNONNYCBOM )OS BlDr3a\- G?i-l(z}zFNﬂRF)@%l)l}(Qe@Me)JlGPBm @CH2)2-

11 (- v o Wy NRBEHGsS, TP Hbeb P R B Erbr)s TREL R Crae

Ti (Et-N-C( NE)(@#FE? C@%UTQB (s M@E M@WZHME)BW) Bt-N- %CHQ
Ti (Et-N-C(Me) N_E%)Eé _%a Ti |Pr %N—lPr)ﬁ_
Ti (i Pr- N- ( CERYQER(OEp)ej.oitertye-( ﬁzler’rEthr@ﬂ P2CNle)PT(E &@mz

Ti (1 PP N ( R RN PR L R s SO R B %’&%%‘@ AR

Ti (1 Pr-N-( CN2ERcONBUROJaMEBU) 2, Ti (Et-N-(CH2)2- N-Et)i (Q Pr)2,
Ti (Et- N- (CH2) 2 N- E1) 1(OMe) 2, Ti ( Et - N- (CH2) 2- N- Et ) 1( OEt) 2,
Ti (Bt N-(CH2) 2- N-Et) 1(OnPr)2, Ti (Et-N-(CH2) 2-N-Et)i ( OsBu) 2,

Ti (Et - N- (CHR)2- Ti - -

T (P (OB 2 R e pbiss sHlch- e pisRe deara e e Pyl Lor
Ti (1 Pr-N- ( CH2jraubs-ll,RviereoEn,)\2 y=Ti (<1=r:l!>rarl\slaL (€E12)3- N-iPr)i(OnPr)2,
Ti(1Pr-N-(CH2)3-N-i Pr)1(GsBu)2, Ti(iPr-N(CH2)3-NiPr)1(0iB02,

Ti (i PO-N-(CH2)3-N-i Pr)1(QxBu)2, Ti(Et-N (CH2)3-NEt)1(0iPr)2,

Ti (Et- N (CHR)}3- t

T (BN Gy 3 N B T Onese] M P g ROl 40CMe):
Ti (Et- N (CH2) 3-N-Et) 1( 0i Bu) 2, Tl(Et N-(CI—|2)3 N- 30Et) 1(Qx Bui) 2,

Ti (i Pr- N 2(0i P

NS N P o e SR GRS ettt | sthr bt Gl e Pfmuld f 6P

Ti (i F’r-l\FC(ﬁbrrNJBri) 2058 2.v. Tibl RESNara bt N1 Pr ) 2( 01 Bu) 2,

Ti (i Pr-N-C(H)-N-i Pr)y2(0tBu) 2, "Ti (Et- WD 2011/ 127122PCT/ US2011/ 031346 38
N- C( HB- N- Et ) 2( 011302, Ti (Et- N C(H) - N-Et ) 2( OMe) 2, Ti ( Et - N- G H) - N- EO2( OF- 02,

T (BN O BRI o TR IS er(0:ovo
Ti(iPr-N-C(Me)-N-iPr)2(0iPr)2, Ti(iPrN-C(Me)-N-iPr)2(0M)2,

Ti (1 Pr-N I\/E N-iPr)2(0Et)2, Ti(iPr-NC(M)-N
( < ) A me?ho(d of f?)rmmg a(Tl conta%(mg ?ayer on a substrate, the method

comprising:
20 providing a reaction chamber having at least one substrate disposed
therein;
introducing into the reaction chamber a vapor including at least one

precursor having the formula:

Ti(R4~N-C{R3)-N-R2),{OR4)x(NR5Rs),(02CR7). Formula |
25 or
Ti(R4-N-(C(R3)2)m-N-R2) {OR4}x(NR5Rs),{ O2CR7), Formula lI
wherein:
" R, Rz, Rs, R, and Ry are independently selected from the

group consisting of H and C1-C6 alkyl group;
30 . Rz = H, C1-C6 alkyl group, or NMey;
" Rsis a C1-C6 alkyl group;
. m = 2-4;



51 Pr)2(0nPr)2, Ti(iPr-N-C(Me)-N-iPr)2(0sBu)?2,

Ti (i Pr-N-C(Me)-N-iPr)2(011302, Ti(iPr-NC(Me)-NiPr)2(0tBu)2,

Ti (Et - N- GydRptiN2ER22(0i Pr) 2, Ti (Et-N- C(Me)-NEt) 2(0M) 2, PCT/US2011/031346

