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(57) ABSTRACT 

An actuator element has a plate member, a piezoelectric/ 
electroStrictive body disposed in facing, relation to the plate 
member, and a beam disposed between the plate member 
and the piezoelectric/electroStrictive body and fixing the 
piezoelectric/electrostrictive body to the plate member. The 
piezoelectric/electroStrictive body has a piezoelectric/elec 
troStrictive layer, an upper electrode formed on a Surface of 
the piezoelectric/electroStrictive layer which faces the plate 
member, and a lower electrode formed on a Surface of the 
piezoelectric/electroStrictive layer which is opposite to the 
Surface thereof facing the plate member. When an electric 
field is applied to the upper electrode and the lower elec 
trode, a portion of the piezoelectric/electroStrictive body is 
displaced toward or away from the plate member. 
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ACTUATOR DEVICE 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to an actuator element 
for converting electric energy into mechanical energy 
(mechanical displacement, stress, vibration, or the like), 
Such as a display, a relay, an actuator (an actuator of the type 
for generating flexural displacement, for use in a Servo 
displacement device or the like), or the like, and for con 
Verting mechanical energy into electric energy, Such as a 
Sensor (a filter, an acceleration sensor, a shock Sensor, or the 
like), a transformer, a microphone, a Sound producing mem 
ber (a speaker or the like), a vibrator, or an oscillator (for 
power or communication use), and a device incorporating 
Such an actuator element. 

0003 2. Description of the Related Art 
0004. In recent years, there has been a demand in the 
optical and precision machining fields for displacement 
elements for adjusting optical path lengths and positions in 
the order of Submicrons and detection elements for detecting 
a minute displacement as a change in an electric Signal. 

0005 To meet such a demand, efforts are being made to 
develop actuators and Sensors (hereinafter referred to as 
actuator elements) which utilize a displacement based on an 
inverse piezoelectric effect or an electroStrictive effect that 
occurs when an electric field is applied to a piezoelectric/ 
electroStrictive material Such as a ferroelectric material or 
the like, or a reverse phenomenon. 
0006. In the above fields, the development of actuator 
elements which are inexpensive, Small in size, operate under 
low Voltages, and have high-speed response is under way. 

0007 As shown in FIG. 17, a conventional actuator 
element 200 has a ceramic substrate 202 and piezoelectric/ 
electrostrictive operation units 204 formed on the ceramic 
Substrate 202. 

0008. The ceramic substrate 202 has cavities 206 provid 
ing thin-plate portions functioning as Vibration plates 208. 
The piezoelectric/electrostrictive operation units 204 are 
formed on the vibration plates 208. Each of the piezoelec 
tric/electrostrictive operation units 204 has a lower electrode 
210 directly formed on the vibration plate 208, a piezoelec 
tric/electrostrictive layer 212 formed on the lower electrode 
210, and an upper electrode 214 formed on the piezoelectric/ 
electrostrictive layer 212. 
0009. If the piezoelectric/electrostrictive layer 212 is 
made of a piezoelectric material, then when a Voltage is 
applied between the upper electrode 214 and the lower 
electrode 210 such that the voltage has the same positive and 
negative values as a Voltage applied to polarize the piezo 
electric/electroStrictive layer 212, the piezoelectric/electros 
trictive layer 212 is flexurally displaced toward the cavity 
206 due to the lateral effect of an electric field induced strain 
(See, for example, Japanese laid-open patent publication No. 
7-202284). 
0010) The above actuator element 200 employs the vibra 
tion plates 208. Though the vibration plates 208 are advan 
tageous in that they can amplify the displacement of the 
piezoelectric/electroStrictive layer 212, Since the cavities 
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206 need to be formed in the ceramic Substrate 202, there are 
limitations on efforts to make the actuator element 200 lower 
in profile, lighter in weight, and lower in cost. 

SUMMARY OF THE INVENTION 

0011. The present invention has been made in view of the 
above problems. It is an object of the present invention to 
provide an actuator element which is capable of producing 
a desired displacement without the need for a vibration plate, 
or increasing the dynamic range of a displacement that can 
be converted into an electric Signal without the need for a 
Vibration plate, and which can be lower in profile, lighter in 
weight, and lower in cost, and a device incorporating Such 
an actuator element. 

0012. An actuator element according to the present 
invention has a plate member, a piezoelectric/electroStrictive 
body disposed in facing relation to the plate member, and a 
beam disposed between the plate member and the piezo 
electric/electroStrictive body and fixing the piezoelectric/ 
electroStrictive body to the plate member, the piezoelectric/ 
electroStrictive body having a piezoelectric/electroStrictive 
layer, an upper electrode formed on a Surface of the piezo 
electric/electroStrictive layer which faces the plate member, 
and a lower electrode formed on a Surface of the piezoelec 
tric/electrostrictive layer which is opposite to the Surface 
thereof facing the plate member, whereby when an electric 
field is applied to the upper electrode and the lower elec 
trode, a portion of the piezoelectric/electrostrictive body is 
displaced toward or away from the plate member. 
0013 Since the actuator element does not use vibration 
plates, it does not need to have a ceramic Substrate or the 
like, making itself lower in profile, lighter in weight, and 
lower in cost. 

0014 Though an electric field is applied to the upper 
electrode and the lower electrode to displace a portion of the 
piezoelectric/electroStrictive body toward and away from 
the plate member as described above, the actuator element 
may alternatively be used as a Sensor for producing an 
electric Signal from the upper electrode and the lower 
electrode by displacing a portion of the piezoelectric/elec 
trostrictive body toward and away from the plate member. 
0015 If a region disposed between the plate member and 
the piezoelectric/electrostrictive body and divided by the 
beam Serves as a drive region, then the upper electrode and 
the lower electrode may be formed on a portion of the 
piezoelectric/electroStrictive body which corresponds to the 
beam. When an electric field is applied to the upper electrode 
and the lower electrode, a portion of the piezoelectric/ 
electroStrictive body which corresponds to the drive region 
is displaced away from the plate member, for example. 
0016. The upper electrode and the lower electrode may 
be formed on a portion of the piezoelectric/electroStrictive 
body which corresponds to the drive region. When an 
electric field is applied to the upper electrode and the lower 
electrode, the portion of the piezoelectric/electroStrictive 
body which corresponds to the drive region is displaced 
toward the plate member, for example. 
0017. The upper electrode and the lower electrode may 
be formed on a portion of the piezoelectric/electroStrictive 
body which corresponds to the beam and a portion of the 
piezoelectric/electroStrictive body which corresponds to the 
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drive region. When an electric field is applied to the upper 
electrode and the lower electrode which are formed on the 
portion corresponding to the beam, the portion of the piezo 
electric/electrostrictive body which corresponds to the drive 
region is displaced away from the plate member, for 
example. When an electric field is applied to the upper 
electrode and the lower electrode which are formed on the 
portion corresponding to the drive region, the portion of the 
piezoelectric/electroStrictive body which corresponds to the 
drive region is displaced toward the plate member, for 
example. 
0.018. The upper electrode may be connected to the 
Surface of the piezoelectric/electroStrictive layer on which 
the lower electrode is formed, through a through hole 
formed in the piezoelectric/electroStrictive layer. In this 
case, the actuator element can easily be wired to a drive 
circuit. 

