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(57) ABSTRACT

A piezoelectric driving element is a cantilever-type piezo-
electric driving element in which one end which is a fixed
end is fixed to a support base and another end which is a free
end is driven. The piezoelectric driving element includes: a
first piezoelectric body disposed on the fixed end side; and
a second piezoelectric body disposed on the free end side
with respect to the fixed end. Here, a thickness of the second
piezoelectric body is set to be smaller than a thickness of the
first piezoelectric body.
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PIEZOELECTRIC DRIVING ELEMENT

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of International
Application No. PCT/JP2021/042775 filed on Nov. 22,
2021, entitled “PIEZOELECTRIC DRIVING ELEMENT”,
which claims priority under 35 U.S.C. Section 119 of
Japanese Patent Application No. 2020-209955 filed on Dec.
18, 2020, entitled “PIEZOELECTRIC DRIVING ELE-
MENT”. The disclosures of the above applications are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a piezoelectric
driving element that drives a to-be-driven body by a driving
force generated from a piezoelectric body.

Description of Related Art

[0003] In recent years, piezoelectric driving elements that
drive a to-be-driven body by a driving force generated from
a piezoelectric body have been used in various devices. For
example, a light deflector for deflecting light is configured
by providing a reflection surface on a to-be-driven body.
Also, a microswitch is configured by providing an electrode
for opening and closing two terminals, on a to-be-driven
body.

[0004] In these devices, a so-called cantilever-type piezo-
electric driving element can be used. In the cantilever-type
piezoelectric driving element, one end (fixed end) is fixed to
a support base, and a to-be-driven body is disposed at
another end (free end). In this configuration, it is required to
increase the amount of displacement of the free end while
increasing a force generated at the free end (hereinafter,
referred to as “generated force™), and it is also required to
increase the resonance frequency of the element according
to the driving usage.

[0005] Japanese Patent No. 6051412 describes a configu-
ration in which the amount of displacement of a free end can
be increased by stacking vibration plates made of a plurality
of materials on a piezoelectric body. Also, Japanese Patent
No. 4413873 describes a configuration in which the total
amount of displacement of a free end can be increased by
disposing a plurality of piezoelectric layers and electrode
layers.

[0006] In each of the configurations described in Japanese
Patent No. 6051412 and Japanese Patent No. 4413873
above, the amount of displacement of the free end can be
increased, but the amount of displacement of the free end,
the generated force at the free end, and the resonance
frequency cannot be increased together. In general, the
amount of displacement of the free end, the generated force
at the free end, and the resonance frequency of the element
have a trade-off relationship with each other. For example,
if the piezoelectric body is lengthened, the amount of
displacement of the free end increases, but the generated
force at the free end and the resonance frequency of the
element decrease. In addition, if the thickness of the piezo-
electric body is increased, the generated force at the free end
and the resonance frequency of the element increase, but the
amount of displacement of the free end decreases.
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SUMMARY OF THE INVENTION

[0007] A main aspect of the present invention is directed
to a cantilever-type piezoelectric driving element in which
one end which is a fixed end is fixed to a support base and
another end which is a free end is driven. The piezoelectric
driving element according to this aspect includes: a first
piezoelectric body disposed on the fixed end side; and a
second piezoelectric body disposed on the free end side with
respect to the fixed end. Here, a thickness of the second
piezoelectric body is set to be smaller than a thickness of the
first piezoelectric body.

[0008] In the driving element according to this aspect,
since the thickness of the second piezoelectric body on the
free end side is smaller, the mass of a portion at and near the
free end is decreased, so that the resonance frequency of the
element can be increased while the amount of displacement
of the free end is kept large. In addition, since the portion at
and near the free end is driven by the second piezoelectric
body, the amount of displacement of and the generated force
at the free end can be increased as compared to those in the
case with only the first piezoelectric body. Therefore, in the
piezoelectric driving element according to this aspect, the
amount of displacement of and the generated force at the
free end and the resonance frequency can all be increased.
[0009] The effects and the significance of the present
invention will be further clarified by the description of the
embodiments below. However, the embodiments below are
merely examples for implementing the present invention.
The present invention is not limited by the description of the
embodiments below in any way.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a perspective view showing a configura-
tion of a piezoelectric driving element according to Embodi-
ment 1;

[0011] FIG. 2A is a top view of the piezoelectric driving
element according to Embodiment 1;

[0012] FIG. 2B is a cross-sectional view of the piezoelec-
tric driving element according to Embodiment 1;

[0013] FIG. 3Ato FIG. 3D are each a diagram illustrating
a process for forming the piezoelectric driving element
according to Embodiment 1;

[0014] FIG. 4A and FIG. 4B are perspective views show-
ing configurations of piezoelectric driving elements accord-
ing to comparative examples, respectively;

[0015] FIG. 5 is a perspective view showing a configura-
tion of a piezoelectric driving element according to Embodi-
ment 2;

[0016] FIG. 6A is a top view of the piezoelectric driving
element according to Embodiment 2;

[0017] FIG. 6B is a cross-sectional view of the piezoelec-
tric driving element according to Embodiment 2;

[0018] FIG. 7A is a top view showing a configuration of
a piezoelectric driving element according to a modification
of Embodiment 2;

[0019] FIG. 7B is a cross-sectional view showing a con-
figuration of a piezoelectric driving element according to
another modification of Embodiment 2;

[0020] FIG. 8 is a perspective view showing a configura-
tion of a piezoelectric driving element according to Embodi-
ment 3;
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[0021] FIG. 9A and FIG. 9B are a top view and a bottom
view of the piezoelectric driving element according to
Embodiment 3, respectively;

[0022] FIG. 10A and FIG. 10B are each a cross-sectional
view of the piezoelectric driving element according to
Embodiment 3;

[0023] FIG. 11 is a perspective view showing a configu-
ration of a piezoelectric driving element according to
Embodiment 4;

[0024] FIG. 12 is a perspective view showing a configu-
ration of a piezoelectric driving element according to
Embodiment 5;

[0025] FIG. 13 is a perspective view showing another
configuration of the piezoelectric driving element according
to Embodiment 5;

[0026] FIG. 14A to FIG. 14C are each a cross-sectional
view of a piezoelectric driving element according to
Embodiment 6; and

[0027] FIG. 15A and FIG. 15B are each a cross-sectional
view of a piezoelectric driving element according to a
modification.

[0028] It should be noted that the drawings are solely for
description and do not limit the scope of the present inven-
tion by any degree.

DETAILED DESCRIPTION

[0029] Hereinafter, embodiments of the present invention
will be described with reference to the drawings. For con-
venience, in each drawing, X, Y, and Z axes that are
orthogonal to each other are additionally shown. The X-axis
direction is the length direction of a piezoelectric body, and
the Y-axis direction and the Z-axis direction are the width
direction and the thickness direction of the piezoelectric
body, respectively. The X-axis direction is also a direction
connecting a fixed end and a free end of a piezoelectric
driving element.

Embodiment 1

[0030] FIG. 1 is a perspective view showing a configura-
tion of a piezoelectric driving element 1 according to
Embodiment 1.

[0031] The piezoelectric driving element 1 includes first
piezoelectric bodies 10a and 105, second piezoelectric bod-
ies 20a and 205, a shim material 30, and a support base 40.
The shim material 30 is made of, for example, a metal
material such as copper (Cu), silicon, resin, ceramics made
of an oxide, or the like, and the first piezoelectric bodies 10a
and 105 and the second piezoelectric bodies 20a and 205 are
disposed on the upper surface and the lower surface of the
shim material 30, respectively. Here, the shim material 30 is
a member that converts expansion and contraction of the
first piezoelectric bodies 10a and 105 and the second piezo-
electric bodies 20a and 2056 in the X-axis direction into
bending in the Z-axis direction, maintains a predetermined
length against the expansion and contraction of the first
piezoelectric bodies 10a and 105 and the second piezoelec-
tric bodies 20a and 205 in the X-axis direction, and has
flexibility that permits the bending in the Z-axis direction.
[0032] A structure composed of the first piezoelectric
bodies 10a and 104, the second piezoelectric bodies 20a and
204, and the shim material 30 is fixed to the support base 40
at a fixed end E1 which is one end portion in the length
direction. The first piezoelectric bodies 10a and 105 are
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disposed on the fixed end E1 side, and the second piezo-
electric bodies 20a and 205 are disposed on a free end E2
side which is a side opposite to the fixed end E1.

