. 1 Description METAL COMPOUND, MATERIAL FOR CHEMICAL VAPOR PHASE GROWTH,
AND PROCESS FOR FORMING METAL-CONTAINING THIN FILM TECHNICAL FIELD
5[0001] This invention relates to a novel metal compound having a specific structure, a
material for chemical vapor phase growth containing the metal compound, and a process for
fabricating a metal-containing thin film using the material. BACKGROUND ART 10[0002]

A thin film contaipingiianium, zirconium, or hafnium is used as an electronic member of
electronic components, such as high dielectric constant capacitors, ferroelectric capacitors,
gate films, barrier films, and gate insulators, and an optical element of optical communication

devices, such [ grlge ' [ S i lifj

Processes forh??rfw%cgf‘r%%ve-dézﬁépﬂeﬁ? %@g |Imﬁ|n%%llﬁﬂ% ﬁ@%uﬂ%ﬁnﬁ?@ XJTH’
dipping-pyrolysRihideesEand @B d19RMIREEEAAd. CHeMTENAKS THHASEIEMwth
techniques, such as chemical vapor deposition (hereinafter abbreviated as CVD) 20 and
atomic layer deposition (hereinafter abbreviated as ALD). Chemical vapor phase growth
techniques int&IGRY apbriZdtidn of a precursor, such as CVD and ALD, are the most suitable
for many advantages, such as compositional controllability, excellent step coverage, suitability
to large volume production, and capability of hybrid integration. Metal compounds having an
organic ligand®¥¥ Uised as a precursor in CVD or ALD. 2 Metal nitride thin films having

titanium, zirconium, ofhiafiu are d coating. layer.for enhancing the
hardness and strength of, e.gg.l?t c%gltt?ﬁ%&%c%%! s,£§1n§ &gé?e%ﬂ?r%%m_ n(_)égﬁcg?{r?g} MESF %gc O R tBr
devices. A nURSETFBT Rt IR oraREripAE SRt i finio® iuhenveh saporysidased a

growth have pespsefertssti@ia0bnetalRatanidocumentl (Sae delawidiscloses a process

for forming a metal nitride and/or metal carbide thin film using a halide of titanium, zirconium,
hafnium, vanadium, niobium, or tantalum. Patent document 2 (see below) describes a CVD
process for fgmimaErbindimnaadtitanium nitride using titanium tetrachloride and ammonia
gas.

10 [0002]

A thin film containing titanium, zirconium, or hafhium is used as an electronic
member of electronic compornents, such as high dielectric constant capacitors,
ferroelectric capacitors, gate films, barrier films, and gate insulators, and an optical
clement of optical communication devices, such as optical waveguides, optical switches

H

15  and optical amplifiers.

[0003]
Processes for forming the above-described thin film include MOD techniques

including a dipping-pyrolysis process and a sol-gel process and chemical vapor-phase
growth techniques, such as chemical vapor deposition (hereinafter abbreviated as CVD)

20  and atomic layer deposition (hereinafter abbreviated as ALD). Chemical vapor phase
growth techniques involving vaporization of a precursor, such as CVD and ALD, are the

most suitable for many advantages, such as compositional controllability, excellent step
coverage, suitability to large volume production, and capability of hybrid integration.

Metal compounds having an organic ligand are used as a precursor in CVD or ALD.

25  [0004]



10 [0006] Patent documents 3 to 5 propose processes for depositing a group 4 metal-containing
thin film using, as a titanium, zirconium or hafnium precursor, a dialkylaminometal compound having
an organic amine as a ligand, disclosing use of ethylrﬁethylamine as the ligand. 15[0007] However,
the film formation process using a chloride typified by titanium tetrachloride needs high temperatures
of at least about 500C. Such a high temperature is unsuitable in the production of a semiconductor
device element, such as a gate film. Although the organic amide metal compound having an organic
amine as a ligand is ZMeapamed@ftfdrmingsahm&t@I tiibndlerthinrbbmianhlow tefnperabyresnétas ahdficult for

the resuling T p SXIDILRIgSILGE) SPLRRIRIRIER BT SXpRcieAetaNnolis ol elyplcarbon

content and to be applie m a barrle or an elec ‘e partl arly’required

to have electri@aﬂcﬁﬂﬁ@u&ﬁﬁtﬂbb@g]eﬂﬁ@ﬁaﬂf mm@wm(%@@aoﬁ) neaeRe Shaterotiguesid®forming
a titanium nitrigighEigiAmHayeEMP BB By ERMR ERRAIDE phidd Grbhil RV defiVépattdd 2) 3X, or

Ti(N(C2H02)2X2 (wherein X is a halogen atom). These titanium compounds are described as being
easily thermally decomposable and suited for use as a gate film forming material. However,
T|(N(CH3§2)3§ gf Ti(N(CH3)2)2C12, which are 3 representatively used in patent document 6, are
solid and nee maintained at a temperature at or above the melting point when used as a CVD

material. They, while Ralgntdpsoment Ar(aeeioemmp csahasss darecpssofahEarng ratiealand icien
decompose d%ﬂﬂ)bﬁié‘ﬁlhﬁéﬂﬁﬁfé PiREikaRisAR d"HHIﬁJ@W@iF&W lﬂﬂoﬁ‘ﬁcﬁﬁfuﬁij RAMHNE, AtResLAS itis 5a
solid, there arise problems W the material vapor fe rans ortatl n of the material, such
< shortage of oMok BT ﬁr\sa%w?@ TR TS OB 6 GO dath
particles also doouisg & viein i@ pfmnmmmng(iﬂe$xslugdnamuohtesaamohﬂmmd:ammomm.u&ng a
solution of a solid precursor in an organic solvent, the solution suffers from precipitation due to change

in temperature, 10 partial evaporation of the solvent, and change in concentration in a vaporizer,
resulting 10 clq@gtﬂﬁj of feed piping. The problem of the feed rate change with time due to, e.g.,

Gown. [0009] 15 Paton SR B TP 258 Ak Pala ottt SR LR ARy
document 3: KBRSRINCPRIRIANDSBUBNAL &R Yo Asnde HEaR W, 2008908 9A Paffd iU BERAWSAE.52 JP
2006-182709AjgikRiRMoAREAIMORigoUAT RRUAGSEH GrGamMESSAhRSBRE Ifgind Haisthbsib LK Nf

ethylmethylamine as the ligand.

15 [0007]
However, the film formation process using a chloride typified by titanium
tetrachloride needs high temperatures of at least about 500°C. Such a high temperature
Is unsuitable in the production of a semiconductor device element, such as a gate film.
Although the organic amide metal compound having an organic amine as a ligand is

20 capable of forming a metal nitride thin film at low temperatures, it is difficult for the
resulting film to exhibit electrical characteristics as expected because of its high residual
carbon content and to be applied to a gate film, a barrier film, or an electrode film that
are particularly required to have electrical conductivity

[0008]

25 Patent document 6 (see below) teaches a process for forming a titanium nitride
thin film by CVD using Ti(N(CHs)2)sX, Ti(N(CH3)2)2X2, Ti(N(CoHs),)sX, or
Ti(N(CzHs)2)2X2 (wherein X is a halogen atom). These titanium compounds are
described as being easily thermally decomposable and suited for use as a gate film
forming material. However, Ti(N(CHs),)3C1 and Ti(N(CHjs)2)2C1,, which are



. Problem to be Solved by the Invention [0010] An object of the invention is to provide a metal
compound capable of forming 25 a metal-containing’thin film with reduced residual carbon
and establishing a process assuring a stable deposition rate and stable film composition
control. As used herein, the term "material for chemical vapor phase growth", which will be
also referred to as "chemical vapor phase growth material”, refers to both a material for CVD

and a materigdfeséi:Rivalessdatherwisa:spasified: ¢ Meapsforsohdno thePmblemopiLl,

As a result o[ exten%iuve investgj%atio%s, gtgfg resent inventors_have found that a metal
r

that .
compound h&VIHG & spedifd Sucd L SR 255 aSdbfettbitierBihvehi®n TH8E2]
The inventioh%’ﬁ@gi@egththmloﬂmqunmhfﬁmemn@epbpy theneahkfaitityatll) cha0dsdbmpose
[Formula 1] '@&Hﬁ@ﬂeﬂi%&&é’&ﬁ@ﬁ@é’k%trﬁpﬁaﬁ'{‘&%{é‘t@%’@’]\&HEgCBQﬁ%'&‘ oPHIRMYFR as it is
represents a halpgen atom; and in represents’1 or 2. [0014 o _

5 asolid, there anise problems with the material vapor feed and in-line transportation of
the material, such as shortage of vapor feed or variation in vapor feed with time. The
problem of contamination with particles also occurs. Even in a process using a
solution, such as a solution CVD process using a solution of a solid precursor in an
organic solvent, the solution suffers from precipitation due to change in temperature,

10 partial evaporation of the solvent, and change in concentration in a vaporizer, resulting
in clogging of feed piping. The problem of the feed rate change with time due to, e. g,
clogging of feed piping and the problem of contamination with particles remain to be

completely settled down.

