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DESCRIPTION 

METHOD FOR FORMING PZT FERROELECTRIC FILM 

 

TECHNICAL FIELD 

[0001] 

 The present invention relates to a method for form ing 

a PZT ferroelectric film by CSD (Chemical Solution 

Deposition) method.  More specifically, the present  

invention relates to a method for forming a PZT fer roelectric 

film having not only thickness of 150 nm or more wi thout 

forming cracks after firing a liquid composition fo r forming 

a PZT ferroelectric film that is coated by one appl ication 

(hereunder, this composition is sometimes referred to as 

simply “liquid composition”) but also high crystall inity, 

thereby having excellent dielectric characteristics  and 

piezoelectric characteristics.  Meanwhile, the pres ent 

international application claims a priority right o n the 

basis of the Japanese Patent Application No. 168480  filed 

on August 28, 2015 (Japanese Patent Application No.  

2015-168480); and the entire content of Japanese Pa tent 

Application No. 2015-168480 is incorporated into th e present 

international application. 

 

BACKGROUND ART 

[0002] 



2 

 

 Upon forming a PZT ferroelectric film having a 

perovskite structure by a gel-sol method typically 

represented by the CSD method, when a precursor fil m of a 

ferroelectric film which contains more Pb than the 

stoichiometric composition thereof is fired under a  usual 

condition (for example, in an air atmosphere), a qu asi-stable 

phase called a pyrochlore phase is formed.  When th is 

pyrochlore phase is remained, the PZT ferroelectric  film 

having the perovskite structure cannot be obtained.   For this 

reason, it has been known that in order to transfor m the 

pyrochlore phase to the perovskite phase, the firin g has to 

be generally carried out at high temperature of 600  to 700 °C. 

[0003] 

 In order to avoid this high-temperature firing, a 

method for producing a PZT film is disclosed wherei n the 

method comprises a step of forming a precursor film  by drying 

it at the temperature of 300 °C or lower after the liquid 

composition for forming the PZT ferroelectric film is applied 

to a substrate and a step of forming the perovskite  phase 

by firing at low temperature in an oxidative atmosp here after 

a divalent lead ion (Pb 2+) in the precursor film is reduced 

to a zero-valent lead (Pb 0) so as to suppress formation of 

the pyrochlore phase (for example, see Patent Liter ature 1).  

This method is characterized by that the reduction is carried 

out by heating the substrate having the formed prec ursor film 

to 300 to 450 °C with the temperature rising rate of 5 °C/minute 
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or higher in a non-oxidative atmosphere, or the sub strate 

having the formed precursor film is heated to 300 t o 450 °C 

with the temperature rising rate of 5 °C/second or higher in 

an oxidative atmosphere. 

[0004] 

 On the other hand, a method for forming the 

ferroelectric thin film is disclosed wherein after a sol-gel 

solution comprising a metal alkoxide and a solvent or a 

solution of a metal organic agent is applied to one  surface 

of a supporting substrate, in an ozone-containing g as 

atmosphere UV rays are irradiated to a coat film co mprising 

the sol-gel solution or the solution of a metal org anic agent, 

and then, the supporting substrate is subject to a heat 

treatment, or UV rays are irradiated with simultane ous heat 

treatment of the supporting substrate (for example,  see 

Patent Literature 2).  In Patent Literature 2 in wh ich 

production of a (Ba xSr 1-x )TiO 3 film is explained, it is 

described that the same effect can also be obtained  even when 

this method is used in production of other ferroele ctric thin 

films such as PZT film and the PLZT film.  In addit ion, in 

Patent Literature 2, it is described that because u nnecessary 

compounds in the coat film can be effectively remov ed by a 

photochemical reaction with ozone, which is generat ed by 

interaction of a free radical or an excited molecul e 

liberated from the coat film by irradiation of UV r ays with 

an oxygen and UV rays, the formation method of the 
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ferroelectric thin film having less inhibitory fact ors for 

crystal growth in the heat treatment process thereb y having 

excellent electric characteristics can be realized.  

 

PRIOR ART LITERATURES 

PATENT LITERATURES 

[0005] 

[Patent Literature 1] Japanese Patent Laid-Open 

Publication No. 2011-086819 (claim 1, claim 3, clai m 4, and 

paragraph [0006]) 

[Patent Literature 2] Japanese Patent Laid-Open 

Publication No. H06-234551 (claim 4, claim 5, parag raph 

[0016], and paragraph [0018]) 

 

DISCLOSURE OF INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0006] 

 It is described in Patent Literature 1 that when f iring 

is carried out at high temperature of 600 to 700 °C, there is 

a problem that the substrate to form the precursor film 

thereon is limited to those endurable to the high-t emperature 

firing, and when the PZT ferroelectric film is form ed in an 

integrated circuit or the like of various electroni c parts, 

there are problems that not only the high-temperatu re firing 

damages various devices and a metal wiring that con stitutes 
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the circuit but also an internal diffusion takes pl ace 

between the PZT ferroelectric film and the substrat e. 

[0007] 

 The production method of the PZT film described in  

Patent Literature 1 can solve these problems; howev er, 

because the reduction is carried out by heating the  PZT 

precursor film at 300 to 450 °C after the temperature reaches 

this temperature at a predetermined temperature ris ing rate, 

if the amount of application in each application is  increased, 

a stress caused by volume shrinkage which takes pla ce with 

decomposition of organic substances in the liquid 

composition is not sufficiently relaxed, so that th ere has 

been a problem of formation of cracks after firing.   Namely, 

with one application the liquid composition cannot form a 

thick film of 150 nm or more without causing cracks  after 

firing; and thus, there has been a margin for furth er 

improvement. 

[0008] 

 In Patent Literature 2, it is described that the m ethod 

described therein can also be used in formation of the PZT 

ferroelectric film; however, this method mainly aim s to 

effectively remove unnecessary compounds in the coa t film.  