[0033] By a driving voltage, the first piezoelectric bodies
10a and 106 and the second piezoelectric bodies 20a and
204 are caused to expand and contract in the X-axis direc-
tion, thereby driving the free end E2 in the Z-axis direction.
That is, when, by a driving voltage, the first piezoelectric
body 10a and the second piezoelectric body 20a on the
upper side are caused to contract in the X-axis direction, and
the first piezoelectric body 106 and the second piezoelectric
body 206 on the lower side are caused to expand in the
X-axis direction, the free end E2 is displaced in the Z-axis
positive direction. Similarly, when the first piezoelectric
body 10a and the second piezoelectric body 20a on the
upper side are caused to expand in the X-axis direction, and
the first piezoelectric body 106 and the second piezoelectric
body 205 on the lower side are caused to contract in the
X-axis direction, the free end E2 is displaced in the Z-axis
negative direction. A to-be-driven body such as a mirror or
an electrode is disposed at the free end E2.

[0034] FIG. 2A is a top view of the piezoelectric driving
element 1, and FIG. 2B is a cross-sectional view of the
piezoelectric driving element 1. FIG. 2B shows a cross-
section of the piezoelectric driving element 1 obtained by
cutting the piezoelectric driving element 1 at a middle
position in the Y-axis direction along a plane parallel to the
X-Z plane.

[0035] The first piezoelectric body 10a on the upper side
is configured by stacking an electrode layer 1014, a piezo-
electric layer 102a, and an electrode layer 103qa. Similarly,
the first piezoelectric body 105 on the lower side is config-
ured by stacking an electrode layer 1015, a piezoelectric
layer 1025, and an electrode layer 1035. In addition, the
second piezoelectric body 20a on the upper side is config-
ured by stacking an electrode layer 201qa, a piezoelectric
layer 2024, and an electrode layer 203a. Similarly, the
second piezoelectric body 2056 on the lower side is config-
ured by stacking an electrode layer 2015, a piezoelectric
layer 2025, and an electrode layer 20354.

[0036] The piezoelectric layers 102a, 1025, 201a, and
2015 are made of, for example, a piezoelectric material
having a high piezoelectric constant, such as lead zirconate
titanate (PZT). The electrode layers 101a, 103a, 1015, 1035,
201a, 203a, 2015, and 2035 are made of a material having
low electrical resistance and high heat resistance, such as
silver (Ag) and platinum (Pt). The first piezoelectric body
10a on the upper side is disposed by forming a layer
structure composed of the piezoelectric layer 102a and the
upper and lower electrode layers 101a and 103a, on the
upper surface of the shim material 30. The first piezoelectric
body 1056 on the lower side and the upper and lower second
piezoelectric bodies 20a and 206 are also formed in the same
manner.

[0037] As shown in FIG. 2B, the thicknesses of the second
piezoelectric bodies 20a and 205 are smaller than the
thicknesses of the first piezoelectric bodies 10a and 104.
More specifically, a thickness D2 of each of the piezoelectric
layers 202a and 2024 included in the second piezoelectric
bodies 20a and 205 is smaller than a thickness D1 of each
of'the piezoelectric layers 102a and 1026 included in the first
piezoelectric bodies 10a and 105. For example, the thickness
D2 can be set to be about ¥5 of the thickness D1. As an
example, the thickness D1 is set to about 250 pum, and the
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thickness D2 is set to about 50 pm. The thicknesses of all the
electrode layers are equal to each other.

[0038] As shown in FIG. 2A, a length [.1 of each of the
first piezoelectric bodies 10a and 105 is longer than a length
L2 of each of the second piezoelectric bodies 20a and 205.
Between the first piezoelectric bodies 10a and 1056 and the
second piezoelectric bodies 20a and 205, there is a gap
corresponding to the difference between the length 1.2 and a
length 1.3 of a portion, of the shim material 30, on the free
end E2 side with respect to the first piezoelectric bodies 10a
and 105. The first piezoelectric bodies 10a and 105 and the
second piezoelectric bodies 20a and 205 have the same
width W1.

[0039] The displacement of the free end E2 shown in FIG.
1 is more influenced by driving by the first piezoelectric
body 10a on the fixed end E1 side than by driving by the
second piezoelectric body 20a on the free end E2 side. In
order to suppress a decrease in the amount of displacement
of the free end E2, the length L1 of each of the first
piezoelectric bodies 10a and 105 is preferably not smaller
than the length [.2 of each of the second piezoelectric bodies
20a and 205. In addition, in order to increase the generated
force at the free end E2 as much as possible by a driving
force from the second piezoelectric bodies 20a and 205, a
difference AL between the length [.2 and the length [.3 is
preferably as small as possible. For example, the length .1
can be set to a length that is about four times the length [.2,
and the difference AL can be set to be about Y10 of the length
L2. As an example, the length L1 is set to about 20 mm, and
the length [.2 is set to about 5 mm. In addition, the difference
AL is set to about 0.5 mm.

[0040] FIGS. 3A to 3D are each a diagram illustrating a
process for forming the piezoelectric driving element 1.
[0041] The method for forming the piezoelectric driving
element 1 is not particularly limited. For example, the
piezoelectric driving element 1 may be formed by separately
producing each component and then joining the compo-
nents. In addition, the piezoelectric driving element 1 may
be formed using the technology for manufacturing micro
electric mechanical systems (MEMS).

[0042] As an example of the forming method, a process in
which the piezoelectric driving element 1 is formed by
separately producing each component and then joining the
components is shown here.

[0043] First, as shown in FIG. 3A, PZT thin plates 301 and
302 are formed by press-molding and sintering ceramic
powder containing Pb, Ti, and Zr. Next, as shown in FIG.
3B, Ag electrodes 401 and 402 are formed on the front and
back surfaces of the PZT thin plates 301 and 302 by printing.
Furthermore, the PZT thin plates 301 and 302 having the Ag
electrodes 401 and 402 printed on the front and back
surfaces thereof are diced into individual pieces to form
structures 501 and 502 as shown in FIG. 3C. Then, the
structures 501 and 502 are bonded to the front and back
surfaces of the shim material 30 made of Cu, to form a
structure shown in FIG. 3D. The structure in FIG. 3D is
bonded to the upper surface of the support base 40 to form
the piezoelectric driving element 1 in FIG. 1.

[0044] In the piezoelectric driving element 1 having the
above configuration, the amount of displacement of and the
generated force at the free end E2 and the resonance
frequency of the element can all be increased. Hereinafter,
this effect will be described in comparison with comparative
examples.
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[0045] FIGS. 4A and 4B are perspective views showing
configurations of piezoelectric driving elements 2 according
to Comparative Examples 1 and 2, respectively.

[0046] Compared to the configuration in FIG. 1, the sec-
ond piezoelectric bodies 20a and 205 are omitted in Com-
parative Example 1. That is, in the configuration of Com-
parative Example 1, on the free end E2 side with respect to
the first piezoelectric bodies 10a and 105, no piezoelectric
body is disposed, and only the shim material 30 is left. In
addition, in Comparative Example 2, the second piezoelec-
tric bodies 20a and 205 shown in FIG. 1 are omitted, and the
first piezoelectric bodies 10a and 1056 extend to the distal
end.

[0047] For the configuration of Comparative Example 1
and the configuration of Comparative Example 2, the inven-
tor of the present invention examined the amount of dis-
placement of and the generated force at the free end E2 and
the resonance frequency by simulation.