[0009]

15  Patent document 1: JP 2003-64475A
Patent document 2: JP 7-201779A
Patent document 3: Korean Patent 156980
Patent document 4: JP 2006-45083 A
Patent document 5: JP 2006-182709A

20  Patent document 6: JP 2000-36473A

DISCLOSURE OF THE INVENTION
Problem to be Solved by the Invention

[0010]
An object of the invention is to provide a metal compound capable of forming
25  a metal-containing thin film with reduced residual carbon and establishing a process
assuring a stable deposition rate and stable film composition control. As used herein,
the term “material for chemical vapor phase growth”, which will be also referred to as
“chemical vapor phase growth material”, refers to both a material for CVD and a

material for ALD unless otherwise specified.



. The invention also provides a material for chemical vapor phase growth that contains the
metal compound. 15[0015] The invention also prbvides a process for forming a
metal-containing thin film by chemical vapor phase growth characterized by using the material
for chemical vapor phase growth. BEST MODE FOR CARRYING OUT THE INVENTION 5

[0016] The invention will be described in detail based on its preferred embodiments. The
metal compouwviekof the Iomensien:israyigrel compound represented by general formula (1)
shown above. 5[0017] In general formula (1), examples of the halogen atom as

represented by X include fluorine, chlorine, bromine, and iodine. Among the compounds of
formula (1), prefetred are those wherein X is a chlorine atom because of high volatility and
inexpensiveness of raw materials for making them. 10[0018] Compounds of formula (1)

wherein m is 1 are moeA/BE P THEINOG FsHEM A Beanermrbievaniereltys lomAdbet a
lower thermahuiggoryposition teamjeratugsthés thosenvheseimpliihe HQY HS6/8Sohebeicale
vapor phase growth material, those having a greater difference between a volatilization
temperature (vapor temperature) and a 15 deposition temperature (reaction temperature) are
convenient because of the provision of a broader process margin. Accordingly, m is preferably
selected so ag)fﬁ fford a broader process margin. When M is titanium, for example, those in
which mis 1 are preferred as providing a larger process margin [0019] 20A compound
represented by ClaTilliedrsizn premidesor @)twiviohpswdalggessntaithe gampdichok (1):
formula (1) wherein X is a chlorine atom, and M is titanium, is a solid having a melting point of
70 to 95C, whereas the analogous compound of the invention is liquid and particularly suited
for use as a ¢bemical vapor phase growth material. 25[0020]

[Formula 1]

( X—>‘M N/ (1)
n \.._. 4-m

10 wherein M represents titanium, zirconium, or hafnium; X represents a halogen atom;

and m represents 1 or 2.

[0014]

The invention also provides a material for chemical vapor phase growth that

contains the metal compound.

15 [0015]

The invention also provides a process for forming a metal-containing thin film
by chemical vapor phase growth characterized by using the material for chemical vapor

phase growth.

BEST MODE FOR CARRYING OUT THE INVENTION



' [002i] [Formula 2] Compound No. 5Compound No. 6 FTiN 2) 22 C1T Compoumd No
7Compound No. 8 [0022] [Formula 3] Compound NS. 9Compound No. 10Compound No.
11Compound No. 12 BrZrl N) 3IZrN ) 3

10

15

20

25

[0016]

The invention will be described in detail based on its preferred embodiments.

The metal compound of the invention is a novel compound represented by

general formula (1) shown above.

[0017]
In general formula (1), examples of the halogen atom as represented by X

include fluorine, chlorine, bromine, and iodine. Among the compounds of formula (1),

preferred are those wherein X is a chiorine atom because of high volatility and

mexpensiveness of raw materials for making them.

[0018]

Compounds of formula (1) wherein m is 1 are more volatile than those wherein
m is 2, and those wherein m is 2 have a lower thermal decomposition temperature than
those whereinm is 1. For use as a chemical vapor phase growth material, those having
a greater difference between a volatilization temperature (vapor temperature) and a
deposition temperature (reaction temperature) are convenient because of the provision
of a broader process margin. Accordingly, m is preferably selected so as to afford a
broader process margin. When M is titanium, for example, those in which m is 1 are

preferred as providing a larger process margin.

[0019]

A compound represented by Cl, Ti(N(CHz)2)s-n (n=1 or 2), which is analogous
to the compound of formula (1) wherein X is a chlorine atom, and M is titanium, is a
solid having a melting point of 70° to 95°C, whereas the analogous compound of the
invention is liquid and particularly suited for use as a chemical vapor phase growth

material.

[0020]
Examples of the metal compound of the invention include compound Nos. 1
through 24 below.



.3 Cc;mpound No. 15Compound No. 16 A 13r---)-Zr (I N 2) 22f2 5[0023] [Formula 4] 7
Compound No. 17Compound No. 18Compound No.519Compound No. 20 FHeN //
3CIHfN\BrHf (N Compound No.2I (FHf( 2

[0021]
[Formula 2]
Compound No. 1 Compound No. 2 Compound No. 3 Compound No. 4
o / / / /
F—Ti+N cl Ti N Br Ti N I Ti N
Compound No. 5 Compound No. 6 Compound No. 7 Compound No. 8

(F_);TWLNL)Z (Cl—)z—Ti%NL)z (B‘"—)Z‘Ti{ﬂ\(_)z (Hz—TﬂLNQ_)z

[0022]
[Formula 3]
Compound Ne. 9 Compound No. 10 Compound No. 11 Compound o, 12
F Zr%N c1 ir N Br Zr N I ir N
\.._ 3 \_,,.... 3 \_ 3 \__ 3
Compound No. 13 Compound No., 14 Compound No. 15 Compound No. 16

5 [0023]

[Formula 4]



. Com'pound No. 22Compound No. 23 / ( CIHf (N( Br-4--HfN 22)22 Compound No. 24 ( 1+/
22/ 2 [0024] The metal compound of the invention is'not limited by the process of preparation
and can be prepared by using well-known reactions. Useful processes include the reaction
between MX4 (wherein M and X are as defined above) and 5 ethylmethylamine of an amount
necessary to afford a desired number m and the reaction between MX4 and M(NEtMe)4 of an
amount necessémotes dfford a desiredrumbersm. The forimerseaction is preferabhy sanied out
by converting anFalﬁ/Lli ium ag a stalrtiﬁjﬂcf: rr?qﬁoun to eBEhyIrrglfe %Lami oIithiLIJanz::tﬁsf nN/
intermediate, which is thef\allo ed t6 N N _

Compound Mo. 21 Compound No. 22 Compound No. 23 Cempound No. 24

(e ), o), o) ek )

[0024]

The metal compound of the invention is not limited by the process of
preparation and can be prepared by using well-known reactions. Useful processes
include the reaction between MX, (wherein M and X are as defined above) and

5  ethylmethylamine of an amount necessary to afford a desired number m and the reaction
between MX, and M(NEtMe)s of an amount necessary to afford a desired number m.
The former reaction is preferably carried out by converting an alkyl lithium as a starting
compound to ethylmethylaminolithium as an intermediate, which is then allowed to
react with MX,. The latter reaction is preferably performed by mixing MX, and
10 M(NEtMe); and stirring the mixture at a temperature necessary to effect the reaction.
The preparation of the metal compound of the invention is conducted in an environment

as free as possible from any reactive species, such as water, oxygen, and carbon dioxide.

[0025]
The material for chemical vapor phase growth according to the invention
15 comprises the metal compound of general formula (1) as a thin film precursor. The
form of the material is selected as appropriate to the procedures of chemical vapor phase

growth employed, such as a source delivery system.

