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present invention relates to a precursor and a
precursor solution used for preparation of
Zr-containing thin filnms by the chem cal vapor
deposition (CVD) nethod. In particular, the invention
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BACKGROUND ART

In preparation of thin films by use of the CVD method, vapor sources of
precursors are generally liquid materials at room temperature such as
trimethylgallium, a precursor used in the preparation of GaAs thin films; and
tetracthoxysilane, a precursor used in the preparation of SiO; thin films. In the
CVD method, reactant vapors are supplied by bubbling carrier gases through
liquid precursors, evaporating the liquid precursors into the reactant vapors and
guiding the reactant vapors entrained in the carrier gas into a deposition chamber.

On the other hand, in the case of using a solid material as a precursor, it is
impossible to employ the above bubbling method. The sublimation method is
necessarily used for the generation of reactant vapors of the solid precursor

materials, wherein the supplying rate of the reactant vapors are not stable in the



CVD nethod. In order to solve the above problens, the
liquid source CVD nethod is devel oped, in which solid
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such as tetrahydrofuran (THF), butyl acetate, toluene,
and octane at a specific 5 concentration. The obtai ned
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method, the liquid source CVD method is employed since most of precursors are
solid.

For example, Japanese patent No. 3054118 shows metal complexes as a
CVD precursor used in the preparation of PZT thin films such as:
- lead precursors including lead bis[dipivaloylmethanate] (Pb(DPM),), tetraethyl
lead (PbEty), and triethylneopentyloxy lead (PbEt;OCH,C(CHj3),);
- zirconium precursors including zirconium tetrakis[dipivaloylmethanate]
(Zr(DPM),), tetra-tert-butoxy zirconium (Zr(O-t-Bu)s), and zirconium
tetrakis[diisobutyrylmethanate] (Zr(DLBM)'4); and
- titanium precursors including diisopropoxy titanium bis[dipivaloylmethanate]

(Ti(O-iso-Pr);(DPM),), di-tert-butoxytitanium bis[dipivaloylmethanate] (Ti(O-t-



Bu) 2(DPM 2), tetraisopropoxy titanium (Ti (O iso-Pr)4),
and tetra-tert- butoxytitanium (Ti(Ot-Bu)4). In the
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PbEt;OCH,C(CH3)3/Zr(O-t-Bu)4/Ti(O-iso-Pr)s;  Pb(DPM)y/Zr(DPM)4/Ti(O-iso-
Pr),(DPM),; Pb(DPM),/Zr(DIBM)4/Ti(O-iso-Pr)(DPM), and the like. These
combinations have problems of such as volatility, toxicity, particle forming in a
vapor phase and the unstable composition ratio of the film due to fluctuations in
the substrate temperature. The only combination used for the production of PZT
thin films in the industrial application 1is the above described
Pb(DPM),/Zr(DIBM)4/Ti(O-iso-Pr),(DPM),. In using the combination of
Pb(DPM),/Zr(DIBM),/Ti(O-iso-Pr),(DPM),, the range of temperature in which a

composition ratio of the film is not affected by the change of the substrate

temperature is very narrow. Especially, there is a problem that the substrate



tenperature has to be controlled to a narrow range
because the anobunt of the deposited zirconiumis
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tenperature. Accordingly, an inproved Zr-containing
precursor used for the production of PZT thin filns
has been desired. 5 The object of the invention is
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The inventors have prepared and evaluated many complexes each having a

various kind of properties by changing structures of the complexes including
some zirconium complexes. Among them, it is found that using zirconium
tetrakis[isobutyrylpivaloylmethanate] (hereinafter referred to as “Zr(IBPM)4”) has
a wide range of the substrate temperature in which the‘amount of the deposited
zirconium is stable, and that the temperature range overlaps the range of the
substrate temperature in which the amounts of the deposited lead derived from
Pb(DPM), and the amounts of the deposited titanium derived from Ti(O-1so-
Pr);(DPM), are stable. Thus the present invention has been completed.