Therefore, there is neither description about the p yrochlore 

phase inherent to the PZT ferroelectric body which is formed 

under usual condition, nor is clearly described the  

temperature condition during the UV irradiation as well as 
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the condition of the heat treatment after or during  the UV 

irradiation; and thus, it does not show the way how  to form 

the PZT ferroelectric film having the perovskite st ructure 

without the pyrochlore phase. 

[0009] 

 The first object of the present invention is to pr ovide 

a method for forming a PZT ferroelectric film havin g not only 

thickness of 150 nm or more without forming cracks after 

firing a liquid composition for forming a PZT ferro electric 

film that is coated by one application but also hig h 

crystallinity, thereby having excellent dielectric 

characteristics and piezoelectric characteristics.  The 

second object of the present invention is to provid e a method 

for forming a PZT ferroelectric film having a lower ed leakage 

current density of the ferroelectric film that is f ormed from 

the liquid composition by suppressing an excess amo unt of 

lead in the liquid composition. 

 

MEANS FOR SOLVING THE PROBLEMS 

[0010] 

 A first aspect of the present invention is a metho d for 

forming a PZT ferroelectric film, wherein the metho d 

comprises: a step of applying a liquid composition for 

forming a PZT ferroelectric film; a step of drying the film 

applied with the liquid composition; a step of irra diating 

UV rays onto the dried film at a temperature of 150  to 200 °C 
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in an oxygen-containing atmosphere; and after the 

application step, the drying step, and the UV irrad iation 

step once, or more times, a step of firing for crys tallizing 

a precursor film of the UV-irradiated ferroelectric  film by 

raising a temperature with a temperature rising rat e of 

0.5 °C/second or higher in an oxygen-containing atmosphe re or 

by raising a temperature with a temperature rising rate of 

0.2 °C/second or higher in a non-oxygen containing atmos phere, 

followed by keeping the temperature at 400 to 500 °C; and 

further, an amount of the liquid composition in eac h 

application is set such that thickness of the ferro electric 

film be 150 nm or more for each application and ozo ne is 

supplied during the UV irradiation. 

[0011] 

 A second aspect of the present invention is the me thod 

for forming the PZT ferroelectric film based on the  first 

aspect, wherein an atomic ratio of Pb, Zr, and Ti m etals in 

the liquid composition is Pb : Zr : Ti = 100 to 125  : 20 to 

80 : 80 to 20. 

[0012] 

 A third aspect of the present invention is the met hod 

for forming the PZT ferroelectric film based on the  first 

or the second aspect, wherein the liquid compositio n 

comprises a precursor of the PZT ferroelectric film , a 

solvent, and a reaction controlling substance which  is 

polyvinyl pyrrolidone (PVP), polyacrylamide, or pol yvinyl 
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acetamide; and an amount of the reaction controllin g 

substance relative to 1 mole of the precursor is in  a range 

of 0.0025 to 0.25 mole. 

 

ADVANTAGES 

[0013] 

 In the method for forming the PZT ferroelectric fi lm 

according to the first aspect of the present invent ion, by 

irradiating UV rays to the dried film at the temper ature of 

150 to 200 °C in the oxygen-containing atmosphere, not only 

ozone is generated but also ozone is supplied furth er, so 

that organic substances decomposed by the ozone gen erated 

by the UV irradiation and the ozone supplied are co nverted 

to H 2O and CO or CO 2; therefore, most of the organic substances 

in the liquid composition are decomposed.  The film  before 

decomposition of the organic substances (precursor film) is 

thicker than the film after the decomposition (oxid e film), 

wherein the volume difference therebetween is usual ly 3 times 

or more, at least about 2 times.  With decompositio n of the 

organic substances, the precursor’s volume shrinks.   In the 

method of Patent Literature 1, during reduction the  

temperature is raised at a predetermined temperatur e rising 

rate followed by heating at a high temperature of 3 00 to 450 °C, 

so that the organic substances decompose rapidly an d 

crystallization takes place with rapid change of th e volume 

and structure of the precursor film.  Therefore, wh en the 
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amount of application of the liquid composition in each 

application is set such that thickness of the ferro electric 

film be 150 nm or more for each application, the st ress during 

the volume shrinkage of the precursor film cannot b e 

satisfactorily relaxed thereby causing the cracks w hen the 

precursor film is fired.  On the other hand, accord ing to the 

formation method of the first aspect, even if the t hickness 

is set so as to be 150 nm or more, because the orga nic 

substances are decomposed at a low temperature of 1 50 to 200 °C 

by the ozone in the step of the UV irradiation, the re is no 

rapid change of the volume and structure of the pre cursor 

film, and in addition, the organic substances can b e 

satisfactorily decomposed by the ozone even at low 

temperature.  Therefore, the stress can be satisfac torily 

relaxed during the volume shrinkage, so that there are no 

cracks formed when the precursor film is fired.  Up on 

decomposition of the liquid composition, part of C (carbon) 

and H (hydrogen) remains as free radicals in the fi lm.  

Because the divalent lead ion (Pb 2+) is converted to the 

zero-valent lead (Pb 0) due to reducing actions of these C 

(carbon) and H (hydrogen), and also because the tem perature 

is not higher than 200 °C, the pyrochlore phase cannot be 

formed in the film.  Subsequent to this UV irradiat ion, by 

raising the temperature with the temperature rising  rate of 

0.5 °C/second or higher in an oxygen-containing atmosphe re or 

by raising the temperature with the temperature ris ing rate 
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of 0.2 °C/second or higher in a non-oxygen containing 

atmosphere, followed by keeping the temperature at 400 to 

500 °C, the precursor film of the ferroelectric film can  be 

crystallized without passing through the pyrochlore  phase 

and without forming the cracks, so that the PZT fer roelectric 

film having the perovskite structure with excellent  

dielectric characteristics and piezoelectric 

characteristics can be obtained. 

[0014] 

 In the method forming the PZT ferroelectric film 

according to the second aspect of the present inven tion, 

because the atomic ratio of Pb, Zr, and Ti metals i n the liquid 

composition is Pb : Zr : Ti = 100 to 125 : 20 to 80  : 80 to 

20, the leakage current density of the ferroelectri c film 

that is formed from this liquid composition can be suppressed 

to a low level. 