[0026]
The source delivery system includes a vapor delivery system in which a
20 chemical vapor phase growth material is vaporized by heating and/or pressure reduction
in a container and introduced into a deposition reaction chamber, if desired, together
with a carrier gas, e.g., argon, nitrogen or helium, and a liquid delivery system in which
a chemical vapor phase growth material is delivered in the form of a liquid or a solution

to a vaporizer, where it is vaporized by heating and/or pressure reduction and then led to



_react with MX4. The latter reaction is preferably performed by mixing MX4 and 10 M(NEtMe)4
and stirring the mixture at a temperature necessary fo effect the reaction. The preparation of
the metal compound of the invention is conducted in an environment as free as pos_'slble from
any reactive species, such as water, oxygen, and carbon dioxide. [0025] The material for
chemical vapor phase growth according to the invention 15 comprises the metal compound of

general formul@addosason tabrfien @Iﬁﬁb’_&ﬁor-\mﬁ@l@éﬁl‘iéﬁ EBQHQ%&?'&@I%&%?}%%&{ the metal

appropriate to the procedures of chemical yapor phase growth employed, as a source
delvery syst T OUBRT TE S0 ETET) SR Hates s VA sordian aRpey shens ammich
a 20 chemicerhﬂmi@i-pHaséegc@wtthEtﬁqmdslvﬁmmm,hﬁbam?ala@&quamﬁwt ; rﬁ@rﬁggt;fq@lg)n
in a containe IQLr [ ifi ion chamber, if desjred, together with a
carrier gas, ef.; én%rg%ﬁg %%%%%?otgﬁdé%h%% ,ygﬁa{ g%%l% a&eﬂ%arnywsﬂs/% Véen{#[i.lr? \%’ igﬁeglé%gr‘ﬁarggf
vapor pHSase B Mabenaisddelivered in the form of a liquid or a solution to a vaporizer,
where it is vaporized by heating and/or pressure reduction and then led to 8 a deposition
reaction chamber. When applied to the vapor delivery system, the metal compound _
represented W%@ﬁeral formula (1) per se is the chemical vapor phase growth material. In the

case of the liquid delm%ammg&eeﬂ@%@mnapa%%@g%ﬁ&&&@?ﬁs%g%%w iﬂe%f
e et o o AR G50 RE SOurE ot et el 3 yeteon o wtach 2
plurality of the materials are separately vaporized and delivered (hereinafter referred to

10 as a multi-source system) and a system in which a plurality of the materials are
previously mixed at a prescribed ratio, and the mixture is vaporized and delivered

(hereinafter referred to as a single source system). In the case of the single source

system, the material for chemical vapor phase growth may be a mixture of the metal

compounds of formula (1) or a solution of the mixture in an organic solvent or a mixture

15  of the metal compound(s) of formula (1) and other precursor(s) or a solution of the

mixture in an organic solvent.

[0028]
The organic solvent that can be used in the material for chemical vapor phase
growth is not particularly limited, and any widely known organic solvent that is inert to
20  the metal compound of the invention may be used. Examples of useful organic
solvents include acetic esters, such as ethyl acetate, butyl acetate, and methoxyethyl
acetate; ethers, such as tetrahydrofuran, tetrahydropyran, morpholine, ethylene glycol
dimethyl ether, diethylene glycol dimethyl ether, triethylene glycol dimethyl ether,
dibutyl ether, and dioxane; ketones, such as methy! butyl ketone, methyl isobutyl ketone,
25  ethyl butyl ketone, dipropyl ketone, diisobutyl ketone, methyl amyl ketone,
cyclohexanone, and methylcyclohexanone; hydrocarbons, such as hexane, cyclohexane,
methylcyclohexane, dimefhylcyclohexane, ethylcyclohexane, heptane, octane, toluene,
and xylene; hydrocarbons having a cyano group, such as acetonitrile, l-cyanopropane,
l-cyanobutane, 1-cyanohexane, cyanocyclohexane, cyanobenzene, 1,3-dicyanopropane,
30  1l,4-dicyanobutane, 1,6-dicyanohexane, 1,4-dicyanocyclohexane, and
1,4-dicyanobenzene; pyridine, and lutidine. A solvent or a mixture of solvents to be
used is selected according to, for example, solubility for the solute and the boiling



. [0027] In a multi-component chemical vapor phase growth process used to fabricate a
multi-component thin film, the source delivery systeffis includes a system in which a plurality
of the materials are separately vaporized and delivered (hereinafter referred to 10 as a
multi-source system) and a system in which a plurality of the materials are previously mixed at
a prescribed ratio, and the mixture is vaporized and delivered (hereinafter referred to as a

single sourcecsyemic D HEEAsE RhHHE FiReIeSRIEE SIS IR whiR MAeS L:I%Fé!eni!ﬁcﬂém%f

vapor phasetggcs)gvth may be a mixture of the metal compounds of formula%]égfor a solution
the mixture il &h OrGANIc SoNvBHE 814 HIRS TE BF IR st AP B3 h OB Db HsURY easigthd
other precursoitf®) ogansototicmict thvefenikiyre. i anigacid, soilvertfd028).05 toThe prganic
solvent that can be used in the material for chemical vapor phase growth is not particularly
limited, and any widely known organic solvent that is inert to 20 the metal compound of the
invention may&Ediuised. Examples of useful organic solvents include acetic esters, such as

ethyl acgtate, butyl d methoxyethyl acetate; ethers,.such as tetrahydrofuran,
tetrahydropyran, m(fFS %gﬁﬁ%%@%ﬁ%%ﬁ%%ﬁ%o dimethyl Qq %}F%ﬁlgfhﬁg éhﬁlﬁgggﬁ%@i?ﬂﬂ”&ﬁér
triethylene gRpEBHnidin{n chisemdiwgmaemsnt aslitdisrbvepietores, sucttapmetss isiy a

ketone, methyhisohuikkeiaeg, 35 @tm%ml%&@@%tﬂprﬁgyﬁ&egaﬁ?cﬂéﬁ9blﬂ%ltéfftgﬂg’any
methyl amyl ketone, c;a:lgt exanone, and me_tr:élc (:thexanone; ydrocarbons, such as

hexane, cycf%rﬁ(%%rasﬁres, A V&ghgﬁ?% clohexane, ethylcyclohexane, heptane,

octane, toluene, and xylene; hydrocarbons having a cyano group, such as acetonitrile,
1-cyanopropane, 1-cyanobutane, 1-cyanohexane, cyanocyclohexane, cyanobenzene,
1,3-dicyanop£p(989i11e, 30 1,4-dicyanobutane, 1,6-dicyanohexane, 1,4-dicyanocyclohexane,
and 1,44icyanobenEanapbysidiitae atictiysidinesAssabiant ebApir eRhRARNRL Bfiused
is selected gggarding to ﬁg %xebql%le luhility for the solute and the boiling 9 temperature
or ignition temperh;%que i ré‘llation to %R%P%yc% ft%lé) rtlgmoﬁelrré?ﬁ?e(.ni%aﬁlscln%oﬂﬁég%tg}%a?ﬂ@%wé%ts,

the total contasttediofomtnalenbedl compeuitis)Break inventondn tfedkgtonic solrgmtisds,
preferably 0&tlipehthdiait/ looshifonirier abnll Otk &aeddind0294 SQthsHRrecHisorR.that

can be usedsirécclognbirlago Wi@rthe egal compound of fgrmula (1) in the multi-component

chemical vapor phase blrg\:\?/?ﬁ Proc sg]ﬁ S é"lgsmﬂ‘fﬁbs%rlb%l%é Yy Eﬁ?@?é‘%u%glgi}%m

are notlpartieifdaehpiimitdle Snevark Peovmtsosscheals eoyiiuin, thegresinay, belcisad. SOQ30]m,
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nds selecte

phosphorus, or.a metal and one or mgre organic coordinating compou ro

alcohol comlﬁﬂﬂ}?&%lf@&%’rﬁ{aﬁﬁ? 1R SRR RS o PRAERETRETS pEFRIHERe BHIRRIBIRGS,
organic amigedodimpoytetbianddssfortund, e meéta spéoies iolide, theebiou) dnélAmEnts),
such as lithigm, a%@iﬁ%i@el@ﬁ{éﬁj"{%’ @Qﬁ%’ Yiements, such as titanium, zirconium, and hafnium;
20 the Group 5 elements, such as vanadium, niobium, and tantalum; the Group 6 elements,
such as chromium, molybdenum, and tungsten; the Group 7 elements, such as
manganese, technetium, and rhenium; the Group 8 elements, such as iron, ruthenium,
and osmium; the Group 9 elements, such as cobalt, rhodium, and iridium; the Group 10
elements, such as nickel, palladium, and platinum; the Group 11 elements, such as
25  copper, silver, and gold; the Group 12 elements, such as zinc, cadmium, and mercury;
the Group 13 elements, such as aluminum, gallium, indium, and thallium; the Group 14
elements, such as germanium, tin, and lead; and the Group 15 elements, such as arsenic,

antimony, and bismuth; and the Group 16 elements, such as polonium.

