DESCRI PTION TI TLE OF THE | NVENTI ON: TI TANI UM COMPLEX, PROCESSES FOR
PRCDUCI NG THE SAME, TI TANI UM CONTAI NING THIN FI LM AND PROCESS FOR
PRODUCI NG THE SAME TECHNI CAL FI ELD [ 0001] The present
invention relates to a titaniumconplex useful as a raw material for
produci ng sem conductor el enents, processes for producing the
conplex, a titaniumcontaining thin film and a process for producing
the thin film BACKGROUND ART [O0@9dcripTiON At present, it is
required to highly integrate sem conductor elenents in order to

pronot e METEPOFETNEE INWRNTEONeNt i n seni conduct or devi ces such as
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i s deconposed on a substrate to deposit a film or the atom c |ayer
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forming a thin filmby the CVD met hod or “ALD nBt hod. For forming thin

il ms of BAdiiSEROUNDARTY, it is inportant to precisely control the
concentration of the material during thin-filmformation. Fromthis
st andpoi H002] i quid materials are preferred materials for thin-film
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for the capacitor dielectric filns of next-generation and succeedin
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are regarded al so as a candidate.for, for exanple, a material. for the
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decomposed on a substrate to deposit a film, or the atomic layer deposition method
(ALD method), in which a material adsorbed on a substrate surface is decomposed to
deposit a film, is attracting attention as a promising candidate for that technique.
Investigations are presently being made in order to put these techniques into practical
use.

[0003]

Substances having a high vapor pressure and thermal stability are selected
as materials to be used for forming a thin film by the CVD method or ALD method.
For forming thin films of constant quality, it is important to precisely control the
concentration of the material during thin-film formation. From this standpoint, liquid

materials are preferred materials for thin-film formation because the rate of vaporization

thereof is easier to control than that of solid materials.



Sonme attenpts have been made to incorporate a chelate ligand in order
to control the reactivity of Ti(OPr)4 with water. For exanpl e,
titani um conpounds having one or nore chelate |igands, such as
(diisopropoxo) (bis(2,2,6,6- tetranethyl heptanedi onato))titani um
(Ti(Or)2(THD) 2), diisopropoxobis(tert- butylacetoacetato)titani um
(Ti (A Pr)2(tbaoac)2), bis(dinmethylam noethoxo)- diisopropoxotitanium
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using tetrakis(di nethylam do)titanium (Ti (NMe2)4) as a material is
bei ng i ny@xXui gat ed. (For exanple, non-patent docunents 5 and 6).
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control the reactivity of Ti(OPr)s with water. For example, titanium compounds
having one or more chelate ligands, such as (diisopropoxo)(bis(2,2,6,6-
tetramethylheptanedionato))titanium (Ti(OiPr)z(THD)z), diisopropoxobis(tert-
butylacetoacetato)titanium (Ti(OiPr)z(tbaoac)z), bis(dimethylaminoethoxo)-
diisopropoxotitanium (Ti(OiPr)z(dmae)z), and (dimethylaminoethoxo)triisopropoxo-
titanium Ti(OiPr)g(dmae)), have been synthesized and are being investigated as
materials for use in the CVD method or the ALD method. (Non-patent documents 1, 2,
3, and 4).
[0005]
| Furthermore, titanium compounds having amide ligands are also being
investigated as materials for forming a thin film by the CVD method or the ALD
method. For example, formation of a thin titanium nitride film, thin titanium oxide
film, or the like by the CVD method or ALD method using
tetrakis(dimethylamido)titanium (Ti(NMe,)4) as a material is being investigated. (For
example, non-patent documents 5 and 6). Amidotitanium complexes having a chelate
ligand are also being investigated as materials for thin-film formation. Examples
thereof include the titanium complexes described in patent document 1.

[0006]

Moreover, an aryloxo complex which is similar in structure to the titanium



[ 0008] Non-Patent Document 1: International Journal of Photoenergy,
Vol .5, p.99 (2003) Non-Patent Docunment 2: Journal of Materials

Chem stry, Vol. 14, p.3231 (2004) Non-Patent Docunment 3: Bulletin of

t he Korean Chem cal Society, Vol.25, p.475 (2004) Non-Pat ent Docunent
4: Journal of Materials Chemstry, Vol.8, p.1773 (1998) Non- Pat ent
Docunment 5: Journal of Vacuum Sci ence & Technol ogy B, Vol. 24, p.1535
(2006) - cy ' I eprcal L aty,
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PROBLEMS THAT THE I NVENTION IS TO SOLVE [ 0009] Ti C14 has
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PROBLEMS THAT THE INVENTION IS TO SOLVE
[0009]

TiCls has problems, for example, that a high temperature is necessary for
film deposition therefrom and that thin films formed therefrom contain chlorine.
Ti(OiPr)4 has exceedingly high reactivity with water and readily reacts with the water
contained in a slight amount in, for example, a carrier gas or reactant gas used in film
deposition.  As a result, a fine powder of titanium oxide is formed in the piping within
the apparatus and there is a possibility that this fine powder might clog the apparatus to
reduce productivity.  Meanwhile, the chelate-coordination titanium complexes

described in non-patent documents 1, 2, 3, and 4 have a drawback that the titanium



[ 0011] An object of the invention is to provide nove
titani um conpl exes which have a hi gh vapor pressure and high thernal
stability and serve as an excellent material for producing a
titaniumcontaining thin filmby a technique such as the CVD net hod
or the ALD nethod and to further provide processes for producing

t hese conpl exes, titaniumcontaining thin filns produced fromthe
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[0010]

The aryloxo complex described in non-patent document 7 differs in having a
plurality of bulky aryl groups from the titanium complex of the present invention.
Furthermore, the aryloxo complex synthesis method described in non-patent document

( 7 differs from the production processes of the invention. In addition, in non-patent
document 7, there is no statement concerning use of the aryloxo complex as a material
for titanium-containing thin films.

The titanium complexes described in patent document 1 combine thermal
stability and vapor pressure which render the complexes suitable for use as a material in
the CVD method or ALD method. However, there recently is a desire for the
development of a material having higher thermal stability than those titanium
complexes.

[0011]

An object of the invention is to provide novel titanium complexes which
have a high vapor pressure and high thermal stability and serve as an excellent material
for producing a titanium-containing thin film by a technique such as the CVD method
or the ALD method and to further provide processes for producing these complexes,
titanium-containing thin films produced from the complexes, and a process for
producing the thin films.

MEANS FOR SOLVING THE PROBLEMS
[0012]

In view of the current circumstances described above, the present inventors

diligently made investigations. As a result, they have found that a titanium complex

represented by general formula (1) is an excellent compound capable of eliminating the



, Ti( OR5)2 NIR4 (1) [0014] (wherein RI and R4 each independently
represent an al kyl group having 1-16 carbon atons; 12.2 and R3 each

I ndependently represent a hydrogen atom or an al kyl group having 1-3
carbon atons; and R5 represents an al kyl group which has 1-16 carbon
atonms and may have been substituted with one or nore fluorine atons).
[ 0015] The invention further provides a process for

produci ng&%ﬁ%a&ag&&%ewﬁ@n{v@ﬁ@&mﬁ BR¥n aﬁegg&@e@é&r_ mula (1),

characteri ze y subjecting a dilmne represent y general formula
(2): [0016] [ ChemNan#ly, the invention provides a titanium complex represented by general
formula (1):
[0013]
[Chem., 1]
R1
2 |
R N
| \T'(OR5)
[ 2
N/
R3 |
R4
(1)
[0014]

(wherein R! and R* each independently represent an alkyl group having 1-16 carbon
atoms; R? and R® each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R’ represents an alkyl group which has 1-16 carbon
atoms and may have been substituted with one or more fluorine atoms).
f0015]

The invention further provides a process for producing a titanium complex

represented by general formula (1), characterized by subjecting a diimine represented

by general formula (2):
[0016]
[Chem. 2]
R1
RZ
" N
e
RS N
R4



(2) [0017] (wherein Rl and R4 each independently represent an al kyl
group having 1-16 carbon atons, and R2 and R3 each independently
represent a hydrogen atom or an al kyl group having 1-3 carbon atons),
an alkali netal, and an al koxo conpl ex represented by general fornula
(3): [0018] [Chem 3] Ti(OR5)4 (3) [0019] (wherein R5 represents an
al kyl group which has 1-16 carbon atons and may have been substituted
with one or nore fluorine atons) to reaction with one aq%?her. The

i nvention furthernore provides [0020]-[0025] a process f pr oduci ng
a titani peo1gpnpl ex represented by general formula (la): [Chem 6] R a

(wherein R! and R* each independently represent an alkyl group having 1-16 carbon
atoms, and R? and R® each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms), an alkali metal, and an alkoxo complex represented by
general formula (3):
[0018]
[Chem. 3]
Ti(OR®)4
( €)
[0019]
(wherein R’ represents an alkyl group which has 1-16 carbon atoms and may have been
substituted with one or more fluorine atoms} to reaction with one another.
The invention furthermore provides
[0020]-[0025]

a process for producing a titanium complex represented by general formula (1a):

[Chem. 6]
R1a
R2a |
\ ’ >Ti(OR5a)2
R% N
e

(1a)
(wherein R' and R** each independently represent an alkyl group having 1-6 carbon
atoms; R* and R* each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R*® represents an alkyl group which has 1-16 carbon
atoms and may have been substituted with one or more fiuorine atoms), characterized

by subjecting an alcohol represented by general formula (5):



R2aNl \ TKOR5a)2 R3a Rd4a (I a) (wherein RI and R4a each independently
represent an al kyl group having 1-6 carbon atons, R2a and R3a each
I ndependently represent a hydrogen atom or an al kyl group having 1-3
carbon atons; and Rb5a represents an al kyl group which has 1-16 carbon
atons and may have been substituted with one or nore fluorine atons),
characterized by subjecting an al cohol represented by general fornula
(5): [Cia@jig ?] R580H (5) (wherein R5a represents an al kyl group
whi ch has 1516 carbon atons and may have been substituted with one or
nmore fluorine atons) to reaction w idsagpy am de conpl ex represented by
general formula (4): [Chem 4]

(5)

(wherein R* represents an alkyl group which has 1-16 carbon atoms and may have been
substituted with one or more fluorine atoms) to reaction with an amide complex

represented by general formula (4):

[Chem. 4]
R1a
|
‘ >Ti(N R7R®),
R T
R4a

)
(wherein R'? and R* each independently represent an alkyl group having 1-6 carbon
atoms; R** and R* each independently represent a hydrogen atom or an atkyl group
having 1-3 carbon atoms; and R’ and R® each independently represent an alkyl group
which has 1-4 carbon atoms and may have been substituted with one or more fluorine
atoms).
[0026]

The invention still further provides a titanium-containing thin film produced
by using a titanium complex represented by general formula (1) as a material.

The invention still further provides a process for producing a titanium-
containing thin film, characterized by using a titanium complex represented by general
formula (1) as a material.

The invention still further provides a semiconductor device characterized by
using the titanium-containing thin film described above.

[0027]

The invention still further provides a photocatalyst characterized by using



Ti(NR7R8)2 R3a7" N R4a (4) (wherein Ria and 12.48 each

I ndependently represent an al kyl group having 1-6 carbon atons; R2a
and R3a each independently represent a hydrogen atom or an al kyl
group having 1-3 carbon atons; and R7 and R8 each independently
represent an allcyl group which has 1-4 carbon atons and may have
been substituted with one or nore fluorine atons). [0026]

The i nve{l‘%'tﬁﬁuﬁh'éohtafuﬂﬁé heh ﬁﬁﬁ‘ﬂ\ékc@ﬁ%dﬁb&det aniumcontaining thin film

produced by using a titani um conplex represented by general formula
(1) as aADAANTAIGES OF THE INVEMTIOWenti on still further provides a

process for producing a titaniumcontaining thin film characterized
by usi ngl082 B]Dt ani um conpl ex represented by general fornula (1) as a

e conduct or aelP% S URLEPUIPE CE bY et i Pe salilvonmeriioy
thin film.desGitibedndRRVdIent BREAL sﬁlﬁhiyn‘ﬁ@xﬂﬁlyo 'Ea§5'H1éh LHpdrREssure and
provides a photocatal yst characterized by usin

ti t ani unhighrthaimal stabilitvn Al ﬂ11m1maﬁc(mt:hﬂnhgethm\/ﬁlm can hence be produced by a
technique, such as the CVD method or ALD method, using the complex as a material.
BRIEF DESCRIPTION OF THE DRAWINGS

[0029]

[Fig. 1] Fig. 1 is a presentation showing the results of the TG and DSC analyses
conducted in Test Example 1.

[Fig. 2] Fig. 2 is a presentation showing the results of the TG and DSC analyses
conducted in Test Example 2.

[Fig. 3] Fig. 3 is a presentation showing the results of the TG and DSC analyses
conducted in Test Example 3.

[Fig. 4] Fig. 4 is a presentation showing the results of the TG and DSC analyses
conducted in Test Example 4.

[Fig. 5] Fig. 5 is a presentation showing the results of the TG and DSC analyses
conducted in Test Example 5. |
[Fig. 6] Fig. 6 is a presentation showing the results of the TG and DSC analyses
conducted in Test Example 6. |

[Fig. 71 Fig. 7 is a presentation showing the results of the TG and DSC analyses
conducted in Test Example 7.

[Fig. 8] Fig. 8 is a presentation showing the results of the TG and DSC analyses
conducted in Test Example 8.

[Fig. 9] Fig. 9 is a presentation showing the results of the TG and DSC analyses
conducted in Test Example 9.

[Fig. 10} Fig. 10 is a presentation showing the results of the TG and DSC analyses

conducted in Test Example 10.



ADVANTAGES OF THE | NVENTI ON [ 0028] The titani um conpl ex (1)
of the invention has satisfactory vaporization characteristics and
excellent thermal stability, nanmely, has a high vapor pressure and
hi gh thermal stability. Atitaniumcontaining thin filmcan hence be
produced by a technique, such as the CVD nethod or ALD net hod, using
the conplex as a material. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0029]
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fFig. 15] Fig. 15 is a diagrammatic view of the CVD film forming apparatus used in
( Examples 20, 21, 22, and 23.

MODES FOR CARRYING OUT THE INVENTION

[0030]

The invention will be explained below in more detail.

Examples of the alkyl groups having 1-16 carbon atoms which are
represented by R' and R? include methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-
butyl, tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl, 1-methylbutyl, 2-methylbutyl,
1,2-dimethylpropyl, 1-ethylpropyl, hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl, 3-
methylpentyl, 1,1-dimethylbutyl, 1,2-dimethylbutyl, 2,2-dimethylbutyl, 1,3~
dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-
trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-methylpropyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylmethyl, cyclopropylethyl,
cyclobutylmethyl, heptyl, cyclohexylmethyl, 1,1-diethylpropyl, 2-methylcyclohexyl, 4-
methylcyclohexyl, octyl, 1,1-diethyl-2-methylpropyl, 2,5-dimethylcyclohexyl, 3,5-
dimethylcyclohexyl, 1,1,3,3-tetramethylbutyl, 1-methyl-1-propylbutyl, 1,1,2,3,3-
pentamethylbutyl, 1,1-diethyl-3,3-dimethylbutyl, adamantyl, 1,1-dimethyloctyl, 1,1-
dipropylbutyl, 1,1-dimethyldecyl, 1,1-diethyloctyl, 1,1-dibutylpentyl, 1,1-dibutyihexyl,
1,1-dibutyiheptyl, or 1,1-dipentylhexyl.

[0031]

Examples of the alkyl groups having 1-3 carbon atoms which are



[Fig. 9] Fig. 9 is a presentation showing the results of the TG and
DSC anal yses conducted in Test Exanple 9. [Fig. 10] Fig. 10 is a
presentation showing the results of the TO and DSC anal yses conduct ed
in Test Exanple 10. [Fig. 11] Fig. 11 is a presentation show ng the
results of the TO and DSC anal yses conducted in Test Exanple 11.

[Fig. 12] Fig. 12 is a presentation showing the results of the TO and
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[0032]

These alkyl groups may have been substituted with fluorine atoms.
Examples of such groups include trifluoromethyl, 2,2,2-triflucroethyl, perfluoroethyl,
perfluoropropyl, perfluoroisopropyl, perfluorobutyl, perfluoro-sec-butyl, perfluoro-tert-
butyl, perfluorohexyl, perfluorcheptyl, perfluorooctyl, perfluorononyl, perfluorodecyl,
perfluoroundecyl, perfluorododecyl, perfluorotridecyl, perfluorotetradecyl,
perfluoropentadecyl, or perfluorohexadecyl.