[0015] 

 In the method of forming the PZT ferroelectric fil m 

according to the third aspect of the present invent ion, 

because the liquid composition comprises, in additi on to the 

precursor of the PZT ferroelectric film and the sol vent, the 

reaction controlling substance, which is polyvinyl 

pyrrolidone (PVP), polyacrylamide, or polyvinyl ace tamide, 

with the amount thereof relative to 1 mole of the p recursor 

being in the range of 0.0025 to 0.25 mole, the stre ss 

relaxation accompanied with the volume shrinkage of  the 
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precursor PZT film during the UV irradiation can ta ke place 

more surely; and thus, the cracks are not formed wh en the 

precursor film is fired. 

 

BRIEF DESCRIPTION OF DRAWINGS 

[0016] 

[Fig. 1] 

Fig. 1 is the X-ray diffraction chart of the PZT 

ferroelectric film obtained in Example 2. 

[Fig. 2] 

 Fig. 2 is the electric field −polarization hysteresis 

curve of the PZT ferroelectric film obtained in Exa mple 2. 

 

BEST MODES FOR CARRYING OUT THE INVENTION 

[0017] 

 Next, the embodiments for carrying out the present  

invention will be explained. 

[0018] 

[Liquid Composition for Forming the PZT Ferroelectr ic Film] 

 The liquid composition of the present invention is  the 

liquid composition for forming the PZT ferroelectri c film.  

The PZT ferroelectric film is a film of a composite  metal 

oxide having a perovskite structure represented by a general 

formula of Pb(Zr xTi 1-x )O3 (0<x<1).  The liquid composition of 

the present invention is a sol-gel solution includi ng a PZT 

precursor for forming the PZT ferroelectric film (P ZT 
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precursor solution).  The atomic ratio of Pb, Zr, a nd Ti 

metals in the liquid composition is preferably Pb :  Zr : Ti 

= 100 to 125 : 20 to 80 : 80 to 20.  When the ratio  of Pb is 

less than 100, a non-perovskite phase is prone to b e formed; 

on the other hand, when the ratio of Pb is more tha n 125, 

the leakage current density is prone to be increase d.  The 

atomic ratio of Pb : Zr : Ti = 105 to 120 : 20 to 8 0 : 80 

to 20 is more preferable. 

[0019] 

 The PZT precursor is a mixture that raw materials of 

each metal element of Pb, Zr, and Ti are mixed such  that the 

each metal element may give the mass ratio to form the PZT 

ferroelectric film, wherein as the raw materials, m etal 

compounds having an organic group bonded to the met al thereof 

via an oxygen atom or a nitrogen atom of the organi c group 

are preferably used.  For example, one, or two or m ore of 

compounds selected from the group composed of a met al 

alkoxide, a metal diol complex, a metal triol compl ex, a metal 

carboxylate salt, a metal β-diketonate complex, a metal 

β-diketo ester complex, a metal β-iminoketo complex, and a 

metal amino complex may be used.  Especially prefer able 

compounds are a metal alkoxide, a partial hydrolysa te thereof, 

and an organic acid salt. 

[0020] 

 Raw materials of each Pb, Zr, and Ti metal element  as 

well as a solvent are taken into a reaction vessel;  and then, 
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the resulting mixture is heated under reflux in an inert 

atmosphere to form the PZT precursor solution.  The  raw 

materials of each metal element are mixed so as to give the 

metal element ratio to form the PZT ferroelectric b ody. 

[0021] 

 Concentration of the PZT precursor in the liquid 

composition is, on the basis of the oxide-converted  

concentration, preferably in the range of 17 to 35%  by mass, 

while more preferably in the range of 20 to 25% by mass.  When 

the concentration is less than 17% by mass, a satis factory 

film thickness cannot be obtained; on the other han d, when 

the concentration is more than 35% by mass, the cra cks are 

prone to be formed. 

[0022] 

 The solvents that can be used are diols such as 

propylene glycol, ethylene glycol, and 1,3-propaned iol.  

When the diol is used as the solvent, the storage s tability 

of the liquid composition can be enhanced. 

[0023] 

 Illustrative example of the solvent other than the  diol 

that can be used includes a carboxylic acid, an alc ohol other 

than the diol, an ester, ketones (such as acetone a nd methyl 

ethyl ketone), ethers (such as dimethyl ether and d iethyl 

ether), cycloalkanes (such as cyclohexane and cyclo hexanol), 

aromatic compounds (such as benzene, toluene, and x ylene), 

and tetrahydrofuran.  
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[0024] 

 When the alcohol is used as the solvent for a dilu tion 

purpose, in view of applicability and drying proper ties of 

the liquid, a linear monoalcohol having a carbon ch ain of 

1 to 4 carbons is preferable.  In addition, in the use for 

making the film dense, it is preferable to use a li near 

monoalcohol having a carbon chain of 6 to 12 carbon s together 

with the linear monoalcohol having a carbon chain o f 1 to 

4 carbons.  By so doing, the gel film capable of ef fectively 

discharging the organic substances to outside the f ilm during 

UV irradiation at the temperature of 150 to 200 °C can be formed, 

so that the dense PZT film having excellent charact eristics 

can be obtained even if the coat film is made thick .  When 

only the alcohol having the carbon chain with less than 6 

carbons is used, the boiling point thereof is not s o 

satisfactorily high that densification of the film is 

insufficient; on the other hand, when the carbons i n the 

carbon chain is more than 12, the solubility thereo f into 

the sol-gel solution is so low that it is difficult  to dissolve 

the sufficient amount, and in addition, viscosity o f the 

solution becomes so high that the solution cannot b e applied 

uniformly. 