0.019 According to the present invention, the piezoelec 
tric/electrostrictive body may comprise a laminated assem 
bly of piezoelectric/electrostrictive layers, an upper elec 
trode formed on a surface of the laminated assembly which 
faces the plate member, a lower electrode formed on a 
Surface of the laminated assembly which is opposite to the 
Surface thereof facing the plate member, and an intermediate 
electrode formed in the laminated assembly between the 
piezoelectric/electroStrictive layers. 
0020. In this case, the actuator element is capable of 
achieving a parallel-type drive mode to obtain a desired 
displacement without using vibration plates, or of increasing 
the dynamic range of a displacement that can be converted 
into an electric Signal without the need for a vibration plate. 
The actuator element can be lower in profile, lighter in 
weight, and lower in cost. 
0021. The upper electrode, the intermediate electrode, 
and the lower electrode may be formed on a portion of the 
piezoelectric/electroStrictive body which corresponds to the 
beam or a portion of the piezoelectric/electroStrictive body 
which corresponds to the drive region. Alternatively, the 
upper electrode, the intermediate electrode, and the lower 
electrode may be formed on a portion of the piezoelectric/ 
electroStrictive body which corresponds to the beam and a 
portion of the piezoelectric/electroStrictive body which cor 
responds to the drive region. 
0022. The upper electrode and the intermediate electrode 
may be connected to the Surface of the laminated assembly 
on which the lower electrode is formed, via through holes 
formed in the laminated assembly. In this case, the upper 
electrode and the intermediate electrode formed on the 
laminated assembly can easily be connected (signals can 
easily be Supplied), and can easily be wired to a drive circuit. 
0023. According to the present invention, the actuator 
element may further include a displacement transmitter for 
transmitting displacement of the piezoelectric/electroStric 
tive body to the plate member in a drive region disposed 
between the plate member and the piezoelectric/electroStric 
tive body and divided by the beam. Inasmuch as the dis 
placement transmitter is disposed in the region Surrounded 
by the beam, the thickness of the actuator element itself is 
not increased by the displacement transmitter. Therefore, the 
thickness of the actuator element Solely depends on the 
thickness of the beam. This makes the actuator element 
lower in profile. 
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0024. With the above arrangement, if the plate member 
comprises a transparent plate into which light is introduced, 
then at least a light Scattering layer may be disposed on the 
displacement transmitter. In a certain drive region, displace 
ment of the piezoelectric/electroStrictive body is transmitted 
to the transparent plate by the displacement transmitter. 
When the light Scattering layer is brought into contact with 
the transparent plate, for example, light is emitted from the 
drive region. If one drive region is constructed as one pixel 
or a plurality of drive regions are constructed as one pixel, 
then the actuator element can easily be applied to a display 
device. 

0025. With the above arrangement, a spacer may be 
disposed between the plate member and the piezoelectric/ 
electroStrictive body, and in the case where the plate member 
is held in contact with an upper Surface of the Spacer and the 
piezoelectric/electroStrictive body is held in contact with a 
lower Surface of the Spacer, the beam may include the Spacer. 
Thus, the Spacer itself functions as the beam. 
0026. With the above arrangement, a spacer may be 
disposed between the plate member and the piezoelectric/ 
electroStrictive body, and in the case where at least one-layer 
film is formed between a lower surface of the spacer and the 
piezoelectric/electroStrictive body, the beam may include the 
Spacer and a portion of the film directly beneath the Spacer. 

0027) If the displacement transmitter is formed on the 
piezoelectric/electroStrictive body with the upper electrode 
formed thereon, at least one film (e.g., the light Scattering 
layer) is formed on the entire Surface including the displace 
ment transmitter, the Spacer is formed in a given location on 
the film, and the plate member is disposed on the Spacer, 
then the Spacer and a portion directly beneath the Spacer 
often tend to be hard under pressing forces. Therefore, the 
portion of the film directly beneath the Spacer functions as 
the beam in coaction with the Spacer. 
0028. With the above arrangement, the beam may include 
a buffer layer. If the Spacer is made of a hard material, and 
the above film is formed on the lower surface of the spacer, 
stresses tend to concentrate on a portion of the film (a 
boundary between itself and the spacer), causing the film to 
be broken due to repeated displacement of the piezoelectric/ 
electrostrictive body. This drawback can be avoided by 
including a buffer layer in the beam. 
0029. A device using the actuator element according to 
the present invention as described above may be a device for 
converting electric energy into mechanical energy (mechani 
cal displacement, stress, vibration, or the like), Such as a 
display, a relay, an actuator (an actuator of the type for 
generating flexural displacement, for use in a Servo displace 
ment device or the like), or the like, or a device for 
converting mechanical energy into electric energy, Such as a 
Sensor (a filter, an acceleration Sensor, a shock Sensor, or the 
like), a transformer, a microphone, a Sound producing mem 
ber (a speaker or the like), a vibrator, or an oscillator (for 
power or communication use). 
0030. As described above, the actuator element and the 
device employing the actuator element according to the 
present invention are capable of obtaining a desired dis 
placement without using vibration plates, or of increasing 
the dynamic range of a displacement that can be converted 
into an electric Signal without the need-for a vibration plate. 
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The actuator element and the device employing the actuator 
element can be lower in profile, lighter in weight, and lower 
in cost. 

0031. The above and other objects, features, and advan 
tages of the present invention will become more apparent 
from the following description of preferred embodiments in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.032 FIG. 1 is a cross-sectional view, partly omitted 
from illustration, of an actuator element according to a first 
embodiment; 
0.033 FIG. 2 is a cross-sectional view, partly omitted 
from illustration, Showing another example of displacement 
transmitters, 
0034 FIG. 3 is a view showing an example of the layout 
of Spacers constituting beams, as viewed from the back of a 
plate member; 
0.035 FIG. 4 is a view showing another example of the 
layout of Spacers constituting beams, as viewed from the 
back of a plate member; 
0.036 FIG. 5 is a cross-sectional view of an example of 
an interconnected pattern of an upper electrode and a lower 
electrode, 
0037 FIG. 6 is a cross-sectional view, partly omitted 
from illustration, showing an example in which a plurality of 
actuator units are provided in association with one beam, 
according to the first embodiment; 
0.038 FIG. 7 is a cross-sectional view, partly omitted 
from illustration, showing a first modification of the actuator 
element according to the first embodiment; 
0.039 FIG. 8 is a cross-sectional view, partly omitted 
from illustration, showing an example in which a plurality of 
actuator units are provided in association with one drive 
region, in the first modification according to the first 
embodiment; 
0040 FIG. 9 is a cross-sectional view, partly omitted 
from illustration, showing a Second modification of the 
actuator element according to the first embodiment; 
0041 FIG. 10 is a cross-sectional view, partly omitted 
from illustration, of an actuator element according to a 
Second embodiment; 
0.042 FIG. 11 is a cross-sectional view of an example of 
an interconnected pattern of an upper electrode, an interme 
diate electrode, and a lower electrode, 
0.043 FIG. 12 is a cross-sectional view, partly omitted 
from illustration, showing an example in which a plurality of 
actuator units are provided in association with one beam, 
according to the Second embodiment; 
0044 FIG. 13 is a cross-sectional view, partly omitted 
from illustration, showing a first modification of the actuator 
element according to the Second embodiment; 
004.5 FIG. 14 is a cross-sectional view, partly omitted 
from illustration, showing an example in which a plurality of 
actuator units are provided in association with one drive 
region, in the first modification according to the Second 
embodiment; 
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0046 FIG. 15 is a cross-sectional view, partly omitted 
from illustration, showing a Second modification of the 
actuator element according to the Second embodiment; 
0047 FIG. 16 is a cross-sectional view, partly omitted 
from illustration, of a display apparatus according to an 
embodiment; and 
0048 FIG. 17 is a cross-sectional view, partly omitted 
from illustration, of a conventional actuator element. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0049 Embodiments of actuator elements and a device 
incorporating an actuator element according to the present 
invention will be described below with reference to FIGS. 
1 through 16. 

