1 Description METAL COVWOUND, MATERI AL FOR CHEM CAL VAPOR PHASE GROAWTH,
AND PROCESS FOR FORM NG METAL- CONTAI NI NG THIN FI LM TECHNI CAL FIELD 5

[ 0001] This invention relates to a novel netal conpound having a specific
structure, a material for chem cal vapor phase growth containing the netal
conpound, and a process for fabricating a netal-containing thin film using
the material. BACKGROUND ART 10 [0002] A thin filmcontaining titanium
zirconiu or hafniumis used as an electronic nenber of electronic
conponent'2eSCRIKR as hi gh dielectric constant capacitors, ferroelectric
capacitors, gate filnms, barrier filnms, and gate insulators, and an optical
el ement of optical comrunication devices, such as optical wavegui des,

optical swErshesoMPLAeDd wmﬂz}@@lL mRI CHEWH%AI[ %@@R @Wgﬁ@@%,f ormi ng
t he above sp éEdthlanm cnlg I ncludin
di ppi ng- p‘vgﬁ ;@ Dt BE8FORMING ggTA&equHFfééféB‘éG HdNJHEM cal vapor - phase

grow h techni ques, such as chem cal vapor deposition (hereinafter
abbreviated as CVD) 20 and atom c | ayer deposition (hereinafter abbreviated
as ALD). TG L vaaap phase growth techni ques invol ving vaporization of
a precursor, such as CvD and ALD, are the nost suitable for many

advant ages, such as conpositional controllability, excellent step
covergge[ &ﬁﬁtability to | arge vol unme production, and capability of hybrid
integrati-o Met al compounds having an organic ligand are used as a

precursor in CVEsonveAtith r2fted Mve?me%b@hpdﬂnﬂﬁiﬁd@gh@pﬁaﬁb kifgcthrdyh ng
titani umm,{r ?C%nl um haf ni um as al
aferial’ tor mi2hl vapor phase growth contammg the metal compound, and a

process for fabricating a metal-containing thin film using the material.
BACKGROUND ART

16 [0002]

A thin film containing titanium, zirconium, or hafhium 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 as optical waveguides, optical switches,

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]



used as a coating |ayer for enhancing the hardness and strength of, e.g.,
cutting tools, and gate filnms and barrier filnms of sem conductor devices.
A nunber of techniques for fabricatindg these thin filns by chem cal vapor
phase growt h have been reported. 5 [0005] Patent docunent 1 (see bel ow)

di scl oses a process for formng a netal nitride and/or netal carbide thin
filmusing a halide of titanium zirconium hafnium vanadium niobium or
tantal um Patent docunment 2 (see bel ow) describes a CVD process for

form ng a thi nMstalpitgde thip fhmg hening titahdunstimgnivin, anhafmitre e achdtarirde and
amoni a . Y o] es for
Geposi 11 o b cplRigily AL PBeE AR TR E sk Op2 sREARPSE AL CEERIE gl i
zi r coni uRPdLatpAms ard prraeililsvrof S@lnicdhg-ldk(yldamcmne% almbomfoechdighes/fong an

organic -84 | < hQ i | et m pne as the
| i gand. %Bﬁ[agt(l)%gs?t]h@sﬁc}\}}\%\%gﬁls b? ﬁ'g fblaim%g{:@gats?%ﬁmgfrj g?é\éegas% eﬂﬁ%p%&e% chl ori de

typified by titanium tetrachloride needs high tenperatures of at |east
about 500C _Such a high tenperature is unsuitable in the production of a
seni cOndUt981 devi ce el enent, such as a gate film Al though the organic

am de netal coppeunmhawhNg(s20 HobaF Risel aﬂﬁr]g%éss%l' f9antk | et afiagal e of
n fil It 1s di

formng a tal nitride thi m at | ow t enperat ures, rcult for

the resBMYPHECRl FaRide thin fimiusing ladetife eblitaeiiar aetwiinst ldguas vengdeot,ed
because gobivns ¥ @ital@si dudint dealhan ZCﬁ@% %@fop@?ﬂsérﬁne@% @pp EI‘%QBSF(}‘()? gate

film a barrier film or an electrode filmt are particularlTy required
to have &r@éigs by fispabiieriug rifideugpggitanies teechiotide aadarembnie shsee bel ow)
teaches a process for formng atitaniumnitride thin filmby CVD using

Ti (N(CH3)2)3X, Ti(N(CH3)2)2X2, Ti(N(C2H5)2)3X, or Ti (N(C2H5)2)2X2 (wherein
X isi@ hploggen atom). These titani um conpounds are described as being
easily thermal ?n(%le%?rrposabl e and suited for use as_a gate film formng

material . Ho PRCBIR 22 I BCL HARPSTi PRCEIS) IPBEEpPOsIHRE It greup 4

metal-containing thin film using, as a titanium, zirconium or hafhium precursor, a
diatkylaminometal compound having an organic amine as a ligand, disclosing use of

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 fo be applied to a gate film, a barrier film, or an electrode film that

are particularly required to have electrical conductivity.

[C008]

25 Patent document 6 (see below) teaches a process for forming a titanium nitride
thin film by CVD using Ti(N(CH3)):X, Ti(N(CH;3)2)2Xa, Ti(N(C3H5)):X, or
Ti(N(CoHs)o)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(CH3));Cl and Ti(N(CH:),):Cl, which are



3 representatively used in patent docunent 6, are solid and need to be
mai ntai ned at a tenperature at or above the nelting point when used as a
CVD material. They, while having goodl thermal deconposability, have poor
thermal stability and can deconpose during being heated to be kept in a
liquid state for a long period of tine. If used as it is 5 a solid, there
arise problens with the material vapor feed and in-line transportation of
the material, such as shortage of vapor feed or variation in vapor feed
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[0009]

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



"chem cal vapor phase growth material", refers to both a material for CVD
and a material for ALD unless otherw se specified. 4 Means for Sol ving
the problem [0011] As a result of exténsive investigations, the present

i nventors have found that a netal conmpound having a specific structure
acconpl i shes the above object of the 5 invention. [0012] The invention
provi des a netal conpound represented by general fornmula (1): [0013]
[Formula 1] X N ~Sf~/ m4-m 10 wherein Mrepresents titanium zirconium
or haf ni YHROXor Sphvagethe sroblemal ogen atom and mrepresents 1 or 2. [0014]
The invention al so provides a material for chem cal vapor phase growth that
contains the netal conpound. 15 [0015] The invention also provides a
process fooiformng a netal-containing thin film by chem cal vapor phase
growt h charac for chem cal vapor hase

terized by using the materi al
growth. BEST VDR TECH QEARIRVHREROBT SRHERS, RRENTIecohiDS entpBOEsE faue thehéent i on
Wil be ghestidohgduid hdghaid shasRd s@fktideSaRbehBIHEdnEMBOM FBRLS of the

5  invention.