[0025] 

 The liquid composition of the present invention 

includes the solvent and the precursor of the PZT 

ferroelectric film.  It is preferable that the liqu id 
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composition of the present invention include, in ad dition 

to the above-mentioned, polyvinyl pyrrolidone (PVP) , 

polyacrylamide, or polyvinyl acetamide, as the reac tion 

controlling substance.  Meanwhile, the reaction con trolling 

substance is the substance that controls the reacti on to form 

the ferroelectric structure by incorporating oxygen  during 

firing.  The amount of this reaction controlling su bstance 

relative to 1 mole of the precursor is preferably i n the range 

of 0.0025 to 0.25 mole, while more preferably in th e range 

of 0.0025 to less than 0.2 mole.  When the amount o f the 

reaction controlling substance is smaller than the suitable 

amount, the stress inside the film cannot be satisf actorily 

relaxed, so that the cracks are prone to be formed.   On the 

other hand, when the amount of the reaction control ling 

substance is more than the suitable amount, the den se thin 

film having high crystallinity cannot be obtained. 

[0026] 

[Method for Forming the PZT Ferroelectric Film] 

 The method for forming the PZT ferroelectric film by 

using the liquid composition produced by the method  described 

above will be explained.  This formation method is the 

formation method of the ferroelectric film by the s ol-gel 

method. 

[0027] 

 Firstly, the liquid composition is applied to a 

substrate so as to form the coat film having a pred etermined 
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thickness.  The amount of the liquid composition in  each 

application is set such that thickness of the ferro electric 

film be in the range of 150 nm or more for each app lication.  

By so doing, the film thickness not causing the cra cks after 

firing can be obtained with less number of the appl ication.  

Here, “thickness” is the thickness of the ferroelec tric film 

after firing; this matter will be mentioned later.  The 

application method is not particularly restricted, while 

illustrative example thereof includes the spin coat ing 

method, the dip coating method, the LSMCD (Liquid S ource 

Misted Chemical Deposition) method, and the static spray 

method.  With regard to the substrate on which the 

ferroelectric film is formed, not to mention heat-r esistant 

substrates such as a sapphire substrate and a silic on 

substrate formed with a lower electrode, the substr ate such 

as a synthetic quartz substrate, a fused quartz sub strate, 

and a non-alkaline glass may also be used.  The low er 

electrode formed on the substrate has conductivity of Pt, 

TiO x, Ir, Ru, and the like, and is formed of a material  not 

reactive to the ferroelectric film.  For example, t he lower 

electrode may have a two-layer structure of a TiO x layer and 

a Pt layer in order from the substrate side.  As th e specific 

example of the TiO x layer, the TiO 2 layer may be mentioned.  

Furthermore, when a silicon substrate is used as th e 

substrate, a SiO 2 film may be formed on surface of the 

substrate by thermal oxidation of this substrate. 
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[0028] 

 Next, the liquid composition applied onto the subs trate 

is dried at 80 to 250 °C for 5 to 30 minutes in an air atmosphere, 

in an oxygen gas atmosphere, or an atmosphere conta ining 

water vapor.  By this drying, the solvent in the li quid 

composition evaporates; and with this, the metal co mpound 

forms a network in the film so that the liquid comp osition 

turns to a gel.  It is to be noted that, especially  in order 

to remove a low-boiling point solvent and the adsor bed water 

molecule, before drying a low-temperature heating ( drying) 

at a temperature of 70 to 90 °C may be conducted for a period 

of about 0.5 to 5 minutes by using a hot plate or t he like. 

[0029] 

 Next, UV rays are irradiated to the gelated dry fi lm 

on the substrate in an oxygen-containing atmosphere  for 5 

to 15 minutes in the temperature range of 150 to 20 0°C, while 

preferably in the temperature range of 180 to 200 °C.  With 

regard to the oxygen-containing atmosphere, an air 

atmospheric or an oxygen gas atmosphere may be ment ioned.  

When UV rays are irradiated in an oxygen-containing  

atmosphere, not only ozone is generated but also oz one is 

supplied; and thus, the organic substances decompos ed by the 

ozone generated by the UV irradiation and the ozone  supplied 

are converted to H 2O and CO or CO 2, which are then liberated 

from the PZT precursor film.  At this time, when th e UV 

irradiation is carried out with the atmosphere temp erature 
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of lower than 150 °C for a period of shorter than 5 minutes, 

the organic substances in the liquid composition ar e 

difficult to be decomposed.  On the other hand, whe n the 

temperature is higher than 200 °C, the organic substances in 

the liquid composition are rapidly decomposed so th at the 

stress relaxation during volume shrinkage of the pr ecursor 

film is insufficient thereby easily forming the cra cks when 

the precursor film is fired.  As mentioned before, most of 

the organic substances in the liquid composition ar e 

decomposed by the UV irradiation, but part of C (ca rbon) and 

H (hydrogen) remains as free radicals in the film.  Because 

the divalent lead ion (Pb 2+) in the liquid composition is 

converted to the zero-valent lead (Pb 0) due to reducing 

actions of these C (carbon) and H (hydrogen), and a lso because 

the temperature is not higher than 200 °C, the pyrochlore phase 

cannot be formed in the film.  In this way, the pre cursor film 

of the PZT ferroelectric film can be obtained. 

[0030] 

 Next, the precursor film of the PZT ferroelectric film 

obtained by the UV irradiation is fired.  The firin g is 

carried out by raising the temperature in an 

oxygen-containing atmosphere such as an air atmosph ere or 

an oxygen gas atmosphere with the temperature risin g rate 

of 0.5 °C/second or higher, preferably in the range of 0.5 to 

10°C/second, or by raising the temperature in a non-ox ygen 

containing atmosphere with the temperature rising r ate of 



19 

 

