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Description

Technical Field

[0001] The present invention relates to a piezoelectric device and manufacturing method thereof, and a liquid discharge
apparatus.

Background Art

[0002] Piezoelectric devices that employ piezoelectric bodies having piezoelectricity in which piezoelectric bodies
stretch/contract according to increase/decrease in the intensity of applied electric field are used as actuators mounted
on inkjet recording heads, sensors, storage devices, and the like. Recently, in the trend toward high density and high
integration of devices, reduction in film thickness of piezoelectric devices has been moved forward and development of
piezoelectric devices with piezoelectric films having high piezoelectric properties has been in progress.
[0003] As for piezoelectric films having high piezoelectric properties, piezoelectric films of Pb containing perovskite
oxide films, such as PZT (Pb(Zr, Ti)O3: lead zirconate titanate) and the like are known. In particular, Pb containing
perovskite oxide films which can be formed by vapor growth methods, including sputtering method, receive attention as
films having high piezoelectric properties, but still have a problem in durability.
[0004] It is known that the durability of a piezoelectric device is restricted by the deterioration in device characteristics
due to residual stress in the piezoelectric film, moisture resistance of the film, and the like. The residual stress in a
piezoelectric film is likely to cause a crack or a warpage in the piezoelectric film, triggering displacement blockage of
the piezoelectric device, film detachment, and the like. Further, under a high humidity environment (in particular, a high
temperature and high humidity environment), leakage current of the piezoelectric film is likely to increase due to the
presence of water, leading to dielectric breakdown. Still further, the high humidity environment causes ionization of a
constituent element of the piezoelectric film which is likely to facilitate ion migration, whereby characteristics of the device
are likely to be deteriorated.
[0005] For the purpose of improving moisture resistance, methods for preventing ion migration have been studied.
Japanese Unexamined Patent Publication No. 2004-087547 discloses a piezoelectric actuator in which Pb composition
of the PZT thin film is reduced adjacent to the upper electrode in order to prevent ion migration of the PZT thin film.
Further, Japanese Unexamined Patent Publication No. 6(1994)-068529 discloses a ferroelectric device in which a con-
ductive oxide electrode is used as the lower electrode and a Pb containing ferroelectric film is formed on the electrode
and heated to form a conductive intermediate layer that includes composition elements of the lower electrode material
and ferroelectric material, whereby the composition gradient between the lower electrode and ferroelectric film is reduced.
[0006] Both the piezoelectric actuator disclosed in Japanese Unexamined Patent Publication No. 2004-087547 and
the ferroelectric device disclosed in Japanese Unexamined Patent Publication No. 6 (1994)-068529 employ a structure
in which the composition of the piezoelectric film is changed within the film. If the film composition is changed to that
which is different from a composition that may possibly have a perovskite crystal structure, the portion of the film may
no longer maintain the perovskite crystal structure, not just changed in the composition. Accordingly, the piezoelectric
property is degraded, although the ion migration is prevented. A piezoelectric device based on a PZT think film and a
manufacturing method for such a film are shown in EP 1 544 927 A.
[0007] The present invention has been developed in view of the circumstances described above, and it is an object
of the present invention to provide a piezoelectric device which includes a Pb containing perovskite oxide film having
an excellent piezoelectric property and durability, and a manufacturing method of the same.

Disclosure of the Invention

[0008] The inventors of the present invention have earnestly studied for solving the problems described above, and
have found that, in a piezoelectric device, a layer of pyrochlore oxide is likely to be formed at the interface of the
piezoelectric film with the lower electrode and the durability of the piezoelectric device has a correlation with the average
layer thickness of the pyrochlore oxide layer.
[0009] That is, a piezoelectric device of the present invention is a device, including the following on a substrate in the
order listed below: a lower electrode, a piezoelectric film which contains a Pb containing perovskite oxide represented
by a general expression (P) below, and an upper electrode, in which the piezoelectric film has a layer of pyrochlore oxide
on the surface facing the lower electrode, and the average layer thickness of the pyrochlore oxide layer is not greater
than 20 nm. Preferably, the average layer thickness of the pyrochlore oxide layer is not greater than 11 nm.

AaBbO3 --------------- (P)
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(where,

A: at least one type of A-site element containing Pb as a major component,
B: at least one type of B-site element selected from the group consisting of Ti, Zr, V, Nb, Ta, Cr, Mo, W, Mn, Sc,
Co, Cu, In, Sn, Ga, Zn, Cd, Fe, and Ni, and
O: an oxygen element.

[0010] Typically, a = 1.0 and b = 1.0, but these values may deviate from 1.0 within a range in which a perovskite
structure can be formed.)
[0011] Here, the average layer thickness of the pyrochlore oxide layer is a value calculated in the following manners.

1) Photographing a high-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) image
of a cross-section of the piezoelectric film orthogonal to the surface of the substrate by HAADF-STEM, as an original
image.
2) Using the fact that the perovskite oxide layer and pyrochlore oxide layer have different contrasts in the HAADF-
STEM image, digitizing the pyrochlore oxide layer with a predetermined threshold value (e.g., if the original image
has 255 shades of gray, the threshold value is set to around 100 to 150) using a contrast adjustment function of
image processing software, and extracting the digitized image using an edge extraction function of the image
processing software. In this case, the threshold value is set such that noise is removed as much as possible and
only the layer clearly discriminated as the pyrochlore oxide layer is extracted. When the contour of the pyrochlore
oxide layer is not clear in the digitized image, empirically drawing a contour line while looking at the digitized image
and filling the inside of the contour.
3) Calculating the area of the extracted pyrochlore oxide layer from the number of pixels of the image processing
software, and dividing the area by the visual field width of the HAADF-STEM image to obtain the average layer
thickness. In 1) above, the sample for photographing the HAADF-STEM image is processed so as to have a uniform
thickness of 100 nm in the depth direction (a direction orthogonal to the observation cross-section). The reason for
performing the observation with the HAADF-STEM image is to eliminate the influence of diffraction contrast and to
observe the difference in contrast between the perovskite oxide layer and pyrochlore layer arising from the difference
in density. The electron beam is incident in a direction perpendicular to the substrate. As for the image processing
software, for example, Photoshop may be used. The reason for filling the pyrochlore oxide layer in black is to avoid
undervaluation of the area.