[0048] In the examination, in each of Comparative
Examples 1 and 2, the length in the X-axis direction of the
fixed end E1 was set to 5 mm. In addition, in Comparative
Example 2, the length in the X-axis direction of each of the
first piezoelectric bodies 10a and 105 excluding the fixed
end E1 was set to 26 mm, the thickness of each of the first
piezoelectric bodies 10a and 105 was set to 0.3 mm, and the
thickness of the shim material 30 was set to 0.1 mm. In
Comparative Example 1, the length in the X-axis direction
of a distal end portion at which the first piezoelectric bodies
10a and 105 were removed was set to 5 mm, and the length
in the X-axis direction of each of the first piezoelectric
bodies 10a and 104 excluding the fixed end E1 was set to 21
mm. The thickness of each of the first piezoelectric bodies
10a and 1056 and the thickness of the shim material 30 in
Comparative Example 1 were set to 0.3 mm and 0.1 mm,
respectively, as in Comparative Example 2.

[0049] In the configuration of Comparative Example 2,
when the first piezoelectric bodies 10a and 106 were driven
at a predetermined voltage, the amount of displacement of
the free end E2 was 128 um, and the resonance frequency of
the free end E2 was 525 Hz. Meanwhile, in the configuration
of Comparative Example 1, when the first piezoelectric
bodies 10a and 105 were driven at the same voltage, the
amount of displacement of the free end E2 was 122 um, and
the resonance frequency of the free end E2 was 725 Hz.
Thus, in the configuration of Comparative Example 1, by
removing the first piezoelectric bodies 10a and 1056 at the
distal end portion, the resonance frequency of the element
was significantly increased while the amount of displace-
ment of the free end E2 was maintained to be substantially
the same amount.

[0050] However, in the configuration of Comparative
Example 1, since there is no piezoelectric body at the distal
end portion, the generated force at the free end E2 is
decreased.

[0051] On the other hand, in the configuration in FIG. 1,
since the second piezoelectric bodies 20a and 206 are
disposed on the free end E2 side, the generated force at the
free end E2 is increased by the driving force generated from
the second piezoelectric bodies 20a and 206, while the
rigidity of the free end E2 is increased. In addition, in the
configuration in FIG. 1, since the thickness of each of the
second piezoelectric bodies 20a and 205 is smaller than the
thickness of each of the first piezoelectric bodies 10a and
105, a significant decrease in the resonance frequency of the
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free end E2 due to the second piezoelectric bodies 20a and
205 being disposed is suppressed. Therefore, in the configu-
ration in FIG. 1, the resonance frequency of the element can
be increased while the amount of displacement of and the
generated force at the free end E2 are kept large.

[0052] The thickness of each of the second piezoelectric
bodies 20a and 2056 is set to a thickness that allows a
significant decrease in the amount of displacement of and
the resonance frequency at the free end E2 to be suppressed
while increasing the generated force at the free end E2. From
this viewpoint, the thickness D2 of each of the second
piezoelectric bodies 20a and 2056 is preferably set to be about
V5 of the thickness D1 of each of the first piezoelectric
bodies 10a and 105. As an example, the thickness D1 of each
of the first piezoelectric bodies 10a and 105 can be set to
about 250 um, and the thickness D2 of each of the second
piezoelectric bodies 20a and 205 can be set to about 50 um.

Effects of Embodiment 1

[0053] According to Embodiment 1 described above, the
following effects are achieved.

[0054] Since the thicknesses of the second piezoelectric
bodies 20a and 205 on the free end E2 side are smaller as
shown in FIG. 1 and FIG. 2B, the mass of a portion at and
near the free end E2 is decreased, so that the resonance
frequency of the free end E2 can be increased while the
amount of displacement of the free end E2 is kept large. In
addition, since the portion at and near the free end E2 is
driven by the second piezoelectric bodies 20a and 205, the
amount of displacement of and the generated force at the
free end E2 can be increased as compared to those in the case
with only the first piezoelectric bodies 10a and 105. There-
fore, the resonance frequency of the element can be
increased while the amount of displacement of and the
generated force at the free end E2 are kept large.

[0055] Since the first piezoelectric bodies 10a and 105 and
the second piezoelectric bodies 20a and 204 are disposed on
both of the upper and lower sides of the shim material 30 as
shown in FIG. 1, the driving forces by the piezoelectric
bodies can be increased. Accordingly, the amount of dis-
placement of and the generated force at the free end E2 can
be effectively increased.

Embodiment 2

[0056] In Embodiment 1 described above, one second
piezoelectric body 20a and one second piezoelectric body
2056 are disposed on the upper and lower surfaces of the shim
material 30, respectively, but in Embodiment 2, two second
piezoelectric bodies are disposed on each of the upper and
lower surfaces of the shim material 30.

[0057] FIG. 5 is a perspective view of a configuration of
the piezoelectric driving element 1 according to Embodi-
ment 2.

[0058] As shown in FIG. 5, in Embodiment 2, second
piezoelectric bodies 21a and 22a on the upper side are
disposed on the upper surface of the shim material 30 so as
to be aligned in a direction (X-axis direction) from the fixed
end E1 toward the free end E2, and second piezoelectric
bodies 215 and 226 on the lower side are disposed on the
lower surface of the shim material 30 so as to be aligned in
the direction (X-axis direction) from the fixed end E1 toward
the free end E2. The lengths of the second piezoelectric
bodies 21a and 215 in the X-axis direction are equal to each
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other, and the lengths of the second piezoelectric bodies 22a
and 225 in the X-axis direction are equal to each other. Gaps
are provided between the second piezoelectric bodies 21a
and 215 and the second piezoelectric bodies 22a and 225,
and gaps are provided between the second piezoelectric
bodies 224 and 225 and the first piezoelectric bodies 10a and
105. The configurations of the first piezoelectric bodies 10a
and 105 are the same as in Embodiment 1 described above.
[0059] FIG. 6A is a top view of the piezoelectric driving
element 1 according to Embodiment 2, and FIG. 6B is a
cross-sectional view of the piezoelectric driving element 1
according to Embodiment 2. FIG. 6B shows a cross-section
of'the piezoelectric driving element 1 obtained by cutting the
piezoelectric driving element 1 at a middle position in the
Y-axis direction along a plane parallel to the X-Z plane.
[0060] Similar to the second piezoelectric bodies 20a and
205 in Embodiment 1 described above, the second piezo-
electric body 21a is configured by stacking electrode layers
211a and 2134 above and below a piezoelectric layer 212a,
respectively, and the second piezoelectric body 215 is con-
figured by stacking electrode layers 2116 and 2136 above
and below a piezoelectric layer 2125, respectively. Simi-
larly, the second piezoelectric body 22a is configured by
stacking electrode layers 221a and 223a above and below a
piezoelectric layer 2224, respectively, and the second piezo-
electric body 225 is configured by stacking electrode layers
2215 and 2235 above and below a piezoelectric layer 2225,
respectively.

[0061] The thickness D2 of each of the piezoelectric layers
212a, 212b, 222a, and 222b in the second piezoelectric
bodies 21a, 21b, 22a, and 2254 is smaller than the thickness
D1 of each of the piezoelectric layers 102a and 1025 of the
first piezoelectric bodies 10a and 1056 as in Embodiment 1
described above. The thicknesses of all the electrode layers
are equal to each other. Therefore, the thickness of each of
the second piezoelectric bodies 21a, 215, 22a, and 225 is
smaller than the thickness of each of the first piezoelectric
bodies 10a and 105.

[0062] The second piezoelectric bodies 21a, 215, 22a, and
22b are formed on the upper surface or the lower surface of
the shim material 30 by the same method as shown in FIGS.
3Ato 3D in Embodiment 1 described above. In the process
in FIG. 3B, the structure on the lower side of FIG. 3B is
divided into four individual pieces according to the lengths
of'the second piezoelectric bodies 21a, 215, 22a, and 225b. In
the process in FIG. 3D, each of the four individualized
structures is bonded at the corresponding position on the
upper surface or the lower surface of the shim material 30.
Thus, a structure shown in FIG. 6B is formed. As in
Embodiment 1 described above, the method for forming the
piezoelectric driving element 1 is not limited to this method.
[0063] In Embodiment 2, for example, the second piezo-
electric bodies 21a and 215 on the distal end side are used
for driving the free end E2, and the second piezoelectric
bodies 22a and 225 on the proximal side are used for
detecting strain of the free end E2. When the free end E2 is
displaced in the Z-axis direction, one of the upper and lower
second piezoelectric bodies 22a and 226 expands, and the
other thereof contracts. At this time, the amount of electric
charge corresponding to the amount of bending (amount of
displacement) of the free end E2 can be detected by detect-
ing electric charge generated in the piezoelectric layers 222a
and 2225, at the electrode layers 221a, 223a, 2215, and
223b.
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[0064] Thus, by using the second piezoelectric bodies 22a
and 225 for strain detection, it is possible to monitor a signal
corresponding to the amount of displacement of the free end
E2 when the first piezoelectric bodies 10a and 106 and the
second piezoelectric bodies 21a and 215 are driven. Accord-
ingly, for example, feedback control, such as adjusting a
voltage applied to the first piezoelectric bodies 10a and 105
and the second piezoelectric bodies 21a and 215, such that
the free end E2 is displaced in a target displacement amount,
can be performed.