0050. As shown in FIG. 1, an actuator element 10A 
according to a first embodiment has a plate member 12, a 
piezoelectric/electroStrictive body 14 disposed in facing 
relation to the plate member 12, and beams 16 disposed 
between the piezoelectric/electrostrictive body 14 and the 
plate member 12 and fixing the piezoelectric/electroStrictive 
body 14 to the plate member 12. Each beam 16 includes a 
spacer 18. 
0051. The spacers 18 may be a plurality of spacers 18a 
arranged in a grid pattern, as shown in FIG. 3, or may be a 
unitary spacer 18b shaped as a grid, as shown in FIG. 4. 
0052) If regions divided by the spacers 18a or the spacer 
18b between the plate member 12 and the piezoelectric/ 
electrostrictive body 14 serve as drive regions 20, as shown 
in FIGS. 3 and 4, then the actuator element 10A according 
to the first embodiment has displacement transmitters 24 
formed on the upper Surface of the piezoelectric/electros 
trictive body 14 in association with the respective drive 
regions 20, as shown in FIG. 1. 
0053 Each of the displacement transmitters 24 may have 
a peripheral portion Slanted gradually (the displacement 
transmitter 24 has a trapezoidal croSS Section), as shown in 
FIG. 1, or may have a peripheral portion slanted sharply (the 
displacement transmitter 24 has a rectangular croSS Section), 
as shown in FIG. 2. 

0054 As shown in FIG. 6, a joining layer 22 may be 
formed on the entire upper Surface of the piezoelectric/ 
electroStrictive body 14, and the displacement transmitters 
24 may be formed on the upper Surface of the joining layer 
22 in association with the respective drive regions 20. In this 
case, each Spacer 18 has an upper Surface held in contact 
with the plate member 12 and a lower surface held in contact 
with the joining layer 22. Therefore, each beam 16 includes 
the spacer 18 disposed between the plate member 12 and the 
piezoelectric/electroStrictive body 14, and a part of the 
joining layer 22 that is present directly beneath the Spacer 
18. With the joining layer 22 being formed, when the 
actuator element 10A is fabricated, the spacers 18 and the 
displacement transmitters 24 can Simultaneously be bonded 
to the piezoelectric/electrostrictive body 14. Therefore, the 
process can be Simplified. 
0055. The piezoelectric/electrostrictive body 14 has a 
Single piezoelectric/electroStrictive layer 26, upper elec 
trodes 28 formed on the upper Surface (the Surface facing the 
plate member 12) of the piezoelectric/electrostrictive layer 
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26, and lower electrodes 30 formed on the lower surface (the 
Surface opposite to the Surface facing the plate member 12) 
of the piezoelectric/electrostrictive layer 26. The upper 
electrodes 28 are formed in positions on the upper Surface of 
the piezoelectric/electrostrictive layer 26 which correspond 
to the beams 16, and the lower electrodes 30 are formed in 
positions on the lower Surface of the piezoelectric/electroS 
trictive layer 26 which correspond to the beams 16. In the 
piezoelectric/electrostrictive body 14 of this embodiment, 
one upper electrode 28, one lower electrode 30, and a 
portion of the piezoelectric/electroStrictive layer 26 that is 
Sandwiched between these upper and lower electrodes 28, 
30 function as one actuator unit 32. 

0056 According to an interconnected pattern of the upper 
electrode 28 and the lower electrode 30, as shown in FIG. 
5, for example, a terminal 34 for the upper electrode 28 is 
formed on the lower Surface of the piezoelectric/electros 
trictive layer 26 separately from the lower electrode 30, and 
the upper electrode 28 and the terminal 34 are electrically 
connected to each other through a through hole 36 that is 
formed in the piezoelectric/electrostrictive layer 26. In FIG. 
5, the lower electrode 30 doubles as a terminal. Alterna 
tively, this terminal (the terminal for the lower electrode 30) 
may be formed on the Same Surface at a position Separate 
from the lower electrode 30. 

0057. A driving process for the actuator element 10A 
according to the first embodiment will be described below. 
0058 When the piezoelectric/electrostrictive body 14 is 
in a natural State, the upper end faces of the displacement 
transmitters 24 are held in contact with the lower Surface of 
the plate member 12. 
0059 When a drive voltage of positive polarity (e.g., a 
voltage of +25 V, for example, with respect to the lower 
electrodes 30) is applied between the upper electrodes 28 
and the lower electrodes 30 of the actuator units 32 that are 
formed around a certain drive region 20 (e.g., the right drive 
region 20 in FIG. 1), the peripheral portion of the drive 
region 20 tends to be flexurally displaced so as to be convex 
toward the plate member 12. However, since the flexural 
displacement is Suppressed by the Spacers 18 and the plate 
member 12, the energy produced at this time is transmitted 
to the portion of the piezoelectric/electrostrictive body 14 
which corresponds to the drive region 20. Therefore, as 
shown in FIG. 1, that portion of the piezoelectric/electros 
trictive body 14 is flexurally displaced so as to be convex 
downwardly, causing the upper end face of the displacement 
transmitter 24 in the drive region 20 to be spaced from the 
plate member 12. 
0060. When the application of the above drive voltage is 
Stopped, the portion of the piezoelectric/electroStrictive 
body 14 which corresponds to the drive region 20 is dis 
placed back to its original State, allowing the upper end face 
of the displacement transmitter 24 to contact the plate 
member 12 again. 
0061 According to the above driving process, a drive 
Voltage of positive polarity is applied between the upper 
electrodes 28 and the lower electrodes 30 that Sandwich the 
piezoelectric/electroStrictive layer 26 to Space the upper end 
face of the displacement transmitter 24 from the plate 
member 12. Alternatively, a drive Voltage of opposite polar 
ity (e.g., a Voltage of -25 V, for example, with respect to the 
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lower electrodes 30) may be applied between the upper 
electrodes 28 and the lower electrodes 30, or the direction of 
polarization of the piezoelectric/electroStrictive layer 26 or 
the Voltage value may be varied. In this case, the portion of 
the piezoelectric/electrostrictive body 14 which corresponds 
to the drive region 20 is displaced So as to be conveX toward 
the plate member 12, causing the upper end face of the 
displacement transmitter 24 to Strongly press the lower 
surface of the plate member 12. With a structure in which the 
plate member 12 and the piezoelectric/electroStrictive body 
14 are Spaced from each other by the Spacer 18 in advance, 
the displacement transmitter 24 may be driven into and out 
of contact with the plate member 12. 
0062 Preferred constituent materials of the various com 
ponents will be described below. The plate member 12 may 
be made of a metal, ceramics, glass, or an organic resin, but 
is not limited to any particular materials insofar as they are 
capable of the functions thereof as described above. For 
example, SUS304 (Young's modulus: 193 GPa, coefficient 
of linear expansion: 17.3x10/° C), SUS403 (Young's 
modulus: 200 GPa, coefficient of linear expansion: 10.4x 
10/ C.), zirconium oxide (Young's modulus: 245.2 GPa, 
coefficient of linear expansion: 9.2x10"/ C.), glass (e.g., 
Corning 0211, Young's modulus: 74.4 GPa, coefficient of 
linear expansion: 7.38x10/ C.), and acrylic sheet are 
preferably used. 
0063. The spacers 18 should preferably be made of a 
material which is not deformable with heat and pressure, 
e.g., thermosetting rein Such as epoxy resin or the like, light 
curing resin, moisture curing resin, cold-setting resin, or the 
like which is set. The spacers 18 may be made of metal, 
glass, or ceramic. 
0064. A filler may be contained in the spacers 18. Each 
spacer 18 with a filler contained therein has higher hardness 
and greater heat resistance, Strength, and dimensional Sta 
bility than a spacer with no filler contained therein. Stated 
otherwise, the hardness, heat resistance, and Strength of the 
Set resin can be increased and the amount by which it 
thermally expands and shrinkS can be greatly reduced by 
including a filler in each spacer 18. 
0065. The upper electrodes 28, the lower electrodes 30, 
and the terminals 34 are made of a metal Such as aluminum, 
titanium, chromium, iron, cobalt, nickel, copper, Zinc, nio 
bium, molybdenum, ruthenium, palladium, rhodium, Silver, 
tin, tantalum, tungsten, iridium, platinum, gold, lead, or the 
like, or an alloy of at least two of these metals. Alternatively, 
the upper electrodes 28, the lower electrodes 30, and the 
terminals 34 may be made of a composite of the above metal 
or alloy and metal oxide Such as aluminum oxide, titanium 
oxide, Zirconium oxide, cerium oxide, copper oxide, or the 
like, or made of an electrically conductive material Such as 
a cermet containing the metal or alloy in which the same 
material as the material of the piezoelectric/electroStrictive 
layer 26 to be described below is dispersed. 
0066. The upper electrodes 28, the lower electrodes 30, 
and the terminals 34 may be formed on the piezoelectric/ 
electroStrictive layer 26 by a film forming proceSS Such as 
photolithography, Screen printing, dipping, coating, electro 
phoresis, ion beam process, Sputtering, vacuum evaporation, 
ion plating, chemical vapor deposition (CVD), plating, etc. 
0067 Preferred examples of constituent materials of the 
piezoelectric/electroStrictive layer 26 include lead Zirconate, 
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lead manganese tungState, bismuth Sodium titanate, bismuth 
ferrate, Sodium potassium niobate, bismuth Strontium tan 
talate, lead magnesium niobate, lead nickel niobate, lead 
Zinc niobate, lead manganese niobate, lead magnesium 
tantalate, lead nickel tantalate, lead antimony Stannate, lead 
titanate, barium titanate, barium copper tungState, lead mag 
nesium tungState, lead cobalt niobate, or a composite oxide 
comprising at least two of the above compounds. These 
piezoelectric/electroStrictive materials may contain a Solid 
Solution of an oxide of lanthanum, calcium, Strontium, 
molybdenum, tungsten, barium, niobium, Zinc, nickel, man 
ganese, cerium, cadmium, chromium, cobalt, antimony, 
iron, yttrium, tantalum, lithium, bismuth, tin, copper, etc. 
0068 The piezoelectric/electrostrictive layer 26 may be 
made of a composite piezoelectric material/composite mate 
rial comprising a mixture of piezoelectric ceramic powder, 
piezoelectric ceramic fiber, and an organic material. Alter 
natively, the piezoelectric/electroStrictive layer 26 may be 
made of piezoelectric high polymer film (polyvinylidene 
fluoride (PVDF) or the like such as unoriented P (VDF 
TrFE) copolymer film, uniaxially oriented P(VDF-TrFE) 
copolymer film, or the like). Further alternatively, the piezo 
electric/electroStrictive layer 26 may be made of piezoelec 
tric single crystal (e.g., quartz crystal, LiNbO3, LiTaC), 
KNbO, or the like), or piezoelectric thin film (e.g., ZnO, 
AlN, or the like). 
0069. An antiferroelectric layer may be used in place of 
the piezoelectric/electroStrictive layer 26. In this case, lead 
Zirconate, a composite oxide of lead zirconate and lead 
Stannate, or a composite oxide of lead Zirconate, lead 
Stannate, and lead niobate may be used. These antiferroelec 
tric materials may contain a Solid Solution of the above 
elements. 