[0012] The term "major component" as used herein refers to a component of not less than 80 wt%.
[0013] Preferably, in the piezoelectric device of the present invention, the A-site element A in the general expression
(P) includes at least one type of metal element selected from the group consisting of Bi, Sr, Ba, Ca, and La.
[0014] Further, in the piezoelectric device of the present invention, it is preferable that the piezoelectric film is a pillar
structure film formed of multiple pillar crystals extending in a direction nonparallel to the surface of the substrate.
[0015] A liquid discharge apparatus of the present invention is an apparatus, including the piezoelectric device de-
scribed above and a liquid discharge member integrally or separately provided on the rear surface of the substrate of
the piezoelectric device, in which the liquid discharge member has a liquid storage chamber for storing a liquid and a
liquid discharge opening for discharging the liquid from the liquid storage chamber to the outside.
[0016] A piezoelectric device manufacturing method of the present invention is a method, including the steps of:
providing a substrate having a lower electrode on either one of the surfaces; forming a piezoelectric film which contains
a perovskite oxide represented by a general expression (P) below and satisfies a formula (3) below by a sputtering
method under conditions that satisfy formulae (1) and (2) below; and forming an upper electrode on the piezoelectric film. 
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(where,

Ts (°C) is the film forming temperature,
Po2(%) is the oxygen partial pressure, and
Th is the average layer thickness of a pyrochlore oxide layer on the surface of the piezoelectric film on the side of
the lower electrode, and Vs-Vf is the difference between the palsma potential Vs(V) in the plasma and the floating
potential Vf(V) during the film formation)

AaBbO3 --------------- (P)

(where,

A: at least one type of A-site element containing Pb as a major component,
B: at least one type of B-site element selected from the group consisting of Ti, Zr, V, Nb, Ta, Cr, Mo, W, Mn,
Sc, Co, Cu, In, Sn, Ga, Zn, Cd, Fe, and Ni, and
O: an oxygen element.

[0017] Typically, a = 1.0 and b = 1.0, but these values may deviate from 1.0 within a range in which a perovskite
structure can be formed.)
[0018] The term "film forming temperature Ts (degrees Celsius)" as used herein refers to the temperature at the center
of the substrate on which the film forming is performed.
[0019] The present invention is based on the finding of correlation between the durability of a piezoelectric device and
the average layer thickness of an interface pyrochlore oxide layer on the surface of the piezoelectric film on the side of
the lower electrode, and based on the fining of a structure of a piezoelectric device which is excellent in moisture
resistance, less residual stress, and excellent in durability. That is, the piezoelectric device of the present invention has
a piezoelectric film of Pb containing perovskite oxide, in which the average layer thickness of an interface pyrochlore
oxide layer on the surface of the piezoelectric film on the side of the lower electrode is not greater than 20 nm. According
to the present invention, the durability of a piezoelectric device is improved without degrading the piezoelectric property,
so that a piezoelectric device having a high piezoelectric property with favorable durability may be provided.

Brief Description of Drawings

[0020]

[fig. 1]Fig. 1 is a cross-sectional view of a piezoelectric device and an inkjet recording head (liquid discharge appa-
ratus) according to an embodiment of the present invention, illustrating the structure thereof.
[fig.2]Fig. 2 is a partial enlarged view of the piezoelectric device shown in Fig. 1 illustrating a portion adjacent to the
interface between the lower electrode and piezoelectric film.
[fig.3]Fig. 3 illustrates an example configuration of an inkjet recorder having the inkjet recording head (liquid discharge
apparatus) shown in Fig. 1.
[fig.4]Fig. 4 is a partial top view of the inkjet recorder shown in Fig. 3.
[fig.5]Fig. 5 is a graph illustrating XRD measurement results of Example 1.
[fig.6A]Fig. 6A is a cross-sectional TEM sketch ofSample A of Example 1.
[fig.6B]Fig. 6B illustrates a pattern extracted from the TEM image shown in Fig. 6A by digitizing the interfacial
pyrochlore oxidelayer by image processing.
[fig.7]Fig. 7 is a graph illustrating XRD measurement results of Comparative Example 1.
[fig.8A]Fig. 8A is a cross-sectional TEM sketch of Sample B of Comparative Example 1.
[fig.8B]Fig. 8B illustrates a pattern extracted from the TEM image shown in Fig. 8A by digitizing the interfacial
pyrochlore oxide layer by image processing.
[fig.9]Fig. 9 is a graph illustrating the relationship between the average layer thickness and durability life.