[0031]

30 The alcohol compounds that can be used as an organic ligand include alkyl



. 15 and cesium; the Group 2 elements, such as beryllium, magnesium, calcium, strontium, and
barium; the Group 3 elements, such as scandium, y%ﬁ‘ium, lanthanoid elements (i.e.,
lanthanum, cerium, praseodymium, neodymium, promethium, samarium, europium,
gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium, and lutetium), and
actinoid elements; the Group 4 elements, such as titanium, zirconium, and hafnium; 20 the

Group 5 elemémnisolscsuets \@nagktiinglioRiahodn dhiskiadiMidedaEauP GRISDENS.LRURS
chromium, mglybden d tungsten; the Group 7 elements, such as manganese,
technetium, ﬁ%ﬁ%ﬂ%ﬁ%&l %@l}éid pagl‘éltlea‘jﬁzgﬂ?g Loarsk ﬁ%@}‘ﬁ)tﬁ%ﬁfﬁﬁ,’% SLerfiah; sHher
Group 9 elenitioiolsuch sisleobats, rhadinehemnetividiolm; tectiroyptithelemedvstoughiasol,

nickel, palladjum.. a8 Hatinge)dha.sroup 11 elements, such as 25 il old:
the Grou}f 1 Lé%ment?%@%fg% zinc, cadmium, and mercury; the g%%%%?{ggléﬁ%%hr?p%gmg

C
ts, sUC
as alumifium? é%?ﬁ’ih?ﬁ%?uh ARy EHEMRIm: the Group 14 elemenrtStaieh lak-giaratayirihangh,

and lead; and@-ibeptmxy-15 elencdntktisareh, as arsenic, antimony-aind BisImutimand b8aaspup
16 elementsyspch, as RRAIAIYTY_10 & uch as methanol, gthanol, propana,
isopropanol, bsg%gnol, %uta%%’)’ Hé(?b%![%%% ,Fteé%- 0Etanol, amyl alcgl%?,p %’85%1&%%%8@%’

tert-amyl alconsr-Bitieraibbrbhslpthargl metiodyetharpethetiidx dinstoyRbntorjethannd,

2-(2-methoxyiligmyeiadebRorerbotind RGBS REE IR v dukglimethyl ethano
[,2-ethoxy-1,1-dimethylethanol, 2-isoprop oxy-1,1-dimethylethano I,2-buto xy-1,1
-dimethylethanol, 2 -(2-methoxyetho xy)-1,1 -dimethyl ethano 1,2 -propoxy-1,1 -diethylethanol,
2 -s ecqputoxyebArdiethyl ethano I,and3 -metho xy-1, 1 -dimethylpropanol;and dialkylamino
alcohols providing the alkoxide compounds of the invention. 10[0032] The glycol
compounds that can be used as an organic ligand include

L oy s b el L ioRARe o 2 R ud & BB g ORANGE
2 4-butanedibPEBHEWRRI- 1, 3-buthhcemRrmedion-2-buty!l Braessadisdiol,  2,4-hexancdiol,
2,2-dimethyl-1,3-propanediol, 2,2-diethyl-1,3-propanediol, 1,3-butanediol,
2,4-butanediol, 2,2-diethyl-1,3-butanediol, 2-ethyl-2-butyl-1,3-propanediol,
15 2,4-pentanediol, 2-methyl-1,3-propanediol, 2-methyl-2,4-pentanediol, 2,4-hexanediol,
and 2,4-dimethyl-2,4-pentanediol.

[0033]
The B-diketone compounds that can be used as an organic ligand include
alkyl-substituted  B-ketones, such  as  acetylacetone,  hexane-2,4-dione,
20 5-methylhexane-2,4-dione, heptane-2,4-dione, 2-methylheptane-3,5-dione,
5-methylheptane-2,4-dione, 6-methylheptane-2,4-dione, 2,2-dimethylheptane-3,5-dione,
2,6-dimethylheptane-3,5-dione, 2,2,6-trimethylheptane-3,5-dione,
2,2,6,6-tetramethylheptane-3,5-dione, octane-2,4-dione, 2,2,6-trimethyloctane-3,5-dione,
2,6-dimethyloctane-3,5-dione, 2,9-dimethylnonane-4,6-dione,
25  2-methyl-6-ethyldecane-3,5-dione, and 2,2-dimethyl-6-ethyldecane-3,5-dione;
fluoroalkyl-substituted  B-diketones, such as 1,1,1-trifluoropentane-2,4-dione,
1,1,1-trifluoro-5,5-dimethylhexane-2,4-dione, 1,1,1 .3,3,5-hexafluoropentane-2,4-dione,
and 1,3-diperfluorohexylpropane-1,3-dione; and ether-substituted B-diketones, such as
1,1,5,5-tetramethyl-1-methoxyhexane-2,4-dione,
30  2,2,6,6-tetramethyi-1-methoxyheptane-3,5-dione, and



. 152,4-pentanediol, 2-methyl-1,3-propanediol, 2-methyl-2,4-pentanediol, 2,4-hexanediol, and
2,4-dimethy1-2,4-pentanediol. [0033] The 13-dikétone compounds that can be used as an
organic ligand include alkyl-substituted13-ketones,suchasacetylacetone,hexane-2,4-dione, 20
5-methylhexane-2,4-dione, heptane-2,4-dione, 2-methylheptane-3,5-dione,
5-methylheptane-2,4-dione, 6-methylheptane-2,4-dione, 2,2-dimethylheptane-3,5-dione,

2,6-dimethylngplapectambiene. 42 Adineiyieniape:b 3 8ihs.
2,2,6,6-tetramethylheptane-3,5-dione, octane-g},{i}ll?digne, 2,2,6-trir$1ethyloctane-3,5-dione,

2,6-dimethyloctane-3,5-dione, 2,9-dimethylnonane-4,6-dione, 252 -methy1-6-ethyldecane-3
,5-dione,and2gsdimethyl-6-ethyldecane-3,5-dione; fluoroalkyl-substituted P-diketones, such
as 1,1,1-trifluoropentane-2,4-dione, 1,1,1-trifluoro-5,5-dimethylhexane-2,4-dione,
1,1,1,5,5,5-hexafluordpéfdnereuadisecanponslyiberfiaolshesed propaeme-tiemd, antide
ether-substitutgdobdrtikainn asesiytbyan dedibifielr@matyrldpneinh sxanecdo floRRE 3R,
2,2,6,6-t%trarps%g})6l-%c- Otheog(ﬂg tane-B,%-&iqnetfnd ila b i
2.2,6,6-tetramethy L2 1-{2-niethoxyathoxy)heprane 3 b Hane fo034] Secbyilexslopmiaiiiene
compounds tifabeitchelersdpdisnam orgatitfigtridyidlchmitadiaiopentadiienthyl cyclopentadiene,
methylcyclopgiradiendc pbgerairaatatiensRreRYrycieReRtadisne,
5isopropylcyclopentadiene,butylcyclopentadiene,sec-butylcyclopentadiene,
isobutylcyclopentadiene,tert-butylcyclopentadiene,dimethylcyclopentadiene,

tetramethylcyg ntadiene, and pentamethylcyclopentadiene. [0035] The organic amine
compounds that can be used as an organic ligand include 10 methylamine, ethylamine,
propylamine, isopropyniisaMs AR RRMBEENSS Hhahfiffe breksbliti amineaisHigghahimiyde
dimethylamineetilidthyiaeniegytipiay mrtasiiso Riepprnaanehmeiamitoutylamine,
propylmethyl%ggj%?ghqiﬁ%g)pr?&}glrp eltahr}ﬂ%? Inedimethylamine, diethylamine, dipropylamine,

diisopropylamine, ethylmethylamine, propylmethylamine, and isopropylmethylamine,

[0036]
The other precursor, when used in a multi-source system, is preferably a
15 compound that exhibits similar behavior in reaction or decomposition into a thin film
composition. When used in ALD, the other precursor is preferably a compound
reactive with the formed atomic layer (the layer of the metal compound of the invention
or an intermediate layer resulting from the reaction of the metal compound layer).
When used in a single-source system, the other precursor is preferably a compound that
20 undergoes no modification due to chemical reaction on mixing as well as exhibits

similar behavior in conversion to a thin film composition.

