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FIG. 1

jected to polarization treatment, to thereby provide a piezoelectric element;
bonding the piezoelectric element and a diaphragm to each other at a temper-

ature T1; bonding the piezoelectric element and a power supply member to

STEP OF ARRANGING AN ELECTRODE ON
PIEZOELECTRIC CERAMICS FREE FROM
BEING SUBJECTED TO POLARIZATION
TREATMENT, TO THEREBY PROVIDE
PIEZOELECTRIC ELEMENT

STEP OF BONDING PIEZOELECTRIC
ELEMENT AND DIAPHRAGM TO EACH
OTHER AT TEMPERATURE T1

STEP OF BONDING PIEZOELECTRIC
ELEMENT AND POWER SUPPLY MEMBER
TO EACH OTHER AT TEMPERATURE T2

y

STEP OF SUBJECTING PIEZOELECTRIC
CERAMICS TO POLARIZATION
TREATMENT AT TEMPERATURE T3

each other at a temperature T2; and subjecting the piezoelectric ceramics to
polarization treatment at a temperature T3, in which the temperature T1, the
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DESCRIPTION
Title of Invention: METHOD OF MANUFACTURING AN
OSCILLATOR, METHOD OF MANUFACTURING AN
OSCILLATORY WAVE DRIVING APPARATUS, AND METHOD
OF MANUFACTURING AN OPTICAL APPARATUS

Technical Field

[0001] The present invention relates to a method of
manufacturing an oscillator, and a method of
manufacturing an oscillatory wave driving apparatus and
a method of manufacturing an optical apparatus which use
the method of manufacturing an oscillator.

Background Art

[0002] In a piezoelectric device, such as an
ultrasonic motor and an ink jet head, a piezoelectric
oscillator including a diaphragm and a piezoelectric
ceramics bonded to each other is used. As an example of
the application of the piezoelectric oscillator to an
ultrasonic motor, in PTL 1, there is disclosed that an
oscillation type driving apparatus (ultrasonic motor) is
driven with composite oscillation of a combination of
two different oscillation modes-(traVeling waves) .
[0003] Meanwhile, when such piezoelectric
oscillator is manufactured, it 1is fequired that an
adhesive be cured at a temperature of 100°C or more in
order to reliably bond ' the diaphragm and the
piezoelectric ceramics to each other. However, when the
piezoelectric ceramics subjected . to polarization
treatment is exposed to a temperature of 100°C or more,
there is a risk in that the piezoelectric ceramics may
cause -depolarization:. In view of the foregoing, in PTL
2, there is disclosed a manufacturing method involving
subjecting the piezoelectric ceramics to polarization
treatment again after various. heat treatments so that
the piezoelectric ceramics does not cause depolarization.
Citation List
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Patent Literature

[0004] PTL 1: Japanese Patent Application Laid—Opeh
No. 2004-297910 . | |

PTL 2: Japanese Patent Application Laid-Open No.

H10-193623

Summary of Invention

Technical Problem _

[0005] However, when an attempt is made to
manufacture the piezoelectric oscillator as disclosed in
PTL 1 by the manufacturing method disclosed in PTL 2,
the.polarization treatment is performed at a temperature
higher than a bonding temperature in spite of the fact
that the adhesive is cured at 100°C or.more. Therefore,
a heat-sensitive components or the adhesive is softened
during the poiarization treatment, with the result that
positional displacement may occur between the
piezoelectric ceramics and the diaphragm. When the
piezoelectric oscillator having positional displacement
is used in the ultrasonic motor, there has been a problem
in that driving characteristics (for example, a driving
frequency, a driving speed, power consumption) do not
become equivalent between a forward direction and a
backward direction. .

[0006] The present invention has been made to solve
the above-mentioned problem, and it is an object of the
present invention to provide a method capable of
manufacturing a piézoelectric oscillator, in which the
‘oscillation characteristics are substantially equivalent
between the forward direction and the backward direction,
with good yield. '
Solution to Problem

{00077 - A method of manufacturingv an .oscillator
according to one embodiment of the present invention is
a method of manufacturing an oscillator including:
arranging an electrode on a piezoelectric ceramics free

from being subjected to polarization treatment, to
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thereby provide a piezoelectric element; bonding the
piezoelectric element and a diaphragm to each other at
a temperature T1l; bonding the piezoelectric element and
a power supply member to each‘other at a temperature T2;
and subjecting the piezoelectric ceramics to
polarization treatment at a temperature T3, in which the
temperature T1l, the temperature T2, and the temperature
T3 satisfy a relationship T1>T3 and a relationship T2>T3.
[0008] A method of manufacturing an oscillatory
wave driving apparatus according to another embodiment
of the present invention is a method of manufacturing an
oscillatory wave driving apparatus including an-
oscillator, a body to be driven, and a voltage input
unit. The method includes: manufacturing the oscillator
by the above-mentioned method of manufacturing -an
oscillator; and arranging the body to be driven so that
the body to be driven is brought into contact with the
diaphragm. } :
(00091 A method of manufacturing  an optical
apparatus according to still another embodiment of the
present invention is a method of manufacturing an optical
apparatus including an. oscillatory wave: - driving
~apparatus and an optical member. The method includes:
manufacturing the oscillatory wave driving apparatus by
the above-mentioned method of manufacturing an
oscillatory wave driving apparatus; and dynamically
connecting the oscillatory ane driving apparatus and
the optical member to each other.

Advantageous Effects of Invention

[0010] According to the present invention, the
oscillator in which oscillation characteristics are
substantially equivalent between a forward direction and
a backward direction cen be provided with good yield.
Further, the oscillatory wave driving apparatus and the
optical apparatus in each of which driving

characteristics are equivalent between the forward
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direction and the backward direction can be provided
with good yield.

[0011] Further features of the present invention
will become apparent from the following description of
exemplary embodiments with reference to the attached
drawings.

Brief Description of Drawings

[0012] FIG. 1 1is a diagram for illustrating a
manufacturing flow of a method of manufacturing an
oscillator according to one embodiment of the present
invention. |

FIG. 2 1s a schematic view for illustrating an
embodiment of a piezoelectric element in which a first
electrode and a second electrode are arranged on a
piezoelectric ceramics free from being subjected to
polarization treatment.

'FIG. 3 is a schematic view for illustrating an
embodiment in which a diaphragm is arranged on the
piezoelectric element. "

FIG. 4A is a schematic view for illustrating an
embodiment of a piezoelectric oscillator in which a power
sdpply member is arranged on a second electrode of the
pliezoelectric element.

FIG. 4B is a schematic view for illustrating an
embodiment of a piezoelectric oscillator in which a power
supply member is arranged on a second electrode of the
piezoelectric element.

FIG. 4C is a schematic view for illustrating an
embodiment of a piezoelectric oscillator in which a power
supply member is arranged on a second electrode of the

. plezoelectric element.

FIG. 5A is a schematic view for illustrating an
embodiment of two out-of-plane oscillation modes.

FIG. 5B is a schematic view for illustrating an
embodiment of two out-of-plane oscillation modes.

FIG. 6 1is a schematic view for illustrating an
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embodiment of an electrode pattern of the piezoelectric
element.

FIG. 7 1is a schematic view for illustrating an
oscillatory wave driving apparatus manufactured by a
method of manufacturing an oscillatory wave driving
apparatus according to one embodiment of the present
invention. '

FIG. 8 is a schematic view for illustrating the
oscillatory wave driving apparatus manufactured by the
method of manufacturing an oscillatory wave driving
apparatus according to the one embodiment of the present
invention. ‘ _

FIG. 9 1is a graph for schematically showing
frequency dependence of power consumption in a forward
direction of the oscillator obtained by the method of
manufacturing an oscillator according to the one
embodiment of the present invention.

FIG. 10 is a schematic view for illustrating an
optical apparatus manufactured by a method of
manufacturing an optical apparatus according to one
embodiment of the present invention. ‘
Description of Embodiments
[0013]> Preferred embodiments of the present
invention will now be described in detail in accordance
with the accompanying drawings. '

[0014] A method of manufacturing an oscillator of
the present invention includes, in sequence:

arranging an electrode on a piezoelectrié ceramics
free from being subjected to polarization treatment, to
thereby provide a piezoelectric element;

bonding the piezoelectric element and a diaphragm
to each other at a temperature T1;

bonding the piezoelectric element and a power
supply member to each other at a temperature T2; and

subjecting the plezoelectric ceramics to

polarization treatment at a temperature T3,
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in which the temperature T1, the temperéture T2,
and the temperature T3 satisfy a relationship T1>T3 and
a relatibnship T2>T3.
[0015] As a specific example, the following
manufacturing method is given.
[0016] There is provided a method of manufacturing
an oscillator including: a piezoelectric element that
includes a piezoelectric ceramics subjected to
polarization treatment and a first electrode and a second
electrode arranged so as to be brought into contact with
the piezoelectric ceramics; a diaphragm arranged through
intermediation of a first adhesive portion that is held
in contact with the first electrode; and a powér supply
member arranged through intermediation of a second
adhesive portion that is held in contact with the second
electrode. The method includes, in sequence:barranging
the first electrode and the second electrode on a
plezoelectric ceramics free from being subjected to
polarization treatment, to thereby  provide a
plezoelectric "element; forming the first adhesive
portion between the first electrode and the diaphragm at
a temperature Tl (unit: °C) ; forming the second adhesive
portion between the second electrode and the power supply
member at a temperature T2 (unit: °C); and.subjécting
the piezoelectric ceramics to polarization treatment at
a temperature T3 (unit: °C), in which the temperature
T1l, the temperature T2, and the temperature T3 satisfy
a relationship‘Tl>T3 and a relationship T2>T3.
[0017] A piezoelectric oscillator in which
oscillation characteristics are equivalent between a
forward direction and a backward direction can be
manufactured with good yield by the above-mentioned
manufacturing method.
[0018] FIG. 1 1s a diagram for illustrating a
manufacturing flow of the‘nethod of manufacturing an
oscillator of the present invention. Further, FIG. 2 is
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a schematic view for illustrating an embodiment of. a
piezoelectric element in which electrodes are arranged
on a piezoelectric ceramics free from being subjected
polarization treatment. A piezoelectric element 101
includes a piezoelectric ceramics 1 free from being
subjected to polarization treatment, on which a first
electrode 2 and a second electrode 3 are arranged. Like
reference symbols denote like members below.

[0019)] (Piezoelectric Ceramics)

The piezdelectric ceramics 1 is a bulk (sintered
compact) having a uniform composition obtained by firing
raw material powder containing metal elements and is a
ceramics that exhibits an absolute value of a
piezoelectric constant ds1 of 10 pm/V or more or a
piezoelectric constant dsz of 30 pC/N or more at 20°C
when being subjected to polarization treatment. In
terms of potentially -having plezoelectric
characteristics, a non-polarized ceramics 1is also
hereinafter referred to as "piezoelectric ceramics”.
[{0020] The ceramics free from being subjected to
polarization treatment refers to a ceramics that has an
absolute value of the piezoelectric constant ds:1 of less
than 10 pm/V and a piezoeléctric constant ‘dizz of less
than 30 pC/N at 20°C. As described later,. from the
viewpoint of reducing variations in characteristics of
the oscillator, the piezoelectric constant of the
piezoelectric ceramics free from being subjected to
polarization treatment more preferably fall within a
range of an absolute value of the piezoelectric constant
ds1 of less than 4 pm/V and a piezoelectric constant dss
of less than 10 pC/N.

