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(54) POWER GENERATING ELEMENT

(57) The power generation efficiency is to be en-
hanced by converting vibration energy including various
direction components into electric energy without waste.
A cantilever structure is adopted, in which a first plate-like
bridge portion (120) and a second plate-like bridge por-
tion (130) extend in a shape of a letter U from a fixing-por-
tion (110) fixed to the device housing (200) and a weight
body (150) is connected to the end. On the upper surface
of the cantilever structure, a common lower layer elec-
trode (E00), a layered piezoelectric element (300) and
discrete upper layer electrodes (Ex1 to Ez4) are formed.
The upper layer electrodes (Ez1 to Ez4) disposed on a
center line (Lx, Ly) of each plate-like bridge portion take
out charge generated in the piezoelectric element (300)
due to deflection caused by the Z-axis direction vibration
of the weight body (150). The upper layer electrodes (Ex1
to Ex4, Ey1 to Ey4) disposed on both sides of the center
line (Lx, Ly) of the plate-like bridge portion take out charge
generated in the piezoelectric element (300) due to de-
flection caused by the X-axis or Y-axis direction vibration
of the weight body (150).
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Description

Field of the Invention

[0001] The present invention relates to a power gen-
erating element and in particular to technology for gen-
erating electric power by converting vibration energy into
electric energy.

Background Art

[0002] In order to attain the effective use of limited re-
sources, there have been proposed technologies for tak-
ing out electric energy through conversion of various
types of energy. One of them is technology for taking out
electric energy through conversion of vibration energy.
For example, Patent Document 1 given below discloses
a piezoelectric-type power generating element in which
a layered piezoelectric element is laminated to form a
piezoelectric element for power generation, and an ex-
ternal force is used to cause the piezoelectric element
for power generation to vibrate, thereby generating elec-
tric power. Further, Patent Document 2 discloses a power
generating element which has an MEMS (Micro Electro
Mechanical System) structure using a silicon substrate.
[0003] A basic principle of the above-described power
generating elements is to impart periodic deflection to a
piezoelectric element by vibration of a weight body, there-
by taking out to the outside charge generated on the basis
of stress applied to the piezoelectric element. The above-
described power generating element is mounted on au-
tomobiles, trains and ships, for example, by which it is
possible to take out vibration energy applied during trans-
portation as electric energy. The power generating ele-
ment can be mounted on vibration sources such as re-
frigerators and air conditioners, thereby generating elec-
tric power.

Prior Art Documents

Patent Documents

[0004]

Patent Document 1:
Japanese Patent Unexamined Publication No.
H10-243667A
Patent Document 2:
Japanese Patent Unexamined Publication No.
2011-152010A

Summary of the Invention

Problems to be Solved by the Invention

[0005] In a general-type power generating element
which has been proposed so far, there is adopted such
a method that a cantilever beam, with one end being

fixed, is used to structurally support a weight body, peri-
odic deflection resulting from vertical vibration of the
weight body is imparted to a bridge portion and the de-
flection is transmitted to a piezoelectric element to gen-
erate charge. However, the above-described method is
able to use only vibration energy which causes the weight
body to vibrate in a vertical direction. Therefore, it is dif-
ficult to generate electric power at sufficiently high effi-
ciency.
[0006] Transportation equipment such as automo-
biles, trains and ships receive force in various directions
at random during traveling. Therefore, in a power gener-
ating element which is mounted on the transportation
equipment, vibration of a weight body includes various
direction components. However, the above-described
conventional power generating element is able to use
only a specific one-axis direction component for conver-
sion, of the vibration energy. Therefore, the power gen-
erating element is poor in conversion efficiency of the
vibration energy into electric energy, resulting in difficulty
in enhancing power generation efficiency.
[0007] Thus, an object of the present invention is to
provide a power generating element which is able to con-
vert vibration energy including various direction compo-
nents into electric energy without waste, thereby enhanc-
ing power generation efficiency.

Means for Solving the Problems

[0008]

(1) The first feature of the present invention resides
in a power generating element which converts vibra-
tion energy into electric energy to generate electric
power,
the power generating element, comprising:

a flexible plate-like bridge portion which extends
along a longitudinal direction axis;
a weight body which is connected to an end of
the plate-like bridge portion;
a device housing which houses the plate-like
bridge portion and the weight body;
a fixing-portion which fixes another end of the
plate-like bridge portion to the device housing;
a lower layer electrode which is layered on a
surface of the plate-like bridge portion;
a piezoelectric element which is layered on a
surface of the lower layer electrode;
a group of upper layer electrodes composed of
a plurality of upper layer electrodes which are
formed locally on a surface of the piezoelectric
element; and
a power generating circuit which rectifies current
produced on the basis of charge generated at
the upper layer electrodes and the lower layer
electrode to take out electric power; wherein
the weight body is constituted so as to vibrate
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inside the device housing due to deflection of
the plate-like bridge portion when there is ap-
plied an external force which causes the device
housing to vibrate,
the piezoelectric element is apt to polarize in a
thickness direction by application of stress
which expands or contracts in a layer direction,
the group of upper layer electrodes is provided
with two types of upper layer electrodes com-
posed of a right side electrode and a left side
electrode, and each of the upper layer elec-
trodes is arranged so as to extend along the lon-
gitudinal direction axis and opposed to a prede-
termined domain of the lower layer electrode,
facing each other with the piezoelectric element
therebetween,
when a center line along the longitudinal direc-
tion axis is defined at the plate-like bridge por-
tion, the right side electrode is arranged on one
side of the center line and the left side electrode
is arranged on the other side of the center line.

(2) The second feature of the present invention re-
sides in a power generating element according to
the first feature, wherein
the lower layer electrode is formed on an upper sur-
face of the plate-like bridge portion, and the piezoe-
lectric element is formed on an upper surface of the
lower layer electrode, and
the right side electrode and the left side electrode
are formed on the upper surface of the plate-like
bridge portion through the lower layer electrode and
the piezoelectric element.
(3) The third feature of the present invention resides
in a power generating element according to the first
feature, wherein
the lower layer electrode is formed not only on an
upper surface of the plate-like bridge portion but also
on side surfaces thereof, and the piezoelectric ele-
ment is formed on a surface of the lower layer elec-
trode, and
the right side electrode and the left side electrode
are formed respectively on a side surface of the
plate-like bridge portion through the lower layer elec-
trode and the piezoelectric element.
(4) The fourth feature of the present invention resides
in a power generating element according to the first
feature, wherein
the lower layer electrode is formed not only on an
upper surface of the plate-like bridge portion but also
on side surfaces thereof, and the piezoelectric ele-
ment is formed on a surface of the lower layer elec-
trode, and
the right side electrode and the left side electrode
are formed respectively from the upper surface of
the plate-like bridge portion to a side surface thereof
through the lower layer electrode and the piezoelec-
tric element.

(5) The fifth feature of the present invention resides
in a power generating element according to the first
to fourth features, wherein
the group of upper layer electrodes is provided with
a group of weight body side electrodes which is ar-
ranged in a vicinity of a connection portion of the
plate-like bridge portion with the weight body and a
group of fixing-portion side electrodes which is ar-
ranged in a vicinity of a connection portion of the
plate-like bridge portion with the fixing-portion, and
the group of weight body side electrodes and the
group of fixing-portion side electrodes are each pro-
vided with two types of upper layer electrodes which
are composed of a right side electrode and a left side
electrode.
(6) The sixth feature of the present invention resides
in a power generating element according to the first
feature, wherein
the group of upper layer electrodes is provided with
a total of three types of upper layer electrodes such
that a right side electrode, a left side electrode and
a central electrode,
each of the upper layer electrodes is arranged so as
to extend along the longitudinal direction axis of the
plate-like bridge portion and is opposed to a prede-
termined domain of the lower layer electrode, facing
each other with the piezoelectric element therebe-
tween, and
the central electrode is arranged at a position of a
center line along the longitudinal direction axis of the
plate-like bridge portion, the right side electrode is
arranged on one side of the central electrode, and
the left side electrode is arranged on the other side
of the central electrodes.
(7) The seventh feature of the present invention re-
sides in a power generating element according to
the sixth feature, wherein
the lower layer electrode is formed on an upper sur-
face of the plate-like bridge portion and the piezoe-
lectric element is formed on an upper surface of the
lower layer electrode, and
the central electrode, the right side electrode and the
left side electrode are formed on the upper surface
of the plate-like bridge portion through the lower layer
electrode and the piezoelectric element.
(8) The eighth feature of the present invention re-
sides in a power generating element according to
the sixth feature, wherein
the lower layer electrode is formed not only on an
upper surface of the plate-like bridge portion but also
on side surfaces thereof, and the piezoelectric ele-
ment is formed on a surface of the lower layer elec-
trode,
the central electrode is formed on the upper surface
of the plate-like bridge portion through the lower layer
electrode and the piezoelectric element, and
the right side electrode and the left side electrode
are formed respectively on a side surface of the
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plate-like bridge portion through the lower layer elec-
trode and the piezoelectric element.
(9) The ninth feature of the present invention resides
in a power generating element according to the sixth
feature, wherein
the lower layer electrode is formed not only on an
upper surface of the plate-like bridge portion but also
on side surfaces thereof, and a piezoelectric element
is formed on a surface of the lower layer electrode,
the central electrode is formed on the upper surface
of the plate-like bridge portion through the lower layer
electrode and the piezoelectric element, and
the right side electrode and the left side electrode
are formed respectively from the upper surface of
the plate-like bridge portion to a side surface thereof
through the lower layer electrode and the piezoelec-
tric element.
(10) The tenth feature of the present invention re-
sides in a power generating element according to
the sixth to ninth features, wherein
the group of upper layer electrodes is provided with
a group of weight body side electrodes which is ar-
ranged in a vicinity of a connection portion of the
plate-like bridge portion with the weight body and a
group of fixing-portion side electrodes which is ar-
ranged in a vicinity of a connection portion of the
plate-like bridge portion with the fixing-portion,
each of the group of weight body side electrodes and
the group of fixing-portion side electrodes is provided
with three types of upper layer electrodes such that
a central electrode, a right side electrode and a left
side electrode.
(11) The eleventh feature of the present invention
resides in a power generating element which con-
verts vibration energy in respective coordinate direc-
tions of an XYZ three-dimensional coordinate sys-
tem into electric energy to generate electric power,
the power generating element, comprising:

a flexible first plate-like bridge portion which ex-
tends along a first longitudinal direction axis par-
allel to a Y-axis;
a flexible second plate-like bridge portion which
is directly or indirectly connected to the first
plate-like bridge portion and extends along a
second longitudinal direction axis parallel to an
X-axis;
a weight body which is directly or indirectly con-
nected to the second plate-like bridge portion;
a device housing which houses the first plate-
like bridge portion, the second plate-like bridge
portion and the weight body;
a fixing-portion which fixes an end of the first
plate-like bridge portion to the device housing;
a lower layer electrode which is layered on a
surface of the first plate-like bridge portion and
on a surface of the second plate-like bridge por-
tion;

a piezoelectric element which is layered on a
surface of the lower layer electrode;
a group of upper layer electrodes composed of
a plurality of upper layer electrodes which are
formed locally on a surface of the piezoelectric
element; and
a power generating circuit which rectifies current
produced on the basis of charge generated at
the upper layer electrodes and the lower layer
electrode to take out electric power; wherein
the fixing-portion fixes a base end of the first
plate-like bridge portion to the device housing,
a leading end of the first plate-like bridge portion
is directly or indirectly connected to a base end
of the second plate-like bridge portion, and the
weight body is directly or indirectly connected to
a leading end of the second plate-like bridge por-
tion,
the weight body is constituted so as to vibrate
in a direction of each coordinate axis inside the
device housing due to deflection of the first plate-
like bridge portion and the second plate-like
bridge portion, when there is applied an external
force which causes the device housing to vi-
brate,
the piezoelectric element is apt to polarize in a
thickness direction due to application of stress
which expands or contracts in a layer direction,
the group of upper layer electrodes is provided
with a group of first upper layer electrodes which
is formed on the surface of the first plate-like
bridge portion through the lower layer electrode
and the piezoelectric element and a group of
second upper layer electrodes which is formed
on the surface of the second plate-like bridge
portion through the lower layer electrode and
the piezoelectric element,
the group of first upper layer electrodes is pro-
vided with two types of upper layer electrodes
composed of a first right side electrode and a
first left side electrode, and each of the first upper
layer electrodes is arranged so as to extend
along the first longitudinal direction axis and op-
posed to a predetermined domain of the lower
layer electrode, facing each other with the pie-
zoelectric element therebetween,
when a first center line along the first longitudinal
direction axis is defined at the first plate-like
bridge portion, the first right side electrode is ar-
ranged on one side of the first center line, and
the first left side electrode is arranged on the
other side of the first center line,
the group of second upper layer electrodes is
provided with two types of upper layer elec-
trodes composed of a second right side elec-
trode and a second left side electrode, and each
of the second upper layer electrodes is arranged
so as to extend along the second longitudinal

5 6 



EP 3 043 464 A1

5

5

10

15

20

25

30

35

40

45

50

55

direction axis and opposed to a predetermined
domain of the lower layer electrode, facing each
other with the piezoelectric element therebe-
tween,
when a second center line along the second lon-
gitudinal direction axis is defined at the second
plate-like bridge portion, the second right side
electrode is arranged on one side of the second
center line, and the second left side electrode is
arranged on the other side of the second center
line.

(12) The twelfth feature of the present invention re-
sides in a power generating element according to
the eleventh feature, wherein
the leading end of the first plate-like bridge portion
is connected to the base end of the second plate-
like bridge portion through an intermediate connec-
tion portion so that the first plate-like bridge portion
and the second plate-like bridge portion are arranged
in an L-letter shape,
the leading end of the second plate-like bridge por-
tion is connected to a corner of the weight body
through a weight body connection portion so that the
weight body is arranged beside the second plate-like
bridge portion, and
a lower surface of the fixing-portion is fixed to an
upper surface of a bottom plate of the device hous-
ing, and the first plate-like bridge portion, the second
plate-like bridge portion and the weight body are in
a suspended state of floating above the bottom plate
of the device housing, with no external force applied.
(13) The thirteenth feature of the present invention
resides in a power generating element according to
the twelfth feature, wherein
the intermediate connection portion is provided with
an eaves structure portion which projects outside
from a side surface of the leading end of the first
plate-like bridge portion and an eaves structure por-
tion which projects outside from a side surface of the
base end of the second plate-like bridge portion, and
the weight body connection portion is provided with
an eaves structure portion which projects outside
from a side surface of the leading end of the second
plate-like bridge portion.
(14) The fourteenth feature of the present invention
resides in a power generating element according to
the twelfth of thirteenth feature, wherein
the fixing-portion is constituted with a fixing-portion
plate-like member which extends along a fixing-por-
tion longitudinal direction axis parallel to the X-axis,
and the base end of the first plate-like bridge portion
is fixed to one end of the fixing-portion plate-like
member, and
a structure body which is constituted with the fixing-
portion plate-like member, the first plate-like bridge
portion and the second plate-like bridge portion is
given as a U-letter shaped structure body so that a

projection image on the XY plane assumes the U-
letter shape, and the weight body of plate-like is ar-
ranged in an internal domain surrounded by the U-
letter shaped structure body.
(15) The fifteenth feature of the present invention
resides in a power generating element according to
the twelfth of thirteenth feature, wherein
the fixing-portion is constituted with an annular struc-
ture body, and a first plate-like bridge portion, a sec-
ond plate-like bridge portion and a weight body are
arranged in an internal domain surrounded by the
annular structure body.
(16) The sixteenth feature of the present invention
resides in a power generating element, wherein
in order that roles of the fixing-portion and those of
the weight body in the power generating element of
the fifteenth feature are reversed, by which the an-
nular structure body which has functioned as the fix-
ing-portion in the power generating element of the
fifteenth feature is allowed to function as a weight
body and a plate-like body which has functioned as
the weight body in the power generating element of
the fifteenth feature is allowed to function as a fixing-
portion, a lower surface of the plate-like body is fixed
to an upper surface of a bottom plate of a device
housing, and the annular structure body is in a sus-
pended state of floating above the bottom plate of
the device housing, with no external force applied.
(17) The seventeenth feature of the present inven-
tion resides in a power generating element according
to the eleventh feature, wherein
a third plate-like bridge portion to a Kth plate-like
bridge portion (where, K≥3) are installed between
the second plate-like bridge portion and the weight
body,
a leading end of an ith plate-like bridge portion
(where, 1≤i≤K-1) is directly or indirectly connected
to a base end of an (i+1)th plate-like bridge portion,
and a leading end of the Kth plate-like bridge portion
is directly or indirectly connected to the weight body,
and
a jth plate-like bridge portion (where, 1≤j≤K) extends
along a jth longitudinal direction axis parallel to the
Y-axis in case that j is an odd number, and it extends
along a jth longitudinal direction axis parallel to the
X-axis in case that j is an even number.
(18) The eighteenth feature of the present invention
resides in a power generating element according to
the seventeenth feature, wherein
the leading end of the ith plate-like bridge portion
(where, 1≤i≤K-1) is connected to the base end of the
(i+1)th plate-like bridge portion through an ith inter-
mediate connection portion, and the leading end of
the Kth plate-like bridge portion is connected to the
weight body through the weight body connection por-
tion, and
the ith intermediate connection portion is provided
with an eaves structure portion which projects out-
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side from a side surface of the leading end of the ith
plate-like bridge portion, and the weight body con-
nection portion is provided with an eaves structure
portion which projects outside from a side surface of
the leading end of the Kth plate-like bridge portion.
(19) The nineteenth feature of the present invention
resides in a power generating element according to
the seventeenth or eighteenth feature, wherein
a structure body from the base end of the first plate-
like bridge portion to the leading end of the Kth plate-
like bridge portion is given as a spiral channel and
the weight body is arranged at a center position sur-
rounded by the spiral channel.
(20) The twentieth feature of the present invention
resides in a power generating element according to
the seventeenth to nineteenth features, wherein
a lower layer electrode, a piezoelectric element and
a group of upper layer electrodes are also installed
on surfaces of the third plate-like bridge portion to
the Kth plate-like bridge portion, and a power gen-
erating circuit takes out electric power also from
charge generated from said upper layer electrodes
and said lower layer electrode.
(21) The twenty-first feature of the present invention
resides in a power generating element according to
the seventeenth to twentieth features, wherein
the fixing-portion is constituted with an annular struc-
ture body, and the first plate-like bridge portion to
the Kth plate-like bridge portion and the weight body
are arranged inside an internal domain surrounded
by the annular structure body.
(22) The twenty-second feature of the present inven-
tion resides in a power generating element, wherein
in order that roles of the fixing-portion and those of
the weight body in the power generating element of
the twenty-first feature are reversed, by which the
annular structure body which has functioned as the
fixing-portion in the power generating element of the
twenty-first feature is allowed to function as a weight
body and a plate-like body which has functioned as
the weight body in the power generating element of
the twenty-first feature is allowed to function as a
fixing-portion, a lower surface of the plate-like body
is fixed to an upper surface of a bottom plate of a
device housing, and the annular structure body is in
a suspended state of floating above the bottom plate
of the device housing, with no external force applied.
(23) The twenty-third feature of the present invention
resides in a power generating element according to
the eleventh to twenty-second features, wherein
the lower layer electrode is formed on upper surfaces
of the first plate-like bridge portion and the second
plate-like bridge portion, and the piezoelectric ele-
ment is formed on an upper surface of the lower layer
electrode,
the first right side electrode and the first left side elec-
trode are formed on the upper surface of the first
plate-like bridge portion through the lower layer elec-

trode and the piezoelectric element, and
the second right side electrode and the second left
side electrode are formed on the upper surface of
the second plate-like bridge portion through the low-
er layer electrode and the piezoelectric element.
(24) The twenty-fourth feature of the present inven-
tion resides in a power generating element according
to the eleventh to twenty-second features, wherein
the lower layer electrode is formed not only on the
upper surfaces of the first plate-like bridge portion
and the second plate-like bridge portion but also on
side surfaces thereof, and the piezoelectric element
is formed on a surface of the lower layer electrode,
the first right side electrode and the first left side elec-
trode are formed respectively on a side surface of
the first plate-like bridge portion through the lower
layer electrode and the piezoelectric element, and
the second right side electrode and the second left
side electrode are formed respectively on a side sur-
face of the second plate-like bridge portion through
the lower layer electrode and the piezoelectric ele-
ment.
(25) The twenty-fifth feature of the present invention
resides in a power generating element according to
the eleventh to twenty-second features, wherein
the lower layer electrode is formed not only on the
upper surfaces of the first plate-like bridge portion
and the second plate-like bridge portion but also on
side surfaces thereof, and the piezoelectric element
is formed on a surface of the lower layer electrode,
the first right side electrode and the first left side elec-
trode are formed respectively from the upper surface
of the first plate-like bridge portion to a side surface
thereof through the lower layer electrode and the pi-
ezoelectric element, and
the second right side electrode and the second left
side electrode are formed respectively from the up-
per surface of the second plate-like bridge portion to
a side surface thereof through the lower layer elec-
trode and the piezoelectric element.
(26) The twenty-sixth feature of the present invention
resides in a power generating element according to
the eleventh to twenty-fifth features, wherein
the group of first upper layer electrodes is provided
with a group of first base end-side electrodes ar-
ranged in a vicinity of the base end of the first plate-
like bridge portion and a group of first leading end-
side electrodes arranged in a vicinity of the leading
end of the first plate-like bridge portion,
the group of second upper layer electrodes is pro-
vided with a group of second base end-side elec-
trodes arranged in a vicinity of the base end of the
second plate-like bridge portion and a group of sec-
ond leading end-side electrodes arranged in a vicin-
ity of the leading end of the second plate-like bridge
portion, and
each of the group of first base end-side electrodes,
the group of first leading end-side electrodes, the
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group of second base end-side electrodes and the
group of second leading end-side electrodes is pro-
vided with two types of upper layer electrodes com-
posed of a right side electrode and a left side elec-
trode.
(27) The twenty-seventh feature of the present in-
vention resides in a power generating element ac-
cording to the eleventh to twenty-second features,
wherein
the group of first upper layer electrodes is provided
with a total of three types of upper layer electrodes
such that a first right side electrode, a first left side
electrode and also a first central electrode,
each of upper layer electrodes which constitutes the
group of first upper layer electrodes is arranged so
as to extend along a first longitudinal direction axis
and opposed to a predetermined domain of the lower
layer electrode, facing each other with the piezoe-
lectric element therebetween,
the first central electrode is arranged at a position of
the center line along the first longitudinal direction
axis of the first plate-like bridge portion, and the first
right side electrode is arranged on one side of the
first central electrode, and the first left side electrode
is arranged on the other side of the first central elec-
trodes,
the group of second upper layer electrodes is pro-
vided with a total of three types of upper layer elec-
trodes such that a second right side electrode, a sec-
ond left side electrode and also a second central
electrode,
each of upper layer electrodes which constitutes the
group of second upper layer electrodes is arranged
so as to extend along a second longitudinal direction
axis and opposed to a predetermined domain of the
lower layer electrode, facing each other with the pi-
ezoelectric element therebetween, and
the second central electrodes are arranged at a po-
sition of the center line along the longitudinal direc-
tion axis of the second plate-like bridge portion, and
the second right side electrode is arranged on one
side of the second central electrode, and the second
left side electrode is arranged on the other side of
the second central electrode.
(28) The twenty-eighth feature of the present inven-
tion resides in a power generating element according
to the twenty-seventh feature, wherein
the lower layer electrode is formed on upper surfaces
of the first plate-like bridge portion and the second
plate-like bridge portion, and the piezoelectric ele-
ment is formed on an upper surface of the lower layer
electrode,
the first central electrode, the first right side electrode
and the first left side electrode are formed on the
upper surface of the first plate-like bridge portion
through the lower layer electrode and the piezoelec-
tric element, and
the second central electrode, the second right side

electrode and the second left side electrode are
formed on the upper surface of the second plate-like
bridge portion through the lower layer electrode and
the piezoelectric element.
(29) The twenty-ninth feature of the present invention
resides in a power generating element according to
the twenty-seventh feature, wherein
the lower layer electrode is formed not only on the
upper surfaces of the first plate-like bridge portion
and the second plate-like bridge portion but also on
side surfaces thereof, and the piezoelectric element
is formed on a surface of the lower layer electrode,
the first right side electrode and the first left side elec-
trode are formed respectively on a side surface of
the first plate-like bridge portion through the lower
layer electrode and the piezoelectric element,
the first central electrode is formed on the upper sur-
face of the first plate-like bridge portion through the
lower layer electrode and the piezoelectric element,
the second right side electrode and the second left
side electrode are formed respectively on a side sur-
face of the second plate-like bridge portion through
the lower layer electrode and the piezoelectric ele-
ment, and
the second central electrode is formed on the upper
surface of the second plate-like bridge portion
through the lower layer electrode and the piezoelec-
tric element.
(30) The thirtieth feature of the present invention re-
sides in a power generating element according to
the twenty-seventh feature, wherein
the lower layer electrode is formed not only on the
upper surfaces of the first plate-like bridge portion
and the second plate-like bridge portion but also on
side surfaces thereof, and the piezoelectric element
is formed on a surface of the lower layer electrode,
the first right side electrode and the first left side elec-
trode are formed respectively from the upper surface
of the first plate-like bridge portion to a side surface
thereof through the lower layer electrode and the pi-
ezoelectric element,
the first central electrode is formed on the upper sur-
face of the first plate-like bridge portion through the
lower layer electrode and the piezoelectric element,
the second right side electrode and the second left
side electrode is formed respectively from the upper
surface of the second plate-like bridge portion to a
side surface thereof through the lower layer elec-
trode and the piezoelectric element, and
the second central electrode is formed on the upper
surface of the second plate-like bridge portion
through the lower layer electrode and the piezoelec-
tric element.
(31) The thirty-first feature of the present invention
resides in a power generating element according to
the twenty-seventh to thirtieth features, wherein
the group of first upper layer electrodes is provided
with a group of first base end-side electrodes ar-
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ranged in a vicinity of the base end of the first plate-
like bridge portion and a group of first leading end-
side electrodes arranged in a vicinity of the leading
end of the first plate-like bridge portion,
the group of second upper layer electrodes is pro-
vided with a group of second base end-side elec-
trodes arranged in a vicinity of the base end of the
second plate-like bridge portion and a group of sec-
ond leading end-side electrodes arranged in a vicin-
ity of the leading end of the second plate-like bridge
portion, and
each of the group of first base end-side electrodes,
the group of first leading end-side electrodes, the
group of second base end-side electrodes, and the
group of second leading end-side electrodes is pro-
vided with three types of upper layer electrode com-
posed of a central electrode, a right side electrode
and a left side electrode.
(32) The thirty-second feature of the present inven-
tion resides in a power generating element which
converts vibration energy in respective coordinate
directions of an XYZ three-dimensional coordinate
system into electric energy to generate electric pow-
er,
the power generating element, comprising:

a flexible first plate-like bridge portion and a flex-
ible second plate-like bridge portion;
a weight body which is directly or indirectly con-
nected to a leading end of the first plate-like
bridge portion and a leading end of the second
plate-like bridge portion;
a device housing which houses the first plate-
like bridge portion, the second plate-like bridge
portion and the weight body;
a fixing-portion which fixes a base end of the
first plate-like bridge portion and a base end of
the second plate-like bridge portion to the device
housing;
a lower layer electrode which is layered on a
surface of the first plate-like bridge portion and
on a surface of the second plate-like bridge por-
tion;
a piezoelectric element which is layered on a
surface of the lower layer electrode;
a group of upper layer electrodes composed of
a plurality of upper layer electrodes which are
formed locally on a surface of the piezoelectric
element; and
a power generating circuit which rectifies current
produced on the basis of charge generated at
the upper layer electrodes and the lower layer
electrode to take out electric power; wherein
the base end of the first plate-like bridge portion
and the base end of the second plate-like bridge
portion are connected to a same starting portion
of the fixing-portion,
a leading end vicinity of the first plate-like bridge

portion extends in a direction parallel to the X-
axis, a base end vicinity of the first plate-like
bridge portion extends in a direction parallel to
the Y-axis, and an intermediate portion between
the leading end vicinity of the first plate-like
bridge portion and the base end vicinity thereof
is curved or bent,
a leading end vicinity of the second plate-like
bridge portion extends in a direction parallel to
the Y-axis, a base end vicinity of the second
plate-like bridge portion extends in a direction
parallel to the X-axis, and an intermediate por-
tion between the leading end vicinity of the sec-
ond plate-like bridge portion and the base end
vicinity thereof is curved or bent,
the weight body is constituted so as to vibrate
in a direction of each coordinate axis inside the
device housing due to deflection of the first plate-
like bridge portion and the second plate-like
bridge portion, when there is applied an external
force which causes the device housing to vi-
brate,
the piezoelectric element is apt to polarize in a
thickness direction due to application of stress
which expands or contracts in a layer direction,
the group of upper layer electrodes is provided
with a group of first leading end-side upper layer
electrodes which is formed on a surface of the
leading end vicinity of the first plate-like bridge
portion through the lower layer electrode and
the piezoelectric element, a group of first base
end-side upper layer electrodes which is formed
on a surface of the base end vicinity of the first
plate-like bridge portion through the lower layer
electrode and the piezoelectric element, a group
of second leading end-side upper layer elec-
trodes which is formed on a surface of the lead-
ing end vicinity of the second plate-like bridge
portion through the lower layer electrode and
the piezoelectric element, and a group of second
base end-side upper layer electrodes which is
formed on a surface of the base end vicinity of
the second plate-like bridge portion through the
lower layer electrode and the piezoelectric ele-
ment,
the group of first leading end-side upper layer
electrodes is provided with two types of upper
layer electrodes composed of a first leading end-
side right side electrode and a first leading end-
side left side electrode, each of these upper lay-
er electrodes is arranged so as to extend along
a direction of the X-axis and opposed to a pre-
determined domain of the lower layer electrode,
facing each other with the piezoelectric element
therebetween, when a first leading end-side
center line parallel to the X-axis is defined at the
leading end vicinity of the first plate-like bridge
portion, the first leading end-side right side elec-
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trode is arranged on one side of the first leading
end-side center line, and the first leading end-
side left side electrode is arranged on the other
side of the first leading end-side center line,
the group of first base end-side upper layer elec-
trodes is provided with two types of upper layer
electrodes composed of a first base end-side
right side electrode and a first base end-side left
side electrode, each of these upper layer elec-
trodes is arranged so as to extend along the di-
rection of the Y-axis and opposed to a predeter-
mined domain of the lower layer electrode, fac-
ing each other with the piezoelectric element
therebetween, when a first base end-side center
line parallel to the Y-axis is defined at the base
end vicinity of the first plate-like bridge portion,
the first base end-side right side electrode is ar-
ranged on one side of the first base end-side
center line, and the first base end-side left side
electrode is arranged on the other side of the
first base end-side center line,
the group of second leading end-side upper lay-
er electrodes is provided with two types of upper
layer electrodes composed of a second leading
end-side right side electrode and a second lead-
ing end-side left side electrode, each of these
upper layer electrodes is arranged so as to ex-
tend along a direction of the Y-axis and opposed
to a predetermined domain of the lower layer
electrode, facing each other with the piezoelec-
tric element therebetween, when a second lead-
ing end-side center line parallel to the Y-axis is
defined at the leading end vicinity of the second
plate-like bridge portion, the second leading
end-side right side electrode is arranged on one
side of the second leading end-side center line,
and the second leading end-side left side elec-
trode is arranged on the other side of the second
leading end-side center line, and
the group of second base end-side upper layer
electrodes is provided with two types of upper
layer electrodes composed of a second base
end-side right side electrode and a second base
end-side left side electrode, each of these upper
layer electrodes is arranged so as to extend
along the direction of the X-axis and opposed to
a predetermined domain of the lower layer elec-
trode, facing each other with the piezoelectric
element therebetween, when a second base
end-side center line parallel to the X-axis is de-
fined at the base end vicinity of the second plate-
like bridge portion, the second base end-side
right side electrode is arranged on one side of
the second base end-side center line, and the
second base end-side left side electrode is ar-
ranged on the other side of the second base
end-side center line.