Ti (Et-N-C(Me)-N-Et)2(0Et)2, Ti(Et-NQ’Me)-N-Et)2(0nPr)2,

Ti (EEN-C(Me)-N-Et)2(0sBu)2, Ti(Et-N C(M)-N-Et)2(0iBu)?2,

Ti (Et-N-C(Me)-NEt)2(0tBu)2, Ti(iPr-N-C(Me)-NiPr)(0iPr)2(Nwe2),
Ti(iPr-N-C(Me)-N- 10Pr)(0i Pr)2(NEt2), Ti(iPr-N-C(M)-NiPr)(0iPr)2(NEtM),
Ti (Et-N-C(Me)-N-*Et) (OFPBYR(NMe2), Ti (Et-N-C(Me)-N-Et)(0iPr)2(NEt?2),

Ti (Et - N-C(Me) - NEL) (0i Pr) 2(NEt Me), Ti (i Pr-N-C(NVe2)-N-i Pr)(0iPr)2(Nwe2),

Ti (i Pr- N- G(NMe2) = N-i r')(?d| Pr) 2( NEt 2) ,

Ti (i Pr-N-C(NMe2) » NlP&):(Q;gPr)Z(NEtI\/E) Ti (i Pr-N-C(M) -

N-iPr)(0i Pr)2(02Cwe), éEt N-C(Me)-N-Et) (0i Pr)2(02Cwe), Ti(iPr-N(CH2)2-N
15i Pr) (0i Pr) (02CRE), ¥iY ;- N-(CH2) 2-N-i Pr) (OMe) (02CMe), Ti (i Pr-N-(CH2) 2-N-
i Pr) (QEt) (02Cwe) , Ti (L,BraM:-(CH2)2-N-i Pr)(0nPr)(02CMe),

Ti (i Pr-N-(CH2) 2-Ni Pr) {0sBu) (02CMe), Ti (i Pr-N-(CH2)2-NiPr)(01Bu)(02Cwve),

Ti (i Pr-N-(CH2) 2- Mi Pr) (DFBn(i@3Cvey+y+Fi £ B - N- (CH2) 2- N-Et ) (0i Pr) (02CMve)

Ti (Et-N(CH2) 2- NEt)(OVE%(OZCMa% Ti (Et - N-(CHZ)Z N-Et) (OEt) (02Cwe),

Ti (Et- N (CH2) 2-N* 20 £t Feongs) @2 Ytz 1i4 BN ( CH2) 2- N Et ) ( OsBu) (02CMe) ,
Ti (Et - N- (CH2) 2- NEt) (O By) 4/ Ti (Et - N- (CH2) 2- N- Et ) (Ot Bu) (02CMe) ,
Ti (01Pr)2(02CM%, and T| r‘)3(020M9) 20. The nmethod of claim 19, further

conpri sing: 25i nbonmmtmglgwe naportiieh treasbstrate lafdver a di-sectaiming &yer on

i ncl udi ng at | east one netal-containing precursor, sel %ct ed fromthe group
consi$ting 8t 'eReLyDe sHH2RE £) @eAsuQ,%t@i% ﬁ'ng AVFROTSENGSINBY-PIOFESSy sel ect ed
from substituted cycl opentadi enyl |igand syst ems 30R1IR2R3R4R5Cp or

bet a- di ketonate |igand systens -0-CR6-CH CR7-0- each of RLto R5 is

i ndependent §. selfgetreethbdarhckior 1 &wIEseln theat leastioneryhedrsar igyseletiain; WO

2011/ 127122PCT/ 1US2011/ 03134 7 tl

sel ect ed fr GTCTECHOUPFERSS Pgﬁfgﬁgjﬁe@a(glmk@w?@ga@ﬁp@ 1L(SF)r"Rpiﬁﬁ‘gSjglnneﬁt ral
oxygen cont gpryj( (D@Aéﬁ?'ﬁﬁlﬂ} ﬁ@é)emt@d {@@m fmﬁPQN0©W§PNSP$T1@®tﬁ3r9§

t et rahydrof uran, dinet an me, Striglynme, and_tetra me; and
Cont a6t 1 1. THESrSR MR o) (a1 TSR DG e LB GHBE e, AT b i ng

Lfgg;gg” at \_83s o8, SHIEAS Rl I HOEL aHA=US A NE-B{RRS el ePOSi ti on
TI(Et-N-C(Me)-N-Et);(OnPr)s, THE-N-C(Me)-N-Et);(OsBu)s, Ti(Et-N-C(Me)-N-
Et)y(OiBu)s, TI(ELN-C(Me)-N-Et);(OtBu)s, Ti(iPr-N-C(NMey)-N-iPr)(OiPr)s,
Ti(iPr-N-(CHx)o-N-iPr):(OiPr)z, Ti(iPr-N-(CHy)o-N-iPr)1{OMe)z, Ti(iPr-N-(CHz)e-