0.2 °C/second or higher, preferably in the range of 0.2 to 

10°C/second, followed by keeping the temperature at 40 0 to 

500 °C, preferably 420 to 450 °C, for a period of 5 to 60 minutes 

in the same atmosphere as the atmosphere during the  time of 

temperature raising.  When the temperature is lower  than 

400 °C or the period is less than 5 minutes, the precurs or does 

not crystallize; and when the temperature is higher  than 500 °C 

or the period is more than 60 minutes, there occurs  the problem 

that the metal wiring pattern melts or Pd evaporate s to cause 

a change in composition.  Under the firing conditio ns 

mentioned above, the precursor film can be fired wi thout 

oxidizing the zero-valent lead (Pb 0) in the film nor passing 

through (not forming) the pyrochlore phase, so that  the PZT 

ferroelectric film having the crystallized perovski te 

structure can be formed without forming cracks.  Th e reason 

that the temperature is raised with the rate of 0.5 °C/second 

or higher in the oxygen-containing atmosphere, or w ith the 

rate of 0.2 °C/second or higher in the non-oxygen containing 

atmosphere is because formation of the pyrochlore p hase can 

be avoided in this way.  It is to be noted that the  reason 

that the pyrochlore phase is not formed even if the  

temperature rising rate is 0.5 °C/second, which is slower than 

5°C/second or higher, the temperature rising rate in Patent 

Literature 1, is as follows.  The outermost surface  of the 

PZT precursor film is oxidized by the ozone to form  the outer 

shell which keeps the reduction atmosphere inside t he 
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precursor film.  Therefore, penetration of oxygen i nto the 

precursor film is difficult; and thus, even if the 

temperature rising rate is slow, the reduction atmo sphere 

formed by the UV irradiation is kept so that the py rochlore 

phase is not formed.  Because the diffusion rate of  oxygen 

is slowed by the thick film, the pyrochlore phase i s not formed 

even if the temperature rising rate is slow. 

[0031] 

 Alternatively, from the step of application of the  

liquid composition to the step of UV irradiation ma y be 

repeated twice or more so as to obtain a predetermi ned 

thickness followed by firing at once in the end.  W hen the 

liquid composition mentioned above is used and the UV 

irradiation is carried out with supplying the ozone  in an 

oxygen atmosphere, because, among other things, the  stress 

derived from the film shrinkage which takes place a t the time 

of film formation can be suppressed, a thick film h aving the 

thickness of about 150 to 200 nm may be formed by e ach 

application without causing cracks.  By repeating t he 

application twice or more, the ferroelectric film h aving the 

film thickness of 300 nm or more, suitable for a PZ T actuator, 

may be formed.  In other words, a thick ferroelectr ic film 

having the thickness of, for example, 600 nm may be  formed 

with a small repeating number. 

[0032] 
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 By way of the steps mentioned above, the PZT 

ferroelectric film can be obtained.  By using this PZT 

ferroelectric film, electronic parts such as a piez oelectric 

MEMS (Micro Electro Mechanical Systems), a ferroele ctric 

memory, a ferroelectric a transistor, a capacitor, and a 

piezoelectric sensor may be manufactured. 

 

EXAMPLES 

[0033] 

 Next, Examples of the present invention, together with 

Comparative Examples, will be explained in detail. 

[0034] 

<Example 1> 

 After lead acetate trihydrate, titanium (iv) 

tetra-isopropoxide, zirconium (iv) tetra-butoxide, acetyl 

acetone, and propylene glycol each were weighed so as to give 

Pb : Zr : Ti = 120 : 40 : 60 as the elemental ratio  of Pb, 

Zr, and Ti metals in the PZT precursor, they were c harged 

into a reaction vessel, and then heated under reflu x in a 

nitrogen atmosphere at 150 °C for 1 hour.  After heating under 

reflux, unreacted substances were removed by distil lation 

under reduced pressure.  After the solution having the 

unreacted substances removed was cooled to room tem perature, 

water with the amount of 2 moles relative to 1 mole  of the 

PZT precursor was added to the solution; and then, the 

resulting mixture was heated under reflux at 150 °C for 1 hour.  
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Then, this was cooled to room temperature to obtain  the PZT 

precursor solution (liquid composition).  To this P ZT 

precursor solution was added 0.025 mole (in terms o f monomer, 

relative to 1 mole of the PZT precursor) of polyvin yl 

pyrrolidone (PVP) as the reaction controlling subst ance; and 

then, the resulting mixture was stirred at room tem perature 

for 24 hours.  After the stirring, ethanol, 1-butan ol, and 

1-octanol were added to dilute the PZT precursor so lution 

so as to result in the concentration of 25% by mass  in terms 

of the oxide in the solution.  The solution thus di luted was 

dropped onto the Pt surface of the Si/SiO 2/TiO 2/Pt substrate, 

and then spin-coated at 5000 rpm for 60 seconds so as to give 

150 nm as the thickness of the ferroelectric film a fter 

firing. 

[0035] 

 Next, the film of the PZT precursor solution (liqu id 

composition) applied onto the substrate was heated (dried) 

at low temperature of 80 °C for 3 minutes on a hot plate in 

an air atmosphere.  Thereafter, the substrate is mo ved to a 

different hot plate, and then the coat film was dri ed at 250 °C 

for 10 minutes in an air atmosphere.  Next, the sub strate was 

placed in an apparatus provided with an air-tight c hamber 

and a low-pressure mercury lamps to irradiate UV ra ys of 184 

nm and 254 nm as the light source (UV Ozone Cleaner  model 

UV-300H-E, manufactured by Samco Inc.); and then, t he 

substrate having the dried film was heated at 150 °C in an 
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oxygen atmosphere.  Under this condition, the dried  and 

gelated film was irradiated with the UV rays for 10  minutes 

with charging the ozone into the air-tight chamber and 

discharging it therefrom at the flow rate of 3 to 1 0 sccm. 

[0036] 

 The application and drying of the precursor soluti on 

and the UV irradiation were repeated for 3 times.  After 

completion of the third UV irradiation, the substra te was 

taken out from the air-tight chamber and cooled to room 

temperature.  Thereafter, with flowing an air the p recursor 

film on the substrate was heated with the temperatu re rising 

rate of 10 °C/second in the RTA (Rapid Thermal Annealing) 

apparatus (model number of MILA-5000, manufactured by 

ULVAC-RIKO, Inc.); and when the temperature reached  450 °C, 

this temperature was kept for 60 minutes for firing  to obtain 

the PZT ferroelectric film. 