Best Mode for Carrying out the Invention

Piezoelectric Device, Inkjet Recording Head

[0021] The structure of a piezoelectric device and an inkjet recording head according to an embodiment of the present
invention will be described with reference to Fig. 1. Fig. 1 is a cross-sectional view of a relevant part of the inkjet recording
head. Each of the components is not necessarily drawn to scale for facilitating visibility.
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[0022] Inkjet recording head (liquid discharge apparatus) 3 according to the present embodiment basically includes
an ink nozzle (liquid storage/discharge member) 20, having an ink chamber (liquid storage chamber) 21 for storing an
ink and an ink discharge opening 22, attached to the rear surface of piezoelectric actuator 2. In inkjet recording head 3,
the electric field applied to piezoelectric device 1 is increased or decreased to cause device 1 to stretch or contract,
whereby ink discharge from ink chamber 21 and the amount of the discharge are controlled.
[0023] Piezoelectric actuator 2 is constituted by piezoelectric device 1 and vibration plate 16, which is attached to the
rear surface of substrate 11 and vibrates with stretching/ contraction of piezoelectric film 13.
[0024] Instead of attaching vibration plate 16 and ink nozzle 20 made of a separate member to substrate 11, portions
of substrate 11 may be formed into vibration plate 16 and ink nozzle 20. For example, where substrate 11 is a laminated
substrate, such as a SOI substrate, ink storage chamber 21 may be formed by etching substrate 11 from the rear side,
and vibration plate 16 and ink nozzle 20 may be formed by processing the substrate itself.
[0025] Piezoelectric device 1 of the present embodiment is a device which includes lower electrode layer 12, piezo-
electric film 13, and upper electrode layer 14 stacked on substrate 11 in this order and an electric field is applied in the
film thickness direction by lower electrode layer 12 and upper electrode layer 14.
[0026] Piezoelectric actuator 2 is a flexural oscillation mode actuator, and lower electrode layer 12 is patterned, with
piezoelectric film 13, such that the drive voltage can be changed with respect to each ink chamber 21. Piezoelectric
device 1 further includes driver 15 for performing drive control in which application voltage to lower electrode layer 12
is changed.
[0027] The inventors of the present invention have noticed that there is a variation in durability among piezoelectric
devices having Pb containing perovskite oxide films of the same composition, which have been confirmed to be perovskite
single-phase films by XRD crystal structure analysis, due to difference in manufacturing conditions. As a result of inves-
tigation into the cause, the inventors of the present invention have found that each piezoelectric film determined to be
a perovskite single-phase film by XRD structural analysis has a pyrochlore oxide layer formed at the interface with the
lower electrode and that there is a correlation between the average thickness of the pyrochlore oxide layer and durability.
[0028] As described under the "Background Art", the durability of a piezoelectric device is influenced largely by the
residual stress in the piezoelectric film and moisture resistance of the film. The inventors of the present invention have
found that it is possible to reduce the residual stress in a piezoelectric film and to ensure a durability life of not less than
10 billion cycle, which is the target durability for practical use, even under high temperature and high humidity conditions
(Example 1, to be described later) by limiting the average thickness of the pyrochlore oxide layer to 20 nm or less.
[0029] The term "durability life" is defined as the number of driven times (cycles) of a piezoelectric device when the
dielectric loss tangent reaches 20% when a trapezoidal wave of 50 kV/cm with a frequency of 10 kHz is applied under
a temperature of 40 degrees Celsius and a humidity of 85%.
[0030] That is, as shown in Fig. 2, in piezoelectric device 1, pyrochlore oxide layer 13p is formed in piezoelectric film
13 at the interface with lower electrode layer 12, and average layer thickness Th of pyrochlore oxide layer 13p is limited
to 20 nm or less. Fig. 2 is a partial enlarged view the piezoelectric device shown in Fig. 1, illustrating a portion adjacent
to the interface between piezoelectric film 13 and lower electrode layer 12.
[0031] In piezoelectric device 1 of the present embodiment, there is not a specific limitation on substrate 11, and
substrates of silicon, glass, stainless (SUS), yttrium-stabilized zirconia (YSZ), SrTiO3, alumina, sapphire, silicon carbide,
and the like are preferably used. Further, as substrate 11, a laminated substrate, such as a SOI substrate made of a
silicon substrate with SiO2 film and a Si active layer stacked on the substrate in this order, may also be used. Further,
a buffer layer for improving lattice matching or contact layer for improving adhesion between the electrode and substrate
may be provided.
[0032] There is not a specific limitation on the major component of lower electrode 12, and a metal, such as Au, Pt,
Ir, IrO2, RuO2, LaNiO3, or SrRuO3, a metal oxide, or a combination thereof may be used. There is not a specific limitation
on the major component of upper electrode 14, and materials cited in lower electrode 12, materials generally used in
semiconductor processing, such as Al, Ta, Cr, or Cu, or a combination thereof may be used.
[0033] There is not a specific limitation on the thicknesses of lower electrode 12 and upper electrode 14 and is preferable
to be in the range from 50 to 500 nm.
[0034] Preferably, piezoelectric film 13 is formed of one or more types of perovskite oxides represented by the general
expression (P) below, in which B-site element B includes Ti and Zr, and A-site element A includes at least one type of
metal element selected from the group consisting of Bi, Sr, Ba, Ca, and La.

AaBbO3 --------------- (P)

(where,

A: at least one type of A-site element containing Pb as a major component,
B: at least one type of B-site element selected from the group consisting of Ti, Zr, V, Nb, Ta, Cr, Mo, W, Mn, Sc,
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Co, Cu, In, Sn, Ga, Zn, Cd, Fe, and Ni, and
O: an oxygen element.

[0035] Typically, a = 1.0 and b = 1.0, but these values may deviate from 1.0 within a range in which a perovskite
structure can be formed.)
[0036] Perovskite oxides represented by the general expression (P) above include lead titanate, lead zirconate titanate
(PZT), lead zirconate, lead lanthanum titanate, lead lanthanum zirconate titanate, lead magnesium niobate zirconate
titanium, lead nickel niobate zirconate titanium, and the like. Piezoelectric film 13 may be a mixed crystal system of those
represented by the general expression (P) above.
[0037] Preferably, piezoelectric film 13 has a pillar structure formed of multiple pillar crystals extending in a direction
nonparallel to the surface of the substrate, since the film can provide a high piezoelectric performance. The film structure
of multiple pillar crystals extending in a direction nonparallel to the surface of the substrate will result in an oriented film
in which crystal orientations are aligned. Such film structure may be obtained when the film is formed by a nonthermal
equilibrium process, such as a sputtering method, or the like.
[0038] Piezoelectric strains include the following:

(1) an ordinary electric-field induced strain in which stretch or contraction occurs in a direction of applied electric
field according to the increase or decrease in applied electric field intensity when the vector component of sponta-
neous polarization axis corresponds to the direction of applied electric field;
(2) a piezoelectric strain produced by increasing or decreasing the electric field intensity and reversibly rotating the
polarization axis by non-180 degrees;
(3) a piezoelectric strain caused by the change in volume due to crystal phase transitions induced by the increase
or decrease in the electric field intensity; and
(4) a piezoelectric strain that makes use of engineered domain effect, which is capable of providing a larger strain,
obtained by using a material having a property to cause phase transitions by the application of an electric field and
forming a crystal orientation structure containing a ferroelectric phase having crystal orientation in a direction different
from the spontaneous polarization direction (when making use of the engineered domain effect, the piezoelectric
body may be driven under the condition in which phase transitions occur or under the condition in which phase
transitions do not occur).

