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(57) ABSTRACT 

A piezoelectric element includes a ?rst electrode layer 14 
provided on a substrate 11 and made of a noble metal to 
Which at least one additive selected from the group consist 
ing of Mg, Ca, Sr, Ba, A1 and oxides thereof is added, an 
orientation control layer 15 provided on the ?rst electrode 
layer 14 and made of a cubic or tetragonal perovskite oxide 
that is preferentially oriented along a (100) or (001) plane, 
and a piezoelectric layer 16 provided on the orientation 
control layer 15 and made of a rhornbohedral or tetragonal 
perovskite oxide that is preferentially oriented along a (001) 
plane. 
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PIEZOELECTRIC ELEMENT, INK JET HEAD, 
ANGULAR VELOCITY SENSOR, METHOD FOR 
MANUFACTURING THE SAME, AND INK JET 

RECORDING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a piezoelectric 
element having an electro-mechanical conversion function, 
an ink jet head using the piezoelectric element, an angular 
sensor, a method for manufacturing the same, and an ink jet 
recording apparatus including the ink jet head as printing 
means. 

[0002] Generally, a piezoelectric material is a material 
capable of converting a mechanical energy to an electrical 
energy and vice versa. A typical eXample of a piezoelectric 
material is lead zirconate titanate having a perovskite crys 
talline structure (Pb(Zr,Ti)O3) (hereinafter referred to as 
“PZT”). In PZT, the greatest piezoelectric displacement is 
obtained in the <001> direction (the c aXis direction) in the 
case of a tetragonal system, and in the <111> direction in the 
case of a rhombohedral system. HoWever, many of the 
piezoelectric materials are polycrystals made up of a col 
lection of crystal grains, and the crystallographic aXes of the 
crystal grains are oriented randomly. Therefore, the sponta 
neous polarizations Ps are also arranged randomly. 

[0003] Along With the recent doWnsizing of electronic 
appliances, there is a strong demand for reducing the size of 
piezoelectric elements using a piezoelectric material. In 
order to meet the demand, more piezoelectric elements are 
used in the form of thin ?lms Whose volumes can be 
signi?cantly reduced from those of sinters, Which have 
conventionally been used in various applications, and active 
researches and developments have been made for reducing 
the thickness of thin-?lm piezoelectric elements. For 
eXample, in the case of tetragonal PZT, the spontaneous 
polarization Ps is oriented in the c aXis direction. Therefore, 
in order to realize superior piezoelectric characteristics even 
With a reduced thickness, the c aXes of crystal grains forming 
a PZT thin ?lm need to be aligned vertical to the substrate 
plane. In order to realize such an alignment, a sputtering 
method has been used in the prior art. Speci?cally, on a 
single crystal substrate made of magnesium oXide (MgO) 
having an NaCl-type crystalline structure, Which has been 
cut out so that the surface thereof is along the crystal 
orientation of the (100) plane, a (100)-oriented Pt electrode 
thin ?lm is formed as a loWer electrode on the substrate, and 
a PZT thin ?lm Whose c aXis is oriented vertical to the 
surface of the Pt electrode is formed on the Pt electrode at 
a temperature of 600 to 700° C. (see, for example, Journal 
of Applied Physics vol. 65 No. 4 (published on 15 Feb. 1989 
from the American Physical Society) pp. 1666-1670, and 
Japanese Laid-Open Patent Publication No. 10-209517). In 
such a case, if a piezoelectric element layer having a 
thickness of 0.1 pm and made of PbTiO3 or (Pb,La)TiO3, 
free of Zr, is formed as a base layer for a PZT thin ?lm on 
the (100)-oriented Pt electrode before the formation of a 
PZT thin ?lm, and then a PZT thin ?lm having a thickness 
of 2.5 pm is formed on the piezoelectric element layer by a 
sputtering method, it is less likely that a layer of a loW 
crystallinity made of a Zr oXide is formed early in the 
formation of the PZT thin ?lm, thereby obtaining a PZT thin 
?lm having a higher crystallinity. Speci?cally, a PZT thin 
?lm Whose degree of (001) orientation (“ot(001)”) is about 
100% is obtained. 
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[0004] Herein, ot(001) is de?ned as folloWs: 

[0005] ot(001)=I(001)ZI(hkl). 
[0006] ZI(hkl) is the sum of diffraction peak intensities 
from various crystal planes of PZT having a perovskite 
crystalline structure for a Cll-KO. 20 range of 10° to 70° in 
an X-ray diffraction method. Note that the (002) plane and 
the (200) plane are not included in ZI(hkl) as they are 
equivalent to the (001) plane and (100) plane. 

[0007] HoWever, this method uses an MgO single crystal 
substrate as a base substrate, thereby increasing the cost of 
a piezoelectric element, and thus the cost of an ink jet head 
using the piezoelectric element. Moreover, another draW 
back is that the variety of the substrate material is limited to 
the MgO single crystal. 

[0008] In vieW of this, various methods have been devel 
oped for forming a (001)- or (100)-oriented ?lm of a 
perovskite piezoelectric material such as PZT on an inex 
pensive substrate such as a silicon substrate. For eXample, 
Japanese Laid-Open Patent Publication No. 6-116095 dis 
closes that a PZT ?lm that is preferentially oriented along 
the (100) plane can be produced by applying a precursor 
solution of PZT or lanthanum-containing PZT on a (111) 
oriented Pt electrode, performing a thermal decomposition 
process at 450 to 550° C. before the precursor solution is 
crystallized and then heating and crystallizing the precursor 
solution at 550 to 800° C. (a sol-gel method). 

[0009] Moreover, Japanese Laid-Open Patent Publication 
No. 2001-88294 discloses that by forming a very thin 
titanium layer on an iridium loWer electrode, it is possible to 
control the crystal orientation of a PZT ?lm to be formed 
thereon. This manufacturing method includes: forming a 
base layer Whose main component is zirconium oXide on a 
substrate made of silicon, or the like; forming a loWer 
electrode containing iridium on the base layer; depositing a 
very thin titanium layer on the loWer electrode; forming an 
amorphous piezoelectric precursor thin ?lm containing 
metal element and oXygen element, Which forms a ferro 
electric having piezoelectric characteristics, on the titanium 
layer; and heating and crystallizing the amorphous thin ?lm 
at a high temperature (a sol-gel method), thereby turning the 
amorphous thin ?lm into a perovskite piezoelectric thin ?lm. 
With this manufacturing method, the crystal orientation of 
the piezoelectric thin ?lm such as PZT can be controlled by 
the thickness of the titanium layer, and a (100)-oriented ?lm 
is obtained When the thickness of the titanium layer is set to 
be 2 to 10 nm. 

[0010] Furthermore, Japanese Laid-Open Patent Publica 
tion No. 11-191646 discloses that Where a piezoelectric thin 
?lm is formed by using a sol-gel method, a (100)-oriented 
PZT ?lm can be obtained by forming a titanium layer having 
a thickness of 4 to 6 nm on a (111)-oriented Pt electrode and 
using titanium oXide, Which is formed through oXidization 
of titanium in the titanium layer, as a nucleus. 

[0011] HoWever, While the methods described above are 
desirable methods that do not use an expensive MgO single 
crystal substrate, it is difficult to obtain a Well-oriented ?lm 
having a desirable crystallinity in the ?lm formation process, 
as in the case of forming a piezoelectric thin ?lm on an MgO 
single-crystal substrate, because the piezoelectric thin ?lm is 
formed by a sol-gel method. In vieW of this, an amorphous 
piezoelectric thin ?lm is ?rst formed, and then the layered 


























