[0037] 

<Example 2> 

 Except that at the time of the UV irradiation the 

substrate having the dried and gelated film was hea ted at 

200 °C, the procedure of Example 1 was repeated to obtai n the 

PZT ferroelectric film. 

[0038] 

<Example 3> 

At the time of the UV irradiation the substrate hav ing 

the dried and gelated film was heated at 200 °C, and the 
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temperature during firing was kept at 500 °C.  Except for these 

changes, the procedure of Example 1 was repeated to  obtain 

the PZT ferroelectric film. 

[0039] 

<Example 4> 

At the time of the UV irradiation the substrate hav ing 

the dried and gelated film was heated at 200 °C, and the 

temperature rising rate during firing was set at 0. 5°C/second.  

Except for these changes, the procedure of Example 1 was 

repeated to obtain the PZT ferroelectric film. 

[0040] 

<Example 5> 

At the time of the UV irradiation the substrate hav ing 

the dried and gelated film was heated at 200 °C, and the 

atmosphere during firing was made a nitrogen atmosp here, and 

the temperature rising rate was set at 0.2 °C/second.  Except 

for these changes, the procedure of Example 1 was r epeated 

to obtain the PZT ferroelectric film. 

[0041] 

<Example 6> 

At the time of the UV irradiation the substrate hav ing 

the dried and gelated film was heated at 200 °C, and the 

temperature during firing was kept at 400 °C.  Except for these 

changes, the procedure of Example 1 was repeated to  obtain 

the PZT ferroelectric film. 

[0042] 
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<Comparative Example 1> 

 Except that at the time of the UV irradiation the 

substrate having the dried and gelated film was hea ted at 

140 °C, the procedure of Example 1 was repeated to obtai n the 

PZT ferroelectric film. 

[0043] 

<Comparative Example 2> 

 Except that at the time of the UV irradiation the 

substrate having the dried and gelated film was hea ted at 

250 °C, the procedure of Example 1 was repeated to obtai n the 

PZT ferroelectric film. 

[0044] 

<Comparative Example 3> 

At the time of the UV irradiation the substrate hav ing 

the dried and gelated film was heated at 200 °C, and the 

temperature rising rate during firing was set at 0. 3°C/second.  

Except for these changes, the procedure of Example 1 was 

repeated to obtain the PZT ferroelectric film. 

[0045] 

<Comparative Example 4> 

At the time of the UV irradiation the substrate hav ing 

the dried and gelated film was heated at 200 °C, and the 

atmosphere during firing was made a nitrogen atmosp here, and 

the temperature rising rate during firing was set a t 

0.1 °C/second.  Except for these changes, the procedure of 

Example 1 was repeated to obtain the PZT ferroelect ric film. 
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[0046] 

<Comparative Example 5> 

At the time of the UV irradiation the substrate hav ing 

the dried and gelated film was heated at 200 °C, and the 

temperature during firing was kept at 300 °C.  Except for these 

changes, the procedure of Example 1 was repeated to  obtain 

the PZT ferroelectric film. 

[0047] 

<Comparative Example 6> 

At the time of the UV irradiation, without supplyin g 

the ozone into the air-tight chamber, the substrate  having 

the dried and gelated film was heated at 200 °C.  Except for 

these changes, the procedure of Example 1 was repea ted to 

obtain the PZT ferroelectric film. 

[0048] 

<Comparative Example 7> 

Without irradiating the dried and gelated film with  the 

UV rays, this dried film was fired.  Except for thi s change, 

the procedure of Example 1 was repeated to obtain t he PZT 

ferroelectric film. 

[0049] 

 The UV irradiation conditions and firing condition s 

until the PZT ferroelectric film is obtained in Exa mples 1 

to 6 and Comparative Examples 1 to 7 are summarized  in Table 

1. 

[0050] 
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[Table 1] 

 

UV irradiation 

condition 
Firing condition 

Temp.  

( °C) 

Ozone 

supply 

(yes/no)  

Atmo-sph

ere 

Temp. 

rising 

rate 

( °C/sec) 

Kept 

temp.  

( °C) 

Example 1 150 Yes Air 10 450 

Example 2 200 Yes Air 10 450 

Example 3 200 Yes Air 10 500 

Example 4 200 Yes Air 0.5 450 

Example 5 200 Yes Nitrogen  0.2 450 

Example 6 200 Yes Air 10 400 

C. Example 1 140 Yes Air 10 450 

C. Example 2 250 Yes Air 10 450 

C. Example 3 200 Yes Air 0.3 450 

C. Example 4 200 Yes Nitrogen  0.1 450 

C. Example 5 200 Yes Air 10 300 

C. Example 6 200 No Air 10 450 

C. Example 7 
No UV 

irradiation 
Air 10 450 
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 [Table 1(Continued)] 

 

PZT ferroelectric film 

Thickness  

(nm) 

Crack 

(yes/no)  

Degree of  

crystallization  

Example 1 450 No Excellent 

Example 2 450 No Excellent 

Example 3 450 No Excellent 

Example 4 450 No Excellent 

Example 5 450 No Excellent 

Example 6 450 No Excellent 

C. Example 1  450 Yes Not good 

C. Example 2  450 Yes Not good 

C. Example 3  450 No Not good 

C. Example 4  450 No Not good 

C. Example 5  450 No Not good 

C. Example 6  450 Yes Not good 

C. Example 7  450 Yes Not good 

 

[0051] 

<Comparative Evaluation: Part 1> 

 The PZT ferroelectric films obtained in Examples 1  to 

6 and Comparative Examples 1 to 7 were evaluated wi th regard 

to the film thickness, formation of cracks (yes/no) , degree 

of crystallization, and dielectric property by the methods 
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described below.  The dielectric property result is  shown in 

Fig. 2, and the rest results are summarized in Tabl e 1. 