[0033]

From the standpoint of imparting a satisfactory vapor pressure and excellent
thermal stability, it is preferred that R! and R* in the titanium complex (1) should each
independently be an alkyl group having 2-6 carbon atoms. Preferred are, for example,
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, tert-pentyl, 1-methylbutyl, 2-methylbutyl, 1,2-dimethylpropyl, 1-ethylpropyl,
hexyl, isohexyl, 1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl,
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Exanpl es of the al kyl groups having 1-3 carbon atons which are
represented by R2 and R3 include nmethyl, ethyl, propyl, isopropyl, or
cycl opropyl . Exanpl es of the al kyl group having 1-16 carbon
atons which is represented by R5 include nethyl, ethyl, propyl,

i sopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, isopentyl,
neopentyl, tert-pentyl, 1-nethylbutyl, 2-nethylbutyl, 1,2-

di met hyl pro y| | ) I ]
0 et ) o A R 1 SRS, S i, 5.3

1, 2-di n‘etihlydthylbyﬂyl Rethythugd) Paetitylituey], 111, Beridethplphypyhul,22-trimethylpropyl,
, 3- dlnethylbut . 3, 3- dlneth lbu%éﬁkw¢ et hyl butyl, 2-ethyl butyl,

L 2- t At Hylﬂlﬁﬁ’dhi,fppylﬂlie 2rin miopaloprapds Ryqlobutyl, cyclopentyl,

LB R 1 B o

obut yliBtdayihat RERIMIR? Ml@@eﬁ:&ﬁhﬂ@ﬁeﬁﬂémlylbé-aﬂ'aﬁ@ﬂ%‘r&fﬁjﬂwmg 4 or5
t hyl cycl ohexyl , 4- nethylcgclohexy oct

1- di et harber? atvetshy [For (ewhple,ZR andl Rétriore gp;ﬂﬂ:rah]@rwé bu},Ssobutyl, sec-butyl,
nethylcyclohexyl 1,1, 3, 3-tetranet hyl but met hyl -1 -pro Ibutgl

',1 2, 3, BI-ER: BRRhyseRANRL, neopeniy], etfswfn -me#ﬁﬂwylb&ﬂypthy utyl, 1
da

mant y th 1, 1- dlpropylbutyl 1, 1-di net hyl decyl,
,1-dietﬁ§?é%ﬁ9ﬁmg§0i¥ %@bﬁkp‘%ntyl 1,1- dlbutylhexyl
1, 1-di bujoosheptyl, or 1,1- dlpentylhexyl [ 0032] These al kyl

groups may have been substltuted with fluorine atons. Exanpl es of
(such groups i ncl Bdend R? pkﬁﬂnhmﬁw¢my¢nggﬁmamsr|fIuoroethyl

rf t hyl , fl fl | f but yl ,
Do oet RS PP Y P AC R Shar BB bhalisT Y Mot U,
fl :
e oS RGBSR L) L DS SR ey
per f1 uor tmeﬁlftﬁlg@eﬂﬂyl 1@@&1@%@%@@3?&@%&n@r1-ﬁﬁﬂ“fyﬂmﬂo hexeH oMy, 1,2-

olnt O

[ 0033] From the stan arting a satlsfactory

vapor pr éisstindpranil, ek-etiyipsopylt Hﬂ@KﬂallStéleabk | --methyilpentyd, Frmédyipentyi,hat

i ki{‘dgfﬁlafk@iﬁ;@%ﬂ%' o SR o 2 silry e o2 PERe By by, ™"
et hyl, b1!| P@?ﬁ)ﬁhah@%ﬁﬁ 3 %_%ﬁgm ¥1buty}_efr;r-§ml?{%%lf 3%153;19&3;14 b1

pentyl |sop nty neopent t'er

2- et hyI tinbethylpropat, du,zmmylbmm@@yl ]lem'grh]{hﬁtbjﬂpiapyhexgthyl - ﬁﬁﬂ@l@tbpy]
1- net hyl pentyl, 2-nethyl pentyl, 3-nethylp ent%iqiz dlnethylbut¥
1, 2- di meeyejomeRyH cychotpity; %@Imnbdbt cgmclohﬁxﬂ ey rnwlmﬂwl cyclopropylethyl,

T o bR e o T o Rlaliot, Py DR 2 etk P 1

1- et hy1- geiRidy¥ioRERAY ! octﬁ%’ci@mi&HMLz- yﬁ%ﬁ; 2,5h e BREYbhexyl, 3,5-

{cycl ohexyl, “cycl opropyl ne hyl, cycl oprop and

cycl obut MMcloﬁeﬁcyﬁ sl hﬁﬁaepaméthylbatylt batl -ﬂ%thyhlj-p%y%myll dIte&Cthore
i ndependent |y be an al k grou having 4 or. 5 carbon atons. For

exanpl e, PferigddhatR n‘ﬂ}oéi/dp}i’f‘e alkpl group Baying 3> carb%etogns 595%%1@1911:, R’
tert-but o neopent Lerls nent b I,
et vy a1, BREtAby 5 BRGRLY bop Rt Bt ish v, Pamntin Bt ey
123 pr efﬁaﬁ&m ﬁécﬁaeﬁmr@ﬁ%nﬂﬁ Of@nethylbut%l 2- meﬂhszwuﬁ; Fpt chﬁméﬁglﬁreﬁﬁ 33
shoul d be "an al kyl” group havi'ng 1-8 “carbdn atois. For exa

pr ef er ablythyyprogtlhyl , ethyl, propyl, isopropyl, butyl, |sobutyl
sec- butyl, tert-butyl, pentyl, isopentyl, neopentyl, tert-pentyl,
1- nethylEW@%], 2- et hyl butyl, 1,2- dinethylpropyl, 1-ethylpropyl,

h I h |,
hexyl, 1 sohexy! - i FRURENAh, oS B kb TR ML S0y s
gl met hyl &HéﬁéLl 2%@’%&(@@&815(}1&&1{&651315(%rﬁp&ltgl%kb)fﬂtﬁyﬁlﬂ| 1-ethyl butyl,

et hyl buty - trinmethylpro 2-trinmet hyl propyl, 1-ethy|-

(Ti( PrNCHCHN'Pr)(OtPe)z) ethene 1,2- dlylbls(tert—butylam1do)d1ethoxotitanium

2
1,
1-
c
c
2-
1
di
1
a
1
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[ 0035] The titani um conpl ex represented by general formula
(1) preferably is

et hene- 1, 2-di yl bi s(i sopropyl am do) bi s(tert-pentyl oxo)titanium

(Ti (" PrNCHCHNI Pr) (Ote) 2), ethene-1, 2-di yl bi s(tert-butyl am do) di et hoxot
itanium (Ti (BUNCHCHNt Bu) (OEO02),

et hene-1, 2-di yl bi s(tert-butyl am do)dii sopropoxotitani um

N S R S
but yl am da'BuUNCHAHN B (@yPHs)ppy| 0x0) f i teftidneT|2-diylbis(tert-butylamido)bis(tert-
(Ti ( BUNCHCBI \ Tt Bu) ( OCEf 3) 2

et henel, pendylpxojtisantemt - but %{TﬁBMH@PBEENBUi(@P@ahy 1- 2- ethenryl graoyPisGr) f
et hene. 1BV YRR PP a0 i T BUNCHCHN'Bu)(OCEL)), cthenc-

trifluoropet Lelaund hi 641 Bu gggﬁ% i

et hene- 1?,%%??%%%(@1@4@?@%@% %@gﬁ %&ﬁ%ﬁl ti agrjxl%?]tﬁ%mum

(Ti ( Pe NCHIEBUNTHDWEN Bu)(OCELCHMe,),),  ethene-1,2-diylbis(tert-butylamido)bis(2,2,2-
et hene- 1, 2-di yl bi s(tertpentyl am d%i et hoxot it ani um o

(Ti (tPe mﬂ@q@qﬂ&@&-@@y{n e(ﬁéBéNil, FIN A QR )),  ethene-1,2-diylbis(tert-

entyl am do).di i r opoxot.rt ani A O{ Pr)2),eth - -
i y1 bi o(PETYEmaIRRR i AT RNCIC TN ). Sthede Eo i Bister”
(Ti (PeN QiBthb2dtitafiuntt RENPNCHAINPRI®EY,)L: SetBene-1,2-diylbis(tert-
-tetranet hyl but yl'am do) di i sopr opoxotitani um )
(Ti ( V3G NGHEHNeRGHAGMRS) ( 0 TAERNCHEHNRE@'BHAndpoi ethertehi2-
(these titani um conpl exes have a satisfactory vapor pressure_and
excel | enqhy%hasé‘:eﬁa]penglmqq)qh{,t_ert-butoxo)tltamum e/Tl( PeNCH%HN Pe)(OBu),), or

Mor epr ef e 1 edexa reofin h 2-divl hi.s(.tert -

but yl ami %%?I}fi'f’gb : l&%@(g?iaf %ﬁnﬁ% ?%ﬁ?%@%%ﬁq@ﬁ et hene- 1, 2-
di yl bi s( Y] e SR C BNCaVIE XTI | BBinUtAe standpoint that th
(Ti (BuNcﬂ?:W\l?:*Bu) (JOt Pe) 2) . or SN SODrd) ¢ standpoint that these
et hene- ltitanighy tmpleker hayeensatiséaviaty vdpirsppssoposmt exahenmthermal stability.

Lhe. i nveMoron. aPEIGHs A nBamR  PIGHSEL | olcisoescethentl 3 ybodes
i whi [ i . | ) . bi
g b B AR < LAtR, ORI RB, SU gekgs 59

produce @ylhid(Rf-bitylanidy)ex(tédpealyldxbRithnivant UNCHCHN'Bu)(O'®:),), or
diimne (2) to be used as a starting material can be synthesized with
r ef er encehens-b2didis(ters proiylaneidg)diisdpyoparetitapfun KB Red EnxRiRra).
Soci ety, ?{% 120, p.12714 (1998)). Besides being available as a
comer ci & ]eagent or industrial material, the al koxo conplex (3) can
be synt hesi zed w : 1 el :
oot ey, Vo 46, ' oRER0aEIBe] e OB Blioh AR ARRILEP e DRk
( 198 lg , 0cksdl1kex @ravest iArwhiok an Bkalinadtal\ead tief alibted dinplée Bland subficasis
2001) .

to reaction with the diimine (2) in an organic solvent to thereby produce a titanium
complex (1) of the invention.

The diimine (2) to be used as a starting material can be synthesized with
reference to a known method (e.g., Journal of the American Chemical Society, Vol.120,
p.12714 (1998)). Besides being available as a commercial reagent or industrial
material, the alkoxo complex (3) can be synthesized with reference to Journal of the
American Chemical Society, Vo0.46, p.256 (1924), Inorganica Chimica Acta, Vol.52,
p-79 (1981), and Alkoxo and Aryloxo Derivatives of Metals, Academic Press (2001).
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[ 0037] It is known that subjecting the diimne (2) to
reaction with an alkali netal yields an alkali nmetal conplex of the
diimne (for exanple, for exanple, Journal of the American Chem cal
Soci ety, Vol.120, p.12714 (1998)). In production process 1 of the
invention, the order of reaction of the diimne (2), alkali netal,
and al koxo conplex (3) is not Iimted. For exanple, the al koxo

conpl ex q: 3778y be subjected to reaction with the alkali netal
conplex of the diimne, which has been prepared separately and
isolated. It is firsflaomadhbhaibjeringltkadiminet(@) te faufich déthfanr dkali metal
subjected to reactjion with the diimne (2) and the al koxo conpl ex &3)
be subsedifdtt ayalkalhmetal samplexrafghe fidminet (fesraxamples fermxgoinls Joman! ofie

'S Obtai MR Chetlesphiedt VORI by BETRTL. * h ptofip L SRR ot
that t he jijeRflo@fthé Bﬁleﬁbgféabti&?&iadhe dRnfse m,%kilﬂnﬁfaﬂ%ﬁfamo%ﬁﬁygéé@}

should be lithiumor sodiumfromthe standpoi nt of obtaining
titani umicootpineited, 1)For axaaplesthaatkoxy cyipled.(3) may de pulgtaed adrendtidn whie
al kali metal should be used in an_anount of at |east 2 equivalents to

the dii nithfe abebnmetd compirapsf fie diiming, avhich ghasneeen; praparadn separpicbk apd)
in satist y Vi T rgant.c: sal.vent .t.q b sed | roducti o
process S%?r%‘gé'béyéiégg%gﬁ[}l% aglo‘jfl\l?%[hfn e\k/%isc%ulgg%gsﬁrﬁg?u%ﬂ%éécat t%vﬁe?#mph‘gﬁh
al kal i meteadliiminB &2 fhrd"ihB QIMokb cofrp@xablK 8% Quisse I8y siBjkcte@%o ARRbK FHdm
metal conplex of the diimne (2). Exanples theredf i'nclude al kanes
(such as penstandpoitfethanhis megihaech énvobiets am emallgre hahboraof steps and a titanium
nmet hyl cycl ohexane, and et.hyl cycl ohexane, aromatic hydrocarbons such
as benzeﬁ@?PFBRSEﬁggwgﬁﬁ1&9@@%@¥mﬁﬁﬁﬁéthers such as diethyl ether,
diisoprogxhs ther, dibutyl ether, tetrahydrofuran, dioxane, ethylene
gl ycol drnethyl ether, diglynme, triglynme, and cycl opentyl nethyl
ether. These mayltR pisfereal thitetherkins od thé XikdliemtBEtL et s &Plproduction
The tltanlun1conﬁlex (1) of the invention obtained by production
process prasess behowdbet lebiuny on spdiyms friomatbe standpeint of ohtaimengithe titanjum

techni ques for purifj.cation .of c | exes,, such as filtration, )
ext r act | gmriaSP rsaliTBionCyig ol aferoshBer e aliali metaald be used in
Product i o RAfeSSatdeds? 23qRVARRRS 0! e WG ﬁ&? t?é gfaﬂgdoiﬂ@f dbfaining the
subjected to reaction wth the amde conplex (4) in an organic

sol vent tiemiuker @mplar qdude satisfabay uitldonplteX ofdadje solvent to be hLsedt he

invention, exanples of the alkyl groups having 1-6 carbon atons which
are repr Bednetean pipcesal By bReany qreaticigel verst Wiich deehyet reptopigh the alkali

i sopro utyl 4..1sab , c-butyl, tert-butyl entyl, isopentyl,
neapent yrieRelt. ey o PRGic bt Gt iyt it comitSOSF e
1, 2- di megfipkRr epy! Ex&mﬁfeQYﬂﬁFeQPYﬁolu&eéH{Enes' SRiexy :pem&aém{é&xﬁéze}%pﬂne,
(2- nmet hyl pentyl,” 3-nethyl pentyl, 1,1-dinethyl butyl,

1, 2- di mebttyhd) eyylbhex@ne -rethelcilbiaxtayd, ,and efhydidyeksihleydrtal iipinatic hydrocarbons
2, 3-di met hyl butyl, 3, 3-di nethy| butyl, 1-ethylbutyl, 2-ethyl butyl,

1, 1, 2- t r SUFBtASPERFESy o Iuene, and Xylengedngdpthare iph as itk pther.-divseprppirasigr |

1- et hy1l- t hyl | | opr.0pyl, | obut vl tyi .
Lot v Gl AT R PSRN, BBLEP N AP ieme,
cycl ObUttﬁgﬁﬁhayénd ERQGRhtyl methyl emeﬁxmh@%mgf bd NSty 08TRUPixtur

havi ng 1- 3 ‘carbon atons which are represented by R2a and R3a I nc uJ%
met hyl , #eteplf., propyl, isopropyl, or cyclopropyl. Exanpl es
of the auﬁél group having 1-16 carbon atonms which is represented by

125a i ncl 8]nethyl, ethyl, propyl, isopropyl, butyl, isobutyl,

sec-butyl, tert- . pe i, 50 tyl . neopent tert-pent

T merhyl butyt, - oY HekprBER by OO vroRSr BN by fidefifDpheess 1

hexyl , | eRN®¥Yisolated 8y Ninte RhiXAbly ZelRiddy ga?e%y{echéqu&‘emy kl)ﬂﬁﬁéa)fﬂon of

1, 1-di net hyl butyl, 1,2-dinethylbutyl, 2,2-dinethylbutyl, 1,3-
complexes, such as filtration, extraction, distillation, sublimation, and crystallization.
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[ 0041] These al kyl groups nmay have been substituted with
fluorine atons. Exanples of such groups include trifluoronethyl,
2,2,2-trifluoroethyl, perfluoroethyl, perfluoropropyl,

per fl uoroi sopropyl, perfluorobutyl, perfluoro-sec-butyl,
perfluoro-tertbutyl, perfluorohexyl, perfluoroheptyl, perfluorooctyl,
perfluorononyl, perfluorodecyl, perfluoroundecyl, perfluorododecyl,

perfluorotri deCYProd%ﬁcﬁd gﬁfceései E@Q%&dess B?Mﬂcﬂ%@ﬁfd&h@ﬂg!})ik subiected to
per f | uor ohexadecyl . Exanpl es of the al kyl groups

havi ng 1rehction bith thd amﬁie\mnmﬂlemﬁ% in aposeictsevehlyto Rierelmdpidyucand titadaum
met hyl , ethyl, g@opyl, i sopropyl, butyl, isobutyl, sec-butyl, and
tert-but 9‘PmP}FHé al kyl groups may have been substituted with

fluorine atoms. Frﬁyrg)mvgnt %%@p lfpt%grafl {}g%qg%é [)py:nlljéj rloéT%gr%X}l’atoms

2,2,2-trifluoroe per

per f | uor QiLsAPsoRY d?ﬁ‘édfb m@buﬁd/wa Bi%!hfdetkﬁétﬁ Be ¥byl, opyl, butyl,
perfluoro-tert-bu r316/:IS [O yl 43] |syprg?2$¢regytwrlﬁya aun%