[0039] The use of the piezoelectric strains (1) to (4) individually or in combination allows a desired piezoelectric strain
to be obtained. In each of the piezoelectric strains (1) to (4), a larger piezoelectric strain may be obtained by forming a
crystal orientation structure according to the strain generation mechanism. Thus, in order to obtain a high piezoelectric
performance, it is preferable that the piezoelectric film has a crystal orientation. For example, if it is a PZT system
ferroelectric film of MPB composition, a pillar crystal film of (100) orientation may be obtained.
[0040] The growth direction of the pillar crystal may be any direction as long as it is nonparallel to the substrate surface,
and it may be, for example, a direction substantially perpendicular or oblique to the substrate surface. The average pillar
diameter of the multiple pillar crystals forming the piezoelectric film does not have a specific limitation, but preferably in
the range from 30 nm to 1 micro meter. An excessively small average pillar diameter will result in insufficient crystal
growth for a piezoelectric film and desired ferroelectric performance (piezoelectric performance) may not be obtained,
while an excessively large average pillar diameter may result in degraded shape accuracy after patterning.
[0041] In piezoelectric film 13, when the vector component of spontaneous polarization axis corresponds to the direction
of applied electric field, the stretch or contraction occurs effectively in the direction of applied electric field according to
the increase or decrease in applied electric field intensity, whereby the piezoelectric effect due to electric-field induced
strain may be obtained effectively. Therefore, a film having a less variation in crystal orientation in the spontaneous
polarization axis direction is preferable as piezoelectric film 13.
[0042] There is not a specific limitation on the crystal structure of piezoelectric film 13, and for a PZT system, a
tetragonal system, a rhombohedral system, and a mixed system thereof may be cited. For example, if it is a
Pb(Zr0.52Ti0.48)O3 of MPB composition, a tetragonal solitary crystal structure, a mixed crystal structure of tetragonal and
rhombohedral crystals, or a rhombohedral solitary crystal structure is obtained depending on the film forming condition.
[0043] There is not a specific limitation on the film thickness of piezoelectric film 13 as long as a desired amount of
displacement is obtainable, but is preferable to be not less than 500 nm and more preferable to be in the range from 2
to 5 micro meters.
[0044] As described above, average layer thickness Th of pyrochlore oxide layer 13p in piezoelectric film 13 is limited
to not greater than 20 nm. When an electric field is applied to piezoelectric film 13, the electric field and stress are likely
to be concentrated adjacent to pyrochlore layer 13p at the interface of piezoelectric film 13 with lower electrode layer
12, causing a crack or a warpage in the film that triggers displacement blockage of the piezoelectric device, film detach-
ment, and the like. In addition, as the amount of pyrochlore layer 13p increases, so does the number of high electric
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field points adjacent to the interface of piezoelectric film 13 with an underlayer (lower electrode layer 12), which is thought
to facilitate ion migration and degrade moisture resistance of the film. Therefore, average layer thickness Th is preferable
to be as small a value as possible, for example, not greater than 11 nm. Ideally, average layer thickness Th is preferable
to be zero.
[0045] It has been known that absence of pyrochlore oxide in piezoelectric film 13 is preferable for piezoelectric
property. Many Pb containing oxide films confirmed to be perovskite single-phase films without a pyrochlore oxide by
XRD crystal analysis are reported. However, the inventors of the present invention have confirmed for the first time that
the film confirmed to be a perovskite single-phase film by XRD structural analysis includes a pyrochlore oxide layer
adjacent to the interface with an underlayer, such as the substrate, electrode, and the like, and also that the average
layer thickness of the pyrochlore oxide layer adjacent to the interface influences to the durability of the piezoelectric
device, as well as piezoelectric property. So far, no report describing the direct correlation between a layer of pyrochlore
oxide at the interface of a piezoelectric film with the lower electrode and durability has been found.
[0046] Further, the inventors of the present invention have confirmed that, when forming a film, oxygen and Pb are
likely to diffuse into an underlayer near the interface of the film with the underlayer, so that a pyrochlore layer is more
likely to be formed adjacent to the interface in comparison with the surface or inside of the film. That is, although it is
not clear, for Pb containing oxide films regarded as perovskite single-phase films, whether or not a pyrochlore oxide
layer is present at the interface of the film with an underlayer, it may well be thought that it is present and the average
layer thickness exceeds 20 nm given the conventional manufacturing methods and manufacturing conditions. Therefore,
the structure in which average layer thickness Th of pyrochlore oxide layer 13p present at the interface of piezoelectric
film 13 with lower electrode layer 12 of piezoelectric device 1 is limited to not greater than 20 nm is novel.
[0047] As described above, in piezoelectric device 1, the average layer thickness of a pyrochlore oxide layer adjacent
to the interface of piezoelectric film 13 with an underlayer is limited to not greater than 20 nm to improve the residual
stress and moisture resistance, thereby improving the durability. Accordingly, piezoelectric device 1 has a less amount
of pyrochlore oxide in piezoelectric film 13. As described above, it is preferable, for piezoelectric property, that a piezo-
electric device has a less amount of pyrochlore oxide, so that piezoelectric device 1 has a favorable durability and a
favorable piezoelectric property.
[0048] An example method for manufacturing piezoelectric device 1 will now be described. First, substrate 11 is
provided and lower electrode layer 12 is formed on substrate 11. A buffer layer or a contact layer may be formed, as
required, before lower electrode layer 12 is formed. Next, piezoelectric layer 13 is formed on lower electrode layer 12,
and then piezoelectric layer 13 is patterned so as to be driven with respect to each ink chamber 21. Further, upper
electrode layer 14 is formed on patterned piezoelectric film 13, and then driver 15 and necessary wiring are formed,
whereby piezoelectric device 1 is obtained.
[0049] There is not a specific limitation on the film forming method for forming piezoelectric film 13, lower electrode
layer 12, and upper electrode layer 14, and a vapor growth method using plasma, such as sputtering method, ion plating
method, plasma CVD method, pulse laser deposition method, or the like, an ion beam sputtering method, or the like
may be used. Piezoelectric film 13 may have a pillar crystal structure when formed by a nonthermal equilibrium process,
such as a sputtering method. When forming piezoelectric film 13 by a sputtering method, piezoelectric film 13 that
satisfies formula (3) below may be formed by performing the film forming under the conditions that satisfy formulae (1)
and (2) below. 

(where,

Ts (°C) is the film forming temperature,
Po2(%) is the oxygen partial pressure, and
Th is the average layer thickness of a pyrochlore oxide layer on the surface of the piezoelectric film on the side of
the lower electrode.)