[0065] In this case, a length [.21 in the X-axis direction of
each of the second piezoelectric bodies 21a and 216 and a
length .22 in the X-axis direction of each of the second
piezoelectric bodies 22a and 225 are set to lengths that allow
an appropriate force to be generated at the free end E2 by the
second piezoelectric bodies 21a and 214 and that enable
appropriate detection of a signal corresponding to the
amount of displacement of the free end E2. To cause a force
to be generated at the free end E2 more effectively by the
second piezoelectric bodies 21a and 215, the length [.21 is
preferably longer. From this viewpoint, the length 1.21 is
preferably longer than the length 1.22.

Effects of Embodiment 2

[0066] In Embodiment 2 as well, as in Embodiment 1
described above, since the thicknesses of the second piezo-
electric bodies 21a, 215, 22a, and 225 are smaller than the
thicknesses of the first piezoelectric bodies 10a and 105, the
resonance frequency of the element can be increased while
the amount of displacement of and the generated force at the
free end E2 are kept large.

[0067] Additionally, in the configuration of Embodiment
2, the second piezoelectric bodies 22a and 225 can be used
as monitoring elements for detection of strain corresponding
to the amount of displacement of the free end E2. Accord-
ingly, feedback control, such as adjusting a voltage applied
to the first piezoelectric bodies 10a and 105 and the second
piezoelectric bodies 21a and 215, such that the amount of
displacement of the free end E2 becomes a target displace-
ment amount, can be performed.

[0068] As shown in FIG. 5 and FIGS. 6A and 6B, the
second piezoelectric bodies 21a and 215 for driving the free
end E2 are disposed in regions symmetrical in a direction
(Y-axis direction) perpendicular to the direction (X-axis
direction) from the fixed end E1 toward the free end E2.
Accordingly, the free end E2 can be uniformly driven by the
second piezoelectric bodies 21a and 215 for driving, so that
twisting of the free end E2 can be suppressed.

[0069] As shown in FIG. 5 and FIGS. 6A and 6B, the
second piezoelectric bodies 22a and 225 for detecting strain
of'the free end E2 are disposed in regions symmetrical in the
direction (Y-axis direction) perpendicular to the direction
(X-axis direction) from the fixed end E1 toward the free end
E2. Since the second piezoelectric bodies 22a and 224 are
uniformly disposed, without being non-uniformly distrib-
uted on one side in the Y-axis direction, as described above,
twisting in the bending of the free end E2 due to the second
piezoelectric bodies 22a and 226 becoming unbalanced
loads can be suppressed. Therefore, the free end E2 can be
satisfactorily displaced by the second piezoelectric bodies
21a and 22a for driving while strain of the free end E2 is
detected by the second piezoelectric bodies 22a and 225.
[0070] In the above, among the second piezoelectric bod-
ies 21a and 214 and the second piezoelectric bodies 22a and
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22b, the second piezoelectric bodies 22a and 225 are used
for strain detection. However, the second piezoelectric bod-
ies 21a and 215 may be used for detecting strain of the free
end E2, and the second piezoelectric bodies 22a and 225
may be used for driving the free end E2.

Modifications

[0071] FIG. 7A is a top view showing a configuration of
the piezoelectric driving element 1 according to a modifi-
cation of Embodiment 2. For convenience, FIG. 7A shows
a top view of the piezoelectric driving element 1, and the
second piezoelectric body 225 disposed on the lower surface
side of the piezoelectric driving element 1 also has the same
configuration as the second piezoelectric body 22a on the
upper surface side.

[0072] In this modification, the width in the Y-axis direc-
tion of each of the second piezoelectric bodies 22a and 225
is smaller than the width in the Y-axis direction of the shim
material 30, that is, the width in the Y-axis direction of each
of the second piezoelectric bodies 21a and 215 on the distal
end side. The sizes of the upper and lower second piezo-
electric bodies 22a and 226 are the same as each other. The
second piezoelectric bodies 22a and 225 have a rectangular
shape in a plan view, and are disposed at the center in the
Y-axis direction.

[0073] In this modification as well, the second piezoelec-
tric bodies 22a and 225 can be used as monitoring elements
for detection of strain corresponding to the amount of
displacement of the free end E2. In this case, as shown by
broken lines in FIG. 7A, second piezoelectric bodies for
driving may be further disposed on the Y-axis positive and
negative sides of the second piezoelectric bodies 22a and
22b, respectively, so as to extend in the X-axis direction.
Accordingly, as compared to the configuration of Embodi-
ment 2, the generated force at the free end E2 can be
increased.

[0074] In the configuration in FIG. 7A as well, the second
piezoelectric bodies 22a and 224 for detecting strain corre-
sponding to the amount of displacement of the free end E2
are disposed in regions symmetrical in the direction (Y-axis
direction) perpendicular to the direction (X-axis direction)
from the fixed end E1 toward the free end E2. Since the
second piezoelectric bodies 22a and 225 are uniformly
disposed, without being non-uniformly distributed on one
side in the Y-axis direction, as described above, twisting in
the bending of the free end E2 due to the second piezoelec-
tric bodies 22a and 225 becoming unbalanced loads can be
suppressed. Therefore, the free end E2 can be satisfactorily
displaced by the second piezoelectric bodies 21a and 22a for
driving while the amount of strain corresponding to the
amount of displacement of the free end E2 is detected by the
second piezoelectric bodies 22a and 22b.

[0075] FIG. 7B is a cross-sectional view showing a con-
figuration of the piezoelectric driving element 1 according to
another modification of Embodiment 2. Similar to FIG. 6B,
FIG. 7B shows a cross-section of the piezoelectric driving
element 1 obtained by cutting the piezoelectric driving
element 1 at the center position thereof in the Y-axis
direction.

[0076] In this modification, the thickness of each of the
piezoelectric layers 222a and 2224 of the second piezoelec-
tric bodies 22a and 225 is smaller than the thickness D2 of
each of the piezoelectric layers 212a and 2125 of the second
piezoelectric bodies 21a and 215 on the distal end side. The
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thicknesses of the upper and lower second piezoelectric
bodies 22a and 2254 are equal to each other. In addition, the
thicknesses of the respective electrode layers of the second
piezoelectric bodies 21a, 215, 22a, and 225 are equal to each
other. Therefore, the thicknesses of the second piezoelectric
bodies 224 and 225 are smaller than the thicknesses of the
second piezoelectric bodies 21a and 215. The configurations
of the second piezoelectric bodies 22a and 225 in a plan
view are the same as in Embodiment 2.

[0077] In this modification as well, the second piezoelec-
tric bodies 22a and 225 can be used as detection elements for
monitoring the amount of strain corresponding to the
amount of displacement of the free end E2. Here, in the case
where the second piezoelectric bodies 21a, 215, 224, and
22b are all used as piezoelectric bodies for driving, as the
thickness of any of the second piezoelectric bodies 21a, 215,
22a, and 2256 is increased, the generated force at the free end
E2 in the piezoelectric driving element 1 can be increased,
but the resonance frequency of the element is decreased.
However, in this modification, the second piezoelectric
bodies 22a and 225 which are used as elements for moni-
toring an amount of strain do not require a driving force, that
is, a generated force, and only have to have a thickness or
size required for electric charge detection. In this modifica-
tion, since the second piezoelectric bodies 22a and 225 are
smaller than those in Embodiment 2, the resonance fre-
quency of the element can be increased while the ability to
detect strain is ensured.