Zr(IBPM), of the invention is not described in any of the references such as

Japanese patent No.2799763 and the properties thereof are not known in the art,
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thermal analysis (TG DTA) of Zr (1 BPM 4 conducted in
the argon atnosphere; 5 Figure 2 shows a chart

obt ai ned by TG DTA of Zr(I1BPM 4 conducted in the dry
air; Figure 3 (a) shows two DTA curves of Zr(IBPM4
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HBC CH3 C-CH3 OC NCH Formula (1)
(dDTA/dT) and the temperature (°C) obtained in the dry air and in the argon gas;

Figure 4 shows a relationship between the metal deposition rates and the
substrate temperature in the preparation of PZT thin films by using a combination
of Zr(IBPM)4/Pb(DPM),/Ti(O-iso-Pr),(DPM), in Example 1;

Figure 5 shows a relationship between the metal deposition rates and the
substrate temperature in ithe preparation of PZT thin films by using a combination
of Zr(DIBM)4/Pb(DPM),/Ti(O-iso-Pr)2(DPM), in Comparative Example 1.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention is described in detail.

In the invention, Zr(IBPM), is a complex represented by the following

formula (I).
HaC CH
3G fHs

C—CHs
/

o~

zr o " Formula (I)

O":

CH—CHj;



0=C CH CH3 H3C 4 WD 2004/ 009867 6 PCT/1T2003/ 000445
In the present invention, Zr(1BPM4 nay be prepared by
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evigveeidoade oridler remayinge gensraied hydroges ghiqridg and ghecpalgent is
product; (3) To an ethanol-water (1:1 by weight)
sokvapomtedoinder redoerd predstinsreidiingyid rarele (rdh©C12 nH20),
sodi um i sobut yryl pi val oyl met hanat e (NaC OH1702) is

added (2a@dCLhesyppaciepiin tiene and &sobutgrydpl vbly yinethawds added to
filtration and dried resulting in a 15 crude product.
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et hanol. The Zr content of the refined products are

MeasHS eI P YissNILE tih MBL ¥ouAUR! £ RleasMnitt @Rloride (Et;N + HCI)
spectrometry to obtain 11.9 % by wei'ght which is equal
t OPEeDl@HEJ%?ﬂ{ Bk I-ERkoN 3 Mfon. T}'%E, B kLdcioh Qcﬁhtl%n Rfiltehéd and the
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(ZrOCl; * nH,0), sodium isobutyrylpivaloylmethanate (NaC;oH;70;) is added
and the precipitate is recovered by the suction filtration and dried resulting in a
crude product.

The resulting crude product can be recrystallized from ethanol. The Zr
content of the refined products are measured by inductively coupled plasma (ICP)
spectrometry to obtain 11.9 % by weight which is equal to the theoretical valﬁe.
The melting point of the refined products is measured by using a melting point
apparatus equipped with an oil bath. The refined products do not melt at the
highest limit of measurement of 270 °C (visually observed). The solubility in THF,
butyl acetate, toluene, octane, and ethylcyclohexane is from 0.33 to 1 mole/liter.

The thermal properties of Zr(IBPM), are shown in Figure 1 and Figure 2 as

results of the TG-DTA. In Figure 1, the analysis was conducted in the argon



butyl acetate, toluene, octane, and ethyl cycl ohexane
is fromO0.33 to 1 nole/liter. The thermal properties
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results of the TG DTA In Figure 1, the analysis was
conducted in the argon WD 2004/ 009867 - 7
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matter generated By the oxidative degradation .
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preparation of a film _

it can be presumed that the temperature at which the calorific value difference

between in the argon gas and in the dry air began to increase was the temperature
at which the exothermic oxidation reaction occurred. The temperature at which
oxidation reaction occurred was around 180 °C for Zr(IBPM)s, while around
130 °C for Zr(DIBM)4 and around 280 °C for Zr(DPM),. From the results, it was
found that Zr(IBPM), has an excellent durability in oxidative degradation.

When Zr(IBPM), is used as a CVD precursor for the preparation of a film,
the liquid source CVD method is preferably employed because the meltipg point
of Zr(IBPM); is higher than 200 °C.

As for the solvent used for Zr(IBPM)4 as a CVD precursor, preferred are



the liquid source CVD nethod is preferably enpl oyed
because the nelting point of Zr(IBPM4 is higher than
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precursor, preferred are WO 2004/ 009867 - 8

PCT/ 1 T2003/ 000445 organi c solvents which do not react
wth Zr(IBPM4. Non |[imting exanples include THF,
butyl acetate, toluene, octane, ethylcyclohexane and
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represented by the following fornmula (11). H3C CH3 ~C

CH3  QnZpide Of the atlove dEscriptibd, Sh&pre@erableaomehtia ahll Ithe pdferable
CH3 \H3c CH3 2 As for the precursor solvent used
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used for Zr(I1BPM 4. Also, the concentration
and the types of the CVD methods.

Pb(DPM), is a complex represented by the following formula (IT).