(33) The thirty-third feature of the present invention
resides in a power generating element according to
the thirty-second feature, wherein
an intermediate connection portion is provided which
is connected to both the leading end of the first plate-
like bridge portion and the leading end of the second
plate-like bridge portion, and the weight body is con-
nected to the intermediate connection portion, and
a lower surface of the fixing-portion is fixed to an
upper surface of a bottom plate of the device hous-
ing, and the first plate-like bridge portion, the second
plate-like bridge portion, the intermediate connection
portion and the weight body are in a suspended state
of floating above the bottom plate of the device hous-
ing, with no external force applied.
(34) The thirty-fourth feature of the present invention
resides in a power generating element according to
the thirty-third feature, wherein
the intermediate connection portion is provided with
eaves structure portions which project laterally to
both sides from side surfaces of the leading end of
the first plate-like bridge portion and eaves structure
portions which project laterally to both sides from
side surfaces of the leading end of the second plate-
like bridge portion, and
the fixing-portion is provided with eaves structure
portions which project laterally to both sides from
side surfaces of the base end of the first plate-like
bridge portion and eaves structure portions which
project laterally to both sides from side surfaces of
the base end of the second plate-like bridge portion.
(35) The thirty-fifth feature of the present invention
resides in a power generating element according to
the thirty-second to thirty-fourth features, wherein
the fixing-portion is constituted with an annular struc-
ture body so that the first plate-like bridge portion,
the second plate-like bridge portion and the weight
body are arranged in an internal domain surrounded
by the annular structure body, and the weight body
is arranged inside a domain, a periphery of which is
surrounded by the first plate-like bridge portion and
the second plate-like bridge portion.
(36) The thirty-sixth feature of the present invention
resides in a power generating element, wherein
in order that roles of the fixing-portion and those of
the weight body in the power generating element of
the thirty-fifth feature are reversed, by which the an-
nular structure body which has functioned as the fix-
ing-portion in the power generating element of the
thirty-fifth feature is allowed to function as a weight
body and a plate-like body which has functioned as
the weight body in the power generating element of
the thirty-fifth feature is allowed to function as a fix-
ing-portion, a lower surface of the plate-like body is
fixed to an upper surface of a bottom plate of a device
housing, and the annular structure body is in a sus-
pended state of floating above the bottom plate of
the device housing, with no external force applied.
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(37) The thirty-seventh feature of the present inven-
tion resides in a power generating element according
to the thirty-second to thirty-sixth features, wherein
the lower layer electrode is formed on upper surfaces
of the first plate-like bridge portion and the second
plate-like bridge portion, and the piezoelectric ele-
ment is formed on an upper surface of the lower layer
electrode,
the first leading end-side right side electrode, the first
leading end-side left side electrode, the first base
end-side right side electrode and the first base end-
side left side electrode are formed on the upper sur-
face of the first plate-like bridge portion through the
lower layer electrode and the piezoelectric element,
and
the second leading end-side right side electrode, the
second leading end-side left side electrode, the sec-
ond base end-side right side electrode and the sec-
ond base end-side left side electrode are formed on
the upper surface of the second plate-like bridge por-
tion through the lower layer electrode and the piezo-
electric element.
(38) The thirty-eighth feature of the present invention
resides in a power generating element according to
the thirty-second to thirty-sixth features, wherein
the lower layer electrode is formed not only on the
upper surfaces of the first plate-like bridge portion
and the second plate-like bridge portion but also on
side surfaces thereof, and the piezoelectric element
is formed on a surface of the lower layer electrode,
the first leading end-side right side electrode, the first
leading end-side left side electrode, the first base
end-side right side electrode and the first base end-
side left side electrode are formed respectively on a
side surface of the first plate-like bridge portion
through the lower layer electrode and the piezoelec-
tric element, and
the second leading end-side right side electrode, the
second leading end-side left side electrode, the sec-
ond base end-side right side electrode and the sec-
ond base end-side left side electrode are formed re-
spectively on a side surface of the second plate-like
bridge portion through the lower layer electrode and
the piezoelectric element.
(39) The thirty-ninth feature of the present invention
resides in a power generating element according to
the thirty-second to thirty-sixth features, wherein
the lower layer electrode is formed not only on the
upper surfaces of the first plate-like bridge portion
and the second plate-like bridge portion but also on
side surfaces thereof, and the piezoelectric element
is formed on a surface of the lower layer electrode,
the first leading end-side right side electrode, the first
leading end-side left side electrode, the first base
end-side right side electrode and the first base end-
side left side electrode are formed respectively from
the upper surface of the first plate-like bridge portion
to a side surface thereof through the lower layer elec-

trode and the piezoelectric element, and
the second leading end-side right side electrode, the
second leading end-side left side electrode, the sec-
ond base end-side right side electrode and the sec-
ond base end-side left side electrode are formed re-
spectively from the upper surface of the second
plate-like bridge portion to a side surface thereof
through the lower layer electrode and the piezoelec-
tric element.
(40) The fortieth feature of the present invention re-
sides in a power generating element according to
the eleventh to thirty-ninth features, wherein
a stopper projection projecting in a direction to the
weight body is installed at the fixing-portion,
a stopper groove which houses a leading end of the
stopper projection is installed on the weight body,
and
the leading end of the stopper projection is in a state
of being fitted into the stopper groove, with a prede-
termined void area maintained between an external
surface of the leading end of the stopper projection
and an inner surface of the stopper groove.
(41) The forty-first feature of the present invention
resides in a power generating element according to
the eleventh to fortieth features, wherein
a three-dimensional orthogonal coordinate system
in which an X-axis, a Y-axis and a Z-axis are orthog-
onal to each other is used as the XYZ three-dimen-
sional coordinate system.
(42) The forty-second feature of the present inven-
tion resides in a power generating element according
to the eleventh to fortieth features, wherein
a three-dimensional non-orthogonal coordinate sys-
tem in which at least an X-axis and a Y-axis are not
orthogonal to each other is used as the XYZ three-
dimensional coordinate system.
(43) The forty-third feature of the present invention
resides in a power generating element according to
the first to forty-second features, wherein
the power generating circuit is provided with a ca-
pacitive element, positive charge rectifier cells in
which a direction moving from each of the upper layer
electrodes to a positive electrode of the capacitive
element is given as a forward direction so as to guide
positive charge generated at each of the upper layer
electrodes toward the positive electrode of the ca-
pacitive element, and negative charge rectifier cells
in which a direction moving from a negative electrode
of the capacitive element to each of the upper layer
electrodes is given as a forward direction so as to
guide negative charge generated at each of the up-
per layer electrodes toward the negative electrode
of the capacitive element, thereby rectifying and sup-
plying electric energy converted from vibration en-
ergy by using the capacitive element.
(44) The forty-fourth feature of the present invention
resides in a power generating element which con-
verts vibration energy into electric energy to gener-
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ate electric power,
the power generating element, comprising:

a flexible bridge portion which extends along a
longitudinal direction axis;
a weight body which is connected to an end of
the bridge portion;
a device housing which houses the bridge por-
tion and the weight body;
a fixing-portion which fixes another end of the
bridge portion to the device housing;
a piezoelectric element which is fixed at a pre-
determined position on a surface of the bridge
portion; and
a power generating circuit which rectifies current
produced on the basis of charge generated at
the piezoelectric element to take out electric
power; wherein
the weight body is constituted so as to vibrate
inside the device housing due to deflection of
the bridge portion, when there is applied an ex-
ternal force which causes the device housing to
vibrate, and
the piezoelectric element is arranged at a posi-
tion on a surface of the bridge portion at which
expansion/contraction deformation occurs re-
sulting from the vibration, said position deviating
from a center line along the longitudinal direction
axis, thereby generating charge on the basis of
the expansion/contraction deformation.

(45) The forty-fifth feature of the present invention
resides in a power generating element which con-
verts vibration energy into electric energy to gener-
ate electric power,
the power generating element, comprising:

a flexible first bridge portion which extends along
a first longitudinal direction axis;
a flexible second bridge portion which is directly
or indirectly connected to the bridge portion and
extends along a second longitudinal direction
axis;
a weight body which is directly or indirectly con-
nected to the second bridge portion;
a device housing which houses the first bridge
portion, the second bridge portion and the
weight body;
a fixing-portion which fixes an end of the first
bridge portion to the device housing;
a piezoelectric element which is fixed at a pre-
determined position on a surface of each of the
first bridge portion and the second bridge por-
tion, and
a power generating circuit which rectifies current
produced on the basis of charge generated at
the piezoelectric element to take out electric
power; wherein

the fixing-portion fixes a base end of the first
bridge portion to the device housing, a leading
end of the first bridge portion is directly or indi-
rectly connected to a base end of the second
bridge portion, and the weight body is directly or
indirectly connected to a leading end of the sec-
ond bridge portion,
the weight body is constituted so as to vibrate
inside the device housing due to deflection of
the first bridge portion and the second bridge
portion when there is applied an external force
which causes the device housing to vibrate, and
the piezoelectric element is arranged at a posi-
tion at which expansion/contraction deformation
occurs resulting from the vibration, on the sur-
face of each of the first bridge portion and the
second bridge portion, thereby generating
charge on the basis of the expansion/contrac-
tion deformation.

(46) The forty-sixth feature of the present invention
resides in a power generating element which con-
verts vibration energy into electric energy to gener-
ate electric power,
the power generating element, comprising;
a flexible first bridge portion and a flexible second
bridge portion;
a weight body which is directly or indirectly connect-
ed to both a leading end of the first bridge portion
and a leading end of the second bridge portion;
a device housing which houses the first bridge por-
tion, the second bridge portion and the weight body;
a fixing-portion which fixes a base end of the first
bridge portion and a base end of the second bridge
portion to the device housing;
a piezoelectric element which is fixed at a predeter-
mined position on the surface of each of the first
bridge portion and the second bridge portion; and
a power generating circuit which rectifies current pro-
duced on the basis of charge generated at the pie-
zoelectric element to take out electric power; wherein
the base end of the first bridge portion and the base
end of the second bridge portion are connected to a
same starting portion of the fixing-portion, an inter-
mediate portion between a leading end vicinity of the
first bridge portion and a base end vicinity thereof is
curved or bent, and an intermediate portion between
a leading end vicinity of the second bridge portion
and a base end vicinity thereof is curved or bent,
the weight body is constituted so as to vibrate inside
the device housing due to deflection of the first bridge
portion and the second bridge portion when there is
applied an external force which causes the device
housing to vibrate, and
the piezoelectric element is arranged at a position
at which expansion/contraction deformation occurs
resulting from the vibration, on the surface of each
of the first bridge portion and the second bridge por-

19 20 



EP 3 043 464 A1

12

5

10

15

20

25

30

35

40

45

50

55

tion, thereby generating charge on the basis of the
expansion/contraction deformation.
(47) The forty-seventh feature of the present inven-
tion resides in a power generating device which is
provided with a plurality of power generating ele-
ments according to the forty-first feature, thereby
supplying to an outside electric power which is taken
out by an individual power generating elements.
(48) The forty-eighth feature of the present invention
resides in a power generating device according to
the forty-seventh feature, wherein one or some of
power generating elements are arranged so as to be
different in direction of the X-axis or direction of the
Y-axis or both directions thereof from the other power
generating elements in the power generating device.
(49) The forty-ninth feature of the present invention
resides in a power generating device according to
the forty-eighth feature, wherein
four sets of power generating elements are provided
and the direction of the X-axis and the direction of
the Y-axis of a first power generating element are
given as references, a second power generating el-
ement is arranged in a direction at which the direction
of the Y-axis is reversed, a third power generating
element is arranged in a direction at which the direc-
tion of the X-axis is reversed, and a fourth power
generating element is arranged in a direction at
which both the direction of the X-axis and the direc-
tion of the Y-axis are reversed.
(50) The fiftieth feature of the present invention re-
sides in a power generating device according to the
forty-seventh to forty-ninth features, wherein
each of weight bodies of the plurality of power gen-
erating elements is provided with a resonance fre-
quency different from each other.
(51) The fifty-first feature of the present invention
resides in a power generating device according to
the fiftieth feature, wherein
the weight bodies are set so as to be different from
each other in area of a projection image on the XY
plane, or they are set so as to be different in thickness
in a direction of a Z-axis, or both of them are set, by
which the weight bodies of the plurality of power gen-
erating elements are set so as to be different in mass
from each other.
(52) The fifty-second feature of the present invention
resides in a power generating device according to
the fiftieth or fifty-first feature, wherein
the first plate-like bridge portion or the second plate-
like bridge portion or both of them of each of the
plurality of power generating elements are set so as
to be mutually different in area of a projection image
on the XY plane, or they are set so as to be mutually
different in thickness in a direction of a Z-axis, or
both of them are set, by which the weight bodies of
the plurality of power generating elements are mu-
tually different in resonance frequency.

Effects of the Invention

[0009] The power generating element according to the
present invention adopts such a structure that one end
of a plate-like bridge portion which constitutes a cantilev-
er beam is fixed and the other end thereof is connected
to a weight body, by which it is possible to use not only
vibration energy in a direction perpendicular to the plate-
like bridge portion but also vibration energy in a direction
horizontal thereto. Therefore, the vibration energy can
be converted into electric energy without waste to attain
high power generation efficiency.
[0010] In particular, in a basic embodiment of the pow-
er generating element according to the present invention,
a layered piezoelectric element is formed at a plate-like
bridge portion which constitutes a cantilever beam, and
several sets of three types of upper layer electrodes, that
is, a central electrode, a right-hand side electrode and a
left-hand side electrode, are locally formed on the surface
of the piezoelectric element. Here, since the central elec-
trode is arranged at a position of the center line along a
longitudinal direction axis on the upper surface of the
plate-like bridge portion, charge can be efficiently gen-
erated according to deflection in a direction perpendicular
to the plate-like bridge portion. On the other hand, the
right-hand side electrode and the left-hand side electrode
are arranged on both sides of the central electrode.
Therefore, they are able to efficiently generate charge
according to deflection in a direction perpendicular to the
plate-like bridge portion and also efficiently generate
charge according to deflection in a direction horizontal
to the plate-like bridge portion. It is, thereby, possible to
convert vibration energy which includes perpendicular
and horizontal direction components into electric energy
without waste and attain high power generation efficien-
cy.
[0011] Further, according to the embodiment which us-
es a first plate-like bridge portion arranged in a direction
parallel to the Y-axis and a second plate-like bridge por-
tion arranged in a direction parallel to the X-axis in an
XYZ three-dimensional coordinate system, it is possible
to convert vibration energy in the direction of the X-axis,
that in the direction of the Y-axis and that in the direction
of the Z-axis into electric energy by a right-hand side
electrode and a left-hand side electrode which are formed
at the first and the second plate-like bridge portions, still
further, a central electrode which is installed at each of
the first and the second plate-like bridge portions, by
which it is possible to convert vibration energy in the di-
rection of the Z-axis into electric energy. Therefore, vi-
bration energy which includes components in all coordi-
nate axis directions in the XYZ three-dimensional coor-
dinate system can be converted into electric energy with-
out waste to attain higher power generation efficiency.

Brief Description of the Drawings

[0012]
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Fig. 1 covers a plan view (Fig. (a)) and a side view
(Fig. (b)), each of which shows a basic structure body
constituting a power generating element according
to a first embodiment of the present invention.
Fig. 2 covers a plan view (Fig. (a)) which shows a
state that a weight body 30 of the basic structure
body given in Fig. 1 yields displacement Δx(+) in the
positive direction of the X-axis and a side view (Fig.
(b)) which shows a state that the weight body 30
yields displacement Δz(+) in the positive direction of
the Z-axis.
Fig. 3 covers a plan view (Fig. (a)) of the power gen-
erating element according to a first embodiment of
the present invention and a side sectional view (Fig.
(b)) when the power generating element is cut along
the YZ plane.
Fig. 4 is a table which shows polarity of charge gen-
erated at each of upper layer electrodes E11 to E23
when displacement in the direction of each coordi-
nate axis occurs at the weight body 30 of the power
generating element shown in Fig. 3.
Fig. 5 is a circuit diagram which shows a specific
constitution of a power generating circuit 60 used in
the power generating element shown in Fig. 3.
Fig. 6 is a plan view which shows a modification ex-
ample of the power generating element shown in Fig.
3.
Fig. 7 is a table which shows polarity of charge gen-
erated at each of upper layer electrodes E31 to E33
when displacement in the direction of each coordi-
nate axis occurs at the weight body 30 of the power
generating element shown in Fig. 6.
Fig. 8 covers front sectional views which show var-
iations of arrangement modes of the upper layer
electrodes in the power generating element accord-
ing to the present invention.
Fig. 9 covers a plan view (Fig. (a)) of a basic structure
body 100 which constitutes a power generating ele-
ment according to a second embodiment of the
present invention and a side sectional view (Fig. (b))
when the basic structure body is cut along the YZ
plane.
Fig. 10 covers a plan view (Fig. (a)) of the power
generating element according to the second embod-
iment of the present invention and a side sectional
view (Fig. (b)) when the power generating element
is cut along the YZ plane.
Fig. 11 is a plan view which shows an expansion/con-
traction state at a position at which each of upper
layer electrodes is formed when a weight body 150
of the basic structure body 100 shown in Fig. 9 yields
displacement Δx(+) in the positive direction of the X-
axis.
Fig. 12 is a plan view which shows an expansion/con-
traction state at a position at which each of the upper
layer electrodes is formed when the weight body 150
of the basic structure body 100 shown in Fig. 9 yields
displacement Δy (+) in the positive direction of the

Y-axis.
Fig. 13 is a plan view which shows an expansion/con-
traction state at a position at which each of the upper
layer electrodes is formed when the weight body 150
of the basic structure body 100 shown in Fig. 9 yields
displacement Az(+) in the positive direction of the Z-
axis.
Fig. 14 is a table which shows polarity of charge gen-
erated at each of upper layer electrodes Ex1 to Ez4
when displacement in the direction of each coordi-
nate axis occurs at the weight body 150 of the power
generating element shown in Fig. 10.
Fig. 15 is a circuit diagram which shows a specific
constitution of a power generating circuit 500 used
in the power generating element shown in Fig. 10.
Fig. 16 is a plan view which shows a structure of a
basic structure body of a power generating device
in which four sets of the power generating elements
shown in Fig. 10 (hatching is given to interior parts
of the structure body in order to clearly indicate a
planar shape thereof).
Fig. 17 is a plan view which shows a structure of the
basic structure body of the power generating device
which is a modification example of the power gen-
erating device shown in Fig. 16 (hatching is given to
interior parts of the structure body in order to clearly
indicate a planar shape thereof).
Fig. 18 covers a plan view which shows a structure
of a basic structure body of a power generating ele-
ment according to a modification example of the
power generating element shown in Fig. 10 (Fig. (a):
hatching is given to interior parts of the structure body
in order to clearly indicate a planar shape thereof)
and a side sectional view (Fig. (b)) when the basic
structure body is cut along the YZ plane.
Fig. 19 (a) is a stress distribution diagram that shows
the magnitude of stress occurring at each of the
plate-like bridge portions when the weight body 150
yields displacement Δx(+) in the positive direction of
the X-axis in relation to the basic structure body of
the power generating element shown in Fig. 10 and
Fig. 19(b) is a stress distribution diagram in relation
to the basic structure body of the power generating
element shown in Fig. 18.
Fig. 20(a) is a stress distribution diagram which
shows the magnitude of stress occurring at each of
the plate-like bridge portions when the weight body
150 yields displacement Δy(+) in the positive direc-
tion of the Y-axis in relation to the basic structure
body of the power generating element shown in Fig.
10 and Fig. 20(b) is a stress distribution diagram in
relation to the basic structure body of the power gen-
erating element shown in Fig. 18.
Fig. 21(a) is a stress distribution diagram which
shows the magnitude of stress occurring at each of
the plate-like bridge portions when the weight body
150 yields displacement Δz(+) in the positive direc-
tion of the Z-axis in relation to the basic structure
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body of the power generating element shown in Fig.
10 and Fig. 21(b) is a stress distribution diagram in
relation to the basic structure body of the power gen-
erating element shown in Fig. 18.
Fig. 22 covers a plan view (Fig. (a)) which shows a
structure of a basic structure body of a power gen-
erating element which is a modification example of
the power generating element shown in Fig. 18
(hatching is given to interior parts of the structure
body in order to clearly indicate a planar shape there-
of) and a side sectional view (Fig. (b)) when the basic
structure body is cut along the YZ plane.
Fig. 23 is a plan view which shows a structure of a
basic structure body of a power generating element
which is another modification example of the power
generating element shown in Fig. 18 (hatching is giv-
en to interior parts of the structure body in order to
clearly indicate a planar shape thereof).
Fig. 24 covers a plan view (Fig. (a)) which shows a
structure of a basic structure body of a power gen-
erating element which is still another modification
example of the power generating element shown in
Fig. 18 (hatching is given to interior parts of the struc-
ture body in order to clearly indicate a planar shape
thereof) and a side sectional view (Fig. (b)) when the
basic structure body is cut along the YZ plane.
Fig. 25 covers a plan view (Fig. (a)) which shows a
structure of a basic structure body of a power gen-
erating element which is a modification example of
the power generating element shown in Fig. 22
(hatching is given to interior parts of the structure
body in order to clearly indicate a planar shape there-
of) and a side sectional view (Fig. (b)) when the basic
structure body is cut along the YZ plane.
Fig. 26 is a plan view which shows a modification
example in which the central electrode in the em-
bodiment shown in Fig. 3 is omitted.
Fig. 27 is a plan view which shows a modification
example in which the central electrode in the em-
bodiment shown in Fig. 6 is omitted.
Fig. 28 is a plan view which shows a modification
example in which the central electrode in the em-
bodiment shown in Fig. 10 is omitted.
Fig. 29 covers a plan view (Fig. (a)) which shows an
example in which three types of upper layer elec-
trodes, that is, a central electrode, a right-hand side
electrode, and a left-hand side electrode, are formed
and a plan view (Fig. (b)) which shows a comparative
example (Fig. (b)) in which two types of upper layer
electrodes, that is, a right-hand side electrode and
a left-hand side electrode, are formed (hatching is
given in order to clearly indicate the shape of each
electrode).
Fig. 30 is a plan view which shows a modification
example in which a stopper structure is adopted in
the basic structure body shown in Fig. 18 (hatching
is given to interior parts of the structure body in order
to clearly indicate a planar shape thereof).

Fig. 31 is a plan view which shows a modification
example in which a double-arms supporting method
is adopted in the basic structure body shown in Fig.
18 (hatching is given to interior parts of the structure
body in order to clearly indicate a planar shape there-
of).
Fig. 32 is a plan view which shows a modification
example in which a stopper structure is adopted in
the basic structure body shown in Fig. 31 (hatching
is given to interior parts of the structure body in order
to clearly indicate a planar shape thereof).
Fig. 33 is a plan view which shows a modification
example in which the plate-like bridge portion of the
basic structure body shown in Fig. 31 is changed in
shape (hatching is given to interior parts of the struc-
ture body in order to clearly indicate a planar shape
thereof).
Fig. 34 is a plan view which shows a modification
example in which the orthogonal coordinate system
in the power generating element of Fig. 10 is
changed to a non-orthogonal coordinate system.

Best Mode for Carrying Out the Invention

<<<Chapter 1. First embodiment (two-axis power gener-
ation type)>>>

[0013] Fig. 1 covers a plan view of a basic structure
body which constitutes a power generating element ac-
cording to a first embodiment of the present invention
(Fig. (a) at the upper part) and a side view (Fig. (b) at the
lower part). As shown in Fig. 1(a), the basic structure
body is constituted with a fixing-portion 10, a plate-like
bridge portion 20 and a weight body 30. The side view
of Fig. 1(b) shows a state that a lower surface of the
fixing-portion 10 is fixed to an upper surface of a bottom
plate 40 of a device housing. Here, for convenience of
description, the device housing is omitted for a detailed
illustration and in Fig.1(b), hatching is given to a part of
the bottom plate 40 only for indication. Actually, there is
installed the device housing which houses the basic
structure body in its entirety.
[0014] The plate-like bridge portion 20 is such that the
left end thereof shown in the drawing is fixed by the fixing-
portion 10 and the right end thereof is connected to the
weight body 30. The plate-like bridge portion 20 functions
as a cantilever beam and plays a role of holding the
weight body 30 in a suspended state above the bottom
plate 40 of the device housing. Hereinafter, an end on
the fixing-portion 10 side at the plate-like bridge portion
20 (the left end in the drawing) is referred to as a base
end and an end on the weight body 30 side (the right end
in the drawing) is referred to as a leading end.
[0015] Since the plate-like bridge portion 20 is flexible,
deflection occurs upon application of an external force.
Thus, when vibration is applied to the device housing
from the outside, vibration energy thereof applies force
to the weight body 30 and the force is applied on the
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leading end of the plate-like bridge portion 20. As the
base end of the plate-like bridge portion 20 is fixed, de-
flection occurs at the plate-like bridge portion 20, result-
ing in vibration of the weight body 30 inside the device
housing.
[0016] Here, for convenience of describing a vibration
direction, in a state that the device housing is kept sta-
tionary, an origin O is placed at a position of the center
of gravity of the weight body 30, thereby defining an XYZ
three-dimensional coordinate system as shown in the
drawing. That is, in the plan view of Fig. 1(a), the X-axis
is defined below the drawing, the Y-axis is defined on the
right-hand side in the drawing, and the Z-axis is defined
above in a direction perpendicular to the sheet surface
of the drawing. In the side view of Fig. 1(b), the Z-axis is
defined above in the drawing, the Y-axis is defined on
the right-hand side in the drawing, and the X-axis is de-
fined above in a direction perpendicular to the sheet sur-
face. In each of the subsequent drawings of the present
application as well, each of the respective coordinate ax-
es is to be defined in a similar direction.
[0017] Further, for convenience of description, it is as-
sumed that the device housing is attached to a vibration
source (for example, a vehicle) in such a direction that
the XY plane of the above-described three-dimensional
coordinate system is given as a horizontal surface and
the Z-axis is given as a perpendicular axis. Resultantly,
in the present application, with regard to the basic struc-
ture body, generally speaking, "above" refers to the pos-
itive direction of the Z-axis, and generally speaking, "be-
low" refers to the negative direction of the Z-axis (of
course, "above in the drawing" or "below the drawing"
refers to above or below the drawing concerned).
[0018] Fig. 2(a) is a plan view which shows a deformed
state when the weight body 30 yields displacement Δx(+)
in the positive direction of the X-axis on the basis of a
position of the fixing-portion 10 in the basic structure body
shown in Fig. 1. The above-described displacement will
occur upon application of acceleration in the positive di-
rection of the X-axis on the weight body 30. The weight
body 30 undergoes displacement below the drawing, by
which an upper side of the plate-like bridge portion 20 in
the drawing extends in the direction of the Y-axis, while
a lower side of the plate-like bridge portion 20 in the draw-
ing contracts in the direction of the Y-axis. In other words,
an upper part from the center line in the drawing which
is indicated by the broken line in the drawing extends in
the direction of the Y-axis, and a part which is lower in
the drawing contracts in the direction of the Y-axis. In the
drawings of the present application, for convenience of
description, a symbol of "+" which is placed in a small
circle denotes an expanding part, while a symbol of "-"
which is placed in a small circle denotes a contracting
part.
[0019] Fig. 2(a) shows a state of displacement Δx(+)
occurring in the positive direction of the X-axis. On dis-
placement Δx(-) occurring in the negative direction of the
X-axis, the weight body 30 undergoes displacement

above in the drawing. An expansion/contraction state of
each part of the plate-like bridge portion 20 is reverse to
the state shown in Fig. 2(a). Consequently, when vibra-
tion energy having a vibration component in the direction
of the X-axis is applied on the device housing, the shape
of the basic structure body is deformed, with the state
shown in Fig. 2(a) and a reverse state thereof repeated
alternately. The weight body 30 then vibrates in the di-
rection of the X-axis (horizontal direction) inside the de-
vice housing.
[0020] On the other hand, Fig. 2(b) is a side view which
shows a deformed state when the weight body 30 under-
goes displacement Δz(+) in the positive direction of the
Z-axis on the basis of a position of the fixing-portion 10
in the basic structure body shown in Fig. 1. The above-
described displacement will occur upon application of ac-
celeration in the positive direction of the Z-axis on the
weight body 30. The weight body 30 undergoes displace-
ment above in the drawing, by which an upper surface
of the plate-like bridge portion 20 in the drawing contracts
in the direction of the Y-axis, while a lower surface of the
plate-like bridge portion 20 in the drawing expands in the
direction of the Y-axis. In other words, an upper part of
the plate-like bridge portion 20 contracts in the direction
of the Y-axis and a lower part thereof expands in the
direction of the Y-axis.
[0021] Fig. 2(b) shows a state of displacement Δz(+)
occurring in the positive direction of the Z-axis. Upon dis-
placement Δz(-) occurring in the negative direction of the
Z-axis, the weight body 30 undergoes displacement be-
low the drawing. An expansion/contraction state of each
part of the plate-like bridge portion 20 is reverse to a state
shown in Fig. 2(b). Therefore, when vibration energy hav-
ing a vibration component in the direction of the Z-axis
is applied on the device housing, the shape of the basic
structure body is deformed, with the state shown in Fig.
2(b) and a reverse state thereof repeated alternately. The
weight body 30 then vibrates in the direction of the Z-axis
(vertical direction) inside the device housing.
[0022] Here, there is omitted illustration of a deformed
state of displacement Δy(+) or Δy(-) occurring in the di-
rection of the Y-axis. Of course, when acceleration in the
direction of the Y-axis is applied on the weight body 30,
the plate-like bridge portion 20 undergoes overall expan-
sion and contraction in the direction of the Y-axis, by
which the weight body 30 is displaced in the direction of
the Y-axis. However, when vibration energy equal in
quantity is applied, displacement Δy(+) or Δy(-) in the
direction of the Y-axis is smaller in quantity than displace-
ment Δx(+) or Δx(-) in the direction of the X-axis or dis-
placement Δz(+) or Δz(-) in the direction of the Z-axis.
That is, expansion/contraction of the plate-like bridge
portion 20 caused by vibration energy in the direction of
the Y-axis is smaller in quantity than expansion/contrac-
tion of the plate-like bridge portion 20 caused by vibration
energy in the direction of the X-axis or in the direction of
the Z-axis.
[0023] This may be due to the fact that vibration of the
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weight body 30 in the direction of the X-axis and the vi-
bration in the direction of the Z-axis are caused by de-
formation motion which bends the plate-like bridge por-
tion 20 in a predetermined direction, as shown in Fig.
2(a) or (b), whereas vibration in the direction of the Y-
axis is caused by deformation motion which expands or
compresses the plate-like bridge portion 20 as a whole
and the vibration is low in mechanical deformation effi-
ciency.
[0024] Because of the above-described reason, the
power generating element of the first embodiment is de-
signed as a two-axis power generation type generating
element in which electric power is generated on the basis
of vibration of the weight body 30 in the direction of the
X-axis and vibration thereof in the direction of the Z-axis,
with no vibration in the direction of the Y-axis taken into
account. Of course, actually, electric power can be gen-
erated even when vibration energy in the direction of the
Y-axis is applied, which is, however, substantially lower
in power generation efficiency than when vibration ener-
gy in the direction of the X-axis or in the direction of the
Z-axis is applied.
[0025] In the case of the above-described example,
the basic structure body composed of the fixing-portion
10, the plate-like bridge portion 20 and the weight body
30 are all constituted with an integrated structure body
cut out from a silicon substrate. In the case of this exam-
ple, the plate-like bridge portion 20 has a beam structure
with the following dimensions; the width in the direction
of the X-axis is 1 mm, the length in the direction of the
Y-axis is 4 mm, the thickness in the direction of the Z-
axis is about 0.5 mm. The weight body 30 is 5 mm in
width in the direction of the X-axis, 3 mm in width in the
direction of the Y-axis and 0.5 mm in thickness in the
direction of the Z-axis. The fixing-portion 10 is 5 mm in
width in the direction of the X-axis, 2 mm in width in the
direction of the Y-axis and 1 mm in the thickness in the
direction of the Z-axis.
[0026] Of course, each portion can be set so as to give
any dimensions. In short, the plate-like bridge portion 20
may be given such suitable dimensions that have flexi-
bility which causes deformation as shown in Fig. 2. The
weight body 30 may be given such dimensions that have
sufficient mass which causes deformation shown in Fig.
2 at the plate-like bridge portion 20 by the vibration energy
from the outside. The fixing-portion 10 may be given such
dimensions that can securely attach the basic structure
body in its entirety to a bottom plate 40 of the device
housing.
[0027] As shown in Fig. 2(b), the fixing-portion 10 is
greater in thickness than the plate-like bridge portion 20
and the weight body 30 so that the weight body 30 is held
in a suspended state inside the device housing, thereby
securing a space for causing vibration in the vertical di-
rection. As described above, the basic structure body is
to be housed inside the device housing. And, it is pref-
erable that a clearance between an inner wall surface of
the device housing (for example, an upper surface of the

bottom plate 40 shown in Fig. 2(b)) and the weight body
30 is set to be a predetermined dimension so that the
inner wall surface of the device housing functions as a
control member for controlling excessive displacement
of the weight body 30. Thereby, even where excessive
acceleration (acceleration which may break the plate-like
bridge portion 20) is applied on the weight body 30, ex-
cessive displacement of the weight body 30 can be con-
trolled to avoid such a situation that the plate-like bridge
portion 20 may be broken. However, an excessively nar-
row clearance will be influenced by air damping to de-
crease the power generation efficiency, and therefore
this is to be noted.
[0028] A description has been given above of a struc-
ture of the basic structure body which is a constituent of
the power generating element of the first embodiment
and the deformation motion thereof by referring to Fig. 1
and Fig. 2. The power generating element is constituted
by adding some elements to the basic structure body.
[0029] Fig. 3(a) is a plan view of the power generating
element of the first embodiment, and Fig. 3(b) is a side
sectional view when the power generating element is cut
along the YZ plane. As shown in the side sectional view
of Fig. 3(b), a layered lower-layer electrode E0 is formed
all over on the upper surface of the basic structure body
(the fixing-portion 10, the plate-like bridge portion 20, the
weight body 30) as shown in Fig. 1(b). In addition, a lay-
ered piezoelectric element 50 is formed all over on the
further upper surface thereof. And, on the upper surface
of the piezoelectric element 50, there is formed a group
of upper layer electrodes which is composed of a plurality
of upper layer electrodes which are locally formed.
[0030] In the case of this example, as shown in Fig.
3(a), the group of upper layer electrodes is constituted
with six upper layer electrodes E11 to E23 (hatching on
the drawing is given for clearly indicating an electrode
forming domain and not for indicating a cross section).
In the side sectional view of Fig. 3(b), of these electrodes,
only the upper layer electrodes E12, E22 appear on a
YZ cross section. Fig. 3(a) is a plan view when the power
generating element is observed from above. Therefore,
the piezoelectric element 50 which covers an entire sur-
face of the basic structure body comes into sight. How-
ever, for convenience of description, in Fig. 3(a), the po-
sition of each of the fixing-portion 10, the plate-like bridge
portion 20 and the weight body 30 is given by a symbol
having an outgoing line of the broken line.
[0031] Here, of the six upper layer electrodes E11 to
E23 shown in Fig. 3(a), three electrodes E11, E12, E13
formed at the weight body 30 side are referred to as a
group of weight body side electrodes, and three elec-
trodes E21, E22, E23 formed at the fixing-portion 10 side
are referred to as a group of fixing-portion side elec-
trodes. Further, with regard to the group of weight body
side electrodes, the electrode E12 arranged at the center
is referred to as a central electrode, and the electrodes
E11, E13 arranged on both sides thereof are respectively
referred to as a right-hand side electrode and a left-hand
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side electrode. Similarly, with regard to the group of fix-
ing-portion side electrodes, the electrode E22 arranged
at the center is referred to as a central electrode, and the
electrodes E21, E23 arranged on both sides thereof are
respectively referred to as a right-hand side electrode
and a left-hand side electrode.
[0032] The terms of "the right-hand side" and "the left-
hand side" in the present application are used for distin-
guishing a pair of electrodes arranged on the both sides
of the central electrode from each other. For convenience
of description, the terms refer to the right and the left
where the upper surface of the plate-like bridge portion
is observed from the base end-side thereof. Of course,
where the upper surface of the plate-like bridge portion
is observed from the leading end-side thereof, the right
and the left are reversed. However, in the present appli-
cation, the terms of "the right-hand side" and "the left-
hand side" are to be used constantly on the basis of the
right and the left where the upper surface of the plate-
like bridge portion is observed from the base end-side.
[0033] In the case of the example shown here, the ba-
sic structure body (the fixing-portion 10, the plate-like
bridge portion 20 and the weight body 30) is constituted
with a silicon substrate. Further, the lower layer electrode
E0 and the upper layer electrodes E11 to E23 may be
formed by using a generally-used conductive material
such as metal. In the case of the example shown here,
a thin-film like metal layer with the thickness of about 300
nm (a metal layer composed of two layers of titanium and
platinum films) is used to form the lower layer electrode
E0 and the upper layer electrodes E11 to E23. On the
other hand, PZT (lead zirconate titanate), KNN (potassi-
um sodium niobate), etc., is made into a thin-film form,
which may be used as the piezoelectric element 50. In
the case shown here, a thin-film like piezoelectric ele-
ment with the thickness of about 2mm is formed.
[0034] As shown in Fig. 3(b), the power generating el-
ement is also provided with a power generating circuit
60. In Fig. 3(b), the power generating circuit 60 is simply
depicted as a block, and a specific circuit diagram will be
described below. As illustrated in the drawing, wiring is
given to the power generating circuit 60 and also between
the lower layer electrode E0 and the six upper layer elec-
trodes E11 to E23, and charge generated at each of the
upper layer electrodes E11 to E23 is taken out via the
wiring by the power generating circuit 60. Actually, wiring
can be individually formed by a conductive pattern
formed on the upper surface of the piezoelectric element
50 together with each of the upper layer electrodes E11
to E23. Further, where the basic structure body is con-
stituted with a silicon substrate, the power generating
circuit 60 can be formed on the silicon substrate (for ex-
ample, at a part of the fixing-portion 10).
[0035] In Fig. 3, illustration of the device housing is
omitted (the bottom plate 40 shown in Fig. 3(b) consti-
tutes a part of the device housing). Actually, the structure
in its entirety shown in Fig. 3(b) is housed inside the de-
vice housing which is not illustrated.