[0078] In the case where the thicknesses of the second
piezoelectric bodies 22a and 225 are small as in the modi-
fication in FIG. 7B, the electrode layers and the piezoelectric
layers included in the second piezoelectric bodies 22a and
22b can be formed on the upper and lower surfaces of the
shim material 30 by a sputtering method using a metal mask.
In this case, first, the second piezoelectric bodies 22a and
22b may be formed on the upper and lower surfaces of the
shim material 30, and then the first piezoelectric bodies 10a
and 105 and the second piezoelectric bodies 21a and 215
formed by the same process as in FIGS. 3A to 3C may be
bonded to the upper and lower surfaces of the shim material
30.

[0079] Also, in the modification in FIG. 7B as well, as in
FIG. 7A, the widths in the Y-axis direction of the second
piezoelectric bodies 22a and 225 may be narrowed. In this
case as well, second piezoelectric bodies for driving may be
further disposed on the Y-axis positive and negative sides of
the second piezoelectric bodies 22a and 225, respectively, so
as to extend in the X-axis direction.

Embodiment 3

[0080] In Embodiment 2 described above, the second
piezoelectric body is divided in the X-axis direction. On the
other hand, in Embodiment 3, the second piezoelectric body
is divided in the Y-axis direction.

[0081] FIG. 8 is a perspective view showing a configura-
tion of the piezoelectric driving element 1 according to
Embodiment 3. FIGS. 9A and 9B are a top view and a
bottom view of the piezoelectric driving element 1 accord-
ing to Embodiment 3, respectively, and FIGS. 10A and 10B
are each a cross-sectional view of the piezoelectric driving
element 1 according to Embodiment 3. FIG. 10A shows a
cross-sectional view of the piezoelectric driving element 1
taken at a position Al in FIG. 9A, and FIG. 10B shows a
cross-sectional view of the piezoelectric driving element 1
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taken at a position A2 in FIG. 9A. A cross-sectional view
taken at the position of the second piezoelectric body 21a on
the Y-axis positive side is the same as FIG. 10A.

[0082] As shown in FIG. 8 to FIG. 10B, in Embodiment
3, the second piezoelectric body is divided in the Y-axis
direction. That is, a plurality of second piezoelectric bodies
are disposed so as to be aligned in a direction (Y-axis
direction) intersecting the direction from the fixed end E1
toward the free end E2. On the free end E2 side of the
piezoelectric driving element 1, the second piezoelectric
bodies 22a and 225 are disposed at the center in the Y-axis
direction, and the second piezoelectric bodies 21a and 215
are disposed on both ends in the Y-axis direction. Gaps are
provided between the second piezoelectric bodies 21a and
214 and the second piezoelectric bodies 22a and 224. The
piezoelectric driving element 1 has a structure symmetrical
in the Y-axis direction.

[0083] A thickness D22 of each of the piezoelectric layers
222a and 2225 of the second piezoelectric bodies 22a and
22b is smaller than a thickness D21 of each of the piezo-
electric layers 212a and 2124 of the second piezoelectric
bodies 21a and 21b. The thicknesses of the respective
electrode layers of the second piezoelectric bodies 21a, 215,
22a, and 22b are equal to each other. Therefore, the thick-
nesses of the second piezoelectric bodies 22a and 224 are
smaller than the thicknesses of the second piezoelectric
bodies 21a and 215. The configurations of the first piezo-
electric bodies 10a and 105 are the same as in Embodiment
2.

[0084] The central second piezoelectric bodies 22a and
22b can be formed by a sputtering method using a metal
mask, as in the modification in FIG. 7B. In this case as well,
first, the central second piezoelectric bodies 22a and 225 are
formed on the upper and lower surfaces of the shim material
30, and then a structure composed of the first piezoelectric
bodies 10a and 105 and a structure composed of the second
piezoelectric bodies 21a and 215 are bonded to the upper
and lower surfaces of the shim material 30.

Effects of Embodiment 3

[0085] In Embodiment 3 as well, as in Embodiments 1 and
2 described above, since the thicknesses of the second
piezoelectric bodies 21a, 215, 22a, and 225 are smaller than
the thicknesses of the first piezoelectric bodies 10a and 105,
the resonance frequency of the element can be increased
while the amount of displacement of and the generated force
at the free end E2 are kept large.

[0086] Also, in Embodiment 3 as well, as in Embodiment
2, the second piezoelectric bodies 22a and 225 can be used
for detecting strain of the free end E2. In this case, in
Embodiment 3, the second piezoelectric bodies 21a and 215
for driving extend from the free end E2 to the vicinity of the
boundary of the first piezoelectric bodies 10a and 105, and
the second piezoelectric bodies 21a and 2156 are formed
continuously in the X-axis direction from the fixed end E1
to the free end E2 while having a slight distance from the
first piezoelectric bodies 10a and 105. Therefore, as com-
pared to Embodiment 2, the amount of displacement and the
force generated by the second piezoelectric bodies 21a and
21b can be increased. In addition, the second piezoelectric
bodies 22a and 22b for strain detection extend from the
vicinity of the boundary of the first piezoelectric bodies 10a
and 105 to the distal end of the piezoelectric driving element
1 in the X-axis direction in which a change in the amount of
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bending is larger than in Embodiment 2, and driving parts
composed of the second piezoelectric bodies 21a and 215
are also formed at positions, near the second piezoelectric
bodies 22a and 225, aligned in the direction (Y-axis direc-
tion) intersecting the direction from the fixed end E1 toward
the free end E2. Therefore, the amount of electric charge
detected by the second piezoelectric bodies 22a and 2256 is
increased, so that strain corresponding to the amount of
displacement of the free end E2 can be monitored more
accurately.

[0087] Also, as shown in FIG. 8 and FIGS. 9A and 9B, the
second piezoelectric bodies 21a and 215 for driving the free
end E2 are disposed in regions symmetrical in the direction
(Y-axis direction) perpendicular to the direction (X-axis
direction) from the fixed end E1 toward the free end E2.
Accordingly, the free end E2 can be uniformly driven by the
second piezoelectric bodies 21a and 215 for driving, so that
twisting of the free end E2 can be suppressed.

[0088] In addition, as shown in FIG. 8 and FIGS. 9A and
9B, the second piezoelectric bodies 22a and 224 for detect-
ing strain of the free end E2 are disposed in the regions
symmetrical in the direction (Y-axis direction) perpendicular
to the direction (X-axis direction) from the fixed end E1
toward the free end E2. Since the second piezoelectric
bodies 22a and 225 are uniformly disposed, without being
non-uniformly distributed on one side in the Y-axis direc-
tion, as described above, twisting in the bending of the free
end E2 due to the second piezoelectric bodies 22a and 225
becoming unbalanced loads can be suppressed. Therefore,
the free end E2 can be satisfactorily displaced by the second
piezoelectric bodies 21a and 22a for driving while strain of
the free end E2 is detected by the second piezoelectric
bodies 224 and 225.

[0089] In the configuration in FIG. 8 to FIG. 10B, the
second piezoelectric bodies 22a and 225 for strain detection
are disposed at the center in the Y-axis direction. However,
the second piezoelectric bodies 21a and 215 for driving may
be disposed at the center in the Y-axis direction, and the
second piezoelectric bodies 22a and 225 for strain detection
may be disposed on both sides in the Y-axis direction.
[0090] Also, in the configuration in FIG. 8 to FIG. 10B,
the thicknesses of the second piezoelectric bodies 22a and
22b for detection are smaller than the thicknesses of the
second piezoelectric bodies 21a and 215 for driving. How-
ever, as in the case of FIG. 5 and FIGS. 6A and 6B, the
thicknesses of the second piezoelectric bodies 22a and 226
for detection may be equal to the thicknesses of the second
piezoelectric bodies 21a and 215 for driving.

[0091] Also, in the configuration in FIG. 8 to FIG. 10B,
the length of the second piezoelectric body 21a and the
length of the second piezoelectric body 224 are equal to each
other. However, the length of the second piezoelectric body
21a may be different from the length of the second piezo-
electric body 22a.