[0050] In the film formation by the sputtering method described above, it is difficult to stably grow perovskite crystals
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under film forming temperature Ts lower than 400 degrees Celsius. In addition, for piezoelectric film 13 of a Pb containing
material, such as a PZT system or the like, if the film forming is performed at a high temperature exceeding 600 degrees
Celsius, Pb dropout is likely to occur. Further, regardless of whether the material is Pb containing material or not, if the
film forming is performed at a high temperature exceeding 600 degrees Celsius, piezoelectric film 13 has stress due to
the difference in thermal expansion coefficient between substrate 11 and piezoelectric film 13 during the film forming
process, a cooling process after the film forming process, and the like, whereby a crack and the like may possibly occur.
Such temperature condition is applicable to other vapor growth methods than the sputtering method.
[0051] In the mean time, the inventors of the present invention have confirmed that a pyrochlore oxide layer is more
likely to be formed at the interface of a piezoelectric film with an underlayer than the inside of the film due to the influence
of dissipation of oxygen and Pb into the underlayer, as described earlier. In addition to the temperature condition described
above, if a film is formed under a condition that prevents the dissipation of oxygen and Pb into an underlayer, for example,
reducing oxygen flow rate in a sputtering method, i.e., under a condition that satisfies the formula (2) above, the formation
of a pyrochlore oxide layer adjacent to the interface of the piezoelectric film with the underlayer is restricted, whereby
piezoelectric film 13 that satisfies the formula (3) above may be formed.
[0052] In the sputtering method that uses plasma, when forming piezoelectric film 13, if the film forming is performed
under the condition in which Vs - Vf, which is the difference between plasma potential Vs (V) in the plasma and floating
potential Vf (V) during the film forming, is set to 10 to 35V, perovskite crystals may be stably grown with less amount of
pyrochlore oxide in the film and Pb dropping may stably be prevented, whereby a quality piezoelectric film having a
favorable crystal structure and a film composition may be formed stably.
[0053] Here, "plasma potential Vs and floating potential Vf" are to be measured by the single probe method using a
Langmuir probe. The measurement of floating potential Vf is performed within a time as short as possible by placing the
tip of the probe near the substrate (about 10 mm away from the substrate) in order to prevent measurement error caused
by the adhesion of a film being formed or the like to the probe. The potential difference between plasma potential Vs
and floating potential Vf, Vs - Vf (V) may be directly convert to electron temperature (eV), in which 1 eV corresponds to
11600 K (K is the absolute temperature), 1 eV = 11600 K.
[0054] In the manufacturing process of a piezoelectric device, if a crack or a warpage occurs in the piezoelectric film,
a process following the film forming becomes difficult, causing a degraded yield rate. Piezoelectric device 1 has low
residual stress in piezoelectric film 13 so that the manufacturing process of the device becomes easy with a high yield rate.
[0055] Piezoelectric device 1 includes piezoelectric film 13 of Pb containing perovskite oxide, and average layer
thickness Th of pyrochlore oxide layer 13p at the interface of piezoelectric film 13 on the side of lower electrode 12 is
limited to not greater than 20 nm. According to the present embodiment, the durability may be improved without degrading
piezoelectric property, so that piezoelectric device 1 having a favorable piezoelectric property and a favorable durability
may be provided.

Inkjet Recorder

[0056] An example configuration of an inkjet recorder having an inkjet recording head 3 according to the embodiment
described above will be described with reference to Figs. 3 and 4. Fig. 3 is an overall view and Fig. 4 is a partial top
view of the recorder.
[0057] Illustrated inkjet recorder 100 basically includes print section 102 having a plurality of inkjet recording heads
(hereinafter, simply "heads" or " head") 3K, 3C, 3M, and 3Y, each for each ink color, ink storage/mount section 114 for
storing inks to be supplied to each of heads 3K, 3C, 3M, and 3Y, paper feed section 118 for feeding recording paper
116, decurling section 120 for decurling recording paper 116, suction belt conveyor 122, disposed opposite to the nozzle
surface (discharge surface) of print section 102, for conveying recording paper 116 while maintaining flatness of recording
paper 116, print detection section 124 for reading a result of printing performed by print section 102, and paper discharge
section 126 for discharging a printed paper (printed material) to the outside.
[0058] Each of Heads 3K, 3C, 3M, and 3Y constituting print section 102 corresponds to inkjet recording head 3
according to the embodiment described above.
[0059] In decurling section 120, recording paper 116 is decurled by heating with heating drum 130 in the direction
opposite to the curled direction of recording paper 116 wound on a roll.
[0060] For the recorder that uses a roll paper, cutter 128 for cutting the roll paper is provided at a latter stage of
decurling section 120, as illustrated in Fig. 4, and the roll paper is cut out to a desired size. Cutter 128 includes fixed
blade 128A having a length greater than the width of the conveyor path and round blade 128B that moves along fixed
blade 128A, in which fixed blade 128A is provided on the rear side of the printing surface and round blade 128B is
provided on the printing surface side across the conveyor path. The recorder that uses a cut sheet does not require
cutter 128.
[0061] Decurled and cutout recording paper 116 is fed to suction belt conveyor 122. Suction belt conveyor 122 includes
rollers 131, 132, and endless belt 133 wound between them, and configured such that at least the portion opposite to
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the nozzle surface of print section 102 and the sensor surface of print detection section 124 becomes a level plane (flat
plane).
[0062] Belt 133 has a width greater than that of recording paper 116 and many suction holes (not shown) are formed
in the belt face. Suction chamber 134 is provided at the position opposite to the nozzle surface of print section 102 and
the sensor surface of print detection section 124 in the inner side of belt 133 wound between rollers 131, 132. Suction
chamber 134 is suctioned by fan 135 so as to have a negative pressure, thereby suction-holding recording paper 116
on belt 133.
[0063] Power is supplied to at least either one of rollers 131, 132 from a motor (not shown), whereby belt 133 is driven
in clockwise direction in Fig. 4 and recording paper 116 held on belt 133 is conveyed from left to right in Fig. 4.
[0064] When a borderless print or the like is printed, the ink adheres also to belt 133, so that belt cleaning section 136
is provided at a predetermined position (appropriate position other than the printing area) on the outer side of belt 133.
[0065] Heating fan 140 is provided on the upstream side of print section 102 on the paper conveyer path formed by
suction belt conveyor 122. Heating fan 140 blows heated air onto recording paper 116 before printing to heat recording
paper 116. By heating recording paper 116 immediately preceding the printing, spotted inks on recording paper 116 are
dried faster.
[0066] Print section 102 is a so-called full line head in which line heads having a length corresponding to a maximum
paper width are disposed in a direction (main scanning direction) orthogonal to the paper feed direction (Fig. 4). Each
of printing heads 3K, 3C, 3M, and 3Y is a line head having a plurality of ink discharge openings (nozzles) disposed over
a length which exceeds at least one side of maximum size of recording paper 116.
[0067] Heads 3K, 3C, 3M, and 3Y corresponding to black (K), cyan (C), magenta (M), and yellow (Y) are disposed in
this order from the upstream side along the paper feed direction of recording paper 116. A color image is recorded on
recording paper 116 while being conveyed by discharging a color ink from each of heads 3K, 3C, 3M, and 3Y.
[0068] Print detection section 124 is constituted by a line sensor or the like for imaging inkjet results of print section
102 to detect an inkjet fault, such as clogging of a nozzle, from the obtained inkjet image.
[0069] Post drying section 142 constituted by a heating fan or the like for drying the printed image surface is provided
at the latter stage of print detection section 124. It is desirable that the printed surface avoids any contact until the inks
are dried, so that a method of blowing heated air is preferable.
[0070] Heating/pressing section 144 for controlling the glossiness of an image surface is provided at the latter stage
of post drying section 142. In heating/pressing section 144, the image surface is pressed, while being heated, by pressing
rollers 145 having a predetermined uneven surface shape to transfer the uneven shape to the image surface.
[0071] The printed material obtained in the manner described above is discharged from paper discharge section 126.
Preferably, an intended print (print on which an intended image is printed) and a test print are discharged separately.
Inkjet recorder 100 includes a selection means (not shown) for selecting and switching paper discharge paths between
intended prints and test prints to send them discharge section 126A and 126B respectively. Where an intended image
and a test image are printed on a large paper in parallel at the same time, cutter 148 may be provided to separate the
test print portion. Inkjet recorder 100 is structured in the manner as described above.