[0021] The ceramics is generally a collection of
fine crystals (sometimes referred to as "polycrystal"),
and each crystal is formed of atoms having positive
charge and atoms having negative charge. Most of the

ceramics have a state in which the positive charge and
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the negative charge have a satisfactory balance.
However, of dielectric ceramics, there is a
ferroelectric ceramics in which the positive charge and
the negative charge do not have a satisfactory balance
in crystals even in a natural state, and the bias
(spontaneous polarization)‘of the charge occurs. In a
ferroelectric ceramics free from being subjected to
polarization treatment, the direction of the spontaneous
polarization is random, and it appears that there is no
bias of the charge in the ceramics as a whole. However,
when a high voltage is applied to the ferroelectric
ceramics free from Dbeing subjected to polarization
treatment, the direction of the spontaneous polarization
is aligned in a uniform direction and does not return to
the original direction even when the voltage is removed.
The alignment of the direction of the spontaneous
polarization as described above 1is referred to as
"polarization treatment".

[0022] Here, whether or not the piezoelectric
ceramics has been subjected to polarization treatment
may be determined by arranging electrodes on the
piezoelectric ceramics and measuring a piezoelectric
constant of the piezoelectric ceramics. The
piezoelectric constant of the piezoelectric ceramics may
be determined based on the density, resonant frequency,
and antiresonant frequency of the piezoelectric ceramics
by calculation under Japan Electronics and Information
Technology Industries Association Standards (JEITA EM-
4501). This method 1is hereinafter referred to as
"resonant-antiresonant method".

[0023] The density may be measured by, for example,
the Archimedes method. The resonant frequency and the
antiresonant frequency may be measured through use of an
impedance analyzer.  Further, besides the resonant-
antiresonant method, the resonant frequency and the

antiresonant frequency may also be measured with a
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piezoelectric constant measurement device employing the
Berlincourt method as a measurement'principle.
[0024] When the piezoelectric ceramics is not
subjected to polarization treatment; variations . in
oscillation characteristics of the piezoelectric
oscillator are small when the piezoelectric oscillator
is obtained by the method of the present invention. Here,
the oscillation characteristics refer to a displacement
amplitude and a resonant frequency of the oscillator.
Meanwhile, when a piezoelectric ceramics subjected to
polarization treatment is wused, the piezoelectric
constant of the piezoelectric ceramics fluctuates in
various heating steps described later. Further, it 1is
difficult to control the fluctuation amount thereof, and
hence the piezoelectric constant of the piezoelectric
ceramics has a large variation in a stage before the
step of performing polarization treatment described
later. Therefore, the oscillation characteristics of
the piezoelectric oscillator after being subjected to
polarization treatment also have large variations.
[0025] (First Electrode and Second Electrode)

The first electrode 2 and the second electrode 3
are each formed of a conductive material having a
thickness of from about 5 nm to about 10 pm. There is
no particular limitation on the material, and a metal,
for example, Ti, Pt, Au, Ni, Pd, Ag, or Cu and a compound
thereof may be used. From the viewpoints of low cost
and sufficient conductivity, a silver paste is preferred.
The first electrode 2 and the second electrode 3 formed
of the silver paste may be formed by applying the silver
paste onto a piezoelectric ceramics in a desired pattern,
followed by drying or baking the silver paste. Here,
the first electrode 2 may be used as, for example, a
ground electrode, '‘and the second electrode 3 may be used
as, for example, a drive phase .electrode.
[0026] Next, as illustrated in FIG. 3, a first
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adhesive portion 4 is formed between the first electrode
2 and a diaphragm 6 at a temperature T1 (unit: °C).
[0027] FIG. 3 is a schematic view for illustrating
an embodiment in which the diaphragm is arranged on the
piezoelectric element, and the piezoelectric element 101
and the diaphragm 6 are arranged through intermediation
of the first adhesive portion 4. The reason for this is
to integrate the diaphragm 6 and the piezoelectric
element 101 with each other to form traveling waves of
bending = oscillation in an out-of-plane direction
(hereinafter referred to as "out-of-plane oscillation").
Here, the first electrode 2 of the piezoelectric element
101 is held in contact with the first adhesive portion
4. The first adhesive portion 4 is obtained by curing
an adhesive, and an epoxy-based resin is preferably used
as the adhesive. '

[0028] . The temperature T1 is set to a temperature
at which the adhesive is cured within a short time period
and the first adhesive portion 4 has sufficient adhesive
strength. Specifically, the temperature Tl is 20°C or
more, preferably 80°C or more, more preferably 120°C or
more. When the temperature Tl is 600°C or more, there
is a risk in that the diaphragm 6 may be altered.
Therefore, it 1is preferred that the temperature Tl be
less than 600°C. - The temperature T1 does not mean
environment temperature -but the temperature of the
piezoelectric element 101, and may be measured through
use of a thermocouple or a radiation thermometer. T2
and T3 described later similarly refer to the temperature
of the piezoelectric element 101 in the same manner as
T1.

[0029] It 1is preferred that the piezoelectric
element 101 and the diaphragm 6 be arranged so that
centers of their respective adhesive surfaces are
matched with each other. With this, the oscillation
characteristics become equivalent between the forward
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direction and the backward direction, and the yield of
the piezoelectric oscillator becomes higher.

[0030] Next, as illustrated in FIG. 4A, a second
adhesive portion 5 is formed between the second electrode
3 and a power supply member 7 at a temperature T2
(unit: °C).

[0031] FIG. 4A to FIG. 4C are each a schematic view
for illustrating an embodiment of a piezoelectric
oscillator 1011 in which the power supply member 7 is
arranged on the second electrode 3 of the piezoelectric
element 101. As illustrated in FIG. 4A, the second
electrode 3 and the power supply member 7 are arranged
through intermediation of the second adhesive portion 5.
FIG. 4B. is a schematic view of the piezoelectric
oscillator 1011 when viewed from the power supply member
7 side, and the second electrode 3 includes two drive
phase electrodes 31. FIG. 4C is a schematic view of the
piezoelectric oscillator 1011 when viewed from the first
electrode 2 side. Here, a ground electrode 21 on the
first electrode surface side is in electrical conduction
with a ground electrode 21 on the second. electrode
surface side from the first electrode surface .through a
turn-around electrode. °~ With such configuration, the
ground electrode 21 and the two drive phase electrodes
31 can be brought into conduction with each other through
use of one power supply member.

[0032] The piezoeléctric element 101 is brought
into conduction with a voltage input unit (e.g., a power
source) (not shown) through electric wiring 7a in the
power supply member 7. From the viewpoints of high
dimensional accuracy and easy positioning, it 1is
preferred that a flexible printed board be used as the
power supply member 7. As a material for the flexible
printed board, polyimide is preferred. When the second
adhesive portion 5 is formed, the drive phase electrodes
31 andv the ground electrode 21 .are brought into
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conduction with the power supply member 7. As a material
for the second adhesive portion 5, an anisotropic
conductive paéte (ACP) or an anisotropic conductive film
(ACF) 1is preferred. ‘
[0033] It is preferred that the temperature T2 for
forming the second adhesive portion 5 satisfy a
relationship T22Td with respect to a depolarization
temperature Td (unit: °C)vof the piezoelectric ceramics
1. When this relationship is satisfied, the
piezoelectric constant of the piezoelectric ceramics 1
can be made as close as possible to O. Here, the
depolarization temperature Td refers to a temperature at
which, when the temperature of the piezoelectric
ceramics 1 is raised from room temperature (e.g., from
20°C to 30°C) to a certain temperature and lowered to
room temperature after the piezoelectric ceramics 1 is
subjected to polarization treatment and a sufficient
time period elapses, the piezoelectric constant becomes
smaller than that before the temperature is raised. 1In
the present invention, the temperature at. which the
piezoelectric constant reaches less than 90% of that
before the temperature is raised i1s referred to as
"depolarization temperature T4d".

[0034] The temperature T2 1s defined as a
temperature at which the adhesive is cured within a short
time period and the second -adhesive portion 5 has
sufficient adhesive strength. Specificélly, the
temperature T2 is 20°C or more, preferably 100°C or more,
more preferably 140°C or more. When the temperature T2
is 140°C or more, the sufficient adhesive strength of
the second adhesive portion 5 is obtained within from
about 10 seconds to about 30 seconds. Further, it is
preferred that the pressure for forming the second
adhesive portion 5 by thermocompression bonding be 1
MPa/cm? or more. When the pressure is less than 1 MPa/cm?,

there is a risk in that so-called floating may occur.
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[0035] It is preferred that the power supply member
7 be bonded to regions of the two drive phase electrodes
31 with equal areas. When an extreme area difference
occurs, a difference is caused in the regions in_which
the power supply member 7 inhibits oscillation when the
piezoelectric oscillator 1011 oscillates. As a result,

there is a risk in that the oscillation characteristics
may not become equivalent between the forward direction
and the backward direéection.

[0036] Then, the ©piezoelectric ceramics 1 is
subjected to polarization treatment at a temperature T3
(unit: °C) to provide the piezoelectric oscillator 1011.

[0037] The polarization treatment 1is performed so
that the piezoelectric constant of the piezoelectric
ceramics 1 becomes sufficient. The temperature T3 for
performing the polarization treatment in this case is
set so as to satisfy a relationship T1>T3 and a
relationship T2>T3. Here, the temperature T3 refers to
the highest temperature when the piezoelectric ceramics
1 is subjected to the polarization treatment. The
polarization treatment is described specifically. First,
the piezoelectric ceramics 1 is placed in a polarization
device at room temperature (e.g., 20°C).- Next, the
temperature is raised to the temperature T3, and then a
voltage is applied to the piezoelectric ceramics 1. The
temperature is lowered to room temperature (e.g., 20°C)

while the voltage is applied to the piezoelectric
ceramics 1. Then, the applied voltage is set to 0, to
thereby complete the polarization treatment.