[0036] Resultantly, the power generating element of
the first embodiment is a power generating element
which has a function to generate electric power by con-
verting vibration energy into electric energy. Then, the
power generating element is provided with the flexible
plate-like bridge portion 20 which extends along a pre-
determined longitudinal direction axis (the Y-axis in the
example shown in the drawing), the weight body 30 which
is connected to one end (leading end) of the plate-like
bridge portion 20, the device housing which houses the
plate-like bridge portion 20 and the weight body 30, the
fixing-portion 10 which fixes the other end of the plate-
like bridge portion 20 (base end) to the device housing
(the upper surface of the bottom plate 40 in the example
shown in the drawing), the lower layer electrode E0 which
is layered on the surface of the plate-like bridge portion
20, the piezoelectric element 50 which is layered on the
surface of the lower layer electrode E0, the group of upper
layer electrodes which is composed of a plurality of upper
layer electrodes E11 to E23 locally formed on the surface
of the piezoelectric element 50, and the power generating
circuit 60 which takes out electric power by rectifying cur-
rent produced on the basis of charge generated at the
upper layer electrodes E11 to E23 and at the lower layer
electrode E0.
[0037] As described above, in the above-structured
power generating element, upon application of an exter-
nal force which applies vibration to the device housing,
the plate-like bridge portion 20 undergoes deflection, by
which the weight body 30 vibrates inside the device hous-
ing. Then, deflection of the plate-like bridge portion 20 is
transmitted to the piezoelectric element 50, thereby caus-
ing similar deflection at the piezoelectric element 50.
Here, the piezoelectric element 50 is apt to polarize in
the thickness direction due to application of stress which
yields expansion/contraction in the layer direction.
Therefore, charge is generated on the upper surface and
the lower surface thereof. The thus generated charge is
taken out from the upper layer electrodes E11 to E23 and
the lower layer electrode E0.
[0038] In the case of the example shown here, there
is used the piezoelectric element 50 in which upon ap-
plication of stress which expands in the layer direction,
positive charge occurs on the upper surface and negative
charge occurs on the lower surface. In contrast, upon
application of stress which contracts in the layer direction,
negative charge occurs on the upper surface and positive
charge occurs on the lower surface. Of course, a certain
piezoelectric element has polarization characteristics ex-
actly reverse to those that have been described above.
A piezoelectric element which has either of the polariza-
tion characteristics may be used in the power generating
element of the present invention.
[0039] Next, the specific power generating motion of
the power generating element is considered. In the case
of the example shown in Fig. 3(a), the group of upper
layer electrodes is divided into a group of weight body
side electrodes E11 to E13 which is arranged in the vi-
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cinity of a connection of the plate-like bridge portion 20
with the weight body 30 and a group of fixing-portion side
electrodes E21 to E23 which is arranged in the vicinity
of a connection of the plate-like bridge portion 20 with
the fixing-portion 10. Then, the group of weight body side
electrodes is constituted with three types of electrodes,
that is, a central electrode E12, a right-hand side elec-
trode E11 and a left-hand side electrode E13. The group
of fixing-portion side electrodes is also constituted with
three types of electrodes, that is, a central electrode E22,
a right-hand side electrode E21 and a left-hand side elec-
trode E23.
[0040] All the six upper layer electrodes E11 to E23
are arranged so as to extend along the longitudinal di-
rection axis (Y-axis) of the plate-like bridge portion 20
and opposed to a predetermined domain of the lower
layer electrode E0, facing each other with the piezoelec-
tric element 50 therebetween. In other words, the lower
layer electrode E0 and the piezoelectric element 50 are
arranged commonly, whereas the six upper layer elec-
trodes E11 to E23 are arranged locally and individually.
As a result, each of six power generating bodies is to be
arranged accordingly at a specific position.
[0041] Here, each of the central electrodes E12, E22
is arranged at a position of the center line along the lon-
gitudinal direction axis (Y-axis) on the upper surface of
the plate-like bridge portion 20 (the center line is defined
as a line obtained by moving the Y-axis in parallel up to
the upper surface of the piezoelectric element 50). These
electrodes are installed for the purpose of efficiently tak-
ing out charge when the weight body 30 vibrates in the
direction of the Z-axis.
[0042] Further, the right-hand side electrode E11 is ar-
ranged on one side of the central electrode E12 (on the
right-hand side when observed from the base end-side),
and the left-hand side electrode E13 is arranged on the
other side of the central electrode E12 (on the left-hand
side when observed from the base end-side). Similarly,
the right-hand side electrode E21 is arranged on one side
of the central electrode E22 (on the right-hand side when
observed from the base end-side), and the left-hand side
electrode E23 is arranged on the other side of the central
electrode E22 (on the left-hand side when observed from
the base end-side). Each of these side electrodes is an
electrode which is installed for the purpose of efficiently
taking out charge when the weight body 30 vibrates in
the direction of the X-axis.
[0043] Fig. 4 is a table which shows the polarity of
charge generated at each of the upper layer electrodes
E11 to E23 and at the lower layer electrode E0 when
displacement in the direction of each coordinate axis oc-
curs at the weight body 30, with the lower layer electrode
E0 given as a common electrode, in the power generating
element shown in Fig. 3. A symbol of "+" in the table
denotes generation of positive charge, while a symbol of
"-" denotes generation of negative charge. Further, a
symbol of "0" denotes a state that charge is not generated
at all or a state that charge is generated in a smaller

quantity than the case indicated by the symbol of "+" or
the symbol of "-." Charge indicated in a column corre-
sponding to the symbol of "0" is in practice not generated
in a significant quantity, therefore the charge will be dis-
regarded in the following description.
[0044] When displacement in the direction of each co-
ordinate axis occurs at the weight body 30, deflection
shown in Fig. 2(a), (b) occurs at the plate-like bridge por-
tion 20. On the other hand, as described above, the pi-
ezoelectric element 50 has polarization characteristics
of generating positive charge on the upper surface and
negative charge on the lower surface, upon application
of stress which allows the piezoelectric element to ex-
pand in the layer direction and, in contrast, generating
negative charge on the upper surface and positive charge
on the lower surface upon application of stress which
allows the piezoelectric element to contract in the layer
direction. With the above point taken into account, it will
be easily understood that the results shown in table of
Fig. 4 are obtained.
[0045] For example, upon displacement Δx(+) occur-
ring in the positive direction of the X-axis, there is found
deformation shown in Fig. 2(a). Therefore, a piezoelectric
element directly under the right-hand side electrodes
E11, E21 contracts in the longitudinal direction, thereby
generating negative charge in the right-hand side elec-
trodes E11, E21. On the other hand, a piezoelectric ele-
ment directly under the left-hand side electrodes E13,
E23 expands in the longitudinal direction, thereby gen-
erating positive charge in the left-hand side electrodes
E13, E23. At this time, a piezoelectric element directly
under the central electrodes E12, E22 arranged on the
center line expands at one half thereof and contracts at
the other half thereof. Therefore, the thus generated
charge is offset, resulting in no generation of charge in
the central electrodes E12, E22. In contrast, at the lower
layer electrode E0, there is generated charge which is
reverse in polarity to the charge generated at each of the
upper layer electrodes E11, E13, E21, E23. Since a sum
of the charge generated in each of the upper layer elec-
trodes is zero, the charge generated at the lower layer
electrode E0 is also zero.
[0046] Further, displacement Δz(+) occurring in the
positive direction of the Z-axis will result in deformation
shown in Fig. 2(b). Therefore, the piezoelectric element
directly under the six upper layer electrodes E11 to E23
contracts in its entirety in the longitudinal direction to gen-
erate negative charge at all the upper layer electrodes.
In contrast, the lower layer electrode E0 is to generate
charge (positive charge) reverse in polarity which is equal
to a sum of the charge (negative charge) generated at
each of the upper layer electrodes E11 to E23. In the
table shown in Fig. 4, a symbol of "++++++" given in the
column of the lower layer electrode E0 at the row of the
displacement Δz(+) indicates the above-described state.
[0047] On the other hand, upon displacement Δy(+)
occurring in the positive direction of the Y-axis, the pie-
zoelectric element directly under the six upper layer elec-
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trodes E11 to E23 expands in its entirety in the longitu-
dinal direction. Therefore, positive charge is generated
at all the upper layer electrodes. However, as described
above, displacement Δy(+) in the direction of the Y-axis
upon application of acceleration in the direction of the Y-
axis on the weight body 30 is smaller in quantity than
displacement Δx(+) in the direction of the X-axis upon
application of acceleration in the direction of the X-axis
or displacement Δz(+) in the direction of the Z-axis upon
application of acceleration in the direction of the Z-axis,
thus resulting in a small quantity of generation of positive
charge. Then, in the table of Fig. 4, a symbol of "0" is
given in all the columns of Δy(+), thereby indicating that
no significant power is generated.
[0048] It is noted that the table of Fig. 4 indicates results
that charge is generated at each of the upper layer elec-
trodes upon displacement Δx(+), Δy(+), Δz(+) occurring
in the positive direction of each coordinate axis on the
weight body 30. Upon displacement Δx(-), Δy(-), Δz(-)
occurring in the negative direction of each coordinate ax-
is, there are obtained such results that the symbols in
the table of Fig. 4 are reversed. In most cases, when
vibration energy is applied from the outside, the weight
body 30 vibrates inside the device housing to synchro-
nize with a period of the vibration, and the symbols shown
in the table of Fig. 4 are reversed. Then, generation of
the charge is periodically increased or decreased.
[0049] Actually, vibration energy applied from the out-
side is to have a direction component of each coordinate
axis in an XYZ three-dimensional coordinate system, and
displacement of the weight body 30 will result in synthesis
of Δx(6), Δy(6), Δz(6) and also will change over time.
Therefore, when, for example, displacement Δx(+) and
Δz(+) occur at the same time, positive charge and neg-
ative charge are both generated at the upper layer elec-
trodes E13, E23, as shown in the table of Fig. 4. Thus,
charge generated at the upper layer electrodes E13, E23
is to be partially offset and cannot be effectively taken out.
[0050] As described above, depending on a certain vi-
bration mode of the weight body 30, electric power is not
necessarily generated efficiently at 100%. However, gen-
erally speaking, electric power can be generated by tak-
ing out both vibration energy of the weight body 30 in the
direction of the X-axis and vibration energy thereof in the
direction of the Z-axis. Therefore, the power generating
element according to the first embodiment of the present
invention is characterized in that, of vibration energy of
the weight body 30, two-axis direction components can
be utilized to generate electric power. Due to the above-
described characteristics, vibration energy which in-
cludes various direction components can be converted
into as much electric energy as possible without waste
to realize an object which is to generate electric power
at high efficiency.
[0051] The power generating circuit 60 plays a role of
rectifying current produced on the basis of charge gen-
erated at the upper layer electrodes E11 to E23 and the
lower layer electrode E20 to take out electric power. In

the case of the example shown here, the lower layer elec-
trode E0 performs a function to secure a reference po-
tential as a common electrode. Therefore, actually, cur-
rent flowing from the upper layer electrodes E11 to E23
and current flowing into the upper layer electrodes E11
to E23 may be collected individually to store electricity.
[0052] Fig. 5 is a circuit diagram which shows a specific
constitution of the power generating circuit 60 used in
the power generating element shown in Fig. 3. Here, P11
to P23 indicate parts of the piezoelectric element 50 and
correspond respectively to parts directly under the upper
layer electrodes E11 to E23. Further, E0 indicated by the
white circle on the circuit diagram corresponds to the
lower layer electrode, and E11 to E23 indicated by the
white circle correspond to the upper layer electrodes.
Each of D11 (+) to D13 (-) shows a rectifier cell (diode),
and each of the rectifier cells to which a symbol (+) is
given plays a role of taking out positive charge generated
at each of the upper layer electrodes. Each of the rectifier
cells to which a symbol (-) is given plays a role of taking
out negative charge generated at each of the upper layer
electrodes. Similarly, each of D0 (+) and D0 (-) is also a
rectifier cell (diode) and plays a role of taking out positive
charge and negative charge generated at the lower layer
electrode E0.
[0053] On the other hand, a symbol of Cf shows a
smoothing capacitive element (capacitor). The thus tak-
en out positive charge is supplied to a positive-electrode
terminal thereof (an upper terminal in the drawing), and
the thus taken out negative charge is supplied to a neg-
ative-electrode terminal (a lower terminal in the drawing).
As described above, charge generated by vibration of
the weight body 30 is increased or decreased in quantity,
depending on a period of the vibration. Thus, current
which flows through each of the rectifier cells is given as
a pulsating current. The capacitive element Cf plays a
role of smoothing the pulsating current. At a stationary
time when the weight body 30 is stable in vibration, im-
pedance of the capacitive element Cf is substantially neg-
ligible.
[0054] ZL which is connected in parallel to the capac-
itive element Cf indicates a load of an appliance to which
power generated by the power generating element is
supplied. In order to improve the power generation effi-
ciency, it is preferable that impedance of the load ZL is
matched with internal impedance of the piezoelectric el-
ement 50. Therefore, where an appliance to which elec-
tric power is supplied is assumed in advance, it is pref-
erable that the power generating element is designed by
adopting a piezoelectric element having internal imped-
ance which is matched with impedance of the load ZL of
the appliance concerned.
[0055] Resultantly, the power generating circuit 60 is
provided with the capacitive element Cf, the rectifier cells
for positive charge D11 (+) to D23 (+) in which a direction
of moving from each of the upper layer electrodes E11
to E23 to the positive electrode of the capacitive element
Cf for guiding positive charge generated at each of the
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upper layer electrodes E11 to E23 toward the positive
electrode side of the capacitive element Cf is given as a
forward direction, and the rectifier cells for negative
charge D11 (-) to D23 (-) in which a direction of moving
from the negative electrode of the capacitive element Cf
to each of the upper layer electrodes E11 to E23 for guid-
ing negative charge generated at each of the upper layer
electrodes E11 to E23 toward the negative electrode of
the capacitive element Cf is given as a forward direction.
And, the power generating circuit 60 performs a function
to smooth electric energy converted from vibration ener-
gy by using the capacitive element Cf, thereby supplying
the electric energy to the load ZL.
[0056] As apparent from the circuit diagram of Fig. 5,
positive charge taken out from the rectifier cells for pos-
itive charge D11 (+) to D13 (+) and negative charge taken
out from the rectifier cells for negative charge D11 (-) to
D13 (-) are supplied to the load ZL. Therefore, in principle,
a total quantity of positive charge generated at the indi-
vidual upper layer electrodes E11 to E23 is at each instant
made equal to a total quantity of negative charge thereof,
thus making it possible to generate electric power at the
highest efficiency. In other words, where a total quantity
of positive charge generated is not balanced with a total
quantity of negative charge at a certain instant, only a
mutually equal quantity of charge is utilized as electric
power by the load ZL.
[0057] Of course, actually, charge generated at the pi-
ezoelectric element is temporarily stored at the smooth-
ing capacitive element Cf. Therefore, actual behavior of
power generating motion is not to be taken as an instan-
taneous phenomenon but to be taken as a phenomenon
based on time average, and an accurate analysis thereof
requires setting of complicated parameters. However, in
general, it is preferable that a total quantity of positive
charge generated at the individual upper layer electrodes
E11 to E23 is made equal at each instant to a total quan-
tity of negative charge thereof in terms of efficient power
generation.
[0058] In the case of the example shown here, at the
upper layer electrodes shown in Fig. 3, the right-hand
side electrode E11 and the left-hand side electrode E13
assume plane symmetry with the YZ plane. Similarly, the
right-hand side electrode E21 and the left-hand side elec-
trode E23 assume plane symmetry with the YZ plane.
Where the above-described symmetric structure is
adopted and the weight body 30 vibrates in the direction
of the X-axis, it is suggested that the thus generated pos-
itive charge is made equal in total quantity to the thus
generated negative charge in these four upper layer elec-
trodes. A pair of electrodes, that is, a right-hand side elec-
trode and a left-hand side electrode, are arranged on
both sides of a central electrode, which is advantageous
in that, as described above, with regard to vibration in
the direction of the X-axis, there is obtained such an effect
that positive charge is made equal in total quantity to
negative charge.
[0059] Finally, as a matter to be added, there is pro-

vided a condition for efficient power generation on the
basis of vibration applied from the outside. That is, res-
onance frequency of the weight body 30 is matched with
frequency of vibration applied from the outside. In gen-
eral, a vibration system has resonance frequency which
is determined unambiguously depending on its specific
structure. When the frequency of vibration applied from
the outside is matched with the resonance frequency, an
oscillator can be vibrated most efficiently and oscillation
thereof becomes greatest. Therefore, where frequency
of vibration applied from the outside is assumed in ad-
vance (for example, where the power generating element
is set to be mounted on a certain vehicle in advance and
frequency applied from the vehicle is known), it is pref-
erable that the element is designed so that the resonance
frequency is matched with the frequency concerned at a
stage of designing a structure of the power generating
element.

<<<Chapter 2. Modification examples of first embodi-
ment>>>

[0060] Here, a description will be given of some mod-
ification examples of the two-axis power generation type
power generating element of the first embodiment de-
scribed in Chapter 1.

<2-1. Modification example on the number of upper layer 
electrodes>

[0061] Fig. 6 is a plan view which shows a modification
example of the power generating element shown in Fig.
3. They are different only in the number of upper layer
electrodes and the length thereof. That is, in the case of
the power generating element shown in Fig. 3, as de-
scribed above, a total of six upper layer electrodes E11
to E23 are formed. On the other hand, in the case of the
power generating element shown in Fig. 6, a total of only
three upper layer electrodes E31 to E33 are formed.
Since they are similar in other structures, a detailed de-
scription will be omitted for a structure of the modification
example shown in Fig. 6 (of course, in place of the power
generating circuit shown in Fig. 5, used is such a power
generating circuit that rectifier cells are connected to
three sets of upper layer electrodes E31 to E33 to take
out electric power).
[0062] Here, in the case of the power generating ele-
ment shown in Fig. 3, the group of upper layer electrodes
is constituted with the group of weight body side elec-
trodes E11 to E13 which is arranged in the vicinity of a
connection portion of the plate-like bridge portion 20 with
the weight body 30 and the group of fixing-portion side
electrodes E21 to E23 which is arranged in the vicinity
of a connection portion of the plate-like bridge portion 20
with the fixing-portion 10. The length in the longitudinal
direction (the direction of the Y-axis) is set to be a length
which is necessary for arrangement in the vicinity of the
connection. In contrast, the three sets of upper layer elec-
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trodes E31 to E33 in the modification example shown in
Fig. 6 correspond to an integration in which the group of
weight body side electrodes E11 to E13 and the group
of fixing-portion side electrodes E21 to E23 in the exam-
ple shown in Fig. 3 are extended respectively in the di-
rection of the others and coupled to each other. There-
fore, the upper layer electrodes E31 to E33 are equal in
length to the plate-like bridge portion 20.
[0063] Fig. 7 is a table which shows the polarity of
charge generated at each of the upper layer electrodes
E31 to E33 upon displacement in the direction of each
coordinate axis at the weight body 30 of the power gen-
erating element shown in Fig. 6. When consideration is
given to the results of the table of Fig. 4 on the basis of
the power generating element shown in Fig. 3, it will be
easily understood that results of the table of Fig. 7 are
obtained on the basis of the power generating element
shown in Fig. 6. Therefore, a power generating circuit
similar to that shown in Fig. 5 is provided for the power
generating element shown in Fig. 6, by which charge
generated at each of the upper layer electrodes E31 to
E33 can be taken out as electric power.
[0064] Actually, where the weight body 30 vibrates in
the direction of the X-axis as shown in Fig. 2(a) or where
it vibrates in the direction of the Z-axis as shown in Fig.
2(b), expansion/contraction stress in the longitudinal di-
rection (in the direction of the Y-axis) occurring at the
plate-like bridge portion 20 will concentrate at a part in-
dicated by a circular symbol in Fig. 2 to which "+" or "-"
is given, that is, in the vicinity of a connection portion with
the weight body 30 and in the vicinity of a connection
portion with the fixing-portion 10. The example shown in
Fig. 3 is an example in which the upper layer electrodes
E11 to E23 are arranged only at a part at which the stress
will concentrate, that is, an example in which the elec-
trodes are arranged most efficiently. In contrast, the ex-
ample shown in Fig. 6 is such that the upper layer elec-
trodes are arranged in an entire domain including a part
at which the stress will not concentrate, thus making it
possible to reduce the number of electrodes, although
power generation in relation to a unit electrode area is
not necessarily efficient.
[0065] In both of the above-described examples, the
upper layer electrodes are constituted with three types
of electrodes, that is, a central electrode, a right-hand
side electrode and a left-hand side electrode. As de-
scribed in Chapter 1, it is possible to generate electric
power on the basis of vibration energy of the weight body
30 in the direction of the Z-axis and vibration energy
thereof in the direction of the X-axis. It is also possible
to obtain such an effect that positive charge generated
by vibration in the direction of the X-axis can be balanced
in total quantity with negative charge thereof as much as
possible.

<2-2. Modification example on lateral arrangement of up-
per layer electrodes>

[0066] In both of the example shown in Fig. 3 and the
example shown in Fig. 6, the lower layer electrode E0 is
formed on the upper surface of the plate-like bridge por-
tion 20, the piezoelectric element 50 is formed on the
upper surface of the lower layer electrode E0 and three
types of upper layer electrodes, that is, a central elec-
trode, a right-hand side electrode and a left-hand side
electrode, are formed on the upper surface of the plate-
like bridge portion 20 through the lower layer electrode
E0 and the piezoelectric element 50. Of the upper layer
electrodes, some or all of the right-hand side electrodes
and the left-hand side electrodes may be formed on side
surfaces of the plate-like bridge portion 20 through the
lower layer electrode E0 and the piezoelectric element
50.
[0067] Fig. 8 covers front sectional views which show
variations of an arrangement mode of the upper layer
electrodes of the power generating element in the
present invention. Fig. 8(a) is a front sectional view which
shows a cross section obtained by cutting the plate-like
bridge portion 20 of the example shown in Fig. 3 along
the cutting plane line 8-8 in the drawing. As illustrated in
the drawing, a lower layer electrode E0 and a piezoelec-
tric element 50 are laminated on the upper surface of the
plate-like bridge portion 20, and three types of upper layer
electrodes E21, E22, E23 are also arranged on the upper
surface of the lamination. Therefore, the piezoelectric el-
ement 50 will develop a polarization phenomenon in the
vertical direction of the drawing. The example shown in
Fig. 6 is also similar in arrangement of the upper layer
electrodes.
[0068] In contrast, a right-hand side electrode and a
left-hand side electrode are laterally arranged in the ex-
ample shown in Fig. 8(b). That is, in this example, a lower
layer electrode E0B is formed on the side surfaces of the
plate-like bridge portion 20, together with the upper sur-
face thereof, and a piezoelectric element 50B is formed
on the surface of the lower layer electrode E0B. That is,
in the front sectional view, the lower layer electrode E0B
and the piezoelectric element 50B are also formed in the
U-letter shape and formed integrally from the upper sur-
face of the plate-like bridge portion 20 to the side surfaces
on both sides. Then, three types of electrodes which con-
stitute a group of upper layer electrodes are arranged in
such a manner that a central electrode E22B is formed
on the upper surface of the plate-like bridge portion 20
through the lower layer electrode E0B and the piezoe-
lectric element 50B, which remains unchanged. Howev-
er, a right-hand side electrode E21B and a left-hand side
electrode E23B are formed on the side surfaces of the
plate-like bridge portion 20 through the lower layer elec-
trode E0B and the piezoelectric element 50B. Fig. 8(b)
shows only a group of fixing-portion side electrodes E21B
to E23B. A group of weight body side electrodes E11B
to E13B is also arranged in a similar manner.
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[0069] In this case, each part of the piezoelectric ele-
ment 50B develops a polarization phenomenon in the
thickness direction. Therefore, a part formed on the upper
surface of the plate-like bridge portion 20 develops a po-
larization phenomenon in the vertical direction in the
drawing and a part formed on the side surface of the
plate-like bridge portion 20 develops a polarization phe-
nomenon in the lateral direction in the drawing. There-
fore, stress occurring at each part of the plate-like bridge
portion 20 generates charge with a predetermined polar-
ity at each of the six upper layer electrodes E11B to E13B;
E21B to E23B. An expansion/contraction state at each
part of the plate-like bridge portion 20 shown in Fig. 2(a)
remains unchanged also on the side surfaces thereof.
Therefore, resultantly, a circuit similar to the power gen-
erating circuit 60 shown in Fig. 5 is provided, by which
electric power can be taken out on the basis of the thus
generated charge.
[0070] In comparison with the example shown in Fig.
8(a), the example shown in Fig. 8(b) is wider in area of
each of the upper layer electrodes and accordingly
charge generated at the group of upper layer electrodes
is increased in quantity. Thus, as compared with the
former, the latter is increased in power generation effi-
ciency. However, the latter is required to form the lower
layer electrode, the piezoelectric element and the upper
layer electrodes not only on the upper surface of the
plate-like bridge portion 20 but also on the side surfaces,
thus resulting in increased production costs.
[0071] On the other hand, in the example shown in Fig.
8(c), a right-hand side electrode and a left-hand side elec-
trode are arranged so as to continue from the upper sur-
face to the side surfaces. Also in this example, as with
the example shown in Fig. 8(b), a lower layer electrode
E0C is formed on side surfaces of the plate-like bridge
portion 20, together with an upper surface thereof, and
a piezoelectric element 50C is formed on the surface of
the lower layer electrode E0C. Resultantly, in the front
sectional view, the lower layer electrode E0C and the
piezoelectric element 50C are formed in the U-letter
shape and formed integrally from the upper surface of
the plate-like bridge portion 20 to side surfaces on both
sides.
[0072] Here, three types of electrodes which constitute
a group of upper layer electrodes are arranged in such
a manner that a central electrode E22C is formed on the
upper surface of the plate-like bridge portion 20 through
the lower layer electrode E0C and the piezoelectric ele-
ment 50C, which remains unchanged. A right-hand side
electrode E21C and a left-hand side electrode E23C are
formed from the upper surface of the plate-like bridge
portion 20 to the side surfaces thereof through the lower
layer electrode E0C and the piezoelectric element 50C.
Fig. 8(c) shows only a group of fixing-portion side elec-
trodes E21C to E23C, with a group of weight body side
electrodes E11C to E13 also arranged in a similar man-
ner.
[0073] As described above, each part of the piezoe-

lectric element 50B develops a polarization phenomenon
in the thickness direction. Therefore, also in the case of
the example shown in Fig. 8(c), stress occurring at each
part of the plate-like bridge portion 20 will generate
charge with a predetermined polarity at each of the six
upper layer electrodes E11C to E13C; E21C to E23C. A
circuit similar to the power generating circuit 60 shown
in Fig. 5 is provided, by which electric power on the basis
of the thus generated charge can be taken out.
[0074] In comparison with the example shown in Fig.
8(b), the example shown in Fig. 8(c) can secure a wider
area of the right-hand side electrode and the left-hand
side electrode and accordingly charge generated by the
group of upper layer electrodes is increased in quantity.
It is, thereby, possible to enhance the power generation
efficiency. However, the latter is required to form the right-
hand side electrode and the left-hand side electrode from
the upper surface to the side surfaces, which will result
in increased manufacturing costs.
[0075] Of course, an arrangement mode of the upper
layer electrodes in each of the examples shown in Fig.
8(a) to Fig. 8(c) may be combined individually for every
part. In Fig. 8(d), a right half thereof is formed by adopting
the arrangement mode shown in Fig. 8(b) and a left half
thereof is formed by adopting the arrangement mode
shown in Fig. 8(c). Further, in this example, a piezoelec-
tric element is formed not by giving an integrated struc-
ture but by dividing a structure into two portions, 51D and
52D.
[0076] Specifically, in the example shown in Fig. 8(d),
a lower layer electrode E0D is formed not only on the
upper surface of a plate-like bridge portion 20 but also
on the side surfaces thereof, and the piezoelectric ele-
ments 51D, 52D are formed on the surface of the lower
layer electrode. The piezoelectric element 51D is formed
at a position which covers the right side surface of the
lower layer electrode E0D, and the piezoelectric element
52D is formed at a position which covers the upper sur-
face of the lower layer electrode E0D and the left side
surface thereof. Then, three types of electrodes which
constitute a group of upper layer electrodes are arranged
in such a manner that a central electrode E22D is formed
on the upper surface of the plate-like bridge portion 20
through the lower layer electrode E0D and the piezoe-
lectric element 52D, a right-hand side electrode E21D is
formed on the right side surface of the plate-like bridge
portion 20 through the lower layer electrode E0D and the
piezoelectric element 51D, and a left-hand side electrode
E23D is formed from the upper surface of the plate-like
bridge portion 20 to the side surface thereof through the
lower layer electrode E0D and the piezoelectric element
52D.
[0077] As described above, the right-hand side elec-
trode and the left-hand side electrode are not necessarily
bilaterally symmetrical. However, in order that positive
charge generated by vibration in the direction of the X-
axis may be balanced in total quantity with negative
charge thereof as much as possible, it is preferable that
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they are bilaterally symmetrical as described in the ex-
amples shown in Fig. 8(a) to (c).
[0078] Further, the piezoelectric element is not neces-
sarily formed to give an integrated structure. As shown
in Fig. 8(d), the piezoelectric element may be arranged
independently at a position corresponding to each of the
upper layer electrodes. Actually, however, the integrated
structure can be more easily formed in a manufacturing
process. Similarly, the lower layer electrode may be ar-
ranged independently at a position corresponding to
each of the upper layer electrodes. Actually, however,
the integrated structure can be more easily formed in a
manufacturing process.
[0079] As described above, a description has been giv-
en of the examples shown in Fig. 8(b) to (d) as variations
of the example shown in Fig. 3 (the front sectional view
corresponds to Fig. 8(a)). Of course, similar variations
will also be made available for the example shown in Fig.
6. Further, similar variations of an arrangement mode of
the upper layer electrodes will also be made available
for a second embodiment to be described below.

<<<Chapter 3. Second embodiment (three-axis power 
generation type)>>>

[0080] Next, a description will be given of second em-
bodiment of the present invention. The first embodiment
described in Chapter 1 is a two-axis power generation
type power generating element in which vibration energy
applied on the weight body 30 in the direction of the X-
axis and vibration energy thereof in the direction of the
Z-axis are converted into electric energy, thereby gener-
ating electric power. The second embodiment to be de-
scribed here is a three-axis power generation type power
generating element which has a function to additionally
convert vibration energy in the direction of the Y-axis into
electric energy.
[0081] Of course, the first embodiment is also able to
convert vibration energy in the direction of the Y-axis into
electric energy. However, as described above, the vibra-
tion energy is quite low in conversion efficiency and neg-
ligible as compared with vibration energy in the direction
of the X-axis or in the direction of the Z-axis. The second
embodiment to be described here is such that in principle,
two sets of plate-like bridge portions in the first embodi-
ment are provided and they are combined in a direction
at which these are orthogonal with each other. Thereby,
even where the weight body vibrates in any direction of
the X-axis, Y-axis and Z-axis, the vibration energy thereof
can be efficiently converted into electric energy.
[0082] Fig. 9 covers a plan view (Fig. (a) at the upper
part) of a basic structure body 100 which constitutes a
power generating element of the second embodiment in
the present invention and a side sectional view thereof
(Fig. (b) at the lower part). As shown in Fig. 9(a), the
basic structure body 100 is a spiral structure body which
has portions such as a fixing-portion plate-like member
110, a first plate-like bridge portion 120, an intermediate

connection portion 125, a second plate-like bridge portion
130, a weight body connection portion 140 and a weight
body 150.
[0083] Here, for convenience of describing a vibration
direction, in a state that the weight body 150 is held sta-
tionary, an origin O is placed at the center of gravity of
the weight body 150, thereby defining an XYZ three-di-
mensional coordinate system as illustrated in the draw-
ing. That is, in the plan view of Fig. 9(a), the X-axis is
defined below the drawing, the Y-axis is defined on the
right-hand side in the drawing, and the Z-axis is defined
above in a direction perpendicular to the sheet surface.
In the side sectional view of Fig. 9(b), the Z-axis is defined
above in the drawing, the Y-axis is defined on the right-
hand side in the drawing, and the X-axis is defined above
in a direction perpendicular to the sheet surface. The side
sectional view of Fig. 9(b) corresponds to a drawing in
which the basic structure body 100 in the plan view of
Fig. 9(a) is cut along the YZ plane. It is noted that although
illustration is omitted in Fig. 9(a), the basic structure body
100 is actually housed inside a device housing. In Fig.
9(b), a bottom plate 200 which is a part of the device
housing is illustrated to give a state that a lower surface
of the fixing-portion plate-like member 110 is firmly at-
tached to an upper surface of the bottom plate 200.
[0084] The fixing-portion plate-like member 110 per-
forms a function similar to that of the fixing-portion 10 of
the first embodiment and is a constituent which fixes the
base end of the first plate-like bridge portion 120 (the left
end in the drawing) to the bottom plate 200 of the device
housing. On the other hand, the base end of the second
plate-like bridge portion 130 is connected to the leading
end of the first plate-like bridge portion 120 (on the right-
hand side in the drawing) through the intermediate con-
nection portion 125. The weight body 150 is connected
to the leading end of the second plate-like bridge portion
130 through the weight body connection portion 140. As
shown in Fig. 9(a), the weight body 150 is a rectangular
structure body having sufficient mass for performing a
function as an oscillator and is held supported by con-
stituents 110, 120, 125, 130, 140 which are arranged in
a spiral manner.
[0085] In Fig. 9(b), although neither the first plate-like
bridge portion 120 nor the intermediate connection por-
tion 125 is not illustrated, the first plate-like bridge portion
120, the intermediate connection portion 125, the second
plate-like bridge portion 130, the weight body connection
portion 140 and the weight body 150 are all equal in thick-
ness (the dimension in the direction of the Z-axis). In
contrast, the fixing-portion plate-like member 110 is pro-
vided below with a part which is excessively thick. Thus,
as shown in Fig. 9(b), in a state that the lower surface of
the fixing-portion plate-like member 110 is fixed to the
upper surface of the bottom plate 200, the first plate-like
bridge portion 120, the intermediate connection portion
125, the second plate-like bridge portion 130, the weight
body connection portion 140 and the weight body 150
are all in a state that they are floating above the upper
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surface of the bottom plate 200, and the weight body 150
is held in a suspended state.
[0086] Here, at least, the first plate-like bridge portion
120 and the second plate-like bridge portion 130 are flex-
ible and, therefore, they undergo deflection by application
of an external force. Therefore, when vibration is applied
to the device housing from the outside, a force is applied
to the weight body 150 by vibration energy thereof, and
the weight body 150 vibrates inside the device housing.
For example, when the device housing is attached to a
vibration source such as a vehicle in a direction so that
the XY plane is a horizontal plane and the Z-axis is a
perpendicular axis, vibration energy in the direction of
each of XYZ coordinate axes is applied to the weight
body 150 by vibration in the perpendicular direction and
in the horizontal direction transmitted from the vibration
source.
[0087] Resultantly, the basic structure body 100 shown
in Fig. 9 has a structure in which the leading end of the
first plate-like bridge portion 120 is connected to the base
end of the second plate-like bridge portion 130 through
the intermediate connection portion 125 so that the first
plate-like bridge portion 120 and the second plate-like
bridge portion 130, each of which is flexible, are arranged
to give the L-letter shape and also the leading end of the
second plate-like bridge portion 130 is connected to a
corner of the weight body 150 through the weight body
connection portion 140 so that the weight body 150 is
arranged beside the second plate-like bridge portion 130.
In addition, the base end of the first plate-like bridge por-
tion 120 is fixed to the upper surface of the bottom plate
200 of the device housing by the fixing-portion plate-like
member 110 which performs a function as a fixing-por-
tion. Therefore, the first plate-like bridge portion 120, the
second plate-like bridge portion 130 and the weight body
150 are in a suspended state in which they are floating
above the bottom plate 200 of the device housing, with
no external force applied.
[0088] In particular, in the basic structure body 100
shown in Fig. 9, the fixing-portion is constituted with the
fixing-portion plate-like member 110 which extends along
a longitudinal direction axis L0 for fixing-portion which is
parallel to the X-axis, and the base end of the first plate-
like bridge portion 120 is fixed to one end of the fixing-
portion plate-like member 110. Further, the first plate-like
bridge portion 120 is arranged so as to extend in the
direction of the Y-axis, with a first longitudinal direction
axis Ly parallel to the Y-axis given as the center. The
second plate-like bridge portion 130 is arranged so as to
extend in the direction of the X-axis, with a second lon-
gitudinal direction axis Lx parallel to the X-axis given as
the center. Therefore, the structure body constituted with
the fixing-portion plate-like member 110, the first plate-
like bridge portion 120 and the second plate-like bridge
portion 130 is given as a U-letter shaped structure body
so that a projection image thereof on the XY plane is
formed in the U-letter shape and structured in such a
manner that the plate-like weight body 150 is arranged