[0012]

The invention provides a metal compound represented by general formula (1):

[0013]

[Formula I]

( X“}';‘-{ \I/ {1
i \__ 4~

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



The netal conpound of the invention is a novel conmpound represented by
general fornmula (1) shown above. 5 [0017] In general formula (1), exanples
of the hal ogen atom as represented by3X include fluorine, chlorine,

brom ne, and iodine. Arong the conmpounds of fornula (1), preferred are

t hose wherein X is a chlorine atom because of high volatility and

i nexpensi veness of raw materials for nmaking them 10 [0018] Conpounds of
formul a él wherein mis 1 are nore volatile than those wherein mis 2,
and thosé%érein mis 2 have a | ower thermnal deconposition tenperature

than those WhehgidyefidrSwill bdRkciiRE iRfedil GRRAIRAs YERU & ghQwt h
material, those having a greater difference between a volatilization

terrperature (vapor tenperature) and a 15 deposition tenperature (reaction
t enper at ure) a ﬁ convenlent ge ause of the prOV|S|on of a broader process
margi n. Accor dit AgMFRINSPoyRe od the Iyvealiprdt aoys srmpingfepicsenied by oader

process g&ﬁ@glrforMQm)Mhbﬁntab@@nl um for exarrpl e, those in which mis 1 are
preferred as providing a | arger process nmargin. [0019] 20 A conpound

represented by A"Ti (N(CH3)2)4_ " (n=l or 2), which is anal ogous to the
corrpo nd (fg:(; ﬁorrrula (1) wherein Xis a chlorine atom and Mis titanium is
a}v ng a nelting point of 70 to 95C, whereas the anal ogous

CﬁrTDOUnFl of thk ﬁerfevartbrmmﬁl(s) |dx@,ﬂiptbsadfdthﬁa’g%dzg%ﬂ|a@drhms&€pﬂe§éfﬂltédﬁb yuse ?S a
chemni ca ase, gr owm mat er of the neta
conmpound! [H?Lpdt%tﬂégfi%(?ﬁﬁﬁ“&ﬁ AR a0 @ﬁﬁﬁunég"l‘%@ llelcor@pr?PB formpabw. 6
[0021] [ pesfertddaaid] 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 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
15  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.

{00197

20 A compound represented by Cl,Ti(N(CHa)2)sn (=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.

25 [0020]
Examples of the metal compound of the invention include compound Nos. 1
through 24 below.



Compound No. | Conpound No. 2 \ Conpound No. 3 Conpound No.4 F-TiN- CI"f
iN3 Brl-Ti N-- Conmpound No. 5 Conmpound No. 6 / Conpound No. 7 Conpound
No.8 ( F Ti--N-2 dTi~N-- 2 6r~--2 26Ti~\'"~_ I- -li~N- 2 [0022]

[ Formul a 3] Conpound No. 9 Conpound No. 10 Conmpound No. 11 Conpound No. 12
F-ZrN~~ 3 C1-7,rN 3 [ir7.rN 3 I-ZrN 3 Conpound No. 13 Conpound No. 1.4
Compound No. 15 Conmpound No. 16 F--zZr f [/ [ (Cl2Zr f | ) 6r~-Zr~N | +Zr~NL 2
2 22 2570023 [Formula 4] 7 Conpound No. 17 Conpound No. 18 Conpound
No. 19 CH¥zdind No. 20 F-lif N/ Cl-H N-- 13r-1if~N~- |-H N~- Conpound

No. 21 /I Conpound No. 22 Conpound No. 23 Conmpound No.24 ( F+ 1if~N 2 G Hf 1V~-
2 11r+Nf ffdrmula® -Bf ~N\- 2 2 2 [0024] The netal conpound of the invention
is not limted by the process of preparation and can be prepared by using
wel | - known reactions. Useful processes include the reaction between MX4
(wherein Mand X are as defined above) and 5 ethyl met hyl am ne of an anount
necessary t8S8ffbord a desPFed ianber in SHE"tHE reacti S Bdt heen MX4 and

MUNEt Me) 4 of ap ag’f)un necessary fo afford a _desi’red nunber i n./ The former
reaction is preflerably cafried oiy_by cofdvertihd\an jal kyl " Tithi\um ds a
starting conpouhd to'&thyl methylamnolithium as an ‘i'nt er nedi'at ichis

then allowed to react with MX4. The latter reaction is preferably
per f or med “rartidxi ng MX4  aiadowdiOi- M NEL Me) 4Commd Bt70 rri ng ttheuwridxture at a

tenperatufe necessaryi\to,effect/the neactiqn. /The preparati of the netal
conmpound Lf“%h@%’vent)izo cr%z—'e duct %gl irﬁ*‘%gﬂ' \B%Te tl—%n%ﬁw\%l

[0022]
[Formula 3]
Compound No, & Compound No. 10 Compound No. 11 Compound No. 12
F ir N Cl = Zr N Br Zr N 1 ir N
N /g /3 /3 N
Compound No. 13 Compound No. 14 Compound No. 15 Compound No. 16

(o), o), o) )

5 [0023]

[Formula 4]



as free as possible fromany reactive species, such as water, oxygen, and
carbon di oxide. [0025] The material for chem cal vapor phase growth
according to the invention 15 conpriges the netal conmpound of general
formula (1) as a thin filmprecursor. The formof the material is selected
as appropriate to the procedures of chem cal vapor phase growth enployed,
such as a source delivery systen1 [ 0026] The source delivery system

i ncl udes 3., vapor, delivery_ s Om ”}@n}gl n whi cCom . 20, chem caI vapor phase growt h
material is vaporlged by § nd/ or pr%ssure educt i"8A™ ¥’ a caont ai ner
and |ntrodupedﬂ¢€% a depQ§|tm \?eaﬁﬁgoq‘ch% |} des |rﬁp {oge her
with a carrier \..e./g., argon, Ritrpgen or I|\__ and a del i very

systemin which a chéni cal vapor phase growth ‘material is dellver din the
formof a liquid or a solution to a vaporizer, where it is vaporized by
heating andPdt Pressure r@ﬁﬁ@%ﬁdﬁ and thé%“%éﬂD%o 8 a %@p@bﬁﬁion reaction

chanber . appl ied to va oV de i ery sygt ound
repr esent m%— [%gn raI ‘EX d&TE The! ch 2a{3‘ ph se

growmh materi aI In the case o] |qU| d *del |very Syst em “al
conpound of fornmula (1) per se or a solution of the netal corrpound in an
organic solvent is the chem cal vapor 5 phase growh material. [0027] In a
mul ti - conmponent chem cal vapor phase growth process used to fabricate a

mul ti-coff@dént thin film the source delivery systens includes a systemin

Chereinat ter +opervel bORagRc oL e BT ARt Rty bt MBS P8t hfi n whi ch
a pl ur al ptepamfion hed mah dre pleparad eby psiey ivedlisknown xadi@ts. aUpefab giddegds rati o,

a0 1 A By BaROCkEE, B8, SRR S e SO e feLErz RS 0 20 2
mat er$ al etﬂlg;hncﬁ'}in;dmnmalof uapoouphesesgly onkffordayddgednuihbd i endhe rbiRtiset al

g:‘)ngoﬁlngﬁﬂirgffgeg %)&uan% I(/I%P\IE%/IL)Q %%lnuefnllo%gt ?1I’BCCSS&I'Y [n cyr[i% Crglrg 1’181!).11 ginrl}(lc sol vent