20 N-iPR)(OEL)y, Ti(iPr-N-(CHy)o-N-iPr)y(OnPr)z, Ti(iPr-N-(CHy)p-N-iPr);(OsBu)s,
Ti(iPr-N-(CHy)o-N-iPr):(OiBu)y, Ti(iPr-N-(CHa)2-N-iPr)1(OtBu)z, TI(Et-N-(CHa)a-
N-Et)1(OiPr)2, TIEt-N-(CHy)2-N-Et}1(OMe)s, TI(Et-N-(CHy)o-N-Et)1(OEt),, Ti(Et-
N-(CH2)2-N-Et)1(OnPr)a, TI(Et-N-(CHz)2-N-Et)1(OsBuY,, Ti(Et-N~(CHy)z-N-
Et)1(OiBu)a, TH(EN-(CHy)p-N-Et)1{OtBU),, Ti(iPr-N-(CHz)3-N-iPr):(OiPr),,

25 Ti(iPr-N-(CHy)3-N-iPr);(OMe)y, Ti(iPr-N-(CH,)s-N-iPr)(OEt)o, Ti(iPr-N-(CHa)s-
N-iPr):(OnPr)2, TI(IPr-N-(CH,)3-N-iPr)1(OsBU),, Ti(iPr-N-(CHz)3-N-iPr)(OiBule,
Ti(iPr-N-(CHa)3-N-iPr);(OtBU)., TIHEL-N-(CHy)3-N-Et)1(OiPr),, Ti(Et-N-(CHz)s-N-
E)1(OMe),, Ti(Et-N-(CHy)s-N-Et)1(OEb)z, Ti(Et-N-(CHz)3-N-Et)1(OnPr)z, Ti(Et-
N-(CHz)s-N-Et);(OsBU),, TI(Et-N-(CHz)3-N-Et)1(OiBu)z, Ti(Et-N-(CHz)s-N-

30 ED(OBU), TiiPr-N-C(H)-N-iPr),(OiPr),, Ti(iPr-N-C(H)-N-iPr)(OMe)z, Ti(iPr-
N-C(H)-N-iPr)o(OEt), Ti(iPr-N-C(H)-N-iPr)OnPr),, Ti(iPr-N-C(H)-N-
iPr(OsBU), Ti(IPr-N-C(H)-N-iPr),(OiBu)s, Ti(iPr-N-C(H)-N-iPr),(OtBu),, Ti(Et-



1021. The net hod of claim 20, wherein the nmetal -containing precursor is

sel ected fromthe group consisting of Sr(iPr3Cp)2, Sr(iPr3Cp)2.thf,

Sr (i Pr3Cpy0.2dme#278e (t Bu3Cp) 2, Sr(tBu3Cp)2.thf, Sr(tBu3Cpr2/usas,1/08r34¢ hnd) 2,
Sr(thnmd)2.triglynme, Sr(thnd)2.tetragl3gnme, Sr(M5Cp)2, Sr(M4C2,

Sr(Me4Et Cp) 2, Sr(Med4nBuCp) 2, Ba(iPr3Cp)2, Ba(iPr3Cp)2.thf, Ba(iPr3Cp)2.dne,
15Ba(t Bu3CO2, Ba(tBu3Cp)2.thf, Ba(tBu3Cp)2.dne, Ba(thnd)2,

Ba(thmd) 2.triglyme, Ba(thnd)2.tetraglyme, Ba(M5Cp)2, Ba(M4CQ2,

Ba( Me4Et Cp) N-CEmHNER /B GE2-N-CIHANEDHEMeY,, Tepobi E{HgNEtSIOEDe, BST

| cast one SUBELRSCET AN OREAPT RS BEh it e e T PSR R e narber &
precursor hgyj, Bg ﬁEI{JNJb@-{R)ZNL[E% X%g&)oz HRRANMRSIRE) 1.0 2@z For mul a

7 zFormula |l wherein:

R R, | RS, NRB(MaO-RTAMeh s ue) Nt b OB T 6T e
U consi sting
ar- 36%2?6? R BUSMR-cleTa ety DY s R e B850 20"
0-1; x = 1-3i(iPr-N-C(Me)-N-iPr)»(OtBu),, THEt-N-C(Me)-N-Et),(OiPr)z, Ti(Et-N-C(Me)-N-
Et)(OMe)s, THE-N-C(Me)-N-Et)(OEt), Ti(Et-N-C(Me)-N-Et)(OnPr),, Ti(Et-
N-C(Me)-N-Et)o(0sBU)s, TI(EL-N-C(Me)-N-Et),(OiBU), Ti(Et-N-C(Me)-N-
Et)(OtBu),, Ti(iPr-N-C{Me)-N-iPr)}{OiPr),(NMe,), Ti{iPr-N-C(Me)-N-

10 iPr)(OiPr)NEL,), T(iPr-N-C(Me)-N-iPr)(OiPr)(NEtMe), Ti(Et-N-C(Me)-N-
Et)(OiPr)2(NMey), Ti(Et-N-C(Me)-N-Et)(OiPr)»(NEL,), Ti(ELN-C(Me)-N-
Et)(OiPr),(NEtMe), Ti(iPr-N-C(NMe)-N-iPr)(OiPr)(NMey), Ti(iPr-N-C(NMe:)-
N-iPr)(OiPr)x(NEL), Ti(iPr-N-C(NMey)-N-iPr)(OiPr),(NEtMe), Ti(iPr-N-C(Me)-
N-iPr)(OiPT)o(0;CMe), TIELN-C(Me)-N-Et)(OiPr)y(O,CMe), Ti(iPr-N-(CHz)o-N-

15 iPrY(OIPr)(O2CMe), Ti(iPr-N-(CHa)o-N-iPr)(OMe)(O.CMe), TiiPr-N-(CHz)o-N-
iPr}{OEt O,CMe), Ti(iPr-N-(CH2)>-N-iPr){(OnPr){(O,CMe), Ti(iPr-N-{CH;,)p-N-
IPr)(OsBu)(O2CMe), Ti(iPr-N-(CH2),-N-iPr}(QiBu)(O.CMe), Ti(iPr-N-(CHy),-N-
IPrY(OtBUYO2CMe), TI(EL-N-(CH)o-N-EO(OIPr)(O,CMe), THEL-NCHz)z-N
Et)(OMe)O2CMe), Ti( Et-N-(CHa)o-N-E)(OE)(O2CMe), Ti(EL-N-(CHz),-N-

20 Et)(OnPr)(0zCMe), Ti(Et-N-(CHa)o-N-Et)(OsBU)(O2CMe), TI(Et-N-(CHy)-N
E4)(OiBU)Y(0,CMe), Ti(Et-N-(CHy),-N-Et)(OtBuU)(O2CMe), Ti{OIPr),(0:CMe),,
and Ti(OiPr)y(0,CMe).

20.  The method of claim 19, further comprising:

25 introducing into the reaction chamber a second vapor including at least
one metal-confaining precursor selected from the group consisting of M(L)2
and M(L),.A, wherein:

Mis Sror Ba;
- L is selected from substituted cyclopentadieny! ligand systems

30 R1R2R3R4R5Cp or beta-diketonate ligand systems -O-CRg-CH-CR7-O-;

- each of Ry to Rs is independently selected from H or C1-C6

linear or branched alkyl chain;



y =0-2; z =0-1; 5in Formula I, u-Fx+y+z = 4; in Forrmula IIl, 2v+x-Fy+z =
4, and u, v, or z >;1; and pulsing into the reaction chanber an oxygen
source; pab2ingi2ineo the reacti on chanber a met al - cont aPOTAS2(@INA3LAG OF
10sel ected fromthe group consisting ¥ ML)2 and ML)2. A, wherein: Mis
Sr or Ba; L is selected fromsubstituted cycl opentadenyl |igand systens
R1IRZR3RAR5Cp or beta-di ketonate |igand systens -0-CR6-CH CR7-0-; each of Rl
to R5 is independently selected fromH or 01-06 15li near or branched al kyl
chai n; each of -ReeathloRRs iandiRidispredetsndently sbtesteifire mohil €16 Beedri near or
branched al kyl chajn A is a neutral oxygen containing

nol ecul es sel ect Bﬁbf%ﬁggﬁékyé%ﬁiﬁr éﬂﬂsi sting of tetrahydrofuran,

di met hoxyet hane, di_gl wyea #&Utrdl Sky§En comaiding hgdxnes s@rébﬁsld\fgomrth@ t he
reaction chanber a second oxygen source; and controlling the stoichionmetry

of MTi ratio i nJthy csxr@tsjmgszﬁe?rammr@waarqﬁmﬁjh%m diglyge pul si ng

st eps for the prec r c ai ning precursor. 25 23. The net hod of
claim 22 wher ei ﬁ%@gpar‘%&ggert tl&l"% és)eC? ected fromthe group consisting of