in an internal domain surrounded by the U-letter shaped
structure body.
[0089] The above-described basic structure body 100
is structurally suitable for mass production. That is, as
apparent from the plan view of Fig. 9(a), the basic struc-
ture body 100 can be mass-produced by a process in
which a void area V having a U-letter shape is formed in
a planar manner on a rectangular plate-like member by
etching, etc., to fabricate a spiral structure body as a
whole.
[0090] For example, the embodiment shown here is
such that there is provided a square silicon substrate with
one side dimension of 5 mm, a groove with the width of
about 0.3 mm is formed thereon by etching to form the
void area V in the U-letter shape, and the U-letter shaped
structure body with the width of about 0.5 mm is used to
form the fixing-portion plate-like member 110, the first
plate-like bridge portion 120, the intermediate connection
portion 125, the second plate-like bridge portion 130 and
the weight body connection portion 140. Further, with
regard to the thickness of each portion, the first plate-like
bridge portion 120, the intermediate connection portion
125, the second plate-like bridge portion 130, the weight
body connection portion 140 and the weight body 150
are individually 0.5 mm in thickness, and the fixing-por-
tion plate-like member 110 is 1 mm in thickness.
[0091] Of course, dimensions of each portion can be
set arbitrarily. In short, the first plate-like bridge portion
120 and the second plate-like bridge portion 130 may be
set at such a dimension to have appropriate flexibility so
that the weight body 150 causes vibration in the direction
of each coordinate axis with certain oscillation kept. The
weight body 150 may be set at such a dimension that
has a sufficient mass which causes vibration necessary
for electric power generation by the vibration energy from
the outside. The fixing-portion plate-like member 110
may be set at such a dimension that the basic structure
body 100 in its entirety is firmly attached to the bottom
plate 200 of the device housing.
[0092] A description has been given above of a struc-
ture of the basic structure body 100, that is, a constituent
of the power generating element of the second embodi-
ment, with reference to Fig. 9. The power generating el-
ement is constituted by adding some other elements to
the basic structure body 100.
[0093] Fig. 10(a) is a plan view of the power generating
element of the second embodiment (the device housing
is not illustrated), and Fig. 10(b) is a side sectional view
obtained by cutting the power generating element along
the YZ plane (the device housing is illustrated). As shown
in Fig. 10(b), a layered lower layer electrode E00 is
formed all over the upper surface of the basic structure
body 100, and a layered piezoelectric element 300 is
formed all over the still upper surface thereof. Then, a
group of upper layer electrodes composed of a plurality
of upper layer electrodes formed locally is formed on the
upper surface of the piezoelectric element 300 (since Fig.
10 (b) is a sectional view of the YZ plane, only three upper
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layer electrodes Ex1, Ex2, Ez1 arranged behind the cross
section appear in the drawing).
[0094] The lower layer electrode and the upper layer
electrodes may be formed by using a generally accepted
conductive material such as metal, as with the first em-
bodiment. In the case of the example shown here, a thin-
film metal layer with the thickness of about 300 nm (a
metal layer composed of two layers of titanium film and
platinum film) is used to form the lower layer electrode
E00 and the group of upper layer electrodes. Further,
PZT (lead zirconate titanate) or KNN (potassium sodium
niobate) is made into a thin film with the thickness of
about 2 mm and used as the piezoelectric element 300.
[0095] As shown in Fig. 10(b), in the case of this ex-
ample, the device housing is constituted with the bottom
plate 200 and a cover 400, and the basic structure body
100 is housed inside the device housing. As described
above, the basic structure body 100 is fixed to the upper
surface of the bottom plate 200 by the fixing-portion plate-
like member 110, and a weight body 150 is held in a
suspended state inside the device housing. The cover
400 is constituted with a top plate 410 and a side plate
420. The weight body 150 undergoes displacement in-
side an internal space of the cover 400, thereby resulting
in vibration.
[0096] A distance between the upper surface of the
weight body 150 and the lower surface of the top plate
410 and a distance between the lower surface of the
weight body 150 and the upper surface of the bottom
plate 200 are set to appropriate dimensions, by which
each of the top plate 410 and the bottom plate 200 is able
to perform a function as a stopper member. That is, an
inner wall surface of the device housing performs a func-
tion as a control member for controlling excessive dis-
placement of the weight body 150. Thus, even where
excessive acceleration (acceleration which may break
each of the plate-like bridge portions 120, 130) is applied
to the weight body 150, it is possible to control excessive
displacement of the weight body 150, thereby preventing
the plate-like bridge portions 120, 130 from being dam-
aged. However, where a clearance dimension between
the top plate 410 and the weight body 150 or a clearance
dimension between the bottom plate 200 and the weight
body 150 is excessively narrow, power generation effi-
ciency is decreased by influences of air damping. This
should be noted.
[0097] In the case of the example shown here, as
shown in Fig. 10 (a), a group of upper layer electrodes
is constituted with 12 upper layer electrodes Ex1 to Ex4;
Ey1 to Ey4; Ez1 to Ez4 (hatching in the drawing is given
for clearly indicating an electrode forming domain and
not for indicating a cross section). Fig. 10(a) is a plan
view of the power generating element when observed
from above. Therefore, a piezoelectric element 300
which covers an entire surface of the basic structure body
comes into sight. For convenience of description, how-
ever, in Fig. 10(a), the position of each of the fixing-por-
tion plate-like member 110, the first plate-like bridge por-

tion 120, the second plate-like bridge portion 130, the
weight body connection portion 140 and the weight body
150 is indicated by a symbol having an outgoing line of
the broken line.
[0098] Roles of six upper layer electrodes arranged
above the first plate-like bridge portion 120 are funda-
mentally similar to those of six upper layer electrodes
arranged above the plate-like bridge portion 20 shown in
Fig. 3. Similarly, roles of six upper layer electrodes ar-
ranged above the second plate-like bridge portion 130
are fundamentally similar to those of six upper layer elec-
trodes arranged above the plate-like bridge portion 20
shown in Fig. 3.
[0099] Here, the four upper layer electrodes Ex1 to
Ex4, each of which includes a symbol x, (side electrodes
on both sides arranged so as to extend along a second
longitudinal direction axis Lx on the second plate-like
bridge portion 130) and the four upper layer electrodes
Ey1 to Ey4, each of which includes a symbol y, (side
electrodes on both sides arranged so as to extend along
a first longitudinal direction axis Ly on the first plate-like
bridge portion 120) are electrodes installed for playing a
role of taking out charge generated on the basis of vibra-
tion energy of the weight body 150 mainly in the horizontal
direction (in the direction of the X-axis and in the direction
of the Y-axis). The four upper layer electrodes Ez1 to
Ez4, each of which includes a symbol z, (central elec-
trodes arranged on the first longitudinal direction axis Ly
of the first plate-like bridge portion 120 and on the second
longitudinal direction axis Lx of the second plate-like
bridge portion 130) are electrodes installed for playing a
role of taking out charge on the basis of vibration energy
of the weight body 150 mainly in a perpendicular direction
(in the direction of the Z-axis).
[0100] Here, of the 12 upper layer electrodes shown
in Fig. 10(a), three electrodes formed at the leading end
of the first plate-like bridge portion 120 are respectively
referred to as a first leading end-side right-hand side elec-
trode Ey1, a first leading end-side central electrode Ez3
and a first leading end-side left-hand side electrode Ey2.
Three electrodes formed at the base end of the first plate-
like bridge portion 120 are respectively referred to as a
first base end-side right-hand side electrode Ey3, a first
base end-side central electrode Ez4 and a first base end-
side left-hand side electrode Ey4. Three electrodes
formed at the leading end of the second plate-like bridge
portion 130 are respectively referred to as a second lead-
ing end-side right-hand side electrode Ex1, a second
leading end-side central electrode Ez1, a second leading
end-side left-hand side electrode Ex2. Three electrodes
formed at the base end of the second plate-like bridge
portion 130 are respectively referred to as a second base
end-side right-hand side electrode Ex3, a second base
end-side central electrode Ez2, and a second base end-
side left-hand side electrode Ex4.
[0101] Here as well, the words "the right-hand side"
and "the left-hand side" refer to the right and the left when
the upper surface of each of the plate-like bridge portions
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120, 130 is observed from the base end-side thereof.
The central electrodes Ez3, Ez4 are arranged on the first
longitudinal direction axis Ly (the center axis parallel to
the Y-axis) which is given as the center line of the first
plate-like bridge portion 120. The side electrodes on both
sides Ey1 to Ey4 are arranged on the both sides so as
to be symmetrical with the first longitudinal direction axis
Ly. Similarly, the central electrodes Ez1, Ez2 are ar-
ranged on the second longitudinal direction axis Lx (the
center axis parallel to the X-axis) which is given as the
center line of the second plate-like bridge portion 130.
The side electrodes on both sides Ex1 to Ex4 are ar-
ranged on the both sides thereof so as to be symmetrical
with the second longitudinal direction axis Lx.
[0102] As shown in Fig. 10(b), the power generating
element is additionally provided with a power generating
circuit 500. In Fig. 10(b), the power generating circuit 500
is indicated just as a block. A specific circuit diagram
thereof will be described below. As illustrated in the draw-
ing, wiring is given between the power generating circuit
500, the lower layer electrode E00 and the 12 upper layer
electrodes Ex1 to Ex4; Ey1 to Ey4; Ez1 to Ez4, and
charge generated at each of the upper layer electrodes
is taken out through the wiring by the power generating
circuit 500. Actually, each of the wiring can be formed
together with each of the upper layer electrodes by
means of a conductive pattern made on the upper surface
of the piezoelectric element 300. Further, where the basic
structure body is constituted with a silicon substrate, the
power generating circuit 500 can be formed on the silicon
substrate (for example, a part of the fixing-portion plate-
like member 110).
[0103] Resultantly, the power generating element of
the second embodiment is a power generating element
which generates electric power by converting vibration
energy in the direction of each coordinate axis in the XYZ
three-dimensional coordinate system into electric ener-
gy. The power generating element is provided with the
first plate-like bridge portion 120 which is flexible and
extends along the first longitudinal direction axis Ly par-
allel to the Y-axis, the second plate-like bridge portion
130 which is flexible and connected to the first plate-like
bridge portion 120 (through an intermediate connection
portion 125) to extend along the second longitudinal di-
rection axis Lx parallel to the X-axis, the weight body 150
which is connected to the second plate-like bridge portion
130 (through the weight body connection portion 140),
the device housing 400 which houses the first plate-like
bridge portion 120, the second plate-like bridge portion
130 and the weight body 150, the fixing-portion (fixing-
portion plate-like member 110) which fixes one end of
the first plate-like bridge portion 120 to the device housing
400, the lower layer electrode E00 which is formed in a
layered manner on the surfaces of the first plate-like
bridge portion 120 and the second plate-like bridge por-
tion 130, the piezoelectric element 300 which is formed
in a layered manner on the surface of the lower layer
electrode E00, the group of upper layer electrodes Ex1

to Ex4, Ey1 to Ey4, Ez1 to Ez4 which is composed of a
plurality of upper layer electrodes locally formed on the
surface of the piezoelectric element 300, and the power
generating circuit 500 which rectifies current produced
based on charge generated at each of the upper layer
electrodes and the lower layer electrode to take out elec-
tric power.
[0104] As described above, in the thus structured pow-
er generating element, upon application of an external
force which vibrates the device housing 400, the weight
body 150 vibrates inside the device housing 400 due to
deflection occurring at each of the plate-like bridge por-
tions 120, 130. Then, deflection occurring at each of the
plate-like bridge portions 120, 130 is transmitted to the
piezoelectric element 300, resulting in similar deflection
occurring at the piezoelectric element 300. The piezoe-
lectric element 300 is apt to polarize in the thickness di-
rection due to application of stress which expands and
contracts in the layer direction. Therefore, charge is gen-
erated on the upper and lower surfaces of the piezoelec-
tric element 300, and the thus generated charge is taken
out from the upper layer electrodes Ex1 to Ex4; Ey1 to
Ey4; Ez1 to Ez4 and the lower layer electrode E00.
[0105] In the case of the example shown here, as with
the example described in Chapter 1, there is used the
piezoelectric element 300 in which upon application of
stress which expands in the layer direction, positive
charge is generated on the upper surface, while negative
charge is generated on the lower surface. In contrast,
upon application of stress which contracts in the layer
direction, negative charge is generated on the upper sur-
face, while positive charge is generated on the lower sur-
face. Of course, in the second embodiment as well, there
may be used a piezoelectric element with any polariza-
tion characteristics.
[0106] Next, the specific power generating motion of
the power generating element is considered. Fig. 11 is a
plan view which shows an expansion/contraction state
at a position at which each of the upper layer electrodes
is formed when the weight body 150 of the basic structure
body 100 shown in Fig. 9 undergoes displacement Δx(+)
in the positive direction of the X-axis. Similarly, Fig. 12
is a plan view which shows an expansion/contraction
state when it undergoes displacement Δy(+) in the pos-
itive direction of the Y-axis. Fig. 13 is a plan view which
shows an expansion/contraction state when it undergoes
displacement Δz(+) in the positive direction of the Z-axis.
The above-described displacement will occur when ac-
celeration in the positive direction of each coordinate axis
is applied on the weight body 150. This displacement
imparts deflection at each of the plate-like bridge portions
120, 130, resulting in deformation of the basic structure
body 100. However, in Fig. 11 to Fig. 13, for convenience
of illustration, a displacement state of the basic structure
body 100 is not illustrated and an expansion/contraction
state at a position at which each of the upper layer elec-
trodes has been formed is indicated by the arrow (a sym-
bol with arrows on both sides indicates a state of expan-
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sion, and a symbol with a pair of mutually facing arrows
indicates a state of contraction).
[0107] Where the weight body 150 undergoes dis-
placement Δx(+) in the positive direction of the X-axis,
as shown in Fig. 11, stress which expands in the longi-
tudinal direction is applied on each of the second leading
end-side right-hand side electrode Ex1, the second base
end-side right-hand side electrode Ex3 and the first lead-
ing end-side right-hand side electrode Ey1 which are ar-
ranged outside the spiral basic structure body 100,
whereas stress which contracts in the longitudinal direc-
tion is applied on the first base end-side right-hand side
electrode Ey3. On the other hand, stress which contracts
in the longitudinal direction is applied on each of the sec-
ond leading end-side left-hand side electrode Ex2, the
second base end-side left-hand side electrode Ex4 and
the first leading end-side left-hand side electrode Ey2
which are arranged inside the spiral basic structure body
100, whereas stress which expands in the longitudinal
direction is applied on the first base end-side left-hand
side electrode Ey4.
[0108] Despite the fact that the first base end-side
right-hand side electrode Ey3 is an electrode which is
positioned outside the spiral basic structure body 100, it
is reverse in an expansion/contraction state to those
which are positioned outside, that is, the right-hand side
electrodes Ex1, Ex3, Ey1. Despite the fact that the first
base end-side right-hand side electrode Ey4 is an elec-
trode which is positioned inside the spiral basic structure
body 100, it is reverse in an expansion/contraction state
to those which are positioned inside, that is, the left-hand
side electrodes Ex2, Ex4, Ey2. A complicated theory is
needed for describing reasons for the reverse of expan-
sion/contraction occurring at the base end of the first
plate-like bridge portion 120 and, therefore, the descrip-
tion thereof is omitted here. However, the inventor of the
present invention has confirmed occurrence of the illus-
trated expansion/contraction stress by conducting a
computer simulation on structural mechanics (refer to
Fig. 19 to be described below).
[0109] As for the four central electrodes Ez1 to Ez4
arranged on the center line, reverse stress is slightly ap-
plied between the right half and the left half of the central
electrodes. It is thus considered that the stress is, as a
whole, balanced to cause no expansion/contraction.
[0110] Fig. 11 shows a state of displacement Δx(+) oc-
curring in the positive direction of the X-axis. Upon dis-
placement Δx(-) occurring in the negative direction of the
X-axis, the weight body 150 undergoes displacement in
a reverse direction. An expansion/contraction state of
each portion is reverse to the state shown in Fig. 11.
Therefore, when vibration energy having a vibration com-
ponent in the direction of the X-axis is applied to the de-
vice housing 400, the expansion/contraction state shown
in Fig. 11 and a reversed state thereof will be repeated
alternately at each portion of the basic structure body
100.
[0111] On the other hand, where the weight body 150

undergoes displacement Δy(+) in the positive direction
of the Y-axis, as shown in Fig. 12, stress which contracts
in the longitudinal direction is applied on each of the sec-
ond base end-side right-hand side electrode Ex3, the first
leading end-side right-hand side electrode Ey1 and the
first base end-side right-hand side electrode Ey3 which
are arranged outside the spiral basic structure body 100,
whereas stress which expands in the longitudinal direc-
tion is applied on the second leading end-side right-hand
side electrode Ex1. On the other hand, stress which ex-
pands in the longitudinal direction is applied on each of
the second base end-side left-hand side electrode Ex4,
the first leading end-side left-hand side electrode Ey2
and the first base end-side left-hand side electrode Ey4
which are arranged inside the spiral basic structure body
100, whereas stress which contracts in the longitudinal
direction is applied on the second leading end-side left-
hand side electrode Ex2.
[0112] Despite the fact that the second leading end-
side right-hand side electrode Ex1 is an electrode which
is positioned outside the spiral basic structure body 100,
it is reverse in an expansion/contraction state to those
which are positioned outside, that is, the right-hand side
electrodes Ex3, Ey1, Ey3. Despite the fact that the sec-
ond leading end-side left-hand side electrode Ex2 is an
electrode which is positioned inside the spiral basic struc-
ture body 100, it is reverse in an expansion/contraction
state to those which are positioned inside, that is, the left-
hand side electrodes Ex4, Ey2, Ey4. A complicated the-
ory is needed for describing reasons for the reverse of
expansion/contraction occurring at the leading end of the
second plate-like bridge portion 130 and, therefore, the
description thereof is omitted here. The inventor of the
present invention has confirmed occurrence of the illus-
trated expansion/contraction stress by conducting a
computer simulation on structural mechanics (refer to
Fig. 20 which is to be described below).
[0113] In this case as well, as for the four central elec-
trodes Ez1 to Ez4 arranged on the center line, reverse
stress is slightly applied between the right half and the
left half of the central electrodes. It is considered that the
stress is, as a whole, balanced to cause no expan-
sion/contraction.
[0114] Fig. 12 shows a state of displacement Δy(+) oc-
curring in the positive direction of the Y-axis. Upon dis-
placement Δy(-) occurring in the negative direction of the
Y-axis, the weight body 150 undergoes displacement in
a reverse direction, and an expansion/contraction state
of each portion is reverse to the state shown in Fig. 12.
Therefore, where vibration energy having a vibration
component in the direction of the Y-axis is applied to the
device housing 400, the expansion/contraction state
shown in Fig. 12 and a reverse state thereof will be re-
peated alternately at each portion of the basic structure
body 100.
[0115] Finally, where the weight body 150 undergoes
displacement Δz(+) in the positive direction of the Z-axis,
as shown in Fig. 13, stress which expands in the longi-
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tudinal direction is applied on the three electrodes Ey1,
Ey2, Ez3 at the leading end-side of the first plate-like
bridge portion 120 and the three electrodes Ex1, Ex2,
Ez1 at the leading end-side of the second plate-like
bridge portion 130. And, stress which contracts in the
longitudinal direction is applied on the three electrodes
Ey3, Ey4, Ez4 at the base end-side of the first plate-like
bridge portion 120 and the three electrodes Ex3, Ex4,
Ez2 at the base end-side of the second plate-like bridge
portion 130. Although a detailed description will be omit-
ted for reasons for application of the above-described
stress, the inventor of the present invention has con-
firmed occurrence of the illustrated expansion/contrac-
tion stress by conducting a computer simulation on struc-
tural mechanics (refer to Fig. 21 which is to be described
below).
[0116] Fig. 13 shows a state of displacement Δz(+) oc-
curring in the positive direction of the Z-axis. Upon dis-
placement Δz(-) occurring in the negative direction of the
Z-axis, the weight body 150 undergoes displacement in
a reverse direction, and an expansion/contraction state
of each portion is reverse to the state shown in Fig. 13.
Therefore, when vibration energy having a vibration com-
ponent in the direction of the Z-axis is applied to the de-
vice housing 400, the expansion/contraction state shown
in Fig. 13 and a reverse state thereof will be repeated
alternately at each portion of the basic structure body
100.
[0117] Fig. 14 is a table which shows the polarity of
charge generated at each of the upper layer electrodes
Ex1 to Ex4; Ey1 to Ey4; Ez1 to Ez4, when the weight
body 150 undergoes displacement in the direction of
each coordinate axis, with the lower layer electrode E00
given as a reference potential, in the power generating
element shown in Fig. 10. In the table, a symbol of "+"
denotes generation of positive charge, while a symbol of
"-" denotes generation of negative charge. Further, a
symbol of "0" denotes a state that no charge is generated
or a state that charge is generated in a smaller quantity
than the case indicated by the symbol of "+" or the symbol
of "-." Actually, since charge indicated in a column cor-
responding to the symbol of "0" is not generated in a
significant quantity, the charge will be disregarded in the
following description.
[0118] As described above, when the weight body 150
undergoes displacement in the direction of each coordi-
nate axis, the expansion/contraction stress shown in Fig.
11 to Fig. 13 is applied to individual parts of each of the
plate-like bridge portions 120, 130. On the other hand,
the piezoelectric element 300 is characterized in that its
polarization is such that positive charge is generated on
the upper surface thereof and negative charge is gener-
ated on the lower surface thereof upon application of
stress which expands in the layer direction, while nega-
tive charge is generated on the upper surface thereof
and positive charge is generated on the lower surface
thereof upon application of stress which contracts in the
layer direction. With the above description taken into ac-

count, it will be easily understood that the results shown
in the table of Fig. 14 are obtained.
[0119] For example, results on each column of "dis-
placement Δx(+)" in the first row in Fig. 14 are such that
"+" is given to a column of each of the upper layer elec-
trodes which is an expanding part in the distribution of
expansion/contraction shown in Fig. 11, "-" is given to a
column of each of the upper layer electrodes which is a
contracting part, and "0" is given to a column of each of
the upper layer electrodes which is a part free of expan-
sion/contraction as a whole. Similarly, results on individ-
ual columns of "displacement Δy(+)" in the second row
are as indicated in the distribution of expansion/contrac-
tion shown in Fig. 12. Results on individual columns of
"displacement Δz(+)" in the third row are as indicated in
the distribution of expansion/contraction shown in Fig.
13.
[0120] The table of Fig. 14 shows charge generated at
each of the upper layer electrodes upon displacement
Δx(+), Δy(+), Δz(+) occurring in the positive direction of
each coordinate axis on the weight body 150. Upon dis-
placement Δx(-), Δy(-), Δz(-) occurring in the negative
direction of each coordinate axis, obtained are such re-
sults that the symbols in the table of Fig. 14 are reversed.
In most cases, when vibration energy is applied from the
outside, the weight body 150 vibrates inside the device
housing 400 to synchronize with a period of the vibration,
and the symbols shown in the table of Fig. 14 are re-
versed. Then, generation of charge is periodically in-
creased or decreased.
[0121] Actually, vibration energy applied from the out-
side is to have a direction component of each coordinate
axis in an XYZ three-dimensional coordinate system.
Therefore, displacement of the weight body 150 is syn-
thesized displacement of Δx(6), Δy(6), Δz(6) and sub-
ject to change over time. Therefore, when, for example,
displacement of Δx(+) and that of Δy(+) occur at the same
time, or displacement of Δx(+) and that of Δz(+) occur at
the same time, positive charge and negative charge are
both generated at the upper layer electrodes Ex3, Ey2,
as shown in the table of Fig. 14. Thus, charge is partially
offset and cannot be effectively taken out.
[0122] As described above, power is not always gen-
erated efficiently at 100%, depending on a certain mode
of vibration by the weight body 150. However, as a whole,
electric power can be generated by taking out energy in
the directions of three axes, that is, vibration energy of
the weight body 150 in the direction of the X-axis, vibra-
tion energy in the direction of the Y-axis, and vibration
energy in the direction of the Z-axis. Therefore, the power
generating element according to the second embodiment
of the present invention is characterized in that vibration
energy of the weight body 150 for all three axes can be
utilized to generate electric power. Due to the above-
described characteristics, it is possible to realize an ob-
ject that vibration energy which includes various direction
components is converted into as much electric energy
as possible without waste to generate electric power at
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high efficiency.
[0123] The power generating circuit 500 plays a role
of rectifying current produced on the basis of charge gen-
erated at each of the upper layer electrodes Ex1 to Ez4
and at the lower layer electrode E00 to take out electric
power. In the case of the example shown here, the lower
layer electrode E00 performs a function to secure a ref-
erence potential as a common electrode. Therefore, ac-
tually, current flowing out from each of the upper layer
electrodes Ex1 to Ez4 and current flowing into each of
the upper layer electrodes Ex1 to Ez4 may be individually
collected to store electricity.
[0124] Fig. 15 is a circuit diagram which shows a spe-
cific constitution of the power generating circuit 500 which
is used in the power generating element shown in Fig.
10. A basic circuit constitution thereof is similar to that of
the power generating circuit 60 shown in Fig. 5. That is,
Px1 to Px4; Py1 to Py4; Pz1 to Pz4 show parts of the
piezoelectric element 300, respectively corresponding to
sites directly under the upper layer electrodes Ex1 to Ez4;
Ey1 to Ey4; Ez1 to Ez4. Further, E00 indicated by the
white circle on the circuit diagram corresponds to the
lower layer electrode, and Ex1 to Ex4; Ey1 to Ey4; Ez1
to Ez4 indicated by the white circle correspond to the
upper layer electrodes.
[0125] Dx1(+) to Dz24(-) denote rectifier cells (diodes).
Each of the rectifier cells to which a symbol of (+) is given
plays a role of taking out positive charge generated at
each of the upper layer electrodes, and each of the rec-
tifier cells to which a symbol of (-) is given plays a role of
taking out negative charge generated at each of the upper
layer electrodes.
[0126] A pair of mutually independent positive and neg-
ative rectifier cells Dx1(+), Dx1(-), ... etc., are connected
to each of the upper layer electrodes Ex1 to Ex4; Ey1 to
Ey4. In contrast, to the upper layer electrodes Ez1, Ez3,
a pair of positive and negative rectifier cells Dz13(+),
Dz13(-) which are common to them are connected, and
to the upper layer electrodes Ez2, Ez4, a pair of positive
and negative rectifier cells Dz24 (+), Dz24(-) which are
common to them are connected. This is because, as ap-
parent from the table of Fig. 14, the upper layer electrodes
Ez1, Ez3 constantly generate only charge with the same
polarity and the upper layer electrodes Ez2, Ez4 also
constantly generate charge with the same polarity, by
which they can use the common rectifier cells.
[0127] On the other hand, a symbol of Cf denotes a
smoothing capacitive element (capacitor). Positive
charge which has been taken out is supplied to a positive-
electrode terminal of the capacitor (an upper terminal in
the drawing), and negative charge which has been taken
out is supplied to a negative-electrode terminal thereof
(a lower terminal in the drawing). As with the power gen-
erating circuit 60 shown in Fig. 5, the capacitive element
Cf plays a role of smoothing pulsating current resulting
from the thus generated charge. At a stationary time
when the weight body 150 is stable in vibration, imped-
ance of the capacitive element Cf is substantially negli-

gible. In the power generating circuit 60 shown in Fig. 5,
in order to take out charge generated at the lower layer
electrode E0, the rectifier cells D0(+) and D0(-) are used.
In the power generating circuit 500 shown in Fig. 15, there
is adopted such a constitution that both terminals of the
capacitive element Cf are connected to the lower layer
electrode E00 through resistance elements Rd1, Rd2.
This constitution is also able to take out charge generated
both at the upper layer electrodes and at the lower layer
electrode.
[0128] In this case as well, ZL which is connected in
parallel to the capacitive element Cf indicates load of an
appliance to which electric power generated by the power
generating element is supplied. Resistance values of the
resistance elements Rd1, Rd2 are set so as to be suffi-
ciently larger than impedance of the load ZL. As with the
power generating circuit 60 shown in Fig. 5, in order to
improve the power generation efficiency, it is preferable
that impedance of the load ZL is matched with internal
impedance of the piezoelectric element 300. Therefore,
where an appliance to which electric power is supplied
is assumed in advance, it is preferable that a piezoelectric
element which has internal impedance matched with im-
pedance of the load ZL of the appliance is adopted to
design the power generating element.
[0129] Resultantly, the power generating circuit 500 is
provided with the capacitive element Cf, rectifier cells for
positive charge Dx1 (+) to Dx24 (+) in which a direction
of moving from each of the upper layer electrodes Ex1
to Ez4 to the positive electrode of the capacitive element
Cf for guiding positive charge generated at each of the
upper layer electrodes Ex1 to Ez4 toward the positive
electrode of the capacitive element Cf is given as a for-
ward direction, and rectifier cells for negative charge Dx1
(-) to Dz24 (-) in which a direction of moving from the
negative electrode of the capacitive element Cf to each
of the upper layer electrodes Ex1 to Ez4 for guiding neg-
ative charge generated at each of the upper layer elec-
trodes Ex1 to Ez4 toward the negative electrode of the
capacitive element Cf is given as a forward direction.
Thus, the power generating circuit 500 performs a func-
tion to smooth electric energy converted from vibration
energy by using the capacitive element Cf, thereby sup-
plying the electric energy to the load ZL.
[0130] In the circuit shown in Fig. 15 as well, positive
charge taken out from the rectifier cells for positive charge
Dx1 (+) to Dz24 (+) and negative charge taken out from
the rectifier cells for negative charge Dx1 (-) to Dz24 (-)
are supplied to the load ZL. Therefore, in principle, a total
quantity of positive charge generated at the individual
upper layer electrodes Ex1 to Ez4 is at each instant made
equal to a total quantity of negative charge thereof, thus
making it possible to generate electric power at the high-
est efficiency.
[0131] As described above, of the upper layer elec-
trodes shown in Fig. 10, the side electrodes on both sides
are all arranged so as to be symmetrical with each other,
with the longitudinal direction axis Lx or Ly given as the
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center axis. The above-described symmetrical structure
is adopted, by which where the weight body 150 vibrates
in the direction of the X-axis, as shown in Fig. 11, positive
charge generated at a pair of left-hand side and right-
hand side electrodes arranged at the same place is made
substantially equal in total quantity to negative charge
thereof. Similarly, where the weight body 150 vibrates in
the direction of the Y-axis, as shown in Fig. 12, positive
charge generated at a pair of left-hand side and right-
hand side electrodes arranged at the same place is made
substantially equal in total quantity to negative charge
thereof. As described above, a pair of electrodes, that is,
the right-hand side electrode and the left-hand side elec-
trode, are arranged on both sides of the central electrode,
which is advantageous in that with regard to vibration in
the direction of the X-axis and vibration in the direction
of the Y-axis, there is obtained such an effect that positive
charge is made equal in total quantity to negative charge.
[0132] Of course, in the second embodiment as well,
electric power can be generated most efficiently where
resonance frequency of the weight body 150 which is
determined on the basis of a structure unique to the basic
structure body 100 is matched with frequency of vibration
applied from the outside. Therefore, where frequency of
vibration applied from the outside is assumed in advance,
it is preferable that design is made so that resonance
frequency is matched with the frequency concerned at a
stage of designing a structure of the basic structure body
100.