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)s 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



15 of the nmetal conpound(s) of forrmula (1) and other precursor(s) or a
solution of the mxture in an organic solvent. [0028] The organic sol vent
that can be used in the material for ghem cal vapor phase growh is not
particularly limted, and any w dely known organic solvent that is inert to
20 the netal compound of the invention may be used. Exanples of useful
organi ¢ solvents include acetic esters, such as ethyl acetate, butyl
acetate, and net hoxyeth acetate; ethers, such as tetrahydrofuran,

t et r ahydf @pRasEipn fﬁ@ﬁ*ﬁ@hoﬁﬂfﬁbﬂ eWemepplied y?ctivle vaplrrislilgy sesteer thedethyl ene
gl ycol d I I ), |but et her,
and di oxg@%gg?ﬁ%‘s@ﬁmdtbgﬁgg@ﬁéﬁﬁ g(pdrp ISQLWE%%HIS&I ﬁ};/(?rpi % ketone,
25 et hyl mgisrigh  Wetherrase off the digyid d@élwm@ystdlm o luetallcolnptambof ﬁtmmhiyl(l)anyl

ket one. ,yelhekarone: ANI-APLIKbEYS! RUPLARSRC,IMALIEALhans, Hsh o

hexane, cyclo exane, yl cycl ohexane, hy cyclo
ethyl%ycpmﬁ%ﬁ@ﬁ@lﬁﬁﬁvﬁhne octane, tol uene, and xyl ene; hydrocarbons
havi ng a cyano group, such as acetonitrile, |-cyanopropane, 1-cyanobutane,
1- cyanohexane, cyanocycl ohexane, cyanobenzene, 1, 3-di cyanopropane, 30

1, 4-di cymooput ane, 1, 6-di cyanohexane, 1, 4-di cyanocycl ohexane, and

1, 4-di cyanobenzene; pyrldlne and lutidine. A solvent or a m xture of

sol vents to bé“ad§@8‘P§¥@é@ééﬁ@@“@b@ﬁpﬂphgewﬂﬂmhdrm@mawwﬂéqﬂé@kmbml|ty for

t he sol L&h@lll%ﬁOﬂ@lthﬁh‘l' ﬁff‘& e SBW%EH’&&H{’ @g&émé %Lutd &&%eilh%hll £al N

relation to_the working tenperature. ani ¢ sol'vents, the
t ot al cdﬂé’@HfYr%ftth% ﬁlaggna{swée frenagitely O’r&p@fmd (adl dglﬁveu ¢Iia(h6rwrm’tter orfierrédntot he

or gagy ¢ R0} \fﬁlﬂh sb&c@rsggt‘éﬁﬁ‘binﬂ D4 ?gtettno1nz\x9ncnph¢#l%mﬁ%' bt t}p ¥ glprahl ¥ 0. 05 to

1.0 nol /1. her precufsors that I'n conbination with
t he net anr@‘e%%b@ﬁae%ﬁt af presenibed (ratjo,i amdt the mrixiurp -m:cmp@mdt arxdhéahvexa:ki vapor

phase gra¥ehaREOLSSRAUD! 10 mgféu a)tdrcesg}éfe SYPhRMaQl o ?t é R DOwLce system
are not particularly limte cursors Wwel i Re art may
be used.sYpigwate material for Lhemical vapor phase gxowth 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

mixfure 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 methyl butyl ketone, methyl isobutyl ketone,
25 cthyl butyl ketone, dipropyl ketone, diisobutyl ketone, methyl amyl ketone,
cyclohexanone, and methylcyclohexanone; hydrocarbons, such as hexane, cyclohexane,
methylcyclohexane, dimethyleyclohexane, 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 1,4-dicyanobutane, 1,6-dicyanchexane, 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



10 Exanpl es of the other precursors include conpounds fornmed between
silicon, boron, phosphorus, or a netal and one or nore organic

coordi nati ng conpounds selected frontal cohol conpounds, glycol conpounds,
(3-di ket one conpounds, cycl opentadi ene conpounds, organi c am ne conpounds,
and so forth. The nmetal species include the Goup 1 elenents, such as
lithium sodium potassium rubidium 15 and cesium the Goup 2 el enents,
such as beryllium magnesium calcium strontium and barium the Goup 3
el ement s lCTRSERUEOTIERFER (eAPyatere mnelatiantd Arowdrkaierepeste. eln, usih@nt hanum
cerium i j . t i um..

ool i L B e e B R T R Bt ana

| ut et i unjn the grggnigseivisei 18 pelfeablts)! R GobuptilipefemrBn s tsdhnald. titani um
zirconium and hafnium 20 the Group 5 elenents, such as vanadi um ni obi um
and tantalum the Goup 6 elenents, such as chrom um nolybdenum and
tungst enjoophbp Group 7 el enents, such as nmanganese, technetium and
rheni um the ﬁ%@gp 8 elements, such as iron, ruthenium and osmium the
Group® 9 el emer?'9T BiSEHSYE thapsan pe upesosi aambinatian iwithdthe metdl lvem@pandho L 0

el enent SfordUbN(19Snnhe - RAldRERen Bl Podt :gﬂ%? bl ﬁ%@s bglement s,

such as 25 copper, silver, and gold; the . _ such®as zinc,
cadmi um MEKESWEFCHIBEM of Resiple FHUIES Ptemertsnot urirulslyalimitedumd gad | i um

i ndi um  @eelutda kel Wk wh e tHe@URa ¥ ugli€ment s, such as germanium tin, and
| ead; and the Goup 15 el enents,” such as arsenic, antinony, and bisnuth;

and the Group 16 el enents, such as polonium [0031] 30 The al cohol
conpoundm%{ﬁat can be used as an organic ligand include al kyl 10 al cohols,
such as anol , ethanol, propanol, isopropanol, butanol, 2-butanol,

i sobut anol , t erxtaniisafahe oﬁﬁb’tre@lh@&@%oludé&ﬁ'ﬁ%un@é PR beRfidn kiilcha amy!

al cohol ;. et her alllcohol s, such as 2-net hoxyet_hanol , 2-ethoxyethanol ,

2- but oxyRYPANRIIosPhosuy, 0 A el 8bh ep) @t Mewdlorzaiareeerdinpting compoiydset hanol

species include the Group 1 elements, such as lithium, sodium, potassium, rubidium,

15 and cesium; the Group 2 elements, such as beryllium, magnesium, caleium, strontium,
and barium; the Group 3 elements, such as scandium, yttrium, 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§ 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 135 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