Ti (i Pr-N-C(Me) - Nebiar @iy ééﬁ’con'ﬂ \(&ﬁ%rrmb’@uwtraté fof foMig) Bmetal-
Ti(iPr-N-C(Me)-N-iPr)1(OEt)3, Ti(iPr-N N—|Pr)|(O1PrL
Ti (i Pr-Mq&@marmm@}e)yf(@@aj)l@astﬂ |wﬁaqec§(f @swom Hsthaaihesvapor

E EIE'ILDrI\I-C(NngREﬁNP %&(Ot Bu)3, Ti(Et-N-C(Me)-NEt)1(OEt)3,

10 21.  The method of claim 20, wherein the metal-containing precursor is
selected from the group consisting of Sr(iPrsCp),, Sr{iPrsCp)z.thi,
Sr(iPrsCp);.dme, Sr{tBusCp)z, Sr(tBuszCp)a.thf, SK{tBusCp),.dme, Sr(thmd)s,,
Sr(thmd)s.triglyme, Sr(thmd)..tetraglyme, Sr(MesCp)z, Sr(MesCp)s,
Sr(Me4EtCp)z, Sr(MesnBuCp),, Ba(iPrsCp)s, Ba(iPrsCp)..thf, Ba(iPr,Cp)..dme,

15 Ba(tBusCp)z, Ba(tBusCp)..thf, Ba(tBusCple.dme, Ba(thmd),,
Ba(thmd),.triglyme, Ba{thmd), tetraglyme, Ba(MesCp)., Ba(MesCp)s,
Ba(Me4EiCp),, and Ba(MesnBuCp),.

22. A method of depositing a STO or BST film, the method comprising:
20 providing an ALD reaction chamber having at least one substrate
disposed therein;

pulsing into the reaction chamber a precursor having the formula:

Ti{R1-N-C(R3)-N-R2),(OR4)x{NR5sR¢)y(O2CR7), Formula |
or
25 Ti{R1-N-{C({R3)2)m-N-R2)}\(OR4)x(NRsRs),(O2CRy); Formula il
wherein:
= R1, R2, Rs, R, and R7 are independently selected from the

group consisting of H and C1-C6 alkyl group;
= Rz = H, C1-C6 alkyl group, or NMes;
30 = R4 is a C1-C6 alkyl group;
" m = 2-4;
. u=0-2;



Ti(BEt-N-C(Me)-N-Et)1(OnPr)3, Ti(Et-NC(Me)-NEt)1(GCsBu)3,
Ti(Et-N-C(Me)-NEt)1(G Bu)3, Ti(Et-N-C(Me)-NEt)1(CBu)3,

Ti (1 Pr- N-veONME2iR71R21 Pr) (0i Pr)3, WD 2011/ 127122PCT/ US202CTr032@463 1816
Ti(iPr-N-(CH2)2-N-iPr)1(0iPr)2, Ti(iP0-N(CH2)2-N-Pr)1(0M) 2,
Ti(iPr-N-(CH2)2- N-Pr)-1(0E02, Ti(iPr-N-(CH2)2-N-iPr)i(OnPr)2, .
Ti(iPr-N-(CH2)2-N-i Pr)1(GsBu)2, Ti(iPr-N(CH2)2-NiPr)-21(0iBu)?2,
Ti(iPr-N-(CH2)2-N-iPr)i (G Bu)2, TI(Et-N(CH2)2- N-Et)1(0iPr)2,

Ti (Bt - N- (CH2) 2- N*ENOVE)20-1Ti (Bt - N- (CH2) 2- N-Et ) 1(0Et) 2, Ti (Et-

SN-(CH2) 2-N-Et)i (OnPr)2, , Ti (Et-N-(CH2) 2-N-Et) 1(OsBu) 2, Ti (Et-N-(CH2) 2-N-
E01(01131,) 2, T|?'Et N-(_C?—| 2-N-Et)1(OQBu)2, Ti(iPr-N(CH2)3-NiPr)1(0i P02,
Ti (i Pr-N-(CH2) 3-hk-i Pryi{@e) 2, Ti(iPr-N(CH2)3-NiPr)1(0Et)?2,