R' shoul tobetyhlsksrbutyl, wpbuﬂya\peng/l Zscﬁ)enaﬂ bmnpaltyin@rt-pﬂmdgl -iethydbwuly 2-
shown above. More preferred arg graou aving 4 or 5 carbon
atons. EXSHHLRYEYY Het-SBRethHRraRy bﬁﬁwpmpﬂo {‘ + lsoahsﬁy puripethylpentyl, 2-

2 et nyl By ARl gl BREHY, 1, 11ARRARANy 1 SiniS ity Sobietly M

R3a pr ef ?Bachhﬁétlﬁrﬂlﬂltﬂydl B)Qiﬂﬂemynﬁﬁ?l 3,3- dlmethylblhtgzl | $-eliyghay), eﬂeﬂmﬁutma
shoul d be an a group havin 8 carbon atons. For exanpl e
(pr ef er abllyl,2- ‘s’lrl’mgﬁptO,PYht hyt}2,2- Mmﬁ%d,pmmfd),pr dpsthyl- bmethylpropydbut l"lethyl -2-

1 et ny! BityTEropsmy R B escio Bl adleperbyFiongiad ryPlgPGRyImé
1o el R AR g EV'ZpS{‘E%l yloutyl 1 s

di met hyl fpgg] , 2, 3-di net hyl butyl, 3, 3-di nethyl butyl, 1-ethyl butyl,
2- et hyl butyl, 1 1 2- trinethyl ropyl 1,2, 2-trinethyl propyl,

1- et hyl - 1- net hy| Brapyles of éhmﬁkﬂ gy | prorg | 13 ca @mo@ipm@ywhmh are
| obut i | |
vl opr olFHEEHS 89% mﬁﬁq@(ﬁ"ﬂﬁ@tﬁwm@&%ope@ﬁfﬁ e i

1,1- dlethylpropy

di r’ret hyl by(RSb inectyde, miathiyl SQtBylt @l’(ﬁp@ﬂl;eisbp‘ﬂobylll; )blutyl Orsobutyl sec-butyl tert-butyl,
1- net hyl - | - propyl butyl. It is nore preferred that R5a shoul d be an

al kyl grwﬁyhawquntz 5 %%qpsatﬁl,at t@ﬁﬁspengdr éyaaﬁbylbut}'ha82m@'lbw¥ erbBty

| SopentyFimiRARERTY) -<Rilfom 2R deoheRFG) Bt Bl AP RIRAET ¥

1, 2-di mepdailyieany) . I dim@t!h?bﬂuan, IOYLZ di@edSioutyl, 2,2-dimethylbutyl, 1,3-

(" dimethylbutyl, 2,3-dimethylbutyl, 3,3-dimethylbutyl, 1-ethylbutyl, 2-ethylbutyl, 1,1,2-
trimethylpropyl, 1,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-methylpropyl,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclopropylmethyl, cyclopropylethyl,
cyclobutylmethyl, heptyl, cyclohexylmethyl, 1,1-diethylpropyl, 2-methylcyclohexyl, 4-
methylcyclohexyl, octyl, 1,1-diethyl-2-methylpropyl, 2,5-dimethylcyclohexyl, 3,5-
dimethylcyclohexyl, 1,1,3,3-tetramethylbutyl, 1-methyl-1-propylbutyl, 1,1,2.3,3-
pentamethylbutyl, 1,1-diethyl-3,3-dimethylbutyl, adamantyl, 1,1-dimethyloctyl, 1,1-
dipropylbutyl, 1,1-dimethyldecyl, 1,1-diethyloctyl, 1,1-dibutylpentyl, 1,1-dibutylhexyl,
1,1-dibutylheptyl, or 1,1-dipentylhexyl.
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R7 and R8 preferably are nethyl or ethyl, and nore preferably are

met hyl . The ami de conplex (4) to be used as a starting material can
be synthesized with reference to a known net hod (patent docunent 1).
The organic solvent to be used in production process 2 may be any
organi c solvent which reacts with neither the am de conpl ex (4) nor

t he alcohol (5) Exanpl es thereof include al kanes such as pentane,
hexane, ﬁ oct ane, cycl ohexane, nethyl cycl ohexane, and

et hyl cyclohe ane aromati ¢ hydrocarbons such as benzene, toluene, and
xyl ene, and et herfhesuciikyds grbiups hinhy elidver beati isabgitapy | with hfitorigt Rednyd.
et her, tetrahydrofuran, dioxane, ethylene col dinethyl ether,

di gl yme, B n@f Sl@hcgf@‘}i@l wehe riflaeromgthy H{s@ﬂ urﬁwem%myﬂuwef@yl
al one or a her eof t andpoi nt of
bt o nf ndeTHETITRH BoRICOIE B TOR Ay P phtl DB 5 gl POforo tert
satisfac [ #&gﬂ a

added totbg@sio%‘%}?:u gnr? h%%%pg?ggg%g% %t?g and 06?/&3%’15 ? gﬁi\}l:a%%n(o? 1e%aém cfg 0&%1
conpl ex (é)fhiorowarecylgani gerfobdrododecyl, perfluordtiidécs],pr efperfl@dotettadecyl,
production process 2 that the al cohol (5) should be subjected to
react i on PRHlugroReRtdpeylor periuopolexedesylal ents to the ani de conplex (4)
fromthe §¢ dpoi nt of obtaining the titaniumconplex (la) in
satisfact[ y-yield. It is nore preferred to cause the alcohol (5) to
act in an amount pgRhmpled 8FlUh¥ahiRPE S%&Ebst Bﬁwﬁ? f2 carmsheXidnd w}LQPAa?l
The titani um conpl ex_ (1 a) obtained by production process 2 can

(isol ated rd:;gxemteldd)ysli{l‘f ambe/ imdddechetiyly ethyt, giropydcisoprgpels bhol, 1sobutyl sec-
purification of co such as distillation, sublipation, and
crystal | P35 g ng'#sf Thesc alkyl groyns; may mﬁvedmwib}bﬁgutpﬁ.wth iflustizain

be produ Si m )

mat eri al . & Slz;rrpl%gmtngﬁ g‘\kl I I%g&%l i h%:dél“n t%éuc%)rp% llcjhge’dré? r1c| U @orﬁ%tp%l

films of Eﬁﬂlﬁfﬁdﬂml Oﬁérﬂﬁoroﬁatdﬂ["pﬁi‘ﬂﬁﬁrbfsbﬂﬁpyﬁ ipkEFRIrbBaLEIR hBHRRro-8 e
i ke and th|n fil of conposite netal conpounds containing titanium

and othean®9ﬂ£m98&wﬂ§uﬁﬂ.as strontiumtitanate and bariumtitanate.
The tita 6¢14§:]corrpl ex (1) is suitable for use as a material for
produci ng in filnms of either titanium oxide or a conposite oxide
since oxygen at ofieiaerofidflined g h@h&ﬁa%%ﬁﬂ;@s&@& L
formng a titaniumcontaining thin | mare not

and exanplogss, hiengtie grﬂﬁ}islmewhhﬁo@/D Maﬁehﬁéfené&@rdmmcgioupsrﬂﬁvlrgm or5
nmet hod, spin coatin dip coating, or solution nmethod. In the case
where a c#ban fatqmgs. i Xpmgﬁsctb@lreb@lrtch@iecbmlnﬁph@tdl oec-bhyl Aem-bvtsthpehtyl,

chamber 1 seyé?% B eriseo oy aBUPRE e Y e 8
i nclude a hﬂg rret hod and a liquid injection nethod. The bubbling
(et hod |s a thod in which carrier gas, such as helium neon, argon,
krypt on, [0¢2ddn, nltrogen or the like is bubbled into the titanium
conplex (1) held gg)nt ainer heated at a given tenperature and the
titani um conpl exR% 1%‘1d| prederably %}pj&f@&e@@m%e liquid i nj ection

ctate is fed to o aparreb e X MaRlhe P B et phng'1 el dgpes.
vapor i zeFx,pexatmﬂ@nR@vrr%@ml% rityl] B Sorbilut oty P%itﬁ” R0 bec-

the titani um conpl ex may be di'ssol vé |nas nt and us

t he sol ubutgh terEbatyh peatydfisépeatyd otcopadityl cerbpentgle d-rinétayibtityd, 2-iiethyl bunyl,
conpl ex & is used as_a solution include ethers such as

1, 2- di et Aodigpsthyinrepyldlgilphpropyls hgxsg}nﬁohwbxlamthﬂmméh%m%mpwl 3nd

cycl opent | e S 's e, C

et hy! oy BFURBRING  chiyias B IRBR kTR AN AL RO et

decane, AR ;|203 el n I .

et hyl benzenﬁ% xyl ene. tﬁﬁllheggnigﬁ/&gﬁ?gﬁjﬁgg %Sﬂﬁébtgﬁaggér@%trlmasl e
trimethylpropyl, 1 ,2,2-trimethylpropyl, 1-ethyl-1-methylpropyl, 1-ethyl-2-methylpropyl,
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[ 0050] The titaniumcontaining thin filmof the invention
can be used as a constituent elenent of a sem conductor device, such
as a DRAM SRAM FeRAM ReRAM MRAM PRAM or flash nenory, or as a
phot ocat al yst. EXAMPLES [ 0051] The invention will be

expl ai ned below in nore detail by reference to Exanples. However, the
i nvention should not be construed as being limted to the Exanples.

mol ) of RORPCH P oo P, S G SoBREb et e oty o

dl ssol vedytlobwtymekyldheptydt U?&olﬁﬁ‘xyﬂxﬁetﬁjd Qf1-diethglpeoRN-thettylOfclohexyl, 4-
tetrahydrofuran, and 143 ng (20 mol ) of |ithiumwas added thereto.

The resumeihslcyalchenyle aetyl, sthquhé@lYl a-mﬁbl’lpmpﬁbs Qtﬁedlmeéhylfp)@@hexyl 3,5-

(6755 momebcrdihdRbeb ark Bantiirala Bant ey eyt i forfhre
of hexang &g PHIER™sRorl1l e |ah9}!dy‘figfo%gq{a{fﬁ 30 b S atoftiRd Fhﬁ a‘aﬁﬂé tr@m

m xture was stirred at roomtenperature tor 14 hours. To t qui d

react i on morxtpreferabds i§ Wropwds ishdeel,2 big,0isobStyl] seoWujylofiert-butyl, pentyl,
chlorotrimethylsilane. This m xture was stirred at roomtenperature

for 6 hoéﬁoyentrhéleoww iept-renipds { epethEheiyht metiytbutyk é2-dmethyjpropyl, or

filtrati nd tlhe sol vent was renoved fromthe filtrate by

distilla %W%‘i PE"r educed pressure. The resultant residue was

subj ect eghgqa7vacuum di stillation (distillation tenperature 95C/ 0. 07
Ton) to thereby obtain
‘et hene- 1, 2- di yl bR$ (an&ﬂf)pm;ﬁgthbimacmmbﬂﬂ( oesthylpend mbrexufetdbiynatemethyl.

Ti ( 1Pr NCHCHNLPr 501Pe as a deep-red_ liquid, (anpbunt obtained, 3.29
g yield, 929%. )E"%@} e1damaex (B30 brngsed %D@taﬁe?glﬁpﬁtﬁslalawé)e(@nﬂ@wed

o> (el s Sy iy Bueodiofoily Tty 300
The organic solvent to be used in production process 2 may be any organic
solvent which reacts with neither the amide complex (4) nor the alcohol (5). Examples
thereof include alkanes such as pentane, hexane, heptane, octane, cyclohexane,
methylcyclohexane, and ethylcyclohexane, aromatic hydrocarbons such as benzene,
toluene, and xylene, and ethers such as diethyl ether, diisopropyl ether, dibutyl ether,
tetrahydrofuran, dioxane, ethylene glycol dimethyl ether, diglyme, triglyme, and
cyclopentyl methyl ether. These may be used alone or as a mixture thereof.
[0046]
From the standpoint of obtaining the titanium complex (1a) by production
process 2 in satisfactory yield, it is preferred that the alcohol (5) should be added to a
solution prepared beforehand by dissolving the amide complex (4) in an organic solvent.
It is preferred in production process 2 that the alcohol (5) should be
subjected to reaction in an amount of 1.6-2.4 equivalents to the amide complex (4) from
the standpoint of obtaining the titanium complex (1a) in satisfactory yield. It is more
preferred to cause the alcohol (5) to act in an amount of 2.0 equivalents to the amide
complex (4).
[0047]
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106.0, 82.8, 81.6 (br), 56.8, 38.2, 37.8, 26.1, 9.55, 9.48. [0054]
(Test Exanple 1) Thermal Analyses of Ti (PrNCHCHN Pr) (01Pe) 2

In Fig. 1 are shown the results of TG (thernogravinetry) anal ysis of
the Ti O NCHCHNtr) (01Pe) 2, in which a neasurenent was made under the
conditions of a heating rate of 10 C mn in an atnosphere through

whi ch argon was continuously passed at 400 nL/mn, and the results of

DSC (differenti allhs¢iadHmhiAG I 1St :
Ti ( 1Pr NCHCHN1Pr ) ( 043€) 2. ORI (LBPShed 07 pURhEHA proBess 2 can be isolated
cont ai nebyatsirg heablneclected gederdiOteChmimes for pusifiaptpar ehtomplesed, bach as
results of TG that, the. Ti (1PrNCHCHNLPr) (01Pe)2 has vapori zation

char act eAisgHlatian. spllimatigee apderystabiggie suitable for use as a materi al
in the %@4 thod, ALD nethod, or the like. It is apparent fromthe
results C that the Ti (i PrNCHCHN Pr)(0Ote)2 has satisfactory

thermal stabilitw tithQ@abtodthxiWhia flin can be produced BsidB e §@QRBum complex
at nosphere, 2.01 g (6.62 mmol) of

et hene- 1(D-ofi thebing¢ntimt ua yhateiialo) bixsfilesetfiinafiingo phidhacarmube produced

(13, 2 IO oSO T AR, L Bt Tl RS FaEorne Op BRadsd -
ti d | :

ol vent i Ak oF SERPRAR! fefil o BNsS KRR bl A B Bl 3P sy

at a reducasbiasttahge add Gatithe Hied.t aTHe figsiulNFex Sk Stk f use
vacuumdi stillation (distillation tenperature 85C/0.05 Ton) to

§ her eby gbaahatedalhongraduzing hibifidips exftditbery litwivo pdidet drox oompasiteuemide
(T O SCOEDD) e ISR B LS AR B
&%g ( glr gfiglf;%a-c%tgi%irﬁgsthir}ﬁm ’arc]m;t%a}ﬁc%%arﬁpfhnit@@anﬁgx%eg Yt Hhelude
the CVD method, ALD method, ink-jet method, spin coating, dip coating, or solution
method. In the case where a thin film is produced by the CVD method or the ALD
method, the titanium complex (1) is vaporized and fed as a gas to a reaction chamber.
Examples of methods for vaporizing the titanium complex (1) include a bubbling
method and a liquid injection method. The bubbling method is a method in which
carrier gas, such as helium, neon, argon, krypton, xenon, nitrogen, or the like is bubbled
into the titanium complex (1) held in a container heated at a given temperature and the
titanium complex (1) is thereby vaporized. The liquid injection method is a method in
which the titanium complex (1) in a liquid state is fed to a vaporizer and heated in the
vaporizer to thereby vaporize the titanium complex (1). In the liquid injection method,
the titanium complex (1) may be dissolved in a solvent and used as the solution.
Examples of the solvent to be used when the titanium complex (1) is used as a solution
include ethers such as 1,2-dimethoxyethane, diglyme, triglyme, dioxane,
tetrahydrofuran, and cyclopentyl methyl ether, alkanes such as hexane, cyclohexane,
methylcyclohexane, ethyleyclohexane, heptane, octane, nonane, and decane, and
aromatic hydrocarbons such as benzene, toluene, cthylbenzene, and xylene. These

solvents may be used alone or as a mixture thereof.
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102.4, 68-70 (br), 58.0, 31.6, 21.2. [0057] (Test Exanple 2) Thermnal
Anal yses of Ti (' BUNCHCHNt Bu) ( OEO2 In Fig. 2 are shown the
results of TO analysis of the Tiel 3uNCHCHNI 3u) (OEt)2, in which a
measur enent was made under the conditions of a heating rate of 10

C/ mn in an atnosphere through which argon was continuously passed at
400 mL/mn, and the results of DSC anal ysis of the

Ti eBuNCI—L%ldNt;f,u)(OEOZ, in which a nmeasurenent was nade in a seal ed
container at- a heating rate of 10 Cmn. It is apparent fromthe

results of TO't hB% debempbdift NeHERNR BN ) dobedek RS fedamoti Zat doothe reaction
characteristics that nmake this pon‘g}hex suitable for use as a nateri al
in the CvBmbestotifanMoDcortaining, thoy filthean bdotmed en aspbsteate. fExsmpl¢scof

et el SERH FTecqrOBiE (R EQIen (1) nkfodl Bangiil o & hethod

h i 1 |, afld 5 i 118aC as suc
i apar 1 3Cghith 3plétnia Agf AR Yedl ot 5 ofihodil Whih b rdactgnt gas such

t et r ahy disofvateR oxy @i 086, hpdriogén deroide,) hydlrogend btiamitasiaae debiot the fekde
The resultant m xture was stirred in that atnosphere at room

t enper at efr thefrgaction ¢hambsr and sepsed; toninguesparchgmippl araston.yi By usingethgse
(12.5 mol f tetrai soptopoxatitani.u Ti (O Pr)4). .in 1 of
hexane. vistiadli ERGE iy P ihe EiegHeHR PRI ) e Be Pseiinoss t
m xture astit.hﬁjhﬁﬁdc&ttaiﬁﬂg%ihm.er ature for 12 hours. The sol vent was
removed fromthis liquid reaction mxture by distillation at a

(reduced [@oé6psure, and 20 mL of hexane was added to the residue. The

i nsol ubl e matter _generated was taken out by filtratjion, and the
sol vent was renoWied titandwmniogataining rthine fhp af Jhe |ipyation ean erwwdcay a

ressure. The resultant.residue s Ssubjected to | S LON
P ottt caprifeRCREpaT bt b Bhistolas: BHAEETHER oo, PRERMTSRAN, PR
et hene- Ip &r sy MR AM SRADL by N HGh6Hy] SORTORRXQatd@ei um

(Ti (BUNCHCHNt Bu) (01Pr)2) as a deep-réd |iquid (anount obtained, 3.91
g; yiel dEXAB4BLES 0059] 1H NMR (500 MHz, C6D6, 5/PPn) 5.96 (s, 2H),
4.0-5.0 (br, 2H), 1.30 (s, 18H), 1.1-1.3 (br, 12H) 13C NMR (125 Mz,
C6D86, 8/@8?{;] |

The invention will be explained below in more detail by reference to
Examples. However, the invention should not be construed as being limited to the
Examples.