<<<Chapter 4. Power generating device using the sec-
ond embodiment>>>

[0133] Here, a description will be given of an embodi-
ment in which a plurality of sets of the power generating
elements according to the second embodiment (ele-
ments shown in Fig. 10) described in Chapter 3 are pro-
vided to realize more efficient power generation. In the
present application, for convenience of terminology clas-
sification, one set of elements shown in the first embod-
iment described in Chapter 1, the modification example
described in Chapter 2 and the second embodiment de-
scribed in Chapter 3 is referred to as a "power generating
element." A device which uses a plurality of sets of the
"power generating elements" and has a function to supply
to the outside electric power taken out by the individual
power generating elements is referred to as a "power
generating device."
[0134] Fig. 16 is a plan view which shows a structure
of a basic structure body 1000 of a power generating
device in which four sets of the power generating ele-
ments shown in Fig. 10 are used (hatching is given to
interior parts of the structure body in order to clearly in-
dicate a planar shape thereof). The basic structure body
1000 is such that four sets of basic structure bodies 100A,
100B, 100C, 100D are integrated. Each of the basic struc-
ture bodies, 100A, 100B, 100C, 100D is similar in struc-
ture to the basic structure body 100 shown in Fig. 9, each

of which is provided with individual portions of a fixing-
portion plate-like member 110, a first plate-like bridge
portion 120, a second plate-like bridge portion 130 and
a weight body 150.
[0135] In Fig. 16, A to D are given to the ends of sym-
bols which respectively indicate the basic structure bod-
ies 100A, 100B, 100C, 100D. For example, the basic
structure body 100A is provided with individual portions
of a fixing-portion plate-like member 110A, a first plate-
like bridge portion 120A, a second plate-like bridge por-
tion 130A and a weight body 150A. However, the basic
structure bodies vertically adjacent in the drawing are
structured in such a manner that a pair of fixing-portion
plate-like members 110 are integrated. Thus, the fixing-
portion plate-like member 110A of the basic structure
body 100A is actually integrated with the fixing-portion
plate-like member 110B of the basic structure body 100B,
thereby constituting a single fixing-portion plate-like
member 110AB. Similarly, the fixing-portion plate-like
member 110C of the basic structure body 100C is actually
integrated with the fixing-portion plate-like member 110D
of the basic structure body 100D, thereby constituting a
single fixing-portion plate-like member 110CD.
[0136] Of course, an actual power generating device
is constituted by adding to the basic structure body 1000
shown in Fig. 16, a lower layer electrode, a piezoelectric
element, upper layer electrodes and a power generating
circuit. Specifically, for example, a common lower layer
electrode may be formed all over on the upper surface
of the basic structure body 1000, a common piezoelectric
element may be formed all over on an upper surface of
the lower layer electrode, and a plurality of upper layer
electrodes may be individually locally formed at prede-
termined sites on an upper surface of the piezoelectric
element (of course, each of the lower layer electrode and
the piezoelectric element may be provided as an inde-
pendent constitution).
[0137] Here, the power generating circuit may be a cir-
cuit suitable for the four sets of power generating ele-
ments integrated so as to collectively output charge taken
out from the four sets of power generating elements. Spe-
cifically, when the power generating circuit 500 shown in
Fig. 15 is used, a rectifier cell may be connected to each
of the upper layer electrodes in the power generating
element, however, a single common capacitive element
Cf may be provided for all of the four sets of power gen-
erating elements, thereby storing here electric energy
obtained from all the power generating elements. Fur-
ther, the lower layer electrodes E00 of the four sets of
power generating elements are connected to each other
to be equal in potential. Of course, resistance elements
Rd1, Rd2 may be used commonly in the four sets of pow-
er generating elements.
[0138] One set of the power generating elements
shown in Fig. 10 is to generate electric power on the basis
of charge collected from twelve upper layer electrodes.
The power generating device composed of four sets of
the above-described power generating elements is able
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to generate electric power on the basis of charge collect-
ed from a total of forty-eight upper layer electrodes.
[0139] Where a plurality of sets of power generating
elements are combined to constitute a power generating
device, it is preferable that some of the power generating
elements are arranged in such a manner that the direction
of the X-axis thereof or the direction of the Y-axis thereof
or the both directions thereof are different from those of
the other power generating elements. The above-de-
scribed arrangement is adopted to realize such an effect
that a total quantity of positive charge generated at the
individual upper layer electrodes is at each instant made
equal to a total quantity of negative charge thereof as
much as possible, and electric power can be generated
more efficiently.
[0140] For example, in the case of the basic structure
body 1000 shown in Fig. 16, coordinate axes of the indi-
vidual basic structure bodies 100A to 100D are illustrated
in the drawing (the X-axis and the Y-axis which are de-
fined in the basic structure body 100 in Fig. 9). It is ap-
parent that they are different from each other in combi-
nation direction.
[0141] That is, the basic structure body 100A corre-
sponds to such that the basic structure body 100 shown
in Fig. 9 is turned counter-clockwise by 90 degrees.
Where the basic structure body 100A is used as a refer-
ence, the basic structure body 100B is a mirror image
vertically in the drawing. Further, where each of the basic
structure bodies 100A, 100B, shown in the left half of the
drawing, is used as a reference, each of the basic struc-
ture bodies 100C, 100D, shown in the right half of the
drawing, is a mirror image laterally in the drawing.
[0142] Resultantly, the power generating device con-
stituted with the basic structure body 1000 shown in Fig.
16 is provided with four sets of power generating ele-
ments. When the direction of the X-axis and the direction
of the Y-axis in the first power generating element (an
element in which the basic structure body 100A is used)
are used as a reference, the second power generating
element (an element in which the basic structure body
100B is used) is arranged in such a direction that the
direction of the Y-axis is reversed, the third power gen-
erating element (an element in which the basic structure
body 100D is used) is arranged in such a direction that
the direction of the X-axis is reversed, and the fourth pow-
er generating element (an element in which the basic
structure body 100C is used) is arranged in such a direc-
tion that the direction of the X-axis and the direction of
the Y-axis are both reversed. As a result, the direction of
the Z-axis of the first power generating element and that
of the fourth power generating element are in a direction
moving perpendicularly above the sheet surface. In con-
trast, the direction of the Z-axis of the second power gen-
erating element and that of the third power generating
element are in a direction moving perpendicularly below
the sheet surface.
[0143] As described above, the power generating de-
vice is constituted by arranging four sets of the power

generating elements in a mutually complementary man-
ner. Thereby, even where acceleration is applied in a
specific direction to displace a weight body of each of the
power generating elements in the specific direction, dis-
placement occurs in a mutually complementary direction
in each coordinate system due to a difference in direction
of the coordinate system defined for each of the power
generating elements. Therefore, where positive charge
is generated at a specific upper layer electrode of one
certain power generating element, negative charge is to
be generated at an upper layer electrode to which another
power generating element corresponds. Thus, when four
sets of the power generating elements are observed as
a whole, there is obtained such an effect that positive
charge to be generated is made equal in total quantity to
negative charge thereof.
[0144] Incidentally, as described above, in order to ef-
ficiently generate electric power on the basis of vibration
applied from the outside, it is preferable that resonance
frequency of the weight body 150 is matched with fre-
quency of vibration application from the outside. There-
fore, for example, where a specific vehicle in which the
power generating element of the present invention is
used by being mounted thereon is assumed in advance
and where frequency f, given from the vehicle is known,
it is preferable that at a stage of designing a structure of
the basic structure body 100, the design is made so that
the resonance frequency of the weight body 150 is
matched with the frequency f, applied from the vehicle.
[0145] However, where the power generating element
of the present invention is made available as a general
commercial item, it is impossible to design the power
generating element as an exclusive item. Thus, there is
no way but to determine the frequency f, of vibration
which is considered to be most commonly used and de-
sign the power generating element so that the resonance
frequency thereof is matched with the frequency f. In an
actual use environment, if vibration having a frequency
close to the resonance frequency f, is provided, electric
power can be efficiently provided. However, it is true that
the further the frequency of external vibration is deviated
from the resonance frequency f, the lower the power gen-
eration efficiency becomes.
[0146] Therefore, in order to generate electric power
in response to a wider frequency of vibration, as de-
scribed above, such an approach can be adopted that a
plurality of sets of power generating elements are com-
bined to constitute a power generating device so that the
weight body of each of the plurality of power generating
elements is different in resonance frequency to each oth-
er.
[0147] One of the specific methods of changing the
resonance frequency for each of the power generating
elements is to change the mass of each of the weight
bodies. Fig. 17 is a plan view which shows a structure of
the basic structure body of the power generating device
according to the modification example of the power gen-
erating device shown in Fig. 16 (hatching is given to in-
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terior parts of the structure body in order to clearly indi-
cate a planar shape thereof). In this modification exam-
ple, each of the weight bodies in four sets of the power
generating elements is changed in planar area to vary
the mass thereof.
[0148] A basic structure body 2000 shown in Fig. 17
is such that four sets of basic structure bodies, 100E,
100F, 100G, 100H are formed in an integral manner.
Since each of the basic structure bodies 100E, 100F,
100G, 100H is fundamentally similar in structure to the
basic structure body 100 shown in Fig. 9, here, E to H
are given to the ends of individual symbols 110, 120, 130,
150 of the basic structure bodies (as with the example
shown in Fig. 16, fixing-portion plate-like members
110EF and 110GH are formed commonly).
[0149] In the case of the basic structure body 1000
shown in Fig. 16, four sets of the basic structure bodies
are equal in magnitude (mass) of each of the weight bod-
ies 150A, 150B, 150C, 150D. However, in the case of
the basic structure body 2000 shown in Fig. 17, four sets
of the basic structure bodies are decreased in magnitude
(mass) of the weight bodies 150E, 150F, 150G, 150H in
the following order of 150E > 150F > 150G > 150H. Spe-
cifically, each of the weight bodies 150E, 150F, 150G,
150H is a plate-like member equal in thickness. However,
as shown in Fig. 17, they are set so as to be mutually
different in area of a projection image on the XY plane
and different in mass.
[0150] Of course, each of the weight bodies may be
changed in thickness (dimension in the direction of the
Z-axis), thereby changing the mass of each of them. In
short, each of the weight bodies may be set so as to be
mutually different in area of the projection image on the
XY plane, each of them may be set so as to be mutually
different in thickness in the direction of the Z-axis, or each
of them may be set so as to realize the above-described
two conditions, thereby to be different in mass from each
of the plurality of the weight bodies in the power gener-
ating elements.
[0151] A weight body differs in resonance frequency,
depending on the mass thereof. Thus, where the mass
of each of the weight bodies 150E, 150F, 150G, 150H is
given respectively as mE, mF, mG, mH (in the case of
the example shown in Fig. 17, the order of mass is mE
> mF > mG > mH), they are mutually different in reso-
nance frequencies of fE, fF, fG, fH.
[0152] Another method of changing the resonance fre-
quency of the weight body in each of the power gener-
ating elements is to change a structure of each of the
plate-like bridge portions. Specifically, a first plate-like
bridge portion, a second plate-like bridge portion, or both
of them in each of the plurality of power generating ele-
ments may be set so as to be mutually different in area
of a projection image on the XY plane, or may be set so
as to be mutually different in thickness in the direction of
the Z-axis, or may be set so as to realize the both con-
ditions. Even where they are set as described above, it
is possible to make the weight bodies 150E, 150F, 150G,

150H mutually different in resonance frequencies of fE,
fF, fG, fH.
[0153] As described above, the weight body of each
of four sets of the power generating elements is made
different in resonance frequency, thus making it possible
to generate electric power in response to a wider fre-
quency of vibration. For example, the above example
has the four resonance frequencies of fE, fF, fG, fH which
are set so as to be different from each other. Therefore,
if a frequency of vibration applied from the outside is prox-
imate to any one of the resonance frequencies, a power
generating element which has a proximate frequency
thereof as the resonance frequency is expected to effi-
ciently generate electric power.
[0154] Of course, where a specific vehicle in which the
power generating element is used by being mounted
thereon is assumed in advance and frequency f, given
from the vehicle is known, it is most preferable that the
resonance frequency of each of the weight bodies is set
to be f in four sets of the power generating elements.
However, in the case of the power generating device
which is made available as a general commercial item,
it is impossible to specify a vibration environment in which
the device is to be used. In this case, a range of frequen-
cies of vibration which is considered most common may
be estimated to design the basic structure body of each
of the power generating elements in such a manner that
four different resonance frequencies of fE, fF, fG, fH are
distributed within the estimated range.

<<<Chapter 5. Modification examples of second embod-
iment>>>

[0155] Here, a description will be given of some mod-
ification examples of the three-axis power generation
type power generating element of second embodiment
described in Chapter 3.

<5-1. Modification example on the number of upper layer 
electrodes>

[0156] In Chapter 2-1, the modification example is de-
scribed in which the three upper layer electrodes E31 to
E33 shown in Fig. 6 are used in place of the six upper
layer electrodes E11 to E23 used in the two-axis power
generation type power generating element shown in Fig.
3. Thus, the above-described modification example
which is changed in the number of upper layer electrodes
is also applicable to the three-axis type power generating
element shown in Fig. 10.
[0157] Specifically, of six upper layer electrodes
formed at the first plate-like bridge portion 120 in Fig.
10(a), a pair of central electrodes Ez3, Ez4 arranged on
the first longitudinal direction axis Ly may be integrated
into an elongated single central electrode, a pair of right
side electrodes Ey1, Ey3 arranged on the right-hand side
thereof may be integrated into an elongated single right
side electrode, a pair of left side electrodes Ey2, Ey4
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arranged on the left-hand side may be integrated into an
elongated single left side electrode. Thereby, as with the
upper layer electrode formed at the plate-like bridge por-
tion 20 in the modification example shown in Fig. 6, three
elongated upper layer electrodes which extend in a di-
rection parallel to the Y-axis are to be arranged at the
first plate-like bridge portion 120. Similarly, six upper lay-
er electrodes formed at the second plate-like bridge por-
tion 130 in Fig. 10(a) can also be replaced by three elon-
gated upper layer electrodes which extend in a direction
parallel to the X-axis.
[0158] Resultantly, in the above-described modifica-
tion example, the number of upper layer electrodes is
decreased to six pieces, with no change in constitution
of a basic structure body 100. That is, also in the basic
structure body 100 of the modification example, the base
end of a first plate-like bridge portion 120 is fixed to a
bottom plate 200 of a device housing by a fixing-portion
plate-like member 110 which performs a function as a
fixing-portion, the leading end of the first plate-like bridge
portion 120 is connected to the base end of a second
plate-like bridge portion 130, and a weight body 150 is
connected to the leading end of the second plate-like
bridge portion 130. Upon application of an external force
which causes the device housing to vibrate, the first plate-
like bridge portion 120 and the second plate-like bridge
portion 130 undergo deflection, by which the weight body
150 vibrates inside the device housing in the direction of
each coordinate axis. This is identical in the case of the
power generating element shown in Fig. 10.
[0159] Further, a piezoelectric element 300 is apt to
polarize in the thickness direction by application of stress
which expands and contracts in the layer direction. A
group of upper layer electrodes is constituted in an iden-
tical manner with the power generating element shown
in Fig. 10 in that a group of first upper layer electrodes
is formed through a lower layer electrode E00 and the
piezoelectric element 300 on the surface of the first plate-
like bridge portion 120 and a group of second upper layer
electrodes is formed through the lower layer electrode
E00 and the piezoelectric element 300 on the surface of
the second plate-like bridge portion 130.
[0160] Here, the group of first upper layer electrodes
formed at the first plate-like bridge portion 120 is provided
with three types of upper layer electrodes, that is, a first
central electrode (integration of the electrodes Ez3 and
Ez4 shown in Fig. 10(a)), a first right side electrode (in-
tegration of the electrodes Ey1 and Ey3 shown in Fig.
10(a)) and a first left side electrode (integration of the
electrodes Ey2 and Ey4 shown in Fig. 10(a)). Each of
the upper layer electrodes is arranged so as to extend
along a first longitudinal direction axis Ly and opposed
to a predetermined domain of the lower layer electrode
E00, facing each other with the piezoelectric element 300
therebetween. The first central electrode is arranged at
a position of the center line along the first longitudinal
direction axis Ly on the upper surface of the first plate-
like bridge portion 120. The first right side electrode is

arranged on one side of the first central electrode, and
the first left side electrode is arranged on the other side
of the first central electrode.
[0161] Further, the group of second upper layer elec-
trodes formed at the second plate-like bridge portion 130
is provided with three types of upper layer electrodes,
that is, a second central electrode (integration of the elec-
trodes Ez1 and Ez2 shown in Fig. 10(a)), a second right
side electrode (integration of the electrodes Ex1 and Ex3
shown in Fig. 10(a)) and a second left side electrode
(integration of the electrodes Ex2 and Ex4 shown in Fig.
10(a)). Each of the upper layer electrodes is arranged so
as to extend along a second longitudinal direction axis
Lx and opposed to a predetermined domain of the lower
layer electrode E00, facing each other with the piezoe-
lectric element 300 therebetween. The second central
electrode is arranged at a position of the center line along
the second longitudinal direction axis Lx on the upper
surface of the second plate-like bridge portion 130. The
second right side electrode is arranged on one side of
the second central electrode. The second left side elec-
trode is arranged on the other side of the second central
electrode.
[0162] As described above, also in the modification ex-
ample in which the twelve upper layer electrodes of the
three-axis type power generation type power generating
element shown in Fig. 10 are integrated into the six upper
layer electrodes, the upper layer electrode is constituted
with three types of electrodes, that is, a central electrode,
a right side electrode and a left side electrode. Therefore,
there is obtained such an effect that vibration in the di-
rection of the X-axis or that in the direction of the Y-axis
can be balanced as much as possible in total quantity
between the generated positive charge and generated
negative charge generated.
[0163] Nevertheless, in practice, as shown in Fig. 10,
it is more preferable to adopt the example which uses
the twelve upper layer electrodes than the above-de-
scribed modification example which uses six upper layer
electrodes. This is because the former is able to realize
higher power generation efficiency than the latter. Rea-
sons thereof are as follows.
[0164] In the example of Fig. 10 which uses the twelve
upper layer electrodes, there are used two sets of plate-
like bridge portions 120, 130 which are arranged in the
L-letter shape so as to be orthogonal to each other. When
these plate-like bridge portions 120, 130 are taken as a
single body, each of them is similar in structure to the
plate-like bridge portion 20 shown in Fig. 3 and provided
with six upper layer electrodes arranged on the upper
surface side. However, they are slightly different in be-
havior of expansion/contraction stress occurring upon
displacement of the weight body.
[0165] That is, in the case of the plate-like bridge por-
tion 20 shown in Fig. 3, when the weight body 30 under-
goes displacement in the positive direction of the X-axis,
as shown in Fig. 2(a), the left-hand side (the upper side
in the drawing) of the plate-like bridge portion 20 expands
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both on the side of the fixing-portion 10 and on the side
of the weight body 30, while the right-hand side (the lower
side in the drawing) of the plate-like bridge portion 20
contracts both on the side of the fixing-portion 10 and on
the side of the weight body 30. As described above, an
expansion/contraction state on the same side surface of
the plate-like bridge portion 20 is similar both on the side
of the fixing-portion 10 and on the side of the weight body
30. Therefore, even where the pair of right side electrodes
E11, E21 shown in Fig. 3(a) are integrated and replaced
by the right side electrode E31 shown in Fig. 6 and the
pair of left side electrodes E13, E23 shown in Fig. 3(a)
are integrated and replaced by the left side electrode E33
shown in Fig. 6, there is no chance that charge is offset
and disappears, because the pair of electrodes to be in-
tegrated are equal in polarity of generated charge.
[0166] However, in the case of two sets of the plate-
like bridge portions 120, 130 shown in Fig. 10, when the
weight body 150 undergoes displacement in the positive
direction of the X-axis, as shown in Fig. 11, the first lead-
ing end-side right side electrode Ey1 and the first base
end-side right side electrode Ey3 arranged on the right-
hand side of the first plate-like bridge portion 120 are
mutually reverse in expansion/contraction state. There-
fore, if they are integrated and replaced by an elongated
single electrode, they are offset by each other due to a
difference in polarity of the charge. This is also found in
the first leading end-side left side electrode Ey2 and the
first base end-side left side electrode Ey4 arranged on
the left-hand side of the first plate-like bridge portion 120.
[0167] Further, in the case of two sets of the plate-like
bridge portions 120, 130 shown in Fig. 10, when the
weight body 150 undergoes displacement in the positive
direction of the Y-axis, as shown in Fig. 12, the second
leading end-side right side electrode Ex1 and the second
base end-side right side electrode Ex3 arranged on the
right-hand side of the second plate-like bridge portion
130 are mutually reverse in expansion/contraction state.
Therefore, where they are integrated and replaced by an
elongated single electrode, they are offset by each other
due to a difference in polarity of the charge. This is also
found in the second leading end-side left side electrode
Ex2 and the second base end-side left side electrode
Ex4 arranged on the left-hand side of the second plate-
like bridge portion 130.
[0168] With the above description taken into account,
in practice, as shown in the example of Fig. 10(a), it is
preferable that a total of twelve upper layer electrodes
which are electrically independent are arranged. That is,
the group of first upper layer electrodes is constituted
with the group of first base end-side electrodes (Ey3,
Ey4, Ez4) arranged in the vicinity of the base end of the
first plate-like bridge portion 120 and the group of first
leading end-side electrodes (Ey1, Ey2, Ez3) arranged in
the vicinity of the leading end of the first plate-like bridge
portion 120. Similarly, the group of second upper layer
electrodes is constituted with the group of second base
end-side electrodes (Ex3, Ex4, Ez2) arranged in the vi-

cinity of the base end of the second plate-like bridge por-
tion 130 and the group of second leading end-side elec-
trodes (Ex1, Ex2, Ez1) arranged in the vicinity of the lead-
ing end of the second plate-like bridge portion 130. Here,
the group of first base end-side electrodes, the group of
first leading end-side electrodes, the group of second
base end-side electrodes and the group of second lead-
ing end-side electrodes are each provided with three
types of upper layer electrodes, that is, a central elec-
trode, a right side electrode and a left side electrode.
[0169] As described above, the three-axis power gen-
eration type power generating element shown in Fig. 10
is slightly different in behavior of motion from the two-
axis power generation type power generating element
shown in Fig. 3 and not such that two sets of the plate-
like bridge portions 20 shown in Fig. 3 are simply com-
bined. That is, as shown in Fig. 11 and Fig. 12, when the
weight body undergoes displacement in the direction of
the X-axis and in the direction of the Y-axis, there exists
a part which is reverse in mode of expansion/contraction
although on the same side of the plate-like bridge portion.
[0170] Further, in the two-axis power generation type
power generating element shown in Fig. 3, power gen-
eration is decreased in efficiency greatly upon application
of vibration energy in the direction of the Y-axis, as com-
pared with a case where vibration energy in the direction
of the X-axis or in the direction of the Z-axis is applied
(as described above, since vibration in the direction of
the Y-axis is caused by deformation motion which ex-
pands or compresses the plate-like bridge portion 20 in
its entirety, the vibration is considered to be low in me-
chanical deformation efficiency). In the three-axis power
generation type power generating element shown in Fig.
10, as shown in Fig. 11 and Fig. 12, where vibration en-
ergy in the direction of the X-axis or in the direction of
the Y-axis is applied, in either case, it is possible to extract
charge at sufficient efficiency from all the eight upper
layer electrodes Ex1 to Ex4; Ey1 to Ey4.
[0171] With the above description taken into account,
it is true that the three-axis power generation type power
generating element which uses the twelve upper layer
electrodes shown in Fig. 10 is a power generating ele-
ment quite high in power generation efficiency.

<5-2. Modification example on lateral arrangement of up-
per layer electrodes>

[0172] In Chapter 2-2, a description has been given of
variations of the arrangement mode in the upper layer
electrodes of the power generating element of first em-
bodiment shown in Fig. 3 by referring to Fig. 8. These
variations are also applicable to the power generating
element of the second embodiment shown in Fig. 10.
[0173] The side sectional view of Fig. 10(b) shows an
example in which a lower layer electrode E00 is arranged
on the upper surface of a second plate-like bridge portion
130, a piezoelectric element 300 is arranged on the upper
surface of the lower layer electrode, and a right side elec-
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trode Ex1, a central electrode Ez1 and a left side elec-
trode Ex2 are arranged on the upper surface of the pie-
zoelectric element. This example adopts the variation
shown in Fig. 8(a).
[0174] That is, in this example, the lower layer elec-
trode E00 is formed on the upper surfaces of a first plate-
like bridge portion 120 and the second plate-like bridge
portion 130 (actually, the lower layer electrode E00 is
formed all over the upper surface of the basic structure
body 100), and the piezoelectric element 300 is formed
on the upper surface of the lower layer electrode E00.
Then, first central electrodes Ez3, Ez4, first right side
electrodes Ey1, Ey3 and first left side electrodes Ey2,
Ey4 are also formed on the upper surface of the first
plate-like bridge portion 120 through the lower layer elec-
trode E00 and the piezoelectric element 300. Second
central electrodes Ez1, Ez2, second right side electrodes
Ex1, Ex3 and second left side electrodes Ex2, Ex4 are
formed on the upper surface of the second plate-like
bridge portion 130 through the lower layer electrode E00
and the piezoelectric element 300.
[0175] In contrast, where the variation shown in Fig.
8(b) is adopted, a lower layer electrode E00 is formed
not only on the upper surfaces of a first plate-like bridge
portion 120 and a second plate-like bridge portion 130
but also on the side surfaces of them, and a piezoelectric
element 300 is formed on the surface of the lower layer
electrode E00. Then, first central electrodes Ez3, Ez4
may be formed on the upper surface of the first plate-like
bridge portion 120 through the lower layer electrode E00
and the piezoelectric element 300. First right side elec-
trodes Ey1, Ey3 and first left side electrodes Ey2, Ey4
may be formed on the side surfaces of the first plate-like
bridge portion 120 through the lower layer electrode E00
and the piezoelectric element 300. Similarly, second cen-
tral electrodes Ez1, Ez2 may be formed on the upper
surface of the second plate-like bridge portion 130
through the lower layer electrode E00 and the piezoelec-
tric element 300. And, second right side electrodes Ex1,
Ex3 and second left side electrodes Ex2, Ex4 may be
formed on the side surfaces of the second plate-like
bridge portion 130 through the lower layer electrode E00
and the piezoelectric element 300.
[0176] On the other hand, where the variation shown
in Fig. 8(c) is adopted, a lower layer electrode E00 is
formed not only on the upper surfaces of a first plate-like
bridge portion 120 and a second plate-like bridge portion
130 but also on the side surfaces of them, and a piezo-
electric element 300 is formed on the surface of the lower
layer electrode E00. Then, first central electrodes Ez3,
Ez4 may be formed on the upper surface of the first plate-
like bridge portion 120 through the lower layer electrode
E00 and the piezoelectric element 300. First right side
electrodes Ey1, Ey3 and first left side electrodes Ey2,
Ey4 may be formed from the upper surface to the side
surfaces of the first plate-like bridge portion 120 through
the lower layer electrode E00 and the piezoelectric ele-
ment 300. Similarly, second central electrodes Ez1, Ez2

may be formed on the upper surface of the second plate-
like bridge portion 130 through the lower layer electrode
E00 and the piezoelectric element 300, and second right
side electrodes Ex1, Ex3 and second left side electrodes
Ex2, Ex4 may be formed from the upper surface to the
side surfaces of the second plate-like bridge portion 130
through the lower layer electrode E00 and the piezoelec-
tric element 300.
[0177] Of course, the power generating element of the
second embodiment can be provided in combination with
the arrangement modes of the upper layer electrodes in
the examples shown in Fig. 8(a) to Fig. 8(c) on the basis
of each part. It is also possible to adopt, for example, the
mode illustrated in Fig. 8(d).
[0178] Further, the piezoelectric element 300 is not
necessarily formed in an integrated structure but may be
arranged so as to be independent at a position corre-
sponding to each of the upper layer electrodes. However,
in practice, the integrated structure can be manufactured
more easily. Similarly, the lower layer electrode E00 may
be arranged so as to be independent at a position cor-
responding to each of the upper layer electrodes. In prac-
tice, the integrated structure can be manufactured more
easily.

<5-3. Fixing-portion composed of annular structure 
body>

[0179] Here, a description will be given of an example
in which a fixing-portion is constituted with an annular
structure body as the modification example of Fig. 10
described in Chapter 3. Fig. 18 covers a plan view 18(a)
which shows a structure of a basic structure body 100I
in the power generating device of the modification exam-
ple and a side sectional view (Fig. 18(b)) obtained by
cutting the basic structure body along the YZ plane. In
the plan view of Fig. 18(a), for clearly indicating a planar
shape, hatching is given to interior parts of the structure
body and positions of twelve upper layer electrodes are
indicated by rectangles.
[0180] In the example shown in Fig. 10, there is used
the fixing-portion plate-like member 110 which extends
along the longitudinal direction axis L0 parallel to the X-
axis as a fixing-portion which fixes one end of the first
plate-like bridge portion 120 to the bottom plate 200 of
the device housing. In contrast, in the modification ex-
ample shown in Fig. 18, an annular structure body 110I
is used as a fixing-portion. As illustrated in the drawing,
the annular structure body 110I is a rectangular frame-
like structure body having four sides, that is, a left side
110I1, a lower side 110I2, a right side 110I3, and an upper
side 110I4. As shown in Fig. 18(b), the lower surface of
the annular structure body 110I in its entirety is firmly
attached to the upper surface of a bottom plate 200I of
a device housing.
[0181] On the other hand, the base end of a first plate-
like bridge portion 120I is connected to the vicinity of the
lower end of the left side 110I1 of the annular structure
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body 110I in the drawing. Then, the leading end of the
first plate-like bridge portion 120I is connected to the base
end of a second plate-like bridge portion 130I through an
intermediate connection portion 125I. The leading end
of the second plate-like bridge portion 130I is connected
to a weight body 150I through a weight body connection
portion 140I. Resultantly, the modification example is
structured in such a manner that the fixing-portion is con-
stituted with the annular structure body 110I, and the first
plate-like bridge portion 120I, the second plate-like bridge
portion 130I and the weight body 150I are arranged in
an internal domain surrounded by the annular structure
body 110I.
[0182] As described above, where such a structure is
adopted that peripheries of the first plate-like bridge por-
tion 120I, the second plate-like bridge portion 130I and
the weight body 150I are surrounded by the annular struc-
ture body 110I, with a predetermined distance kept, the
annular structure body 110I is able to play a role as a
stopper member which controls excessive displacement
of the first plate-like bridge portion 120I, the second plate-
like bridge portion 130I and the weight body 150I. That
is, even where the weight body 150I is subjected to ex-
cessive acceleration (such acceleration that may break
each of the plate-like bridge portions 120I, 130I), each
portion can be controlled for excessive displacement. It
is, therefore, possible to avoid a situation that the plate-
like bridge portions 120I, 130I may be broken.

<5-4. Addition of eaves structure portion>

[0183] The modification example shown in Fig. 18 is
also characterized in that the intermediate connection
portion 125I is provided with an eaves structure portion
α1 which projects outside from the side surface of the
leading end of the first plate-like bridge portion 120I and
an eaves structure portion α2 which projects outside from
the side surface of the base end of the second plate-like
bridge portion 130I, and the weight body connection por-
tion 140I is provided with an eaves structure portion α3
which projects outside from the side surface of the lead-
ing end of the second plate-like bridge portion 130I. As
these eaves structure portions α1, α2 and α3 are provid-
ed, a recess is formed at a position corresponding to
each of the eaves structure portions α1, α2, α3 in an
internal part of the annular structure body 110I.
[0184] The inventor of the present invention has found
that a structure having the illustrated eaves structure por-
tions α1, α2 and α3 can be adopted to further improve
the power generation efficiency of the power generating
element. This is because adoption of the structure having
the eaves structure portions α1, α2, α3 enables to en-
hance further expansion/contraction stress on a position
at which each of the upper layer electrodes is formed.
This will be explained by referring to results obtained by
conducting a computer simulation on structural mechan-
ics.
[0185] Fig. 19(a) is a stress distribution diagram which

shows the magnitude of stress occurring at each of the
plate-like bridge portions 120, 130 when the weight body
150 undergoes displacement Δx(+) in the positive direc-
tion of the X-axis in the basic structure body of the power
generating element shown in Fig. 10. On the other hand,
Fig. 19(b) is a stress distribution diagram which shows
the magnitude of stress occurring at each of the plate-
like bridge portions when the weight body 150 undergoes
displacement Δx(+) in the positive direction of the X-axis
in the basic structure body of the power generating ele-
ment shown in Fig. 18 (an element which adopts a struc-
ture having the eaves structure portions α1, α2, α3). In
both of the distribution diagrams, individually unique
hatching is given to domains at which moderate expand-
ing stress, strong expanding stress, moderate contract-
ing stress and strong contracting stress are applied upon
occurrence of predetermined displacement (refer to re-
marks above on the right in each of the drawings).
[0186] Similarly, Fig. 20 covers a stress distribution di-
agram (Fig. (a)) which shows the magnitude of stress
occurring at each of the plate-like bridge portions when
the weight body 150 undergoes displacement Δy(+) in
the positive direction of the Y-axis at the basic structure
body of the power generating element shown in Fig. 10
and a stress distribution diagram thereof (Fig. (b)) at the
basic structure body of the power generating element
shown in Fig. 18. Fig. 21 covers a stress distribution di-
agram (Fig. (a)) which shows the magnitude of stress
occurring at each of the plate-like bridge portions when
the weight body 150 undergoes displacement Δz(+) in
the positive direction of the Z-axis at the basic structure
body of the power generating element shown in Fig. 10
and a stress distribution diagram thereof (Fig. (b)) at the
basic structure body of the power generating element
shown in Fig. 18.
[0187] With reference to the stress distribution dia-
grams of Fig. 19(a), (b)and Fig. 20(a), (b), it is found that
when the weight body 150 undergoes displacement in
the direction of the X-axis or in the direction of the Y-axis,
a relatively great expansion/contraction stress occurs at
positions at which side electrodes on both sides Ex1 to
Ex4; Ey1 to Ey4 are formed. On the other hand, with
reference to the stress distribution diagrams of Fig. 21(a),
(b), it is found that when the weight body 150 undergoes
displacement in the direction of the Z-axis, a relatively
great expansion/contraction stress occurs at positions at
which all the upper layer electrodes Ex1 to Ex4; Ey1 to
Ey4; Ez1 to Ez4 are formed. Therefore, it will be under-
stood that the twelve upper layer electrodes shown in
Fig. 10 are optimally arranged.
[0188] In addition, with regard to each of Fig. 19 to Fig.
21, when Fig. (a) at the upper part is compared with Fig.
(b) at the lower part, it is found that the stress distribution
diagram of Fig. (b) at the lower part, in general, shows a
relatively great expansion/contraction stress. This fact
means that, as shown in Fig. 18(a), adoption of the struc-
ture having the eaves structure portions α1, α2, α3
makes it possible to efficiently concentrate stress on the
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base end and the leading end of the first plate-like bridge
portion 120I as well as at the base end and the leading
end of the second plate-like bridge portion 130I, thereby
further improving power generation efficiency of the pow-
er generating element. Therefore, in practice, it is pref-
erable to adopt the structure having the eaves structure
portions α1, α2, α3, as shown in Fig. 18(a).

<5-5. Annular weight body>

[0189] Next, a description will be given of a modifica-
tion example in which a weight body is provided outside
to give an annular structure. This modification example
is such that roles of the fixing-portion (annular structure
body 110I) and those of the weight body (150I) in the
modification example shown in Fig. 18 are reversed. That
is, the annular structure body 110I which has functioned
as a fixing-portion in the modification example shown in
Fig. 18 is allowed to function as a weight body, and the
plate-like body which has functioned as the weight body
150I is allowed to function as a fixing-portion. In order to
attain the above-described functions, the lower surface
of the plate-like body which has functioned as the weight
body 150I in Fig. 18 may be fixed to the upper surface
of a bottom plate of a device housing, and the annular
structure body 110I which has functioned as the fixing-
portion in Fig. 18 may be in a suspended state of floating
above the bottom plate of the device housing, with no
external force applied.
[0190] Fig. 22 covers a plan view (Fig. (a)) which shows
a structure of a basic structure body 100J of the power
generating element of the modification example in which
the functions are reversed as described above and a side
sectional view (Fig. (b)) obtained by cutting the basic
structure body along the YZ plane. When comparison is
made only for the plan view given as Fig. (a) at the upper
part of Fig. 18 and the plan view given as Fig. (a) at the
upper part of Fig. 22, the basic structure body 100I shown
in Fig. 18 appears to be identical in structure to the basic
structure body 100J shown in Fig. 22. However, when
comparison is made for the side sectional views given
as Fig. (b) at the respective lower parts thereof, it is well
understood that they are different in structure.
[0191] In the case of the basic structure body 100J
shown in Fig. 22, a plate-like member 150J arranged at
the center is given as a plate-like fixing-portion or a por-
tion which is greater in thickness than other portions.
Then, the lower surface of the plate-like fixing-portion
150J is firmly attached to the upper surface of a bottom
plate 200J of a device housing. On the other hand, as
shown in Fig. 22(a), the base end of a first plate-like
bridge portion 130J (the upper end in the drawing) is con-
nected to a right upper corner of the plate-like fixing-por-
tion 150J through a fixing end connection portion 140J.
Further, the base end (the right end in the drawing) of a
second plate-like bridge portion 120J is connected to the
leading end (the lower end in the drawing) of the first
plate-like bridge portion 130J through an intermediate

connection portion 125J, and an annular weight body
110J is also connected to the leading end (the left end
in the drawing) of the second plate-like bridge portion
120J.
[0192] As shown in Fig. 22(a), the annular weight body
110J is a rectangular frame-like structure body having
four sides, that is, a left side 110J1, a lower side 110J2,
a right side 110J3 and an upper side 110J4. And, as
shown in Fig. 22(b), it is suspended so as to be in a state
of floating above the bottom plate 200J of the device
housing.
[0193] In the examples described above, the weight
body is arranged at a position inside the basic structure
body. However, in the case of the modification example
shown in Fig. 22, the annular weight body 110J is ar-
ranged at a position outside the basic structure body
100J. As described above, where there is adopted such
a structure that the annular weight body is arranged out-
side, in general, the mass of the weight body can be
easily secured, which is advantageous in increasing the
mass of the weight body to enhance power generation
efficiency.