Ti (i Pr-N-(CH2)3- N-iPr)i O1Pr)2 Ti (i Pr-N-(CH2)3-N-Pr)1(GsBu) 2,

Ti (i Pr-N-(CH2) 3- R-i Pr¥F 0i1Bu) 2, T|(|Pr N(CH2)3-N-i Pr)1( O Bu) 2,

Ti (Bt--N-(CH2)3-N,Et) 1 2) 3-N- 10Et) 1(Owe) 2
T|EEt-SNECH2§3-NEtg(&)f%m?ﬁ ’ETQL+ 3)NEt)|(o~|)Pr§2, )T|(Et-

N- ( CH2) 3- NEt)I(@BU)HqFEﬂrmEta1N26/@k12%32%45b)1&!(0l 13u) 2,

Ti (Et-N-(CH2)3-NEt)i (QBu)2, Ti(iPr- N—C(H) N-iPr)2(0i Pr)2,

Ti (i Pr-N-C(H)- N- *Pr ) 20oNed™7 =i @ndr N- N-|Pr)2(0Et ) 2,

Ti (i pron SE - N RS B Seafiiph Eﬁaﬁt% PRI, e
15N-C(H) - N- Et ) ( PURINRiNtd tKeEteaktiQf dhabEr )a?(\éﬂ%):ﬁntammg precursor

Ti (BN %e ok e irepenioick el fo nerin:

Ti (Et- N—C(H) N- Et ) 2( 0Bl G5 orTB&I Pr-N-C(Me) - N-i Pr) 2(0i Pr) 2,
Ti (i PrN-C(Me)-N-iPr)2(0OMe)2, Ti(iPr-N-C(Me)-N-iPr)2(0Et)?2,
Ti (i Pr-N-C(Me)-Ni Pr) 208 RejRiedriroinmsubNiTEa® rytlopPripR coxiBigeRd systems

Ti Pr-N C( Me 0T Me)-N-1 P B
(LR N COVE) - g BNk 4 840 2.1, 20Th LBhalt (M) E N B B(ORB 20 0.
Ti (Et-N-C(Me) - N- Et).2( @BEh &f RLité Eis @Hrfé(é}eﬂ%hdléh 3@I6BRRAMEM H or C1-C6

Ti (EtN-C(Me)-N-Et)2(0sBu) 2, Ti(Et-NC(Me)- t) 2(0i Bu) 2,
Ti ( Et15N- O Me) - NEdineane By ppched @ikm cheig Me) - N-| Pr) (0i Pr)2( NMe2),

T (BN G N 258t FEO B ey e NG SR El D ph g S RE D)
Ti (Et - N-C( Me) - N- oFb)4ritined) Rk Nichbky); andi (i Pr- N- C(NMe2) - N- Pr) (0i Pr) 2( NMe2) ,

Ti (i Pr- N-C(NMe2)- N-iPr)(01Pr)2( NEt?2),
Ti (i Pr-N-C(NMe2) - N-i PAIBG PRy ey el corﬁacmp;g m\fpt@g%§ selected from the

N-iPr)(0iPr)2(02 0

Ti (i PZSN-(C%—|2§ 2. %@‘3 f%':‘%g) %ﬁ%%y@kﬁ B ?ﬁ%ﬁé S ABNER 020me) |

Ti (i Pro- N- ( CH2) 2- Mglmepammﬁra)gmem Ti (| Pr N-(CHZ)Z N-I Pr) (OnPr) (02CMe)
Ti (i Pr-N-(CH2) 2- N |Prz51(t N-IPe?D%OIBU)(OZCNE)
Ti (i Pr-N-( CH2) 2- RUBING % fﬂ%@& al\%e(c )°2<Y BESPUERA N 020Me)

Ti (Et - N- ( CH2) 2- Neyor iR o e TARNGR, LSRR T/ a4 &7 cEby B ).

Ti (Et- N-(CH2) 2- N Et ) (OET) (02CME), Ti (Bt - N- ( GH2) 2- NEt) (0nPr) ( 02CME) ,

Ti (Et - N- ( CHXpRANg Etr)qrmts@@fdn@%)ng FiepetfoNheqHR arsNERNG m@a&@@zmg
Ti (Et- N—(CHZD}_Z N-Et.)(Ot Bu) (02Cwve), Ti (O Pr)2(02Cwve)2, and Ti (G Pr)3(02Cwe).
25
23.  The method of claim 22, wherein the precursor is selected from the
group consisting of Ti(iPr-N-C{Me)-N-iPr)1(OiPr};, Ti(iPr-N-C(Me)-N-
iPr)1(OMe)s, Ti(iPr-N-C{Me)-N-iPr};(OEt)s, Ti(iPr-N-C(Me)-N-iPr)}{OnPr)s,
Ti(iPr-N-C(Me)-N-iPr)1(OsBu)3, Ti(iPr-N-C{Me)-N-iPr);(OiBu)s, Ti(iPr-N-C(Me)-
30 N-iPr);(OtBu);, Ti(Et-N-C(Me)-N-Et),{OEt);, T{Et-N-C{Me)-N-Et)1(OMe}s,
Ti(EE-N-C(Me)-N-Et)1(OnPr);, Ti(El-N-C(Me)-N-Et)(OsBu}s, Ti(Et-N-C{(Me)-N-
Et),(OiBu)z, Ti(Et-N-C(Me)-N-Et)1(OtBu);, Ti(iPr-N-C(NMe;)-N-iPr)(OiPr)s,