[0037]
If desired, the material for chemical vapor phase growth of the invention may
contain a nucleophilic reagent to stabilize the metal corapound of the invention and
25  other precursor. Examples of the nucleophilic reagent include ethylene glycol ethers,
such as glyme, diglyme, triglyme, and tetraglyme; crown ethers, such as 18-crown-6,
dicyclohexyl-18-crown-6, 24-crown-8, dicyclohexyl-24-crown-8, and
dibenzo-24-crown-38; polyamines, such as ethylenediamine,

N,N’-tetramethylethylenediamine, diethylenetriamine, triethylenetetramine,



. [0036] The other precursor, when used in a multi-source system, is preferably a 15 compound
that exhibits similar behavior in reaction or decompodiion into a thin film composition. When
used in ALD, the other precursor is preferably a compound reactive with the formed atomic
layer (the layer of the metal compound of the invention or an intermediate layer resulting from
the reaction of the metal compound layer). When used in a single-source system, the other

precursor is pﬁ@{@@j@ﬁe@ﬁ@mmﬂ{p that 20 undergoes no modification gjléﬁ r{%@%ﬁexam
reaction on m E as eﬁgfﬁ Lmnar behavior in conversion to COmposI |or’1.
ési

[0037] el TRE AL AR dr bﬁ&s@&&%ﬁ@qﬂy%ﬁhﬁm@fﬁgﬁmwe,
contain a nuclambhrhcihea:ganﬂtyiested:ﬂlm thgmetgbmmn@whtrﬁ igyeatioRRNdRhathesd

precursor. EX%@%PJ&&@EE“% tﬁﬂﬁ@'“%ﬁ%ﬁ‘gggt gﬁe%dée ;5% ?%1 Cg{:/fﬁggeéfnesuﬁogpiolme

glyme, dglyme triglyme, and tetraglyme; crown

dicycloheRy1- II%“?:‘? Pyrddingwn %@é@ﬁ@?@lﬂ@4 dronetislmatblibiekzo- RicdrydimBran,

polyamines, Swalﬂﬁﬁﬁifuﬂ?ﬁ@dlaﬂmﬂlﬁxane oxazole, thiazole, and oxath1olane The nucleophilic
N,N' tetrameth n%nylened nine dleth%/] netriamine,trie f1 ggp amlne

tetraethyleneperitamine. pen NV RSrLY %ﬁﬁ]ir?gw'ﬂ]i,ﬂ, : rﬁé‘ihﬂ&‘?@‘ﬂﬂh@n@ﬂné‘f’rﬁﬁ@‘ﬂ
1,1,4,7,10, 10Pﬁ7ém4ﬁe?tﬁ§hetﬂ€ﬁlﬂil@meumﬂmﬁé}eandemmhoxytnethyleneamlne cyclic
polyamines, such as cyclam and cyclen; and heterocyclic compounds, such as pyridine,
pyrrolidine, piperidine, morpholine, 5 N-methylpyrrolidine, N-methylpiperidine,
N-methylmorpA8hfk, tetrahydro furan, tetrahydropyran 1,4-dioxane, oxazole, thiazole, and

oxathiolgpe. The nucl@f;&)mﬂ&ﬁ&g [ used in.an ount of 0.05 to 10 mol,
preferably 0.1 to 5 mol, per mole of %’?a% (%o poun afp? glnovtz on1684% 1 % have

chemical vapBFB’I’i%Eé"Sdg FG\M‘FPFﬁa&gﬁﬁlWﬂﬁ%s iRt g nbgl ¢ onstisuanininvizedneotse imslofing
impurities othiengaity theceonetitieits Cmqﬂﬁwnhﬁld@@ﬂéd@%mﬂﬁﬁﬁt@%bﬁﬁ%}‘eﬁﬁ RpLHEY
halogens (e. g? éggggr%ghlon?g% andulrrln urlt 3IP anic matt e |me%1%€ metal elemént
content is prefe ppb or 1SS hote 1 pre era%rﬁﬁﬁbcﬁ)ﬂﬁe& RS %r§/ DERIEAE K58 a
total impurity %@%P&fﬁté‘ﬂﬁf |§QLBPbr@féPabI9?OI PTy sldesitmodeapredbiatiyrik)Gneptd csdess.idn
particulass in fheftlmisationaf a-thind "%@fe%?&@h idgg@silicap- ﬁ%@ta'fﬂ{‘%ﬁ% a?on?lp'%’é
oxide, a mtndea Sal lcon % ﬁiég(} ynitride, or.the |ke for use as a gate insulator
gate film, or a bather Mm-S i § e é’ ¢ Wﬁlﬁﬁ%@%ﬁé‘%&ﬁ@h@@ﬂ%ﬁ%ﬂﬁaﬁ
elements, alkaiirideearttipoatadetdningsantidengeaheriskef fitanit o3, Z fgiisMatoFf film, a gate
film, or a barrier film of LSI devices, it is required to minimize the contents of alkali
metal elements, alkaline earth metal elements, and congeners of titanium, zirconium, or
20  hafnium that are influential on the electrical characteristics of the resulting thin film.
The impurity halogen content is preferably 100 ppm or less, more preferably 10 ppm or
less, even more preferably 1 ppm or less. The total impurity organic matter content is
preferably 500 ppm or less, more preferably 50 ppm or less, even more preferably
10 ppm or less. A water content causes particle generation in the CVD material or
25  during chemical vapor phase growth. Therefore, it is advisable to previously remove
the water content from the metal compound, the organic solvent, and the nucleophilic
reagent as much as possible before use. The water content of each of the metal
compound, organic solvent, and nucleophilic reagent is preferably 10 ppm or less, more

preferably 1 ppm or less.

30 [0039]
In order to reduce or prevent contamination of a thin film with particles, it is

desirable for the chemical vapor phase growth material of the invention to have not



. 20 hafnium that are influential on the electrical characteristics of the resulting thin film. The
impurity halogen content is preferably 100 ppm or le55, more preferably 10 ppm or less, even
more preferably 1 ppm or less. The total impurity organic matter content is preferably 500 ppm
or less, more preferably 50 ppm or less, even more preferably 10 ppm or less. A water
content causes particle generation in the CVD material or 25 during chemical vapor phase

growth. Therefiore, ihis achispirgciespvigystude oy arihenyatensaniagt famdbe metal 1000
compound, the Ir([qanic S Ive#st, aﬁ% the nucI%(_)thiIi reagent as much as possible before use.
n Ad

The water coRtent o1 8ach o AP SHTBIURE, OFAHE St iwh L Ol BpRintes cReRAt
is preferably fGpha onlessy morefpiteféicabily dhpprmomiessur30[6080h lighinameits weide
or prevent cogianinal e Qhia SRR RaLiEIRs,JL Is desirable for the chemical vapor

phase growth material of the invention to have not 13 more than 100 patrticles greater than
0.3 um, more desirably not more than 1000 patrticles greater than 0.2 um, even more
desirablynot than 100 particles greater than 0.2 um, per ml of its liquid phase as
measured wi&h a light scattering particle sensor for detecting particles in a liquid phase.
5[0040]  The prodd$srspessmfglarmingimnthisc Sildinactontio presthet mesmtionvsmion is a

chemical vapgiephiage @athhprecessih Woaisha YaRerzedmalssialal thedstal £ompoung

(precursor) of the inv nEon and, ij r%fctgssar%/ other precuysor, and, if necessary, a reactive
e pre

586 2RSS 6ir OO O  BEF B0 d Gl e/ gind, if

gas are led t6 A substra
chemically resessathe: sebstinaeas meakedaichinstilstigremaad dHauiet ¢ipsor $héssubstiateedT he
process of the.BsasRRL EBeRRRALPATIGUATH ISl ghighdelivery syste

the mode of deposéllglign, the film forlmat?Fc))n conditions, ?ﬁﬁ?m@éﬁ?nﬁgﬁjé lgﬁ%n%%@/%%%s%{gd

like. Any contRiSh&ERIINE o d sl BSHRRERT ¥nbwRiesent iateakomisdw iRy tsrlasp ozt cted
Examples oftihetreactivgagds]thatmapydg usethiadesiresineiodetosefaniheioipatianaian

oxide film, s idiz] h as n, ozpne, nitrogen dioxide, nitrogen
monoxide, V\';gitgeﬁ \%%%%%rlgggé?g%%d e,d %ﬁ%ﬁ%@cgbidgggeﬁ%l %?é? ,Saﬁ%a(a@g{ Ogﬁ}%}ﬂﬁ%‘%nd
reducing gas&¥ vk e FY aregudereaetive gases that can 20 be used to form a nitride film
include organic amine compounds, such as monoalkylamines, dialkylamines, trialkylamines,
and alkylenediamines; hydrazine, ammonia, and nitrogen. [0042] The material delivery

systemBincl{ffHthe above-described vapor delivery 25system, liquid delivery system,

multi-source system gangSiRolE SRUGRSYSISID daPA3), be (B FSRASIOA NAUSRINS RIS, :

thermal CVD (19rrr1]z|1¥1 heat.is used to.cause the vaporized material or a mixture of the vaporize
al anc BT oS #5 A
material and a reactiv a

Ry ST A IE&I - SR WYESD (IS AFigogen
plasma are uiexf}iephdtogrssisted:@eDwater vapor, hydrogen peroxide, formic acid, acetic acid,

and acetic anhydride; and reducing gases, such as hydrogen. Reactive gases that can
20 be used to form a nitride film include organic amine compounds, such as

monoalkylamines, dialkylamines, trialkylamines, and alkylenediamines; hydrazine,

ammonia, and nitrogen.