[0052]

(EXAMPLE 1)

In an argon atmosphere, 1.38 g (9.83 mmol) of N,N’-diisopropyl-1,4-diaza-
1,3-butadiene (iPrNCHCHNiPr) was dissolved in a liquid mixture of 12 mL of hexane
and 2 mL of tetrahydrofuran, and 143 mg (20.6 mmol) of lithium was added thereto.
The resultant mixture was stirred in that atmosphere at room temperature for 12 hours.
A solution prepared by dissolving 3.90 g (9.83 mmol) of tetrakis(tert-
pentyloxo)titanium (Ti(O'Pe)s) in 10 mL of hexane was added to the liquid reaction
mixture, and the resultant mixture was stirred at room temperature for 14 hours. To
this liquid reaction mixture was further added 2.14 g (19.7 mmol) of

chlorotrimethylsilane. This mixture was stirred at room temperature for 6 hours. The
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102.7, 74.5 (br), 57.6, 31.7, 27.8. [0060] (Test Exanple 3) Ther nal
Anal yses of Ti (BuNCHCHN113u) (O01Pr)2 In Fig. 3 are shown the
results of TG anal ysis of the Ti (BuNCHCHNL1BuU) (O1Pr)2, in which a
measur enent was made under the conditions of a heating rate of 10
C/ mn in an atnosphere through which argon was continuously passed at
400 mL/mn, and the results of DSC anal ysis of the

Ti ((113UNGRCHIN 3260 3430Red th\/tﬂkéhhoﬂ Eseﬁﬁkb&i%ﬁeﬁ!ﬁd YRSsIRR wdt Rmoved

seal ed container at a heating rate of is apparent from
t he resulibm die Tilirathaby tliesillFbig Bumﬂbﬁdl@nesétﬁePr )l?ﬁe hasultaap oesidamt van
characteristics that make this conBI ex suitable for use as a materij al

in the CoyIeRtechéR vapyum dastiighon ddistilgian tegperature 3610 % Eprrﬁ o rihemsby

| t SC that the T t i
hermer Spaf} Bty [0061] '%@%ﬁ?ﬁ‘é‘%s? bt s §gﬁé:§h§t‘;‘%' @)?o)g{aéﬂmb
19. 7 nmpiyy t %,
E)ut yl am dolg Eﬂ%ﬁ?@ﬁ?l@%ﬁ%ﬁ?ﬁ%&l IEl;lnlh( l‘ﬂd((?lgglﬁlnélgglt—?l{}tlegugj 29|\%ngld 92/

di ssol vefD058] 20 mL of toluene, and 2.37 g (39.4 mml) of 2- propanol
was addedtheretp ultant _mxture was stirred in that
at nosphere at M@ﬁﬂé&é@%qﬁgﬂ P¥BLrs. The sol vent was renoved

br Gssur o ARSI D2 X0 BT B R B s D RS o 1280,

di still afipant, (€8 HZI EHati on tenperature 85C 0 05 Ton) to t hereby
obtain Tl(BuNCHCHN Bj(OI Pr)2 as a deep-red liquid (amount obtai ned,
6.21 g; YCSNMR G25%MHTZNSDE pApBIINCHCHNE Bu) (0i Pr) 2 thus obt ai ned was

0r oed wRD(S IR 2R betcl O 3o | n' Beanpl 6 3. [0062

(EXAIVPI(_J_@EﬁjBnanar gonat nosphere, 1. 76g( 5. 78muol ) of
Ti eBuN "Bu) (NMe2) 2 was dissolved in 7 nL of hexane, and 1.02 g

(11.6 nmol ) of t@dst Pemiplt [piThahel Atassadderi(PMNCECENTHE®'PEsUl t ant
m xture was stirred in that atnosphere at roomtenperature for 12

hours. The sol vehit Figad #erfbown the @mudtm0§ TG (ﬁtlppunma‘dme@m) anadysis of tihe
distill res and the result i due ,was

subj ect ol EONG HCARIBAORE Y I PBI CmERr it oS feargaidet e merpst
Ton) to }hekflyra@PbRAID °C/min in an atmosphere through th h ?(rg)o?lwas continuously

ethene-1,2-diyl bis(tert-butylamdo)bis(tert-pentylo tani um
(Ti(Bu qui@bﬁr[ Bu)4()0| RE)iin, andathd eepaltsedt IDSﬂJl(&f(esamlahTscamirfg paldrim2trg)l

g: yiel dana%?si? of the Ti('P*rNCHCHN'Pr)(O'Pe),, in which a measurement was made in a
sealed container at a heating rate of 10 °C/min. It is apparent from the results of TG
that the Ti('PYNCHCHN'Pr)(O'Pe), has vaporization characteristics that make this
complex suitable for use as a material in the CVD method, ALD method, or the like.
It is apparent from the results of DSC that the Ti(iPrNCHCHNiPr)(OtPe)z has
satisfactory thermal stability.
[0055]

(EXAMPLE 2)

In an argon atmosphere, 2.01 g (6.62 mmol) of ethene-1,2-diylbis(tert-
butylamido)bis(dimethylamido)titanium (Ti('BuNCHCHN'Bu)(NMe;),) was dissolved
in 8 mL of hexane, and 610 mg (13.2 mmol) of ethanol was added thereto. The

resultant mixture was stirred in that atmosphere at room temperature for 12 hours. The
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[ 0063] 1HNMR (500 MHz, C6D6, 8/ PPm) 5.93 (s, 2H), 1.55 (br, 4H), 1.30
(s, 18H), 1.1-1.4 (br, 12H), 0.99 (br, 6H NWR (125 MHz, C6D6, 6/ PPn)
103.1, 81.4 (br), 57.4, 38.3, 31.9, 31.1, 9.8. [0064] (Test Exanple
4) Thermal Anal yses of Ti (t BUNCHCHN Bu) ( Ot Pe) 2 In Fig. 4
are shown the results of TO analysis of the Ti (tBuNCHCHNt Bu) (0 Pe) 2,

I n which a neasurenent was made under the conditions of a heating

rate of 19vChhik HineRaALERSEACTRUIAUAN WkER BYUARINESN at & reduced

continuously passed at 400 nL/m ts of DSC anal ysis of

t he Ti ( 3phchicCeNARL fi{cOkRelydht residudimal sabjeeed ubevaentmvdistiltaida (distidlation

seal ed contai ner at_ a heati n% rate of 10 CUmn, It is apparent from
3

t he resufampes#ureo t§a6/0:Ge TEerrBuNoHCHRE®RYY (0 PPl hetherapardivikis(iort-
o e e o g T BRI TR, 1 ghari B e
resul ts ghialdel, 1.88%: i8R 334 3uNCHC - nu) (01Pe) 2 has satisfactory
thermal stability. [0065] (EXAMPLE 6)
| nanar gof@sSepspher e, 2. 61g( 8. 58nmol ) of
"H NMR (500 MHz, C¢Ds, 8/ppm)

5.98 (s, 2H), 4.20 (br, 4H), 1.29 (s, 18H), 1.16-1.32 (br, 6H)

BC NMR (125 MHz, CeDs, 8/ppm)
( 102.4, 68-70 (br), 58.0,31.6,21.2.

[0057]

(Test Example 2) Thermal Analyses of Ti(BuNCHCHN'Bu)(OFEt),

In Fig. 2 are shown the results of TG analysis of the
Ti('BuNCHCHN'Bu)(OEt),, in which a measurement was made under the conditions of
a heating rate of 10 °C/min in an atmosphere through which argon was continuously
passed at 400 mI/min, and the results of DSC analysis of the
Ti(BuNCHCHN'Bu)(OEt), in which a measurement was made in a sealed container at
a heating rate of 10 °C/min. It is apparent from the results of TG that the
Ti(BuNCHCHN'Bu)(OEt), has vaporization characteristics that make this complex

" suitable for use as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti('BUNCHCHN'Bu)(OEt); has satisfactory
thermal stability.

[0058]

(EXAMPLE 3)

In an argon atmosphere, 2.22 g (13.2 mmol) of N,N’-di(tert-butyl)-1,4-
diaza-1,3-butadiene (‘BuNCHCHN'Bu) was dissolved in 20 mL of tetrahydrofuran, and
606 mg (26.4 mmol) of sodium was added thereto. The resultant mixture was stirred
in that atmosphere at room temperature for 12 hours. A solution prepared by

dissolving 3.56 g (12.5 mmol) of tetraisopropoxotitanium (Ti(OiPr)4) in 10 mL of
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Ti eBUNCHCHNA3u) (NMVe2) 2 was dissolved in 10 nL of hexane, and 2.00 g
(17.2 mmol ) of 3-ethyl-3-pentanol was added thereto. The resultant
m xture was stirred in that atnosphere at roomtenperature for 14
hours. The solvent was renmoved fromthis liquid reaction m xture by
distillation at a reduced pressure, and the resultant residue was
subjected to vacuumdistillation (distillation tenperature 112C/ 0. 03

Ton) to hbeneRlyasi&l b the liquid reaction mixture, and the resultant mixture was stirred at
et hene- 1, 2-di yl bi s(tert-butylam do)bi s(1,1-diethyl propyl oxo)titani um
(Ti ( BuNCHE@HNISup¢ratit §)12)2 heura. d€bpsolednt wapitrethqvaddion thistlajuid deaction 3

0 05y R, LIS, BRSPS Wi
6/ PP 103; 8 . 7 . . (T
o Por) e 500 e B ety Sy bR 67 B

are showpat hembesdllffosn Fhe Tilra8ayY gistill&font &€a reduced pressure. The resultant
Ti (113uNCHCHN1BU) (OCEt 3) 2, in which a neasurenent was made under the

condi t i orssiduk veastsehijerted to wtcuorf disillagiom (distilatam tanpesphe B G/006 dgir) to
whi ch argon _was contjnuously assed at 400 nL/mn,, d the results
of DSC aﬁ“&F%bé’i s of PHBT (Bu Neﬁi@fm&1ﬁw&kﬁf%&n@ﬂaﬁllﬁaewpé@mﬂtmm
measur e t gt a t.aj : i a of. J.

Cmn. | Fg@gjparentgtpg%ﬁ]ﬁﬁhéggegu flg&gﬁuﬁ%t(?ﬁ%]%}ﬁ%ﬂeﬁ%&’ 351 é %Qld,
Ti (" BUNCBEIAN Bu) (OCEt 3) 2 has vapori zation characteristics that nake

this conplex suitable for use as a material in the CVD nethod, ALD
(met hod, 5Phe like. It is apparent fromthe results of DSC that the

Ti ( BUNCHCHNt Bu) ( %%Smﬁz?gﬁﬁf,%ﬁp%y thermal stability. [0068]

( EXAMPLE 7)
5.96 (s, 2H), 4.0-5.0 (br, 2H), 1.30 (s, 18H), 1.1-1.3 (br, 12H)

BC NMR (125 MHz, CgDs, 8/ppm)
102.7,74.5 (br), 57.6, 31.7, 27.8.
[0060]

(Test Example 3) Thermal Analyses of Ti('BuNCHCHN'Bu){(O'Pr),

In Fig. 3 are shown the results of TG analysis of the
Ti(tBuNCHCHNtBu)(OiPr)g, in which a measurement was made under the conditions of
a heating rate of 10 °C/min in an atmosphere through which argon was continuously

passed at 400 mL/min, and the results of DSC analysis of the

ST

Ti('BuNCHCHN'Bu)(O'Pr),, in which a measurement was made in a sealed container at
a heating rate of 10 °C/min. It is apparent from the results of TG that the
Ti(BuNCHCHN'Bu)(O'Pr), has vaporization characteristics that make this complex
suitable for use as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti('BuNCHCHN'Bu)(O'Pr), has satisfactory
thermal stability.
[0061]

(EXAMPLE 4)

In an argon atmosphere, 6.01 g (19.7 mmol) of ethene-1,2-diylbis(tert-
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| nanar gonat nospher e, 3. 09g(10. 2nmol ) of Ti (BUNCHCI - I Nt Bu) (NMe2) 2 was

di ssolved in 10 nL of hexane, and 2.64 g (20.3 nol) of

1, 1-di et hyl- 2- nmet hyl propyl al cohol was added thereto. The resultant

m xture was stirred in that atnosphere at roomtenperature for 4.5
hours. The solvent was renmoved fromthis liquid reaction m xture by
distillation at a reduced pressure, and the resultant residue was
subj ect Z%&*’@io BTG o o) bR (TBURCERMRERDH0RAP0 R0 R0 e8)
et hene- 12 2dinyl, bif s¢luedd, -abd 0y3 7agi(8ai b6l , of-Hp@bhyol -was added thereto. The
met hyl propyl oxo)titani um ( Ti ( BUNCHCHNt Bu) ( OCEt 2CHMWe2) 2) as a deep-red
sol i d (aResulentgbixaire&ms sgred iythal aigiagphese 94 rooppEeYferature fomRRows00 The

MHz, C6D6,, 6/.13Pi 5.97 , 2 2H). 61 (br, .10 1..34 , 8H),.1.00
b Sapyoly S Rk NS gt aitiouls RBeiot pAed by ghisididn Aoy ruced

34.8, 31 . ok h
Ti (t Bu Ncﬂ%3§%§3 %&Ea{ez%iul\%nz)z gosidif Vo (Sﬂﬁjﬁkﬁmﬁgﬁ SRR

of TG anainysirauref 83°060.05 (foRY NCHiRRES uhteRCEIBUNCIII RN Bu)(O¥Rk)s isa deep-

nmeasurenent was made under the conditions of a heating rate of 10

C/ ni n i nteshligeigo@pwank oblainsdg k- 2Ahgc ek f¥owad he chABUNGSISHN a3 By:
at 400 nm,/mn, .and_the result.s DSG sis. of the

T eBuncr e B RS B £ H gt it N S Se it Rusestlpelfess spegie
seal ed copbtad f&h tRd scheat R Prédicohind@ il leht is apparent from
the results of TG that the Ti (BuNCElI CHNt Bu) ( t 2CHWe2) 2 has

(rapori zaf006@] char acteristics that make this conplex suitable for use

as a material in _the CVD nethod, ALD nethod, or the like. It is
appar ent from t hNEXAMAEShf DSC that the

Ti(BuNCHCHNtBu)(ﬁFEt%gHNE%%&nha%m%ghhékgctOﬂy6thﬁgnaki§§abh£h%b. of
Ti(BuNCHCHN‘Bu)(NMe,), was dissolved in 7 mL of hexane, and 1.02 g (11.6 mmol)
of tert-pentyl alcohol was added thereto. The resultant mixture was stirred in that
atmosphere at room temperature for 12 hours. The solvent was removed from this
liquid reaction mixture by distillation at a reduced pressure, and the resultant residue

was subjected to vacuum distillation (distillation temperature 97°C/0.05 Torr) to thereby

obtain ethene-1,2-diylbis(tert-butylamidoe)bis(tert-pentyloxo)titanium

(Ti(BuNCHCHN'Bu)(O'Pe),) as a deep-red liquid (amount obtained, 2.11 g; yield,
( 93%).

