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(57) ABSTRACT 

A ferroelectric element comprising a ferroelectric material 
containing at least tWo metals, the ferroelectric element 
having been produced by a process including a sol-gel 
process in the presence of a thickener and/or an association 

CFR 1.53(d). preventive from aqueous solutions of respective salts of the 
metals. The ferroelectric element is advantageous in that the 
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starting compound solution is good, the cost is loW, the 
ferroelectric element can be formed as a thin layer, particles 
on the surface of the thin layer are ?ne and dense, and, 
hence, the surface smoothness is good. The ferroelectric 
element is excellent also in piezoelectric properties and 
therefore can be advantageously used as a piezoelectric 
element in a piezoelectric ink jet head. 
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FERROELECTRIC ELEMENT AND RPOCESS FOR 
PRODUCING THE SAME 

TECHNICAL FIELD 

[0001] The present invention relates to a ferroelectric 
element and more particularly to a ferroelectric element 
particularly in the form of a thin layer, Which is advanta 
geously usable as a piezoelectric element in ink jet printers 
and other devices. The present invention also relates to a 
process for producing the ferroelectric element and a ferro 
electric precursor Which can be advantageously used in the 
production of the ferroelectric element. Further, the present 
invention relates to a pieZoelectric ink jet head using the 
above ferroelectric element as a pieZoelectric element. The 
term “piezoelectric” and the term “ferroelectric” used herein 
are de?ned as folloWs. Materials, Which, When an external 
force (a stress from the outside) is applied to a crystal 
thereof, develop polariZation, are called pieZoelectrics, and, 
among the pieZoelectrics, those Wherein the polariZation can 
be reversed by an external electric ?eld are expressly called 
ferroelectrics. 

BACKGROUND ART 

[0002] In recent years, in of?ce automation equipment, 
such as Word processors, personal computers, facsimile 
machines, various measuring instruments, such as medical 
measuring instruments, and other devices, ink jet printers 
have been extensively used for printing information from 
these devices at high density. As is Well knoWn in the art, in 
the ink jet printer, an ink droplet is ejected from a head 
section of the printer and deposited directly onto a recording 
medium, such as recording paper, to perform monochrome 
or color printing. The ink jet printer has many advantages 
including that printing can be performed on even a three 
dimensional recording medium, running cost is loW since 
plain paper can be used as the recording medium, the head 
can be easily mounted in the printer, the need to provide the 
step of transfer, ?xation and the like can be eliminated, color 
printing is easily performed, and a sharp color printed image 
can be provided. The head section of the ink jet printer can 
be classi?ed into several types according to the drive system 
for ejecting ink droplets from the head section. Among them, 
a typically and advantageously used one is a pieZoelectric 
ink jet head. 

[0003] The pieZoelectric ink jet head generally comprises: 
a plurality of ink chambers Which are disposed at equidistant 
spaces and function as an ink ?oW passage and a pressur 
iZing chamber for ejecting an ink; and a noZZle plate 
mounted on the front end of the ink chambers and equipped 
With noZZles, for ejecting an ink, corresponding respectively 
to the ink chambers; and pressing means for pressuriZing an 
ink Within the ink chamber in response to the demand for 
printing. The pressing means comprises a pieZoelectric 
element (knoWn also as “pieZo element”), and electrostric 
tive effect attained by this pieZoelectric element is utiliZed to 
create a pressure Wave Within an ink chamber, ?lled With 
ink, in the head section, permitting the ink to be ejected 
through the noZZle in the head section. 

[0004] The structure of the pieZoelectric ink jet head Will 
be described in more detail With reference to FIG. 1. An ink 
jet head 10, a part of Which is shoWn in the draWing, has an 
ink chamber member 11 comprising a plurality of ink 
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chambers 12 serving as an ink ?oW passage and a pressur 
iZing chamber for ejecting ink. A noZZle plate (not shoWn) 
equipped With noZZles disposed so as to correspond respec 
tively to the ink chambers 12 is mounted on the front end of 
the ink chamber 11. The ink pressuriZed Within the ink 
chamber 12 can be ejected as a droplet through the bore of 
the noZZle. In the ink chamber member 11 shoWn in the 
draWing, pressing means is mounted on the open face of the 
ink chamber 12. In the example shoWn in the draWing, the 
pressing means comprises: a diaphragm 15 for creating a 
change in volume of the ink chamber 12; a pieZoelectric 
element 17 as a driving element for distorting the diaphragm 
15; and an upper electrode 16 and a loWer electrode 18 
Which can apply voltage according to need, the pieZoelectric 
element 17 being sandWiched betWeen the upper electrode 
16 and the loWer electrode 18. 