[0042]

The material delivery systems include the above-described vapor delivery

25 system, liquid delivery system, multi-source system, and single source system.

[0043]

The deposition modes include thermal CVD (only heat is used to cause the
vaporized material or a mixture of the vaporized material and a reactive gas to react to
deposit a film), plasma-enhanced CVD (heat and plasma are used), photo-assisted CVD



. 14 (heat and light are used), photo plasma-assisted CVD (heat, light, and plasma are used),
and ALD (Atomic Layer Deposition) in which a depokition reaction of CVD is divided into
elementary reaction steps so as to build up a film stepwise on a molecular level. [0044] 5The
film formation conditions include reaction temperature (the substrate temperature), reaction
pressure, and deposition rate. The reaction temperature is preferably 150C or higher at which

the metal compaunghiaf dheatevaripmrsasitshificieniv: mors m@i&@@l\g @@%ﬁ%@%&@s D

reaction pres%%{e ilsllér(gg atm;is%her ¢ pressure to 1Q Pa for thermal CVI 0-aSS
CVD or from T3 TR IRERGTIAR APLEHE Il Ras R reasiisstd iR isativided
controlled byittte ¢teateniat feea:tonditipnso(vapobizikgientiiaratese, Rodyapesizingapressure)
and the reaction temperature and pressure. Too high a deposition rate tends to result in
deteriorated characteristics of the resulting thin film, and too low a deposition rate can result in
poor productiuigudA preferred deposition rate ranges from 0.5 to 15 5000 nm/min, more

preferabg/ 1 to 1000 iﬂé”ﬁ?' Infghe ?@%e Coof LtD’ the fiLr;aséhickness is controlled by the number
of cycles to reach a desired Tilm thic REIRIRISEES oA M HIRCTABHE at g oiiprirate

ness.
chemical vapemppEsagsowastinateriedsufeherdydepieitisnpreferabThs etexttonfrommhanaags of

0.1 to 1000 nspsruyhie, vesyig slepeidingioniig, intended e AR the Tﬁkﬁeﬁf{i‘re cts

compound o tlée 'angntion affords a metal nitride with little impurity, such as residual carbon,
and is therefSPESIEIER AR e 8 a métaltRitfdd thin filtiea AstGPe PisFsBES siforfrom
forming a metahorplice irnssimeusing fefehtmical GpDradase makind DD ipveniondso
ALD. AL is 7p0asets i A shermicayanor PraReadR Gonih malendl andfica b e
necessary, a reactive gas, and other precursor are alternately pulsed to make one cyci)é't%1
form an atonfiRi§TERofESrEcoditions EyeroTiziep damusiiteradisanetiape praswepasidethand
built up to a cesiied thiekBess:dragacheyce, thq*daplﬁ@ofath@egaﬁ%ﬁ%% gwthmaterial,
and/or the reagti as may. optionall followed by a of remoying the unreacted vapor
phase growtIqaér%gtger_%taelaacr]%1 g?tnes%?f ‘éﬁbr%% 5§YP(51 c%‘@%%ﬁ@@%ﬁ?&i VGitheRASTHER s can
and/or by evE€uktion. PedD igrelEebciErizedbypetavidih dapsitifitm with saspealldroamd sore

uniform ghiclsTeRsithARI R RS OsRESRBIAOheT G5y aRiads. of ALRelTom the natwe f the film

formation 15 mechanism, js a lower deposition temperature required. This advantage makes
ALD widely S3eaIes OB g B L et kB T ISR o thEe
element to atkighaesstef thedhiheflike fhidbatmdp b effeotachinvapontpaiomovith hredtliybt e
Ellre:]smz 5b[0%%1_nﬁon Iy theflpyigiraatiqa Preces sl Paﬁgef%ﬁeﬂh'.'é enpeg e Jaatlting thin

y be subjected to annealing in an inert atmosphete, an oxidative atmdsphere, or-a
reducing atn768 P@ﬁ?(%‘témeﬂﬂﬁ‘?d\?&d electrical characteristics. "Where step coverage is
required, the process may include the step of reflowing the thin film. The 10 temperature for
annealing or reflowing should be within a range permissible for the use of the thin film. The
tempel%ﬁure[%oﬂlghally from 300 to 1200C, preferably 400 to 600C.

The metal compound of the invention affords a metal nitride with little impurity,

such as residual carbon, and is therefore preferably used to form a metal nitride thin film.

A preferred process for forming a metal nitride thin film using the chemical vapor phase
material of the invention is ALD. ALD is a process in which a chemical vapor phase

25 growth material and, if necessary, a reactive gas, and other precursor are alternately
pulsed to make one cycle to form an atomic monolayer, and this cycle is repeated until

the atomic layers are deposited and built up to a desired thickness. In each cycle, the
pulse of the vapor phase growth material and/or the reactive gas may optionally be
followed by a step of removing the unreacted vapor phase growth material and/or the

30  unreacted reactive gas by purging with an inert gas and/or by evacuation. ALD is
characterized by providing a thin film with a smaller and more uniform thickness than

CVD processes. Another advantage of ALD, from the nature of the film formation



. [0047] Combined with appropriate selections of a precursor of other component, a 15 reactive
gas, and film forming conditions, the chemical vaportphase growth material of the invention
and the thin film formation process using the material provide a thin film of desired kind, such
as metal oxide films, metal nitride films, and glass. Examples of the composition of metal
oxide films include titanium oxide, zirconium oxide, hafnium oxide, bismuth-titanium complex

oxide, a bismgiiriiane:@aitaelemeni=ianion eapaiaxéd arded siiear-tRAMRCAMRIEXA LD
oxide, silicon-“z/}%%piu cogngl.e oxid§, ﬁj}llico[n-h fnium c.omplexéoxide, hafnium-aluminum
complex oxidé. & HafRRIA: AR IR &%ﬁ?&f%&f&@"gif? Shsbrstrith Gl CaRiBRx
oxide, silicondheifrsininteadumminiratecendpliex bixide Ad $licory-bafeffatehin earthielaorenttonapex
oxide, titaniumsgircRRiiRslead complex oxide, titanium-lead complex oxide, 25
strontium-titanium complex oxide, barium-titanium complex oxide, and
barium-strontium-titanium complex oxide. Examples the composition of metal nitride films
include tigani 5?)4{3 ride, zirconium nitride, hafnium nitride, titanium-aluminum complex nitride,

silicon-hafnium complex oxynitride (HfSION), and a titanium complex oxynitride. Applications
of these films includelin@mBlrs bfepsaropieceshfohernssa@ suentamhibh tisibotgdiionstant

capacitor filmgagase insjdaar so api:dilins iglestinse Mmshrtdeslilng favosiarisimearasitor
films, and condc{snser films; and optical ass.membed's, fuch as optical fibers, optical
waveguides, Sptcarafiph Fégﬂ?fsn&f’ oﬁh%aéfl 18" BVitEfes Iég"_‘r ties.  PHBeprestent

invention willoswerdgs ilustraired, ithgeatesdetail inithdeftbecsiep ¢6 LExamglds; Ralfition The

Exampley angLGosmparative xame opﬁé&ﬂgaﬂ@ég&ﬁmm%?g gﬁggg %AHYS%{%@S%H%W

construed as bejng limited thereto. [0049] Example 1 - Preparatio mpoun
reaction flasiOWRS Pl G with B 3TE BrEES RSt RRAROITIC 129086d RrBodhil 40 to
dehydrated h#¥ae and cooled to -10C in a dry argon atmosphere. A mixed solution of 191 g

of tetralcis(ethylmethylamino)titanium (Ti[N(CH3)(C2H5)]40 and 500 ml of dehydrated hexane
was added thereto dropwise in a manner such that the reaction system temperature might not
exceed -5C. Qoarpletion of the dropwise addition was followed by stirring at room temperature

for 8 hours. Hexane wa%b]iSGrcFrpf%ead I%éeve?tgor tiog under reduced pre su%e, and the residue
was distilled under reduced pressUrd R TBTS fraction Coffectelf 4 & tistili 1B tefRtatrebof
82C unéer arprelisagasfanddipg foapiobteinddicompewitNealvapanybid©g@09h material of