[0038] When the temperature T3 is higher than the
temperature T1, the first adhesive portion 4 formed
between the piezoelectric element 101 and the diaphragm
6 is softened, and the center of the adhesive surface of
the piezoelectric element 101 and the center of the
adhesive surface of the diaphragm 6 are displaced from
each other, with the result that the oscillation
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characteristics do not become equivalent between the
forward direction and the backward direction. Meanwhile,
when the temperature T3 is higher than the temperature
T2, the second adhesive portion 5 is softened, and the
center line of the power supply member 7 and the center
line in the long-side direction of the piezoelectric
element 101 may be displaced from each other. Therefore,
the manufacturing yield decreases. In_this case, the
power supply member 7 is not bonded to the regions of
the two drive phase electrodes 31 with equal areas, and
a difference is cased in the regions in which the power
supply member 7 inhibits  oscillation when the
plezoelectric oscillator 1011 oscillates. As a result,
there is a risk in that the oscillation characteristics
may not become equivalent between the forward direction
and the backward direction. Thus, it is preferred that
the temperature T1, the temperature T2, and the
temperature T3 have a relationship T1>T2>T3. With this,
equivalent oscillation characteristics are obtained more
reliably. |

[0039] Further, it is preferred that the
temperature T3, a glass transition temperature Tgl of
the first adhesive portion 4, and a glass transition
temperature Tg2 of the second adhesive portion 5 satisfy
a relationship Tgl>T3 and a relationship Tg2>T3. When
the temperature T3 is equal to or more than the glass
transition temperature Tgl and the glass transition
temperature Tg2, the first adhesive portion 4 and the
second adhesive portion 5 are temporarily softened.
When the temperature becomes lower than the glass
transition temperature Tgl and the glass transition
temperature Tg2 at a time of completion of the
polarization treatment, the first adhesive portion 4 and
the second adhesive portion 5 are cured again. In this
case, there is a risk in that the center of the adhesive
surface of the piezoelectric element 101 and the center



WO 2017/164413 15 PCT/JP2017/012214

of the adhesive surface of the diaphragm 6 may be
displaced from each other. The displacement of the
centers may prevent the oscillation characteristics from
becoming equivalent between the forward direction and
the béckward direction, which is not preferred.

[0040] A unit configured to apply a voltage to the
piezoelectric ceramics 1 when the polarization treatment
is performed is not particularly limited. A voltage may
be applied to the piezoelectric ceramics 1 through the
first electrode 2 and the second electrode 3 of the
piezoelectric element 101 or through the power supply
member 7. There 1s no particular limitation on the
intensity of an electric field applied to the
piezoelectric ceramics 1 when the polarization treatment
is performed. However, from the viewpoint of performing
the polarization treatment within a short time period,
it is preferred that the intensity of the electric field
be from 0.5 kV/mm to 2 kV/mm. Further, it is preferred
that the temperature T3 be 20°C or more. When the
temperature T3 is lower than 20°C, a time period in which
the piezoelectric ceramics 1 comes to have a sufficient
piezoelectric constant may become 1long. From the
viewpoint of finishing the polarization treatment within
a short time period, the temperature T3 is preferably
100°C or more, more preferably 120°C or more.

[0041)] (Composition and Physical Properties of
Diaphragm) '

The diaphragm 6 is formed of an elastic body. From
the viewpoints of properties and proeessability, it is
preferred that the material for the diaphragm 6 be a
metal. As the metal that may be used in the diaphragm
6, there may be given aluminum, brass, stainless steel,
and an Fe-Ni 36% alloy. Of those, from the viewpoint of
ensuring the adhesive strength with respect to the
piezoelectric element 101 through intermediation of the

first adhesive portion 4, stainless steel is preferred.
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Here) stainless steel refers to an alloy containing 50
mass% or more of steel and 10.5 mass% or more of chromium.
Of stainless steels, martensite-based stainless steel is
preferréd, and SUS420J2 is most preferred.

[0042] Further, it is preferred that the diaphragm
6 have a linear expansion coefficient wos at 20°C of
9.0x1076/°C or more and 20.0x1076/°C or less. When the
value of the linear expansion coefficient as falls within
this range, peeling is less liable to occur due to the
difference in linear expansion between the diaphragm 6
and the piezoelectric ceramics 1 when the first adhesive
portion 4 is formed between the first electrode 2 of the
piezoelectric element 101 and the diaphragm 6 at the
temperature Tl. The linear expansion coefficient os may
be determined through calculation, for example, by
changing the temperature and meésuring the strain
through use of a strain gauge.

[0043] (Composition and Physical Properties of
Piezoelectric Ceramics)

It is preferred that the piezoelectric ceramics 1
contain lead in a content of less than 1,000 ppm, that
is, the piezoelectric ceramics 1 be a lead-free ceramics.
Most of the related-art piezoelectric céramics contain
piezoelectric zirconate titanate (PZT) as a main
component. Therefore, it has been pointed cut that, for
example, when the piezoelectric element is discarded to
be exposed to acid rain or left 'in a severe environment,
there 1is a risk in that the 1lead component in the
piezoelectric. ceramics seeps into soil, thereby
adversely affecting the ecosystem. However, when the
content of lead is less than 1,000 ppm, the effects of
the lead component contained in the piezoelectric
ceramics on the environment can be negligible even when
the piezoelectric element is discarded to be exposed to
acid rain or left in a severe environment. The content

of lead contained in the piezocelectric ceramics may be
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evaluated based on the content of lead with respect to
the total weight of the piezoelectric ceramics
quantified by, for example, fluorescent X-ray analysis
(XRF) or ICP emission spectrometric analysis.
[0044] It 1is preferred that a linear expansion
coefficient ap at 20°C of the piezoelectric ceramics 1
and the linear expansion coefficient as at 20°C of the
diaphragm 6 satisfy a relationship 0.5fas/ap<l.5. That
is, it is preferred that the linear expansion coefficient
as of the diaphragm 6 be 0.5 time or more and 1.5 times
or less of the linear expansion coefficient ap of the
piezoelectric ceramics 1. The reason for this is as
follows. When the linear expansion coefficient ap and
the linear expansion coefficient as do not satisfy the
above-mentioned relationship, the difference in linear
expansion between the diaphragm 6 and the piezoelectric
ceramics 1 increases, and there is an increased risk in
that peeling and positional displacement. may occur
between the piezoelectric element 101 and the diaphragm
6 when the temperature is returned to room temperature
(e.qg., from.20°C to 30°C) after various heating steps in
the manufacturing method of the present invention.
[0045] Further, it 1is preferred that a Young's
modulus Ys at 20°C of the diaphragm 6 and a Young's
modulus Yp at 20°C of the piezoelectric ceramics 1
satisfy a relationship 0.55Ys/Yp<2.- That is, it is
preferred that the Young's modulus Ys of the diaphragm
6 be 0.5 time or more and 2 times or less of the Young's
modulus Yp of the piezoelectric ceramics 1. The reason
for this is as follows. When the Young's modulus Ys and
the Young's modulus Yp do not satisfy the above-mentioned
relationship, the difference in Young's modulus between
the diaphragm 6 and the piezoelectric ceramics 1
increases excessively, and hence there is an increased
risk in that peeling and positional displacement may

occur between the piezoelectric element 101 and the
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diaphragm 6 when the polarization treatment is performed
at the temperature T3. The Young's modulus Ys may be
calculated by, for example, determining a gradient of a
stress-strain curve diagram through a tensile test or a
compression test. The Young's modulus Yp may be measured
by, for example, a resonaﬁt—antiresonant method through
use of an impedance analyzer. ' ' _

[0046] There is no particular limitation on the
composition of the piezoelectric ceramics 1. However,
it is preferred that the piezoelectric ceramics 1 be
formed of a barium titanate based material from the
viewpoints that the barium titanate based material has
a high piezoelectric constant and the piezoelectric
ceramics 1 can be relatively easily manufactured trough
use of this material. Here, the barium titanate based
material refers to compositions such as barium titanate
(BaTiO3), barium calcium titanate ((Ba,Ca)TiQO3), barium
Zirconate titanate (Ba{Ti, Zr)03), barium calcium
zirconate titanate ((Ba,Ca) (Ti,Zr)O0s), sodium niobate-
barium titanate (NaNbO3—BaTiO3), bismuth sodium titanate-
barium titanate ({Bi,Na)Ti03-BaTiO3), and bismuth
potassium titanate-barium titanate ((Bi,K)Ti03-BaTiO3),
and materials containing those compositions as main
components. Of those, from the viewpoint that both the
piezoelectric constant and the mechanical quality factor
of the piezoelectric ceramics:.can be achieved, it 1is
preferred that the piezoelectric ceramics 1 contain
barium calcium zirconate titanate ((Ba,Ca) (Ti,Zr)03) or
sodium niobate-barium titanate (NaNbO3-BaTiO3) as a main
component. It is preferred that the piezoelectric
ceramics 1 contain manganese and bismuth as elements
other than the main components.

[0047] It is preferred that the depolarization
temperature Td of the piezoelectric ceramics 1 be 120°C
or less. The reason for this is as follows. When the

depolarization temperature Td is 120°C or less, the
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piezoelectric constant of the piezoelectric ceramics 1
can be made as close as possible to 0 by the time of the
step of forming the second adhesive portion 5.

[0048] (Function of Piezoelectric Oscillator)

It 1is preferred that, in the piezoelectric
oscillator 1011 manufactured by the present invention,
the ©piezoelectric ceramics 1 have a rectangular
parallelepiped shape, and the piezoelectric oscillator
1011 be configured to generate composite oscillation of
a combination of two out-of-plane oscillation modes in
which nodal lines are substantially orthogonal to each
other.  Here, the rectangular parallelepiped shape
includes a shape in which each side of a rectangular
parallelepiped is chamfered as well as the rectangular
parallelepiped.

[0049] Next, the two out-of-plane osciliation modes
are described. FIG. 5A and FIG. 5B are each a schematic
view for illustrating an embodiment of the two out-of-
plane oscillation modes, and the diaphragm 6 has
protrusions 61. When the diaphragm 6 has the protrusions
61, the oscillation generated by the piezoelectric
oscillator 1011 can be efficiently transmitted to a
contact body (for example, a body to be driven described
later). The oscillation mode illustrated in FIG. 5A
represents one out~of-plane - oscillation . mode
(hereinafter referred to as "A-mode") of the two out-of-
plane oscillation modes. The A-mode is secondary out-
of-plane oscillation in the long-side direction (arrow
X direction) of the piezoelectric oscillator 1011 having
a rectangular parallelepiped shape (rectangular shape)
and has three nodal lines parallel to the short-side
direction (arrow Y direction).