2- (2-met hoxyet hoxy)- 1, 1 -dinethylethanol, 2-propoxy- 1, 1
-di et hyl et hanol, 2-sec-butoxy-1, 1-di ethyl ethanol, and 3 -nethoxy- 1, 1
-di net hyl propanol ; and dial kyl ami no Hl cohol s providi ng the al koxi de
conpounds of the invention. 10 [0032] The glycol conpounds that can be used
as an organic ligand include 1, 2-ethanediol, 1,2-propanediol,
1, 3-propanedi ol , 2, 4-hexanediol, 2,2-dinethyl-1, 3-propanediol,
2,2-dieth I- 1, 3 propanedl ol , 1 3- but anedi ol, 2,4-butanediol,
2, 2-di et ﬁf}P A3 SHeh edegianoly. gharyl- 2rongngl, - Bogopinehahatnol, | 2 bﬁtano
2, 4- pent aR8ELA], tedt- I a I
2, 4- hexanedl al , ; angﬁh%- 31:]1%12?}%69& A L?gczﬁh(gehﬁé/ t?é%’éﬁggh hgl ket one
conpound@lephRls, catiche @sed Qa@e@ﬁxlﬁ{ loc 13- @féw@/@thﬁwiude?- EaitdaogMethsnlddstl t ut ed
( 3- ket onegy-rsaRdk-28 cet one, hexane 2, )
S5- et hyl hgxane 2 y?i O?@ﬁ@hﬁept ane- 2, 4-di one, Hﬁthloﬁiq methylgthgn%}i one,
5- met hy| Aapitheres- bwnai:tbhl@thaao met hyl hept ane- 2, 4-2d¢thm@ 1,1- dlmethyiethanoi
22d|neghph@;g)tx 26d|mathylhet|a?3]
2,2,6- tr| rridt hyl| hgg%ﬁxﬁgﬂé&ﬂﬁmla 2,2 6-tet rearre Edﬂb g{e%]agddl one,
oct ane- 2242umehpxyethoryiel.i dimethrigitheeelane- 3, 5- di cﬁﬂmOpoxy 1,1- dlethylethanol
2, 6-dine - 2, 9: di met 5
2- et hyl ngwetgﬁtglﬁﬁgclg(ﬁgmgk%ﬁ?lone i nd 2‘5%&?8% i Cﬁmgfhg ph@%&%%anea@ 5- di one;
| uor oal Higlkykae plcohaddpiozidingdée éﬂfésidc somhowEls Of the invention,
, 1-trifluoropentane-2, 4-di one,
1 trifluoro 5, 5- dinethylhexane 2, 4- di one,

5, Bo§2hexaf | uor opent ane- 2, 4-di one, and

dlperfluorohexylpropane 1, 3 di one; and ether-substituted (3-di ketones,

as 1,1 ,5,5-tetranethyl - - met hoxyhexane- 2, 4-di one, 30
, 6, 6- ne- 3, 5-di one, and
6
o]

tetra:@{hyl-l-mthoﬁ%{é a
| 6- t et r anBtehyiyco} compo h@}@;‘re‘f%k?)wst%@nsmgaw baed ipdeRR4] The
pent adtienedicormpounds-grogincan be usedpapaAidr gani ¢ higanddsnc! ude

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
atkyl-substituted B-ketones, such as acetylacetone, hexane-2,4-dione,
20 S-methylhexane-2 4-dione, heptane-2,4-dione, 2-methytheptane-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  p-diketones, such as 1,1, 1-trifluoropentane-2,4-dione,
1,1,1-trifluoro-5,5-dimethylhexane-2,4-dione, 1,1,1 .3,5,5-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-tetramethyl-1-methoxyheptane-3,5-dione, and



cycl opent adi ene, net hyl cycl opent adi ene, et hyl cycl opent adi ene,
propyl cycl opent adi ene, 5 isopropyl cycl opent adi ene, butyl cycl opent adi ene,
sec- butyl cycl opent adi ene, isobutyl cyelbpent adi ene,
tert-butyl cycl opent adi ene, di et hyl cycl opent adi ene,

t et ramet hyl cycl opent adi ene, and pent anet hyl cycl opent adi ene. [0035] The
organi ¢ am ne conpounds that can be used as an organic |igand include 10
met hyl am ne, ethyl am ne, propyl am ne, isopropylanine, butylam ne,

sec- but yI2ahb-Adetramaihyl- n( pehak yashoxysheptanyi3ailione. di met hyl ami ne,

di et hyl am ne, di propylam ne, diisopropylam ne, ethyl nmethylam ne,
propyl met hyl am ne, and isopropyl net hyl am ne. [0036] The ot her precursor,
when usedodydja nulti-source system is preferably a 15 conpound that
exhibits sim|ar behavior in reaction or deconposition into a thin film
conposi tion. WABH CYE@Reniadione pomppendstthircan be sisedseran ergpvie figarabinglude conpound

reactive cwbﬁenttdaeenfeom@ﬁ@u%raﬁhﬁadlay@ th( i 1oh?x¥§dler%f }0%5' ELB J:ntf yound of
the ipvention —or an internediate es |nng eaC|oh of the
met al ® corp9BiRylayepasntadienghen udeky! QYﬁ Oﬁelstﬂdigmﬁe sourseebstyktlydopentiBerat her

pr ecur soksob&tyRfyBlogéRline COWB@‘BU@I&)@%&)GI%&&EIFE??gga?%etlrﬂgicg@gh di§ibile on due to

chemi cal reacCtion on mxing a as ex avi o

conver si &asthylevsionentadipneg enppaitamehylcydosmadishedesi red, the mat er| aI f or
chem cal vapor phase growmh of the invention nmay contain a nucleophilic
reagent to stabilize the nmetal conpound of the invention and 25 other
precur sofgo3Bxanpl es of the nucleophilic reagent include ethylene glycol

et hers, such glyme, diglyme, triglyine, and tetraglyne; crown ethers,
such as 18-cro @éﬂmﬂﬁ@@e¢6%@R9wx$gh%ﬁ@mﬁw6m0@as@m@mmnglumndlndude

di cyed ohmemyimm@r&ma&meaﬁb% y%lﬁﬁélzgo A ﬁ&ﬂm %utypagxlh){é‘”%e’a% tylZH

et hyl enedi -tetrarreth | et hy ene I am ne hyl enet rlarﬁ

triethyl @ﬁ&%ﬁﬁ’éﬁﬁ%e lsﬁwtylﬁ@tl}eaet@We@lﬁ%‘@ﬂ%anﬁwﬁlyl@@ﬁ@,aetdmmad@hmﬂam ne,

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 syster, 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 compound 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 [8-crown-6,
dicyclohexyl-18-crown-6, 24-crown-8, dicyclohexyl-24-crown-8, and
dibenzo-24-crown-§; polyamines, such as ethylenediamine,