[0063]

'H NMR (500 MHz, C¢Dg, 8/ppm)
5.93 (s, 2H), 1.55 (br, 4H), 1.30 (s, 18H), 1.1-1.4 (br, 12H), 0.99 (br, 6H)
13C NMR (125 MHz, C¢Ds, 8/ppm)
103.1, 81.4 (br), 57.4,38.3,31.9,31.1,9.8.
[0064]
(Test Example 4) Thermal Analyses of Ti(‘BuNCHCHNBu)(O'Pe),
In Fig. 4 are shown the results of TG analysis of the
Ti('BuNCHCHN'Bu)(O'Pe)s, in which a measurement was made under the conditions of
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[0071] (EXAMPLE 8) I nanargonat nosphere, 4. 11g(13. 5nmmol ) of

Ti (t BUNCHCHN13u) (NMe2) 2 was dissolved in 20 nL of hexane, and 2.70 ¢
(27.0 mmol ) of 2,2,2-trifluoroethanol was added thereto. The
resultant m xture was stirred in that atnosphere at roomtenperature
for 12 hours. The solvent was renoved fromthis liquid reaction

m xture by distillation at a reduced pressure, and the resultant

resi due wagag keﬁ&b@qm"@/ﬁﬁﬁﬁﬂpﬁfﬁ Qtrﬁééph&%tth&%gﬁ ditd b}g%h'\gzﬂ; continuously
tenperature 9 O Torr) to thereby obtain

et hene- lpé’sseld{yldll sed)(brtmbbmyll ardndo) Hies ( Zesalt®- tofi f DG oednhlyxis) t bf artheim
( Ti e BUNCHCHNt Bu%&OCI;lZCFS % as a deep red liquid (anpunt obtai ned,
4.94 g; ViBINCHEHNBRGPeh, iHniih egnerswigmentypbmags priealsdowntainer at

cobs, o1 etepE e 110 "l g s gubdfenc s, Y Psh 8 T he

59. 7, 31T{'BNCHVERN ez, héd orﬁéﬂﬂﬁ{‘ lcharadiBeiRick bchﬂt: nrak®. tﬁls(&frﬁ lex

[ 0073] (Test Exanple 7) Thermal Anal yses of Ti ( BUNCHCHNt Bu) CB:
suitable for use as a material in the CVD method, ALD method, or the hke It i 1s
apparent from the results of DSC that the Ti(‘BuNCHCHN'Bu)(O'Pe), has satisfactory
thermal stability.

[0065]

( " (EXAMPLE 6)

In an  argon  atmosphere, 2.6l g (858 mmol) of
Ti('BuNCHCHN'Bu)(NMe,), was dissolved in 10 mL of hexane, and 2.00 g (17.2
mmol) of 3-ethyl-3-pentanol was added thereto. The resultant mixture was stirred in
that atmosphere at room temperature for 14 hours. The solvent was removed from this
liquid reaction mixture by distillation at a reduced pressure, and the resultant residue
was subjected to vacuum distillation (distillation temperature 112°C/0.03 Torr) to
thereby obtain ethene-1,2-diylbis(tert-butylamido)bis(1,1-diethylpropyloxo)titanium
(Ti('BuNCHCHN'Bu)(OCEt3);) as a deep-red liquid (amount obtained, 1.93 g; yield,
50%).

[0066]

"H NMR (500 MHz, C¢Ds, 8/ppm)

5.95 (s, 2H), 1.55 (br, 12H), 1.33 (s, 18H), 0.96 (br, 18H)
3C NMR (125 MHz, C¢Ds, 3/ppm)

103.0, 86.0 (br), 57.5,32.3, 31.5, 8.8.

[0067]

(Test Example 5) Thermal Analyses of Ti('BuNCHCHN'Bu)(OCEt;),

In Fig. 5 are shown the results of TG analysis of the
Ti(‘BuNCHCHN'Bu)(OCEt;),, in which a measurement was made under the conditions

of a heating rate of 10 °C/min in an atmosphere through which argon was continuously
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In Fig. 7 are shown the results of TG analysis of the

Ti (BUNCHCHNI 3u) (OCH2CF3) 2, in which a neasurenent was nmade under the
conditions of a heating rate of 10 Cmn in an atnosphere through

whi ch argon was continuously passed at 400 nL/min, and the results of
DSC anal ysis of the Ti eBUNCHCHNI 3u) (OCH2CF3) 2, in which a neasurenent
was made in a sealed container at a heating rate of 10 Cmn. It is
appar ent phssedn tite He8ul ing/min, TGridhathe heestits BUNCHDIE Buana6is? CoB) 2he
has vaporl zation characteristics that make this conplex suitable for

use as a L@@y CHCPH\HBP){@C@M ﬁéwﬂw a mepsHRmeRfgvasgnaderia 4 serled cpptajngr

appar ent the r sult at the Ti (.Bu ICHNL u) )
oo sat 1 2 AR, 8 1 T PGHTR  JT ] Gbmip PR ORI Ty the
In an ar mm@@mﬁ%a)(o@@gmaé %o@z&mi );ha%ctéﬁsttm wﬁatmeaﬁ&ﬁeebnsﬁeﬁ
solution prepared by dissolving 5

N, N - di ( seitablepéont yst) asla 4naterdsd at, {Be lﬂ}fladnemed(ABE\lﬁidﬁidNt e} thanlik® nit iof
tetrahydrofuran and the resultant mxture was stirred at room

t enper at apRaren/iTopa theggsults of hISG that thgali(BINRHEHMWEY QK> bay saygfactory

filtrati sol vent was renoved fromthe filtrate by
distill a@?%gﬁlggsgabépg'éduced pressure. The residual yellow solid was

suspendegpggr1 30 nL of hexane, and a solution prepared by dissolving
5.77 g (25.7 muol ) of tetrakis(dimethylam do)titanium (Ti (NMe2)4) in
10 nL of hexane (WRXAMRIFH7 hereto. The resultant m xture was stirred

at 50C for 4 houis and then cool ed t%er oomterrper ature, and the
‘insol ubl e matterfhas #akefeBlt FMPIRCIaL | oh%? Theg soll V«L.%t viagole np 9k d

hi th
Feoul t antGRNGHErYBEIEMG s lalye if 30 UEEHr REERE A2 870 A5 mon
obt ai n ebheedidthgi- Qirﬂétbﬁ@(dp@r hkc@l%’ltw&saﬁﬂdé@)tﬁé@(odl %@hﬁé@%ﬁﬁﬁﬁﬁea%ym

(Ti (PeNCHCHNt e) (NMe2) 2) as a deep-red |iquid (amount obtained, 7.83
g; vyi el dstirgedgin th@0aBjospherBIVR (0B0D tévkpsraGeDEDT 8/33Fh¢)1rs5 Tohe( sqlva) was

ﬁ2046l(-|;3r &%ﬂ@%@%&%@ Hipic rea EZ%‘P‘4H%>W 1ot goR ohduags Bresde, and the
28. 5, 9esult&1qqgs§&ue(mte%) to vacuum distillation (oil bath temperature 190°C/0.06
Torr) to thereby obtain ethene-1,2-diylbis(tert-butylamido)bis(1,1-diethyl-2-
methylpropyloxo)titanium (Ti('BUuNCHCHN'Bu)(OCEt,CHMe,),) as a deep-red solid
(amount obtained, 3.35 g; yield, 69%).
[0069]

'H NMR (500 MHz, CsDs, 8/ppm)
5.97 (s, 2H), 1.61 (br, 10H), 1.34 (s, 18H), 1.00 (br, 24H)
BC NMR (125 MHz, C¢Ds, 8/ppm)
103.2, 88.1 (br), 57.9, 34.8,31.5,29.5, 17.8, 8.7.
[0070]

(Test Example 6) Thermal Analyses of
Ti('BuNCHCHN'Bu)(OCEt,CHMe,),

In Fig. 6 are shown the results of TG analysis of the
Ti('BuNCHCHNBu)(OCEt;CHMe;,);, in which a measurement was made under the

conditions of a heating rate of 10 °C/min in an atmosphere through which argon was
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In an argon atnosphere, 3.43 g (10.3 mmol) of Ti (TeNCHCHNTe) ( NMe2) 2
was di ssolved in 15 nL of hexane, and 661 ng (20.6 mol) of nethanol
was added thereto. The resultant m xture was stirred in that

at nosphere at roomtenperature for 14 hours. The solvent was renoved
fromthis liquid reaction m xture by distillation at a reduced
pressure, and the resultant resi due was subjected to vacuum

distill abbmﬁm()dslfjtpﬁds@dlﬂn40@nmﬂrﬁhyralcﬂ(iﬁ&7 Rsull HONDPSCO ahhlesiebyf the
obtai n et hene-1, | bi s(tertpentyl an do)di met hoxotitani um

(Ti(t eNCIHGifB&Nﬂ@I)ICmg - Tildepz.riadwhick comsasurament Wasnmade in a sealed

.05 (<, coil 135@%999%@5%% P! 19 Sy 1S gppmenpom fhosesyls o5 5 haighe s

(t, J=81l%z:

(b)) 37 Do HERTAEEE Y, t‘ﬁ@%@aﬁ% C ooy, e o s

Ti (t eNCI-labihblek (sQIEDIR for use as a matdriaFiig theBCHDEmﬁﬂhﬁwnALDEmbﬂﬁ)dl b theflikeG
anal ysis_of the Ti (13eNCHCHNLPe) (OMe) 2, in which a neasurement was
made undéris epparens A thsrgsuis of I%&thah fherBif BHHCHMW(@@Hz(éHM@)z has
at rmspherag %ﬁh ough (mﬂﬁ on was continuously passed at 400 ni/mn,
and the PESHC enB%’(f%t ysis of the Ti(teNCHCHNTe) (OMe)2, in which
a measurﬁnpql was made in a sealed container at a heating rate of 10
C/mn i s apparent fromthe results of TG that the

Ti (t eNCHCHNL1Pe) ((EYARI{HIdS8Vapori zati on characteristics that make this
conplex suitable for use as a material in the CVD nethod, ALD nethod,
(or the like. It Ins aBBareﬁgOWrorﬁtmﬁ@Phe%ul t51bf @SC (Kaf t hamol)  of

(el e TN CAEHRBIRRGE Wal SRk TR, BF Bkane. b LAY G7g
of Ti(t Pﬁﬁ&ﬂﬁm 0) A MRt aet@s] Wa§ 20d&Ethelfo. 101"HE'—re§‘tiltaB?ﬁﬁQﬁlre a6 sﬁﬂ'gtl

nmg (13.3 nmo of et hanol was added thereto. The resultant m xture
was sti rimettat attntobpheraatmphmnqneaa’mne(forrﬂﬂ dwopesr afThe solivent Bashemoyved Tiom
sol vent was_renoved fromthi ??8 di guid reaction m xture by distillation

at a redtedapideraghion mixprg Ié%léﬂttoan@t # dgdurad Rﬁﬁ%ﬁu@utﬁnécﬂléoreﬁlétam

d
{her eby  isoidkr i sRlst B vt ARABR LRI Br 1R R odEM 16 Fopso
(Ti I( g’e Ng;l%éwy Pg%tggilﬁo 23thage- Bzdﬁﬁﬂrs(@ﬂ Bultflath fHofsisR trﬁmo%é'tﬁ@xo)ﬂtaﬁﬁmg
ie 9
Y (Ti("BuNCHCHN'Bu)(OCH,CF3),) as a deep-red liquid (amount obtained, 4.94 g; yield,
88%).

[0072]

'H NMR (500 MHz, C¢Ds, 8/ppm)
5.90 (s, 2H), 4.4 (br, 2H), 3.8 (br, 2H), 1.14 (s, 18H)
3¢ NMR (125 MHz, CgDs, §/ppm)
125.3 (q, J=279 Hz), 101.4, 70-72 (br), 68-70 (br), 59.7, 31.0
F NMR (470 MHz, C¢Ds, 8/ppm)
~78.5 (br), -79.2 (br).
[0073]
.(Test Example 7) Thermal Analyses of Ti('BuNCHCHN'Bu){(OCH,CF3);
In Fig. 7 are shown the results of TG analysis of the
Ti("'BuNCHCHNBu)(OCH,CF3);, in which a measurement was made under the
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NVR (500 MHz, CeD6, 8/ PP/n) 191 (s, 2H), 3.4-4.8 (br, 4H), 1.55 (q,
J=8Hz, 41-1), 1.25 (12H), 1.1-1.5 (br, 6H), 0.80 (t, .1=8 Hz, 6H) 13C
NVR (125 MHz, Ce6D6, 8/ PPm 102.3, 71.0 (br), 60.7, 36.6, 29.1 (br),
21.1, 9.2. [0081] (Test Exanple 9) Thermal Anal yses of

Ti (t PeNCHCHNt e) (OEQ2 In Fig. 9 are shown the results of TG
anal ysis of the Ti (PeNCHCHNt e) (OEO2, in which a neasurenent was nade
under th i Il h NG f 1.0l

thr ough SRraRoL: boAeRindello6 108Chh it ARotbifhD thBhdl Al A RBORL s

resul ts ebntvousipabysed &f 40bemli/hideMHCHN @}(IAEQZ, DST WRhkisaof the
measurenent was made in a seal ed container at a heating rate of 10
C/ min. | Ti{BubpP&BhBw(D6HA0e)zr és uivhish of nR@surhement Weis made in a sealed

Ti (t PeNCHCHNTe) ( OEf ) 2. has vaparization characteristjcs that ke this
Lo o eaphinet a5 bt aae o110 LRt Ol R B pR e Re Frsti™ oL IO BHIBH
or the |i i . t e .
o (PoncHA TR CHEIEBARORH IR PvirSitloh, oot deiCampke chis
( EXAMPLE cdrhplek nsuitabla rfgoiseads® spiietat in the0OVD ftthod, AN netHod, or the like.
N, N -di (tert-pentyl)-1,4- diaza-1, 3-butadi ene (teNCHCHN Pe) was

di ssol vedf israpperent fiom thet regulj pHDHCaFhat g T CERBu Cbf)2 has
sodi um was. i{l .The resultant m xture was stirred in that

ed thereto..
at nosphefd's Cg%él?ﬁr?’@ gl?lmyure for 12 hours. A solution prepared by
di ssol vi 25 g (15.0 mmol ) of tetrai sopropoxotitanium (Ti(011304)
%,

in 10 nL of hexane was added to the liquid reaction m xture, and the
(resul tant m xt ur REBERENCEEXAMPLBOM t enperature for 12 hours. The
sol vent was renoved fromthis liquid reaction mxture by distillation

at a reduced preHsaR ArganYIBEPRAre.o37hmeadd-onanalt @6 dithivm: wes pedsddigea

The insol ubl.e matter, .gener at.ed t n_out. by..f.iLl t.ration he

ol vent iE8ts FEPREIRARTLRE T & @7 BUm e, f NaY Bl e
pressur ey 3ThRadiGRY BNECHCBNBY S W8S B %?ke%&h?&oﬁﬁam%ﬁliﬁé fsafdrt ndkhed
(distillation tenperature 92C/0.05 Ton) to thereby obtain

et hene- 1y2s diipéd ats{doar tenpendtyieafior dé )hdiriss o fhe pesidital fighitumnwas taken out by
(Ti (PeNCHCHNt e) (01Pr) 2). as a deep-red liquid_ (amunt obtained, 4.96

g; viel dﬁltg&zl%x,_ all_xq)@'g:;gfol‘iqaptw J(egweﬂﬂ.@qm g;h@@}trgyb F})p(nshstﬂlauon at a reduced

pressure. The residual yellow solid was suspended in 30 mL of hexane, and a solution
prepared by dissolving 5.77 g (25.7 mmol) of tetrakis(dimethylamido)titanium
(Ti(NMe,)4) in 10 mL of hexane was added thereto. The resuliant mixture was stirred
at 50°C for 4 hours and then cooled to room temperature, and the insoluble matter was
taken out by filtration. The solvent was removed from the filtrate by distillation at a
reduced pressure, and the resultant residue was subjected to vacuum distillation to
thereby obtain ethene-1,2-diylbis(tert-pentylamido)bis(dimethylamido)titanium
(Ti(PeNCHCHN'Pe)(NMe,),) as a deep-red liquid (amount obtained, 7.83 g; yield,
91%).
[0075]

"H NMR (500 MHz, C¢Ds, 8/ppm)
5.77 (s, 2H), 3.04 (br, 6H), 1.51 {q, J=8 Hz, 4H), 1.24 (s, 12H), 0.77 (t, J=8 Hz, 6H)
3C NMR (125 MHz, C¢Ds, 8/ppm)
101.6, 60.9, 43.4, 36.4, 28.5, 8.9.
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5.90 (s, 2H), 3.7-5.2 (br, 2H), 1.56 (q, J=8 Hz, 4H), 1.26 (s, 12H),
0.9-1.6 (br, 12H), 0.81 (t, J=8 Hz, 6H) 13C NWR (125 MHz, C6D6,
6/131m1) 102.6, 74.4 (br), 60.3, 36.8, 29.2 (br), 27.8, 9.3. [0084]
(Test Exanple 10) Thermal Anal yses of Ti (teNCHCHNLPe) (0 Pr)2

In Fig. 10 are shown the results of TO analysis of the

Ti (t eNCHCHN Pe) (01Pr) 2, in which a nmeasurenment was made under the
conditiongp7f a heating rate of 10 C/mn in an atnosphere through

whi ch argon was continuously passed at 400 nL/min, and the results of
DSC anal ysi s of (BEAMEIIENCHCHNt e) (0i Pr)2, in which a nmeasurenment was
made in a sealed_container at_a heati n&@r ate of 10

apparent fromth& %%rlgp’tl atmagsplrenes h48 gt 3@9@@@%&%@@@3@5&%@2

t t hat t hi It f
ne"a mat e QrSPREER o Rk AR L b RO R o eetﬁ o v addEf
appar ent tHetQ8? t ”nﬁe fe@ﬁw:hﬁ iffurdRes Tsﬂﬁéd i ehatl ht(ri'eP GHNLRE 1Lt Zor
has satisfactory thermal stability. [0085] MPLE 12) I n

an argon ldihamsphé“he solver80vay r¢imovdd fronl t)nsdfqmd reaction mixture by distillation at

et hene- 1, 2-di yl bi s(tertpentyl am do) bi s(di net hylam do)titanium
(Ti ( PeNCH @(W%)%@edx%@mgaﬂw Fpsniub Wtqqeg@aﬁémuahdh@@?ﬁ%