(Design Change)

[0072] The present invention is not limited to the embodiment described above, and may be changed in design without
departing from the sprit of the present invention.

Examples

[0073] Examples and Comparative Examples according to the present invention will now be described.

(Example 1)

[0074] As the film forming substrate, a substrate with an electrode was provided by sequentially forming a Ti contract
layer of 30 nm and a Pt lower electrode layer of 150 nm on a Si wafer. Then, a piezoelectric film (film thickness of 5
micro meters) of PZT was formed by a RF sputtering system using a target of Pb1.3Zr0.52Ti0.48O3, as Sample A, under
the following conditions: film forming temperature 525 degrees Celsius, application voltage to target 2.5W/cm2, distance
between the substrate and target 60 mm, degree of vacuum 0.5 Pa, and Ar/O2 mixed atmosphere (O2 partial pressure
1.3%).
[0075] X-ray diffraction (XRD) measurements were performed on the PZT film of Sample A, and the film was confirmed
to be a perovskite single-phase film, as shown in Fig. 5.
[0076] Then, a pyrochlore oxide layer at the interface of the PZT film of Sample A with the lower electrode layer was
observed by HAADF-STEM. When performing the observation, Sample A was processed by a FIB (focused ion beam)
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system so as to have a thickness of 100 nm in depth direction (a direction orthogonal to the cross-section for the
observation). The incident direction of the electron beam was <110> orthogonal to the Si substrate surface (100), with
an electron accelerating voltage of 200 kV.
[0077] A sketch of the observed cross-sectional TEM image is shown in Fig. 6A. In Fig. 6A, the black portion at the
interface of the PZT film with the lower electrode layer is a pyrochlore oxide layer.
[0078] The obtained TEM image was processed to digitize and extract the pyrochlore oxide layer (Fig. 6B). Then,
average layer thickness Th of the pyrochlore oxide layer was calculated by dividing the area of the extracted pyrochlore
oxide layer (2.6 times 104 nm2) by the visual field width of the TEM image (2.4 times 103 nm), the result of which was,
Th = 11 nm.
[0079] Then, the film stress of Sample A was evaluated. The curvature radius of the substrate before forming the PZT
film and the curvature radius of the substrate after forming the PZT film and before cutting out the TEM image sample
were measured and the values were substituted in Stoney’s equation to calculate the film stress of Sample A, the result
of which was about 100 MPa. Stoney’s equation is shown below. 

(where,

σ is the film stress (Pa),

r1 is the curvature radius of the substrate before the film forming (m),
r2 is the curvature radius of the substrate after the film forming (m),
E is the Young’s modulus,

ν is the Poisson ratio of the substrate,

t is the thickness of the substrate, and
d is the film thickness of the PZT film.)

[0080] Then an upper electrode layer (50 nm of Ti and 200 nm of Pt, a circular shape with a diameter of 1000 micro
meters) was formed for Sample A to measure the durability of Sample A under high temperature and high humidity
conditions. A trapezoidal wave of 50 kV/cm with a frequency of 10 kHz is applied to Sample A under a temperature of
40 degrees Celsius and a humidity of 85% and the number of driven times (cycles) when the dielectric loss tangent
reached 20% was measured, the result of which was 30 billion cycles.

(Comparative Example 1)

[0081] A PZT film was formed on a substrate provided with an electrode under the same conditions as Example 1
except that the oxygen partial pressure was set to 2.7%, as Sample B.
[0082] An X-ray diffraction (XRD) measurement was performed on the PZT film of Sample B, and the film was confirmed
to be a perovskite single-phase film, as shown in Fig. 7.
[0083] Then, as in Example 1, a pyrochlore oxide layer at the interface of the PZT film of Sample B with the lower
electrode layer was observed by HAADF-STEM. A sketch of the observed cross-sectional TEM image is shown in Fig.
8A. Also in Fig. 8A, the black portion at the interface of the PZT film with the lower electrode layer is a pyrochlore oxide layer.
[0084] The obtained TEM image was processed to digitize and extract the pyrochlore oxide layer (Fig. 8B). Then,
average layer thickness Th of the pyrochlore oxide layer was calculated by dividing the area of the extracted pyrochlore
oxide layer (14.4 times 104 nm2) by the visual field width of the TEM image (2.4 times 103 nm), the result of which was,
Th = 60 nm.
[0085] Then, the film stress of Sample B was evaluated in the same manner as in Example 1, the result of which was
about 200 MPa.
[0086] Thereafter, the durability of Sample B was measured under high temperature and high humidity conditions in
the same manner as in Example 1, the result of which was 5 billion cycles.

¨
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(Evaluation)

[0087] From the results of Example 1 and Comparative Example 1, it has been known that the average film thickness
of the pyrochlore oxide layer at the interface of the PZT film with the lower electrode can be changed by changing the
oxygen flow rate. The film stress of Sample A (Example 1) having the small average thickness of the interface pyrochlore
oxide layer was half that of Sample B (Comparative Example 1) having the large average thickness of the interface
pyrochlore oxide layer, showing that the film stress can be reduced effectively by reducing the average layer thickness
of the interface pyrochlore oxide layer. Further, with respect to the durability, Example 1 realized 30 billion cycles which
is far exceeding the target durability for practical use, while that of Comparative Example 1 was 5 billion cycles which
falls short of the practical level.

(Example 2)

[0088] A PZT film was formed on a Si substrate with an electrode in the same manner as Example 1 except that the
oxygen partial pressure was set to 0.5, 2.2, 3.5, and 4.5% to examine the correlation between the average layer thickness
of the interface pyrochlore oxide layer and durability life. Average layer thicknesses Th of pyrochlore oxide layers of the
obtained four samples were 5 nm, 20 nm, 100 nm, and 200 nm in the ascending order of oxygen flow rate at the time
of film forming.
[0089] Durability life measurements were performed in the same manner as in Example 1, the results of which are
shown in Fig. 9. As shown in Fig. 9, the relationship between the average layer thickness of the interface pyrochlore
oxide layer and durability life is substantially linear, and it has been confirmed that a piezoelectric device having a
durability life of not less than the target durability for practical use of 10 billion cycles may be realized if the average layer
thickness of the interface pyrochlore oxide layer is not greater than 20 nm.