5 24. The method of claim22, wherein the netal -containing precursor is

sel ected fromthe group consisting of Sr(iPr3Cp)2, Sr(iPr3Cp)2.thf,

Sr (i Pr3Cpy0.2dne12782(t Bu3Cp) 2, Sr(tBu3Cp)2.thf, Sr(tBu3CerZ/usa®,1/08x3¢¢ hr nd) 2,
Sr(thmd)2.triglyme, Sr(thnd)2.tetragl#ime, Sr(Me5Cp)2, Sr(Me4CP)2,

10Sr (Me4Et Cp) 2, stlivied4nBuCp) 2, Ba(iPr3Cp)2, Ba(iPr3CQR2.thf,

Ba(i Pr3Cp)2.dnme, Ba(tBu3Cp)2, Ba(tBu3Cp)2.thf, Ba(tBu3Cp)2.dne, Ba(thnd)?2,
Ba(thmd) 2.triglyme, Ba(thnd)2.tetraglyme, Ba(Me5Cp)2, Ba(MA4CP)2,

Ba( Me4Et Cp) Zi(iFPandH{ Ble MdTBUTOR )4, 526 TN Gret) hbid Pof ( @MaanT KB r-MifeHejzn t he

oxygen sour ge and the £ aso0d Y IRNPPOUS S5 2B PRNECH,)o-N-iPr)(OsBu)s,
THiIPr-N-(CH2)o-N-iPr}(QiBu),, Ti(iPr-N-{CH2)2-N-iPr)1(OtBu),, Ti(Et-N-(CHz)»-
N-Et}1(QiPr)2, TI{(Et-N-(CHz)2-N-Et)1(OMe),, Ti(Et-N-{CH,)s-N-Et),(OEt),, Ti(Et-
5 N-(CH2)2-N-Et)1{OnPr)z, TI{E-N-(CH,)2-N-Et)1(OsBu),, Ti(Et-N-{CHy)2-N-
Et)1(OiBu),, Ti(Et-N-(CH3),-N-Et)«(OtBu),, Ti(iPr-N-(CHz)3-N-iPr)1(OiPr},,
Ti(iPr-N-{CH3)a-N-iPr)1(OMe)z, Ti(iPr-N-(CHz)3-N-iPr)1(OEt),, Ti(iPr-N-(CHz)s-
N-iPr}(OnPr)z, Ti{iPr-N-(CHz)3-N-iPr)4(OsBu);, Ti(iPr-N-{CH;)3-N-iPr}(QiBu)s,
TH(iPr-N-(CHz)a-N-iPr)(OtBu),, Ti(Et-N-{CH2)3-N-Et)«{OiPr),, Ti(Et-N-(CH;)s-N-

10 Et)«(OMe), THEt-N-(CH,)3-N-Et}:(OEt),, Ti(Et-N-(CHz)3-N-Et)1(OnPr),, Ti(Et-
N-(CH3)3=N-Et)1(OsBu),, Ti(Et-N-(CHa)a-N-Et)4(OiBu),, TH{E-N-(CH2)s-N-
Et)1(OtBu),, Ti(iPr-N-C{H)-N-iPr);(OiPr),, Ti(iPr-N-C(H)-N-iPr),(OMe),, TKiPr-
N-C(H)-N-iPr),(OEt),, Ti(iPr-N-C(H)-N-iPr),(OnPr)z, Ti(iPr-N-C(H)-N
iPri(OsBu)z, THIPr-N-C(H)-N-iPr),(OiBu),, Ti(iPr-N-C(H)-N-iPr),{OtBu),, Ti(Et-