(11.4 e The .r.es Lant ,m.x

was st rnfdl%}ﬂ&im%h%{n% m)sp ere gltcber o%ﬂrs:]eﬂf’)ehn%grb t(gort%mf or ifour%ﬁj

sol vent yafylkfidyeindthiestitanin | (TUWPN CIREEIN'B)(OES,Y 8 QYde‘épiiéd lVllﬁ‘b{lQn
t a reduced pressure, and the resultant residue was subjected

(3acuum dliguiid I(hraowrgrobtadinest 2.02 gt yiohd, 98%per at ure 95C/ 0. 06 Ton) to

t her eby FO%%%n Ti (PeNCHCHNt e) (0i Pr)2 as a deep-red liquid (anount

obt ai ned 0 g; yield, 96% The Ti (t eNCHCHNTe) (0i Pr) 2 thus

obt ai ned was exalﬁﬁﬁqﬁ ?5 spectra. As a result, these
spectra agreed wt é pectfa *of “tie product obtained in Exarrpl e

11. [0086D2 (&2NYPL.B9 18) 6H), 1.54 (q,-J=8Hz, 4H), 1.27 (s, 12H), 0.78 (t, J=8Hz, 6H)
BC NMR (125 MHz, C¢Ds, 8/ppm)
103.0, 61.4, 61.2 (br), 37.0, 28.5, 9.3.
[0078]
(Test Example 8) Thermal Analyses of Ti('PeNCHCHN'Pe)(OMe),
In Fig. 8 are shown the results of TG analysis of the
Ti("PeNCHCHNPe)(OMe),, in which a measurement was made under the conditions of
( a heating rate of 10 °C/min in an atmosphere through which argon was continuously
passed at 400 mL/min, and the results of DSC analysis of the
Ti('PeNCHCHN'Pe)(OMe),, in which a measurement was made in a sealed container at
a heating rate of 10 °C/min. It is apparent from the results of TG that the
Ti('PeNCHCHN'Pe)(OMe), has vaporization characteristics that make this complex
suitable for use as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti(*PeNCHCHN'Pe)(OMe), has satisfactory
thermal stability.
[0079]
(EXAMPLE 10)
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In an argon atnosphere, 2.38 g (12.1 mmol) of

N, N -di(tert-pentyl)-1,4- diaza-1, 3-butadi ene (tPeNCHCHNt e) was
dissolved in 24 nL of tetrahydrofuran, and 584 ng (25.4 mmol) of
sodi um was added thereto. The resultant m xture was stirred in that
at mosphere at roomtenperature for 12 hours. A solution prepared by
dissolving 3.93 g (11.5 mol ) of tetra(tert-butoxo)titani um
(Ti(QBu),i) in IR2awhkrgoh ateasphereya2 1 added thiob) g TH{' PENCHCEREPE)XMe,),
m xture, and_the resultant mxture was stirred at roomtenperature

for 12 hosglissphedga RﬂemL \‘Rﬁé@ﬁ%@@h 613 ong (-3 mmquuctf ¢thanol jveas added

I d d 5 nL,of h
ths addedierdor nint R Hisflef FRLERHDE Fal drBosr el ol e iR e 8
out by fhbisat TRE solRRs Msereﬁmvs@&rﬁon*{tﬁﬁs hges\fe&ut)ﬁ%m@ bl IdidtiRki6n BYa

distillation at a reduced pressure. The ultant residue was
subj ect ededuoed/q:reﬂsmedlasﬁl tHeatésaliar{tdiesiduk | whs anbjeetet etoavasusmnil Qb Rtid0

Ton) to thereby obta
et hene- 1(distiagiop; @mpéwursem@y%}%(? o) (e therabyt oRtain: pthapg-dArdiylbis(tert-

Ti (t PeN t obt
(PRI, (RS ERCHCRE SPlshpst fhdd
1.58 (q I, (ah abrSuntiabtafidl, 2.16 27yieRt, 03R4, 1.0-1.7 (br, 18H) 0.81 (t, J=8
Hz, 6H) 13C NVR (125 NHz, C6136, 8/ PPlu) 103. 1 79.3 (br), 60.0,

37.0, 33[008029.4 (br), 9.4. [0088] (Test Exanple 11) Thermal Anal yses
of Ti (PeNCHCHNt P In Fig. 11 are shown the results

of TG Snal ysi s o%&‘ﬁ\gﬁf 6@@&@4@4&@% I?Jnl%u)z in which a nmeasurenent
at mosphor & SGR et o APTCLHE TOSRE 48, L2571 AN s 68D, g,

and the pesHiisHpf DSC anal ysis of the Ti (tPeNCHCHNt e)(0°Bu)2, in
whi ch a neasurement was made in a sealed container at a heating rate

of 10 dwﬂNMR(h?éMHpaemﬁﬁppmhthe results of TOthat the
Ti ( PeNCHCHN, Pe) h t t that mak
Chis comiby B (b 08 38 A AN bdla £ o T the QD et hod, ALD

nmet hod, @;08 e like. It is apparent fromthe results of DSC that the
Ti ( PeN )(O0tBu)2 has satisfactory thernmal stability. [0089]

( EXAVPLE 14) (Test Exanhyile O Th&geid PahryﬁmlePeNCH@fth@(@Bt)m| ) of
Ti (t PeNCHCHN' Pe) NNE2)2 was dissolved in 5 nL of hexane, and 493 ny
(6.65 nmol ) of tBrt Fiflut afolarpassheedtbehereselts Phe T@samalysis npkt dhe

ti i h t t 4 h
sotvent  JELNERSN I ERBN L hiEh Ao e o R b e oS P has on
at ared r d C
Vacuum df e pRaReSEE SRR il B R, B B el e STk sty
t her eby pdsisal n ati (40?eN(ﬂer1ﬂih,e) (et Bujh2 agesaltdeayf- r 6§ i Gublgsisanofintthe

(obt ai ned 96% . The Ti (t PeNCHCHNt e) (Ot Bu) 2 t hus
obt ai nedTWé? &E&F’Hﬁé’&)(ﬂﬁt)u 0 Whigh 8 reswRReBwes made ing sealed santainer s e

spectra Ategd. il U} B -BRER! " Al WhaBROMS! BB AR b 1AM e
Ti('PeNCHCHNPe)(OEt), has vaporization characteristics that make this complex
suitable for use as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti('PeNCHCHN'Pe)(OEt), has satisfactory
thermal stability.

[0082]
(EXAMPLE 11)

In an argon atmosphere, 3.09 g (15.7 mmol) of N,N’-di(tert-pentyl)-1,4-
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( REFERENCE EXAMPLE 2) To a liquid mxture of 19.5 g (151
mmol) of 1,1, 3, 3-tetranet hyl butylam ne and 100 nL of water was added
10.7 g (73.5 mmol) of 40% aqueous gl yoxal solution. The resultant

m xture was stirred at roomtenperature for 1 hour. The solid yielded
was taken out by filtration, washed twice with 10 nL of water, and
then dried at a reduced pressure to thereby obtain

N, N' - di (diaza-3,33nttaticrendRNCHAE)IDe) at-dissabad in 30 hltoefdéteabydrofuran, and

( Me3CCH2 CVe 2 NCHCHNCMe 2CVe3) as a_white SO|Id (anmount _obt ai ned,

19 5 g; y1%me, (39590}611110? FopiunHRR2AdwohfAEse.  Camereswiapt myxtgrepyay sirred

Sy iyt ey 04 f%%%ﬁ%&kﬁ/%ﬁ et &

| nanar gogigédasp Ners o2 (138 o § Narlchafso o pokdtitsdving #CHB GYe 3of
was dissolved 'n 30 nL of tetrahydrofuran, and 538 rrg (23.4 mol ) of

sodi um wascane deasl adctedrtettlme hqlthfé reaesm mazmlrenmd; the @candtgntahixture gvak titredat

at nosphere at roomte re f hours 0 .epared by
di ssol viiegus tempegatpreqio Phbrjas IFWOI@J g‘l‘} ﬂ“%i‘ﬂ’é ereggion

ati rred BAE #Péﬁ%%‘f‘%f%"r Zf%d ﬁfeﬁoué?%%dﬁméﬁﬁfﬁn Gl LS e

from t hi gsidugui The BR6kubRMMA# 4! dbheratdd s tdkleh afut ©F fAtrafior, @RUCGRE solvent
pressure, and 25 nL of hexane was added to the residue. The insoluble

mat t er geaereheddwiomt theehltiate bbydlsstxllatlpatatcmre@n@ﬂ phesswel vEhe resudtant

renoved fromthe filtrate b till.ation. a reduced pressure. Th

(r esul t anfesiBg w3 8uRjEied ipnyag ‘era Tt (i ot .tm&f?faf? %d&@t(ﬁr Tom) 6n

t enper at 30C/ 0. on) t 2 eb 1 T

di yl bi s(qél%b% -t eot%faélgret hyl %bﬂte ab%]g@sg@&g% poxot %dl P ro%oxotltamum
TCRIMZNIC pQed Bdiid ) asu@t obesied; 96| d; gild 92%).

(anmount obt al ned 4, 18 g yield, 88%.
[0083]

"H NMR (500 MHz, C¢Ds, 5/ppm)

5.90 (s, 2H), 3.7-5.2 (br, 2H), 1.56 (q, J=8 Hz, 4H), 1.26 (s, 12H), 0.9-1.6 (br, 12H),
0.81 (t, J=8 Hz, 6H)

BC NMR (125 MHz, CgDs, 8/ppm)

102.6, 74.4 (br), 60.3, 36.8, 29.2 (br), 27.8, 9.3.

[0084]

(Test Example 10) Thermal Analyses of Ti('PeNCHCHN'Pe)(O'Pr),

In Fig. 10 are shown the results of TG analysis of the
Ti('PeNCHCHN'Pe)(O'Pr),, in which a measurement was made under the conditions of
a heating rate of 10 °C/min in an atmosphere through which argon was continuously
passed at 400 mL/min, and the results of DSC analysis of the
Ti(tPeNCHCHNtPe)(OEPr)z, in which a measurement was made in a sealed container at
a heating rate of 10 °C/min. It is apparent from the results of TG that the
Ti(tPeNCHCHNtPe)(OiPr)g has vaporization characteristics that make this complex
suitable for use as a material in the CVD method, ALD method, or the like. It is
apparent from the results of DSC that the Ti('PeNCHCHN'"Pe)(O'Pr), has satisfactory
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[0093] 111 NWMR (500 MHz, C6D6, &Wr) 5.93 (s, 2H), 4.83 (hr. 1H), 4.11
(br, 1H), 1.62 (s, 411), 1.2-1.7 (hr. 1811), 0.9-1.2 (br, 6H), 0.94
(s, 1811) 13C NWR (125 MHz, C6D6, 8/PPIn) 102.3, 76.0 (br), 73.1
(br), 61.5, 56.9, 32.1, 32.0, 31.9 (br), 27.9. [0094]

(Test Exanpl e12) Ther nmal Anal ysesof

Ti ( Me3CCH2CMe2NCHCHNCME2CH2CMe3) (01P02 In Fig. 12 are shown the
resul ts oferhél stakdliggsi s of the

Ti ( Me3CCH2CME2NCHCHNCMe2CH2CMe3) (011302, in which a neasurenent was
made undé?08he conditions of a heating rate of 10 C/min in an

at nosphere thr ougﬁx‘gg}g@]i? on was continuously passed at 400 ni/mn,
and the results Esis of the

Ti ( Me3CCH2 CVe 2 NCHCHNCMB g6 - falYerhket Dl £80 % (5.971 %69 8¢ UBRALG QB ibi R
made in a seal ed container at a héating rate of 10 Cmn. 1t Is
appar ent pémtglmtid@biscdinlethylohiddiitidiam (THEPeNCHCHN'Pe)(NMe,),) was dissolved
Ti ( Me3CCH2CVe 2NCHCHNCMVE2CH2CMe3) (01 Pr) 2 has vapori zati on

char act eftt $¢ iz of hexangaasl 6% Br2cd iyl BROY ol ZpTopane)rwassaddsd therefat edhal

in the CV hod, A t hod the ik It J t t
resul'ts SR R Pt Tl R e i B eRBRRE 3 3 1R e
sati sf ackalont! Wey M@howddaRbi is 1gARO RIacliéMYRhube b9)distillation at £\rERReAS

a carrier gas was bubbled, at a flow rate of 30 stccm into
Ti ( BuNCH@dsbiBel) 4181 IR0fshiédnd residee was eubpkted oot wicnem displlatam Gliillatibi

th tatic bath t he Ti ( BUNCHCHNt Qi Pr) 2, was .t hereb
SRR NN =t TR WC CO—
i | :pr: i al i . A i
e el LSy Ly, B! GG o8 SeK HSCHANRLI gl

gas as aob@iel Wi edaninedrer TR PEINMR bRtk cant hessulharkieipedira hhe¥a
rates of 180 sccmand 90 sccm respectively. The tenperature of an

Si 02/ Si  withdhe speetral pEho peetluchobthined émExaropledhanber was kept at 400C,
and the t@ggil on chanber was evacuated so that the internal pressure
t her eof ept at 4 Ton. Under these conditions, a thin filmwas

formed over 1 hO(H%Aﬂ;ﬁ‘I filmformng apparatus is
di agrammatical l y'shown 1n Fig. 13. The thin film obtai ned was

anal yzed with a I woregeeaimosphay, appag dA1Us mimnd]) FSNANT-Gistettipentyie1, 4-
thin filmwas ascertained to contain Ti. Furthernore, this thin film
was anal §igeatl SdutediensocPeNGHCHN Be)rags diswived iaddroh affetahysseformp, andi,
?8 OSG]r eng irngt &‘%.ef nqimr(])l)f (I)fl soditan v%sscaec"i{léc? ichré?e 0.t QTItljeerets!lﬁa%Q irrlljig’]cu%( iw%? stirred
in that atmosphere at room temperature for 12 hours. A solution prepared by
dissolving 3.93 g (11.5 mmol) of tetra(tert-butoxo)titanium (Ti(O'Bu)s) in 12 mL of
hexane was added to the liquid reaction mixture, and the resultant mixture was stirred at
room temperature for 12 hours. The solvent was removed from this liquid reaction
mixture by distillation at a reduced pressure, and 25 mL of hexane was added to the
residue. The insoluble matter generated was taken out by filtration, and the solvent
was removed from the filtrate by distillation at a reduced pressure. The resultant
residue was subjected to vacuum distillation (distillation temperature 105°C/0.10 Torr)
to  thereby  obtain  ethene-1,2-diylbis(tert-pentylamido)di(tert-butoxo)titanium
(Ti('PeNCHCHN'Pe)(0'Bu),) as a deep-red liquid (amount obtained, 4.28 g yield,

95%).
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( EXAMPLE 17) Argon as a carrier gas was bubbled, at a flow
rate of 30 sccm into Ti eBUNCHCHNt Bu) (01P02 held in a materi al
container kept at 61C with a thernostatic bath, and the

Ti ( BUNCHCHNt Bu) (01Pr) 2 was thereby vaporized and fed to a reaction
chanber. During this operation, the internal pressure of the
raw-material container was 100 Torr. Sinultaneously with the feeding,
argon as [@)&¥]l uent gas and oxygen gas as a reactant gas were supplied

espoct vol y.  ThaHPOWBKS00 WIS 4iehrb BOD/ S substr ate di sposed in the
_ 5 i
cvacuat od oo alk ERGTRE IR AP0 PR LT R QR BP0

Under thé’@Nm@jzsim5 cgjbt,b]j@n{)i | mwas forned over 1 hour. The CVD
filmformng apparatus is diagrammtically shown in Fig. 13. The thin

film obt dDhed7NA€brartil0; 380, 38 4224 (hrwSkescent X-ray apparatus and, as
a result d%ﬁ thin filmwas ascertained to contain Ti. Furthernore,
this thi 4% mwas anal yzed for conposition by X-ray photoel ectron
spectroscopy and It <) I i . t8 0 be
Ftan um o) do.  (BOBGRPESAbTRiE Wakfsts ST BN CRERN A Bu)

| nanar gonat nospher e Fg8. S5A0( 92 8RA®WA Ofthd i (ERUNCHEHVBG) (MMBRI2 VRS the
di ssolved in 60 nlL of hexane, and 13.90 g (187.5 mmol) of ‘sec-butanol
was addedi(RedNEHGE Q'Byl) nambichi measwemast was madaiuider theatonditions of

at nosphere at rogm ature for 5 hours. The salvent was renove
From £ & hering G197 e dBTEHR It ot SoagpoRE L biongR URCAER ek cnoTy
pressure the ul . resjdues . wa | e !
dﬁﬂHJﬁ%(mﬁ J%@%ﬁ@mWe?%%%%@%&%wﬂ£%$e
obt ai n eThEMRICHCHNBe) (O B4k cint wikith ¥ nsaidembhts¢se@adiinaxshlddt cafiaitBr at