<5-6. Spiral structure body>

[0194] Here, a description will be given of a modifica-
tion example in which the number of the plate-like bridge
portions is further increased to constitute a spiral struc-
ture body. Fig. 23 is a plan view which shows a structure
of a basic structure body 100K of the power generating
device in this modification example. In this drawing as
well, hatching is given to interior parts of the structure
body in order to clearly indicate a planar shape thereof
to indicate positions of twenty-four upper layer electrodes
by using rectangles. The modification example adopts
such a structure that in place of the weight body connec-
tion portion 140I of the modification example shown in
Fig. 18, a weight body 170K is supported through a third
plate-like bridge portion 140K, an intermediate connec-
tion portion 145K, a fourth plate-like bridge portion 150K
and a weight body connection portion 160K.
[0195] Specifically, as illustrated in the drawing, a rec-
tangular frame-like annular structure body 110K having
four sides, that is, a left side 110K1, a lower side 110K2,
a right side 110K3, an upper side 110K4, is used as a
fixing-portion. The lower surface thereof in its entirety is
firmly attached to the upper surface of a bottom plate of
a device housing. On the other hand, the base end of a
first plate-like bridge portion 120K is connected to the
vicinity of the lower end of the left side 110K1 of the an-
nular structure body 110K in the drawing. Then, the lead-
ing end of the first plate-like bridge portion 120K is con-
nected through an intermediate connection portion 125K
to the base end of a second plate-like bridge portion
130K. The leading end of the second plate-like bridge
portion 130K is connected through an intermediate con-
nection portion 135K to the base end of a third plate-like
bridge portion 140K. The leading end of the third plate-
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like bridge portion 140K is connected through an inter-
mediate connection portion 145K to the base end of a
fourth plate-like bridge portion 150K. The leading end of
the fourth plate-like bridge portion 150K is connected
through the weight body connection portion 160K to a
weight body 170K.
[0196] Resultantly, the modification example is struc-
tured in such a manner that a fixing-portion is constituted
with the annular structure body 110K, and the first plate-
like bridge portion 120K, the second plate-like bridge por-
tion 130K, the third plate-like bridge portion 140K, the
fourth plate-like bridge portion 150K, and the weight body
170 are arranged inside an internal domain surrounded
by the annular structure body 110K. Here, the first plate-
like bridge portion 120K and the third plate-like bridge
portion 140K extend along a first and a third longitudinal
direction axis parallel to the Y-axis, while the second
plate-like bridge portion 130K and the fourth plate-like
bridge portion 150K extend along a second and a fourth
longitudinal direction axis parallel to the X-axis. As a re-
sult, the weight body 170K is supported by the structure
body which is constituted by coupling the four plate-like
bridge portions 120K, 130K, 140K, 150K in a spiral form.
[0197] A lower layer electrode is formed on the upper
surface of each of these four plate-like bridge portions
120K, 130K, 140K, 150K, a piezoelectric element is ar-
ranged on the upper surface of the lower layer electrode,
and further a group of upper layer electrodes is provided
locally at a predetermined site on the upper surface of
the piezoelectric element, which is similar in the exam-
ples described above. In the example shown in the draw-
ing, three upper layer electrodes are arranged both at
the base end and at the leading end of each of the four
plate-like bridge portions 120K, 130K, 140K, 150K, there-
by forming a total of twenty-four upper layer electrodes.
[0198] Although more complicated in structure than the
examples described above, this modification example is
such that a power generating circuit is able to take out
electric power from charge generated at a total of twenty-
four upper layer electrodes and the common lower layer
electrode. Therefore, the modification example is able to
improve the power generation efficiency.
[0199] Fig. 23 shows the example in which the four
plate-like bridge portions 120K, 130K, 140K, 150K are
provided. Of course, only three plate-like bridge portions
120K, 130K, 140K may be provided and the weight body
may be directly or indirectly connected to the leading end
of the third plate-like bridge portion 140K. Further, the
weight body may be connected to an end at which five
or more plate-like bridge portions are coupled.
[0200] In general terms, in a structure body having a
first plate-like bridge portion and a second plate-like
bridge portion which has been described as a basic ex-
ample, a third plate-like bridge portion to a Kth plate-like
bridge portion may also be provided between the second
plate-like bridge portion and a weight body, and the
weight body may be connected to an end at which a total
of the K number of plate-like bridge portions are coupled

(where, K≥3). At this time, the leading end of an ith plate-
like bridge portion (where, 1≤i≤K-1) is directly or indirectly
connected to the base end of an (i+1)th plate-like bridge
portion, the leading end of the Kth plate-like bridge portion
is directly or indirectly connected to the weight body, and
a jth plate-like bridge portion (where, 1≤j≤K) extends
along a jth longitudinal direction axis parallel to the Y-
axis where j is an odd number and extends along a jth
longitudinal direction axis parallel to the X-axis where j
is an even number.
[0201] Further, the structure body from the base end
of the first plate-like bridge portion to the leading end of
the Kth plate-like bridge portion forms a spiral channel,
and the weight body is arranged at the center position
which is surrounded by the spiral channel. Thereby, as
shown in the example of Fig. 23, it is possible to efficiently
arrange the K number of plate-like bridge portions and
the weight body at a limited space. The example shown
in Fig. 23 is an example in which K is set to be equal to
four in the above-described general terms.
[0202] As shown in the example of Fig. 23, where there
is adopted such a constitution that the fixing-portion is
constituted with the annular structure body 110K and the
first plate-like bridge portion to the Kth plate-like bridge
portion and the weight body are arranged in an internal
domain surrounded by the annular structure body 110K,
it is possible to efficiently house all the structures into the
annular structure body 110K.
[0203] The above-described structure body is used to
provide a lower layer electrode, a piezoelectric element
and a group of upper layer electrodes also on the sur-
faces of the third plate-like bridge portion to the Kth plate-
like bridge portion. Thereby, a power generating circuit
is able to take out electric power from charge generated
at these upper layer electrodes and the lower layer elec-
trode to improve the power generation efficiency.
[0204] In the modification example shown in Fig. 23 as
well, such a structure is adopted that each of the inter-
mediate connection portions 125K, 135K, 145K and the
weight body connection portion 160K have an eaves
structure portion which projects outside from the side sur-
face of the leading end of each of the plate-like bridge
portions 120K, 130K, 140K, 150K, thereby providing an
effect of enhancing expansion/contraction stress on a
position at which each of the upper layer electrodes is
formed.
[0205] That is, in general terms, where such a structure
is adopted that the leading end of an ith plate-like bridge
portion (where, 1≤i≤K-1) is connected to the base end of
an (i+1)th plate-like bridge portion through the ith inter-
mediate connection portion, and the leading end of a Kth
plate-like bridge portion is connected to a weight body
through a weight body connection portion, an ith inter-
mediate connection portion has an eaves structure por-
tion which projects outside from the side surface of the
leading end of the ith plate-like bridge portion and the
weight body connection portion has an eaves structure
portion which projects outside from the side surface of
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the leading end of the Kth plate-like bridge portion. It is,
thereby, possible to obtain an effect of enhancing expan-
sion/contraction stress on a position at which each of the
upper layer electrodes is formed and to realize more ef-
ficient electric power generation.
[0206] Of course, also in the modification example
shown in Fig. 23, as with the modification example de-
scribed in Chapter 5-5, it is possible that the annular
structure body 110K is used as a weight body and the
weight body 170K is used as a fixing-portion by reversing
their roles.

<5-7. Addition of auxiliary weight body>

[0207] Finally, a description will be given of a modifi-
cation example in which some modification is made to
adjust the mass of a weight body. As described above,
in order to efficiently generate electric power on the basis
of vibration applied from the outside, it is preferable that
resonance frequency of the weight body is matched with
frequency of vibration applied from the outside. For ex-
ample, where an exclusive power generating element is
mounted on a specific vehicle, it is preferable that at a
stage of designing a structure, the design is made so that
the resonance frequency is matched with the frequency
given from the vehicle. A method adopted to adjust the
mass of a weight body is the simplest way in changing
the resonance frequency of a power generating element.
Here, a description will be given of an example in which
an auxiliary weight body is added for adjusting the mass
of a weight body in each of the power generating ele-
ments.
[0208] Fig. 24 covers a plan view (Fig. (a)) and a side
sectional view (Fig. (b)), which is obtained by cutting the
basic structure body along the YZ plane, of a modification
example, in which an auxiliary weight body 150L is added
to the basic structure body 100I of the power generating
element shown in Fig. 18, thereby adjusting the mass of
the weight body in its entirety. As shown in the plan view
of Fig. 24(a), a structure of a basic structure body 100L
according to the modification example is identical in
structure to the basic structure body 100I shown in Fig.
18(a), when observed from above. Here, individual por-
tions are given the same symbols as those of the basic
structure body 100I shown in Fig. 18(a).
[0209] On the other hand, as apparent from the side
sectional view of Fig. 24(b), in the basic structure body
100L of this modification example, the auxiliary weight
body 150L is firmly attached to the lower surface of a
weight body 150I, and an assembled body composed of
the weight body 150I and the auxiliary weight body 150L
performs a function as a weight body in the basic struc-
ture body 100L. In other words, the auxiliary weight body
150L is added, thus making it possible to increase the
mass of the weight body in the basic structure body 100L
and decrease the resonance frequency. The auxiliary
weight body 150L can be adjusted for the mass by chang-
ing a material (specific density) and dimensions (thick-

ness in the direction of the Z-axis and area of projection
image on the XY plane). Therefore, the auxiliary weight
body 150L is determined appropriately for the material
and dimensions, by which the basic structure body 100L
can be adjusted for the resonance frequency to any given
value.
[0210] Therefore, of course, a method of adding the
auxiliary weight body to adjust the resonance frequency
is also applicable to any of the examples described
above. Fig. 25 covers a plan view (Fig. (a)) and a side
sectional view (Fig. (b)), which is obtained by cutting the
basic structure body along the YZ plane, of a modification
example in which auxiliary weight bodies 110M1 to
110M4 are added to the basic structure body of the power
generating element shown in Fig. 22 to adjust the mass
of a weight body in its entirety As shown in the plan view
of Fig. 25(a), a structure of a basic structure body 100M
according to this modification example is identical in
structure to the basic structure body 100J shown in Fig.
22 (a), when observed from above. Here, individual por-
tions are given the same symbols as those of the basic
structure body 100J shown in Fig. 22(a).
[0211] In the example shown in Fig. 25, a center plate-
like member 150J is given as a fixing-portion which is
fixed to a device housing, and an annular structure body
110J at the periphery (a rectangular frame composed of
four sides, 110J1 to 110J4) performs a function as a
weight body. Here, auxiliary weight bodies are firmly at-
tached to the lower surface of the annular structure body
110J to increase the mass. That is, as apparent from the
side sectional view of Fig. 25(b), in a basic structure body
100M of the modification example, the auxiliary weight
bodies 110M1 to 110M4 are firmly attached to the re-
spective lower surfaces of the respective sides 110J1 to
110J4 of the annular structure body. An assembled body
composed of the annular weight body 110J and the aux-
iliary weight bodies 110M1 to 110M4 performs a function
as a weight body in the basic structure body 100M. There-
fore, it is possible to increase the mass of the weight body
and decrease the resonance frequency.
[0212] In the case of the illustrated example, the aux-
iliary weight bodies 110M1 to 110M4 are installed on all
four sides 110J1 to 110J4 of the annular weight body
110J. However, the auxiliary weight body may be in-
stalled only on a lower surface of a specific side. In order
to attain well-balanced stable vibration by positioning the
center of gravity of the weight body in its entirety near
the origin O, however, as with the example shown in the
drawing, it is preferable that the auxiliary weight bodies
are evenly installed on all four sides 110J1 to 110J4. The
auxiliary weight body can be adjusted for the mass by
changing the thickness in the direction of the Z-axis.
[0213] Since various materials can be used as the aux-
iliary weight body, it is possible to select an appropriate
material depending on the necessity of mass adjustment.
For example, where a slight adjustment is needed, a ma-
terial low in specific density such as aluminum or glass
may be used. Where a great increase in mass is needed,
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a material high in specific density such as tungsten may
be used.
[0214] In practice, the basic structure body 100I shown
in Fig. 18 or the basic structure body 100J shown in Fig.
22 may be used to mass-produce general commercial
items having a standard resonance frequency suitable
for the most common use environment, auxiliary weight
bodies each having appropriate mass may be added to
these general commercial items to constitute the basic
structure body 100L shown in Fig. 24 or the basic struc-
ture body 100M shown in Fig. 25, thereby providing cus-
tom-made products having resonance frequency optimal
for individual use environments. Accordingly, it is possi-
ble to lower costs of general commercial items by mass
production and at the same time provide custom-made
products which are optimal for individual use environ-
ments.
[0215] In each of the examples shown in Fig. 24 and
Fig. 25, the auxiliary weight bodies are installed on the
lower surface of the original weight body. It is also pos-
sible to install an auxiliary weight body on the upper sur-
face or side surfaces of the original weight body. Where
an auxiliary weight body is installed on the lower surface
of the original weight body, it can be housed inside a
space formed between the lower surface of the weight
body and a bottom plate of a device housing. Therefore,
for the purpose of saving space, it is preferable to install
the auxiliary weight body on the lower surface of the orig-
inal weight body as illustrated in the example.
[0216] A description has been given above of a method
for installing the auxiliary weight bodies on the weight
body to improve the power generation efficiency by
matching the resonance frequency with the frequency
used in an environment. Even where a power generating
element is used for dissonance, an auxiliary weight body
is added to increase the mass of a weight body in its
entirety. Thus, there is also obtained an effect of improv-
ing power generation efficiency.

<<<Chapter 6. Other modification examples >>>

[0217] Finally, a description will be given of some other
modification examples with regard to the various embod-
iments and modification examples described above.

<6-1. Modification example on arrangement of upper lay-
er electrodes>

[0218] In the embodiments described above, three
types of upper layer electrodes, that is, a central elec-
trode, a right side electrode and a left side electrode, are
arranged in the vicinity of the leading end of each of plate-
like bridge portions and in the vicinity of the base end
thereof. Any of the upper layer electrodes is arranged so
as to extend along the longitudinal direction axis of the
plate-like bridge portion and opposed to a predetermined
domain of the lower layer electrode, facing each other
with the piezoelectric element therebetween. Here, the

central electrode is arranged at a position of the center
line along the longitudinal direction axis of the plate-like
bridge portion. The right side electrode is arranged on
one side of the central electrode, and the left side elec-
trode is arranged on the other side of the central elec-
trode.
[0219] The three types of upper layer electrodes are
arranged as described above, by which charge of the
polarity shown in the tables of Fig. 4, Fig. 7 and Fig. 14
is generated on the basis of displacement in the direction
of each coordinate axis, thus making it possible to effi-
ciently convert vibration energy including various direc-
tion components into electric energy. Nevertheless, in
carrying out the present invention, it is not always nec-
essary to arrange three types of upper layer electrodes,
that is, a central electrode, a right side electrode and a
left side electrode. It is also possible to omit some of
these electrodes. Hereinafter, a description will be given
of some of such modification examples.
[0220] Fig. 26 is a plan view which shows a modifica-
tion example in which the central electrodes E12, E22 of
the embodiment shown in Fig. 3 are omitted. This mod-
ification example is identical to the embodiment shown
in Fig. 3 except that the central electrodes are omitted.
The central electrodes E12, E22 shown in Fig. 3 are ar-
ranged at a position of the center line along the longitu-
dinal direction axis (Y-axis) of the plate-like bridge portion
20. As shown in the table of Fig. 4, they are electrodes
which are exclusively used for electric power generation
on the basis of vibration of the weight body 30 in the
direction of the Z-axis. However, as shown in the table,
power generation on the basis of vibration of the weight
body 30 in the direction of Z-axis is also made possible
by using the side electrodes E11, E13; E21, E23 on both
sides (on the columns of ΔZ(+) in the table of Fig. 4, a
symbol of "-" is given to all electrodes, indicating that
charge is generated at all the electrodes).
[0221] Therefore, as shown in the modification exam-
ple of Fig. 26, where the central electrodes are omitted
and only the side electrodes on both sides E11, E13;
E21, E23 are installed, it is possible to convert both vi-
bration energy in the direction of the X-axis and vibration
energy in the direction of the Z-axis into electric energy.
As the power generating circuit used in the modification
example, there may be used such a circuit that partial
piezoelectric elements P12, P22, central electrodes E12,
E22 and rectifier cells D12(+), D12(-) are omitted from
the power generating circuit 60 shown in Fig. 5.
[0222] Fig. 27 is a plan view which shows a modifica-
tion example in which the central electrode in the em-
bodiment shown in Fig. 6 is omitted. This modification
example is also identical to the embodiment shown in
Fig. 6 except that the central electrode is omitted. The
central electrode E32 shown in Fig. 6 is arranged at a
position of the center line along the longitudinal direction
axis (Y-axis) of the plate-like bridge portion 20. As shown
in the table of Fig. 7, it is an electrode which is exclusively
used in generating electric power on the basis of vibration
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of the weight body 30 in the direction of the Z-axis. As
shown in the table, power generation on the basis of vi-
bration of the weight body 30 in the direction of the Z-
axis is also made possible by using the side electrodes
on both sides E31, E33 (on the columns of ΔX(+) in the
table of Fig. 7, a symbol "-" is given to all electrodes,
indicating that charge is generated at all the electrodes).
[0223] Therefore, as described in the modification ex-
ample of Fig. 27, even where the central electrode is
omitted and only the side electrodes on both sides, E31,
E33 are installed, it is possible to convert both vibration
energy in the direction of the X-axis and vibration energy
in the direction of Z-axis into electric energy. As the power
generating circuit used in this modification example,
there may be used a circuit which rectifies current pro-
duced on the basis of charge generated at the side elec-
trodes on both sides E31, E33 by using the rectifier cells.
[0224] In short, each of the modification examples
shown in Fig. 26 and Fig. 27 is an example in which, in
the two-axis power generation type power generating el-
ement described in the first embodiment of Chapter 1,
as the group of upper layer electrodes, only two types of
upper layer electrodes composed of a right side electrode
and a left side electrode are arranged, with a central elec-
trode omitted. The right side electrode and the left side
electrode are arranged so as to extend along the longi-
tudinal direction axis of the plate-like bridge portion and
opposed to a predetermined domain of the lower layer
electrode, facing each other with the piezoelectric ele-
ment therebetween. Then, when the center line along
the longitudinal direction axis is defined, the right side
electrode is arranged on one side of the center line, and
the left side electrode is arranged on the other side of
the center line.
[0225] Fig. 28 is a plan view which shows a modifica-
tion example in which the central electrodes Ez1 to Ez4
of the embodiment shown in Fig. 10 are omitted. This
modification example is identical to the embodiment
shown in Fig. 10 except that the central electrodes are
omitted. The central electrodes Ez1 to Ez4 shown in Fig.
10 are arranged at a position of the center line (Ly or Lx)
along the longitudinal direction axis of the first plate-like
bridge portion 120 or the second plate-like bridge portion
130. And, as shown in the table of Fig. 14, they are elec-
trodes which are exclusively used for generating electric
power on the basis of vibration of the weight body 150 in
the direction of the Z-axis. As shown in the table, how-
ever, power generation on the basis of vibration of the
weight body 150 in the direction of the Z-axis is also made
possible by using the side electrodes on both sides Ex1
to Ex4; Ey1 to Ey4, (on the columns of Δz(+) in the table
of Fig. 14, a symbol, "-" or "+" is given to all electrodes,
indicating that charge is generated at all the electrodes).
[0226] Therefore, as described in the modification ex-
ample shown in Fig. 28, even where the central elec-
trodes are omitted and only the side electrodes on both
sides Ex1 to Ex4; Ey1 to Ey4 are installed, it is possible
to convert vibration energy in directions of three axes,

the X-axis, the Y-axis and the Z-axis, into electric energy.
As the power generating circuit used in this modification
example, there may be used such a circuit that the partial
piezoelectric elements Pz1 to Pz4, the central electrodes
Ez1 to Ez4 and the rectifier cells Dz13(+), Dz13(-),
Dz24(+), Dz24(-) are omitted from the power generating
circuit 500 shown in Fig. 15. In short, the modification
example shown in Fig. 28 is an example in which the
following modification is made for the three-axis power
generation type power generating element of the second
embodiment described in Chapter 3.
[0227] First, a group of first upper layer electrodes is
such that only two types of upper layer electrodes com-
posed of a first right side electrode and a first left side
electrode are arranged, with a first central electrode omit-
ted. Here, the first right side electrode and the first left
side electrode are arranged so as to extend along a first
longitudinal direction axis Ly of a first plate-like bridge
portion and opposed to a predetermined domain of a low-
er layer electrode, facing each other with a piezoelectric
element therebetween. Then, when a first center line
along the longitudinal direction axis Ly is defined, the first
right side electrode is arranged on one side of the first
center line, and the first left side electrode is arranged
on the other side of the first center line.
[0228] On the other hand, a group of second upper
layer electrodes is such that only two types of upper layer
electrodes composed of a second right side electrode
and a second left side electrode are arranged, with a
second central electrode omitted. Here, the second right
side electrode and the second left side electrode are ar-
ranged so as to extend along a second longitudinal di-
rection axis Lx of a second plate-like bridge portion and
opposed to a predetermined domain of the lower layer
electrode, facing each other with the piezoelectric ele-
ment therebetween. Then, when a second center line
along the longitudinal direction axis Lx is defined, the
second right side electrode is arranged on one side of
the second center line, and the second left side electrode
is arranged on the other side of the second center line.
[0229] Fig. 29 covers plan views showing an example
of Fig. (a) and an example of Fig. (b). In the former, in
general terms, where a plate-like bridge portion 80 is con-
nected to a fixing-portion 70, three types of upper layer
electrodes, that is, a right side electrode E1, a central
electrode E2, a left side electrode E3, are formed in the
vicinity of the base end. In the latter, in comparison with
the former, two types of upper layer electrodes, that is,
a right side electrode E10 and a left side electrode E20
are formed.
[0230] All the three sets of upper layer electrodes
shown in Fig. 29(a) are arranged so as to extend along
a longitudinal direction axis L of the plate-like bridge por-
tion 80. Where the longitudinal direction axis L is given
as a center line in relation to the longitudinal direction of
the plate-like bridge portion 80, the central electrode E2
is arranged on the center line L, the right side electrode
E1 is arranged on one side of the central electrode E2
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(on the right-hand side when observed from the fixing-
portion 70 side), and the left side electrode E3 is arranged
on the other side thereof (on the left-hand side when ob-
served from the fixing-portion 70). In addition, in the ex-
ample shown in the drawing, an arrangement pattern of
the three types of upper layer electrodes assumes line
symmetry with the center line L.
[0231] The above-described arrangement pattern is
adopted, by which charge is generated at the central elec-
trode E2 arranged on the center line L when a weight
body undergoes displacement in a direction perpendic-
ular to the sheet surface. However, no significant charge
is generated when the weight body undergoes displace-
ment in a direction parallel to the sheet surface. In con-
trast, significant charge is generated at the right side elec-
trode E1 and the left side electrode E3 arranged on both
sides of the center line L (a position deviated from the
center line L) when the weight body undergoes displace-
ment in the direction perpendicular to the sheet surface
and also when undergoing displacement in the direction
parallel to the sheet surface (specifically, a direction or-
thogonal to the center axis L).
[0232] Therefore, where three types of upper layer
electrodes, the right side electrode E1, the central elec-
trode E2 and the left side electrode E3, are formed, or
even where only two types of upper layer electrodes, the
right side electrode E1 and the left side electrode E3 are
formed, with the central electrode E2 omitted, it is pos-
sible to convert vibration energy of the weight body in the
direction perpendicular to the sheet surface and also vi-
bration energy in the direction parallel to the sheet sur-
face into electric energy, which remains unchanged.
[0233] Each of the modification examples shown in Fig.
26 to Fig. 28 is an example in which a central electrode
is omitted on the basis of the above-described viewpoint.
In Fig. 26 to Fig. 28, there is shown a modification exam-
ple in which the central electrode is simply removed. In
practice, however, in carrying out the modification exam-
ple in which the central electrode is omitted, it is prefer-
able that a right side electrode and a left side electrode
are increased in area to increase generation of charge.
Fig. 29(b) is such that in the example shown in Fig. 29(a),
the central electrode E2 is omitted and the right side elec-
trode E1 and the left side electrode E3 are increased in
area which are respectively changed into the right side
electrode E10 and the left side electrode E20.
[0234] The right side electrode E10 and the left side
electrode E20 shown in Fig. 29(b) are similar in mode of
generating charge respectively to the right side electrode
E1 and the left side electrode E3 shown in Fig. 29(a).
However, charge is generated in an increased quantity
due to an increase in area. Stress occurring at each por-
tion upon displacement of the weight body in a direction
orthogonal to the center axis L is accordingly decreased
as moving closer to the center axis L. Therefore, charge
to be generated is not necessarily increased in proportion
to an area. Of course, the right side electrode E10 and
the left side electrode E20 may be installed on the side

surfaces of the plate-like bridge portion, as with each of
the side electrodes E21B, E23B shown in Fig. 8(b). Al-
ternatively, they may be installed from the upper surface
to the side surfaces of the plate-like bridge portion, as
with each of the side electrodes E21C, E23C shown in
Fig. 8(c).
[0235] As described by referring to Fig. 26 to Fig. 29,
a description has been given above of the examples in
which the right side electrode and the left side electrode
are arranged on both sides of the center line, facing each
other with the center line of the plate-like bridge portion
therebetween. However, in performing a function as the
power generating element, it is not always necessary to
arrange both the right side electrode and the left side
electrode. For example, even only one of the four upper
layer electrodes of the modification example shown in
Fig. 26 makes it possible to generate electric power on
the basis of two axis vibration. In addition, even only one
of the eight upper layer electrodes shown in the modifi-
cation example of Fig. 28 makes it possible to generate
electric power on the basis of three-axis vibration. How-
ever, in practice, in order to improve the power generation
efficiency as much as possible, it is preferable that two
types of electrodes, that is, a right side electrode and a
left side electrode, are arranged in the vicinity of the base
end of each of the plate-like bridge portions and in the
vicinity of the leading end thereof. Alternatively, it is also
preferable that three types of electrodes, that is, a central
electrode, a right side electrode and a left side electrode,
are arranged.

<6-2. Modification example in which stopper structure is 
installed>

[0236] As described above, the basic structure body
(composed of the fixing-portion, the plate-like bridge por-
tion and the weight body) of the power generating ele-
ment according to the present invention can be consti-
tuted with a silicon substrate. However, the plate-like
bridge portion is required to have such thickness that
keeps flexibility at a stage of design and, therefore, not
impart sufficient in rigidity. As a result, when the weight
body undergoes excessive displacement due to great
vibration, the plate-like bridge portion is apt to be dam-
aged at the both ends, etc. Therefore, in practice, it is
preferable to provide a control structure for controlling
excessive displacement of the weight body.
[0237] Fig. 30 is a plan view which shows a modifica-
tion example in which a stopper structure is adopted for
the basic structure body shown in Fig. 18 (hatching is
given to interior parts of the structure body in order to
clearly indicate a planar shape thereof). As illustrated in
the drawing, similarly to the example shown in Fig. 18, a
basic structure body 100N of the modification example
is such that an annular structure body 110N is used as
a fixing-portion. The annular structure body 110N is a
rectangular frame-like structure body having four sides,
that is, a left side 110N1, a lower side 110N2, a right side
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110N3, an upper side 110N4, and the lower surface
thereof in its entirety is firmly attached to the upper sur-
face of a bottom plate of a device housing.
[0238] Further, the base end of a first plate-like bridge
portion 120N is connected to the vicinity of the lower end
of the left side 110N1 of the annular structure body 110N.
And, the leading end of the first plate-like bridge portion
120N is connected to the base end of a second plate-like
bridge portion 130N. The leading end of the second plate-
like bridge portion 130N is connected to a weight body
150N through a weight body connection portion 140N.
[0239] The modification example shown in Fig. 30 is
characterized in that a stopper projection 110N5, 110N6,
which projects in a direction toward a weight body 150N,
is installed at a fixing-portion 110N and a stopper groove
150NS which houses the leading end of the stopper pro-
jection is installed on the weight body 150N.
[0240] More specifically, in the example shown in the
drawing, the stopper projection stem 110N5 projects from
the vicinity of the center of the left side 110N1 of the
annular structure body (fixing-portion) 110N toward the
weight body 150N, and the stopper projection head
110N6 is attached at the leading end of the stopper pro-
jection stem 110N5. Here, a hammer-like structure body
composed of the stopper projection stem 110N5 and the
stopper projection head 110N6 is a stopper projection,
and the stopper groove 150NS is formed on the weight
body 150N so as to house the leading end of the stopper
projection. The leading end of the stopper projection is
kept fitted into the stopper groove 150NS as illustrated
in the drawing. However, they are not fitted to each other
in a close-contact manner, but a predetermined void area
is maintained between an external surface of the leading
end of the stopper projection and an inner surface of the
stopper groove 150NS, with no external force applied on
the weight body 150N.
[0241] Although the stopper projection is in a state of
being fixed to the fixing-portion 110N, the weight body
150N will yield displacement due to application of an ex-
ternal force. Therefore, when the weight body 150N un-
dergoes displacement to a great extent, the outer surface
of the leading end of the stopper projection is brought
into contact with the inner surface of the stopper groove
150NS, thereby preventing further displacement. In other
words, displacement of the weight body 150N is sup-
pressed within a dimensional range of the void area se-
cured between the outer surface of the leading end of
the stopper projection and the inner surface of the stopper
groove 150NS. As a result, even where excessive accel-
eration (acceleration which may break each of plate-like
bridge portions 120N, 130N) is applied to the weight body
150N, excessive displacement to each portion can be
suppressed. Thus, it is possible to avoid a situation that
the plate-like bridge portions 120N, 130N are broken.
[0242] The example shown in Fig. 18 indicates posi-
tions of a total of twelve upper layer electrodes, whereas
the example shown in Fig. 30 indicates positions of only
eight upper layer electrodes. This is because of adoption

of the modification example on an arrangement of the
upper layer electrodes described in Chapter 6-1. There-
fore, a first leading end-side right side electrode Ey1 and
a first leading end-side left side electrode Ey2 are in-
stalled in the vicinity of the leading end of the first plate-
like bridge portion 120N. A first base end-side right side
electrode Ey3 and a first base end-side left side electrode
Ey4 are installed in the vicinity of the base end of the first
plate-like bridge portion 120N. Similarly, a second lead-
ing end-side right side electrode Ex1 and a second lead-
ing end-side left side electrode Ex2 are installed in the
vicinity of the leading end of the second plate-like bridge
portion 130N. A second base end-side right side elec-
trode Ex3 and a second base end-side left side electrode
Ex4 are installed in the vicinity of the base end of the
second plate-like bridge portion 130N. Of course, central
electrodes may also be installed to arrange a total of 12
upper layer electrodes.

<6-3. Modification example in which double-arms sup-
porting method is adopted>

[0243] Fig. 31 is a plan view which shows still another
modification example of second embodiment shown in
Fig. 18 (hatching is given to interior parts of the structure
body in order to clearly indicate a planar shape thereof).
As illustrated in the drawing, as with the example shown
in Fig. 18, a basic structure body 100P of the modification
example is such that an annular structure body 110P is
used as a fixing-portion. The annular structure body 110P
is a rectangular frame-like structure body having four
sides, that is, a left side 110P1, a lower side 110P2, a
right side 110P3 and an upper side 110P4. This annular
structure body is greatly different from that shown in Fig.
18 in that such a structure is adopted that a starting por-
tion 110P5 is provided below the left side of the annular
structure body and two arms extending from the starting
portion 110P5 support a weight body 150P. Hereinafter,
the structure of supporting the weight body by the two
arms is referred to as a double-arms supporting method.
[0244] As illustrated in the drawing, a basic structure
body of the double-arms supporting method is provided
with a flexible first plate-like bridge portion 120P as a first
arm and a flexible second plate-like bridge portion 130P
as a second arm. The weight body 150P is directly or
indirectly connected to both the leading end of the first
plate-like bridge portion 120P and the leading end of the
second plate-like bridge portion 130P.
[0245] In the example shown in the drawing, the lead-
ing end of the first plate-like bridge portion 120P and the
leading end of the second plate-like bridge portion 130P
are both connected to an intermediate connection portion
140P, and the weight body 150P is connected to the in-
termediate connection portion 140P. In other words, the
weight body 150P is indirectly connected to both the lead-
ing end of the first plate-like bridge portion 120P and the
leading end of the second plate-like bridge portion 130P
through the intermediate connection portion 140P.
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[0246] The annular structure body 110P which in-
cludes the starting portion 110P5 performs a function as
a fixing-portion, and the lower surface thereof in its en-
tirety is firmly attached to the upper surface of a bottom
plate of a device housing. On the other hand, the first
plate-like bridge portion 120P, the second plate-like
bridge portion 130P, the intermediate connection portion
140P and the weight body 150 are such that each of the
lower surfaces thereof is positioned above the lower sur-
face of the annular structure body 110P and in a state of
floating above the bottom plate of the device housing,
with no external force applied. That is, the first plate-like
bridge portion 120P, the second plate-like bridge portion
130P, the intermediate connection portion 140P and the
weight body 150P are housed into the device housing in
a state of being suspended and supported at the starting
portion 110P5. The base end of the first plate-like bridge
portion 120P and the base end of the second plate-like
bridge portion 130P are fixed to the device housing
through the starting portion 110P5 which performs a func-
tion as the fixing-portion.
[0247] A layered electrode and a piezoelectric element
of the power generating element using the basic structure
body 100P are similar in constitution to those of the ex-
ample shown in Fig. 18. That is, a layered lower layer
electrode is formed on the surfaces of the first plate-like
bridge portion 120P and the second plate-like bridge por-
tion 130P, a layered piezoelectric element is formed on
the surface of the lower layer electrode, and a plurality
of upper layer electrodes are locally formed on the sur-
face of the piezoelectric element. Further, there is used
a power generating circuit which rectifies current pro-
duced on the basis of charge generated at the upper
layer electrodes and the lower layer electrode and takes
out electric power. This is also similar to the example
shown in Fig. 18.
[0248] When an external force which causes vibration
to the device housing is applied on the power generating
element, the first plate-like bridge portion 120P and the
second plate-like bridge portion 130P undergo deflec-
tion, by which the weight body 150P vibrates inside the
device housing in the direction of each coordinate axis.
The piezoelectric element is apt to polarize in the thick-
ness direction due to application of stress which expands
and contracts in the layer direction. Therefore, as with
the example shown in Fig. 18, the power generating cir-
cuit can be used to take out electric power.
[0249] In the double-arms supporting method, the
base end of the first plate-like bridge portion 120P and
the base end of the second plate-like bridge portion 130P
are connected to the same starting portion 110P5 of the
annular structure body 110P (the fixing-portion). There-
fore, there is provided such a structure that the weight
body 150P is supported like a cantilever beam in relation
to the fixing-portion, thereby causing the weight body
150P to efficiently vibrate. Further, the two plate-like
bridge portions are provided, which is advantageous in
increasing charge generated by the piezoelectric ele-