0070 A material produced by adding lithium bismuthate, 
lead germanate, or the like to the above material, e.g., a 
material produced by adding lithium bismuthate or lead 
germanate to a composite oxide of lead Zirconate, lead 
titanate, and lead magnesium niobate, is preferable because 
it allows the piezoelectric/electrostrictive layer 26 to be fired 
at a low temperature and achieve high material characteris 
tics. The piezoelectric/electroStrictive layer 26 can also be 
fired at a low temperature by adding glass (e.g., Silicate 
glass, borate glass, phosphate glass, germanate glass, or a 
mixture thereof). However, Since excessively adding the 
glass would invite deterioration of material characteristics, it 
is desirable to determine an amount of glass to be added 
depending on the required characteristics. 
0.071) Each displacement transmitter 24 may comprise an 
adhesive which may be a filler-containing adhesive. Each 
displacement transmitter 24 is not limited to any material, 
but may preferably be made of thermoplastic resin, thermo 
Setting rein, light curing resin, moisture curing resin, cold 
Setting resin, or the like. 
0.072 Specifically, acrylic resin, modified acrylic resin, 
epoxy resin, modified epoxy rein, Silicone resin, modified 
Silicone resin, vinyl acetate resin, ethylene-Vinyl acetate 
copolymer resin, Vinyl butyral resin, cyanoacrylate resin, 
urethane rein, polyimide resin, methacrylic resin, modified 
methacrylic resin, polyolefin resin, Special Silicone modified 
polymer, polycarbonate resin, natural rubber, Synthetic rub 
ber, etc. are given by way of example. 
0.073 Particularly, vinyl butyral resin, acrylic resin, 
modified acrylic resin, epoxy resin, modified epoxy resin, or 
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a mixture of two or more of these resins is preferable for 
their excellent bonding Strength. Among others, epoxy resin, 
modified epoxy resin, or a mixture thereof is preferable. 
0074 Preferred materials and structures of the displace 
ment transmitters 24 and a light scattering layer 108 (see 
FIG. 16), to be described later, are as follows: For keeping 
constant a natural State (a position when not driven) of a 
portion of the piezoelectric/electrostrictive body 14 which 
corresponds to the drive region 20 due to driving operation 
of the piezoelectric/electrostrictive body 14, the displace 
ment transmitters 24 and the light scattering layer 108, to be 
described later, should preferably be of a material of reduced 
plastic deformation (should preferably be of a material 
having a high yield point). The thicknesses of the displace 
ment transmitters 24 and the light scattering layer 108 
should preferably be small. Specifically, the thickness of 
each of the displacement transmitters 24 and the light 
scattering layer 108 should preferably be 300 um or less, or 
more preferably be 50 um or less, or much more preferably 
be 10 um or less. 
0075. The reasons are as follows: Upon driving operation 
of the piezoelectric/electrostrictive body 14 to move a 
portion of the piezoelectric/electrostrictive body 14 which 
corresponds to the drive region 20 toward and away from the 
plate member 12, forces are applied to the displacement 
transmitter 24 and the light scattering layer 108 (see FIG. 
16) to cause them to extend and Shrink. If forces in excess 
of the yield point are applied to the displacement transmitter 
24 and the light scattering layer 108, then they are subjected 
to plastic deformation, and remain in an extended or shrunk 
shape. In this case, the portion of the piezoelectric/electros 
trictive body 14 which corresponds to the drive region 20 
tends to be in different positions in the natural state before 
and after the driving operation under the influence of the 
displacement transmitter 14 and the light Scattering layer 
108 which are extended or shrunk. 

0076 Since the actuator element 10A according to the 
first embodiment does not use vibration plates, it does not 
need to have a ceramic Substrate or the like, making itself 
lower in profile, lighter in weight, and lower in cost. 
Particularly, because the piezoelectric/electroStrictive layer 
26 included in the piezoelectric/electrostrictive body 14 is of 
a one-layer Structure, the fabrication proceSS can be simpli 
fied, and the actuator element can be lower in cost and 
profile. 

0077. In the above example, one actuator unit 32 is 
provided in association with one beam 16. However, as 
shown in FIG. 6, a plurality of actuator units 32 may be 
provided in association with one beam 16. In this case, even 
if one or two actuator units 32 are defective due to manu 
facturing variations, Since the displacement can be compen 
sated for by the other actuator units 32, the yield of the 
actuator element 10A can be increased. 