(Ti (BUNCHCHNt Bu) (OsBu) 2) as a deep-red liquid (anount obtained, 32.35
g; yielda bxing i ofplodiémin.s K is gpparentofrons gherrssubasefl T4 at the

diff td ek t | Vi h -b | . . 10098] 11-I

oL eSO AR VAR eRRstos R BBk OB

(br, 414%;1abi3fr (e ak8thmatekiad-id the CVD n@é‘tﬂad, AL b Befol Dby tl‘%ll” 6. é[]?%
(125 MHz, CeDe, 8/13Pm br), . 8,

NVR , , 102. 73, 102.71, 102.70, 80.0
57. 74, 5dppatent 3tondthedbsdlts @EDIC that the Ti(PRAUTHCHN'Pe)(O'Bu), has satisfactory
thermal stability.
[0089]
(EXAMPLE 14}

In an argon atmosphere, 1.10 g (3.32 mmol) of Ti('PeNCHCHN'Pe)(NMe,),
was dissolved in 5 mL of hexane, and 493 mg (6.65 mmol) of tert-butanol was added
thereto. The resultant mixture was stirred in that atmosphere at room temperature for
14 hours. The solvent was removed from this liquid reaction mixture by distillation at
a reduced pressure, and the resultant residue was subjected to vacuum distillation
(distillation temperature 105°C/0.10 Torr) to thereby obtain Ti('PeNCHCHN'Pe)(0Bu),
as a deep-red lignid (amount obtained, 1.24 g; vyield, 96%). The
Ti('PeNCHCHN'Pe)(0'Bu);, thus obtained was examined for 'H and *C NMR spectra.
As aresult, these spectra agreed with the spectra of the product obtained in Example 13.
[0090]
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(Test Exanple 13) Thernal Anal yses of Ti (BUNCHCHNI 3u) (0sBu) 2

In Fig. 14 are shown the results of TO analysis of the

Ti (BUNCHCHN Bu) (0sBu) 2, in which a nmeasurenent was nmade under the

conditions of a heating rate of 10 Cmin in an atnosphere through

whi ch argon was continuously passed at 400 nL/mn, and the results of

DSC anal ysi s of the Ti (BuNCHCHNt Bu) (013u) 2, in which a neasurenent

was nmade at a he@REFREREBICE BXAMPIEZ 2) n in a seal ed container filled

wi th an argon atnosphere. It is _apparent fromthe results of TO that
S e

the Ti (BuNCHCHNI 3@)% yix & dat ivgnok 194 de-evtetamethylppylanyag o

n : IMOTTX d
ot hod. " SREFAGHI BEWeret Sas ¥afefo.? S ol Ao p0E0 VAN scfinfR,
Ti ('t BUNCHigENEs3th 0 Bithre Rasstirald 81 860tethpeROir8dhr Shabi.| iThe sc%lﬂé{;ﬁ@]hed

( EXAMPLE 19) In an argon atnosphere, 14.85 g (88.2 mol

N, N - di (s ttakent guit) byl fillratiionz waslgdoiwiea wathel § trBu NCHEHXE Bug theasdried at a
dissolved jn 110 nL of tetrahydrofu ; 4.18 g (182 ) _of

sodi um wirslusefh deSSHESY &0 Jherehie qhtaip &iﬁ%—dﬁm@eﬁf@ﬂw&é{ﬂwm,ﬁ)ﬂ%aé-
at nosphe o] t I hi i gQuid T t

m xture \E/’\gtgaitgg%le *X6 gﬁ\g}%ﬁj |§%ﬂqp¢%8%§§d%§s%| %ﬁg fgﬁtiBtagl?oum
(85. 7 mmebthinefl, 1% g,ayiamggmy_oxoti tanium (Ti (013u)4) in 50 nL of
hexane, and the resultant m xture was stirred at roomtenperature for
14 hour s[00Phe sol vent was renmoved fromthis liquid reaction mxture
by distillation e ressure, and 120 nL of hexane was added
(to the residue. %mgﬁWﬁgﬁﬁﬁpﬁ%erat ed was taken out by
filtratigng angnt Ng;$0l4¥8N 1 156 foe@m the filtrate by

distill atgi grg “at )é Tedlced p'rzggéur ew(lrse ul tant residue was

subj ect et NMPRaRIVHZSCiD dpba) (distillation tenperature

92-96C/ 0. 03 TOZEB to therebg obtain Ti (BUNCHCHNt Bu) (013u) 2 as a
deep- r ed 157820, Cap RO, dbLadh®d, 28.81 g; yield, 93%. This product
is a mxtd?%? of isoners based on a difference in chirality involving
each sec l/l group. The Ti (BUNCHCHNI 3u) (0sBu) 2 t hus obt ai ned was
exam ned for 1H spectra. As a result, these spectra
agreed with the spectra of 't he product obtained in Exanple 18. [0101]
(EXAMPLE 20) In an  Argon asatmosglterd.er @H8 wag bulfbd.6d, atimeal)f| owf

rate of 10 see i nto Ti eBUNCHCHN Bu) (OEO2 held_ in a materi al
cont ai neMeepH2eMegCHyHNCMepG-HGhdes 3tas dissglved imAf mlaof tetrahydrofuran,

Ti ( BUNCH 0 her e vapaor.i ze nd fed,to a,.reacti.on
chamber . %&%)éé% Eil)%l \(%%%?lgtol%osﬁ,gx%e *n d@?%éﬁ?f’fg‘? 'esilﬂ? gesgftapt fixture was
raw mat egirfdd BORAPARREPMRS al Rl RinpeRhtiR LRANGHSRY W thutibe ptgreiang,
argon as a diluent gas and oxygen gas as a reactant gas werée suppli‘ed
to the rdiasiving 3dRaghd).6 atmdl) oﬁvTi(@?Ihfh 10f1528D of hexanarwhsG@ddsd torthe liquid
espectively. The tenperature of an 5i 02/ Si substrate di sposed_ in the
react i onre@FHATBIHEs2Nddpe reshltan driXtuan ias HerTGdeH dR9e HaReARES foRdd hours.

evacuate 0, i r r ot A4 Ton.
Cnder t hell sobril g Sesh Ol Aty ot FRBHL Racdl BRh 085 ol oty [Rflery
filmforplef@irapadr as uali 6f dbageawaBtadaed lty tBOQWidied AHe. inkSlublhgaktdi N
fil mobtained was anal yzed with a fluorescent X-ray apparatus and, as
a resul t genetated wantakien outnbys filksationt aidhhe splyenowesremoved fijodd 6] filtrate by

( EXAMPLE Z}ﬂ Argon as. a cc[arrier g was bubbled, at a f]ow rate of 10

seem | niistillation”at a reduced pressure. e resultant residue was subjected to vacuum

distillation (distillation temperature 130°C/0.04 Torr) to thereby obtain ethene-1,2-

diylbis(1,1,3,3-tetramethylbutylamido)diisopropoxotitanium
(Ti(Me;CCH,CMe;NCHCHNCMe,CH,CMe;)(O'Pr);) as a deep-red liquid (amount
obtained, 4.18 g; yield, 88%).
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Ti (BUNCHCHNI 3u) (Ot Pe)2 held in a material container kept at 84C with
a thernostatic bath, and the Ti (BuNCHCH1\ 11Bu) (0 Pe)2 was t her eby
vapori zed and fed to a reaction chanber. During this operation, the
internal pressure of the rawnmaterial container was 100 Tort.

Sinul taneously with the feeding, argon as a diluent gas and oxygen
gas as a reactant gas were supplied to the reaction chanber at flow
rates of [@B3]sccm and 60 sccm respectively. The tenperature of an
Si02/Si substrate disposed in the reaction chanber was kept at 400C,
and the reaction @ 00&EHB fabect/BRME0 that the internal pressure

oot a5 kool o109, 10514 RRTIRATERS (OB b9 o8 ol R

di agr ammgti apdd i, sgyn in Fig. 15. The thin film obtained was
analyzed wWith a fluorescent X-ray apparatus and, as a result, the
thin fil MORMRERSNEEZNEDY, 6/ppont ai n Ti. [0103] (EXAMPLE 22)

Argon as_a carrier g7 ow rate of 10 sccm into

bubbl ed fl
1 O o RGO B BN 61 5 86 Bt i 10, G BDadT Skept at 84C with

t her nost gt g7 bath, and the Ti (PeNCHCHNt e) (011302 was t her eby
vaporized and fed to a reaction chanber. During this operation, the
i nternal pressurer@t the Eamnpet erialjzront aimigimwps 100AdAYdes of

Si mul taneously with the feeding, argon as_a diluent gas and oxygen
gas as aTi(déaCehbhClyikaNOEENCME, CHICMe: X O®r)y; edothignl X rmrdhewnahe fdsolis

R R RN S A I TGN
S N R R e e

formed o¥@iosphdie uhroughewlivl drgdriwas rdBnfiBuctgapakets at 900 mi/min, and the
di agramat i cal Iﬁl\_/)sshovm in Fig. 15. The thin film obtai ned was

anal yzedragithobDECuanalssiseoft thx Tidle A1 FhCi e CHHOHNEM e GHoEM®:) (O, in
thin fil s ascertained to . contain Ti. [.0104] .(EXAVPLE O fens

A Gon as Wk FRGIGSEST S8 MRS Bgeales SRS P ARG i Ot
Ti ( t BUNCHCHL\ sBu) eld iy a i.al caatain kepty.at 84
with a C!téhermj)aﬁgtkll(ng batfﬁ?lﬂand !ttlgse Ti(nartéﬁfl{f&lﬂCI-INthu)(OZEu)Z v;[/ggt the&%y
vapor i ze®i(dMegCCEHCMe, M CHEMN Ce, CHaObies)(O'Pk | hay tvBp&rizafien atliabatieristies
internal pressure of the raw-material container was 100 Torr.

Si nul t antetisle this epraplex Petebinpr use gonmaterigl i the EMD gethagdn dLdX pgthed,
gas as a_reactant gas re supplied to the,reacti.on cha a | ow
rates _of°r233ﬁeseg'ﬁﬁea_nd 2@ §§;prf'fp%?r5§ eé%%el%}? Trﬁﬁulﬁsenﬁgr g$€¢e %’F‘I a:%lhe
Si 02/ Si ?giw&gc@t-@cmeﬁﬂemm@@m@m;)(@mﬁ RATOEMRPy HRRhaPtatAiHYC
and the reacfion chanber was evacuated 'so t'hat the internal pressure
thereof M95kept at 4 Ton. Under these conditions, a thin filmwas
.ormed over 1 hour. The CVD filmform ng apparatus is

di agrammati cal | y(@%WIiEnI@i g. 15. The thin fil m obtained was

anal yzed with a | uor ent _.X-ray appar.atu nd,pas a result, the
thin filmwas asjéreg%tn alggflceé\i_dC olﬂ_é(gﬁ%(a‘?% %%ﬁfcgfgﬁ flow rate Ofli\%hfclcgl’tlﬁ@_

i nventi om(mm@m@@omp?dhaa Get 2l makhigl Wohiidee! RERNGE §PCSRAR fd C
enbodi nent's thereof, i't will be apparent to one skilled in the art

t hat var theusostdtaripgs and therBidBUNCHCHNBWEDIPHe was therdbyeraporizad dnidded to

departing fraom tge gé)i rit and_  scope thereof. Thi s i
appl i cat# &rfctan ghamberon Dyring fhiseanergiione e wpnalcressyre of thegrasnmaigrial

23, 2008 i ' . . . .
appl i cat ?%nﬁﬂ%r: ‘g%t %@ﬁ% Zé%'g&égéfs%p tlﬁgg. ?%‘é%rﬁgg?g%gcﬁa:}l%%ﬁ)gas ?rﬁle
cont ent soiydeh @as adL kdastahNERWaE ahisslidaas B reRMidredHRRPRE 8 flow rates of 180

sccm and 90 sccm, respectively. The temperature of an SiO,/Si subsfrate disposed in

the reaction chamber was kept at 400°C, and the reaction chamber was evacuated so that
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| NDUSTRI AL APPLI CABI LI TY [ 0106] The titani um conplex (1) of
the invention has satisfactory vaporization characteristics and
excellent thermal stability, nanmely, has a high vapor pressure and

hi gh thermal stability, and can be used as a material to produce a
titaniumcontaining thin filmby a technique such as the CVD net hod

or ALD met hod. Consequently, the invention has a remarkable
i ndust ri dhe indernal POERCRIPTEAOWSHCRERERENCE NUMERALSe [cOndifipng] a thin film

Mat eri al co n Ther bat h. 3. React i .on. chanber 4.

Saber 1 ot '8 1o8aEE bverd holb  LREL PR fir Bithick exsapiys dipgemmetioally shovn
in Fig. 13. The thin film obtained was analyzed with a fluorescent X-ray apparatus
and, as a result, the thin film was ascertained to contain Ti. Furthermore, this thin film
was analyzed for composition by X-ray photoelectron spectroscopy and, as a result, the

thin film was ascertained to be titanium oxide.

[0096]
(EXAMPLE 17)
Argon as a carrier gas was bubbled, at a flow rate of 30 sccm, into
( Ti(tBuNCHCHNtBu)(OiPr)z held in a material container kept at 61°C with a

thermostatic bath, and the Ti("BuNCHCHN'Bu)(O'Pr), was thereby vaporized and fed to
a reaction chamber. During this operation, the internal pressure of the raw-material
container was 100 Torr. Simultaneously with the feeding, argon as a diluent gas and
oxygen gas as a reactant gas were supplied to the reaction chamber at flow rates of 180
scem and 90 scem, respectively. The temperature of an SiO,/Si substrate disposed in
the reaction chamber was kept at 240°C, and the reaction chamber was evacuated so that
the internal pressure thereof was kept at 4 Torr. Under these conditions, a thin film
was formed over 1 hour. The CVD film forming apparatus is diagrammatically shown
in Fig. 13. The thin film obtained was analyzed with a fluorescent X-ray apparatus
and, as a result, the thin film was ascertained to contain Ti. Furthermore, this thin film
was analyzed for composition by X-ray photoelectron spectroscopy and, as a result, the
thin film was ascertained to be titanium oxide.

[0097]

(EXAMPLE 18)

In an argon atmosphere, 2854 g (93.8 mmol) of
Ti(BuNCHCHN'Bu)(NMe;), was dissolved in 60 mL of hexane, and 13.90 g (187.5
mmol) of sec-butanol was added thereto. The resultant mixture was stirred in that
atmosphere at room temperature for 5 howrs. The solvent was removed from this

liquid reaction mixture by distillation at a reduced pressure, and the resultant residue
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8. Mass flow controller 9. Mass flow controller 10. Mass flow
controller 11. Vacuum punp 12. Exhaust 13. Material container 14.
Thernostatic bath 15. Reaction chanber 16. Substrate 17. Reactant gas
18. Diluent gas 19. Carrier gas 20. Mass flow controller

was subjected to vacuum distillation (distillation temperature 92-96°C/0.03 Torr) to
thereby obtain ethene-1,2-diylbis(tert-butylamido)bis(sec-butoxo)titanium
(Ti('BUNCHCHN'Bu)(O°Bu),) as a deep-red liquid (amount obtained, 32.35 g; yield,
95%). This product is a mixture of isomers based on a difference in chirality involving
each sec-butyl group.

[0098]

"H NMR (500 MHz, C¢Dg, 8/ppm)

5.96 (s, 2H), 4.25 (br, 2H), 1.7-1.3 (br, 4H), 1.30 (s, 18H), 1.3-1.1 (br, 6H), 1.1-0.9 (bx,
6H)
( BC NMR (125 MHz, C¢Dg, 8/ppm)
102.73, 102.71, 102.70, 80.0 (br), 57.8, 57.74, 57.71, 34.3, 31.7, 25.7, 11.1.
[0099]

(Test Example 13) Thermal Analyses of Ti('BuNCHCHN'Bu)}(O*Bu),

In Fig. 14 are shown the results of TG analysis of the
Ti('BuNCHCHNBu)(O°Bu),, in which a measurement was made under the conditions
of a heating rate of 10 °C/min in an atmosphere through which argon was continuously
passed at 400 mL/min, and the results of DSC analysis of the
Ti(BuNCHCHN'Bu)(O°Bu);, in which a measurement was made at a heating rate of 10
°C/min in a sealed container filled with an argon atmosphere. It is apparent from the
results of TG that the Ti(BuN CHCHN'Bu)(O*Bu), has vaporization characteristics that
make this complex suitable for use as a material in the CVD method, ALD method, or
the like. It is apparent from the results of DSC that the Ti('BuNCHCHN'Bu}(O°Bu),
has satisfactory thermal stability.

[0100]

(EXAMPLE 19)

In an argon atmosphere, 14.85 g (88.2 mmol) of N,N’-di(tert-butyl)-1,4-diaza-
1,3-butadiene (‘BuNCHCHN'Bu) was dissolved in 110 mL of tetrahydrofuran, and 4.18
g (182 mmol) of sodium was added thereto. The resultant mixture was stirred in that

atmosphere at room temperature for 14 hours. This liquid reaction mixture was added
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21. Mass flow controller 22. Mass flow controller 23. Vacuum punp 24.
Exhaust CLAIMS [Claim1]A titanium conplex represented by general
formula (1): [Chem 1] (1) (wherein RI and R4 each i ndependently
represent an al kyl group having 1-16 carbon atonms; R2 and R3 each
i ndependent|ly represent a hydrogen atom or an al kyl group having 1-3
carbon atons; and Rs represents an al kyl group which has 1-16 carbon
at oms ando fespliaperspaad bybdissolving d9:UBtsh (e nonolinef detfd-sesrhintexositaieh

d ai .y ' | | aj ned i laim3l1, wh in R d
Re cach. KRICHERBERE 1T PpRScRsEie =Sl T TR RANPHy V2scotipsh foom
atonms;  Riedpétafide FRAUGRAK AHYLHRALRa e Bve HbnRthit BRLRASEN R ixture

al kyl group having 1-8 carbon atons.
by distillation at a reduced pressure, and 120 mL of hexane was added to the residue.