[0005] Ferroelectric elements have been extensively used 
as the pieZoelectric element for the ink jet head or as an 
element, for example, for capacitors, actuators, memories 
and other elements. The ferroelectric element consists essen 
tially of a ferroelectric or a ferroelectric material. Typical 
ferroelectric materials include an oxide ceramic represented 
by the general formula AB03 and having a simple perovskite 
structure as shoWn in FIG. 2 and an oxide ceramic having 
a composite perovskite structure represented by the general 
formula (A1,A2, . . . ) (B1, B2 . . . )O3. The term “perovskite 
structure” used herein refers to both a simple perovskite 
structure and a composite perovskite structure unless other 
Wise speci?ed. As shoWn in the draWing, a ceramic having 
the above perovskite structure contains metallic ions A and 
B in the structure. Examples of more speci?c ferroelectric 
materials having the above structure include lead Zirconate 
titanate (PZT) represented by the general formula Pb(Zr, 
Ti)O3. In particular, ferroelectrics, containing lead (Pb) as 
one metal component, including PZT are generally knoWn to 
have large remanence, speci?c permittivity, and pieZoelec 
tric constant and possesses excellent pieZoelectricity and 
ferroelectricity. In the present speci?cation, the ferroelectric 
material Will be described particularly With reference to 
PZT. 

[0006] A sol-gel process has hitherto been Well knoWn as 
a technique for the production of PZT, particularly PZT in a 
thin layer form. Use of the sol-gel process in the production 
of PZT is advantageous in that a high-purity thin layer of 
PZT can be formed, the composition of the formed thin layer 
of PZT can re?ect the composition of the starting material 
used, Which facilitates the control of the composition and 
can provide a thin layer of PZT having high surface smooth 
ness by repetition of spin coating and ?ring. 

[0007] The production of a thin layer of PZT by the sol-gel 
process and use of the thin layer of PZT as a pieZoelectric 
element Will be described in more detail. For example, as 
described in Japanese Unexamined Patent Publication 
(Kokai) No. 6-112550, lead acetate is dissolved in acetic 
acid, and the solution is heated under re?ux for 30 min. 
Zirconium tetrabutoxide and titanium tetraisopropoxide are 
then dissolved in the solution, Water and diethylene glycol 
are added dropWise thereto, and the mixture is satisfactorily 
stirred to conduct hydrolysis. To the resultant alcohol solu 
tion of a PZT precursor is added polyethylene glycol 
monomethyl ether in an amount of 10% by Weight based on 
the PZT precursor, folloWed by satisfactory stirring. Thus, a 
homogeneous sol is prepared. A platinum electrode is 
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formed on a silicon substrate, the sol is then spin-coated onto 
the electrode, and the coating is heated at about 350° C. 
Thus, a 2.5 pm-thick, thin, crack-free porous gel layer can be 
formed. 

[0008] Subsequently, the same starting material as the 
above PZT material is hydrolyzed to form a sol. In this case, 
hoWever, no polyethylene glycol monomethyl ether is 
added. The sol is spin-coated onto the above thin, porous gel 
layer to form a coating Which is then dried by heating at 400° 
C. The thin layer thus formed is ?red in an oxygen atmo 
sphere for 15 hr. The ?ring temperature is generally 600 to 
700° C. Thus, a thin layer of PZT having a perovskite 
structure can be formed through the above series of steps. 
The above sol-gel reaction may be represented by a general 
formula as shoWn in FIG. 3 Wherein R represents an alkyl 
group. 

[0009] Further, hydrothermal synthesis has hitherto been 
Well knoWn as a method for the formation of a thin layer of 
PZT from an aqueous solution of a main starting compound. 
The formation of the thin layer of PZT by hydrothermal 
synthesis Will be described. For example, as described in 
Japanese Unexamined Patent Publication (Kokai) No. 
6-112543, 0.2 mol of lead nitrate, 0.104 mol of Zirconium 
oxychloride, and 0.096 mol of titanium tetrachloride are 
dissolved in a 2 N aqueous potassium hydroxide solution. A 
silicon substrate With a platinum electrode provided thereon 
is immersed in the solution, and the system is heated in an 
autoclave at 160° C. for 30 hr. The substrate is taken out of 
the autoclave and dried at 200° C. for one hr to form a thin 
layer of PZT of cubic particles having an average diameter 
of 5 pm. 