ment.
[0250] In the example shown in Fig. 31, the basic struc-
ture body is formed in a predetermined shape so that
electric power can be generated efficiently on the basis
of a vibration component in the direction of the X-axis
and a vibration component in the direction of the Y-axis.
That is, in the example shown here, a leading end vicinity
121P of the first plate-like bridge portion 120P extends
in a direction parallel to the X-axis, and a base end vicinity
123P of the first plate-like bridge portion 120P extends
in a direction parallel to the Y-axis. Then, an intermediate
portion 122P between the leading end vicinity 121P and
the base end vicinity 123P is bent so as to give a curved
line. Similarly, a leading end vicinity 131P of the second
plate-like bridge portion 130P extends in a direction par-
allel to the Y-axis, and a base end vicinity 133P of the
second plate-like bridge portion 130P extends in a direc-
tion parallel to the X-axis. Then, an intermediate portion
132P between the leading end vicinity 131P and the base
end vicinity 133P is bent to give a curved line.
[0251] The example shown in Fig. 31 indicates posi-
tions of a total of eight upper layer electrodes adopted in
the modification example described in Chapter 6-1 on
arrangement of the upper layer electrodes (the central
electrode is omitted, and the right side electrode and the
left side electrode are arranged on both sides of the cent-
er line).
[0252] That is, a group of upper layer electrodes is con-
stituted with a group of first leading end-side upper layer
electrodes, Ex11, Ex12, which is formed on the surface
of the leading end vicinity 121P of the first plate-like
bridge portion 120P through the lower layer electrode
and the piezoelectric element, a group of first base end-
side upper layer electrodes, Ey11, Ey12, which is formed
on the surface of the base end vicinity 123P of the first
plate-like bridge portion 120P through the lower layer
electrode and the piezoelectric element, a group of sec-
ond leading end-side upper layer electrodes, Ey13, Ey14,
which is formed on the surface of the leading end vicinity
131P of the second plate-like bridge portion 130P
through the lower layer electrode and the piezoelectric
element, and a group of second base end-side upper
layer electrodes, Ex13, Ex14, which is formed on the sur-
face of the base end vicinity 133P of the second plate-
like bridge portion 130P through the lower layer electrode
and the piezoelectric element.
[0253] Here, the group of first leading end-side upper
layer electrodes is provided with two types of upper layer
electrodes composed of the first leading end-side right
side electrode Ex11 and the first leading end-side left
side electrode Ex12. Each of the upper layer electrodes
is arranged so as to extend along the direction of the X-
axis and opposed to a predetermined domain of the lower
layer electrode, facing each other with the piezoelectric
element therebetween. When a first leading end-side
center line L1 parallel to the X-axis is defined at the lead-
ing end vicinity 121P of the first plate-like bridge portion
120P, the first leading end-side right side electrode Ex11
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is arranged on one side of the first leading end-side center
line L1, and the first leading end-side left side electrode
Ex12 is arranged on the other side of the first leading
end-side center line L1.
[0254] Further, the group of first base end-side upper
layer electrodes is provided with two types of upper layer
electrodes composed of the first base end-side right side
electrode Ey11 and the first base end-side left side elec-
trode Ey12. Each of the upper layer electrodes is ar-
ranged so as to extend along the direction of the Y-axis
and opposed to a predetermined domain of the lower
layer electrode, facing each other with the piezoelectric
element therebetween. When a first base end-side center
line L2 parallel to the Y-axis is defined at the base end
vicinity of the first plate-like bridge portion 120P, the first
base end-side right side electrode Ey11 is arranged on
one side of the first base end-side center line L2. The
first base end-side left side electrode Ey12 is arranged
on the other side of the first base end-side center line L2.
[0255] Then, the group of second leading end-side up-
per layer electrodes is provided with two types of upper
layer electrodes composed of the second leading end-
side right side electrode Ey13 and the second leading
end-side left side electrode Ey14. Each of the upper layer
electrodes is arranged so as to extend along the direction
of the Y-axis and opposed to a predetermined domain of
the lower layer electrode, facing each other with the pi-
ezoelectric element therebetween. When a second lead-
ing end-side center line L3 parallel to the Y-axis is defined
at the leading end vicinity 131P of the second plate-like
bridge portion 130P, the second leading end-side right
side electrode Ey13 is arranged on one side of the second
leading end-side center line L3, and the second leading
end-side left side electrode Ey14 is arranged on the other
side of the second leading end-side center line L3.
[0256] Finally, the group of second base end-side up-
per layer electrodes is provided with two types of upper
layer electrodes composed of the second base end-side
right side electrode Ex13 and the second base end-side
left side electrode Ex14. Each of the upper layer elec-
trodes is arranged so as to extend along the direction of
the X-axis and opposed to a predetermined domain of
the lower layer electrode, facing each other with the pi-
ezoelectric element therebetween. When a second base
end-side center line L4 parallel to the X-axis is defined
at the base end vicinity 133P of the second plate-like
bridge portion 130P, the second base end-side right side
electrode Ex13 is arranged on one side of the second
base end-side center line L4, and the second base end-
side left side electrode Ex14 is arranged on the other
side of the second base end-side center line L4.
[0257] Of course, it is possible to form a total of twelve
upper layer electrodes without omitting the central elec-
trode. In this case, a first leading end-side central elec-
trode may be installed between the first leading end-side
right side electrode Ex11 and the first leading end-side
left side electrode Ex12, a first base end-side central elec-
trode may be installed between the first base end-side

right side electrode Ey11 and the first base end-side left
side electrode Ey12, a second leading end-side central
electrode may be installed between the second leading
end-side right side electrode Ey13 and the second lead-
ing end-side left side electrode Ey14, and a second base
end-side central electrode may be installed between the
second base end-side right side electrode Ex13 and the
second base end-side left side electrode Ex14.
[0258] In the example shown in Fig. 31 as well, in order
to concentrate stress on the leading end and the base
end of each of the plate-like bridge portions 120P, 130P,
an eaves structure portion is formed at the intermediate
connection portion 140P. That is, the intermediate con-
nection portion 140P is provided with eaves structure por-
tions α11, α12 which project laterally on both sides from
side surfaces of the leading end of the first plate-like
bridge portion 120P and eaves structure portions α13,
α14 which project laterally on both sides from side sur-
faces of the leading end of the second plate-like bridge
portion 130P.
[0259] Similarly, the starting portion 110P5 which per-
forms a function as the fixing-portion is also provided with
an eaves structure portion. That is, the starting portion
110P5 is provided with eaves structure portions α21, α22
which project laterally on both sides from side surfaces
of the base end of the first plate-like bridge portion 120P
and eaves structure portions α23, α24 which project lat-
erally on both sides from side surfaces of the base end
of the second plate-like bridge portion 130P.
[0260] As shown in the sample of Fig. 31, such a mode
is adopted that the fixing-portion is constituted with the
annular structure body 110P, at an internal domain sur-
rounded by the annular structure body 110P, the first
plate-like bridge portion 120P, the second plate-like
bridge portion 130P and the weight body 150P are ar-
ranged, the first plate-like bridge portion 120P and the
second plate-like bridge portion 130P are structured so
as to be curved, and the weight body 150P is arranged
in a domain, the periphery of which is surrounded by
these bridge portions. Thereby, it is possible to efficiently
house the individual members in a planar manner and
also to use the annular structure body 110P as it is as a
part of the device housing.
[0261] Charge generated at each of the upper layer
electrodes Ex11, Ex12, Ey11, Ey12 on the first plate-like
bridge portion 120P, the arrangement of which is shown
in Fig. 31, is similar in characteristics to charge generated
at each of the upper layer electrodes Ex1, Ex2, Ey3, Ey4
in the example shown in Fig. 10 (refer to the table of Fig.
14). Further, since the example shown in Fig. 31 assumes
line symmetry with a symmetric axis W in the drawing
(the axis in which the Y-axis is inclined by 45 degrees)
in terms of the planar shape, charge generated at each
of the upper layer electrodes formed on the second plate-
like bridge portion 130P has characteristics of line sym-
metry with the symmetric axis W, as compared with the
characteristics of charge generated at each of the upper
layer electrodes formed on the first plate-like bridge por-
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tion 120P.
[0262] Of course, in the example shown in Fig. 31 as
well, in order that roles of the fixing-portion and those of
the weight body are reversed, by which the annular struc-
ture body 110P which has functioned as the fixing-portion
is allowed to function as a weight body and the plate-like
body 150P which has functioned as the weight body is
allowed to function as a fixing-portion, it is possible to
adopt such a mode that the lower surface of the plate-
like body 150P is fixed to the upper surface of a bottom
plate of a device housing and the annular structure body
110P is in a suspended state of floating above the bottom
plate of the device housing, with no external force ap-
plied.
[0263] Further, each of the right side electrodes and
each of the left side electrodes may be installed on side
surfaces of the plate-like bridge portion, as described in
each of the side electrodes E21B, E23B shown in Fig.
8(b) or may be installed from the upper surface to the
side surfaces of the plate-like bridge portion, as de-
scribed in each of the side electrodes E21C, E23C shown
in Fig. 8(c).
[0264] Fig. 32 is a plan view which shows a modifica-
tion example in which the stopper structure described in
Chapter 6-2 is adopted as the basic structure body shown
in Fig. 31. A basic structure body 100Q of this modifica-
tion example is similar in basic structure to the basic
structure body 100P shown in Fig. 31. That is, an annular
structure body 110Q which performs a function as a fix-
ing-portion is a rectangular frame-like structure body hav-
ing four sides, that is, a left side 110Q1, a lower side
110Q2, a right side 110Q3 and an upper side 110Q4.
The lower surface thereof in its entirety is firmly attached
to the upper surface of a bottom plate of a device housing.
[0265] Further, a starting portion 110Q5 is installed be-
low the left side of the annular structure body 110Q. An
intermediate connection portion 140Q is supported by a
first plate-like bridge portion 120Q and a second plate-
like bridge portion 130Q each extending from the starting
portion 110Q5, and a weight body 150Q is connected to
the intermediate connection portion 140Q.
[0266] The modification example shown in Fig. 32 is
characterized in that a stopper projection 110Q6, 110Q7
which projects in a direction toward the weight body 150Q
is installed at the fixing-portion 110Q, and a stopper
groove 150QS which houses the leading end of the stop-
per projection is installed at the weight body 150Q.
[0267] More specifically, in the example shown in the
drawing, a stopper projection stem 110Q6 projects to-
ward the weight body 150Q from the starting portion
110Q5 of the annular structure body 110Q (fixing-por-
tion). A stopper projection head 110Q7 is attached at the
leading end of the stopper projection stem 110Q6. Here,
a hammer-like structure body composed of the stopper
projection stem 110Q6 and the stopper projection head
110Q7 is a stopper projection. The stopper groove
150QS is formed on the weight body 150Q so as to house
the leading end of the stopper projection. The leading

end of the stopper projection is kept fitted into the stopper
groove 150QS as illustrated in the drawing. They are not
fitted to each other in a close-contact manner, but a pre-
determined void area is maintained between an external
surface of the leading end of the stopper projection and
an inner surface of the stopper groove 150QS in a state
that no external force is applied on the weight body 150Q.
[0268] The above-described stopper structure is able
to suppress excessive displacement at each portion,
even where excessive acceleration (acceleration which
will break each of the plate-like bridge portions 120Q,
130Q) is applied to the weight body 150Q. Thus, as al-
ready described in Chapter 6-2, it is possible to avoid
such a situation that the plate-like bridge portions 120Q,
130Q may be broken.
[0269] In the modification example shown in Fig. 32,
the annular structure body 110Q is also slightly modified
in its shape. That is, an internal shape of the annular
structure body 110Q is formed so as to be in agreement
with an external shape of each of the first plate-like bridge
portion 120Q, the second plate-like bridge portion 130Q
and the intermediate connection portion 140Q so that a
clearance between them is set in predetermined dimen-
sions. The predetermined dimensions are set so as to
have appropriate values in suppressing excessive dis-
placement at each portion by bringing an external surface
of each of the first plate-like bridge portion 120Q, the
second plate-like bridge portion 130Q and the interme-
diate connection portion 140Q into contact with an inter-
nal surface of the annular structure body 110Q, when
excessive acceleration is applied on the weight body
150Q.
[0270] Therefore, the modification example shown in
Fig. 32 is provided with both a function to control dis-
placement by the stopper projection and a function to
control displacement by the internal surface of the annu-
lar structure body 110Q. These functions to control dis-
placement are able to protect the plate-like bridge por-
tions 120Q, 130Q from breakage even when excessive
acceleration is applied to the weight body 150Q.
[0271] Fig. 33 is a plan view which shows another mod-
ification example of the basic structure body 100P shown
in Fig. 31. A basic structure body 100R shown in Fig. 33
is also such that a fixing-portion is constituted with a rec-
tangular frame-like annular structure body 110R having
four sides, that is, a left side 110R1, a lower side 110R2,
a right side 110R3 and an upper side 110R4, two arm
portions are provided at an internal domain of the annular
structure body, and a weight body 150R is supported
through an intermediate connection portion 140R, which
is similar to the example shown in Fig. 31. They are dif-
ferent in structure of the two arm portions.
[0272] In the example shown in Fig. 31, the two arms
are constituted with the first plate-like bridge portion 120P
and the second plate-like bridge portion 130P, each of
which is bent so as to give a curved line at the interme-
diate portion. In the example shown in Fig. 33, however,
the two arms are each formed by an L-letter shaped plate-
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like bridge portion which is bent at a right angle at an
intermediate portion. That is, a first arm is structured so
that a first plate-like leading end-side bridge portion 121R
extending in a direction parallel to the X-axis is combined
in an L-letter shape with a first plate-like base end-side
bridge portion 122R extending in a direction parallel to
the Y-axis. A second arm is structured so that a second
plate-like leading end-side bridge portion 131R extend-
ing in a direction parallel to the Y-axis is combined in an
L-letter shape with a second plate-like base end-side
bridge portion 132R extending in a direction parallel to
the X-axis.
[0273] Further, Fig. 31 indicates positions of a total of
eight upper layer electrodes which are arranged at posi-
tions on both sides of each of the arms. Fig. 33 indicates
positions of a total of sixteen upper layer electrodes in
which two electrodes (a right side electrode and a left
side electrode) are arranged each at positions on both
sides of the first plate-like leading end-side bridge portion
121R, at positions on both sides of the first plate-like base
end-side bridge portion 122R, at positions on both sides
of the second plate-like leading end-side bridge portion
131R and at positions on both sides of the second plate-
like base end-side bridge portion 132R. This is because
an intermediate portion of the arm is bent at a right angle,
thus resulting in concentration of stress on the vicinity of
the bent portion. Of course, central electrodes may also
be arranged at the above-described individual positions
to install a total of twenty-four upper layer electrodes.
Charge generated at each of the upper layer electrodes
is similar in characteristics to charge generated at each
of the upper layer electrodes shown in the example of
Fig. 10 (refer to the table of Fig. 14). Here, a detailed
description will be omitted.

<<<Chapter 7. Basic concept of the present invention>>>

[0274] Finally, a basic concept of the present invention
described above by referring to various embodiments
and modification examples thereof will be briefly de-
scribed for each of the power generating elements dif-
ferent in mode of the basic structure body.

(1) Invention described as first embodiment in Chap-
ter 1 and Chapter 2 (two-axis power generation type)
This invention relates to a power generating element
which is provided with a flexible bridge portion which
extends along a predetermined longitudinal direction
axis, a weight body which is connected to one end
of the bridge portion, a device housing which houses
the bridge portion and the weight body, a fixing-por-
tion which fixes the other end of the bridge portion
to the device housing, a piezoelectric element which
is fixed at a predetermined position on the surface
of the bridge portion, and a power generating circuit
which rectifies current produced on the basis of
charge generated at the piezoelectric element to
take out electric power, thereby generating electric

power by converting vibration energy into electric en-
ergy.
The power generating element is constituted so that
upon application of an external force which causes
the device housing to vibrate, the weight body vi-
brates inside the device housing due to deflection of
the bridge portion. The piezoelectric element is ar-
ranged at a position on the surface of the bridge por-
tion at which expansion/contraction deformation oc-
curs on the basis of vibration of the weight body, that
is, at a position deviating from the center line along
the longitudinal direction axis and is apt to generate
charge on the basis of the expansion/contraction de-
formation. As described above, the piezoelectric el-
ement which is arranged at the position deviating
from the center line has a function to convert both
vibration energy of the weight body in a perpendic-
ular direction and vibration energy in a horizontal di-
rection into electric energy, thus realizing two-axis
power generation type.
(2) Invention described as second embodiment in
Chapter 3 and Chapter 5 (three-axis power genera-
tion type)
This invention relates to a power generating element
which is provided with a flexible first bridge portion
which extends along a first longitudinal direction axis,
a flexible second bridge portion which is directly or
indirectly connected to the first bridge portion, ex-
tends along a longitudinal direction axis, a weight
body which is directly or indirectly connected to the
second bridge portion, a device housing which hous-
es the first bridge portion, the second bridge portion
and the weight body, a fixing-portion which fixes one
end of the first bridge portion to the device housing,
a piezoelectric element which is fixed to a predeter-
mined position on the surface of each of the first
bridge portion and the second bridge portion, and a
power generating circuit which rectifies current pro-
duced on the basis of charge generated at the pie-
zoelectric element to take out electric power, thereby
generating electric power by converting vibration en-
ergy into electric energy.
In the power generating element, the fixing-portion
fixes the base end of the first bridge portion to the
device housing, the leading end of the first bridge
portion is directly or indirectly connected to the base
end of the second bridge portion, and the weight
body is directly or indirectly connected to the leading
end of the second bridge portion. Then, the power
generating element is constituted so that the weight
body vibrates inside the device housing due to de-
flection of the first bridge portion and the second
bridge portion upon application of an external force
which causes the device housing to vibrate. The pi-
ezoelectric element is arranged at a position at which
expansion/contraction deformation occurs on the
basis of vibration of the weight body on the surface
of each of the first bridge portion and the second
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bridge portion and apt to generate charge on the
basis of the expansion/contraction deformation. In
order to effect efficient three-axis power generation,
it is preferable that the piezoelectric element is at
least partially arranged at a position deviating from
the center line along the longitudinal direction axis
of each of the plate-like bridge portions.
(3) Invention described as the modification example
of second embodiment in Chapter 6-3 (double-arms
supporting method)
This invention relates to a power generating element
which is provided with a flexible first bridge portion
and a flexible second bridge portion, a weight body
which is directly or indirectly connected to both the
leading end of the first bridge portion and the leading
end of the second bridge portion, a device housing
which houses the first bridge portion, the second
bridge portion and the weight body, a fixing-portion
which fixes the base end of the first bridge portion
and the base end of the second bridge portion to the
device housing, a piezoelectric element which is
fixed at a predetermined position on the surface of
each of the first bridge portion and the second bridge
portion, and a power generating circuit which recti-
fies current produced on the basis of charge gener-
ated at the piezoelectric element to take out electric
power, thereby generating electric power by convert-
ing vibration energy into electric energy.
In the power generating element, the base end of
the first bridge portion and the base end of the sec-
ond bridge portion are connected to the same start-
ing portion of the fixing-portion. An intermediate por-
tion between the leading end vicinity of the first bridge
portion and the base end vicinity thereof is curved
or bent, and an intermediate portion between the
leading end vicinity of the second bridge portion and
the base end vicinity thereof is curved or bent. Then,
the power generating element is constituted so that
the weight body vibrates inside the device housing
due to deflection of the first bridge portion and the
second bridge portion when an external force which
causes the device housing to vibrate is applied. The
piezoelectric element is arranged at a position on
the surface of each of the first bridge portion and the
second bridge portion at which expansion/contrac-
tion deformation occurs on the basis of vibration of
the weight body and apt to generate charge on the
basis of the expansion/contraction deformation.
Since each of the first bridge portion and the second
bridge portion is curved or bent at the intermediate
portion, various types of stress occur at the leading
end vicinity and the base end vicinity, which is effec-
tive in converting vibration energy in various direc-
tions into electric energy. In order to realize efficient
three-axis power generation, it is preferable that the
piezoelectric element is at least partially arranged at
a position which deviates from the center line along
the longitudinal direction axis of each of the plate-

like bridge portions.
(4) In the description and drawings given above in
the present application, for convenience of descrip-
tion, a description has been given of the structure,
shape and arrangement of each portion by using an
XYZ three-dimensional coordinate system. And, the
XYZ three-dimensional coordinate system is a sys-
tem in which the X-axis, the Y-axis and the Z-axis
are orthogonal to each other.

[0275] However, in carrying out the present invention,
the XYZ three-dimensional coordinate system which has
been referred to in the description is not necessarily a
three-dimensional orthogonal coordinate system in
which the X-axis, the Y-axis and the Z-axis are orthogonal
to each other. The present invention can be designed by
using a three-dimensional non-orthogonal coordinate
system. This three-dimensional non-orthogonal coordi-
nate system refers to a three-dimensional coordinate
system in which at least the X-axis is not orthogonal to
the Y-axis. The present invention can be designed by
using as a three-dimensional coordinate system, for ex-
ample, a coordinate system in which the X-axis and the
Y-axis are defined as a coordinate axis that intersects at
any given angle so as not to be orthogonal and the Z-
axis is defined as a coordinate axis that is orthogonal to
both the X-axis and the Y-axis.
[0276] The examples described above by using the
three-dimensional orthogonal coordinate system have a
function to efficiently convert vibration energy applied in
the direction of each coordinate axis of the three-dimen-
sional orthogonal coordinate system into electric energy
and also have been characterized by simplifying a man-
ufacturing process. The basic concept of the present in-
vention is as described above, and the power generating
element obtained by embodying the basic concept may
be such that the longitudinal direction axis of each of the
bridge portions is in any given direction. For example, in
the basic structure body shown in Fig. 31, the leading
end vicinity and the base end vicinity of each of the bridge
portions are set in such a direction that each of the center
axes L1 to L4 is parallel to the X-axis or the Y-axis in the
three-dimensional orthogonal coordinate system. How-
ever, the center axes L1 to L4 may be given in any indi-
vidually different directions.
[0277] Of course, where a power generating element
is known in advance to be used in a vibration environment
in which the power generating element is oriented in a
specific direction, it is preferable that the power generat-
ing element is designed so as to be optimal in the vibration
environment concerned. For example, the power gener-
ating element shown in Fig. 1 is optimal in efficiently con-
verting vibration energy in the direction of the X-axis and
vibration energy in the direction of the Z-axis in the three-
dimensional orthogonal coordinate system into electric
energy. The power generating element shown in Fig. 10
is optimal in efficiently converting vibration energy in the
direction of each coordinate axis in the three-dimensional
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orthogonal coordinate system into electric energy.
[0278] However, in practice, it is difficult to exactly un-
derstand a direction of vibration in an environment where
a power generating element is actually mounted. In the
case of a general-use power generating element, such
an element will be sufficient that the longitudinal direction
axis of each bridge portion is set in any given direction
and any number of piezoelectric elements (as many pi-
ezoelectric elements as possible will be preferable in im-
proving the power generation efficiency) are arranged at
any given sites of the bridge portion (a site on which stress
will concentrate is preferable in improving the power gen-
eration efficiency). Even generation of charge with any
polarity at these piezoelectric elements will not pose any
problem, as long as current is rectified and electric power
is taken out by using a power generating circuit.
[0279] Fig. 34 is a plan view which shows a modifica-
tion example in which the orthogonal coordinate system
of the power generating element shown in Fig. 10 is
changed to a non-orthogonal coordinate system to omit
the central electrodes Ez1 to Ez4. For convenience of
description, the same symbols as those of the example
shown in Fig. 10 are used to indicate individual portions
of the modification example shown in Fig. 34. Constitu-
ents with the same symbol are fundamentally similar in
function. Since the non-orthogonal coordinate system is
used in the modification example shown in Fig. 34, the
X-axis is not orthogonal to the Y-axis (the Z-axis is in a
direction perpendicular to the sheet surface). Therefore,
a first longitudinal direction axis Ly which is defined as
an axis parallel to the Y-axis and a second longitudinal
direction axis Lx which is defined as an axis parallel to
the X-axis are not mutually orthogonal axes. A first plate-
like bridge portion 120 and a second plate-like bridge
portion 130 are arranged in an inclined manner. Further,
a weight body 150 is also formed in a trapezoidal plate-
like member. As described above, a basic structure body
is formed in an irregular shape, which will not, however,
pose any problem at all to a basic function as the power
generating element.

(5) A description has been given above of various
embodiments and their modification examples.
These embodiments and modification examples can
be freely used in combination. In the description of
the present application and drawings, only examples
in which some of them have been combined are dis-
closed. However, these embodiments and modifica-
tion examples may be combined in any manner to
carry out the present invention, as long as contra-
dictions are found with each other.

Industrial Applicability

[0280] The power generating element of the present
invention is widely applicable to technologies which con-
vert vibration energy into electric energy to generate elec-
tric power. A basic principle thereof is to impart periodic

deflection to a piezoelectric element by vibration of a
weight body, thereby taking out to the outside charge
generated on the basis of stress applied on the piezoe-
lectric element. Therefore, the power generating element
is attached to vehicles such as automobiles, trains and
ships as well as vibration sources such as refrigerators
and air conditioners, by which vibration energy which
would be otherwise wasted in most cases can be effec-
tively utilized as electric energy.

Claims

1. A power generating element which converts vibra-
tion energy into electric energy to generate electric
power,
the power generating element, comprising:

a flexible plate-like bridge portion (20) which ex-
tends along a longitudinal direction axis (Y);
a weight body (30) which is connected to an end
of the plate-like bridge portion;
a device housing (40) which houses the plate-
like bridge portion and the weight body;
a fixing-portion (10) which fixes another end of
the plate-like bridge portion to the device hous-
ing;
a lower layer electrode (E0) which is layered on
a surface of the plate-like bridge portion;
a piezoelectric element (50) which is layered on
a surface of the lower layer electrode;
a group of upper layer electrodes (E11, E13,
E21, E23; E31, E33) composed of a plurality of
upper layer electrodes which are formed locally
on a surface of the piezoelectric element; and
a power generating circuit (60) which rectifies
current produced on the basis of charge gener-
ated at the upper layer electrodes and the lower
layer electrode to take out electric power; where-
in
the weight body (30) is constituted so as to vi-
brate inside the device housing (40) due to de-
flection of the plate-like bridge portion (20) when
there is applied an external force which causes
the device housing (40) to vibrate,
the piezoelectric element (50) is apt to polarize
in a thickness direction by application of stress
which expands or contracts in a layer direction,
the group of upper layer electrodes (E11, E13,
E21, E23; E31, E33) is provided with two types
of upper layer electrodes composed of a right
side electrode (E11, E21; E31) and a left side
electrode (E13, E23; E33), and each of the up-
per layer electrodes is arranged so as to extend
along the longitudinal direction axis (Y) and op-
posed to a predetermined domain of the lower
layer electrode (E0), facing each other with the
piezoelectric element (50) therebetween,
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when a center line (Y) along the longitudinal di-
rection axis (Y) is defined at the plate-like bridge
portion (20), the right side electrode (E11, E21;
E31) is arranged on one side of the center line
(Y) and the left side electrode (E13, E23; E33)
is arranged on the other side of the center line
(Y).

2. The power generating element according to Claim
1, wherein
the lower layer electrode (E0) is formed on an upper
surface of the plate-like bridge portion (20), and the
piezoelectric element (50) is formed on an upper sur-
face of the lower layer electrode (E0), and
the right side electrode (E21) and the left side elec-
trode (E23) are formed on the upper surface of the
plate-like bridge portion (20) through the lower layer
electrode (E0) and the piezoelectric element (50).

3. The power generating element according to Claim
1, wherein
the lower layer electrode (E0B) is formed not only
on an upper surface of the plate-like bridge portion
(20) but also on side surfaces thereof, and the pie-
zoelectric element (50B) is formed on a surface of
the lower layer electrode (E0B), and
the right side electrode (E21B) and the left side elec-
trode (E23B) are formed respectively on a side sur-
face of the plate-like bridge portion (20) through the
lower layer electrode (E0B) and the piezoelectric el-
ement (50B).

4. The power generating element according to Claim
1, wherein
the lower layer electrode (E0C) is formed not only
on an upper surface of the plate-like bridge portion
(20) but also on side surfaces thereof, and the pie-
zoelectric element (50C) is formed on a surface of
the lower layer electrode (E0C), and
the right side electrode (E21C) and the left side elec-
trode (E23C) are formed respectively from the upper
surface of the plate-like bridge portion (20) to a side
surface thereof through the lower layer electrode
(E0C) and the piezoelectric element (50C).

5. The power generating element according to any one
of Claim 1 to Claim 4, wherein
the group of upper layer electrodes (E11, E13, E21,
E23) is provided with a group of weight body side
electrodes (E11, E13) which is arranged in a vicinity
of a connection portion of the plate-like bridge portion
(20) with the weight body (30) and a group of fixing-
portion side electrodes (E21, E23) which is arranged
in a vicinity of a connection portion of the plate-like
bridge portion (20) with the fixing-portion (10), and
the group of weight body side electrodes (E11, E13)
and the group of fixing-portion side electrodes (E21,
E23) are each provided with two types of upper layer

electrodes which are composed of a right side elec-
trode (E11, E21) and a left side electrode (E13, E23).

6. The power generating element according to Claim
1, wherein
the group of upper layer electrodes (E11 to E13, E21
to E23; E31 to E33) is provided with a total of three
types of upper layer electrodes such that a right side
electrode (E11, E21; E31), a left side electrode (E13,
E23; E33) and a central electrode (E12, E22; E32),
each of the upper layer electrodes is arranged so as
to extend along the longitudinal direction axis (Y) of
the plate-like bridge portion (20) and is opposed to
a predetermined domain of the lower layer electrode
(E0), facing each other with the piezoelectric element
(50) therebetween, and
the central electrode (E12, E22; E32) is arranged at
a position of a center line (Y) along the longitudinal
direction axis (Y) of the plate-like bridge portion (20),
the right side electrode (E11, E21; E31) is arranged
on one side of the central electrode (E12, E22; E32),
and the left side electrode (E13, E23; E33) is ar-
ranged on the other side of the central electrodes
(E12, E22; E32).

7. The power generating element according to Claim
6, wherein
the lower layer electrode (E0) is formed on an upper
surface of the plate-like bridge portion (20) and the
piezoelectric element (50) is formed on an upper sur-
face of the lower layer electrode (E0), and
the central electrode (E22), the right side electrode
(E21) and the left side electrode (E23) are formed
on the upper surface of the plate-like bridge portion
(20) through the lower layer electrode (E0) and the
piezoelectric element (50).

8. The power generating element according to Claim
6, wherein
the lower layer electrode (E0B) is formed not only
on an upper surface of the plate-like bridge portion
(20) but also on side surfaces thereof, and the pie-
zoelectric element (50B) is formed on a surface of
the lower layer electrode (E0B),
the central electrode (E22B) is formed on the upper
surface of the plate-like bridge portion (20) through
the lower layer electrode (E0B) and the piezoelectric
element (50B), and
the right side electrode (E21B) and the left side elec-
trode (E23B) are formed respectively on a side sur-
face of the plate-like bridge portion (20) through the
lower layer electrode (E0B) and the piezoelectric el-
ement (50B).

9. The power generating element according to Claim
6, wherein
the lower layer electrode (E0C) is formed not only
on an upper surface of the plate-like bridge portion
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(20) but also on side surfaces thereof, and a piezo-
electric element (50C) is formed on a surface of the
lower layer electrode (E0C),
the central electrode (E22C) is formed on the upper
surface of the plate-like bridge portion (20) through
the lower layer electrode (E0C) and the piezoelectric
element (50C), and
the right side electrode (E21C) and the left side elec-
trode (E23C) are formed respectively from the upper
surface of the plate-like bridge portion (20) to a side
surface thereof through the lower layer electrode
(E0C) and the piezoelectric element (50C).

10. The power generating element according to any one
of Claim 6 to Claim 9, wherein
the group of upper layer electrodes (E11 to E13, E21
to E23) is provided with a group of weight body side
electrodes (E11 to E13) which is arranged in a vicinity
of a connection portion of the plate-like bridge portion
(20) with the weight body (30) and a group of fixing-
portion side electrodes (E21 to E23) which is ar-
ranged in a vicinity of a connection portion of the
plate-like bridge portion (20) with the fixing-portion
(10),
each of the group of weight body side electrodes
(E11 to E13) and the group of fixing-portion side elec-
trodes (E21 to E23) is provided with three types of
upper layer electrodes such that a central electrode
(E12, E22), a right side electrode (E11, E21) and a
left side electrode (E13, E23).

11. A power generating element which converts vibra-
tion energy in respective coordinate directions of an
XYZ three-dimensional coordinate system into elec-
tric energy to generate electric power,
the power generating element, comprising:

a flexible first plate-like bridge portion (120)
which extends along a first longitudinal direction
axis (Ly) parallel to a Y-axis;
a flexible second plate-like bridge portion (130)
which is directly or indirectly connected to the
first plate-like bridge portion (120) and extends
along a second longitudinal direction axis (Lx)
parallel to an X-axis;
a weight body (150) which is directly or indirectly
connected to the second plate-like bridge por-
tion (130);
a device housing (200) which houses the first
plate-like bridge portion (120), the second plate-
like bridge portion (130) and the weight body
(150);
a fixing-portion (110) which fixes an end of the
first plate-like bridge portion (120) to the device
housing (200);
a lower layer electrode (E00) which is layered
on a surface of the first plate-like bridge portion
(120) and on a surface of the second plate-like

bridge portion (130);
a piezoelectric element (300) which is layered
on a surface of the lower layer electrode (E00);
a group of upper layer electrodes (Ex1 to Ex4,
Ey1 to Ey4) composed of a plurality of upper
layer electrodes which are formed locally on a
surface of the piezoelectric element (300); and
a power generating circuit (500) which rectifies
current produced on the basis of charge gener-
ated at the upper layer electrodes (Ex1 to Ex4,
Ey1 to Ey4) and the lower layer electrode (E00)
to take out electric power; wherein
the fixing-portion (110) fixes a base end of the
first plate-like bridge portion (120) to the device
housing (200), a leading end of the first plate-
like bridge portion (120) is directly or indirectly
connected to a base end of the second plate-
like bridge portion (130), and the weight body
(150) is directly or indirectly connected to a lead-
ing end of the second plate-like bridge portion
(130),
the weight body (150) is constituted so as to vi-
brate in a direction of each coordinate axis inside
the device housing (200) due to deflection of the
first plate-like bridge portion (120) and the sec-
ond plate-like bridge portion (130), when there
is applied an external force which causes the
device housing (200) to vibrate,
the piezoelectric element (300) is apt to polarize
in a thickness direction due to application of
stress which expands or contracts in a layer di-
rection,
the group of upper layer electrodes (Ex1 to Ex4,
Ey1 to Ey4) is provided with a group of first upper
layer electrodes (Ey1 to Ey4) which is formed
on the surface of the first plate-like bridge portion
(120) through the lower layer electrode (E00)
and the piezoelectric element (300) and a group
of second upper layer electrodes (Ex1 to Ex4)
which is formed on the surface of the second
plate-like bridge portion (130) through the lower
layer electrode (E00) and the piezoelectric ele-
ment (300),
the group of first upper layer electrodes is pro-
vided with two types of upper layer electrodes
composed of a first right side electrode (Ey1,
Ey3) and a first left side electrode (Ey2, Ey4),
and each of the first upper layer electrodes is
arranged so as to extend along the first longitu-
dinal direction axis (Ly) and opposed to a pre-
determined domain of the lower layer electrode
(E00), facing each other with the piezoelectric
element (300) therebetween,
when a first center line (Ly) along the first longi-
tudinal direction axis (Ly) is defined at the first
plate-like bridge portion (120), the first right side
electrode (Ey1, Ey3) is arranged on one side of
the first center line (Ly), and the first left side

99 100 



EP 3 043 464 A1

52

5

10

15

20

25

30

35

40

45

50

55

electrode (Ey2, Ey4) is arranged on the other
side of the first center line (Ly),
the group of second upper layer electrodes is
provided with two types of upper layer elec-
trodes composed of a second right side elec-
trode (Ex1, Ex3) and a second left side electrode
(Ex2, Ex4), and each of the second upper layer
electrodes is arranged so as to extend along the
second longitudinal direction axis (Lx) and op-
posed to a predetermined domain of the lower
layer electrode (E00), facing each other with the
piezoelectric element (300) therebetween,
when a second center line (Lx) along the second
longitudinal direction axis (Lx) is defined at the
second plate-like bridge portion (130), the sec-
ond right side electrode (Ex1, Ex2) is arranged
on one side of the second center line (Lx), and
the second left side electrode (Ex2, Ex4) is ar-
ranged on the other side of the second center
line (Lx).