HsC  CH

3\/ 3
C—CHj
/

CH3 0—C
| , SN
H—C—O+Ti /CH

| —
CHs 5 O C\
/C\—"CH3
H3C CH; /5

Formula (II)

As for the precursor solvent used for Pb(DPM),, the above described solvent
for Zr(IBPM)4 can be mentioned. The solvent used for Pb(DPM), can be the same
as or different from one used for Zr(IBPM),. Also, the concentration of the
Zr(IBPM), solution may be 0.05 to 0.5 mol/1, preferably 0.1 to 0.3 mol/litre. The
concentration of the Pb(DPM); solution can be the same as or different from one
of the Zr(IBPM), solution.

Ti(O-iso-Pr),(DPM), is a complex represented by the following formula (III).



Zr(I1BPM 4 solution may be 0.05 to 0.5 nol /1,
preferably 0.1 to 0.3 nol/litre. The concentration of
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fromone of the Zr(1BPM4 solution.

Ti (O iso-Pr)2(DPM2 is a conplex represented by the
followng forrmula (111). WO 2004/ 009867 9
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sol uti As fof th&ZrprtdBRd 4soltene wwal for A @isoHh | PRMD,,athd above
the solution of Ti(Oiso-Pr)2(DPM2 is supplied into
t h@eseAbal o1t ERrARIBPM, cinitee raddiocapd alttsds ent used for Ti(O-iso-
simul taneously, in order to prepare a PZT thin film

Fr o) MR AbanPbPRsahk A8 of iffeiht fidnTeitkd?am@iied for Zr(IBPM),

solution or one used for the Pb(DPM), solution. Also, the concentration of the
Ti(O-is0-Pr)2(DPM);, solution may be 0.05 to 0.5 mol/1, preferably 0.1 to 0.3
mol/litre. The concentration of the Ti(O-iso-Pr),(DPM), solution can be the same
as or different from either one of the Zr(IBPM)4 solution ore one of the Pb(DPM),
solution. |

In one embodiment of the method of the invention, each of the solution of
Zr(IBPM)4, the solution of Pb(DPM); and the solution of Ti(O-iso-Pr),(DPM), is
supplied into the vaporizer chamber of the CVD apparatus simultaneously, in
order to prepare a PZT thin film. From several preparation of the films changing
the substrate temperature, it is found that the deposition rate of Zr on the substrate
is stable at a substrate temperature between 460 to 600 °C. Whereas, the
deposition rates of Pb and Ti on the substrate are stable at a substrate temperature
between 500 to 600 °C and between 520 to 600 °C respectively. Accordingly, a
PZT thin film having a constant composition ratio can be obtained consistently by

using the Zr complex of the invention.



the substrate tenperature, it is found that the

deposition rate of Zr on the substrate 20 is stable at
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the deposition rates of Pb and Ti on the substrate

are stable at a substrate tenperature between 500 to

600 C and between 520 to 600 C respectively.

Accordingly, a PZT thin filmhaving a constant

usi ng. 1 et BEUR, LOR e\ ARROE T SIS G 2o H bl bavine =
1Oc5g It-ggx%lqgéﬁ 004 %a%-g)%lgf%n?%d 90f 1tsF ntlﬁggg%r{e%l% from 500 to

efperat ared|

t o ra an be o .

coR% et RyiEhi ' a?F{}é) et dﬁ?ré@éefb {aBlign 50 to 600 °C.
pfefefablyfromSZOto 60 more preferably from 550

t o eo0incthe methed %%fh?oaw@?tlomhéhq KngRt oo femperiuteaingwhish the
tenperature in which the 5 constant conposition ratio

5 of cartséant icompesifiohdaiébodithee dilmoenasi Be @btaiyedi eonsistaady is broad.
Consequently, in the invention, it is not necessary to
cofibngqueriily, Snbtbt riaventionenpey amtJrrecetsssght toy cottrol the substrate
general, the recrystallization annealing of PZT thin
fiteﬂ’ﬁaemhﬁﬁa'fgﬁdy.by the CVD nethod is conducted so as
to inpart electrical properties such as hysteresis 10
(ferroglg@atral, Ghd dekrystalliZatién anRemhd SOPLT @dh MRAL prdpatedy the
are heated at 550 gor nore for 10 to 60 mnutes. In

theviy fReRk it BYRIEIARo B4 ihfirNelbieR ﬂ?@]yérﬁ&; KXRGS h?ﬂ&rems

eI ectrical properties can be obtained wth not use of

10t @SI? ?0%11 gﬁpﬁr Haty Hﬁ&thPﬁ tx%la'{rﬁel?l? rﬁlrﬂsghré Iﬂ‘gatE@QQ%(PﬁC top (la‘nore