Embodiment 4

[0092] In Embodiment 1 described above, the first piezo-
electric bodies 10a and 106 and the second piezoelectric
bodies 20a and 206 are disposed on the upper and lower
surfaces of the shim material 30, but a first piezoelectric
body and a second piezoelectric body may be disposed on
only one of the upper and lower surfaces of the shim
material 30.
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[0093] FIG. 11 is a perspective view showing a configu-
ration of the piezoelectric driving element 1 according to
Embodiment 4.

[0094] In the configuration example in FIG. 11, the first
piezoelectric body 10a and the second piezoelectric body
20a are disposed on only the upper surface of the shim
material 30. The configurations of the first piezoelectric
body 10a and the second piezoelectric body 20a are the
same as in Embodiment 1. The first piezoelectric body 10a
and the second piezoelectric body 20a are disposed on the
upper surface of the shim material 30, for example, through
the same process as in FIGS. 3A to 3D. In the configuration
example in FIG. 11, after the first piezoelectric body 10a and
the second piezoelectric body 20a are disposed on the upper
surface of the shim material 30, an end portion on the fixed
end E1 side of the shim material 30 is bonded to the support
base 40.

[0095] When a driving voltage is applied to the first
piezoelectric body 10a and the second piezoelectric body
20a, the first piezoelectric body 10a and the second piezo-
electric body 20a expand and contract in the longitudinal
direction (X-axis direction). At this time, the expansion and
contraction of the first piezoelectric body 10a and the second
piezoelectric body 20a near the surfaces of the first piezo-
electric body 10a and the second piezoelectric body 20a to
which the shim material 30 is bonded is reduced by being
restrained by the shim material 30, but the expansion and
contraction of the first piezoelectric body 10a and the second
piezoelectric body 20a near the surfaces of the first piezo-
electric body 10a and the second piezoelectric body 20a that
are opposite to the surfaces to which the shim material 30 is
bonded is increased. Therefore, when the first piezoelectric
body 104 and the second piezoelectric body 20a expand and
contract in the longitudinal direction (X-axis direction), the
shim material 30 and also the free end E2 are displaced in
the Z-axis direction. Accordingly, a to-be-driven body dis-
posed at the free end E2 is driven.

Effects of Embodiment 4

[0096] In Embodiment 4 as well, as in Embodiments 1 to
3 described above, since the thickness of the second piezo-
electric body 20qa is smaller than the thickness of the first
piezoelectric body 10a, the resonance frequency of the
element can be increased while the amount of displacement
of and the generated force at the free end E2 are kept large.
[0097] In the configuration example in FIG. 11, the first
piezoelectric body 10a and the second piezoelectric body
20a are disposed on only the upper surface of the shim
material 30. However, the first piezoelectric body 10a and
the second piezoelectric body 20a may be omitted from the
configuration in FIG. 1, and the first piezoelectric body 105
and the second piezoelectric body 205 may be disposed on
only the lower surface of the shim material 30.

[0098] In the configuration in FIG. 11, since the first
piezoelectric body 10a and the second piezoelectric body
20a are disposed on only one surface of the shim material
30, the driving force is decreased as compared to that in the
case where the first piezoelectric bodies 10a and 106 and the
second piezoelectric bodies 20a and 205 are disposed on
both surfaces of the shim material 30 as in Embodiment 1
described above. Therefore, in order to increase the amount
of displacement of the free end E2 by exerting a larger
generated force on the free end E2, the first piezoelectric
body and the second piezoelectric body are preferably
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disposed above and below a flat surface from the fixed end
E1 toward the free end E2 (on the upper and lower surfaces
of the shim material 30), respectively, as in Embodiment 1
described above.

Embodiment 5

[0099] In Embodiment 5, the second piezoelectric body
20a in the configuration in Embodiment 4 is further divided
into a plurality of parts.

[0100] FIG. 12 is a perspective view showing a configu-
ration of the piezoelectric driving element 1 according to
Embodiment 5.

[0101] In the configuration of FIG. 12, the second piezo-
electric body is divided in the X-axis direction. The second
piezoelectric bodies 21a and 22a are disposed so as to be
aligned in the direction (X-axis direction) from the fixed end
E1 toward the free end E2. The piezoelectric driving element
1 in FIG. 12 has a configuration in which the first piezo-
electric body 105 and the second piezoelectric bodies 22a
and 225 on the lower side are omitted from the piezoelectric
driving element 1 of Embodiment 2 shown in FIG. 5 to FIG.
6B. In this configuration as well, after the first piezoelectric
body 10a and the second piezoelectric body 20a are dis-
posed on the upper surface of the shim material 30, the end
portion on the fixed end E1 side of the shim material 30 is
bonded to the support base 40.

[0102] In the configuration in FIG. 12 as well, as in
Embodiment 2, the second piezoelectric body 22a can be
used for detecting strain of the free end E2. As in the case
of FIG. 7B, the thickness of the second piezoelectric body
22a may be smaller than the thickness of the second piezo-
electric body 21a. In addition, as in the case of FIG. 7A, the
width of the second piezoelectric body 22a may be smaller
than the width of the second piezoelectric body 21a, and
second piezoelectric bodies for driving may be further
disposed in the regions shown by the broken lines in FIG.
7A.

[0103] FIG. 13 is a perspective view showing another
configuration of the piezoelectric driving element 1 accord-
ing to Embodiment 5.

[0104] In the configuration in FIG. 13, two second piezo-
electric bodies 21a and a second piezoelectric body 22a are
disposed so as to be aligned in the direction (Y-axis direc-
tion) intersecting the direction from the fixed end E1 toward
the free end E2. The second piezoelectric body 22a is
disposed at the center in the Y-axis direction, and the two
second piezoelectric bodies 21a are disposed on both sides
in the Y-axis direction. The thickness of the central second
piezoelectric body 22a is smaller than the thickness of each
of the second piezoelectric bodies 21a on both sides.
[0105] The piezoelectric driving element 1 in FIG. 13 has
a configuration in which the first piezoelectric body 1056 and
the second piezoelectric bodies 22a and 226 are omitted
from the piezoelectric driving element 1 of Embodiment 3
shown in FIG. 8 to FIG. 10B. In this configuration as well,
after the first piezoelectric body 10a and the second piezo-
electric body 20a are disposed on the upper surface of the
shim material 30, the end portion on the fixed end E1 side
of the shim material 30 is bonded to the support base 40.
[0106] In the configuration in FIG. 13 as well, as in
Embodiment 3 described above, the second piezoelectric
body 22a can be used for detecting strain of the free end E2.
As in the case of Embodiment 3 described above, the
thickness of the second piezoelectric body 22a may be equal
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to the thickness of each second piezoelectric body 21a. In
addition, as in the case of Embodiment 3 described above,
the second piezoelectric body 21ae for driving may be
disposed at the center in the Y-axis direction, and the second
piezoelectric body 22a for strain detection may be disposed
on each of both sides in the Y-axis direction. The length of
each second piezoelectric body 21a and the length of the
second piezoelectric body 22a may be different from each
other.

[0107] In the configuration examples in FIG. 12 and FIG.
13, as in the configuration example in FIG. 11, when a
voltage is applied to the first piezoelectric body 10a and each
second piezoelectric body 21a, the expansion and contrac-
tion of the first piezoelectric body 10a and the second
piezoelectric body 21a near the surfaces of the first piezo-
electric body 10a and the second piezoelectric body 21a to
which the shim material 30 is bonded is different from that
near the surfaces of the first piezoelectric body 10a and the
second piezoelectric body 21a that are opposite to the
surfaces to which the shim material 30 is bonded, whereby
the shim material 30 and also the free end E2 are displaced
in the Z-axis direction. Accordingly, a to-be-driven body
disposed at the free end E2 is driven. At this time, the electric
charge corresponding to the amount of displacement of the
free end E2 can be detected using the second piezoelectric
body 22a. Accordingly, feedback control for displacing the
free end E2 by a target displacement amount is performed.
In the configuration in FIG. 13, the second piezoelectric
body 22a for strain detection extends from the vicinity of the
boundary of the first piezoelectric body 10a to the distal end
of the piezoelectric driving element 1 in the X-axis direction
in which a change in the amount of bending is larger than in
the configuration in FIG. 12, and driving parts composed of
the second piezoelectric bodies 21a are also formed at
positions, near the second piezoelectric body 224, aligned in
the direction (Y-axis direction) intersecting the direction
from the fixed end E1 toward the free end E2. Therefore, the
amount of electric charge detected by the second piezoelec-
tric body 22a is increased, so that the amount of strain
corresponding to the amount of displacement of the free end
E2 can be monitored more accurately.