12. The power generating element according to Claim
11, wherein
the leading end of the first plate-like bridge portion
(120) is connected to the base end of the second
plate-like bridge portion (130) through an intermedi-
ate connection portion (125) so that the first plate-
like bridge portion (120) and the second plate-like
bridge portion (130) are arranged in an L-letter
shape,
the leading end of the second plate-like bridge por-
tion (130) is connected to a corner of the weight body
(150) through a weight body connection portion (140)
so that the weight body (150) is arranged beside the
second plate-like bridge portion (130), and
a lower surface of the fixing-portion (110) is fixed to
an upper surface of a bottom plate (200) of the device
housing, and the first plate-like bridge portion (120),
the second plate-like bridge portion (130) and the
weight body (150) are in a suspended state of floating
above the bottom plate (200) of the device housing,
with no external force applied.

13. The power generating element according to Claim
12, wherein
the intermediate connection portion (125I) is provid-
ed with an eaves structure portion (α1) which
projects outside from a side surface of the leading
end of the first plate-like bridge portion (120I) and an
eaves structure portion (α2) which projects outside
from a side surface of the base end of the second
plate-like bridge portion (130I), and
the weight body connection portion (140I) is provided
with an eaves structure portion (α3) which projects
outside from a side surface of the leading end of the
second plate-like bridge portion (130I).

14. The power generating element according to Claim

12 or Claim 13, wherein
the fixing-portion (110) is constituted with a fixing-
portion plate-like member (110) which extends along
a fixing-portion longitudinal direction axis (L0) paral-
lel to the X-axis, and the base end of the first plate-
like bridge portion (120) is fixed to one end of the
fixing-portion plate-like member (110), and
a structure body which is constituted with the fixing-
portion plate-like member (110), the first plate-like
bridge portion (120) and the second plate-like bridge
portion (130) is given as a U-letter shaped structure
body so that a projection image on the XY plane as-
sumes the U-letter shape, and the weight body (150)
of plate-like is arranged in an internal domain sur-
rounded by the U-letter shaped structure body.

15. The power generating element according to Claim
12 or Claim 13, wherein
the fixing-portion (110I) is constituted with an annular
structure body (110I), and a first plate-like bridge por-
tion (120I), a second plate-like bridge portion (130I)
and a weight body (150I) are arranged in an internal
domain surrounded by the annular structure body.

16. A power generating element, wherein
in order that roles of the fixing-portion and those of
the weight body in the power generating element ac-
cording to Claim 15 are reversed, by which the an-
nular structure body (110J) which has functioned as
the fixing-portion in the power generating element of
Claim 15 is allowed to function as a weight body and
a plate-like body (150J) which has functioned as the
weight body in the power generating element of
Claim 15 is allowed to function as a fixing-portion, a
lower surface of the plate-like body (150J) is fixed to
an upper surface of a bottom plate (200J) of a device
housing, and the annular structure body (110J) is in
a suspended state of floating above the bottom plate
(200J) of the device housing, with no external force
applied.

17. The power generating element according to Claim
11, wherein
a third plate-like bridge portion (140K) to a Kth plate-
like bridge portion (where, K≥3) are installed be-
tween the second plate-like bridge portion (130K)
and the weight body (170K),
a leading end of an ith plate-like bridge portion
(where, 1≤i≤K-1) is directly or indirectly connected
to a base end of an (i+1)th plate-like bridge portion,
and a leading end of the Kth plate-like bridge portion
is directly or indirectly connected to the weight body,
and
a jth plate-like bridge portion (where, 1≤j≤K) extends
along a jth longitudinal direction axis parallel to the
Y-axis in case that j is an odd number, and it extends
along a jth longitudinal direction axis parallel to the
X-axis in case that j is an even number.
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18. The power generating element according to Claim
17, wherein
the leading end of the ith plate-like bridge portion
(where, 1≤i≤K-1) is connected to the base end of the
(i+1)th plate-like bridge portion through an ith inter-
mediate connection portion, and the leading end of
the Kth plate-like bridge portion is connected to the
weight body through the weight body connection por-
tion, and
the ith intermediate connection portion is provided
with an eaves structure portion which projects out-
side from a side surface of the leading end of the ith
plate-like bridge portion, and the weight body con-
nection portion is provided with an eaves structure
portion which projects outside from a side surface of
the leading end of the Kth plate-like bridge portion.

19. The power generating element according to Claim
17 or Claim 18, wherein
a structure body from the base end of the first plate-
like bridge portion (120K) to the leading end of the
Kth plate-like bridge portion is given as a spiral chan-
nel and the weight body (170K) is arranged at a cent-
er position surrounded by the spiral channel.

20. The power generating element according to any one
of Claim 17 to Claim 19, wherein
a lower layer electrode (E00), a piezoelectric ele-
ment (300) and a group of upper layer electrodes
are also installed on surfaces of the third plate-like
bridge portion (140K) to the Kth plate-like bridge por-
tion, and a power generating circuit (500) takes out
electric power also from charge generated from said
upper layer electrodes and said lower layer elec-
trode.

21. The power generating element according to any one
of Claim 17 to Claim 20, wherein
the fixing-portion (110K) is constituted with an annu-
lar structure body (110K), and the first plate-like
bridge portion (120K) to the Kth plate-like bridge por-
tion and the weight body (170K) are arranged inside
an internal domain surrounded by the annular struc-
ture body.

22. A power generating element, wherein
in order that roles of the fixing-portion and those of
the weight body in the power generating element ac-
cording to Claim 21 are reversed, by which the an-
nular structure body (110K) which has functioned as
the fixing-portion in the power generating element of
Claim 21 is allowed to function as a weight body and
a plate-like body (170K) which has functioned as the
weight body in the power generating element of
Claim 21 is allowed to function as a fixing-portion, a
lower surface of the plate-like body (170K) is fixed
to an upper surface of a bottom plate (200) of a device
housing, and the annular structure body (110K) is in

a suspended state of floating above the bottom plate
(200) of the device housing, with no external force
applied.

23. The power generating element according to any one
of Claim 11 to Claim 22, wherein
the lower layer electrode (E00) is formed on upper
surfaces of the first plate-like bridge portion (120)
and the second plate-like bridge portion (130), and
the piezoelectric element (300) is formed on an up-
per surface of the lower layer electrode (E00),
the first right side electrode (Ey1, Ey3) and the first
left side electrode (Ey2, Ey4) are formed on the upper
surface of the first plate-like bridge portion (120)
through the lower layer electrode (E00) and the pi-
ezoelectric element (300), and
the second right side electrode (Ex1, Ex3) and the
second left side electrode (Ex2, Ex4) are formed on
the upper surface of the second plate-like bridge por-
tion (130) through the lower layer electrode (E00)
and the piezoelectric element (300).

24. The power generating element according to any one
of Claim 11 to Claim 22, wherein
the lower layer electrode (E00) is formed not only on
the upper surfaces of the first plate-like bridge portion
(120) and the second plate-like bridge portion (130)
but also on side surfaces thereof, and the piezoelec-
tric element (300) is formed on a surface of the lower
layer electrode (E00),
the first right side electrode (Ey1, Ey3) and the first
left side electrode (Ey2, Et4) are formed respectively
on a side surface of the first plate-like bridge portion
(120) through the lower layer electrode (E00) and
the piezoelectric element (300), and
the second right side electrode (Ex1, Ex3) and the
second left side electrode (Ex2, Ex4) are formed re-
spectively on a side surface of the second plate-like
bridge portion (130) through the lower layer elec-
trode (E00) and the piezoelectric element (300).

25. The power generating element according to any one
of Claim 11 to Claim 22, wherein
the lower layer electrode (E00) is formed not only on
the upper surfaces of the first plate-like bridge portion
(120) and the second plate-like bridge portion (130)
but also on side surfaces thereof, and the piezoelec-
tric element (300) is formed on a surface of the lower
layer electrode (E00),
the first right side electrode (Ey1, Ey3) and the first
left side electrode (Ey2, Ey4) are formed respectively
from the upper surface of the first plate-like bridge
portion (120) to a side surface thereof through the
lower layer electrode (E00) and the piezoelectric el-
ement (300), and
the second right side electrode (Ex1, Ex3) and the
second left side electrode (Ex2, Ex4) are formed re-
spectively from the upper surface of the second
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plate-like bridge portion (130) to a side surface there-
of through the lower layer electrode (E00) and the
piezoelectric element (300).

26. The power generating element according to any one
of Claim 11 to Claim 25, wherein
the group of first upper layer electrodes is provided
with a group of first base end-side electrodes (Ey3,
Ey4) arranged in a vicinity of the base end of the first
plate-like bridge portion (120) and a group of first
leading end-side electrodes (Ey1, Ey2) arranged in
a vicinity of the leading end of the first plate-like
bridge portion (120),
the group of second upper layer electrodes is pro-
vided with a group of second base end-side elec-
trodes (Ex3, Ex4) arranged in a vicinity of the base
end of the second plate-like bridge portion (130) and
a group of second leading end-side electrodes (Ex1,
Ex2) arranged in a vicinity of the leading end of the
second plate-like bridge portion (130), and
each of the group of first base end-side electrodes
(Ey3, Ey4), the group of first leading end-side elec-
trodes (Ey1, Ey2), the group of second base end-
side electrodes (Ex3, Ex4) and the group of second
leading end-side electrodes (Ex1, Ex2) is provided
with two types of upper layer electrodes composed
of a right side electrode and a left side electrode.

27. The power generating element according to any one
of Claim 11 to Claim 22,
the group of first upper layer electrodes is provided
with a total of three types of upper layer electrodes
such that a first right side electrode (Ey1, Ey3), a first
left side electrode (Ey2, Ey4) and also a first central
electrode (Ez3, Ez4),
each of upper layer electrodes which constitutes the
group of first upper layer electrodes is arranged so
as to extend along a first longitudinal direction axis
(Ly) and opposed to a predetermined domain of the
lower layer electrode (E00), facing each other with
the piezoelectric element (300) therebetween,
the first central electrode (Ez3, Ez4) is arranged at
a position of the center line (Ly) along the first lon-
gitudinal direction axis (Ly) of the first plate-like
bridge portion (120), and the first right side electrode
(Ey1, Ey3) is arranged on one side of the first central
electrode (Ez3, Ez4), and the first left side electrode
(Ey2, Ey4) is arranged on the other side of the first
central electrodes (Ez3, Ez4),
the group of second upper layer electrodes is pro-
vided with a total of three types of upper layer elec-
trodes such that a second right side electrode (Ex1,
Ex3), a second left side electrode (Ex2, Ex4) and
also a second central electrode (Ez1, Ez2),
each of upper layer electrodes which constitutes the
group of second upper layer electrodes is arranged
so as to extend along a second longitudinal direction
axis (Lx) and opposed to a predetermined domain

of the lower layer electrode (E00), facing each other
with the piezoelectric element (300) therebetween,
and
the second central electrodes (Ez1, Ez2) are ar-
ranged at a position of the center line (Lx) along the
longitudinal direction axis (Lx) of the second plate-
like bridge portion (130), and the second right side
electrode (Ex1, Ex3) is arranged on one side of the
second central electrode (Ez1, Ez2), and the second
left side electrode (Ex2, Ex4) is arranged on the other
side of the second central electrode (Ez1, Ez2).

28. The power generating element according to Claim
27, wherein
the lower layer electrode (E00) is formed on upper
surfaces of the first plate-like bridge portion (120)
and the second plate-like bridge portion (130), and
the piezoelectric element (300) is formed on an up-
per surface of the lower layer electrode (E00),
the first central electrode (Ez3, Ez4), the first right
side electrode (Ey1,Ey3) and the first left side elec-
trode (Ey2, Ey4) are formed on the upper surface of
the first plate-like bridge portion (120) through the
lower layer electrode (E00) and the piezoelectric el-
ement (300), and
the second central electrode (Ez1, Ez2), the second
right side electrode (Ex1, Ex3) and the second left
side electrode (Ex2, Ex4) are formed on the upper
surface of the second plate-like bridge portion (130)
through the lower layer electrode (E00) and the pi-
ezoelectric element (300).

29. The power generating element according to Claim
27, wherein
the lower layer electrode (E00) is formed not only on
the upper surfaces of the first plate-like bridge portion
(120) and the second plate-like bridge portion (130)
but also on side surfaces thereof, and the piezoelec-
tric element (300) is formed on a surface of the lower
layer electrode (E00),
the first right side electrode (Ey1, Ey3) and the first
left side electrode (Ey2, Ey4) are formed respectively
on a side surface of the first plate-like bridge portion
(120) through the lower layer electrode (E00) and
the piezoelectric element (300),
the first central electrode (Ez3, Ez4) is formed on the
upper surface of the first plate-like bridge portion
(120) through the lower layer electrode (E00) and
the piezoelectric element (300),
the second right side electrode (Ex1, Ex3) and the
second left side electrode (Ex2, Ex4) are formed re-
spectively on a side surface of the second plate-like
bridge portion (130) through the lower layer elec-
trode (E00) and the piezoelectric element (300), and
the second central electrode (Ez1, Ez2) is formed
on the upper surface of the second plate-like bridge
portion (130) through the lower layer electrode (E00)
and the piezoelectric element (300).
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30. The power generating element according to Claim
27, wherein
the lower layer electrode (E00) is formed not only on
the upper surfaces of the first plate-like bridge portion
(120) and the second plate-like bridge portion (130)
but also on side surfaces thereof, and the piezoelec-
tric element (300) is formed on a surface of the lower
layer electrode (E00),
the first right side electrode (Ey1, Ey3) and the first
left side electrode (Ey2, Ey4) are formed respectively
from the upper surface of the first plate-like bridge
portion (120) to a side surface thereof through the
lower layer electrode (E00) and the piezoelectric el-
ement (300),
the first central electrode (Ez3, Ez4) is formed on the
upper surface of the first plate-like bridge portion
(120) through the lower layer electrode (E00) and
the piezoelectric element (300),
the second right side electrode (Ex1, Ex3) and the
second left side electrode (Ex2, Ex4) is formed re-
spectively from the upper surface of the second
plate-like bridge portion (130) to a side surface there-
of through the lower layer electrode (E00) and the
piezoelectric element (300), and
the second central electrode (Ez1, Ez2) is formed
on the upper surface of the second plate-like bridge
portion (130) through the lower layer electrode (E00)
and the piezoelectric element (300).

31. The power generating element according to any one
of Claim 27 to Claim 30, wherein
the group of first upper layer electrodes is provided
with a group of first base end-side electrodes (Ey3,
Ey4, Ez4) arranged in a vicinity of the base end of
the first plate-like bridge portion (120) and a group
of first leading end-side electrodes (Ey1, Ey2, Ez3)
arranged in a vicinity of the leading end of the first
plate-like bridge portion (120),
the group of second upper layer electrodes is pro-
vided with a group of second base end-side elec-
trodes (Ex3, Ex4, Ez2) arranged in a vicinity of the
base end of the second plate-like bridge portion
(130) and a group of second leading end-side elec-
trodes (Ex1, Ex2, Ez1) arranged in a vicinity of the
leading end of the second plate-like bridge portion
(130), and
each of the group of first base end-side electrodes
(Ey3, Ey4, Ez4), the group of first leading end-side
electrodes (Ey1, Ey2, Ez3), the group of second
base end-side electrodes (Ex3, Ex4, Ez2), and the
group of second leading end-side electrodes (Ex1,
Ex2, Ez1) is provided with three types of upper layer
electrode composed of a central electrode, a right
side electrode and a left side electrode.

32. A power generating element which converts vibra-
tion energy in respective coordinate directions of an
XYZ three-dimensional coordinate system into elec-

tric energy to generate electric power,
the power generating element, comprising:

a flexible first plate-like bridge portion (120P)
and a flexible second plate-like bridge portion
(130P);
a weight body (150P) which is directly or indi-
rectly connected to a leading end of the first
plate-like bridge portion (120P) and a leading
end of the second plate-like bridge portion
(130P);
a device housing which houses the first plate-
like bridge portion (120P), the second plate-like
bridge portion (130P) and the weight body
(150P);
a fixing-portion (110P) which fixes a base end
of the first plate-like bridge portion (120P) and
a base end of the second plate-like bridge por-
tion (130P) to the device housing;
a lower layer electrode (E00) which is layered
on a surface of the first plate-like bridge portion
(120P) and on a surface of the second plate-like
bridge portion (130P);
a piezoelectric element (300) which is layered
on a surface of the lower layer electrode (E00);
a group of upper layer electrodes (Ex11 to Ex14,
Ey11 to Ey14) composed of a plurality of upper
layer electrodes which are formed locally on a
surface of the piezoelectric element (300); and
a power generating circuit which rectifies current
produced on the basis of charge generated at
the upper layer electrodes (Ex11 to Ex14, Ey11
to Ey14) and the lower layer electrode (E00) to
take out electric power; wherein
the base end of the first plate-like bridge portion
(120P) and the base end of the second plate-
like bridge portion (130P) are connected to a
same starting portion (110P5) of the fixing-por-
tion (110P),
a leading end vicinity (121P) of the first plate-
like bridge portion (120P) extends in a direction
parallel to the X-axis, a base end vicinity (123P)
of the first plate-like bridge portion (120P) ex-
tends in a direction parallel to the Y-axis, and an
intermediate portion (122P) between the leading
end vicinity of the first plate-like bridge portion
(120P) and the base end vicinity thereof is
curved or bent,
a leading end vicinity (131P) of the second plate-
like bridge portion (130P) extends in a direction
parallel to the Y-axis, a base end vicinity (133P)
of the second plate-like bridge portion (130P)
extends in a direction parallel to the X-axis, and
an intermediate portion (132P) between the
leading end vicinity of the second plate-like
bridge portion (130P) and the base end vicinity
thereof is curved or bent,
the weight body (150P) is constituted so as to
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vibrate in a direction of each coordinate axis in-
side the device housing due to deflection of the
first plate-like bridge portion (120P) and the sec-
ond plate-like bridge portion (130P), when there
is applied an external force which causes the
device housing to vibrate,
the piezoelectric element (300) is apt to polarize
in a thickness direction due to application of
stress which expands or contracts in a layer di-
rection,
the group of upper layer electrodes is provided
with a group of first leading end-side upper layer
electrodes (Ex11, Ex12) which is formed on a
surface of the leading end vicinity (121P) of the
first plate-like bridge portion (120P) through the
lower layer electrode (E00) and the piezoelectric
element (300), a group of first base end-side up-
per layer electrodes (Ey11, Ey12) which is
formed on a surface of the base end vicinity
(123P) of the first plate-like bridge portion (120P)
through the lower layer electrode (E00) and the
piezoelectric element (300), a group of second
leading end-side upper layer electrodes (Ey13,
Ey14) which is formed on a surface of the leading
end vicinity (131P) of the second plate-like
bridge portion (130P) through the lower layer
electrode (E00) and the piezoelectric element
(300), and a group of second base end-side up-
per layer electrodes (Ex13, Ex14) which is
formed on a surface of the base end vicinity
(133P) of the second plate-like bridge portion
(130P) through the lower layer electrode (E00)
and the piezoelectric element (300),
the group of first leading end-side upper layer
electrodes is provided with two types of upper
layer electrodes composed of a first leading end-
side right side electrode (Ex11) and a first lead-
ing end-side left side electrode (Ex12), each of
these upper layer electrodes is arranged so as
to extend along a direction of the X-axis and op-
posed to a predetermined domain of the lower
layer electrode (E00), facing each other with the
piezoelectric element (300) therebetween,
when a first leading end-side center line (L1) par-
allel to the X-axis is defined at the leading end
vicinity (121P) of the first plate-like bridge portion
(120P), the first leading end-side right side elec-
trode (Ex11) is arranged on one side of the first
leading end-side center line (L1), and the first
leading end-side left side electrode (Ex12) is ar-
ranged on the other side of the first leading end-
side center line (L1),
the group of first base end-side upper layer elec-
trodes is provided with two types of upper layer
electrodes composed of a first base end-side
right side electrode (Ey11) and a first base end-
side left side electrode (Ey12), each of these
upper layer electrodes is arranged so as to ex-

tend along the direction of the Y-axis and op-
posed to a predetermined domain of the lower
layer electrode (E00), facing each other with the
piezoelectric element (300) therebetween,
when a first base end-side center line (L2) par-
allel to the Y-axis is defined at the base end vi-
cinity (123P) of the first plate-like bridge portion
(120P), the first base end-side right side elec-
trode (Ey11) is arranged on one side of the first
base end-side center line (L2), and the first base
end-side left side electrode (Ey12) is arranged
on the other side of the first base end-side center
line (L2),
the group of second leading end-side upper lay-
er electrodes is provided with two types of upper
layer electrodes composed of a second leading
end-side right side electrode (Ey13) and a sec-
ond leading end-side left side electrode (Ey14),
each of these upper layer electrodes is arranged
so as to extend along a direction of the Y-axis
and opposed to a predetermined domain of the
lower layer electrode (E00), facing each other
with the piezoelectric element (300) therebe-
tween, when a second leading end-side center
line (L3) parallel to the Y-axis is defined at the
leading end vicinity (131P) of the second plate-
like bridge portion (130P), the second leading
end-side right side electrode (Ey13) is arranged
on one side of the second leading end-side cent-
er line (L3), and the second leading end-side left
side electrode (Ey14) is arranged on the other
side of the second leading end-side center line
(L3), and
the group of second base end-side upper layer
electrodes is provided with two types of upper
layer electrodes composed of a second base
end-side right side electrode (Ex13) and a sec-
ond base end-side left side electrode (Ex14),
each of these upper layer electrodes is arranged
so as to extend along the direction of the X-axis
and opposed to a predetermined domain of the
lower layer electrode (E00), facing each other
with the piezoelectric element (300) therebe-
tween, when a second base end-side center line
(L4) parallel to the X-axis is defined at the base
end vicinity (133P) of the second plate-like
bridge portion (130P), the second base end-side
right side electrode (Ex13) is arranged on one
side of the second base end-side center line
(L4), and the second base end-side left side
electrode (Ex14) is arranged on the other side
of the second base end-side center line (L4).

33. The power generating element according to Claim
32, wherein
an intermediate connection portion (140P) is provid-
ed which is connected to both the leading end of the
first plate-like bridge portion (120P) and the leading
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end of the second plate-like bridge portion (130P),
and the weight body (150P) is connected to the in-
termediate connection portion (140P), and
a lower surface of the fixing-portion (110P) is fixed
to an upper surface of a bottom plate (200) of the
device housing, and the first plate-like bridge portion
(120P), the second plate-like bridge portion (130P),
the intermediate connection portion (140P) and the
weight body (150P) are in a suspended state of float-
ing above the bottom plate (200) of the device hous-
ing, with no external force applied.

34. The power generating element according to Claim
33, wherein
the intermediate connection portion (140P) is pro-
vided with eaves structure portions (α11, α12) which
project laterally to both sides from side surfaces of
the leading end of the first plate-like bridge portion
(120P) and eaves structure portions (α13, α14)
which project laterally to both sides from side sur-
faces of the leading end of the second plate-like
bridge portion (130P), and
the fixing-portion (110P) is provided with eaves
structure portions (α21,α22) which project laterally
to both sides from side surfaces of the base end of
the first plate-like bridge portion (120P) and eaves
structure portions (α23, α24) which project laterally
to both sides from side surfaces of the base end of
the second plate-like bridge portion (130P).

35. The power generating element according to any one
of Claim 32 to Claim 34, wherein
the fixing-portion (110P) is constituted with an annu-
lar structure body (110P) so that the first plate-like
bridge portion (120P), the second plate-like bridge
portion (130P) and the weight body (150P) are ar-
ranged in an internal domain surrounded by the an-
nular structure body, and the weight body (150P) is
arranged inside a domain, a periphery of which is
surrounded by the first plate-like bridge portion
(120P) and the second plate-like bridge portion
(130P).

36. A power generating element, wherein
in order that roles of the fixing-portion and those of
the weight body in the power generating element ac-
cording to Claim 35 are reversed, by which the an-
nular structure body (110P) which has functioned as
the fixing-portion in the power generating element of
Claim 35 is allowed to function as a weight body and
a plate-like body (150P) which has functioned as the
weight body in the power generating element of
Claim 35 is allowed to function as a fixing-portion, a
lower surface of the plate-like body (150P) is fixed
to an upper surface of a bottom plate (200) of a device
housing, and the annular structure body (110P) is in
a suspended state of floating above the bottom plate
(200) of the device housing, with no external force

applied.

37. The power generating element according to any one
of Claim 32 to Claim 36, wherein
the lower layer electrode (E00) is formed on upper
surfaces of the first plate-like bridge portion (120P)
and the second plate-like bridge portion (130P), and
the piezoelectric element (300) is formed on an up-
per surface of the lower layer electrode (E00),
the first leading end-side right side electrode (Ex11),
the first leading end-side left side electrode (Ex12),
the first base end-side right side electrode (Ey11)
and the first base end-side left side electrode (Ey12)
are formed on the upper surface of the first plate-like
bridge portion (120P) through the lower layer elec-
trode (E00) and the piezoelectric element (300), and
the second leading end-side right side electrode
(Ey13), the second leading end-side left side elec-
trode (Ey14), the second base end-side right side
electrode (Ex13) and the second base end-side left
side electrode (Ex14) are formed on the upper sur-
face of the second plate-like bridge portion (130P)
through the lower layer electrode (E00) and the pi-
ezoelectric element (300).

38. The power generating element according to any one
of Claim 32 to Claim 36, wherein
the lower layer electrode (E00) is formed not only on
the upper surfaces of the first plate-like bridge portion
(120P) and the second plate-like bridge portion
(130P) but also on side surfaces thereof, and the
piezoelectric element (300) is formed on a surface
of the lower layer electrode (E00),
the first leading end-side right side electrode (Ex11),
the first leading end-side left side electrode (Ex12),
the first base end-side right side electrode (Ey11)
and the first base end-side left side electrode (Ey12)
are formed respectively on a side surface of the first
plate-like bridge portion (120P) through the lower
layer electrode (E00) and the piezoelectric element
(300), and
the second leading end-side right side electrode
(Ey13), the second leading end-side left side elec-
trode (Ey14), the second base end-side right side
electrode (Ex13) and the second base end-side left
side electrode (Ex14) are formed respectively on a
side surface of the second plate-like bridge portion
(130P) through the lower layer electrode (E00) and
the piezoelectric element (300).

39. The power generating element according to any one
of Claim 32 to Claim 36, wherein
the lower layer electrode (E00) is formed not only on
the upper surfaces of the first plate-like bridge portion
(120P) and the second plate-like bridge portion
(130P) but also on side surfaces thereof, and the
piezoelectric element (300) is formed on a surface
of the lower layer electrode (E00),
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the first leading end-side right side electrode (Ex11),
the first leading end-side left side electrode (Ex12),
the first base end-side right side electrode (Ey11)
and the first base end-side left side electrode (Ey12)
are formed respectively from the upper surface of
the first plate-like bridge portion (120P) to a side sur-
face thereof through the lower layer electrode (E00)
and the piezoelectric element (300), and
the second leading end-side right side electrode
(Ey13), the second leading end-side left side elec-
trode (Ey14), the second base end-side right side
electrode (Ex13) and the second base end-side left
side electrode (Ex14) are formed respectively from
the upper surface of the second plate-like bridge por-
tion (130P) to a side surface thereof through the low-
er layer electrode (E00) and the piezoelectric ele-
ment (300).

40. The power generating element according to any one
of Claim 11 to Claim 39, wherein
a stopper projection (110N5, 110N6; 110Q6, 110Q7)
projecting in a direction to the weight body (150N;
150Q) is installed at the fixing-portion (110N; 110Q),
a stopper groove (150NS; 150QS) which houses a
leading end of the stopper projection is installed on
the weight body (150N; 150Q), and
the leading end of the stopper projection is in a state
of being fitted into the stopper groove, with a prede-
termined void area maintained between an external
surface of the leading end of the stopper projection
(110N6; 110Q7) and an inner surface of the stopper
groove (150NS; 150QS).

41. The power generating element according to any one
of Claim 11 to Claim 40, wherein
a three-dimensional orthogonal coordinate system
in which an X-axis, a Y-axis and a Z-axis are orthog-
onal to each other is used as the XYZ three-dimen-
sional coordinate system.

42. The power generating element according to any one
of Claim 11 to Claim 40, wherein
a three-dimensional non-orthogonal coordinate sys-
tem in which at least an X-axis and a Y-axis are not
orthogonal to each other is used as the XYZ three-
dimensional coordinate system.

43. The power generating element according to any one
of Claim 1 to Claim 42, wherein
the power generating circuit (60; 500) is provided
with a capacitive element (Cf), positive charge rec-
tifier cells (D11(+) to D13(+); Dx1(+) to Dx4(+),
Dy1(+) to Dy4(+), Dz13(+), Dz24(+)) in which a di-
rection moving from each of the upper layer elec-
trodes to a positive electrode of the capacitive ele-
ment is given as a forward direction so as to guide
positive charge generated at each of the upper layer
electrodes toward the positive electrode of the ca-

pacitive element, and negative charge rectifier cells
(D11(-) to D13(-); Dx1(-) to Dx4(-), Dy1(-) to Dy4(-),
Dz13(-), Dz24(-)) in which a direction moving from a
negative electrode of the capacitive element to each
of the upper layer electrodes is given as a forward
direction so as to guide negative charge generated
at each of the upper layer electrodes toward the neg-
ative electrode of the capacitive element, thereby
rectifying and supplying electric energy converted
from vibration energy by using the capacitive ele-
ment (Cf).

44. A power generating element which converts vibra-
tion energy into electric energy to generate electric
power,
the power generating element, comprising:

a flexible bridge portion (20) which extends
along a longitudinal direction axis (Y);
a weight body (30) which is connected to an end
of the bridge portion;
a device housing (40) which houses the bridge
portion and the weight body;
a fixing-portion (10) which fixes another end of
the bridge portion to the device housing;
a piezoelectric element (50) which is fixed at a
predetermined position on a surface of the
bridge portion; and
a power generating circuit (60) which rectifies
current produced on the basis of charge gener-
ated at the piezoelectric element to take out
electric power; wherein
the weight body (30) is constituted so as to vi-
brate inside the device housing (40) due to de-
flection of the bridge portion (20), when there is
applied an external force which causes the de-
vice housing (40) to vibrate, and
the piezoelectric element (50) is arranged at a
position on a surface of the bridge portion (20)
at which expansion/contraction deformation oc-
curs resulting from the vibration, said position
deviating from a center line (Y) along the longi-
tudinal direction axis (Y), thereby generating
charge on the basis of the expansion/contrac-
tion deformation.

45. A power generating element which converts vibra-
tion energy into electric energy to generate electric
power,
the power generating element, comprising:

a flexible first bridge portion (120) which extends
along a first longitudinal direction axis (Ly);
a flexible second bridge portion (130) which is
directly or indirectly connected to the bridge por-
tion (120) and extends along a second longitu-
dinal direction axis (Lx);
a weight body (150) which is directly or indirectly
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connected to the second bridge portion (130);
a device housing (200) which houses the first
bridge portion (120), the second bridge portion
(130) and the weight body (150);
a fixing-portion (110) which fixes an end of the
first bridge portion (120) to the device housing
(200);
a piezoelectric element (300) which is fixed at a
predetermined position on a surface of each of
the first bridge portion (120) and the second
bridge portion (130), and
a power generating circuit (500) which rectifies
current produced on the basis of charge gener-
ated at the piezoelectric element (300) to take
out electric power; wherein
the fixing-portion (110) fixes a base end of the
first bridge portion (120) to the device housing
(200), a leading end of the first bridge portion
(120) is directly or indirectly connected to a base
end of the second bridge portion (130), and the
weight body (150) is directly or indirectly con-
nected to a leading end of the second bridge
portion (130),
the weight body (150) is constituted so as to vi-
brate inside the device housing (200) due to de-
flection of the first bridge portion (120) and the
second bridge portion (130) when there is ap-
plied an external force which causes the device
housing (200) to vibrate, and
the piezoelectric element (300) is arranged at a
position at which expansion/contraction defor-
mation occurs resulting from the vibration, on
the surface of each of the first bridge portion
(120) and the second bridge portion (130), there-
by generating charge on the basis of the expan-
sion/contraction deformation.

46. A power generating element which converts vibra-
tion energy into electric energy to generate electric
power,
the power generating element, comprising;
a flexible first bridge portion (120P) and a flexible
second bridge portion (130P);
a weight body (150P) which is directly or indirectly
connected to both a leading end of the first bridge
portion (120P) and a leading end of the second
bridge portion (130P);
a device housing (200) which houses the first bridge
portion (120P), the second bridge portion (130P) and
the weight body (150P);
a fixing-portion (110P) which fixes a base end of the
first bridge portion (120P) and a base end of the sec-
ond bridge portion (130P) to the device housing
(200);
a piezoelectric element (300) which is fixed at a pre-
determined position on the surface of each of the
first bridge portion (120P) and the second bridge por-
tion (130P); and

a power generating circuit which rectifies current pro-
duced on the basis of charge generated at the pie-
zoelectric element (300) to take out electric power;
wherein
the base end of the first bridge portion (120P) and
the base end of the second bridge portion (130P)
are connected to a same starting portion (110P5) of
the fixing-portion (110P), an intermediate portion
(122P) between a leading end vicinity (121P) of the
first bridge portion (120P) and a base end vicinity
(123P) thereof is curved or bent, and an intermediate
portion (132P) between a leading end vicinity (131P)
of the second bridge portion (130P) and a base end
vicinity (133P) thereof is curved or bent,
the weight body (150P) is constituted so as to vibrate
inside the device housing (200) due to deflection of
the first bridge portion (120P) and the second bridge
portion (130P) when there is applied an external
force which causes the device housing (200) to vi-
brate, and
the piezoelectric element (300) is arranged at a po-
sition at which expansion/contraction deformation
occurs resulting from the vibration, on the surface of
each of the first bridge portion (120) and the second
bridge portion (130), thereby generating charge on
the basis of the expansion/contraction deformation.

47. A power generating device (1000) which is provided
with a plurality of power generating elements (100A
to 100D) according to Claim 41, thereby supplying
to an outside electric power which is taken out by an
individual power generating elements.

48. The power generating device (1000) according to
Claim 47, wherein
one or some of power generating elements (100A to
100D) are arranged so as to be different in direction
of the X-axis or direction of the Y-axis or both direc-
tions thereof from the other power generating ele-
ments in the power generating device.

49. The power generating device (1000) according to
Claim 48, wherein
four sets of power generating elements are provided
and the direction of the X-axis and the direction of
the Y-axis of a first power generating element (100A)
are given as references, a second power generating
element (100B) is arranged in a direction at which
the direction of the Y-axis is reversed, a third power
generating element (100D) is arranged in a direction
at which the direction of the X-axis is reversed, and
a fourth power generating element (100C) is ar-
ranged in a direction at which both the direction of
the X-axis and the direction of the Y-axis are re-
versed.

50. The power generating device (2000) according to
any one of Claim 47 to Claim 49, wherein
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each of weight bodies (150E to 150H) of the plurality
of power generating elements (100E to 100H) is pro-
vided with a resonance frequency different from each
other.

51. The power generating device (2000) according to
Claim 50, wherein
the weight bodies (150E to 150H) are set so as to
be different from each other in area of a projection
image on the XY plane, or they are set so as to be
different in thickness in a direction of a Z-axis, or
both of them are set, by which the weight bodies
(150E to 150H) of the plurality of power generating
elements (100E to 100H) are set so as to be different
in mass from each other.

52. The power generating device (2000) according to
Claim 50 or Claim 51, wherein
the first plate-like bridge portion or the second plate-
like bridge portion or both of them of each of the
plurality of power generating elements are set so as
to be mutually different in area of a projection image
on the XY plane, or they are set so as to be mutually
different in thickness in a direction of a Z-axis, or
both of them are set, by which the weight bodies
(150E to 150H) of the plurality of power generating
elements (100E to 100H) are mutually different in
resonance frequency.
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