erature ereis nth

stII| Tthlnfllmc wi t.ho
Pém@ SRR ™1 pissLaREaESn %pfiﬁ?hl{lﬁf&mﬁ amng excellent
aratlon In the scope of . the invention,
qirial prongties cam eBEtag?Si’ Hithit uspeqf ¢ ?afH‘ea‘é‘FS t@ﬁ’ﬁme“t
armunt of el enments except Pb, Zr and Ti are added into
PZT f ifusider, [im theneange b Hiei whstrate emparaares dee isoRs adantage in

t he above Zr (1 BPM 4, Pb(DPM 2 and
that a crystallized PZT thin film can be obtained without thermal treatment

15  (annealing) after the film preparation.
In the scope of the invention, the similar effects can be obtained even if a
slight amount of elements except Pb, Zr and Ti are added into PZT films.
In the invention, the three solutions of the above Zr(IBPM)4, Pb(DPM), and
Ti(O-iso-Pr),(DPM), may be mixed previously before the vaporization. Also, the
20  above Zr(IBPM)4, Pb(DPM), and Ti(O-iso-Pr)z(bPM)z ma}; be dissolved in one
solution. However, it is may be necessary to conduct the CVD _process
immediately after mixing or dissolving because the replacement of the different
ligands of these complexes occurs with the passage of time.

EXAMPLE 1
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sol ution. However, it is may necessary to conduct
the CVD process immediately after m xing or

di ssol vi ng because the replacenent of the different

| i gands of these conpl exes occurs with the passage of

i . E2AMRL M@) 2 B398 i -'scf-f;fl; 0 ed in
Each of oy (| %ﬁ% 4, “P%?@Pwp% %Eldmr(?glm sé)([DPr)g?(ﬁ%h/‘gl hived

i I in.. ; i . I
Wa% H‘#‘ §ts c%ﬁgerft tlgﬁ_l%f %.%rﬁo%%%ﬂiaﬁ@ﬁlﬁgy sgfg]ﬂg{lsls gér)],dr zlipr%glrsor

obtain three solutlons recursor

pr egur sor | ution and Ti_precursor sol ution), -lhes
hFaliatn o Shistiar 30uof sl Ht BRENSSCTRIBRA THEER hvee
si myl taneously; ynder .the 5 nditions of a vaporize

¢ eRpUHSR e Pupmsdcint, e JSUH aprgraliy sippFanepliselinder the

deposij ti on chanber, an oxygen flow rate of 1000 .
ccPenditionsrRf & yaperizen tymaratgiesof 2HQWCr gt Rregspure of 10 torr in the
1200cc/mn; with feeding rates of a Zr precursor

s ofleposidion ahambegp an pkygemflowfrata abpl 6P eelmiso ands an i agrrier gas
at 0.53 mM/mn,and of a Ti precursor solution at 0.51

m flow cateTofe 1 200coinpne pathafeeding waee of arfin petcanser smutiin at 0.50
substrates for 10 mnutes, 10 with changing the
Subsmtiatof ot Rirecdbarrselutive ay0.29 Gilihihanad of i pad@Sotdolution at
440 to 640 C. The anmounts of netals (Zr, Pb and Ti)

depas if18inOThd fikn prepaatioh & e afticd RASH PESutRMrates €oraD minutes,
| CP spectronetry. As can be clearly understood from

t h%EB R dise ﬂiehéd%trﬁé‘(iané@&tﬂle 90 QM hikh MEranPOVR 440 to

in Figure 4 e range of the substrate tenperatdre
wh o S | it I .
BLE - 2L 5,55t VDB o B BERLBE: s vere
the stabl.e Pb ?Eg%Ti gsgosition rates can be obtai ned
welEaFegRYSHE of LB ERFECTREY- from 520 to 600 C -
respectively. That is, the substrate t erature ere.,
n Gorfst b BYipos HRdSEHOPR P B oS £ 1NG FcH n&%{ﬁlm@eaosmon
obt ai ned stably was in the range
rate shown in Figure 4, the range of the substrate temperature where the stable Zr
deposition rate can be obtained was from 460 to 600 °C, and the ranges where the
stable Pb and Ti deposition rates can be obtained were from 500 to 600 °C and
from 520 to 600 °C respectively. That is, the substrate temperature where a
constant composition ratio of the PZT film can be obtained stably was in the range
between 520 to 600 °C.
COMPARATIVE EXAMPLE 1
A PZT thin film was prepared in the same manner as in Example 1 with the
exception that Zr(DIBM), was substituted for Zr(IBPM)4. The results of the metal

deposition rates of the prepared film were shown in Figure 5.