Effects of Embodiment 5

[0108] In Embodiment 5 as well, as in Embodiments 1 to
4 described above, since the thicknesses of the second
piezoelectric bodies 21a and 22a are smaller than the
thickness of the first piezoelectric body 10q, the resonance
frequency of the element can be increased while the amount
of displacement of and the generated force at the free end E2
are kept large.

[0109] Inaddition, by using the second piezoelectric body
22a for detecting displacement of the free end E2, feedback
control can be performed such that the amount of displace-
ment of the free end E2 becomes a target displacement
amount, while the generated force at the free end E2 is
compensated for by the second piezoelectric body 21a.
[0110] In the configurations in FIG. 12 and FIG. 13, since
the first piezoelectric body 10a and the second piezoelectric
bodies 21a and 224 are disposed on only one surface of the
shim material 30, the driving force is decreased as compared
to that in the case where the first piezoelectric bodies 10a
and 105 and the second piezoelectric bodies 21a, 215, 22a,
and 2254 are disposed on both surfaces of the shim material
30 as in Embodiments 2 and 3. Therefore, in order to
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increase the amount of displacement of the free end E2 by
exerting a larger generated force on the free end E2, the first
piezoelectric body and the second piezoelectric body are
preferably disposed above and below a flat surface from the
fixed end E1 toward the free end E2 (on the upper and lower
surfaces of the shim material 30), respectively, as in
Embodiment 1 described above.

Embodiment 6

[0111] In Embodiments 1 to 3 described above, the first
piezoelectric bodies 10a and 105 and the second piezoelec-
tric bodies 21a, 215, 22a, and 225 are disposed on the upper
and lower surfaces of the shim material 30. However, in
Embodiment 6, the shim material 30 is omitted.

[0112] FIG. 14A is a cross-sectional view showing a
configuration of the piezoelectric driving element 1 in which
the shim material 30 is omitted from the configuration of
Embodiment 1 shown in FIG. 1 to FIG. 2B. FIG. 14A shows
a cross-sectional view of a structure of the piezoelectric
driving element 1 excluding the support base 40, taken at the
center position in the Y-axis direction along a plane parallel
to the X-Z plane.

[0113] FIG. 14B is a cross-sectional view showing a
configuration of the piezoelectric driving element 1 in which
the shim material 30 is omitted from the configuration of
Embodiment 2 shown in FIG. 5 to FIG. 6B. FIG. 14B shows
a cross-sectional view of a structure of the piezoelectric
driving element 1 excluding the support base 40, taken at the
center position in the Y-axis direction along a plane parallel
to the X-Z plane.

[0114] FIG. 14C is a cross-sectional view showing a
configuration of the piezoelectric driving element 1 in which
the shim material 30 is omitted from the configuration of the
modification of Embodiment 2 shown in FIG. 7B. FIG. 14C
shows a cross-sectional view of a structure of the piezoelec-
tric driving element 1 excluding the support base 40, taken
at the center position in the Y-axis direction along a plane
parallel to the X-Z plane.

[0115] Inthe configuration of FIG. 14A, an electrode layer
103 is shared by the first piezoelectric bodies 10a and 105
and the second piezoelectric bodies 20a and 205, and in the
configurations in FIGS. 14B and 14C, an electrode layer 103
is shared by the first piezoelectric bodies 10a and 105 and
the second piezoelectric bodies 21a, 215, 224, and 225b. The
shared electrode layer 103 is connected to a ground, and a
driving voltage is applied to the electrode layers 101a, 1015,
201a, 20154, 2114, and 2115. At this time, in the case where
the polarization directions of the respective piezoelectric
layers 102a, 2024, and 2124 of the first piezoelectric bodies
10a, 20a, and 21a and the respective piezoelectric layers
1025, 202b, and 2124 of the second piezoelectric bodies
104, 205, and 215 are made to be substantially the same on
the positive and negative sides in the Z-axis direction,
expansion of the first piezoelectric bodies 10a, 20a, and 21a
and contraction of the second piezoelectric bodies 105, 205,
and 215, or contraction of the first piezoelectric bodies 10a,
20a, and 21a and expansion of the second piezoelectric
bodies 105, 205, and 215 can be simultaneously caused by
applying a voltage having a phase opposite to that of the
ground potential of the electrode layer 103, to the electrode
layers 101a, 2014, and 211a and the electrode layers 1015,
2015, and 2115. On the other hand, in the case where the
polarization directions of the respective piezoelectric layers
102a, 202a, and 212a of the first piezoelectric bodies 10aq,
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20a, and 21a and the respective piezoelectric layers 1025,
2025, and 2126 of the second piezoelectric bodies 105, 205,
and 215 are made to be substantially opposite to each other
on the positive and negative sides in the Z-axis direction,
expansion of the first piezoelectric bodies 10a, 20a, and 21a
and contraction of the second piezoelectric bodies 105, 205,
and 2154, or contraction of the first piezoelectric bodies 10a,
20a, and 21a and expansion of the second piezoelectric
bodies 105, 205, and 215 can be simultaneously caused by
applying a voltage having the same phase as the ground
potential of the electrode layer 103, to the electrode layers
101a, 201a, and 211a and the electrode layers 1015, 2015,
and 2115. Here, the polarization directions of the respective
piezoelectric layers 1024, 2024, and 212a of the first piezo-
electric bodies 10a, 20a, and 21a and the respective piezo-
electric layers 1025, 2025, and 2125 of the second piezo-
electric bodies 105, 205, and 215 are determined by the
polarity of a voltage during a polarization treatment includ-
ing a step of applying in advance a voltage, which is higher
than the driving voltage to be used, between the electrode
layer 103 and each of the electrode layers 101qa, 1015, 201a,
2015, 211a, and 2115 after the piezoelectric driving element
1 is produced. The free end E2 is displaced in the Z-axis
direction by such expansion and contraction in the longitu-
dinal direction (X-axis direction) of the upper and lower first
piezoelectric bodies 10a and 106 and the upper and lower
second piezoelectric bodies 20a and 204 or the upper and
lower first piezoelectric bodies 10a and 105 and the upper
and lower second piezoelectric bodies 21a and 215.

[0116] Also, in the configurations in FIGS. 14B and 14C,
the second piezoelectric bodies 22a and 2256 can be used as
detection elements for monitoring the amount of strain
corresponding to the amount of displacement of the free end
E2. In this case, in the configuration in FIG. 14C, the
thicknesses of the second piezoelectric bodies 22a and 225
(the thicknesses of the piezoelectric layers 222a and 2225)
are smaller than those in the configuration in FIG. 14B, so
that the resonance frequency of the element can be increased
while the ability to detect an amount of strain is ensured.
[0117] The piezoelectric driving element 1 shown in FIG.
14A is formed, for example, as follows.

[0118] The Ag clectrodes 401 and 402 are formed by
printing on only one surfaces of the PZT thin plates 301 and
302 formed by the same method as in FIG. 3A. Next, the
PZT thin plates 301 and 302 having the Ag electrodes 401
and 402 printed on the surfaces thereof are diced into
individual pieces. The thus-individualized structures are
bonded to the upper and lower surfaces of a conductive plate
composed of a copper plate or the like. Accordingly, the
structure in FIG. 14A is formed.