[0010] Alternatively, the hydrothermal synthesis may 
comprise a seed crystal formation process and a crystal 
groWth process. At the outset, in order to form a seed crystal 
of PZT, a titanium substrate is immersed in Water containing 
lead hydroxide Pb(OH)2 and Zirconium hydroxide Zr(OH)4, 
and the system is heated in an autoclave at a temperature of 
140 to 200° C. This heating results in the formation of a thin 
layer of PZT, capable of serving as a seed crystal for 
subsequent layer formation, on the surface of the titanium 
substrate. After the formation of the seed crystal, the tita 
nium substrate is immersed in Water containing Pb(OH)2, 
Zr(OH)4, and titanium hydroxide Ti(OH)4, and the system is 
heated in an autoclave at a temperature of 80 to 150° C. The 
heating results in the formation of a layer of PZT, in a coarse 
particle form, having a larger thickness than the thin layer of 
PZT formed above on the thin layer of PZT. 

[0011] The formation of the thin layer of PZT using the 
hydrothermal synthesis has advantages including that the 
layer thickness can be increased at a loW temperature of 200° 
C. or beloW and an additional step, Which renders the 
process complicated, is unnecessary since the pieZoelectric 
ity is developed immediately after the layer formation, and 
the adhesion to the substrate is excellent. 

[0012] The above conventional methods for producing a 
ferroelectric material, hoWever, involves many problems to 
be solved. For example, in the method, described in Japa 
nese Unexamined Patent Publication (Kokai) No. 6-112550, 
Wherein the thin layer of PZT is formed by the sol-gel 
process using a metal alkoxide as a main starting compound, 
use of the alcohol as a solvent for the PZT precursor poses 
a problem that the viscosity of the precursor varies depend 

Nov. 15, 2001 

ing upon the moisture content of the air, leading to the 
occurrence of uneven properties of the formed thin layer of 
PZT. Further, in order to avoid the adverse effect of the 
moisture in the air and, therefore, to avoid the formation of 
insolubiliZed metal alkoxide, the starting compounds should 
be mixed together in a speci?c atmosphere, so that the 
handling of the starting compounds is not easy. Furthermore, 
in the solgel process, it is dif?cult to increase the thickness 
of the thin layer of PZT. 

[0013] This is true of the hydrothermal synthesis. For 
example, for the thin layer of PZT formed by the hydro 
thermal synthesis described in Japanese Unexamined Patent 
Publication (Kokai) No. 6-112543, the average diameter of 
PZT particles constituting the thin layer is so large that the 
surface smoothness of the layer is loW and it is dif?cult to 
form the upper electrode thereon. Further, the hydrothermal 
synthesis involves problems Which include the density of the 
thin layer being loW due to coarse PZT particles and that 
potassium is left in the thin layer, adversely affecting the 
properties. 
[0014] The present inventors have further made extensive 
and intensive studies and, as a result, have found that even 
use of Water instead of the alcohol according to the present 
invention creates problems in some cases. 

[0015] As described beloW in detail, according to the 
present invention, preferably, three metal salts or metal 
alkoxides, lead nitrate (Pb(NO3)2), Zirconium oxynitrate 
(ZrO(NO3)2), and titanium isopropoxide (Ti(O-i-C3H7)4), 
are used as the starting compound to prepare an aqueous 
PZT precursor solution. The aqueous PZT precursor solution 
is coated onto a predetermined substrate, and the PZT 
coating is dried and ?red to form a thin layer of PZT. In this 
case, a ?rst possible problem is association of lead in the step 
of drying the PZT precursor coating. In general, When 
components, Which are different from each other in solubil 
ity in Water, are mixed together to prepare an aqueous 
solution, the components contained in the solution associate 
With each other in the course of the subsequent step of 
drying the solution. This phenomenon occurs also in the step 
of drying the PZT precursor coating, and the association of 
lead is signi?cant. As a result, there is a possibility that a 
material is signi?cantly precipitated in the form of crossed 
stripes on the surface of the thin layer of PZT. More 
speci?cally, this is apparent from a microphotograph (mag 
ni?cation: 20 x) shoWn in FIG. 4. The creation of the 
association of lead is considered to result in not only the 
creation of undesired defects on the surface of the thin layer 
but also other problems connected With the defects. 