Identificationef theeaamPALNEMESASER TRlisheR O%L%msg@ AayRRaNEdds YR film

analysis. The results qf the analyses are shown below. 20[0050
y 0% %esuedqqn s sucﬁl Xs metali oxﬂie ms, metal ngtride lilms, and glass. Examples of

the composition of metal oxide films include titanium oxide, zirconium oxide, hafnium
oxide, bismuth-titanium complex oxide, a bismuth-rare earth element-titanium complex
20 oxide, silicon-titanium complex oxide, silicon-zirconium complex oxide,
silicon-hafnium complex oxide, hafhium-aluminum complex oxide, a hafnium-rare
earth  element complex oxide, silicon-bismuth-titanium  complex  oxide,
silicon-hafmium-aluminum complex oxide, a silicon-hafnium-rare earth element
complex oxide, titanium-zirconium-lead complex oxide, titanium-lead complex oxide,
25  strontium-titanium complex oxide, barium-titanium complex oxide, and
barium-strontium-titanium complex oxide. Examples the composition of metal nitride
films include titanium nitride, zirconium nitride, hafnium nitride, titanium-aluminum
complex nitride, silicon-hafnium complex oxynitride (HfSiON), and a titanium complex
oxynitride. ~Applications of these films include members of electronic components,
30  such as high dielectric constant capacitor films, gate insulators, gate films, electrode
films, barrier films, ferroelectric capacitor films, and condenser films; and optical glass

members, such as optical fibers, optical waveguides, optical amplifiers, and optical



. (1) Elemental analysis (metal analysis via atomic absorption/chloride analysis via silver nitrate
titration) Ti: 18.5 mass% (theoretical: 18.59 mass%)!€l: 13.4 mass% (theoretical: 13.76
mass%) 25 (2) 1H-NMR (solvent: deuterobenzene) (chemical shift:multiplicity:number of
hydrogens) (3.096:s:3) (3.429:q:2) (1.003:t:3) 17 Example 2 - Preparation of compound No. 6
A reaction flask was charged with 55.7 g of titanium tetrachloride (TiC14) and 300 ml of
dehydrated tajggpgeand cooled to -10C in a dry argon atmosphere. A mixed solution of 82.3 g
of tetrakis(ethylmethylamino)titanium (Ti[N(CH3)(C71-15)]4) and 5 300 ml of dehydrated
toluene was added thereto dropwise in a manner such that the reaction system temperature
might not excgggn@gg Completion of the dropwise addition was followed by stirring at room
temperature for 8 hours. Toluene was removed by evaporation under reduced pressure, and
the residue was distilled under reduced pressure. From a fraction collected at a distillation
temperaturefé rj: under 10 a pressure of 100 Pa was obtained compound No. 6 in a yield of
90%. Identification of the compound was accomplished by elemental analysis and 11-I-NMR
analysis. The resultsﬂfqméﬁa?iélifs@@’é@e shidworbbloilnfeesd] in gfdjtérldmahtaltanalysisce to

(metal analysixaisRORinRRESHPtRMENONHE apal O}X %08 SRLEoRIAL esﬁé{ﬁ%%%)gqﬁ‘eﬁ%??

mass% (theo e I .20.38 mass%) Cl: 30.1 mass% (theoretical: 30.17 mass¥%
(solvent: deut ero ﬁ%ﬂg R Rl CAnsHe FF&HW%@F@*%ydrogens) 20(3.021:s:3)
(3.470:9:2) (1.003:t:3) [0053]
[0049]
Example 1 - Preparation of compound No. 2
A reaction flask was charged with 43.0 g of titanium tetrachloride (TiCly) and
10 500 ml of dehydrated hexane and cooled to -10°C in a dry argon atmosphere. A mixed
solution of 191 g of tetrakis(ethylmethylamino)titarium (Ti[N(CH3}(C>Hs)]4) and
500 ml of dehydrated hexane was added thereto dropwise in a manner such that the
reaction system temperature might not exceed -5°C. Completion of the dropwise
addition was followed by stirring at room temperature for 8 hours. Hexane was
15 removed by evaporation under reduced pressure, and the residue was distilled under
reduced pressure. From a fraction collected at a distillation temperature of 82°C under
a pressure of 100 Pa was obtained compound No. 2 in a yield of 90%. Identification of
the compound was accomplished by elemental analysis and 'H-NMR analysis. The

results of the analyses are shown below.

20 [0050]
(1) Elemental analysis (metal analysis via atomic absorption/chloride analysis via silver
nitrate titration)
Ti: 18.5 mass% (theoretical: 18.59 mass%)
Cl: 13.4 mass% (theoretical: 13.76 mass%)

25 (2) 'H-NMR (solvent: deuterobenzene) (chemical shift:multiplicity:number of
hydrogens)
(3.096:5:3) (3.429:q:2) (1.003:t:3)

[0051]



. Evaluation Example Compound Nos. 2 and 6 prepared in Examples 1 and 2 and the
comparative compounds shown in Tables 1 and 2 wéfe evaluated in terms of the state at 20C
and 25 thermal decomposability. A compound that was solid at 20C was further analyzed for
melting point (DTA onset melting temperature). The results obtained are shown in Tables 1
and 2. The thermal decomposability was expressed as the heating temperature at which a

test compoung,seaieshin @@5@}5}4@&3&1@&{@9@5@@@ was heated for one hour to produce more
than 0.5 mass% of a decomposition product as determined 18 by TG-DTA under reduced

pressure (10 ton). The heating temperature employed for compounds other than TiCl4 was

raised from 80C up t0,2Q00G: by 406 Theheatin ure for TiC14 was, selec rom the
range of 250 to 300C. Wheﬁ, for examplg, %%ég’}ﬁ@%f@ﬁﬁf un etre ?%augg %@ggthﬁemy

after one hour HeBMAG dehdeted lvenscmd apeiedatohBE dintobothrgovhbiacspiisunt ohanixed
compound wisdéutiva results. ofgT Gf DitdakiRger yREEShRAIRS R RHET @NRINOUNeAING, Aland

140C sh wec& fh nd did not completely volatilize but left a residue of more than
0.5 mass%% af t epoﬁ&%@@r‘? % grin%gge oesgf_at%g eer%éﬁ%‘@cé%%?ﬁblﬁﬁﬁ Gt SHebolial Hes

regarded as 14801 O{pte] Fameratiretali gt mpbundesdats "Therfahfletompbsabiliyopwise

Compound Ngidition was followed by stiring at room temperature for 8 hours. Toluene was

removed by evaporation under reduced pressure, and the residue was distilled under

reduced pressure. From a fraction collected at a distillation temperature of 85°C under

10 apressure of 100 Pa was obtained compound No. 6 in a yield of 90%. Identification of

the compound was accomplished by elemental analysis and 'H-NMR. analysis. The

results of the analyses are shown below.

[0052]

(1) Elemental analysis (metal analysis via atomic absorption/chloride analysis via silver
15  nitrate titration)

Ti: 20.3 mass% (theoretical: 20.38 mass%)

Cl: 30.1 mass% (theoretical: 30.17 mass%)

2) 'H-NMR (solvent: deuterobenzene) (chemical shift:multiplicity:number of

hydrogens)
20 (3.021:8:3) (3.470:q:2) (1.003:1:3)

[0053]

Evaluation Example

Compound Nos. 2 and 6 prepared in Examples 1 and 2 and the comparative

compounds shown in Tables 1 and 2 were evaluated in terms of the state at 20°C and

25  thermal decomposability. A compound that was solid at 20°C was further analyzed for
melting point (DTA onset melting temperature). The results obtained are shown in
Tables 1 and 2. The thermal decomposability was expressed as the heating
temperature at which a test compound sealed in a stainless steel container was heated

for one hour to produce more than 0.5 mass% of a decomposition product as determined



. liquid 140C TiC14 liquid >300C TiCI[N(CH3)2]3 solid (mp: 70C) 140C Ti[N(CH3)(C211014
liquid 200C [0055] As shown in Table 1, compd@nd No. 2 of the invention, unlike_ the
analogous compound TiCI[N(CH3)2]3, is liquid at room temperature and therefore suitable as
a 15 material for chemical vapor phase growth. It is also seen that compound No. 2 exhibits
higher thermal decomposability than TiC14 and Ti[N(CH3)(C2H5)]4. This suggests that

compound N, Zrellgyisyfareir dimdamadan.at a lower MPRIAHYE: gﬁ?e%é%‘%g%es A {in fim

with better qualities. In particular, the thin film formed usgf%com po as a re ursor

has a reducetPBSRBRIDPIET s Tl horahEi s TaR B aife P dr2R9E6) bhARSEieriBhiediotting
film so that thedifrerisutentidaret, suids dsécust a6 gate dilige aobarsiertiimognd amslegtrage

film of LSI de&%ﬁ%pi@’@ﬂé%%s “t"%"r‘t'ﬁb‘}‘}{ 'gfdginrqesﬂucegd pressure after one hour heating at 130°C
5  revealed vaporization of almost the whole amount of a compound while the results of
TG-DTA under reduced pressure after one hour heating at 140°C showed that the

compound did not completely volatilize but left a residue of more than 0.5 mass% at the

completion of mass loss, the thermal decomposability of the compound was regarded as