The insoluble matter generated was taken out by filtration, and the solvent was removed
from the filtrate by distillation at a reduced pressure. The resultant residue was
subjected to vacuum distillation (distillation temperature 92-96°C/0.03 Torr) to thereby
obtain Ti(BUuNCHCHN'Bu)(O’Bu); as a deep-red liquid (amount obtained, 28.81 g
yield, 93%). This product is a mixture of isomers based on a difference in chirality
( involving each sec-butyl group. The Ti('BuNCHCHN'Bu)(O*Bu), thus obtained was
examined for 'H and *C NMR spectra. As a result, these spectra agreed with the
spectra of the product obtained in Example 18.
[0101]

(EXAMPLE 20)

Argon as a carrier gas was bubbled, at a flow rate of 10 sccm, into
Ti('BuNCHCHN'Bu)(OEt), held in a material container kept at 84°C with a thermostatic
bath, and the Ti('BuNCHCHN'Bu)(OFEt), was thereby vaporized and fed to a reaction
chamber. During this operation, the internal pressure of the raw-material container
was 100 Torr. Simultaneously with the feeding, argon as a diluent gas and oxygen gas
as a reactant gas were supplied to the reaction chamber at flow rates of 230 sccm and 60

\ scem, respectively. The temperature of an SiO,/Si substrate disposed in the reaction
chamber was kept at 400°C, and the reaction chamber was evacuated so that the internal
pressure thereof was kept at 4 Torr. Under these conditions, a thin film was formed
over 1 hour. The CVD film forming apparatus is diagrammatically shown in Fig. 15.
The thin film obtained was analyzed with a fluorescent X-ray apparatus and, as a result,
the thin film was ascertatned to contain Ti.

[0102]
(EXAMPLE 21)

Argon as a carrier gas was bubbled, at a flow rate of 10 sccm, into
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[C aim 3] The titaniumconplex as clainmed in claim1, wherein R and
R4 each i ndependently represent an al kyl group having 4 or 5 carbon
atons; R2 and R3 represent a hydrogen atom and Rs represents an

al kyl group having 3-5 carbon atons. [Claim 4] The titani um conpl ex as
claimed in claim2, wherein RI and R4 each independently represent an

al kyl gr
hydr ogen
atons. |

HPBRRERITNEN P SEchId fin ivkgieriah Sapioat gt oot S5 bith o

' : 0 t ' it.ani um,compl ex .
Fepr esent Ly A EE e BICAHE RO TLR WTHERTR (Biprized and e
R4 each itodepsmidahhyiberep DRERRIh bpetakivh, HE RUBmBPYERUrlofife ¢AK RO Rerial
atons; R2 and R3 each independently represent a hydrogen atom or an

al kyl  gr captainsyiweg 100 arar dimuktaweomislyawith B feegingsapors ana dilukytl gagrand p
whi ch has 1-16 carbon ataons and rrayﬁg@ve been substituted with one or

more f 1 udrVEE SOGIE) CaUHY 28R WEFS SR

tathg jrerction ghambgriatifiqw rates of 230

representgdy, Byiq $8NeEA! rSPLWES. ( The tbiGMurds Bl Si0./Si substrate disposed in

the reaction chamber was kept at 400°C, and the reaction chamber was evacuated so that
the internal pressure thereof was kept at 100 Torr. Under these conditions, a thin film
was formed over 1 hour. The CVD film forming apparatus is diagrammatically shown
in Fig. 15. The thin film obtained was analyzed with a fluorescent X-ray apparatus
and, as a result, the thin film was ascertained to contain Ti.

[0103]

(EXAMPLE 22)

Argon as a carrier gas was bubbled, at a flow rate of 10 sccm, into
Ti('PeNCHCHN'Pe)(O'Pr); held in a material container kept at 84°C with a thermostatic
bath, and the Ti(tPeNCHCHNtPe)(OiPr)z was thereby vaporized and fed to a reaction
chamber. During this operation, the internal pressure of the raw-material container
was 100 Torr.  Simultaneously with the feeding, argon as a diluent gas and oxygen gas
as a reactant gas were supplied to the reaction chamber at flow rates of 230 sccm and 60
scem, respectively.  The temperature of an SiO,/Si substrate disposed in the reaction
chamber was kept at 400°C, and the reaction chamber was evacuated so that the internal
pressure thereof was kept at 4 Torr. Under these conditions, a thin film was formed
over 1 hour. The CVD film forming apparatus is diagrammatically shown in Fig. 15.
The thin film obtained was analyzed with a fluorescent X-ray apparatus and, as a resul,
the thin film was ascertained to contain Ti.

[0104]
(EXAMPLE 23)
Argon as a carrier gas was bubbled, at a flow rate of 10 sccm, into

Ti('BuNCHCHNBu)(O°Bu), held in a material container kept at 84°C with a
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R2 RBN R4 (2) (wherein Rl and R4 each independently represent an

al kyl group having 1-16 carbon atons, and R2 and 123 each

I ndependently represent a hydrogen atom or an al kyl group having 1-3
carbon atons), an alkali netal, and an al koxo conpl ex represented by
general formula (3): [Chem 3] Ti(0R5)4 (3) (wherein R5 represents an
al kyl group which has 1-16 carbon atons and may have been substituted
wi t h one tegrmestatic bhtho pndh ¢healig BuN GRCHNIB (OB whs teebgnaphdred and fed

| | 5, RI d
Re cach THACHEHGBAERYET e pPBLERINAPER RGP (f U AP Ghe SRt
at ons; R%ogﬁﬁle%ag 980 et ﬁmﬂ)&%‘i&ﬂﬁ? V@IT&PEHC A0SO SPRE 8 Wibent3As and

al kyl grou aving 1-8 carbon
oxygen gas as a reactant gas were supphed to the reaction chamber at flow rates of 230

scem and 60 scem, respectively.  The temperature of an SiO,/Si substrate disposed in

the reaction chamber was kept at 400°C, and the reaction chamber was evacuated so that

the internal pressure thereof was kept at 4 Torr. Under these conditions, a thin film

was formed over 1 hour. The CVD film forming apparatus is diagrammatically shown

in Fig. 15. The thin film obtained was analyzed with a fluorescent X-ray apparatus
( and, as a result, the thin film was ascertained to contain Ti.

[0105]

While the invention has been described in detail and with reference to
specific embodiments thereof, it will be apparent to one skilled in the art that various
changes and modifications can be made therein without departing from the spirit and
scope thereof.

This application is based on a Japanese patent application filed on June 23,
2008 (Application No. 2008-163477) and a Japanese patent application filed on May 26,
2009 (Application No. 2009-126417), the contents thereof being incorporated herein by
reference.

INDUSTRIAL APPLICABILITY
[0106]

The titanium complex (1) of the invention has satisfactory vaporization
characteristics and excellent thermal stability, namely, has a high vapor pressure and
high thermal stability, and can be used as a material to produce a titanium-containing
thin film by a technique such as the CVD method or ALD method. Consequently, the
invention has a remarkable industrial value.

DESCRIPTION OF REFERENCE NUMERALS
[0107]

1. Material container
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[Cl aim7] The production process as clainmed in claimb5, wherein Rl and
R4 each i ndependently represent an al kyl group having 4 or 5 carbon
atons; R2 and R3 represent a hydrogen atom and R5 represents an

al kyl group having 3-5 carbon atons. [Cl aim8] The production process
as claimed in claim6, wherein Rl and R4 each independently represent
an al kyl group having 4 or 5 carbon atons; R2 and 12. 3 represent a
hydr ogen Zat diermaerdatitbatiepr esent s an al kyl group having 3-5 carbon

atons. [, a m9]A.prqcess for producing a titani um conpl ex

repr esent%d%“b%nﬂﬁﬂ}%ef ormula (la): [Chem 7] (la) (wherein Itla and
Rda eachzﬂ_ncgﬁggﬁggntly represent an al kyl group having 1-6 carbon
atons; Rh an each independently represent a hydrogen atom or an

al kyl gr cup Reasteaggat- 3 carbon atons; and Rh represents an al kyl group
whi ch has 1-16 carbon atons and may have been substituted with one or

nore fl udri ABlugh2As) . characteri zed by subjecting an al cohol
represen%dcba}(ri‘gegggral formula (5): [Chem 6] R5a0H (5)

8. Mass flow controller

9. Mass flow controller

10. Mass flow controller
( 11. Vacuum pump

12. Exhaust

13. Material container

14. Thermostatic bath

15. Reaction chamber

16. Substrate

17. Reactant gas

18. Diluent gas

19. Carrier gas

20. Mass flow controller
, 21. Mass flow controller
. 22. Mass flow controller

23. Vacuum pump

24. Exhaust
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(wherein R5a represents an al kyl group which has 1-16 carbon atons
and may have been substituted with one or nore fluorine atons) to
reaction with an am de conplex represented by general formula (4):
[Chem 5] R a\ " T(NRR )2 R3N2 Rda (4) (wherein R18 and R48 each

i ndependently represent an al kyl group having 1-6 carbon atons; R2a
and R38 each independently represent a hydrogen atom or an al kyl
group having 1-3 carbon atons; and RLAAMSE R8 each i ndependently
represent _an al kyl group which has 1-4 carbon atonms and may have been
subst i t utletpimikln odgtl&m%F@npleaéeprﬁ@nﬁad&@eneqadqmmal(d}:The
productiig $r0ﬁess as claimed in claim9, wherein Rla and R48 each

I ndepend PI§' epresent an al kyl group having 2-6 carbon atons; R28
and R38 represent a hydrogen atom andgyR 88 represents an al kyl group
havi ng 1-8 carbon atons. ’

R2 N
l \Ti(OR5)2
/
R3 'T
R4
( (1)

(wherein R' and R* each independently represent an alkyl group having 1-16 carbon
atoms; R? and R? each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R’ represents an alkyl group which has 1-16 carbon
atoms and may have been substituted with one or more fluorine atoms).

[Claim 2] The titanium complex as claimed in claim 1, wherein R' and R* each
independently represent an alkyl group having 2-6 carbon atoms; R? and R> represent a
hydrogen atom; and R’ represents an alkyl group having 1-8 carbon atoms.

[Claim 3] The titanium complex as claimed in claim 1, wherein R! and R* each
independently represent an alkyl group having 4 or 5 carbon atoms; R? and R> represent
a hydrogen atom; and R’ represents an alkyl group having 3-5 carbon atoms.

( [Claim 4] The titanium complex as claimed in claim 2, wherein R' and R* each
independently represent an alkyl group having 4 or 5 carbon atoms; R? and R? represent
a hydrogen atom; and R® represents an alkyl group having 3-5 carbon atoms.

[Claim 5} A process for producing a titanium complex represented by general
formula (1):

[Chem. 4]
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[Claim11l] The production process as clained in claim9, wherein R a
and R48 each independently represent an al kyl group having 4 or 5
carbon atons; R28 and R38 represent a hydrogen atom and R88
represents an al kyl group having 3-5 carbon atons. [C aim 12] The
production process as clainmed in claim10, wherein R18 and R48 each

i ndependently represent an al kyl group having 4 or 5 carbon atons;
R28 and R3a represent a hydrogen atomR%fand R88 represents an al kyl
group having 3-5 carbon atons. _,[Clain 13] A titaniumcontaining thin

filmproduced by using a titan co ex represented by general
formula (1) as a material: [Chem RLRRI NI\ i(ORS5 ,T)2/
Ti(OR%),
N/
R3 |
R4
(D

(wherein R' and R* each independently represent an alkyl group having 1-16 carbon
atoms; R? and R® each independently represent a hydrogen atom or an alkyl group
( having 1-3 carbon atoms; and R’ represents an alkyl group which has 1-16 carbon
atoms and may have been substituted with one or more fluorine atoms), characterized

by subjecting a diimine represented by general formula (2):

[Chem. 2}
R1
R2 |
e N
Sy
R3 ’T
R4

2
(wherein R' and R* each independently represent an alkyl group having 1-16 carbon
atoms, and R? and R® each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms), an alkali metal, and an alkoxo complex represented by
general formula (3):

" [Chem. 3]
Ti(OR%)4

G3)

(wherein R® represents an alkyl group which has 1-16 carbon atoms and may have been

substituted with one or more fluorine atoms) to reaction with one another.
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R3 ---"-N (1) (wherein RL and R4 each independently represent an

al kyl group having 1-16 carbon atons; R2 and R3 each i ndependently
represent a hydrogen atom or an al kyl group having 1-3 carbon atons;
and R5 represents an al kyl group which has 1-16 carbon atons and nay
have been substituted with one or nore fluorine atons). [Caim 14] A
process for producing a titaniumcontaining thin film characterized
by usi ng [@ldimtédni urTieoprptiectiongubese at ethityd getkimls, fwemih ' (zhH RSedth
material: [Chem 9] R4 gl) l(kg/herei n 121 and R4 each igdep%gdently

r epr esentindgpeadaatly reprasant pa elkyh gnoupdaying o cabenatonm Rymad B rgpresant a

I ndepend represent,sa_hydrogen.at.om or, an yl .gro having 1-3
car bon a?&ﬁ@&g%@nﬁgm@&gggﬁw%al lﬁ?upgl?agﬂfﬁ;% icéﬁl?%ﬁé‘gdonisf 16 carbon
at ons angcamy A)ave NReodRhi frodRd aWeln&N e Slhini B! Sikldi® gl NRdat OFRh-
[ Cl ai m 15] A sem conduct or device characterized by using the
tit ani umindeptadenilpgeprbsent fin hlkybgrode davinp ddrisrcachoni awwhd. R? and R® represent
a hydrogen atom; and R represents an alkyl group having 3-5 carbon atoms.
[Claim 8] The production process as claimed in claim 6, wherein R! and R* each
independently represent an alkyl group having 4 or 5 carbon atoms; R and R? represent
a hydrogen atom; and R’ represents an alkyl group having 3-5 carbon atoms.

( [Claim 9] A process for producing a titanium complex represented by general

formula (1a):

[Chem. 7]

R1a
Z2a ‘
R N

\ H 5a
I /T[(OR )

R3a T

R4a

(1a)
(wherein R'® and R** each independently represent an alkyl group having 1-6 carbon
atoms; R™ and R* each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R’ represents an alkyl group which has 1-16 carbon
atoms and may have been substituted with one or more fluorine atoms), characterized
by subjecting an alcohol represented by general formula (5):
[Chem. 6]

R%20H

&)

(wherein R*® represents an alkyl group which has 1-16 carbon atoms and may have been

substituted with one or more fluorine atoms) to reaction with an amide complex
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[ Cl ai m 16] A phot ocat al yst characterized by using the
titaniumcontaining thin filmas described in claim13.

represented by general formula (4):

[Chem. 5]

R'Ia
2a |

R N\

‘ TINR7RS),

/
Raa T

R4a

C)
( (wherein R and R* each independently represent an alkyl group having 1-6 carbon

atoms; R* and R* each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R and R® each independently represent an alkyl group
which has 1-4 carbon atoms and may have been substituted with one or more fluorine
atoms).

[Claim 10]  The production process as claimed in claim 9, wherein R!? and R* each
independently represent an alkyl group having 2-6 carbon atoms; R* and R*® represent
a hydrogen atom; and R>* represents an alkyl group having 1-8 carbon atoms.

[Claim 11]  The production process as claimed in claim 9, wherein R'? and R*® each
independently represént an alkyl group having 4 or 5 carbon atoms; R* and R*®
represent a hydrogen atom; and R>® represents an alkyl group having 3-5 carbon atoms.

( [Claim 12]  The production process as claimed in claim 10, wherein R'® and R* each
independently represent an alkyl group having 4 or 5 carbon atoms; R** and R*®
represent a hydrogen atom; and R*® represents an alkyl group having 3-5 carbon atoms.

[Claim 13] A titanium-containing thin film produced by using a titanium complex
represented by general formula (1) as a material;

[Chem. 8]
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R

N
N 5
’ THOR?),
S
R4

()
(wherein R' and R* each independently represent an alkyl group having 1-16 carbon
atoms; R* and R® each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R’ represents an alkyl group which has 1-16 carbon
atoms and may have been substituted with one or more fluorine atoms).
[Claim 14] A process for producing a titanium-containing thin film, characterized by
using a titanium complex represented by general formula (1) as a material:

[Chem. 9]

R1
2 |
R N
AN
| /TJ(OR o
S
R4

(1)

(wherein R! and R* each independently represent an alkyl group having 1-16 carbon
atoms; R* and R® each independently represent a hydrogen atom or an alkyl group
having 1-3 carbon atoms; and R’ represents an alkyl group which has 1-16 carbon
atoms and may have been substituted with one or more fluorine atoms).

[Claim 15] A semiconductor device characterized by using the titanium-containing
thin film as described in claim 13.

[Claim 16] A photocatalyst characterized by using the titanium-containing thin film

as described in claim 13.

- 44 .