[0016] In PZT ceramics, it is knoWn that, regarding the 
ratio of components constituting the PZT ceramics, a Pb 
Zr:Ti:O ratio of 1:0.53:0.47:3 offers the highest pieZoelectric 
properties and, When the ratio deviates from this ratio, the 
pieZoelectric properties are rapidly deteriorated. Therefore, 
in the thin layer of PZT thus formed, even When the 
Pb:Zr:Ti:O ratio is the above desired value in the stage of the 
precursor, the association of lead created in the course of 
drying leads to an undesired variation of the ratio, resulting 
in the formation of an uneven layer Which provides dete 
riorated pieZoelectric properties. In addition, this loWers the 
density of the layer. 

[0017] A second possible problem is the creation of 
defects such as cracks or pinholes. For example, coating of 
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the aqueous PZT precursor solution onto a substrate by a 
conventional method, such as dip coating or spin coating, 
followed by drying, degreasing, and ?ring to form a thin 
layer of PZT often creates cracks When the thickness of the 
thin layer is 1 pm or more. The creation of cracks could not 
be avoided even though the thin layer of PZT is formed by 
stacking a plurality of thinner layers on top of each other or 
one another. The creation of cracks in the thin layer of PZT 
results in loWered density of the layer, making it impossible 
to form an element, such as an electrode, on the top of the 
layer. Therefore, the formed thin layer of PZT cannot be 
used, for eXample, as a pieZoelectric element of an ink jet 
head. Further, since the aqueous PZT precursor solution 
used in this case has a loW viscosity on the order of several 
centipoises, the coverage per coating is small and, in addi 
tion, pinholes and the like are likely to occur. 

[0018] In vieW of the importance of the problem of the 
creation of cracks or pinholes, the present inventors have 
made an experiment and, as a result, have found that coating 
of an aqueous PZT precursor solution having a composition 
With the Pb:Zr:Ti:O ratio being 1 0.53:0.47:3 (the above 
described preferred ratio) onto a substrate by dip coating 
folloWed by drying at 150° C. develops the formation of 
protrusions of a material in a crossed stripe form. After the 
subsequent ?ring at 700° C. for crystalliZation, the protru 
sions Were present, and no noticeable disappearance of the 
protrusions Was observed. EDX (energy dispersive X-ray 
analysis) has revealed that the material in a stripe form 
constituting the protrusions has a high lead content. Further, 
When an aqueous solution of lead, an aqueous solution of 
Zirconium, and an aqueous solution of titanium Were pre 
pared as described above, dropped on a substrate and 
alloWed to stand at room temperature, a crystal Was precipi 
tated only in the aqueous lead solution. 

[0019] The thickness of the thin layer of PZT formed from 
the aqueous PZT precursor solution is 0.05 pm at the largest 
per coating step, and, in addition, pinholes Were created. 
Further, When a series of steps of coating, drying, degreas 
ing, and ?ring Were repeated ten times, the thickness of the 
formed thin layer of PZT Was 0.5 pm, and, in addition, 
cracks Were created. 

DISCLOSURE OF THE INVENTION 

[0020] Accordingly, a ?rst object of the present invention 
is to provide a ferroelectric element having advantages 
including that the handling of starting compounds and the 
production of the ferroelectric element are easy, the storage 
stability of the starting compound solution is good, the cost 
is loW, the ferroelectric element can be formed as a thin 
layer, particles on the surface of the thin layer are ?ne and 
dense, and, hence, the surface smoothness is good. 

[0021] A second object of the present invention is to 
provide a ferroelectric element Which, in addition to the 
above properties, When formed as a thin layer, permits the 
layer thickness to be increased and has eXcellent adhesion to 
the underlying substrate. 