140°C.
10 [0054]
Table 1
Metal Compound | State Thermal Decomposability
Compound No. 2 liquid 140°C
TiCly - { liquid >300°C
TiCI[N(CHj3)z]s solid (mp: 70°C) 146°C
Ti[N(CH3)(C2Hs)la liquid 200°C
[0055]

As shown in Table 1, compound No. 2 of the invention, unlike the analogous

compound TiCI[N(CHs)]3, is liquid at room temperature and therefore suitable as a

16 material for chemical vapor phase growth. It is also seen that compound No. 2

exhibits higher thermal decomposability than TiCls and Ti[N(CH3)(C2Hs)]s. This

suggests that compound No. 2 allows for thin film formation at a lower temperature and

produces a thin film with better qualities. In particular, the thin film formed using

compound No. 2 as a precursor has a reduced content of residual carbon that would

20  affect electrical characteristics of the film so that the film is considered suited for use as

a gate film, a barrier film, and an electrode film of LS devices, typified by titanium
nitride films.

[0056]



. Table 2 Metal Compound State Thermal Decomposability Compound No. 6 liquid 100C
TiIC12[N(CH3)2]2 solid (mp: 83C) 100C [0057] s shown in Table 2, compound No. 6 of
the invention, unlike the analogous compound TiC12[N(CH3)2]2, is liquid at room temperature
and therefore suitable as a 5 material for chemical vapor phase growth. Compound No. 6 was
equal to TIC12[N(CH3)2]2 in thermal decomposability. As compared with compound .l\.lo. 2,
compound Norgbldecomposes at a lower temperature. However, having a Qecomposmon
temperature of 100C provides a small processing margin. Taking the margin between the
volatilization temperature and the film formation temperature into 10 consideration, compound
No. 2 is morem{@@@rﬁtp@a@ompound \Igtagfor use in chemical vaqq)l Hgﬁsfge%maggggﬁ]

- hricatio ftraniom nitride thi fitnm A titaniomnitrige-thin-fit-was-tabricatéd
Examp!e 3 P R\O 41]1? g Ul d -t
on a silicon wafer using the

TiCLIN(CHs)] solid (mp: 83°C) 100°C

[0057]
As shown in Table 2, compound No. 6 of the invention, unlike the analogous
compound TiCL[N(CH;)]a, is liquid at room temperature and therefore suitable as a
5 material for chemical vapor phase growth. Compound No. 6 was equal to
TiCL[N(CH;),)z in thermal decomposability. As compared with compound No. 2,
compound No. 6 decomposes at a lower temperature. However, having a
decomposition temperature of 100°C provides a small processing margin. Taking the
margin between the volatilization temperature and the film formation temperature into
10 consideration, compound No. 2 is more suitable than compound No. 6 for use in

chemical vapor phase growth.

[0058]
Example 3 - Fabrication of titanium nitride thin film

A titanium nitride thin film was fabricated on a silicon wafer by ALD using the

15 equipment illustrated in Fig. 1 and compound No. 2 obtained in Example 1 as a
chemical vapor phase growth material under the conditions described below. The
resulting film was analyzed by X-ray fluorometry to determine the film thickness and
composition. It was found as a result that the film thickness was 60 nm, the film

composition was titanium nitride, and the carbon content was 1.3 at%.

20  ALD conditions:
Reaction temperature (substrate temperature): 300°C
Reactive gas: NH;
Three hundred cycles each having steps (1) to (4) were performed.



. 15 equipment illustrated in Fig. 1 and compound No. 2 obtained in Example 1 as a chemical
vapor phase growth material under the conditions deéScribed below. The resulting film was
analyzed by X-ray fluorometry to determine the film thickness and composition. It was found
as a result that the film thickness was 60 nm, the film composition was titanium nitride, and
the carbon content was 1.3 at%. 20 ALD conditions: Reaction temperature (substrate

temperature)( BOAC RpagtveigasipStizd iersnupdred:cxcleseasthawng SePsuilddo e
were performggﬁogigoﬁl);}@ \ép rrrll(rf\taeﬁi%vf? grjgzed in F%he ,\,/aggrizer at 120C and 250 Pa was
e ion oh QIO dREHEAESIT RFFIPISHES Arysiem dysashie of

pulsed into the deposition chamber an
pressure of 2B8074. (2) The chamber was purged with argon for 3 seconds to remove the

unreacted matgrigle 2H{ZhI S Rak1HvE S | amher ed to react
for 3 sec ndg D),Znéjﬁi ge g{\éstem pﬁg;s}sﬁrag%fﬁg\?d: (Ii?gjﬂﬁ(ﬁg 'él'QhEg %S%r%%er Wastﬁ gugr%?égg%ﬁimfﬁg%%ﬁfor
e

2 to remdve th 0 P& s (eSSt Ebmibisrahve ek b rlle o tetarmetionifsecanits
film was fabrieadedaorysicsiliponswafier Dy0ALaD using Ti[N(CH3)(C21-15)]4 as a chemical vapor
phase growt ialdander ditions.as{n Example,2. The resulting film was
analyzed by&@%ﬁ%romet@%@ﬁ%ﬁ%@% Oﬂltrﬁrt%% ﬁeené%egﬁlaec%nrrneﬁgs%# ¢ as found
as a result that the film thickness was 50 nm, the film composition was titanium nitride, and
the carbon c 15was 7.0 at%. BRIEF DESCRIPTION OF THE DRAWING Fig.lisa
schematic illustration of an example of CVD apparatus used in the thin film formation
according to feTpvesTeEANMUSSTRIAL APPLICABILITY

10 A titanium nitride thin film was fabricated on a silicon wafer by ALD using
TiN(CH3)(CoHs)}s as a chemical vapor phase growth material under the same
conditions as in Example 2. The resulting film was analyzed by X-ray fluorometry to
determine the film thickness and composition. Tt was found as a result that the film

thickness was 50 nm, the film composition was titanium nitride, and the carbon content
15 was 7.0 at%.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a schematic illustration of an example of CVD apparatus used in the
thin film formation according to the invention.

INDUSTRIAL APPLICABILITY

20 [0061}
The invention provides a metal compound having physical properties suitable
as a material for chemical vapor phase growth used in the formation of a
metal-containing thin film, especially a metal nitride thin film.



, 20[d061] The invention provides a metal compound having physical properties suitable as
a material for chemical vapor phase growth used in thle formation of a metal-containing thin
film, especially a metal nitride thin film. 21 CLAIMS 1. A metal compound represented by
general formula (1): [Formula 1] MN(1) / 4-m wherein M represents titanium, zirconium, or
hafnium; X represents a halogen atom; and m represents 1 or 2. 2. The metal compound
according to agimidigvherein M is titanium. 3. The metal compound according to claim 1 or 2,
wherein X is a chlorine atom. 4. The metal compound according to any one of claims 1 to 3,
wherein mis I. 5. A material for chemical vapor phase growth comprising the metal
compound acrording ie;Aay| 29 66 6IAMS L iad: 6 ThE MAGHe) for ghemical vapor phase
growth according to claim 5, which is for the formation of a metal Kitnde thin film on a
substrate. 7. A process for forming a metal-containing thin film by chemical vapor phase
growth chara %erizegi by using the material for chemical vapor phase growth according to
claim 5 or 6. g %HBP %é\is for forming a metal nitride thin film by chemical vapor phase growth

( X‘)‘M N/ 1)
m \_ 4-m

wherein M represents titanium, zirconium, or hafnium; X represents a halogen atom;

and m represents 1 or 2.

2, The metal compound according to claim 1, wherein M is titanium.

3. The metal compound according to claim 1 or 2, wherein X is a chlorine atom.
4. The metal compound according to any one of claims 1 to 3, wherein m is 1.

5. A material for chemical vapor phase growth comprising the metal compound

according to any one of claims 1 to 4.

6. The material for chemical vapor phase growth according to claim 3, which is
for the formation of a metal nitride thin film on a substrate.

7. A process for forming a metal-containing thin film by chemical vapor phase
growth characterized by using the material for chemical vapor phase growth according
to claim 5 or 6.

8. A process for forming a metal nitride thin film by chemical vapor phase growth



. 22 characterized by using the material for chemical vapor phase growth according to claim 6.
22

characterized by using the material for chemical vapor phase growth according to claim
6.