0078. As shown in FIG. 5, as each upper electrode 28 is 
connected to the lower Surface of the piezoelectric/electros 
trictive layer 26 through the through hole 36 formed in the 
piezoelectric/electroStrictive layer 26, the upper electrodes 
28 can easily be wired to a drive circuit (not shown). 
007.9 The upper electrodes 28 may be turned into a 
common structure or the lower electrodes 30 may be turned 
into a common Structure. Turning the upper electrodes 28 
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into a common Structure includes electrically connecting 
upper electrodes 28 or forming one upper electrode 28 on the 
entire upper Surface of the piezoelectric/electroStrictive 
layer 26. Turning the lower electrodes 30 into a common 
Structure includes electrically connecting lower electrodes 
30 or forming one lower electrode 30 on the entire lower 
Surface of the piezoelectric/electrostrictive layer 26. 
0080. By turning the upper electrodes 28 into a common 
Structure or turning the lower electrodes 30 into a common 
Structure, the fabrication proceSS can be simplified, and the 
wiring can be facilitated. The waveform of the drive voltage 
can also be simplified, and the drive circuit System can be 
Simplified. Turning the upper electrodes 28 into a common 
Structure is more preferable than turning the lower elec 
trodes 30 into a common structure. 

0081. It has been illustrated to apply an electric field to 
the upper electrodes 28 and the lower electrodes 30 to 
displace the displacement transmitter 24 toward and away 
from the plate member 12. The actuator element may 
alternatively be used as a Sensor for producing an electric 
Signal from the upper electrodes 28 and the lower electrodes 
30 by displacing the displacement transmitter 24 toward and 
away from the plate member 12. 
0082 Some modifications of the actuator element 10A 
according to the first embodiment will be described below 
with reference to FIGS. 7 through 9. Those parts which 
correspond to those shown in FIG. 1 are denoted by 
identical reference characters, and will not be described 
overlappingly. 

0083. As shown in FIG. 7, an actuator element 10Aa 
according to a first modification differs in that it has upper 
electrodes 28 and lower electrodes 30 which are formed on 
portions of the piezoelectric/electrostrictive body 14 which 
correspond to the drive regions 20. 

0084. An example of a driving process for the actuator 
element will be described below. While the piezoelectric/ 
electroStrictive body 14 is in a natural State, each upper end 
face of the displacement transmitters 24 is Spaced from the 
lower surface of the plate member 12. 
0085 When a drive voltage of positive polarity (e.g., a 
voltage of +25 V, for example, with respect to the lower 
electrode 30) is applied between the upper electrode 28 and 
the lower electrode 30 of the actuator unit 32 that corre 
sponds to a certain drive region 20 (e.g., the right drive 
region 20 in FIG. 7), the actuator unit 32 that corresponds 
to the drive region 20 is flexurally displaced so as to be 
convex upwardly, as shown in FIG. 7. The driving displace 
ment is transmitted to the displacement transmitter 24, 
causing the upper end face of the displacement transmitter 
24 to contact the plate member 12. 
0.086 When the application of the above drive voltage is 
stopped, the actuator unit 32 of the drive region 20 is 
displaced back to its original State, allowing the upper end 
face of the displacement transmitter 24 to be spaced from the 
plate member 12 again. 
0.087 According to the above driving process, a drive 
Voltage of positive polarity is applied between the upper 
electrode 28 and the lower electrode 30 that Sandwich the 
piezoelectric/electroStrictive layer 26 to bring the upper end 
face of the displacement transmitter 24 into contact with the 
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lower surface of the plate member 12. Alternatively, a drive 
voltage of opposite polarity (e.g., a Voltage of -25 V, for 
example, with respect to the lower electrode 30) may be 
applied between the upper electrode 28 and the lower 
electrode 30, or the direction of polarization of the piezo 
electric/electroStrictive layer 26 or the Voltage value may be 
varied. In this case, the portion of the piezoelectric/electros 
trictive body 14 which corresponds to the drive region 20 is 
flexurally displaced so as to be convex downwardly. With a 
Structure in which the upper end face of the piezoelectric/ 
electrostrictive body 14 is kept in contact with the lower 
Surface of the plate member 12 in advance, the displacement 
transmitter 24 may be driven into and out of contact with the 
plate member 12. 
0088 According to the first modification, as shown in 
FIG. 8, a plurality of actuator units 32 may be provided in 
asSociation with one drive region 20. The upper electrodes 
28 may be turned into a common structure or the lower 
electrodes 30 may be turned into a common structure. 
0089. As shown in FIG. 9, an actuator element 10Ab 
according to a Second modification differs in that it has upper 
electrodes 28 and lower electrodes 30 which are formed on 
portions of the piezoelectric/electrostrictive body 14 which 
correspond to the beams 16 and portions of the piezoelectric/ 
electrostrictive body 14 which correspond to the drive 
regions 20. 
0090 For bringing the upper end face of the displacement 
transmitter 24 into contact with the lower surface of the plate 
member 12, no drive Voltage is applied between the upper 
electrodes 28 and lower electrodes 30 which are formed on 
each portion corresponding to the beams 16, but a drive 
voltage of positive polarity (e.g., a voltage of +25 V, for 
example, with respect to the lower electrode 30) may be 
applied between the upper electrode 28 and the lower 
electrode 30 which are formed on a portion corresponding to 
the drive region 20. 
0091 Conversely, for spacing the upper end face of the 
displacement transmitter 24 from the lower surface of the 
plate member 12, no drive Voltage is applied between the 
upper electrode 28 and lower electrode 30 which are formed 
on the portion corresponding to the drive region 20, but a 
drive Voltage of positive polarity may be applied between 
the upper electrodes 28 and the lower electrodes 30 which 
are formed on each portion corresponding to the beams 16. 

0092 According to the first embodiment (see FIG. 1), 
when the application of the drive Voltage is stopped, the 
displacement transmitter 24 is brought into contact with the 
plate member 12 only under repelling forces from the 
piezoelectric/electroStrictive body 14, the displacement 
transmitter 24, etc. According to the Second modification, 
since the drive force of the actuator unit 32 on the portion 
corresponding to the drive region 20 can also be used, the 
upper end face of the displacement transmitter 24 can 
reliably be brought into contact with the lower Surface of the 
plate member 12. 

0093. In the second modification, the upper electrodes 28 
may be turned into a common Structure or the lower elec 
trodes 30 may be turned into a common structure. Turning 
the upper electrodes 28 into a common Structure includes 
electrically connecting upper electrodes 28 formed on por 
tions corresponding to the beams 16 or electrically connect 
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ing upper electrodes 28 formed on portions corresponding to 
the drive regions 20, or forming one upper electrode 28 on 
the entire upper Surface of the piezoelectric/electroStrictive 
layer 26. Turning the lower electrodes 30 into a common 
Structure includes electrically connecting lower electrodes 
30 formed on portions corresponding to the beams 16, 
electrically connecting lower electrodes 30 formed on por 
tions corresponding to the drive regions 20, or forming one 
lower electrode 30 on the entire upper surface of the 
piezoelectric/electroStrictive layer 26. 

0094. As with FIGS. 6 and 8, a plurality of actuator units 
32 may be provided in association with one beam 16, or a 
plurality of actuator units 32 may be provided in association 
with one drive region 20. 
0.095 An actuator element 10B according to a second 
embodiment will be described below with reference to FIG. 
10. 

0096. As shown in FIG. 10, the actuator element 10B 
according to the Second embodiment is closely similar to the 
actuator element 10A according to the first embodiment, but 
differs therefrom in that the piezoelectric/electrostrictive 
body 14 has a laminated assembly 40 of two piezoelectric/ 
electrostrictive layers (first and Second piezoelectric/elec 
trostrictive layers 26A, 26B), upper electrodes 28 formed on 
the upper Surface (the Surface facing the plate member 12) 
of the laminated assembly 40, lower electrodes 30 formed on 
the lower Surface (the Surface opposite to the Surface facing 
the plate member 12) of the laminated assembly 40, and 
intermediate electrodes 42 formed between the first and 
second piezoelectric/electrostrictive layers 26A, 26B. 
0097. In the piezoelectric/electrostrictive body 14 of this 
embodiment, one upper electrode 28, one intermediate elec 
trode 42, one lower electrode 30, and a portion of each of the 
piezoelectric/electrostrictive layers 26A, 26B that is sand 
wiched between these upper, intermediate, and lower elec 
trodes 28, 42, 30 function as one actuator unit 32. The 
intermediate electrodes 42 may be made of the Same mate 
rial as the material of the upper electrodes 28 and the lower 
electrodes 30 as described above. 