[0119] The PZT thin plate 301 and the PZT thin plate 302
correspond to the piezoelectric layers 102a and 10256 and the
piezoelectric layers 202a and 2025 in FIG. 14A, respec-
tively, and the Ag electrode 401 and the Ag electrode 402
correspond to the electrode layers 101a and 1015 and the
electrode layers 201a and 2015 in FIG. 14A, respectively. In
addition, the conductive plate corresponds to the electrode
layer 103 in FIG. 14A. As described above, the electrode
layer 103 is shared by the first piezoelectric bodies 10a and
105 and the second piezoelectric bodies 20a and 205.
[0120] In FIGS. 14B and 14C as well, the structures
composed of the first piezoelectric bodies 10a and 105 and
the second piezoelectric bodies 21a, 215, 22a, and 22b
formed by the same method are bonded to the upper and
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lower surfaces of the shared electrode layer 103 which is
composed of a conductive plate, whereby the piezoelectric
driving element 1 is formed. In the configuration in FIG.
14C, as in the case of FIG. 7B, the second piezoelectric
bodies 22a and 22b may be formed by a sputtering method
using a metal mask.

Effects of Embodiment 6

[0121] In Embodiment 6 as well, as in Embodiments 1 to
5 described above, since the thicknesses of the second
piezoelectric bodies 21a, 215, 224, and 225 are smaller than
the thicknesses of the first piezoelectric bodies 10a and 105,
the resonance frequency of the element can be increased
while the amount of displacement of and the generated force
at the free end E2 are kept large.

[0122] In addition, by using the second piezoelectric body
22a for detecting strain corresponding to the amount of
displacement of the free end E2, feedback control can be
performed such that the amount of displacement of the free
end E2 becomes a target displacement amount, while the
generated force at the free end E2 is compensated for by the
second piezoelectric bodies 21a and 215.

[0123] In the above, the configurations in which the shim
material 30 is omitted from the configurations of Embodi-
ment 1, Embodiment 2, and the modifications of Embodi-
ment 2 are shown, but the piezoelectric driving element 1
may be configured by omitting the shim material 30 from the
configuration of Embodiment 3 shown in FIG. 8 to FIG.
10B. In this case as well, the same effects as described above
can be achieved.

Other Modifications

[0124] In Embodiments 1 to 6 described above, gaps are
provided between the first piezoelectric bodies 10a and 105
and the second piezoelectric bodies 20a, 205, 214, 215, 22a,
and 224, but the piezoelectric layers of the first piezoelectric
bodies 10a and 105 and the piezoelectric layers of the
second piezoelectric bodies 20a, 2056, 21a, 215, 22a, and 225
may be connected to each other.

[0125] FIG. 15A is a diagram showing a configuration
example in which in the configuration of Embodiment 1, the
piezoelectric layer 102a and the piezoelectric layer 2024 are
connected to each other and the piezoelectric layer 1025 and
the piezoelectric layer 2026 are connected to each other.
FIG. 15B is a diagram showing a configuration example in
which in the configuration of Embodiment 2, the piezoelec-
tric layer 1024, the piezoelectric layer 2224, and the piezo-
electric layer 212a are connected to each other and the
piezoelectric layer 1025, the piezoelectric layer 2225, and
the piezoelectric layer 21256 are connected to each other.

[0126] In these configuration examples as well, the thick-
ness D2 of each of the piezoelectric layers 2124, 2125, 222a,
and 22254 is smaller than the thickness D1 of each of the
piezoelectric layers 102a and 10256. In addition, the elec-
trodes on the surface side of the first piezoelectric bodies 10a
and 105 and the electrodes on the surface side of the second
piezoelectric bodies 20a, 205, 21a, 215, 22a, and 225 are
separated from each other. The electrodes on the shim
material 30 side of the first piezoelectric bodies 10a and 105
and the electrodes on the shim material 30 side of the second
piezoelectric bodies 20a, 205, 21a, 215, 22a, and 225 may
be shared as shown in FIGS. 15A and 15B.
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[0127] In the configurations in FIGS. 15A and 15B as
well, by connecting the shared electrode layers 103a and
1035 to a ground and applying a driving voltage to the
electrode layers 101qa, 1015, 201a, 2015, 2114, and 2115 on
the surface side, the free end E2 can be displaced. Also, in
the configuration in FIG. 15B, the second piezoelectric
bodies 22a and 225 can be used for detecting the amount of
strain corresponding to the amount of displacement of the
free end E2.

[0128] In the embodiments and the modifications other
than Embodiments 1 and 2 as well, similarly, the piezoelec-
tric layers of the first piezoelectric bodies 10a and 106 and
the piezoelectric layers of the second piezoelectric bodies
20a, 205, 21a, 21b, 224, and 225 may be connected to each
other.

[0129] In Embodiments 2, 3, and 5 described above, the
second piezoelectric bodies 22a and 224 are used for detect-
ing the amount of strain corresponding to the amount of
displacement of the free end E2, but both or either one of
these piezoelectric bodies may be used for driving the free
end E2. In the configurations of Embodiment 6 shown in
FIGS. 14B and 14C and the configuration of the modifica-
tion shown in FIG. 15B as well, both or either one of the
second piezoelectric bodies 22a and 226 may be used for
driving the free end E2.

[0130] In Embodiments 1 to 6 and the modifications
described above, the first piezoelectric bodies 10a and 105
are integrally formed, but the first piezoelectric bodies 10a
and 105 may each be divided into a plurality of parts in the
length direction (X-axis direction) or the width direction
(Y-axis direction).

[0131] The number of parts into which the second piezo-
electric body is divided is not limited to the numbers shown
in Embodiments 2, 3, 5, and 6 described above, and the
second piezoelectric body may be divided into another
number of parts.

[0132] The size and the material of each part of the
piezoelectric driving element 1 and the manufacturing
method for the piezoelectric driving element 1 are not
limited to those shown in Embodiments 1 to 6 and the
modifications described above, and can be changed as
appropriate.

[0133] In addition to the above, various modifications can
be made as appropriate to the embodiments of the present
invention, without departing from the scope of the techno-
logical idea defined by the claims.

What is claimed is:

1. A cantilever-type piezoelectric driving element in
which one end which is a fixed end is fixed to a support base
and another end which is a free end is driven, the piezo-
electric driving element comprising:

a first piezoelectric body disposed on the fixed end side;

and

a second piezoelectric body disposed on the free end side

with respect to the fixed end, wherein

a thickness of the second piezoelectric body is smaller

than a thickness of the first piezoelectric body.

2. The piezoelectric driving element according to claim 1,
wherein the second piezoelectric body is divided into a
plurality of second piezoelectric bodies.

3. The piezoelectric driving element according to claim 2,
wherein the plurality of divided second piezoelectric bodies
are aligned in a direction from the fixed end toward the free
end.
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4. The piezoelectric driving element according to claim 2,
wherein the plurality of divided second piezoelectric bodies
are aligned in a direction intersecting a direction from the
fixed end toward the free end.

5. The piezoelectric driving element according to claim 2,
wherein a thickness of one of the plurality of divided second
piezoelectric bodies is smaller than a thickness of another
one(s) of the plurality of divided second piezoelectric bod-
ies.

6. The piezoelectric driving element according to claim 2,
wherein the plurality of second piezoelectric bodies are
classified into a piezoelectric body for driving the free end
and a piezoelectric body for detecting strain of the free end.

7. The piezoelectric driving element according to claim 6,
wherein a thickness of the second piezoelectric body for
detecting strain of the free end is smaller than a thickness of
the second piezoelectric body for driving the free end.

8. The piezoelectric driving element according to claim 6,
wherein the second piezoelectric body for driving the free
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end is disposed in each of regions symmetrical in a direction
perpendicular to a direction from the fixed end toward the
free end.

9. The piezoelectric driving element according to claim 6,
wherein the second piezoelectric body for detecting strain of
the free end is disposed in each of regions symmetrical in a
direction perpendicular to a direction from the fixed end
toward the free end.

10. The piezoelectric driving element according to claim
1, wherein the first piezoelectric body and the second
piezoelectric body are disposed so as to be overlaid on a
plate-shaped shim material.

11. The piezoelectric driving element according to claim
1, wherein the first piezoelectric body and the second
piezoelectric body are disposed above and below a flat
surface from the fixed end toward the free end.
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