Industrial Applicability

[0090] The present invention is preferably applied to actuators mounted on inkjet recording heads, magnetic read/write
heads, MEMS (micro electro-mechanical systems) devices, micropumps, or ultrasonic probes, vibration plates, and the
like.

Claims

1. A piezoelectric device, comprising the following on a substrate (11) in the order listed below: a lower electrode (12),
a piezoelectric film (13) which contains a Pb containing perovskite oxide represented by a general expression (P)
below, and an upper electrode (14), wherein:

the piezoelectric film (13) has a layer of pyrochlore oxide (13p) on the surface facing the lower electrode (12); and
the average layer thickness of the pyrochlore oxide layer (13p) is not greater than 20 nm,

AaBbO3 --------------- (P)

where, A: at least one type of A-site element containing Pb as a major component, B: at least one type of B-
site element selected from the group consisting of Ti, Zr, V, Nb, Ta, Cr, Mo, W, Mn, Sc, Co, Cu, In, Sn, Ga, Zn,
Cd, Fe, and Ni, and O: an oxygen element with a and b being within a range in which a perovskite structure
can be formed.

2. The piezoelectric device of claim 1, characterized in that the B-site element in the general expression (P) includes
Zr and Ti.

3. The piezoelectric device of claim 1 or 2, characterized in that the A-site element in the general expression (P)
includes at least one type of metal element selected from the group consisting of Bi, Sr, Ba, Ca, and La.

4. The piezoelectric device of any of claims 1 to 3, characterized in that the piezoelectric film (13) is a pillar structure
film formed of multiple pillar crystals extending in a direction nonparallel to the surface of the substrate (11).

5. The piezoelectric device of any of claims 1 to 4, characterized in that the piezoelectric film (13) is formed by a
sputtering method.
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6. The piezoelectric device of any of claims 1 to 5, characterized in that the average layer thickness of the pyrochlore
oxide layer (13p) is not greater than 11 nm.

7. A liquid discharge apparatus, comprising:

the piezoelectric device (1) of any of claims 1 to 6; and
a liquid discharge member (20) integrally or separately provided on the rear surface of the substrate (11) of the
piezoelectric device (1),
wherein the liquid discharge member (20) has a liquid storage chamber (21) for storing a liquid and a liquid
discharge opening (22) for discharging the liquid from the liquid storage chamber (21) to the outside.

8. A method for manufacturing a piezoelectric device, comprising the steps of:

providing a substrate (11) having a lower electrode (12) on either one of the surfaces;
forming a piezoelectric film (13) which contains a perovskite oxide represented by a general expression (P)
below and satisfies a formula (3) below by a sputtering method under conditions that satisfy formulae (1) and
(2) below; and
forming an upper electrode (14) on the piezoelectric film (13). 

where, Ts (°C) is the film forming temperature, Po2(%) is the oxygen partial pressure, and Th is the average
layer thickness of a pyrochlore oxide layer on the surface of the piezoelectric film on the side of the lower
electrode, and Vs-Vf is the difference between the plasma potential Vs (V) in the plasma and the floating potential
Vf(V) during the film formation;

AaBbO3 --------------- (P)

where, A: at least one type of A-site element containing Pb as a major component, B: at least one type of B-
site element selected from the group consisting of Ti, Zr, V, Nb, Ta, Cr, Mo, W, Mn, Sc, Co, Cu, In, Sn, Ga, Zn,
Cd, Fe, and Ni, and O: an oxygen element with a and b being within a range in which a perovskite structure
can be formed.

Patentansprüche

1. Piezoelektrische Vorrichtung, das Folgende auf einem Substrat (11) in der unten angegebenen Reihenfolge auf-
weisend: eine untere Elektrode (12), einen piezoelektrischen Film (13), der ein Pb enthaltendes Perovskitoxid enthält,
das repräsentiert wird durch einen allgemeinen Ausdruck (P) unten, und eine obere Elektrode (14), wobei:

der piezoelektrische Film (13) eine Pyrochloroxid-Schicht (13p) auf der der unteren Elektrode (12) zugewandten
Oberfläche hat; und
die mittlere Schichtdicke der Pyrochloroxid-Schicht (13p) nicht größer als 20 nm ist,

AaBbO3 ---------------- (P)

worin, A: mindestens eine Art von Element an Stelle A, das Pb als einen Hauptbestandteil enthält, B: mindestens
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eine Art von Element an Stelle B, das ausgewählt ist aus der Gruppe, die aus Ti, Zr, V, Nb, Ta, Cr, Mo, W, Mn,
Sc, Co, Cu, In, Sn, Ga, Zn, Cd, Fe und Ni besteht, und O: ein Sauerstoff-Element, wobei a und b in einem
Bereich sind, in dem eine Perovskitstruktur ausgebildet werden kann.

2. Piezoelektrische Vorrichtung nach Anspruch 1, dadurch gekennzeichnet, dass das Element an Stelle B in dem
allgemeinen Ausdruck (P) Zr und Ti enthält.

3. Piezoelektrische Vorrichtung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dass das Element an Stelle A
in dem allgemeinen Ausdruck (P) mindestens eine Art von Metallelement enthält, das ausgewählt ist aus der Gruppe,
die aus Bi, Sr, Ba, Ca und La besteht.

4. Piezoelektrische Vorrichtung nach einem der Ansprüche 1 bis 3, dadurch gekennzeichnet, dass der piezoelekt-
rische Film (13) ein Film mit Säulenstruktur ist, der ausgebildet ist aus vielen Säulenkristallen, die sich in einer zur
Oberfläche des Substrats (11) nicht parallelen Richtung erstrecken.

5. Piezoelektrische Vorrichtung nach einem der Ansprüche 1 bis 4, dadurch gekennzeichnet, dass der piezoelekt-
rische Film (13) durch ein Sputterverfahren ausgebildet ist.

6. Piezoelektrische Vorrichtung nach einem der Ansprüche 1 bis 5, dadurch gekennzeichnet, dass die mittlere
Schichtdicke der Pyrochloroxid-Schicht (13p) nicht größer als 11 nm ist.