[0052] 

[Evaluation Methods: Part 1] 

(1) Film Thickness: 

 Film thickness (total thickness) of the ferroelect ric 

film was measured with the wet etching method using  

hydrofluoric acid and with a contact-type thickness  meter 

(Alpha-Step 500, manufactured by KLA-Tencor Ltd.). 

[0053] 

(2) Formation of Cracks (Yes/No): 

 The tissues of the film surface and the cross sect ion 

of the film were observed with a digital camera DP 25 of an 

optical microscope (BX51, manufactured by Olympus C orp.), 

and from the picture with magnification of 200, for mation 

of cracks (yes/no) was observed.  And, the conditio n not 

observing the cracks was judged to be “No” and the condition 

observing the cracks was judged to be “Yes”. 

[0054] 

(3) Degree of Crystallization: 

 Degree of crystallization was evaluated by measure ment 

using the X-ray diffractometer (X’Pert PRO MRD Epi,  

manufactured by PANalytical B. V.).  When the peak strength 

near 2 θ=38 degree, corresponding to the PZT perovskite pha se 

(111), was clear, degree of crystallization was jud ged to 

be “Excellent”, when the peak could be distinctivel y seen, 
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degree of crystallization was judged to be “Good”, and when 

the peak was not confirmed, degree of crystallizati on was 

judged to be “Not good”. 

[0055] 

(4) Dielectric Property: 

 After an Au layer was formed on the ferroelectric film 

by a vapor-deposition method, the film was heated i n an air 

atmosphere at 450 °C for 10 minutes to obtain a capacitor 

(ferroelectric element).  The hysteresis characteri stic of 

the capacitor thus obtained was studied. 

[0056] 

[Evaluation Results: Part 1] 

(1) With Regard to the Film Thickness: 

 As it is clear from Table 1, the film thicknesses of 

all the ferroelectric films of Examples 1 to 6 and Comparative 

Examples 1 to 7 were 450 nm. 

[0057] 

(2) With Regard to the Cracks: 

 As it is clear from Table 1, the cracks were forme d in 

the ferroelectric film in Comparative Example 1 in which the 

temperature during the UV irradiation was 140 °C, in 

Comparative Example 2 in which the temperature duri ng the 

UV irradiation was 250 °C, in Comparative Example 6 in which 

the ozone was not supplied during the UV irradiatio n, and 

in Comparative Example 7 in which the UV irradiatio n was not 

carried out.  The cracks were not formed in the fer roelectric 
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film in the rest of Examples and Comparative Exampl es, i.e., 

Examples 1 to 8 and Comparative Examples 3 to 5. 

[0058] 

(3) With Regard to Degree of Crystallization: 

 As it is clear from Table 1, all the ferroelectric  films 

of Comparative Examples 1 to 7 were “Not good” in d egree of 

crystallization.  On the contrary, all the ferroele ctric 

films of Examples 1 to 6 were “Excellent” in degree  of 

crystallization.  As it is clear from Fig. 1, cryst allinity 

of the ferroelectric film of Example 2 was “Excelle nt” 

because the peak strength at 2 θ=38 degree was clear. 

[0059] 

(4) With Regard to the Dielectric Property 

 The hysteresis characteristic of the capacitor 

obtained by using the ferroelectric film of Example  2 was 

studied.  As it is clear from Fig. 2, the hysteresi s shape 

of rectangular was confirmed, indicating that this is the 

capacitor having excellent dielectric property.  Th e same 

were true for Example 1 and Examples 3 to 6. 

[0060] 

 Next, Examples 7 to 16 are shown below in which th e 

elemental ratio of each metal of Pb, Zr, and Ti in the PZT 

precursor was changed. 

[0061] 

<Example 7> 
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 Except that each metal of Pb, Zr, and Ti was weigh ed 

so as to give Pb:Zr:Ti=95:40:60 as the metal elemen tal ratio 

in the PZT precursor, the procedure of Example 1 wa s repeated 

to obtain the PZT ferroelectric film. 

[0062] 

<Example 8> 

 Except that each metal of Pb, Zr, and Ti was weigh ed 

so as to give Pb:Zr:Ti=100:40:60 as the metal eleme ntal ratio 

in the PZT precursor, the procedure of Example 1 wa s repeated 

to obtain the PZT ferroelectric film. 

[0063] 

<Example 9> 

 Except that each metal of Pb, Zr, and Ti was weigh ed 

so as to give Pb:Zr:Ti=105:40:60 as the metal eleme ntal ratio 

in the PZT precursor, the procedure of Example 1 wa s repeated 

to obtain the PZT ferroelectric film. 

[0064] 

<Example 10> 

 Except that each metal of Pb, Zr, and Ti was weigh ed 

so as to give Pb:Zr:Ti=110:40:60 as the metal eleme ntal ratio 

in the PZT precursor, the procedure of Example 1 wa s repeated 

to obtain the PZT ferroelectric film. 

[0065] 

<Example 11> 

 Except that each metal of Pb, Zr, and Ti was weigh ed 

so as to give Pb:Zr:Ti=115:40:60 as the metal eleme ntal ratio 
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in the PZT precursor, the procedure of Example 1 wa s repeated 

to obtain the PZT ferroelectric film. 

[0066] 

<Example 12> 

 Except that each metal of Pb, Zr, and Ti was weigh ed 

so as to give Pb:Zr:Ti=125:40:60 as the metal eleme ntal ratio 

in the PZT precursor, the procedure of Example 1 wa s repeated 

to obtain the PZT ferroelectric film. 

[0067] 

<Example 13> 

 Except that each metal of Pb, Zr, and Ti was weigh ed 

so as to give Pb:Zr:Ti=130:40:60 as the metal eleme ntal ratio 

in the PZT precursor, the procedure of Example 1 wa s repeated 

to obtain the PZT ferroelectric film. 

[0068] 

<Example 14> 

 Except that each metal of Pb, Zr, and Ti was weigh ed 

so as to give Pb:Zr:Ti=105:20:80 as the metal eleme ntal ratio 

in the PZT precursor, the procedure of Example 1 wa s repeated 

to obtain the PZT ferroelectric film. 