N,N’-tetramethylethylenediamine, diethylenetriamine, triethylenetetramine,



1,1,4,7,7-pent anet hyl di et hyl enetri am ne,

1,1,4,7,10, 10- hexanet hyl -tri et hyl enetetram ne, and
triethoxytriethyl eneam ne; cyclic pol yam nes, such as cyclam and cycl en;
and heterocyclic conmpounds, such as pyridine, pyrrolidine, piperidine,

nmor pholine, 5 N-nethyl pyrrolidine, N nethylpiperidine, Nnethylnorpholine,
tetrahydrofuran, tetrahydropyran, 1, 4-di oxane, oxazole, thiazole, and
oxat hi ol ane. The nucl eophilic reagent as a stabilizer is used in an anount
of 0.05 tletraghyeiepegpminerably 0.1 to 5 nol, per nopentafthlfrehseinghe.conpound

of the i t4Q : hens 1.C r..pbh r h material of
the i nve%iﬁg’r{I ’gﬁ%ﬂlﬁ%@gﬁgégt%ﬁ m zlgegmtldﬁ? ’éﬁ’?g%gfq E?%%%‘??%nﬁgﬁ%rpmtehan t he
const i t uewd EisHpsnesthyleneasinadicngic polpuniney, stehads efdamring, cyolgauyrantly

hal ogens . b R hl.onl ne) d i npuri.ty organic matter .. The

i mpurity }{rﬁgﬁlgﬁy’cg%emn&%gﬁt g{%{}f Pag By g?@?’a yi/mzlg%‘e’p&ﬂg%?d”}eesg‘?rp fe

pr ef elably-metlylpytoliding e metlayipigeondiye, el Breathynanphaineot adtrahpdofirtsy net al
content i er.apl: p I r refterabl y. 100 b, or | ess.
o par t corar BBt o Mk, ARGl AT RofrGhRy TupamcBRRad o

si | i con- desgenl & hgabibizelis vewpinem amdugepf 60516 t10inatd, prefesidiy 0dnocombRI Ni ng

oxyni tridg, 8fe dfMe LikE . e insulator film a gate film or
a barri e&) Hnl r% of ei_lé}? d%(g/rﬁéoeué,a%lfﬁﬁ%i@ve%géﬁ'i red to mnimze the contents of
al kali netal elenents, alkaline earth netal elenents, and congeners of
titanium_ zirconium or 20 hafniumthat are influential on the electrical

charact ed?@ilcs of the resulting thin film The inpurity hal ogen content

is pneferably 390 jppmar Jaﬁ_ﬁi p?%@éﬁro?@%ftﬁ%{t?@ﬁ%#%e{) Pr{vﬁ,gqqnelsﬁqszuz thgl\ég ni rsm re

preferably | ppmor less. - uri organi c
pr ef er ablPynBGEeh soRters |adsisipunities ofreeftharaliiey c@Btippm combessts, evdndin®r e

pref er abliy, 40 REM Qlenl gs.-n@u t ses particle generation in

t he CVD rlragté_r ?alp or 25 futi'n %ﬁle%lﬁggﬁ%v§%r%p%§§ %&5%1?.&“%5’?%1&& it is

advi sabl ergapicpmeisroudhy imprmiyemeteh elomene cotont snprefardny t1oe ppetal legpnpound,
as nmuch ossi bl e

bef or e ussre et ey 10908 of R CLRRPRlekleR she TR T BtE SRR dh o
sol vént , Pegirabliic] epphdt iessr smgemrefpeblyr éb@paibloy 186, pim wntidudss in nhE e
pref er ablrika RS thi:fBEn of a metal oxide, a silicon-containing metal complex oxide, a
nitride, a silicon-containing oxynitride, or the like for use as a gate insulator 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 fess. 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



30 [0039] In order to reduce or prevent contam nation of a thin filmwth
particles, it is desirable for the chem cal vapor phase growmh naterial of
the invention to have not 13 nore thiah 100 particles greater than 0.3 m
nore desirably not nore than 1000 particles greater than 0.2 m even nore
desirably not nore than 100 particles greater than 0.2 m per m of its

| i quid phase as neasured with a light scattering particle sensor for
detecting particles in a liquid hase 5 [0040] The process of formng a
mmeW%&%m%WW%%W% @Wmmmmsmmwmwmmmmm%e

gr ot h pLAGRES grédferWiALH 280y, aeR/Qﬁ 'n?&g d@ﬁ}a‘fn At Bret tﬂﬁl m?)tgzlrtwl%g) JRoynd
(precursor) of the invention and nece sary, curso {g ahd, if
necessar Wang0-£ gbt ey enigal 1t&r1’éluldeﬂhf¥o‘© 28 @@%S@da\véh aalnght tshatqnmgqlﬁlrme (s)

is/lare a[gé,gwleg,l H@teé{ﬁlg%%%&qlﬁ% ﬁiﬂ sshemically react on the substrate to
make a thin filmgrow and buil o‘ up on the substrate. The process of the

present invention is not particularly restricted by the material delivery
system L&b ﬂode of deposition, the filmformation conditions, the film
formatio 5'8 i prent, and the |like. Any conditions and nethods conmonly

known in the aTﬁe@ﬁﬁmﬁﬁQﬁﬁ#ﬁﬁupﬁtm% §m£%9&ﬁ&ng&emﬂé%ﬁw9&;&Q&urgagtave gas

that nmay be used if desired jnclude those for~the Xi de
film suEl?FnHéa oXIPAT ZPAY gAY Pradeeh BsWhK) qenapwizehenatpialr gl mdiabxi de,

ni t r ogencmpRnid dgedt@iot) of RO linved n agetic
aci d, a(r:Id acet i g}l%nhy 0de; 81.1?1\& ?gﬁﬁ%ﬁnép%gés%ésa%sﬂ%ﬁr g}e%w%&l ddngthReactl ve

gases t h&fceEsan, Zdeﬁ)“élvﬁé’éél aplefldem wbsirate @féi ﬁlﬁlmqumr(@h@/m gﬁwcﬁ &m ne
conpoyndggcofiip6t @fﬁi/orr@l@ﬂ%dhy k&R Hiethe Sbaldy tATALS ik FBI%‘ g%@ %Enﬂe&%? and

al kyl enedi am nes hydrazi ne, ammonia, and nitrogen. nat eri al
del i ver yUR 8 thengbptie.udEne Precesp 6% dicdaswant Bedniapdmotiphtivenyy restricted

by the material delivery system, the mode of deposition, the film formation conditions,
the film formation equipment, and the like. Any conditions and methods commonly

known in the art are made use of.