0098. According to an interconnected pattern of the upper 
electrode 28, the intermediate electrode 42, and the lower 
electrode 30, as shown in FIG. 11, for example, a terminal 
44 for the upper electrode 28 and a terminal 46 for the 
intermediate electrode 42 are formed on the lower Surface of 
the Second piezoelectric/electrostrictive layer 26B Sepa 
rately from the lower electrode 30, and a relay electrode 48 
for the upper electrode 28 is formed between the first 
piezoelectric/electroStrictive layer 26A and the Second 
piezoelectric/electrostrictive layer 26B. The upper electrode 
28 and the relay electrode 48 are electrically connected to 
each other through a through hole 50 that is formed in the 
first piezoelectric/electrostrictive layer 26A. The relay elec 
trode 48 and the terminal 44 are electrically connected to 
each other through a through hole 52 that is formed in the 
second piezoelectric/electrostrictive layer 26B. The interme 
diate electrode 42 and the terminal 46 are electrically 
connected to each other through a through hole 54 that is 
formed in the Second piezoelectric/electroStrictive layer 
26B. In FIG. 11, the lower electrode 30 doubles as a 
terminal. Alternatively, this terminal (the terminal for the 
lower electrode 30) may be formed on the same surface at 
a position separate from the lower electrode 30. 
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0099. A driving process for the actuator element 10B 
according to the Second embodiment will be described 
below. 

0100 When the piezoelectric/electrostrictive body 14 is 
in a natural State, the upper end faces of the displacement 
transmitters 24 are held in contact with the lower Surface of 
the plate member 12. 
0101 Adrive voltage of positive polarity (e.g., a voltage 
of +25 V, for example, with respect to the intermediate 
electrodes 42) is applied between the upper electrodes 28 
and the intermediate electrodes 42 of the actuator units 32 
that are formed around a certain drive region 20 (e.g., the 
right drive region 20 in FIG. 10), and a drive voltage of 
positive polarity (e.g., a voltage of +25 V, for example, with 
respect to the intermediate electrodes 42) is applied between 
the lower electrodes 30 and the intermediate electrodes 42. 
The peripheral portion of the drive region 20 tends to be 
flexurally displaced So as to be convex toward the plate 
member 12. However, since the flexural displacement is 
Suppressed by the Spacers 18 and the plate member 12, the 
energy produced at this time is transmitted to the portion of 
the piezoelectric/electrostrictive body 14 which corresponds 
to the drive region 20. Therefore, as shown in FIG. 10, that 
portion of piezoelectric/electrostrictive body 14 is flexurally 
displaced So as to be conveX downwardly, causing the upper 
end face of the displacement transmitter 24 in the drive 
region 20 to be spaced from the plate member 12. 
0102) When the application of the above drive voltage is 
Stopped, the portion of the piezoelectric/electroStrictive 
body 14 which corresponds to the drive region 20 is dis 
placed back to its original State, allowing the upper end face 
of the displacement transmitter 24 to contact the plate 
member 12 again. 
0103). According to the above driving process, a drive 
Voltage of positive polarity is applied between the upper 
electrodes 28 and the intermediate electrodes 42 that sand 
wich the first piezoelectric/electrostrictive layer 26A and 
also between the lower electrodes 30 and the intermediate 
electrodes 42 that Sandwich the Second piezoelectric/elec 
trostrictive layer 26B to space the upper end face of the 
displacement transmitter 24 from the plate member 12 (first 
driving process). Alternatively, a drive Voltage of positive 
polarity may be applied only between the upper electrodes 
28 and the intermediate electrodes 42 that Sandwich the first 
piezoelectric/electrostrictive layer 26A (second driving pro 
cess), or a drive voltage of positive polarity may be applied 
only between the lower electrodes 30 and the intermediate 
electrodes 42 that Sandwich the Second piezoelectric/elec 
trostrictive layer 26B (third driving process). Though the 
first through third driving processes perform Similar opera 
tions, the displacement produced by the first driving process 
is the greatest, the displacement produced by the third 
driving proceSS is the Second greatest, and the displacement 
produced by the Second driving proceSS is the Smallest, if the 
drive Voltage is the same. Therefore, the actuator element 
can be driven at a low voltage if the first driving proceSS or 
the third driving process is employed. 
0104. Alternatively, a drive voltage of opposite polarity 
(e.g., a voltage of -25 V, for example, with respect to the 
intermediate electrodes 42) may be applied between the 
upper electrodes 28 and the intermediate electrodes 42 
and/or between,the lower electrodes 30 and the intermediate 
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electrodes 42, or the direction of polarization of the first and 
second piezoelectric/electrostrictive layers 26A, 26B or the 
Voltage value may be varied. In this case, the portion of the 
piezoelectric/electrostrictive body 14 which corresponds to 
the drive region 20 is flexurally displaced so as to be convex 
toward the plate member 12, causing the upper end face of 
the displacement transmitter 24 to Strongly press the lower 
surface of the plate member 12. 
0105 The actuator element 10B according to the second 
embodiment as described above is capable of achieving a 
parallel-type drive mode to obtain a desired displacement 
without using vibration plates, and can be made lower in 
profile, lighter in weight, and lower in cost. Particularly, 
because the piezoelectric/electroStrictive layers included in 
the piezoelectric/electrostrictive body 14 are of a dual-layer 
Structure (the first and Second piezoelectric/electrostrictive 
layers 26A, 26B), each of the first and second piezoelectric/ 
electrostrictive layers 26A, 26B can be thinned, with the 
results that a high electric field can be applied under a low 
Voltage for producing a large driving force and displace 
ment. 

0106 As shown in FIG. 11, as each upper electrode 28 
and each intermediate electrode 42 are connected to the 
lower surface of the laminated assembly 40 through the 
through holes 50, 52, 54 formed in the laminated assembly 
40, the upper electrodes 28 and the intermediate electrodes 
42 formed on the laminated assembly 40 can easily be 
connected (signals can easily be Supplied), and can easily be 
wired to a drive circuit (not shown). 
0107 The intermediate electrodes 42 may be turned into 
a common Structure. Turning the intermediate electrodes 42 
into a common Structure includes electrically connecting 
intermediate electrodes 42 or forming one intermediate 
electrode 42 on the entire upper Surface of the Second 
piezoelectric/electrostrictive layer 26B. By turning the inter 
mediate electrodes 42 into a common Structure, the fabri 
cation process can be simplified, and the wiring can be 
facilitated. The waveform of the drive voltage can also be 
Simplified, and the drive circuit System can be simplified. 

0108. The actuator element 10B according to the second 
embodiment can employ a structure in which a plurality of 
actuator units 32 are provided in association with one beam 
16, as shown in FIG. 12. 

0109) Some modifications of the actuator element 10B 
according to the Second embodiment will be described 
below with reference to FIGS. 13 and 14. Those parts which 
correspond to those shown in FIG. 10 are denoted by 
identical reference characters, and will not be described 
overlappingly. 

0110. As shown in FIG. 13, an actuator element 10Ba 
according to a first modification differs in that it has upper 
electrodes 28, intermediate electrodes 42, and lower elec 
trodes 30 which are formed on portions of the piezoelectric/ 
electrostrictive body 14 which correspond to the drive 
regions 20. 