The range of the substrate temperature where the stable Zr deposition rate
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e te er,at e a.,.con (0]
Puorh" & CehEREAST i 6ol BuERR: MbnerfSE Shete A" constan
Corrparatlve Exa | n other words,
CoRPAPAS l%ra@e&ﬁreef’%? filmy cayyngt be obtained ig é&éﬁ‘%"f%’ﬂ? Examplel

conposition ratio of the fil it was necessary

5 cofft PFT VREISstisarpRaralivedigepia Lise apitgyRbtpip 2 Mﬁtant composxtlon
exanpl e precisely at 520 C. | NDUSTRI AL APPLI CABI LI TY
Fr oot dfghe lfidmeit was nepessqsy épaonttdl ghe sfbsaatPzampdrature fightly, for
by the liquid source 10 CVD nethod, using Zr (| BPM4
of exdmeple pweeiselyot 528 °@. zi r coni um precursor enables to
obtain a constant conposition ratio of filnms wthin a
wi de reNIOESTRIADAPPUNSABHLIIEY tenperature, and negates
the need for the thermal treatnment after the film

pr epar glbhPthe abB0&,ah Wprepdiatidt 6688 PZT ﬂm&?ﬂirh thE Qi &Burce
a PZT thin filmhaving a constant qualtya a |l ow

10 CO8%p M)Qﬂ%goﬂ'él Qg?iﬂ@izut n@%&@fl‘{ %O c.ﬁ)mu(r?r %s&r enables

Z| rconi um t et ra [ yry pl va anat

fi {%boﬁgn?ﬁe ﬁgl d r? }atlg%f ?'lms w1t%1n zg: anc}e r'aH oqf tﬁe substrate

temperature, and negates the need for the thermal treatment after the film
preparation. Therefore, the present invention provides a PZT thin film having a

constant quality at a low cost.



2. A conposition conprising zirconium conpl ex
according to claiml, used for preparation of a
Wbeo£0e9Bs7 t ype thin filmby {sre CVD nethod. 3. PdHEr2003/000445
conposition according to claim2, which is a precursor
solution used for preparation of a Pb-Zr-Ti-type thin
filmby the liquid source CVD nethod. 4. A preparation
nmet hod of a Zr containing thin filmby the liquid
source CVD nethod charagiesimged by using a precursor
sol ution conprising zirconi um
te S / ' - I : -
L o 2 EPRRGOORIAR O IELIERED Lo YR Wi 0P prefifion of
precursor. solutigQn . c I.Sin I i sopropoxy titanium
b Eetratyarey e PER e | < heet w th  the
precursor solution.conprising zirconium, .
2.t egr%@elt%b«eﬂwﬁmg«anrwr%wﬁawi%)ﬂccor@d%|t%>elal@. Lirpsed for
preparati on nethod according to claim4 or 5, wherein
a pepaatiaoe! ah-gilbtyredippilndyibe C¥iymethod.
bi s(di pi val oyl net hanate) conplex is used with the
3. prEeuceropositswl atdoosding derstaimi hgvhich 0eri paerursor solution used for
tetraki s(i sobutyryl pi val oyl net hanate) conplex. 7. The
pr gpparatioroet anet-Aodi-ape oiidifirg by sheliquidsdurog CFD mbehodi n
. a conposition ratiois stable at a substrate
4. t eApRepiratich RRthoaest 500 ntiMin®@InGilm by the liquid source CVD

method characterized by using a precursor solution comprising zirconium
tetrakis(isobutyrlpivaloylmethanate) complex.

5.  The preparation method according to claim 4, wherein a precursor solution
comprising diisopropoxy titanium bis(dipivaloylmethanate) complex is used with
the precursor solution comprising zirconium tetrakis(isobutyrlpivaloylmethanate)
complex.

6. The preparation method according to claim 4 or 5, wherein a precursor solution
comprising lead bis(dipivaloylmethanate) complex is used with the precursor
solution comprising zirconium tetrakis(isobutyrylpivaloylmethanate) complex.

" 7.  The preparation method according to claim 5 or 6, wherein a composition ratio is

stable at a substrate temperature between 500 °C and 600 °C.