15 [0041]

Examples of the reactive gas that may be used if desired include those for the
formation of an oxide film, such as oxidizing gases, such as oxygen, ozone, nitrogen
dioxide, nitrogen monoxide, water 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

[
e

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



25 system liquid delivery system multi-source system and single source
system [0043] The deposition nodes include thermal CVD (only heat is used
to cause the vaporized material or al4r xture of the vaporized material and
a reactive gas to react to deposit a filnm, plasnma-enhanced CVD (heat and
pl asma are used), photo-assisted CVD 14 (heat and |ight are used), photo
pl asma- assi sted CVD (heat, light, and plasma are used), and ALD (Atomc
Layer Deposition) in which a deposition reaction of C/Dis divided into

el enent arjeat aadlighdirapsepls phetoadastra-dseisted QD dhdal, [lights beppiasea ere wedpl ecul ar

| evel . b ' ' ] ion tepperature
(the subsrrare By Ly Rgbamb o, anch bbanRioh cOR o £ |l ET e The
react i on Iftegjsareataly Eaption sensfse patsl Builsea Bim Hepyhier ome mukhicohar tdvel. met al
conpound of the invention reacts sufficiently, nore preferably 250 to
450C. The reaction pressure is from atnospheric pressure to 10 Pa for
thermal @fa4and photo-assisted CVvD or from10 to 10 2000 Pa for film
formati on using plasma. The deposition rate can be controlled by the

mat erPal feed %B‘T’l&ﬂﬁ Engangn pepditipay indwgse regeioe temrerstapsofthe i swhstprtessur e)
and the (d@ReithRN fAAREr pldlfe ARt RESRIWE rard OOTIM ?Qlc 09%9183%1‘%&%‘ i{ ate
tends to result in deteriorated characteristics of the res I'ng thin
film an8rsf&ablyolwVaCaepbighen ah whighe theametal esogipoundh ofcbe iprestioctriesitt y. A
pref erreg,fEeragdt | [g=8 of op 1 0N ] I

preferably 1 toj'/’lgg)ge n%%dkﬁp?%%t hgd)(r:qasgeébf O,TA%BE),I@?‘%enf Pfegng&]? hgglg%énss i's
cont r ol | EEasphariserrprssdp 18P adpe thesmal CY Pz rhowesshisted GVD wr fioickhess. The

B T i R SO R
1000 am MAHFiRk fedr andéfiong eyapraizng swndnuienersh depbrizsg. pRESEQO4L] tche net al
Such a8 recianShRtER AR PIMCS, LA a Dbt Mo tebl! 10 Tl ki a
nitride f¢eeratefl gharacteristics of the resulting thin film, and too low a deposition rate can
result in poor productivity. A preferred deposition rate ranges from 0.5 to
15 5000 nm/min, more preferably 1 to 1000 nm/min. In the case of ALD, the film
thickness is controlled by the number of cycles to reach a desired film thickness. The
thickness of the thin film fabricated of the chemical vapor phase growth material of the
invention is preferably selected from the range of 0.1 to 1000 nm, while varying

depending on the intended use.

20 [0045]
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



A preferred process for formng a netal nitride thin filmusing the

chem cal vapor phase material of the invention is ALD. ALD is a process in
whi ch a chem cal vapor phase 25 growthSnmaterial and, if necessary, a
reactive gas, and other precursor are alternately pulsed to make one cycle
to forman atom c nonol ayer, and this cycle is repeated until the atomc

| ayers are deposited and built up to a desired thickness. In each cycle,

the pulse ogxfé the vapor phase growth material and/or the reactive gas may
opt i onal |¢EanISHg|S| %Eﬂ&? P EnelsmpETaf I Ao UG d t héhigrdeansagsdnekgsokLiphase

growt h rramaewadppMI&ma&ﬂwaé&w&aﬁ&ﬁ%&%‘ée'o\f% GBS d;i?% PHLGHRI ML an

inert gas_ and/or by evacuation., ALD is characterize y provi‘ding a thin
Filmwt e £ Shbskits. avd deulilier oYhIR Mayiveafiecteddn combaisnoathsest, Anot her
advant ageigdf, oAblsmhr om the nature of the filmformation 15 nechanism is a
| ower dep05| tion tenperature required. This advantage nmakes ALD wi dely
appl i cabl e i ndependently of the heat resistance of a substrate, diffusivity
of thﬁ EE!B‘E nt to a substrate, and the like. ALD may be effected in

conbi fiat i ith heat, |light, or plasma. 5 [0046] In the filmformation

process of t hezrpfhesmni formuesH bRResstdTahé @addbdt iRGerkibh, nthE'rlesrqtlrgBﬂhrpﬁEﬁUbl ected
to anneal i n%lbesn an inert atnposphere, an oxidative at nos

reduci ng BIS HRECE 1 BBEAing P BGE REpEbETS éﬁlox&i‘ﬁf"@ét@&pbﬁﬁcg a\\ere

step covehaEg kendsphttr@dobidle RpRGess eiﬁaﬁﬁchln%hé{ﬁ‘&eﬁﬁﬁs st apnhat Etﬁﬁj' ow ng
the thin film The 10 tﬁ erature for annealing or reflow n%émhou
wi thin aCPYHeRs Hasaiedithe arocess maeingide ther stemef seflpwink therthimhidmt efber at ure

i s uspal Itétnﬁdi&ﬁﬂe&@@axﬁz@alii?go&%ﬂ@«/ﬁfg%h&%%e‘%&lﬁuﬂQrar@g;gnm[sgf?fyfl)r @8%@& ned with

approprla%e1 % i ons of a precursor of other co nent reactive
gas, and°f ftip ol Rolsginerass 1s prellynfsom 40 Wa@@po%ﬁﬁg%ﬂ@m%ﬂ@\tmt eri al
of the I60®‘?@]'[I0n and the thin fllmformatlon process using the materi al
provide a thin film of desired kind, such as netal oxide filns, netal
nitride films, and gl ass. Exanpl es of

[0047]
Combined with appropriate selections of a precursor of other component, a
15 reactive gas, and film forming conditions, the chemical vapor phase 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 compesition 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-hafmium complex oxide, hafnivm-aluminum complex oxide, a hafnium-rare
carth  element complex  oxide, silicon-bismuth-titanium  complex  oxide,
silicon-hafnium-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



the conposition of netal oxide filnms include titanium oxide, zirconium

oxi de, hafnium oxide, bisnuth-titanium conplex oxide, a bisnmuth-rare earth
el enent-titani um conpl ex 20 oxi de, sildcon-titani um conplex oxide,
silicon-zirconium conpl ex oxide, silicon-hafnium conplex oxide,

haf ni um al um num conpl ex oxide, a hafniumrare earth elenment conpl ex

oxi de, silicon-bisnuth-titanium conplex oxide, silicon-hafniumalum num
conpl ex oxide, a silicon-hafniumrare earth el enent conpl ex oxide,

titani ums¥itelsni um | ead conpl ex oxide, titaniumlead conpl ex oxide, 25
strontiumtitani um conpl ex oxide, bariumtitanium conpl ex oxide, and
barium strontiumtitani um conpl ex oxi de. Exanples the conposition of netal
nitride pihpRsi nclude titaniumnitride, zirconiumnitride, hafnium
nitride, titaniumalum num conplex nitride, silicon-hafnium conplex
oxynitride (HHSION), and a titanium conplex oxynitride. Applications of