[0050] The protrusions 61 are arranged in the
vicinity of positions corresponding to nodes 1in the
oscillation of the A-mode and perform reciprocating

motion in the arrow X direction due to the oscillation
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of the A-mode. When the protrusions 61 are arranged as
described above, the protrusions 61 can be most largely
displaced in the arrow X direction.
[0051] Further, the oscillation mode illustrated in
FIG. 5B represents the other out-of-plane oscillation
mode (hereinafter referred to as "B-mode") of the two
out-of-plane oscillation modes. The B-mode is primary
out-of-plane oscillation in the short-side direction
(arrow Y direction) of the piezoelectric oscillator 1011
having a rectangular parallelepiped shape (rectangular
shape) and has two nodal lines parallel to the long-side
direction (arrow X direction).
[0052] Further,vthe protrusions 61 are arranged in
~ the vicinity of positions correspohding to antinodes in
the oscillation of the B-mode and perform reciprocating
motion in the arrow Z direction due to the oscillation
of the B-mode. When the protrusions 61 are arranged as
described above, the protrusions 61 can be most largely
displaced in the arrow Z direction.
[0053] Here, the nodal lines in the A-mode and the
nodal lines in the B-mode are substantially orthogonal
to each other in the XY~plane. _
[0054] When the nodal lines in the A-mode and the
nodal lines in the B-mode are set to be substantially
orthogonal to each other as described above, the
positions of the nodes in the A-mode and the positions
of the antinodes in the B-mode can be matched with each
other. As a result, when the protrusions 61 are arranged,
the composite oscillation generated by the combination
of the two out-of-line oscillation modes can maximize
oscillation displacement in the protrusions 61.
[0055] It is preferred that, in the piezoelectric'
oscillator manufactured by the present invention, the
piezoelectric element include two electrodes in portions
with which the power supply member is brought into
contact, and the polarities o©f the pilezoelectric



WO 2017/164413 21 PCT/JP2017/012214

ceramics in the portions that are brought into contact
with the two electrodes be the same. Here; the two
electrodes refer to drive phase electrodes.

[0056] FIG. 6 is a schematic view for illustrating
an embodiment of an electrode pattern of the
piezoelectric element. As illustrated in FIG. 6, the
drive phase electrodes 31 divided into two in the long-
side direction (arrow X direction) are formed in the
piezoelectric element 101. Further, the polarization
direction in each of the drive phase electrodes 31 is
the same direction ("+"). '
[0057] The polarization direction is aligned in the
same direction over the entire piezoelectric element 101,
and hence the polarization treatment can be performed
easily from the viewpoint that a simple mechanism can be
used as the polarization device as compared to a
piezoelectric element having different polarization
directions. Further, thé stiffness of the piezoelectric
element 101 in the vicinity of the boundary with respect
to the drive phase electrodes 31 becomes uniform, and
the risk in that the oscillation characteristics of the
piezoelectric oscillator may not become equivalent
between the forward direction and the backward direction
can be reduced.

[0058] (Method of Manufacturing Oscillatory Wave
Driving Apparatus)

A method of manufacturing an oscillatory wave
driving apparatus of the present invention is a method
of manufacturing an oscillatory wave driving apparatus
including a piezoelectric oscillator, a body to be driven,
and a voltage input unit. The method includes:
manufacturing the piezoelectric oscillator by the above-
mentioned method - of manufacturing a piezoelectric
oscillator; and arranging the body to be driven so that
the body to be driven is brought into contact with the
diaphragm.
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[0059] FIG. 7 and FIG. 8 are each a schematic view
for illustrating an embodiment of the oscillatbry wave
driving apparatus manufactured by the manufacturing
method of the present invention.

[0060] As illustrated in FIG. 7, a body to be driven
(slider) 8 1is arranged on the diaphragm 6 through
intermediation of the protrusions 61. It is preferred
that the two protrusions 61 be arranged symmetrically
with respect to the XZ-plane or the YZ-plane passihg
through the center of the diaphragm 6. The reason for
this is that the piezoelectric oscillator 1011 receives
uniform reaction force from the body to be driven
(slider) 8 in the protrusions 6l. Here, it is preferred
that the body to be driven (slider) 8 is brought into
pressure contact with the tip ends of the protrusions
61. With this, the body to be driven (slider) 8 can
move in the arrow directions through the elliptic motion -
of the protrusions 61l.

[0061] As illustrated in FIG. 8, the voltage input
unit 9 is arranged in order to apply a voltage to the
piezoelectric oscillator 1011.. An alternating voltage
(V1) is applied to the drive phase ~electrode 31
positioned on the right side of the two drive phase
electrodes 31 of the piezoelectric element 101, and an
alternating voltage (V2) is applied to the drive phase
electrode 31 positioned on the left side thereof. Here,
the absolute values of amplitudes of thé alternating
voltages V1 and V2 are the same.

[0062] When the alternating voltages V1 and V2 are
applied at a frequehcy in the vicinity of the resonant
frequency of the A-mode, with the phase being shifted by
180°, the piezoelectric element 101 of the drive phase
electrode 31 on the right side contracts, and the
piezoelectric element 101 of the drive phase electrode
31 on the 1left side expands. - Alternativély, the
piezoelectric element 101 of the drive phase electrode
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31 on the left side contracts, and the piezoelectric
element 101 of the drive phase electrode 31 on the right
side expands. As a result, 1in the pilezoelectric
.oscillator 1011, the oscillation of the A-mode is
generated. Further, when the alternating voltages V1
and V2 are applied at a frequency in the vicinity of the
fesonant frequency of the B-mode, with the phase being
the same (0°), the entire piezoelectric element 101
(drive phase electrode 31) expands or contracts at a
certain moment. As a result, in the piezoelectric
oscillator 1011, the oscillation of the B-mode is
generated. |
[0063] In this case, the phase difference between
the alternating voltages V1 and V2 is éet to a phase
difference 6 between 0° and 180° (0°<6<180°), the
synthetic vectors of (V1+V2) and (V1-V2) are orthogonal
to each other. This means that the oscillation of the
A-mode and the oscillation of the B-mode are
simultaneously generated, and the phase difference
between the oscillations is 90°. As a result, elliptic
motion can be caused in the protrusions 61 on the
diaphragm 6, and the body td be driven (slider) 8 that
is brought into contact with-the protrusions 6l can be
driven. '
[0064] That is, when the voltage amplitudes of the
alternating voltages V1 and V2 are set to be the same,
and the phase difference 6  between the alternating
voltages V1 and V2 is set to 0°<6<180°, the oscillation
of the A-mode and' the oscillation of the B-mode can be
" simultaneously generated, and the phase difference
between the oscillations becomes 90° or -90° without
fail. Further, when the phase difference 6 between the
altefnating voltages V1 and V2 is changed, the amplitudeé
of the A-mode and the B-mode can be changed.
[0065] (Method of Measuring Driving Characteristics
of Oscillatory Wave Driving Apparatus)



WO 2017/164413 ' 24 PCT/JP2017/012214

Next, a method of measuring driving
characteristics of the oscillatory wave driving
apparatus is described.

First, the alternating voltages V1 and V2 are
applied to the piezoelectric oscillator 1011. Here, the
frequencies are the same, and the phase difference
between the alternating voltages V1 and V2 is 90°. 1In
this case, elliptic oscillation is generated in the
protrusions 61 of the diaphragm 6. Then, the
piezoelectric oscillator 1011 causes linear motion in
one direction (forwafd direction) with respect to the
fixed body to be driven (slider) 8. The driving speed,
driving frequency, and power consumption in:this'case
are referred  to as  "driving characteristics of
oscillaﬁory wave driving apparatus".

[0066] -Meanwhile, the alternating voltageé_Vl‘and
V2 are applied to the piezoelectric oscillator 1011,
with the phase difference betwéen the alternating
voltages V1 and V2 being =-90°. Then, linear motion
occurs in a direction (backward direction) opposite to
the direction when the phase difference is set to 90°.
It is desired that the driving characteristics of the
oscillatory wave driving apparatus be equivalent between
the forward direction and the backward direction.

[0067] In the present invention, the  driving
characteristics of the oscillatory wave driving
apparatus are defined to be equivalent when the following
two conditions are satisfied.

(1) The ratio of the highest speed in the backward
direction with respect to the highest spéed in the
forward direction falls within a range of 80% or more
and 120% or less. '

(2) The difference between the frequency at a time
when the highest speed in the forward direction is
achieved and the frequency at a time when the highest
speed in the backward direction is achieved falls within
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a range of *1 kHz.

| Further, the oscillation characteristics of the
piezoelectric oscillator may also be evaluated by the
same principle as that of the above-mentioned
measurement method. .
[0068] First, the alternating voltages V1 and V2
are applied to the pieZoelectric'oscillator 1011, with
the phase difference between the alternating voltages V1
and V2 being -90°, and a frequency is swept. Then, a
graph of power depending on the frequency can be drawn
as shown in FIG. 9. FIG. 9 1is a typical graph for.
shoWing frequency dependence of power consumption in the
forward direction of the piezoelectric oscillator
obtained by the manufacturing method of the present
invention, and in this case, the amplitudes of the
alternating voltages V1 and V2 are set to 10 Vpp. Two
peaks appearing in this case correspond to the A-mode
and the B-mode, respectively.
[0069] Next, the alternating voltages V1 and V2 are
applied to the piezoelectric oscillator 1011, with the
phase difference between the alternating voltages V1 and
V2 being 90°, and a frequency is swept. Then, a graph
of frequency dependence of power consumption in the

backward direction is obtained in the same manner as in

the case of the phase difference of -90°. It can be
determined whether or not the oscillation‘
characteristics exhibited by the piezoelectric

oscillator 1011 are equivalent between the forward
direction and the backward direction, by comparing the
power consumption in the forward direction to that in
the backWard direction from the viewpoints of the maximum
power consumption of the A-mode and the frequency
(resonant frequenéy of the A-mode) in this case and the
maximum power consumption of the B-mode and the frequency
(resonant frequency of the B-mode) in this case.

[0070] In the present invention, the oscillation
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characteristics of the piezoelectric oscillator 1011 are
"defined to be equivalent when the following four
conditions are satisfied. '

(1) The ratio of the maximum power consumption in
the backward direction of the A-mode with respect to the
maximum power.consumption.in the forward direction of
the A-mode falls within a range of 60% or more and 140%
or less. ’

(2) The ratio of the maximum power consumption in
the backward direction of the B-mode with respect to the
maximum power consumption in the forward direction of
the B-mode falls within a range of 60% or more and 140%
or less.

{3) The difference between the resonant  frequency
in the forward direction of the A-mode and the resonant
frequency in the backward direction of the A-mode falls
within a range of +50 Hz.

(4) The difference between the resonant . frequency
in the forward direction of the B-mode and the resonant
frequency in the backward direction of the B-mode falls
within a range of +50 Hz. : _

[0071] (Method of Manufacturing Optical Apparatus)

A method of manufacturing an optical apparatus of
the present invention is a method of manufacturing an
optical apparatus including an oscillatory wave driving
apparatus and an optical member. The method includes:
manufacturing the oscillatory wave driving apparatus by
the above-mentioned method . of manufacturing an
oscillatory wave driving apparatus; and dynamically
connecting the oscillatory wave driving apparatus and
the optical member to each other.

[0072] The expression "dynamically connecting” as
used herein refers to a state in which one member is
held in direct contact with the other member or held in
contact with the other member through intermediation of

a third member so that force generated by the coordinate
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variation, volume change, and shape change of one member
is transmitted to the other member. When the oscillatory
‘wave driving apparatus manufactured by the above-
mentioned manufacturing method and the optical member
are dynamically connected to each other, an optical
apparatus.having focus accuracy equivalent between the
forward direction and the backward direction can be
provided.