15 N-C(H)-N-Et)o(OiPr),, TI(Et-N-C(H)-N-Et)o(OMe),, Ti(Et-N-C(H)-N-Et)o(OEt),,
Ti{Et-N-C(H)-N-Et),(OnPr),, Ti(Et-N-C(H)-N-Et)>(OsBu),, Ti(Et-N-C(H)-N-
Et),(OiBu),, Ti{Et-N-C(H)-N-Et),(OtBu),, Ti{iPr-N-C{Me)-N-iPr)(OQiPr),, Ti(iPr-
N-C(Me}-N-iPriz(OMe)s, Ti(iPr-N-C(Me)-N-iPr)x{ OEt),, Ti(iPr-N-C(Me)-N-
iPr)(OnPr),, Ti(iPr-N-C(Me)-N-iPr)2(OsBu),, Ti(iPr-N-C{Me)-N-iPr),(OiBu),,

20 Ti(iPr-N-C(Me)-N-iPr)o(OtBu);, Ti(Et-N-C(Me)-N-Et)(OiPr)z, Ti(Et-N-C(Me)-N-
Et),(OMe),, TI(Et-N-C(Me)-N-Et),(OEt),, Ti(Et-N-C{Me)-N-Et)o(OnPr),, Ti(Et-
N-C{Me)-N-Et),(OsBu),, Ti(Et-N-C(Me)-N-Et)x{OiBu),, Ti(Et-N-C{Me)-N
Et){OtBu)y, Ti(iPr-N-C(Me)-N-iPr){QiPr),(NMey), Ti(iPr-N-C(Me)-N-
iPr)(OiPr)z{NE1,), Ti{iPr-N-C(Me)-N-iPr}(OiPr)(NEtMe), Ti(Et-N-C(Me)-N-

25 Et}OiPr)2(NMey), TI(Et-N-C{Me)-N-Et)(OiPr)x(NEt:), Ti(Et-N-C(Me)-N-
EtYOiPr)(NEtMe), Ti{iPr-N-C(NMe2)-N-iPr)(QiPr),(NMey), Ti(iPr-N-C(NMe;)-
N-IPr}{OiPr)(NEty), Ti(iPr-N-C(NMe,)}-N-iPr)}(OiPr)y(NEtMe), Ti(iPr-N-C(Me)-
N-iPr)}(OiPr)(0.CMe), Ti(Et-N-C(Me)}-N-Et){OiPr),(O.CMe), Ti(iPr-N-(CHz)2-N-
iPr}OiPr}{0,CMe), Ti(iPr—N-(CHQ)Q-N-iPF)(OMG)(OQCMB),Ti(iPFN-(CHg)z—N—

30 iIPriOEt)(O.CMe), Ti(iPr-N-(CHy)2-N-iPr{OnPr)}{O.CMe), Ti(iPr-N-(CHz)2-N-
iPriCsBu)(O.CMe), Ti(iPr-N-(CHy),-N-iPr}QiBu)(O,CMe), Ti(iPr-N-(CH2)s-N-
iPr{OtBu)}{0,CMe), Ti(Et-N-(CHz)-N-Et} OiPr)(0,CMe), Ti(Et-N-(CHz)a-N-

(
(H
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Et)(OMe)(O,CMe), Ti(Et-N-(CHy).-N-Et} OEt} O,CMe), Ti(Ef-N-(CH2z)2-N-
E)(OnPri0.CMe), Ti{Et-N-(CH2)>-N-Et)(OsBu)}(O2,CMe), Ti(Et-N-(CH;)z-N-
Et)(OiBu}{O,CMe), Ti(Et-N-(CH:).-N-EH)(OIBu) O.CMe), Ti(OiPr):(O,CMe),,
and TH{ OiPr};{O,CMe).

24.  The method of claim 22, wherein the metal-containing precursor is
selected from the group consisting of Sr(iPrsCp)., SriPrzCp),.thi,
Sr(iPr;Cp)a.dme, SK{(1BusCp)z, Sr{tBuszCp)s.thf, Sr{tBusCp)s.dme, Sr{thmd),,
Sr(thmd),.triglyme, Sr(thmd),.tetraglyme, Sr(MesCp)a, Sr(MesCp)a,
Sr(Me4EtCp)2, Sr(MesnBuCp)., Ba(iPrsCp)z, Ba(iPrsCp)z.thf, Ba(iPrsCp),.dme,
Ba(tBusCp),, Ba(tBusCp),.thf, Ba(tBuzCp)z.dme, Ba(thmd),,
Ba(thmd),.triglyme, Ba(thmd),.tetraglyme, Ba(MesCp),, Ba(MesCp),,
Ba(MesEtCp),, and Ba{MesnBuCp)s.

25. The method of claim 22, wherein the oxygen source and the second

oxXygen source are water.