t hese fik i ncl ude nmenbers of el ectronic conponents, 30 such as high

di el ectr @ﬁ@%nstant capacitor filnms, gate insulators, gate filns, electrode

films, bar r i er Thé bﬂé’fﬁent ieh@] RO fd§ be @iﬂ%ﬁ%ﬁe@ rm téfeh%? detél“ %ﬁ%ﬁé?&%@‘io films;
ers, such as optical ers i cal wavegui des,

and o t|
optic g g'f’? Z%‘Svgluag% Exgppleagnd @mwtﬂ\@r@@m@e dihit égﬁlﬂd booudIstodthe

present tmv&@tlm\wﬁtlwislnoﬂ@dﬁs%}@edésluéﬁ{gl%ﬁaiﬂh&eaf eater detail with reference
to 5 Exanpl es, Evaluation Exanple, and Conparative Exanple, but it should

be understood that the invention is not construed as being [imted
thereto.bdg 49] Exanple 1 - Preparation of conmpound No. 2 A reaction flask
was char ith 43.0 g of titaniumtetrachloride (TiC4) and 10 500 m of

dehydr at Eﬂam@xan@r@aeht@ﬁ@ﬁe@lnp@mdmm n a dry argon at WDSp_hef e. A m xed
and- 500 i of*dBK) JetvAR APEESERD Addetor HekerD cHr S e Tk enbrmer
suchid hasoddeof dehydrated hexane and cooled to -10°C in a dry argon atmosphere. A mixed
solution of 191 g of tetrakis(ethylmethylamino)titanium (TiN(CH;3}(C2Hs)]s) 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 0o 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) (1.003:1:3)

[0051]



reacti on systemtenperature m ght not exceed -5C. Conpletion of the
dropwi se addition was followed by stirring at roomtenperature for 8
hours. Hexane was 15 renoved by evapor@ati on under reduced pressure, and the
residue was distilled under reduced pressure. Froma fraction collected at
a distillation tenperature of 82C under a pressure of 100 Pa was obtai ned
conpound No. 2 in a yield of 90% Identification of the conpound was
acconplished by elenental analysis and 'H NVR analysis. The results of the
anal yses EgihdnhRrepasn obenmesdNo( §) El enental anal ysis (metal anal ysis
via atom c absorption/chloride analysis via silver nitrate titration) Ti:
18.5 mass% (theoretical: 18.59 mass% C: 13.4 nass% (theoretical: 13.76

mass% 25 (2) 'AHehRuo( Sakvueats t
shi ft/() mul tl(p|)l Ci te Lrllrrber of mﬁ%g?lgﬁfeiﬁgﬁm ?}Q%Mﬁgﬁg)g&a%g 01-1518 (T;C%) and

(1. 003: t >8P mlggs fi}]dn rated tobyenggne cooled or-dB¥r B d i asgoncomprhars. No\ mied
react i on shhask a&agzgrgaroqeséuﬂki%@tf%n&hgiam‘ T&)Hhﬂﬂﬂn&l ftggﬁf(éﬁg(%% 52)‘9 a%&“ Cl4)

and 300 51 f d y rated tol uené and’ coo
at nospher&? Hﬁ\ @eé?@éj raled) taluenm wes agdedsthgrase dropwise in a manner such that the

t et raki sGefchyh bl ﬁ:fﬁp@ﬁb}ﬁrhtrﬁ%y Rof Ek&éél(iﬂﬁé:( Coblableba A2 %&?xﬁ{% o

dehydr at eg t.ol uene was hereto dropw se in a nanner suc
reaction ‘}‘é‘f”érﬁ’%sef%l@i”&@ LhYeS‘i’ﬁ“@Htatn@Pme%é@mm@dOf Cotrpiinst | Goluode whe

dropwi se 1&1@61%'[%0@\/8%?&&59|dn9¥}ef$d9&/0dséﬂe§sﬁﬁé1gm@ hé QW ug\V%e{l@&l‘I'Jdeuxg(P

hours. Tol uene ias renoved by evaporation un er re ressure, and the
resi due WRERICeH BRI fupraar rackiey geldestash a gglistalatipn tﬁmmraftwra@f 86T amlet ect ed at

d [ of wa
bt o ned Bans g REPA R ﬁ“t%fnﬁ?e PN R B0 ot B PR ormpound

was accof FupRYngdvas| ashemplghed byl @lgmgntadn@nalyaaslxm JhalyRimalyFiee 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%)

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

hydrogens)
20 (3.021:5:3) (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



results of the anal yses are shown below. [0052] (1) Elenental analysis
(metal analysis via atom c absorption/chloride analysis via silver 15
nitrate titration) Ti: 20.3 mass% (theswretical: 20.38 mass% d: 30.1
mass% (theoretical: 30.17 mass% (2) 'H NWR (sol vent: deuterobenzene)
(chemcal shi ft:multiplicity: nunber of hydrogens) 20 (3.021:s:3)
(3.470:9:2) (1.003:0) [0053] Evaluation Exanple Conpound Nos. 2 and 6
prepared in Exanples 1 and 2 and the conparative conmpounds shown in Tabl es
1 and 2 Mr@@ﬂﬁpu@de@d&edu@e@ erossirof [ @ tve) st Bbeheutin 0@npaature2&n plh gedo
deconposabinh : | 20050 fut her anal yzed for
mel ting %g{nh?&%d[%‘lggl%gg@?ﬂ %‘I %%lsﬁ%ﬁg?%r%@ %e&%&ll?w"s h@ﬂﬁ %aﬁg are
shown i ntermagsptes forghidle wayhsslactedr frain thec omgosebl il toy 3060C. exiphessfd as t he
heat i ng r - AR ) led.in.,a stainless steel
cont ai ner‘e kﬁv\g@@h%gk% 5@%@&?2‘ ﬁ%%ér?%%dc?%g@g%g%ge ?r%‘%é) B Hg‘ﬁ' 1&?@“@2‘3&@ a
deconposir¢veaisd piepetiretiomof dienast Hienelholg @mopyt TG DiApamderhitetiocediipoessur e

(10 torric. i ure..ennl d i nds_ ot her than Ti Cl4
was ol sed Pram o6 Laed BEGRkp R oER BHEhilbe 4 TR uRL G b T cus
was sel eepepoyndohid nptecommpiejely oblapboe b 1806 G:sidieerf mdro than éxaumpdse; aftthe resul ts
of TG DT p - heating, at 130 reveal ed
vapor i zaﬁngﬁgg?n gfﬂg%? Q%Sh{eh%\?ﬁ%fngl géncz())ﬁ{r?f) 9%’?‘ 1tg%gglr?pcgumr?8u }Vﬁ%relgﬁlgegﬁul ts of
TG DTA uh®®t. reduced pressure after one hour heating at 140C showed t hat
the conpound did not conpletely volatilize but left a residue of nore than
0.5 mass% at the conpletion of mass |oss, the thermal deconposability of
the ¢pnpoyd) was regarded as 140C.