[0022] A third object of the present invention is to provide 
a ferroelectric element Which, When formed as a thin layer, 
does not create any defect, such as a precipitate of a material 
in a stripe form, on the surface of the thin layer, and enables 
the formation of a dense and even thin layer and, in addition, 
possesses eXcellent pieZoelectric properties. 
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[0023] A fourth object of the present invention is to 
provide a ferroelectric element Which, When formed as a thin 
layer, does not create any defect, such as a precipitate of a 
material in a stripe form, on the surface of the thin layer, 
enables the formation of a dense and even thin layer, 
possesses eXcellent pieZoelectric properties, and, in addition, 
does not create defects, such as cracks or pinholes. 

[0024] A ?fth object of the present invention is to provide 
a process for producing the above eXcellent ferroelectric 
element. 

[0025] A siXth object of the present invention is to provide 
a ferroelectric precursor Which can be advantageously used 
for the production of the above eXcellent ferroelectric ele 
ment. 

[0026] A seventh object of the present invention is to 
provide a pieZoelectric ink jet head comprising the ferro 
electric element of the present invention as a pieZoelectric 
element. 

[0027] Other objects of the present invention could be 
easily understood from the folloWing detailed description. 

[0028] According to one aspect of the present invention, 
there is provided a ferroelectric element comprising a fer 
roelectric material containing at least tWo metals, said fer 
roelectric element having been produced in the presence of 
a thickener and/or an association preventive from aqueous 
solutions of respective salts of the metals. Preferably, a 
sol-gel process is used for the preparation of a solution in the 
formation of the element. 

[0029] In this case, as described above, the ferroelectric 
material consisting essentially of the ferroelectric element of 
the present invention is preferably an oXide ceramic having 
a simple or a composite perovskite structure, more prefer 
ably lead Zirconate titanate (PZT) represented by the general 
formula Pb(Zr, Ti)O3. The PZT ceramic is preferably, but 
not limited to, one having a Pb :Zr:Ti:O ratio of 
10530473 from the vieWpoint of good pieZoelectric 
properties and eXcellent other properties. In the present 
speci?cation, although the practice of the present invention 
Will be described particularly With reference to the PZT 
ceramic, the present invention can be advantageously 
applied also to other ferroelectric materials. 

[0030] In the ferroelectric element according to the present 
invention, the thickener added to the aqueous ferroelectric 
precursor solution is preferably a Water-soluble polymeric 
material Which can be heat-decomposed When the tempera 
ture exceeds a predetermined temperature in the formation 
of the element, particularly a Water-soluble polymeric mate 
rial Which can be heat-decomposed at the time of degreasing 
or the like. Suitable thickeners include, but are no limited to, 
for eXample, hydroXyalkyl celluloses With the number of 
carbon atoms in the alkyl group being preferably 2 to 4, for 
eXample, hydroXyethyl cellulose or hydroXypropyl cellu 
lose, polyethylene oXide, and polyvinyl alcohol. These 
thickener compounds may be used alone or as a mixture of 
tWo or more. 

[0031] In the ferroelectric element of the present inven 
tion, the association preventive used, either alone or in 
combination With the thickener, is preferably a Water-soluble 
polyhydric alcohol. Suitable polyhydric alcohols include, 
but are not limited to, for eXample, diethylene glycol, 
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polyethylene glycol, and glycerin. These polyhydric alco 
hols may be used alone or as a mixture of tWo or more. 

[0032] In practicing the present invention, preferably, the 
thickener and/or the association preventive are added to the 
aqueous ferroelectric precursor solution to permit a poWder 
of a ferroelectric having a crystal structure identical or 
similar to the ferroelectric to exist. 

[0033] The ferroelectric element of the present invention 
is preferably a thin layer Which has been formed from the 
above ferroelectric precursor solution through a solution 
preparation process using a sol-gel process. Although the 
thin layer generally has a single layer structure, it may if 
necessary have a laminate structure of tWo or more layers. 

[0034] According to one preferred embodiment of the 
present invention, a substrate layer having a crystal structure 
identical or similar to the ferroelectric of the element and 
formed by hydrothermal synthesis from aqueous solutions of 
metals necessary for the formation of the substrate layer may 
be provided as a layer underlying the ferroelectric element 
in a thin layer form. In this case, the underlying ferroelectric 
layer, as compared With the ferroelectric provided on the 
ferroelectric layer, comprises particles having a larger diam 
eter and has a loWer density. 