[0073] FIG. 10 is a schematic view for illustrating
an embodiment of an optical apparatus (focus lens portion
of a lens  barrel device) manufactured by the
manufacturing.method of the present invention. In FIG.
10, the body to be driven (slidér)-8 is held in pressure
contact with the piezoelectric oscillator 1011. Further,
the power supply member 7 is bonded to the second
electrode (not shown) of the piezoelectric oscillator
1011 by thermocompression bonding so as to be brought
into conduction therewith through‘intermediation of the
second adhesive portion (not shown). When a desired
voltage is applied to the piezoelectric oscillator 1011
through the power supply member 7 by the voltage input
unit (not shown), elliptic motion is caused in the
protrusions (not shown) of the diaphfagm 6.

[0074] A holding member 11 1is fixed:  onto the
piezoelectric oscillator 1011 through welding or the
like so that unnecessary oscillation is not generated.
A movable housing 12 is fixed onto the holding member 11
with screws 13 to be integrated with the piezoelectric
oscillator 1011. Those members form an ultrasonic motor
(oscillatory wave driving apparatus). When the movable
housing 12 is mounted onto two guide members 14, the
ultrasonic motor cén move in a straight line in both
directions (forward direction and backward direction) on
the guide members 14.

[0075] Next, a lens 16 (optical member) serving as
a focus lens of the lens barrel device is described.
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The lens 16 is fixed onto a lens holding. member 15 and
has an optical axis (not shown) parallel to the movement
direction of the ultrasonic motor. The lens holding
member 15 is configured to perform focus adjustment by
moving in a straight line on the two guide members 14
described later in the same manner as the ultrasonic
motor. The two guide members 14 are configured to fit
the movable housing 12 and the lens holding member 15
with each other to enable the movable housing 12 and the
lens holding member 15 to move in a straight line. With
such configuration, the movable housing 12 and the lens
holding member 15 can move in a straight line on the
guide members 14.

[0076] Further, a coupling member 17 is configured
‘to transmit the drive force generated in the ultrasonic
motor to the lens holding member 15 and is mounted so as
to be fitted with the lens holding member 15. With this,
the lens holding member 15 can move in bdth directions
along the two guide members 14 smoothly together with
the movable housing 12.

[0077] Further, a sensor 18 is arranged in order to
read positional information of a scale 19 mounted to a
side surface portion of the lens holding member 15, to
thereby detect the position of the lens holding member
15 on the guide‘member 14.

[0078] As described above, the above-mentioned
respective members are incorporated to construct the
focus lens portion of the lens barrel device.

[0079] In the foregoing, the lens barrel device for
a single-lens reflex camera is described as the optical
apparatus. However, the present invention can be
applied to various optical apparatus including an
oscillatory wave driving apparatus, such as a compact
camera in which a lens and a camera body are integrated
and an electronic still camera, irrespective of the kind

of the camera.
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Examples

[0080] Next, the method of manufacturing a
piezoelectric oscillator, the method of manufacturing an
oscillatory wave driving apparatus, and the method of
manufacturing an optical apparatus of the present
invention are described by way of Examples. However,
the present invention is not limited by Examples.
Examples are described with reference to the drawings
through use of reference Symbols in the drawings.

[0081] (Method of Manufacturing Piezoelectric
Oscillator) | |

(Example 1)

First, metal oxide powder was sintered to provide

the piezoelectric ceramics 1 free from being subjected
to polarization treatment. The compositioh of the
piezoelectric ceramics 1 was measured by fluorescent X-
ray analysis (XRF). As a result, it was found that the
piezoelectric ceramics 1 contained 0.16 part by weight
of Mn in terms of a metal with respect to 100 parts by
weight of (Bag.g5Cao.15) (Tio.932r0.07) 03 and contained lead
in a content of less than 1,000 ppm. That 1is, the
piezoelectric ceramics 1 was a barium titanate based
piezoelectric ceramics.
[0082] " Then, in order to measure various parameters
of the piezoelectric ceramics 1, Au electrodes were
formed on both surfaces of the piezoelectric ceramics 1
by sputtering'to manufacture a test piece piezoelectric
element having a shape of 10x2.5x0.5 mm3, and the test
piece piezoelectric element was polarized under
conditions of a temperature of 100°C, an electric field
of 1 kV/mm, and a time period of 30 minutes. The test
piece piezoelectric element was: evaluated and found to
have a depolarization temperature Td of 104°C, a linear
expansion coefficient op at 20°C of 8.1x10°6/°C, a
Young's modulus Yp of 126 GPa, and a piezoelectric
constant ds of -90 pm/V.
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[0083] Next, the piezoelectric ceramics 1 was
substantially uniformly ground to a thickness of 0.34 mm
and subjected to polishing, and then was cut to a size
of 8.7x5.7 mm?2. The drive phase electrodes 31 and the
ground electrode 21 as illustrated in FIG. 4B were formed
on both surfaces of the piezoelectric ceramics 1 by
screen printing through use of a silver paste, to thereby
provide the piezoelectric element 101.
[0084] Next, as illustrated in FIG. 4A, the first
adhesive portion 4 was formed between the ground
electrode 21 of the piezoelectric element 101 and the
diaphragm 6 at a temperature T1 of 160°C. As the
diaphragm 6, magnetic stainless steel SUS420J2 under the
JIS was ﬁsed. The <diaphragm 6 has dimensions of
9.0x5.8x0.3 mm3. Further, 8US420J2 1is martensite—based
stainless steel, and the composition thereof contains 70
mass$ or more of steel and 12. mass% to 14 mass$ of
" chromium. The linear expansion coefficient as at 20°C
of SUS420J2 is 10.0x10-8/°C and the Young's modulus Ys
thereof is 204 GPa. '
[0085] The first adhesive portion 4 was formed by
applying an epoxy-based adhesive (glass transition
temperature Tgl=120°C) onto the diaphragm 6 with a
dispenser and placing the diaphragm 6 into a constant-
temperature chamber while the ground electrode surface
of the piezoelectric element 101 and the diaphragm 6
were brought into pressurevCOntact with each other, and
keeping the resultant at 160°C for 10 minutes. In this
case, the piezoelectric element 101 and the diaphragm 6
were arranged so that centers of their respective
adhesive surfaces were matched with each other, through
use of a positioning jig.
[0086] Then, on a surface having the second
electrode 3 of the piezoelectric element 101, on which
the diaphragm 6 was not present, the second adhesive
portion 5 was formed between the drive phase electrodes
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31, the ground electrode 21, and the power supply member
7 by thermocompression bonding at a temperature T2 of
140°C. Specifically, the power supply member 7 formed
of a flexible cable was connected to the piezoelectric
element 101 through an anisotropic conductive film (ACF)
containing a polymer material as a main component, the
polymer material having a glass transition temperature
Tg2 of 120°C. The conditions of thermocompression
bonding were a time period of 10 seconds and a pressure
of 2 MPa.

[0087] Then, the piezoelectric ceramics 1 was
subjected to polarization treatment at a temperature T3
of 100°C. Specifically, contact pins for polarization
were respectively brought into contact with the two drive
phase electrodes 31 of the piezocelectric element 101,
and a voltage was applied to. the piezocelectric ceramics
1 with the diaphragm 6 being a ground. 1In this case,
the intensity of an electric field applied to the
piezoelectric ceramics 1 was 1.0 kV/mm and a time period
of the application was 30 minutes. A

[0088] Through the above-mentioned steps, ten
piezpelectric oscillators 101iv(hereinafter referred to
as "piezoelectric oscillators A") were obtained. 1In the
obtained piezoelectric oscillators A, the ratio between
the linear expansion coefficient as at 20°C of the
diaphragm 6 and the linear expansion coefficient oap at
20°C of the piezoeléctric ceramics 1 was oas/oap=1.23.
Further, the ratio between the Young's modulus Ys at
20°C of the diaphragm 6 and the Young's modulus Yp at
20°C of the piezoelectric ceramics 1 was Ys/Yp=1.62.
[0089] (Example 2).

Ten piezoelectric oscillators B were obtained in
the same steps as those of Example 1 except that the
first adhesive portion 4 was formed between the ground
electrode 21 of the piezoelectric element 101 and the
diaphragm 6 at a temperature T1 of 140°C.
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[0090] (Example 3)

Ten piezoelectric oscillators C were obtained in
the same steps as those of Example 1 except that the
first adhesive portion 4 was formed between the ground
electrode 21 of the piezoelectric element 101 and the
diaphragm 6 at a temperature Tl of 120°C.

[0091] (Example 4)

Ten piezoelectric oscillators D were obtained in
the same steps as those of Example 2 except that the
piezoelectric ceramics 1 was subjected to polarization
treatment at a temperature T3 of 135°C.

[0092] " (Example b5)

Ten piezoelectric oscillators E were obtained in
the same steps as those of Example 1 except that an
epoxy-based adhesive having a glass transition
temperature Tgl of 110°C was used for the first adhesive
portion 4.

[0093] ~ (Example 6)

Ten piezbelectric oscillators F were obtained in
the same steps as those of Example 1 except that, as the
piezoeléctric ceramics 1 free from being subjected to

- polarization treatment, a piezoelectric ceramics was
obtained by firing metal oxide powder so that 0.14 part
by weight of Mn in terms of a metal and 0.20 part by
weight of Bi in terms of a metal were contained with
respect to 100 parts by welght of
(Baog.ssCao.14) (Ti0.93Z2ro.06) 03, and the content of lead was
less than 1,000 ppm.

[0094] The piezoelectric ceramics 1 was a barium
titanate based piezoelectric ceramics. Then, in order
to measure various parameters of the piezoelectric
ceramics 1, Au electrodes were. formed on both surfaces
of the piezoelectric ceramics 1 by sputtering to
manufacture a test piece piezoelectric element having a
shape of 10x2.5x0.5 mm3, and the test piece piezoelectric

element was polarized under conditions ¢of a temperature
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of 100°C, an electric field of 1 kV/mm, and a time period
of 30 minutes. The test piece piezoelectric element was
evaluated and found to have a depolarization temperature
Td of 106°C, a linear expansion coefficient ap at 20°C
of 7.8x10°6/°C, a Young's modulus Yp of 117 GPa, and a
piezoelectric constant ds1 of -100 pm/V.

[0095] In the obtained piezoelectric oscillators F,
the ratio between the linear expansion coefficient as at
20° of the diaphragm 6 and the linear expansion
coefficieht ap at 20°C of the piezoelectric ceramics 1
was os/ap=1.28. Further, the ratio between the Young's
modulus Ys at 20°C of the diaphragm 6 and the Young's
modulus Yp at 20°C of the piezoelectric ceramics 1 was
Ys/Yp=1.74.

[0096] (Example 7)

Ten piezoelectric oscillators G were obtained in
the same steps as those of Example 6 except that the
first adhesive portion 4 was formed between the ground
electrode 21 of the piezoelectric element 101 and the
diaphragm 6 at a temperature Tl of 120°C.