[0069] 

<Example 15> 

 Except that each metal of Pb, Zr, and Ti was weigh ed 

so as to give Pb:Zr:Ti=105:52:48 as the metal eleme ntal ratio 

in the PZT precursor, the procedure of Example 1 wa s repeated 

to obtain the PZT ferroelectric film. 
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[0070] 

<Example 16> 

 Except that each metal of Pb, Zr, and Ti was weigh ed 

so as to give Pb:Zr:Ti=105:80:20 as the metal eleme ntal ratio 

in the PZT precursor, the procedure of Example 1 wa s repeated 

to obtain the PZT ferroelectric film. 

[0071] 

<Comparative Evaluation: Part 2> 

 The PZT ferroelectric film each obtained in Exampl e 1 

and Examples 7 to 16 was evaluated by the methods d escribed 

below with regard to the leakage current density, t he peak 

clarity of the PZT perovskite phase (111), and the presence 

or absence of the phase different from the perovski te phase.  

These results together with the elemental ratio of each metal 

of Pb, Zr, and Ti in the PZT precursor are summariz ed in Table 

2. 

[0072] 

[Table 2] 

  

Pb:Zr:Ti 

(metal 

element 

ratio) 

 

Leakage 

current 

density 

(A ⋅cm-2 ) 

Clarity of 

PZT (111) 

peak 

Presence of 

phase 

different 

from 

perovskite 

phase 

(yes/no) 
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Example 1 120:40:60 8.3 ×10 -7 Excellent No 

Example 7 95:40:60 1.7 ×10 -7  Excellent Slightly 

present 

Example 8 100:40:60 1.2 ×10 -7  Excellent No 

Example 9 105:40:60 4.4 ×10 -8  Excellent No 

Example 10 110:40:60 5.6 ×10 -7  Excellent No 

Example 11 115:40:60 7.4 ×10 -7  Excellent No 

Example 12 125:40:60 8.1 ×10 -6  Excellent No 

Example 13 130:40:60 1.2 ×10 -5  Excellent No 

Example 14 105:20:80 5.2 ×10 -7  Excellent No 

Example 15 105:52:48 2.1 ×10 -7  Excellent No 

Example 16 105:80:20 1.8 ×10 -7  Excellent No 

 

[0073] 

[Evaluation Methods: Part 2] 

(5) Leakage Current Density: 

 After an electrode with 200 µmφ was formed by the 

spattering method on surface of the obtained ferroe lectric 

thin film, it was subjected to the damage recovery annealing 

by using RTA in an oxygen atmosphere at 450 °C for 1 minute 

to obtain a thin film condenser as the test sample.   Then, 

the leakage current density was measured by applyin g the DC 

voltage of 5 V to this sample. 

[0074] 

(6) Clarity of the PZT Peak (111): 
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 This was evaluated in the same way as that for (3)  

evaluation of degree of crystallization as mentione d before. 

[0075] 

(7) Presence or Absence of the Phase Different from  the 

Perovskite Phase: 

 This was evaluated on the basis of presence or abs ence 

of the PZT pyrochlore phase by using the X-ray diff ractometer 

mentioned before. 

[0076] 

[Evaluation Results: Part 2] 

 As it is clear from Table 2, all the peaks of the PZT 

perovskite phase (111) of the PZT ferroelectric fil ms 

obtained in Example 1 and Examples 7 to 16 were cle ar, and 

thus, they were all “Excellent”.  On the other hand , in 

Example 7 in which the ratio of Pb was 95, the peak  of the 

PZT perovskite phase (111) was clear, but the phase  different 

from the perovskite phase (non-perovskite phase) wa s 

slightly formed.  Also, in Example 13 in which the ratio of 

Pb was 130, the result that the leakage current den sity was 

increased to 1.2 ×10 -5  A ⋅cm-2  was obtained. 

 

INDUSTRIAL APPLICABILITY 

[0077] 

 The PZT ferroelectric film of the present inventio n can 

be used in the electronic parts such as a piezoelec tric MEMS 

(Micro Electro Mechanical Systems), a ferroelectric  memory, 
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a ferroelectric transistor, a capacitor, and a piez oelectric 

sensor. 
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CLAIMS 

 

[Claim 1] 

A method for forming a PZT ferroelectric film, wher ein 

the method comprises: 

a step of applying a liquid composition for forming  a 

PZT ferroelectric film;  

a step of drying the film applied with the liquid 

composition;  

a step of irradiating UV rays onto the dried film a t 

a temperature of 150 to 200 °C in an oxygen-containing 

atmosphere; and  

after the application step, the drying step, and th e 

UV irradiation step once, or more times, a step of firing 

for crystallizing a precursor film of the UV-irradi ated 

ferroelectric film by raising a temperature with a 

temperature rising rate of 0.5 °C/second or higher in an 

oxygen-containing atmosphere or by raising a temper ature 

with a temperature rising rate of 0.2 °C/second or higher in 

a non-oxygen containing atmosphere, followed by kee ping the 

temperature at 400 to 500 °C; and further,  

an amount of the liquid composition in each applica tion 

is set such that thickness of the ferroelectric fil m be 150 

nm or more for each application and ozone is suppli ed during 

the UV irradiation. 
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[Claim 2] 

The method for forming the PZT ferroelectric film 

according to claim 1, wherein an atomic ratio of Pb , Zr, and 

Ti metals in the liquid composition is Pb : Zr : Ti  = 100 

to 125 : 20 to 80 : 80 to 20. 

 

[Claim 3] 

The method for forming the PZT ferroelectric film 

according to claim 1 or 2, wherein the liquid compo sition 

comprises a precursor of the PZT ferroelectric film , a 

solvent, and a reaction controlling substance which  is 

polyvinyl pyrrolidone (PVP), polyacrylamide, or pol yvinyl 

acetamide; and an amount of the reaction controllin g 

substance relative to 1 mole of the precursor is in  a range 

of 0.0025 to 0.25 mole. 