Table 1

Metal Compound ! State Thermal Decomposability
Compound No. 2 liquid 140°C

TiCly | liquid >300°C

TICIIN(CH;3 )15 solid (mp: 70°C) 140°C

Ti{N(CH31)(CyHs)]4 liquid 200°C

[00557

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

compound TiICHN(CHj3),]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 TiCls and Ti[N(CH;)(C:Hs)]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 barrter film, and an electrode film of LSI devices, typified by titanium

nitride films.

[0056)



10 [0054] Table I Metal Conpound State Thernmal Deconposability Conpound
No. 2 liquid 140C TiCl4 liquid >300C TiC[N(CH3)2]3 solid (nmp: 70C) 140C
Ti[N(CH3) (C2H5)]4 |iquid 200C [0055] 1As shown in Table 1, conmpound No. 2
of the invention, unlike the anal ogous conmpound TiCI[N(CH3)2]3, is liquid
at roomtenperature and therefore suitable as a 15 material for chem ca
vapor phase growth. It is also seen that conpound No. 2 exhibits higher

t her mal d@@ggyosability than TiCl4 and Ti [ N(CH3) (C2H5)]4. This suggests

t hat conp No. 2 allows for thin filmformation at a | ower tenperature
and produces a thin filmwth better qualities. In particular, the thin
filmforped-using—conpound No._2 as a precursor has a reduced content of

r esi dual Ma&abﬁnmpblatd vvoul d 2Gtaéfect el ectrical Maﬁmwcb@bbgagﬂg{ the film
so t hat Eﬁ&@@dqngmk)6con5|derqgw i'tTed for use arﬁp&ﬁgate At m——a uay{:ﬁae

film a ectrode filmio |_devices,  typi by titanium__ni
filns. [@@EIN@s)zTabl e 2 Metsalid Qop30@d St at e Theowal Deconposability
Conmpound No. 6 liquid 100C TiCIZ[ N(CH3) 2] 2 solid " (fp: 83C) 100C—[0057] As
shown in Table 2, conpound No. 6 of the invention, unlike the anal ogous
conmpound Ti C12[ N(CH3)2]2i is liquid at roomtenperature and therefore
suitable as a 5 material for chem cal vapor phase growh. Conpound No. 6
was equall08%]

As shown in Table 2, compound No. 6 of the invention, unlike the analogous

compound TiCh[N(CHs)],, 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(CHs)o}» 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 [ 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.



TiCl12[N(CH3) 2] 2 in thernmal deconposability. As conpared with conmpound No.
2, conmpound No. 6 deconposes at a | ower tenperature. However, having a
deconposition tenperature of 100C pro%i des a small processing margin.
Taking the margin between the volatilization tenperature and the film
formati on tenperature into 10 consideration, conpound No. 2 is nore

sui tabl e than conpound No. 6 for use in chem cal vapor phase grow h.

[ 0058] Eﬁanple 3 - Fabrlcatlon of titaniumnitride thin filmA titanium
nitride thitS mage! vawrizedindge sapaizst #6 106PC wed 870 Dywad prlemsl intp thhe 15
equi prentiepdsteist sah®er bl F@ved toa@éfaogl@'f&oyg uﬁdé?tét alsned }egsﬁéa'?p' elas
a chem c¢al vapor phase grow h nateéri al er t e condi’tiond desert bed
bel ow. THeY Pesultlng filmwas anal yzed by X-ray fluoronmetry to determ ne

the fil mahieknesscand u?éh'apﬁﬁi QIG&Pfor'?,tseg‘ﬁ?tﬂsft(?fé%v@%heaunrlga%fédtnggnal the film

thi ckness, was 60 rim t e fil onposi tion was taniumnit and the
car bon cbht Bift repetvergas %%S‘J/Bulszd ipjoDhe shamberosrs!: alRevedt th gnact domp@ setande

(substraggdetrgrgﬁgg,gtp%sg,)reoggg)@% Reactive gas: NH3 Three hundred cycles each
havi ng steps (1) were perforned. 20 (1) A CVD material vaporized in

the vapoffZée CB@“@?O’@S@HEBCQEYWW&%@Y@GD saoverthounhectedvprosilt i on chamber
and allowed to deposit for 3 seconds under a system pressure of 250 Pa.

(2) The chanmber was purged with argon for 3 seconds to renove the unreacted
mat eri al [0055] (3) The reactive gas was pul sed into the chanber and al | owed
to react for se onds under a system pressure of 250 Pa. (4) The chanber
was purggarr’WrtaHV% ¥8Wledr 2 to renove the unreacted material. [0059]
Conpar ati ve Exanple |

10 A titanium nitride thin film was fabricated on a silicon wafer by ALD using
THN(CH;}(CoHs)]4 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. [t 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.



10 Atitaniumnitride thin filmwas fabricated on a silicon wafer by ALD
using Ti[N(CH3)(C2H5)]4 as a chem cal vapor phase growh material under
the sane conditions as in Exanple 2.2The resulting filmwas anal yzed by
X-ray fluoronetry to determine the filmthickness and conposition. It was
found as a result that the film thickness was 50 nm the film conposition
was titaniumnitride, and the carbon content 15 was 7.0 at% BRI EF

DESCRI PTION OF THE DRAWNG Fig. | is a schematic illustration of an exanple
of CVD aﬁ%%QQM%s used in the thin filmformation according to the

i nvention. | NDUSTRI AL APPLI CABILITY 20 [0061] The invention provides a
nmet al conmpound havi ng physical properties suitable as a material for

chemi cal vapor Aprhataeccgﬁmaréﬁ@dmﬂeabp@@n&&rfﬁﬁﬁd@@m a nmetal -containing
thin film especially a netal nitride thin fil 1 CLAIM5S 1. A neta
conpound represented by general fornmula (1): [Formula 1] m~) 4 -in
wherein M represents titanium zirconium or hafnium X represents a

hal ogen afF¥#wadhd mrepresents 1 or 2. 2. The metal conpound according to
claiml, wherein Mis titanium 3. The netal conpound according to claim!l
or 2, wherein Xis a chlorine atom 4. The nmetal conpound according to any
one of clains I to 3 wherein mis 1. 5. A material for chem cal vapor
phase gro ng the nmet al compound according to any one of clains
1to 4, 6. ter flor chem cal , vapor phase growth according to claim
5, whi ch |s gr t \fo t|on of a metal nitride thin filmon a substrate.

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 | 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 5, 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



7. A process for formng a netal-containing thin film by chem cal vapor
phase growth characterized by using the material for chem cal vapor phase
growt h according to claim5 or 6. 8.2A process for forming a netal nitride
thin filmby chem cal vapor phase growmh 22 characterized by using the
material for chem cal vapor phase growh according to claim 6.

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