[0097] (Example 8)

Ten piezoelectric oscillators H were obtained in
the same steps as those of.Example 1 except that as the
piezoelectric ceramics 1 free from being subjected to
polarization treatment, a piezoelectric ceramics was
obtained by firing metal oxide powder so that 0.10 part
by weight of Mn in terms of a metal was contained with
respect to 100 parts by weight of
(Nao.ssBao.12) (Nbo.gsTio.12) 03, and ‘the content of lead was
less than 1,000 ppm, and the piezoelectric ceramics 1
was subjected to polarization treatment at a temperature

T3 of 135°C.
[0098] The piezoelectric ceramics 1 was a barium
titanate based piezoelectric ceramics. Then, in order

to measure various parameters of the piezoelectric

ceramics 1, Au electrodes were formed on both surfaces
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of the piezoelectric ceramics 1 by sputtering to
manufacture a test piece piezoelectric element having a
shape of 10x2.5x0.5 mm3, and the test piece piezoelectric
element was polarized under conditions of a temperature
of 135°C, an electric field of 1 kV/mm, and a time period
of 30 minutes. The test piece piezoelectric element was
evaluated and found to have a depolarization temperature
Td of 170°C, a linear expansion coefficient ap at 20°C
of 8.4x107%/°C, a Young's modulus Yp'of 131 GPa, and a-
piezoelectric constant ds1 of -60 pm/V.

[0099] In the obtained piezocelectric oscillators H,
the ratio between the linear expansion coefficient as at
20° of the diaphragm 6 and the linear expansion
coefficient op at 20°C of the piliezoelectric ceramics 1
was as/ap=1.19. Further, the ratio between the Young's
modulus Ys at 20°C of the diaphragm 6 and the Young's
modulus Yp at 20°C of the piezoelectric ceramics 1 was
Ys/Yp=1.56. ’

[0100] (Example 9)

Ten piezoelectric oscillators I were obtained in
the same steps as those of Example 8 except that: as the
piezoelectric ceramics 1 free from being subjected to
polarization treatment, a piezoelectric ceramics was
obtained by firing metal oxide powder so that 0.20 part
by weight of Mn in terms of a metal was contained with
respect to 100 parts by _ weight - of
(Nao.soBao.10) (Nbo.gsTio.12) 03, and the content of lead was
less than. 1,000 ppm; on a surface of the piezoelectric
element 101, on which the diaphragm 6 was not present,
the second. adhesive portion 5 was formed between the
drive phase electrodes 31, the ground electrode 21, and
tHe power supply member 7 by thermocompression bonding
at a temperature T2 of 135°C; and the piezoelectric
ceramics 1 was subjected to polarization treatment at a
temperature T3 of 130°C. |

[0101] The piezoelectric ceramics 1 was a barium
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titanate based piezoelectric ceramics. Then, in order
to measure various parameters of the piezoelectric
ceramics 1, Au electrodes were formed on both surfaces
of the piezoelectric ceramics 1 by sputtering to
manufacture a test piece piezoelectric element having a
shape of 10x2.5x0.5 mm3, and the test piece piezoelectric
element was polarized under conditions of a temperature
of 130°C, an electric field of 1 kV/mm, and a time period
of 30 minutes. The test piece piezoelectric element was
evaluated and found to have a depolarization temperature
Td of 190°C, a linear expansion coefficient ap at 20°C
of 8.3x1076/°C, a Young's modulus Yp of 128 GPa, and a
piezoelectric constant ds: of -65 pm/V.

[0102] In_the obtained piezoelectric oscillators I,
the ratio between the linear expansion coefficient as at
20° of the diaphragm 6 and the linear expansion
coefficient ap at 20°C of the piezoelectric ceramics 1
was os/ap=1.20. Further, the ratio between the Young's
modulus Ys at 20°C of the diaphragm 6 and the Young's
modulus Yp at 20°C of the piezoelectric ceramics 1 was
Ys/Yp=1.59.

[0103] (Comparative Example 1)

First, metal oxide powder was sintered to provide
the piezoelectric ceramics 1 free from being subjected
to polarization treatment. .

[0104] The composition of the biezoelectric
ceramics 1 was measured by fluorescent X-ray analysis
(XRF). As a result, it was found that the piezoelectric
ceramics 1 contained 0.16 part by weight of Mn in terms
of a metal with respect to 100 parts by weight of
(Bao.ssCao.15) (Ti0.932r0.07) 03, and the content of lead was
less than 1,000 ppm. That is, the piezoelectric ceramics
1 was a barium titanate based piezoelectric ceramics.

[0105] Then, in order to measure various parameters
of the piezoelectric ceramics 1, Au electrodes were

formed on both surfaces of the piezoelectric ceramics 1
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by sputtering to manufacture a test piece piezoelectric
element having a shape of 10x2.5x0.5 mm3, and the test
piece piezoelectric = element was polarized under
conditions of a temperature of 100°C, an electric field
of 1 kV/mm, and a time period of 30 minutes. The test
piece piezoelectric element was evaluated and found to
have a depolarization temperature Td of 104°C, a linear
expansion coefficient op at 20°C of 8.1x10-¢/°C, a
Young's modulus Yp of 126 GPa, and a piezoelectric
constant ds1 of -90 pm/V.

[0106] Next, +the piezoelectric ceramics 1 was
substantially uniformly ground to a thickness of 0.34 mm
and subjected to polishing, and then was cut to a size
of 8.7x5.7 mm2., The drive phase electrodes 31 and the
ground electrode 21 as illustrated in FIG. 4B were formed
on both surfaces of the piezoelectric ceramics 1 by
screen printing through use of a silver paste, to thereby
provide the piezoelectric element 101.

[0107] Then, the piezoelectric ceramics 1 was
subjected to polarization treatment at a temperature T3
of 100°C. Specifically, contact pins for polarization
were respectively brought into contact with the two drive
phase electrodes 31 of the piezoelectric element 101,
and a voltage was applied to the piezoelectric ceramics
1 with the diaphragm 6 being a ground. In this case,
the intensity of an electric field applied to the
piezoelectric ceramics 1 was 1.0 kV/mm and a time period
of the application was 30 minutes.

[0108] Next, as illustrated in FIG. 3, the first
adhesive portion 4 was formed between the ground
electrode 21 of the piezoelectric element 101 and the
diaphragm 6 at a temperature Tl of 160°C. As the
diaphragm 6, magnetic stainless steel SUS420J2 under the
JIS was used. The diaphragm 6 has dimensions of
9.0x5.8x0.3 mm3. Further, SUS420J2 is martensite-based
stainless steel, and the composition thereof contains 70
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mass% or more of steel and 12 mass% to 14 mass$ of
chromium. The linear expansion coefficient as at 20°C
of SUS420J2 is 10.0x10-6/°C and the Young's modulus Ys
thereof is 204 GPa. | )

[0109] The .first adhesive portion 4 was formed by
applying an epoxy-based adhesive (glass transition
temperature Tgl=120°C) onto the diaphragm 6 with a
dispenser and placing the diaphragm 6 into a constant-
temperature chamber while the ground electrode surface
of the piezoelectric element 101 and the diaphragm 6
were brought into pressure contact with each dther, and
keeping the resultant at 160°C for 10 minutes. In this
case, the piezoelectric element 101 and the diaphragm 6
were arranged so that centers of their respective
adhesive surfaces were matched with each other, through
use of a positioning jig. ”

[0110] Then, on a surface of the piezoelectric
element 101, on which the diaphragm 6 was not present,
the second adhesive portion 5 was formed between the
drive phase electrodes 31, the ground electrode 21, and
the power supply member 7 by thermocompression bonding
at a temperature T2 of 140°C. Specifically, the power
supply member 7 formed of a flexible cable was connected
to the piezoelectric element 101 through an anisotropic
conductive film (ACF) containing a polymer material as
a main component, the polymer material having a glass
transition temperature Tg2 of 120°C. The conditions of
thermocompression bonding were a time period of 10
seconds and a pressure of 2 MPa.

[0111] Then, the piezoelectric ceramics 1 was
subjected to polarization treatment at a temperature T3
of 100°C. Specifically, contact pins for polarization
were respectively brought into contact with the two drive
phase electrodes 31 of the piezoelectric element 101,
and a voltage was applied tO‘the.piezoelectric ceramics
1 with the diaphragm 6 being @ ground. In this case,
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the intensity of an electric field applied to the
piezoelectric ceramics 1 was 1.0 kV/mm and a time period
of the application was 30 minutes.

[0112] Through the above-mentioned steps, ten
piezoelectric oscillators 1011 (hereinafter referred to
as "piezoelectric oscillators J") were obtained. In the
obtained piezocelectric oscillators J, the ratio between
the linear expansion coefficient as at 20°C of the
diaphragm 6 and the linear expansion coefficient ap at
20°C of the piezoelectric ceramics 1 was oas/ap=1.23.
Further, the ratio between the Young's modulus Ys at
20°C of theée diaphragm 6 and the Young's modulus Yp at
20°C of the piezoelectric ceramics 1 was Ys/Yp=1.62.
[0113] (Comparative Example 2) )

Ten piezoelectric oscillators K were obtained in
the same steps as those of Example 1 except that the
first adhesive portion 4 was formed between the ground
electrode 21 of the piezoelectric element 101 and the
diaphragm 6 at a temperature T1 of 120°C, and the
piezoelectric ceramics 1 was subjected to polarization
treatment at a temperature T3 of 135°C.

(0114] (Comparative Example 3) ‘

Ten piezoelectric oscillators L were obtained in
the same steps as those of Example 1 except that: the
first adhesive portion 4 was formed between the ground
electrode 21 of the piezoelectric element 101 and the
diaphragm 6 at a temperature Tl of 120°C; the power
supply member 7 containing a thermosetting resin was
bonded to the drive phase electrodes 31 and the ground
electrode 21 of the piezoelectric element 101 by
thermocompression bonding at a temperature T2 of 100°C;
the ©piezoelectric element 101 was subjected to
polarization treatment at a temperature T3 of 100°C; and
an epoxy-based adhesive having a glass transition
temperature Tg of 110°C was used.

[0115] (Comparative Example 4)
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Ten piezoelectric oscillators M were obtained in
the same steps as those of Example 1 except that a
piezoelectric ceramics containing 0.10 part by weight of
Mn in terms of a metal with respect to 100 parts by
weight of (Pbo.98Sro.02) (Zro.55Ti0.45)03 was used as the
piezoelectric ceramics 1, and the piezoelectric element
101 was subjected to polarization treatment at a
temperature T3 of 170°C.

[0116] The piezoelectric ceramics 1 is a lead-based
piezoelectric ceramics. Further, the piezoelectric
ceramics 1 has a depolarization temperature Td of 300°C,
a linear expansion coefficient ap at 20°C of 4.0x107%/°C, -
a Young's meodulus Yp of 85 GPa, and a piezoelectric
constant ds1 of -130 pm/V. |

[0117] In the obtained piezoelectric oscillators M,
the ratio between the linear expansion coefficient oas at
20°C of the diaphragm 6 and the linear expansion
coefficient ap at 20°C of the piezoelectric ceramics 1
was as/ap=2.50. Further, the ratioc between the Young's
modulus Ys ‘at 20°C of the diaphragm 6 and the Young's
modulus Yp at 20°C of the piezoelectric ceramics 1 was
Ys/Yp=2.40.