7. Flüssigkeits-Ausstoßgerät, aufweisend:

die piezoelektrische Vorrichtung (1) nach einem der Ansprüche 1 bis 6; und
ein Flüssigkeits-Ausstoßelement (20), das integriert oder getrennt auf der rückseitigen Oberfläche des Substrats
(11) der piezoelektrischen Vorrichtung (1) vorgesehen ist,
wobei das Flüssigkeits-Ausstoßelement (20) einen Flüssigkeits-Vorratsbehälter (21) zur Bevorratung einer Flüs-
sigkeit und eine Flüssigkeits-Ausstoßöffnung (22) zum Ausstoßen der Flüssigkeit aus dem Flüssigkeits-Vor-
ratsbehälter (21) nach außen hat.

8. Verfahren zur Herstellung einer piezoelektrischen Vorrichtung, folgende Schritte aufweisend:

Bereitstellen eines Substrats (11) mit einer unteren Elektrode (12) an einer der beiden Oberflächen;
Ausbilden eines piezoelektrischen Films (13), der ein Perovskitoxid enthält, das repräsentiert wird durch einen
allgemeinen Ausdruck (P) unten und eine Beziehung (3) unten erfüllt, durch ein Sputterverfahren unter Bedin-
gungen, die die Beziehungen (1) und (2) unten erfüllen; und
Ausbilden einer oberen Elektrode (14) auf dem piezoelektrischen Film (13). 

worin, Ts (°C) die Filmbildungstemperatur ist, Po2 (%) der Sauerstoff-Partialdruck ist, und Th die mittlere Schicht-
dicke einer Pyrochloroxid-Schicht auf der Oberfläche des piezoelektrischen Films an der Seite der unteren
Elektrode ist, und Vs-Vf der Unterschied zwischen dem Plasmapotential Vs(V) in dem Plasma und dem Schwe-
bepotential Vf(V) während der Filmbildung ist;

AaBbO3 ---------------- (P)
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worin A: mindestens eine Art von Element an Stelle A, das Pb als einen Hauptbestandteil enthält, B: mindestens
eine Art von Element an Stelle B, das ausgewählt ist aus der Gruppe, die aus Ti, Zr, V, Nb, Ta, Cr, Mo, W, Mn,
Sc, Co, Cu, In, Sn, Ga, Zn, Cd, Fe und Ni besteht, und O: ein Sauerstoffelement, wobei a und b in einem Bereich
sind, in dem eine Perovskitstruktur ausgebildet werden kann.

Revendications

1. Dispositif piézoélectrique, comprenant les éléments suivants sur un substrat (11) dans l’ordre repris ci-dessous :
une électrode inférieure (12), un film piézoélectrique (13), lequel contient un oxyde de pérovskite contenant du Pb
représenté par une expression générale (P) ci-dessous, et une électrode supérieure (14), dans lequel :

le film piézoélectrique (13) présente une couche d’oxyde de pyrochlore (13p) sur la surface faisant face à
l’électrode inférieure (12), et
l’épaisseur de couche moyenne de la couche d’oxyde de pyrochlore (13p) n’est pas supérieure à 20 nm,

AaBbO3 (P)

où

A : au moins un type d’élément de site A contenant du Pb comme composant principal ;
B : au moins un type d’élément de site B sélectionné parmi le groupe consistant en Ti, Zr, V, Nb, Ta, Cr,
Mo, W, Mn, Sc, Co, Cu, In, Sn, Ga, Zn, Cd, Fe et Ni, et
O : un élément oxygène avec a et b étant compris dans un intervalle sur lequel une structure de pérovskite
peut être formée.

2. Dispositif piézoélectrique selon la revendication 1, caractérisé en ce que l’élément de site B dans l’expression
générale (P) inclut du Zr et Ti.

3. Dispositif piézoélectrique selon la revendication 1 ou 2, caractérisé en ce que l’élément de site A dans l’expression
générale (P) inclut au moins un type d’élément métallique sélectionné parmi le groupe consistant en Bi, Sr, Ba, Ca
et La.

4. Dispositif piézoélectrique selon l’une quelconque des revendications 1 à 3, caractérisé en ce que le film piézoé-
lectrique (13) est un film de structure à colonnes formée de cristaux à colonnes multiples s’étendant dans une
direction non parallèle à la surface du substrat (11).

5. Dispositif piézoélectrique selon l’une quelconque des revendications 1 à 4, caractérisé en ce que le film piézoé-
lectrique (13) est formé par un procédé de pulvérisation cathodique.

6. Dispositif piézoélectrique selon l’une quelconque des revendications 1 à 5, caractérisé en ce que l’épaisseur de
couche moyenne de la couche d’oxyde de pyrochlore (13p) n’est pas supérieure à 11 nm.

7. Appareil de déversement de liquide, comprenant :

le dispositif piézoélectrique (1) selon l’une quelconque des revendications 1 à 6, et
un élément de déversement de liquide (20) prévu d’un seul tenant ou séparément sur la surface arrière du
substrat (11) du dispositif piézoélectrique (1),
dans lequel l’élément de déversement de liquide (20) présente une chambre de stockage de liquide (21) destinée
à stocker un liquide et une ouverture de déversement de liquide (22) destinée à déverser le liquide de la chambre
de stockage de liquide (21) vers l’extérieur.

8. Procédé de fabrication d’un dispositif piézoélectrique, comprenant les étapes consistant à :

fournir un substrat (11) présentant une électrode inférieure (12) sur l’une ou l’autre des surfaces ;
former un film piézoélectrique (13), lequel contient un oxyde de pérovskite représenté par une expression
générale (P) ci-dessous et satisfait une formule (3) ci-dessous par un procédé de pulvérisation cathodique dans
des conditions qui satisfont les formules (1) et (2) ci-dessous, et
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former une électrode supérieure (14) sur le film piézoélectrique (13) : 

où

Ts (°C) est la température de formation de film ;
Po2 (%) est la pression partielle d’oxygène, et
Th est l’épaisseur de couche moyenne de la couche d’oxyde de pyrochlore sur la surface du film piézoé-
lectrique sur le côté de l’électrode inférieure, et Vs-Vf est la différence entre le potentiel de plasma Vs (V)
dans le plasma et le potentiel flottant Vf (V) durant la formation de film ;

AaBbO3 (P)

où

A : au moins un type d’élément de site A contenant du Pb comme composant principal ;
B : au moins un type d’élément de site B sélectionné parmi le groupe consistant en Ti, Zr, V, Nb, Ta,
Cr, Mo, W, Mn, Sc, Co, Cu, In, Sn, Ga, Zn, Cd, Fe et Ni, et
O : un élément oxygène avec a et b étant compris dans un intervalle sur lequel une structure de
pérovskite peut être formée.
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