0111. An example of a driving process will be described 
below. While the piezoelectric/electrostrictive body, 14 is in 
a natural State, each upper end face of the displacement 
transmitters 24 is spaced from the lower Surface of the plate 
member 12. 
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0112 A drive voltage of positive polarity is applied 
between the upper electrode 28 and the intermediate elec 
trode 42 of the actuator unit 32 that corresponds to a certain 
drive region 20 (e.g., the right drive region 20 in FIG. 13), 
and a drive Voltage of positive polarity is applied between 
the lower electrode 30 and the intermediate electrode 42. 
The portion of the piezoelectric/electrostrictive body 14 
which corresponds to the drive region 20 is flexurally 
displaced So as to be conveX toward the plate member 12. 
The displacement is transmitted to the displacement trans 
mitter 24, and the upper end face of the displacement 
transmitter 24 is brought into contact with the lower surface 
of the plate member 12, as shown in FIG. 13. 
0113. When the application of the above drive voltage is 
stopped, the actuator unit 32 of the drive region 20 is 
displaced back to its original State, Spacing the upper end 
face of the displacement transmitter 24 from the plate 
member 12. 

0114. According to the above driving process, a drive 
Voltage of positive polarity is applied between the upper 
electrode 28 and the intermediate electrode 42 that Sandwich 
the first piezoelectric/electroStrictive layer 26A and also 
between the lower electrode 30 and the intermediate elec 
trode 42 that Sandwich the Second piezoelectric/electroStric 
tive layer 26B to bring the upper end face of the displace 
ment transmitter 24 into contact with the plate member 12 
(fourth driving process). Alternatively, a drive voltage of 
positive polarity may be applied only between the upper 
electrode 28 and the intermediate electrode 42 that Sandwich 
the first piezoelectric/electrostrictive layer 26A (fifth driving 
process), or a drive voltage of positive polarity may be 
applied only between the lower electrode 30 and the inter 
mediate electrode 42 that Sandwich the Second piezoelectric/ 
electrostrictive layer 26B (sixth driving process). Though 
the fourth through sixth driving processes perform Similar 
displacing operations, the displacement produced by the 
fourth driving process is the greatest, the displacement 
produced by the Sixth driving proceSS is the Second greatest, 
and the displacement produced by the fifth driving process 
is the Smallest, if the drive Voltage is the Same. Therefore, 
the actuator element can be driven at a low Voltage if the 
fourth driving proceSS or the Sixth driving proceSS is 
employed. 
0115 Alternatively, a drive voltage of opposite polarity 
(e.g., a voltage of -25 V, for example, with respect to the 
intermediate electrode 42) may be applied between the 
upper electrode 28 and the intermediate electrode 42 and/or 
between the lower electrode 30 and the intermediate elec 
trode 42, or the direction of polarization of the first and 
second piezoelectric/electrostrictive layers 26A, 26B or the 
Voltage value may be varied. In this case, the portion of the 
piezoelectric/electrostrictive body 14 which corresponds to 
the drive region 20 is flexurally displaced so as to be 
concave toward the plate member 12, causing the upper end 
face of the displacement transmitter 24 to be spaced from the 
lower surface of the plate member 12. 
0116. According to the first modification, as shown in 
FIG. 14, a plurality of actuator units 32 may be provided in 
association with one drive region 20. The intermediate 
electrodes 42 may be turned into a common Structure. 
0117. As shown in FIG. 15, an actuator element 10Bb 
according to a Second modification differs in that it has upper 
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electrodes 28, intermediate electrodes 42, and lower elec 
trodes 30 which are formed on portions of the piezoelectric/ 
electrostrictive body 14 which correspond to the beams 16 
and portions of the piezoelectric/electrostrictive body 14 
which correspond to the drive regions 20. 
0118 For bringing the upper end face of the displacement 
transmitter 24 into contact with the lower Surface of the plate 
member 12, no drive Voltage is applied between the upper 
electrodes 28 and the intermediate electrodes 42 and 
between the lower electrodes 30 and the intermediate elec 
trodes 42 which are formed on a portion corresponding to 
the beams 16, but a drive voltage of positive polarity may be 
applied between the upper electrode 28 and the intermediate 
electrode 42 and/or between the lower electrode 30 and the 
intermediate electrode 42 which are formed on a portion 
corresponding to the drive region 20. 
0119 For spacing the upper end face of the displacement 
transmitter 24 from the lower surface of the plate member 
12, no drive Voltage is applied between the upper electrode 
28 and the intermediate electrode 42 and between the lower 
electrode 30 and the intermediate electrode 42 which are 
formed on the portion corresponding to the drive region 20, 
but a drive Voltage of positive polarity may be applied 
between the upper electrodes 28 and the intermediate elec 
trodes 42 and/or between the lower electrodes 30 and the 
intermediate electrodes 42 which are formed on the portions 
corresponding to the beams 16. 

0120 In FIG. 10, when the application of the drive 
Voltage is Stopped, the displacement transmitter 24 is 
brought into contact with the plate member 12 only under 
repelling forces from the piezoelectric/electroStrictive body 
14, the displacement transmitter 24, etc. According to the 
Second modification, Since the drive force of the actuator 
unit 32 on the portion corresponding to the drive region 20 
can also be used, the upper end face of the displacement 
transmitter 24 can reliably be brought into contact with the 
lower surface of the plate member 12. 
0121. In the second modification, the intermediate elec 
trodes 42 may be turned into a common Structure. Turning 
the intermediate electrodes 42 into a common Structure 
includes electrically connecting intermediate electrodes 42 
formed on portions corresponding to the beams 16 or 
electrically connecting intermediate electrodes 42 formed on 
portions corresponding to the drive regions 20, or forming 
one intermediate electrode 42 on the entire upper Surface of 
the second piezoelectric/electrostrictive layer 26B. 

0122). As with FIGS. 12 and 14, a plurality of actuator 
units 32 may be provided in association with one beam 16, 
or a plurality of actuator units 32 may be provided in 
asSociation with one drive region 20. 

0123. An embodiment in which the actuator element 10B 
according to the Second embodiment is applied to a display 
device will be described below with reference to FIG. 16. 

0.124. As shown in FIG. 16, a display device 100 accord 
ing to the present embodiment employs an optical 
waveguide plate 104 as the plate member 12 into which light 
(introduced light) 102 from a light source (not shown) is 
introduced from an end face thereof. 

0.125. A joining layer 22 is formed on the entire upper 
surface of the piezoelectric/electrostrictive body 14, and the 
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displacement transmitters 24 are formed on the upper Sur 
face of the joining layer 22 in association with the respective 
drive regions 20. A light scattering layer 108 is formed so as 
to wholly overlap the displacement transmitters 24 and the 
joining layer 22 through a joining layer 106. The Spacers 18 
are disposed in portions where the beams 16 are to be 
disposed, in a region between the optical waveguide plate 
104 and the piezoelectric/electrostrictive body 14. The spac 
erS 18 have upper Surfaces held in contact with the optical 
waveguide plate 104 and lower surfaces held in contact with 
the light scattering layer 108. 
0.126 Each beam 16 includes one spacer 18 disposed 
between the optical waveguide plate 104 and the piezoelec 
tric/electrostrictive body 14, a portion of the light Scattering 
layer 108 and portions of the joining layers 106, 22 which 
are present directly beneath the Spacer 18. The drive regions 
20 divided by the beams 16 are arranged in a matrix or 
Staggered pattern, making a Single pixel of a Single drive 
region 20 or making a single pixel of a plurality of drive 
regions 20. Each spacer 18 may be constructed of a light 
absorbing layer, . Each spacer 18 may be constructed of 
another member, and a light absorbing layer may be inter 
posed between the Spacers 18 and the optical waveguide 
plate 104. 
0127 Operation of the display device 100 according to 
the present embodiment will be described below. While the 
piezoelectric/electroStrictive body 14 is in a natural State, the 
end face of the light scattering layer 108 contacts the back 
of the optical waveguide plate 104 by a distance equal to or 
Smaller than the wavelength of the introduced light 100 (the 
light introduced into the optical waveguide plate). There 
fore, white light 110, for example, is emitted from the 
principal Surface of the optical waveguide plate 104. 
0128. Then, a drive voltage of positive polarity is applied 
between the upper electrodes 28 and the intermediate elec 
trodes 42 that are formed around a certain drive region 20 
(e.g., the right drive region 20 in FIG. 16), and a drive 
Voltage of positive polarity is applied between the lower 
electrodes 30 and the intermediate electrodes 42. The 
peripheral portion of the drive region 20 tends to be flex 
urally displaced So as to be conveX toward the optical 
waveguide plate 104. However, since the flexural displace 
ment is Suppressed by the Spacers 18 and the optical 
waveguide plate 104, the energy produced at this time is 
transmitted to the portion of the piezoelectric/electroStrictive 
body 14 which corresponds to the drive region 20. There 
fore, as shown in FIG. 16, that portion of the piezoelectric/ 
electrostrictive body 14 is flexurally displaced so as to be 
conveX downwardly, extinguishing light from the drive 
region 20. 
0129. Since the display device 100 according to the 
present embodiment employs the actuator element 10B 
according to the Second embodiment, the display apparatus 
100 can be made lower in profile, lighter in weight, and 
lower in cost. 