[0118] (Comparative Example 5)

Ten piezoelectric oscillators N were obtained in
the same stepé as those in Comparative Example 4 except
that, on a surface of the piezoelectric element 101, on
which the diaphragm 6 was not present, the second
adhesive portion 5 was formed between the drive phase
electrodes 31, the ground electrode 21, and the power
supply member 7 by thermocompression bonding at a
temperature T2 of 180°C, and the piezoelectric ceramics
1 was subjected to polarization treatment at a
temperature T3 of 160°C.

[0119] The manufacturing conditions of Examples and

Comparative Examples are shown in Table 1.
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[0121] (Evaluation of Piezoelectric Oscillator)

Each obtained pilezoelectric oscillator - was
evaluated for frequency dependence of power consumption.
Specifically, an alternating voltage of 10.0 Vpp was
applied to each of the two drive phase electrodes 31
(hereinafter referred to as "A-phase" and "B-phase" for
convenience of description) while a frequency was swept.
The phase difference of the voltage between the A-phase
‘and the B-phase in this case was set to -90° and 90°.
The case of -90° is hereinafter referred to as "forward
direction",'and the case of 90° is hereinafter referred
to as "backward direction". The power consumption in
the forward direction and the backward direction in this
case was evaluated through use of an oscilloscope (DL850E
(trade name) manufactured by‘ Yokogawa Meters and
Instruments Corporation).

[0122] Regarding those results, how many -
piezoelectric oscillators of the ten manufactured
piezoelectric oscillators satisfied the following
conditions (1), (2), (3), and {(4) is shown in Table 2.
[0123] (Conditions)

(1) The ratio of the maximum power consumption in
the backward direction of the A-mode with respect to the
maximum power consumption in the forward direction of
the A—mode falls within a range of 60% or more and 140%
or less.

(2) The difference between the resonant frequency
in the forward direction of the A-mode and the resonant
frequency in the backward direction of the A-mode falls
within a range of 50 Hz.

(3) The ratio of the maximum power consumption in
the backward direction of the B-mode with respect to the
maximum power consumption in the forward direction of
the B-mode falls within a range of 60% or more and 140%
or less.

(4) The difference between the resonant frequency
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in the forward direction of the B-mode and the resonant
‘frequency in the backward direction of the B-mode falls

within a range of +50 Hz.
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[0125] First, the non-defective rate of each of the
piezoelectric oscillators A, E, and F was 100%. Next,
the non-defective rate of each of the pilezoelectric
oscillators B, C, and G was 90%. The non-defective rate
of each of the piezoelectric oscillators B, C, and G was
slightly lower than that of each of the piezoelectric
oscillators A, E, and F. The reason for this is
considered as follows. The relationships T1>T3 and
T2>T3 were satisfied, but the relationship T1>T2>T3 was
not satisfied.
[0126] The non-defective rate of each of the
piezoelectric oscillators D, H, and I was 80%. The non-
defective rate of each of the piezoelectric oscillators
D, H, and I was slightly lower than that of each of the'
piezoelectric oscillators A, E, and F. The reasons for
this are considered as follows. Although the
piezoelectric oscillators D, H, and I satisfied the
relationships T1>T3 and T2>T3, the ©piezoelectric
oscillator D did not satisfy the relationship Tgl>T3,
and did not satisfy the relationship T1>T2>T3. Further,
the piezbelectric oscillators H and I did not satisfy
the relationship Tgl>T3, and did not satisfy the
relationship T22Td. v
[0127] Meanwhile, the non-defective rate of each of
the piezoelectric oscillators J, K, L, M, and N was 60%
or less. None of those piezoelectric oscillators
satisfied the relationships T1>T3 and T2>T3. Of those,
- the piezoelectric oscillator J was manufactured through
use of the piezoelectric ceramics subjected to
polarization treatment, and hence the non-defective rate
thereof was 40%, which was the lowest non-defective rate.
[0128]} Thus, the non-defective rate of each of all
~the piezoelectric oscillators manufactured by the
manufacturing method of the present invention was 80% or
more, whereas the non-defective rate of each of the
piezoelectric oscillators manufactured by the
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manufacturing method according to Comparative Examples
was 60% or less.

[0129] (Method of Manufacturing Oscillatory Wave
Driving Apparatus)

(Examples 10 to 18)

The diaphragm 6 of each of the piezoelectric
oscillators A to I manufactured in Examples 1 to 9 was
arranged so as to be brought into contact with the body
to be driven (slider) 8, to thereby manufacture an
oscillatory wave driving apparatus as illustrated in FIG.
7 and FIG. 8 (Examples 10 to 18). An alternating voltage
having an amplitude of 100 Vpp was applied to each of
the A-phase and the B-phase of the manufactured
oscillatory wave driving apparatus while a frequency was
swept. The phase difference.of the Voltage between the
A-phase and the B-phase in this case was set to -90° and’
90°. The highest speed of the piezoelectric oscillator
1011 in this case and the frequency at the highest speed
were measured with the sensor 18. '

[0130] Oscillatory wave .= driving  apparatus as
illustrated in FIG. 7 and FIG. 8 were manufactured and
evaluated in the same steps as those of Examples 10 to
18 through use of the piezoelectric oscillators J to N
manufactured in Comparative Examples 1 to 5.

[0131]  (Comparative Examples 6 to 10)

Regarding those resulﬁs, how many oscillatory wave
driving apparatus of the ten manufactured oscillatory
wave driving apparatus satisfied the following
conditions (5) and (6) is shown in Table 3.

[0132] (Conditions)

(5) The ratio of the highest speed in the backward
direction with respect to the highest speed in the
forward direction falls within a range of 80% or more
and 120% or less.

(6) The difference between the frequency at a time
when the highest speed in the forward direction is
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achieved and the frequency at a time when the highest
speed in the backward direction is achieved falls within

a range of *1 kHz.

[0133] Table 3
) (6) Non-
Highest Frequency defective
speed rate
Example 10 Eiiiiiiﬁiﬁfif 1003 1003 100%
Example 11 iiiiﬁﬁiﬁiifi; 90% |  100% 90%
Example 12 iii;giiﬁi;fif 908 100% 90%
Example 13 iiiiiiiiiifif 80% 90% 803
Example 14 iiiiziiiiiféf 1003 100% 100%
Example 15 iiiziiiiiifif 1008 | 100% 100%
Example 16 iiiiziiiiifif 90% 1008 90%
Example 17 ﬁiigziiiiifif 80 | 1008 80%
Example 18 i;iiziiiiifﬁf 90% 90% 80%
cgzzigi;lge ilsecziolellaetcotrr ]idc 60% 708 60%
CEo;;;;naprlaet J.lvoe Polsec_ziolellaetcotrr 1N [o! 60 803 603
[0134] First, the non-defective rate of each of the

oscillatory wave driving apparatus manufactured in
Examples 10, 14, and 15 was 100%.

[0135] Next, the non-defective rate of each of the
oscillatory wave driving vapparatus manufactured in
Examples 11, 12, and 16 was 90%. The non-defective rate
"of each of Examples 11, 12, and 16 was slightly lower
than that of each of Examples 10, 14, and 15. The reason
for this is considered as follows. Although the
relationships TI1>T3 and T2>T3 were satisfied, the
relationship T1>T2>T3 was not satisfied.

[0136] The non-defective rate of each of the

oscillatory wave driving apparatus manufactured in
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Examples 13, 17, and 18 was 80%. The non-defective rate
of each of the oscillatory wave driving apparatus
manufactured in Examples 13, 17, and 18 was slightly
lower than that of each of Examples 10, 14, and 15. The
reasons for this are considered as follows. Although
Examples 13, 17, and 18 satisfied the relationships T1>T3
and T2>T3, Example 13 did not satisfy the relationship
Tgl>T3, and did not satisfy the relationship T1>T2>T3.
Examples 17 and 18 did not satisfy the relationship
Tgl>T3, and did not satisfy the relationship T22Td.
[0137] Meanwhile, the non-defective rate of each of
the oscillatory wave driving apparatus manufactured in
Comparative Examples 6 to 10 was 60% or less. None of
those oscillatory wave driving apparatus satisfied the
telationships T1>T3 and T2>T3. O0f those, the
oscillatory wave driving . apparatus of Comparative
Example 6 ' was manufactured through use of the
piezoelectric ceramics subjected to polarization
treatment, and hence the non-defective rate thereof was
40%, which was the lowest non-defective rate.

[(0138] Thus, the non-defective rate of each of all
the oscillatory wave driving apparatus manufactured by
the manufacturing method of the present invention was
80% or more, whereas the non-defective rate of each of
the oscillatory wave driving apparatus manufactured by
the manufacturing method according to Comparative
Examples was 60% or less.

[0139] {(Method of Manufacturing Optical Apparatus)

(Example 19 and Comparative Example 11)

The oscillatory wave driving apparatus
manufactured in Example 10 and an optical member were
dynamically connected to -~ each other, to thereby
manufacture an optical apparatus as illustrated in FIG.
10 kExample 19). Further, the oscillatory wave driving
apparatus manufactured in Comparative Example 6 and an

optical member were dynamically connected to each other,
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to thereby manufacture an optical apparatus as
illustrated in FIG. 10 (Comparative Example 11). In
both the optical apparatus, an autofocus operation
depending on the application of an alternating voltage
was confirmed. However, the focus operation of Example
19 had a small difference in focus time between the
forward direction and the backward direction as compared
to the focus operation of Comparative Example 11.
Industrial Applicability

[0140] The method of manufacturing a piezoelectric
oscillator of the present invention can 'provide a
‘piezoelectric oscillator, in which the oscillation.
characteristics are equivalent between the forward
direction and the backward direction, with good yield.
Further, the method of manufacturing an oscillatory wave
driving apparatus and the method of manufacturing an
optical apparatus of the present invention can provide
an oscillatory wave driving apparatus and an optical
apparatus, in each of which the driving characteristics
are equivalent between the forward direction and the
backward direction, with good yield. Further, those
manufacturing methods can Dbe applied to all the
piezoelectric devices having a mechanism of being driven
in the forward direction and the backward direction,
besides the oscillatory wave driving apparatus and the
optical apparatus.

[0141] ' While the present invention - has been
described with reference to exemplary embodiments, it is
to be understood that the invention.is not limited to
the disclosed exemplary embodiments. The scope of the
following claims 1s to be accorded the bréadeét
interpretation so as to encompass all such modifications
and egquivalent structﬁres and functions.

[0142] This application claims the Dbenefit of
Japanese Patent Application No. 2016-061295, filed March

25, 2016, which is hereby incorporated kg/ reference
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‘herein in its entirety.