[0035] According to another aspect of the present inven 
tion, there is provided a process for producing a ferroelectric 
element comprising a ferroelectric material containing at 
least tWo metals, said process comprising the steps of: 

[0036] mixing aqueous solutions of respective salts 
of the metals together to prepare an aqueous ferro 
electric precursor solution; 

[0037] adding a thickener and/or an association pre 
ventive to the aqueous ferroelectric precursor solu 
tion and coating the resultant solution onto a sub 
strate; and 

[0038] drying and ?ring the coating to crystalliZe the 
ferroelectric material. 

[0039] According to still another aspect of the present 
invention, there is provided a ferroelectric precursor for use 
as a starting material in the production of a ferroelectric 
material comprising at least tWo metals by a process includ 
ing a sol-gel process, said ferroelectric precursor comprising 
aqueous solutions of the respective salts of the metals and 
containing a thickener and/or an association preventive. 

[0040] According to a further aspect of the present inven 
tion, there is provided an ink jet head comprising a plurality 
of noZZles for ejecting an ink, ink chambers, for passage and 
pressuriZation of the ink, communicating With the noZZles, 
and pressing means for creating a change in volume of the 
ink in the ink chamber to eject the ink through the noZZles, 

[0041] the pressing means comprising a ferroelectric 
element as a pieZoelectric element, said ferroelectric 
element comprising a ferroelectric material contain 
ing at least tWo metals and having been produced by 
a process including a sol-gel process in the presence 
of a thickener and/or an association preventive from 
aqueous solutions of respective salts of the metals. 

[0042] Basically, the ink jet head of the present invention 
can have the same construction as the pieZoelectric ink jet 
head commonly used in the art and is not particularly limited 
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so far as the thin layer of the ferroelectric is used as the 
pieZoelectric element. Therefore, a suitable ink jet head is, 
for example, an ink jet head Which has been described above 
With reference to FIG. 1. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIG. 1 is a cross-sectional vieW shoWing a princi 
pal part of a conventional pieZoelectric ink jet head; 

[0044] FIG. 2 is a schematic diagram shoWing the struc 
ture of an oxide ceramic having a simple perovskite struc 
ture; 

[0045] FIG. 3 is a How sheet shoWing a process for 
producing lead Zirconate titanate (PZT) by the conventional 
sol-gel process; 

[0046] FIG. 4 is a microphotograph shoWing a material in 
a crossed stripe form formed on the surface of a thin layer 
of PZT in the formation of the thin layer of PZT by the 
conventional liquid phase process; 

[0047] FIG. 5 is a How sheet shoWing one preferred 
embodiment of the process for producing an aqueous PZT 
precursor solution according to the present invention; 

[0048] FIG. 6 is a How sheet shoWing one preferred 
embodiment of the process for producing a thin layer of PZT 
using as a starting material the aqueous PZT precursor 
solution prepared according to the process as shoWn in FIG. 
5; 

[0049] FIG. 7 is a How sheet shoWing the process for 
producing PZT according to the present invention; 

[0050] FIG. 8 is a How sheet shoWing one preferred 
embodiment of the process for producing a PZT paste, 
instead of the aqueous PZT precursor solution, according to 
the present invention; 

[0051] FIG. 9 is a cross-sectional vieW shoWing the steps 
of forming a thin, composite PZT layer in sequence accord 
ing to another preferred embodiment of the present inven 
tion; 

[0052] FIG. 10 is a graph shoWing an X-ray diffraction 
pattern of a PZT poWder prepared using hydroxypropyl 
cellulose as a thickener according to the present invention; 

[0053] FIG. 11 is a graph shoWing an X-ray diffraction 
pattern of a comparative PZT poWder prepared Without use 
of any thickener; 

[0054] FIG. 12 is a graph shoWing an X-ray diffraction 
pattern of a thin layer of PZT prepared using hydroxypropyl 
cellulose as a thickener according-to the present invention; 

[0055] FIG. 13 is a graph shoWing an X-ray diffraction 
pattern of a thin layer of PZT prepared using polyethylene 
oxide as a thickener according to the present invention; 

[0056] FIG. 14 is a graph shoWing an X-ray diffraction 
pattern of a thin layer of PZT prepared using polyvinyl 
alcohol as a thickener according to the present invention. 

[0057] FIG. 15 is a microphotograph shoWing the surface 
state of a thin layer of PZT prepared using polyethylene 
glycol as an association preventive according to the present 
invention; and 






