0.130. Each beam 16 includes buffer layers. Specifically, 
the joining layers 106, 22 are interposed between the light 
scattering layer 108 directly beneath the spacers 18 and the 
piezoelectric/electrostrictive body 14. If the spacers 18 are 
made of a hard material, and a thin film Such as the light 
scattering layer 108 is formed on the lower surfaces of the 
Spacers 18, Stresses tend to concentrate on portions of the 
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light scattering layer 108 (boundaries between itself and the 
Spacers 18), causing the light Scattering layer 108 to be 
broken due to repeated displacement of the piezoelectric/ 
electroStrictive body 14. According to the present embodi 
ment, the joining layerS 106, 22 that are interposed function 
as buffer layers to avoid the above drawback. 
0131 The actuator elements 10A, 10B according to the 

first and Second embodiments (including the various modi 
fications) may be used for a device for converting electric 
energy into mechanical energy (mechanical displacement, 
stress, vibration, or the like), Such as a display, a relay, an 
actuator (an actuator of the type for generating flexural 
displacement, for use in a Servo displacement device or the 
like), or the like, or a device for converting mechanical 
energy into electric energy, Such as a Sensor (a filter, an 
acceleration Sensor, a shock Sensor, or the like), a trans 
former, a microphone, a Sound producing member (a speaker 
or the like), a vibrator, an oscillator (for power or commu 
nication use), a micropump, or a highly Sensitive electric 
transducer module (electric generator). 
0132) The actuator element and the device employing the 
actuator element according to the present invention are not 
limited to the above embodiments, but may incorporate 
various Structures without departing from the essential fea 
tures of the present invention. 

What is claimed is: 
1. An actuator element comprising: 
a plate member; 
a piezoelectric/electrostrictive body disposed in facing 

relation to Said plate member; and 
a beam disposed between Said plate member and Said 

piezoelectric/electroStrictive body and fixing Said 
piezoelectric/electroStrictive body to Said plate mem 
ber; 

Said piezoelectric/electrostrictive body having a piezo 
electric/electroStrictive layer, an upper electrode 
formed on a Surface of Said piezoelectric/electroStric 
tive layer which faces Said plate member, and a lower 
electrode formed on a Surface of Said piezoelectric/ 
electroStrictive layer which is opposite to the Surface 
thereof facing Said plate member; 

whereby when an electric field is applied to Said upper 
electrode and Said lower electrode, a portion of Said 
piezoelectric/electroStrictive body is displaced toward 
or away from Said plate member. 

2. An actuator element according to claim 1, wherein Said 
upper electrode and Said lower electrode are formed on a 
portion of Said piezoelectric/electroStrictive body which 
corresponds to Said beam. 

3. An actuator element according to claim 1, wherein a 
region disposed between Said plate member and Said piezo 
electric/electrostrictive body and divided by said beam 
Serves as a drive region, and Said upper electrode and Said 
lower electrode are formed on a portion of Said piezoelec 
tric/electrostrictive body which corresponds to said drive 
region. 

4. An actuator element according to claim 1,...wherein a 
region disposed between Said plate member and Said piezo 
electric/electrostrictive body and divided by said beam 
Serves as a drive region, and Said upper electrode and Said 
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lower electrode are formed on a portion of Said piezoelec 
tric/electrostrictive body which corresponds to Said beam 
and a portion of Said piezoelectric/electroStrictive body 
which corresponds to Said drive region. 

5. An actuator element according to claim 1, wherein Said 
upper electrode is connected to the Surface of Said piezo 
electric/electroStrictive layer on which Said lower electrode 
is formed, through a through hole formed in Said piezoelec 
tric/electrostrictive layer. 

6. An actuator element according to claim 1, wherein Said 
piezoelectric/electroStrictive body comprises a laminated 
assembly of piezoelectric/electroStrictive layers, an upper 
electrode formed on a Surface of Said laminated assembly 
which faces said plate member, a lower electrode formed on 
a Surface of Said laminated assembly which is opposite to the 
Surface thereof facing Said plate member, and an interme 
diate electrode formed in Said laminated assembly between 
Said piezoelectric/electrostrictive layers. 

7. An actuator element according to claim 6, wherein Said 
upper electrode, Said intermediate electrode, and Said lower 
electrode are formed on a portion of Said piezoelectric/ 
electroStrictive body which corresponds to Said beam. 

8. An actuator element according to claim 6, wherein a 
region disposed between Said plate member and Said piezo 
electric/electrostrictive body and divided by said beam 
Serves as a drive region, and Said upper electrode, Said 
intermediate electrode, and Said lower electrode are formed 
on a portion of Said piezoelectric/electroStrictive body which 
corresponds to Said drive region. 

9. An actuator element according to claim 6, wherein a 
region disposed between Said plate member and Said piezo 
electric/electrostrictive body and divided by said beam 
Serves as a drive region, and Said upper electrode, Said 
intermediate region, and Said lower electrode are formed on 
a portion of Said piezoelectric/electrostrictive body which 
corresponds to Said beam and a portion of Said piezoelectric/ 
electroStrictive body which corresponds to Said drive region. 

10. An actuator element according to claim 6, wherein 
Said upper electrode and Said intermediate electrode are 
connected to the Surface of Said laminated assembly on 
which said lower electrode is formed, via through holes 
formed in Said laminated assembly. 

11. An actuator element according to claim 1, further 
comprising: 

a displacement transmitter for transmitting displacement 
of Said piezoelectric/electroStrictive body to Said plate 
member in a region disposed between Said plate mem 
ber and Said piezoelectric/electroStrictive body and 
divided by said beam. 

12. An actuator element according to claim 11, wherein 
Said plate member comprises a transparent plate into which 
light is introduced, further comprising at least a light Scat 
tering layer disposed on Said displacement transmitter. 

13. An actuator element according to claim 1, further 
comprising: 

a Spacer disposed between Said plate member and Said 
piezoelectric/electroStrictive body; 

wherein Said plate member is held in contact with an 
upper Surface of Said Spacer and Said piezoelectric/ 
electrostrictive body is held in contact with a lower 
Surface of Said Spacer, Said beam including Said Spacer. 

14. An actuator element according to claim 1, further 
comprising: 
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a Spacer disposed between Said plate member and Said 15. An actuator element according to claim 1, wherein 
piezoelectric/electroStrictive body; Said beam includes a buffer layer. 

wherein at least one-layer film is formed between a lower 16. A device having an actuator element according to 
Surface of Said Spacer and Said piezoelectric/electros- claim 1. 
trictive body, Said beam including Said Spacer and a 
portion of Said film directly beneath Said Spacer. k . . . . 