Reference Signs List

[0143]

101
1011
2

21

3

31

4

5

6

61

7a

11
12
13
14

1 piezoelectric ceramics

piezoelectric element
piezoelectric oscillator
first electrode

ground electrode

second electrode

drive phase electrode
first adhesive portion
second adhesive portion
diaphragm

protrusion

power supply member
electric wiring

body to be driVen (slider)
voltage input unit
holding member

movable housing

screw

guide member
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[Claim 2]

[Claim 3]

[Claim 4]

[Claim 5]

50

CLAIMS

A method of manufacturing an oscillator,
comprising, in sequence:

arranging an electrode on a piezoelectric ceramics
free from being subjected to polarization treatment, to
thereby provide a piezoelectric element;

bonding the piezoelectric element and a diaphragm
to each other at a temperature T1;

bonding the piezoelectric element and a power
supply member to each other at a temperature T2; and

subjecting the piezoelectric ceramics to
polarization treatment at a temperature T3,

wherein the temperature T1, the temperature T2,
and the temperature T3 satisfy 'a relationship T1>T3 and
a relationship T2>T3.

The method of manufacturing an oscillator
according to claim 1,

wherein the oscillator comprises a first adhesive
portion 'having a glass transition temperature Tgl
between the piezoelectric element and the diaphragm and
a second adhesive portion having a glass transition
temperature Tg2 between the piezoelectric element and
the power supply member, and

wherein tpe glass transition temperature Tgl, the
glass transition temperature Tg2, and the temperature T3
satisfy a relationship Tgl>T3 and a rélationship Tg2>T3.

The method of manufacturing an oscillator
according to claim 1 or 2, wherein the temperature T1,
the temperature T2, and the temperature T3 satisfy a
relationship T1>T2>T3. 5

The method of manufacturing an oscillator
according to any one of cléims 1 to 3, wherein the
temperature Tl is 20°C or more and less than 600°C.

The method of manufacturing an oscillator
according to any one of claims 1 to 4, wherein the

temperature T3 is 20°C or more.



WO 2017/164413 PCT/JP2017/012214

[Claim

[Claim

[Claim

[Claim

[Claim

[Claim

[Claim

[Claim

10]

11]

12]

13]

51

The method of manufacturing an oscillator
according to any one of claims 1 to 5, wherein the
piezoelectric ceramics has a depolarization temperature
Td, and the depolarization temperature Td and the
temperature T2 satisfy a relationship T22Td.

The method of manufacturing an oscillator
according to claim 6, wherein the depolarization
temperature Td is 120°C or less.

A method of manufacturing an oscillator according

to any one of claims 1 to 7, wherein the diaphragm has

- a linear expansion coefficient as at 20°C of 9.0x10-8/°C

or more and 20.0x10-¢/°C or less. ,

The method of manufacturing an oscillator
according to any one of claims 1 to 8, wherein the
diaphragm comprises an alloy containing 50 mass% or more
of steel and 10.5 mass$ or more of chromium.

The method of manufacturing an oscillator
according to any one of claims 1 to 9, wherein the
piezoelectric ceramics contains lead in a content of
less than 1,000 ppm.

The method. of manufacturing an oscillator
according to any one of claims 8 to 10, wherein the
piezbelectric ceramics has a linear —expansion
coefficient ap at 20°C, and the linear expansion
coefficient as and the linear expansion coefficient oap
satisfy a relationship 0.5%as/oap<1.5.

The method of manufacturing an oscillator
according to any one of claims 1 to 11, wherein the
diaphragm has a Young's modulus Ys at 20°C and the
piezoelectric ceramics has a Young’s modus Yp at 20°C,
and the Young's modulus Ys and the Young's modulus Yp
satisfy a relationship 0.55Ys/Yp<L2.

The method of manufacturing an oscillator
according to any one of claims 1 to 12, wherein the
piezoelectric ceramics comprises a barium titanate based

material.
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[Claim 14] The method of . manufacturing an oscillator
according to any one of claims 1 to 13,
wherein the piezoelectric ceramics has a
rectangular parallelepiped shape, and
wherein the oscillator is configured to generate
composite oscillation of a combination of two out-of-
plane oscillation modes in which nodal 1lines are
substantially orthogonal to each other.
[Claim 15] The method of manufacturing an oscillator
according to any one of claims 1 to 14,
wherein the piezoelectric element comprises two
electrodes in portions with which the power supply member
is brought into contact, and _
wherein the piezoelectric ceramics has the same
polarity in the portions that are brought into contact
with the two electrodeé.
- [Claim 16] A method of manufacturing an oscillatory wave
driving apparatus including an oscillator, a body to be
driven, and a voltage input unit,
the method comprising:
manufacturing the oscillator by the méthod of
manﬁfacturing an oscillator of any one of claims 1 to
15; and » . |
arranging the body to be driven so that the body
to be driven is brought into contact with the diaphragm.
[Claim 17] A method of manufacturing an optical apparatus
including an oscillatory wave driving apparatus and an
optical member,
the method comprising:
manufacturing the oscillatory wave. driving
apparatus by the method of manufacturing an oscillatory
wave driving apparatus of claim 16; and
dynamically connecting the oscillatory wave

driving apparatus and the optical member to each other.
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AMENDED CLAIMS
received by the International Bureau on 12 September 2017 (12.09.2017)

[Claim 1] (amended) A method of manufacturing an oscillator
(1011), comprising, in sequence:
arranging an electrode (2,3) on a piezoelectric
ceramics (1) free from being subjected to polarization
treatment, to thereby provide a piezoelectric
element (101) ;
bonding the piezoelectric element (101) and an
elastic body (6) to each other at a temperature T1;
bonding the piezoelectric element (101) and a power
supply member (7) to each other at a temperature T2; and
subjecting the piezoelectric ceramics (1) to
polarization treatment at a temperature T3,
wherein the temperature T1, the temperature T2,
and the temperature T3 satisfy a relationship T1>T3 and
a relationship T2>T3.
[Claim 2] (amended) The method of manufacturing an oscillator
(1011) according to claim 1,
wherein the oscillator (1011) comprises a first
adhesive portion (4) having a glass transition
temperature Tgl between the piezoelectric element (101)
and the elastic body (6) and a second adhesive portion
(5) having a glass transition temperature Tg2 between
the piezoelectric element (101) and the power supply
member (7), and
wherein the glass transition temperature Tgl, the
glass transition temperature Tg2, and the temperature T3
satisfy a relationship Tgl>T3 and a relationship Tg2>T3.
[Claim 3] (amended) The method of manufacturing an oscillator
(1011) according to claim 1 or 2, wherein the temperature
Tl, the temperature T2, and the temperature T3 satisfy
a relationship T1>T2>T3.
[Claim 4] (amended) The method of manufacturing an oscillator
(1011) according to any one of claims 1 to 3, wherein
the temperature Tl is 20°C or more and less than 600°C.

[Claim 5] (amended) The method of manufacturing an oscillator

AMENDED SHEET (ARTICLE 19)
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(1011) according to any one of claims 1 to 4, wherein

the temperature T3 is 20°C or more.

AMENDED SHEET (ARTICLE 19)
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(amended) The method of manufacturing an oscillator
(1011) according to any one of claims 1 to 5, wherein
the piezoelectric ceramics (1) has a depolarization
temperature Td, and the depolarization temperature Td
and the temperature T2 satisfy a relationship T22Td.
(amended) The method of manufacturing an oscillator
(1011) according to claim 6, wherein the depolarization
temperature Td is 120°C or less.

(amended) A method of manufacturing an oscillator
(1011) according to any one of claims 1 to 7, wherein
the elastic body (6) has a linear expansion coefficient
as at 20°C of 9.0x107¢/°C or more and 20.0x107¢/°C or less.
(amended) The method of manufacturing an oscillator
(1011) according to any one of claims 1 to 8, wherein
the elastic body (6) comprises an alloy containing 50
mass% or more of steel and 10.5 mass® or more of chromium.

(amended) The method of manufacturing an oscillator
(1011) according to any one of claims 1 to 9, wherein
the piezoelectric ceramics (1) contains lead in a content
of less than 1,000 ppmnm.

(amended) The method of manufacturing an oscillator
(1011) according to any one of claims 8 to 10, wherein
the piezoelectric ceramics (1) has a linear expansion
coefficient op at 20°C, and the linear expansion
coefficient as and the linear expansion coefficient oap
satisfy a relationship 0.5fas/ap<l.5.

(amended) The method of manufacturing an oscillator
(1011) according to any one of claims 1 to 11, wherein
the elastic body (6) has a Young's modulus Ys at 20°C
and the piezoelectric ceramics (1) has a Young's modus
Yp at 20°C, and the Young's modulus Ys and the Young's
modulus Yp satisfy a relationship 0.55Ys/Yp<s2.

(amended) The method of manufacturing an oscillator
(1011) according to any one of claims 1 to 12, wherein
the piezoelectric <ceramics (1) comprises a barium

titanate based material.

AMENDED SHEET (ARTICLE 19)
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[Claim 14] (amended) The method of manufacturing an oscillator

(1011) according to any one of claims 1 to 13,

wherein the piezoelectric ceramics (1) has a
rectangular parallelepiped shape, and

wherein the oscillator (1011) is configured to
generate composite oscillation of a combination of two
out-of-plane oscillation modes in which nodal lines are
substantially orthogonal to each other.

[Claim 15] (amended) The method of manufacturing an oscillator
(1011) according to any one of claims 1 to 14,

wherein the piezoelectric element (101) comprises
two electrodes (2,3) 1in portions with which the power
supply member (7) is brought into contact, and

wherein the piezoelectric ceramics (1) has the same
polarity in the portions that are brought into contact
with the two electrodes (2,3).

[Claim 16] (amended) A method of manufacturing an oscillatory
wave driving apparatus including an oscillator (1011),
a body to be driven (8), and a voltage input unit (9),

the method comprising:

manufacturing the oscillator (1011) by the method
of manufacturing an oscillator of any one of claims 1 to
15; and

arranging the body to be driven (8) so that the
body to be driven (8) is brought into contact with the
elastic body (6).

[Claim 17] A method of manufacturing an optical apparatus
including an oscillatory wave driving apparatus and an
optical member,

the method comprising:

manufacturing the oscillatory wave driving
apparatus by the method of manufacturing an oscillatory
wave driving apparatus of claim 16; and

dynamically connecting the oscillatory wave

driving apparatus and the optical member to each other.

AMENDED SHEET (ARTICLE 19)
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FIG. 1

PCT/JP2017/012214

STEP OF ARRANGING AN ELECTRODE ON
PIEZOELECTRIC CERAMICS FREE FROM
- BEING SUBJECTED TO POLARIZATION
TREATMENT, TO THEREBY PROVIDE
PIEZOELECTRIC ELEMENT

Y

STEP OF BONDING PIEZOELECTRIC
ELEMENT AND DIAPHRAGM TO EACH
OTHER AT TEMPERATURE T1

Y

STEP OF BONDING PIEZOELECTRIC
ELEMENT AND POWER SUPPLY MEMBER
TO EACH OTHER AT TEMPERATURE T2

Y

STEP OF SUBJECTING PIEZOELECTRIC
CERAMICS TO POLARIZATION
TREATMENT AT TEMPERATURE T3
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