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PIEZOELECTRIC ELEMENT

?rst aspect, Wherein the inductor comprises a plurality of

insulating layers for incorporation With the laminated body
BACKGROUND OF THE INVENTION

of piezoelectric layers, and Wherein a conductor pattern is

1. Field of the Invention
The present invention relates to a piezoelectric element
for use in a piezoelectric injector.
2. Description of the Related Art

formed, of a conductive material, into a spiral or a loop and

is provided betWeen the respective insulating layers.
Since the conductive pattern is formed betWeen the

respective insulating layers, space can be saved.
Additionally, a method like the green sheet method Which is
common in the production of piezoelectric elements, can

The piezoelectric element utilizes the piezoelectric effect
of a piezoelectric material, and since it has a high response
speed and uses no mechanical components, the piezoelectric

10

element is used as an actuator in various ?elds. For instance,

is provided a piezoelectric element as set forth in the second

an injector utilizing the piezoelectric element has been

aspect, Wherein the inductor comprises the conductive pat

developed for use, instead of a solenoid Which utilizes an

electromagnetic force, in driving a fuel injector to open or

terns and the insulating layers Which are laminated
15

close in an internal combustion engine of an automotive
vehicle. FIG. 12 shoWs a piezoelectric element connected to
a driving circuit. The piezoelectric element 91 has a lami

contact portion Which penetrates the respective insulating

layers.
According to this construction, the inductance of the
inductor can be adjusted in response to the number of

the piezoelectric element 91 is constructed so as to be

insulating layers and conductor patterns.

displaced by applying a voltage betWeen the internal elec
trodes 912. The application of the voltage to the piezoelec

According to a fourth aspect of the present invention,

tric element 91 is implemented from a current source 921 for
25

there is provided a piezoelectric element as set forth in the
second or third aspect, Wherein a magnetic member is

provided close to the conductor pattern betWeen the insu

the like via external electrodes 914 formed on side surfaces

of the laminated body 91a.
Over-charging the piezoelectric layers 91 may cause,
immediately the piezoelectric layers 911 are charged, an
elongation thereof Which is greater than required, leading a
failure of the piezoelectric layer 911. To cope With this, an
inductor 922 is provided in series With the piezoelectric
element 91 at an intermediate position along the length of a
line 93 for suppressing the over-charging of the piezoelectric
layers. HoWever, it is necessary to avoid the interference, by

alternately, the laminated conductive patterns being electri
cally connected in series With each other by means of a

nated body 91a in Which piezoelectric layers 911 and
internal electrodes 912 are alternately laminated, Whereby

the driving circuit 92 Which is constituted by a capacitor or

also be used for producing the inductor portion.
According to a third aspect of the present invention, there

lating layers.
The magnetic permeability can be increased by provision
of the magnetic member so as to increase the inductance

While substantially maintaining the con?guration of the
inductor.
According to a ?fth aspect of the present invention, there
is provided an piezoelectric element as set forth in the fourth
aspect, Wherein the magnetic member is a magnetic material
35

the inductor utilizing electromagnetic induction, With other

pattern formed betWeen the insulating layers.
The magnetic material pattern can easily be formed using

coil components or the like, and this imposes a limitation to

screen printing or the like.

the layout of components in the driving circuit, thus there is

According to a siXth aspect of the present invention, there

no Way to prevent the enlargement of the driving circuit.
Moreover, especially in the event that the number of induc
tors increases as the number of piezoelectric elements does,

is provided a piezoelectric element as set forth in the fourth

aspect, Wherein the magnetic member is a magnetic material
core Which penetrates the insulating layers.
According to this construction, a high magnetic perme

as seen in a case Where a plurality of piezoelectric elements

of different speci?cations are driven, the driving circuit 92

becomes larger.
The present invention Was made in vieW of the aforesaid
situation, and an object thereof is to provide a piezoelectric
element Which can be driven With a small and simple driving
circuit.

45

ability can be obtained.
According to a seventh aspect of the present invention,
there is provided a piezoelectric element as set forth in the
?rst aspect, Wherein the inductor comprises three or more
insulating layers that are laminated on one another so as to

be incorporated With the laminated body of the piezoelectric

SUMMARY OF THE INVENTION

layers, Wherein a plurality of conductor patterns of a ?rst
kind, Which are formed linearly of a conductive material, are

According to a ?rst aspect of the present invention, there
is provided a piezoelectric element Wherein an inductor is

provided in parallel betWeen a ?rst inter-layer portions of the
insulating layers, While a plurality of conductor patterns, of

provided at an intermediate position along a line connecting
an external electrode of one polarity With an internal elec

55

trode of the one polarity, and, via the inductor, a voltage is
applied across internal electrodes formed betWeen piezo

a second kind Which are formed linearly and diagonally
relative to the conductor patterns of the ?rst kind, are

provided betWeen second inter-layer portions in such a

electric layers.

manner that each of the conductor patterns of the second
kind eXtends from one end of one of tWo adjacent conductor

According to this construction, no inductor is required to
be provided in a driving circuit for the piezoelectric element.
Alternatively, there has to be provided in the driving circuit

Whereby the respective conductor patterns of the ?rst kind

patterns of the ?rst kind to an opposite end of the other,
and the respective conductor patterns of the second kind are
caused to electrically connect to each other at ends thereof

only one inductor Which is connected in series With induc
tors provided in the piezoelectric elements and is common to

by means of contact portions Which penetrate the insulating

layer.

the respective piezoelectric elements, thereby making it
possible to make the driving circuit small and simple.
According to a second aspect of the present invention,
there is provided a piezoelectric element as set forth in the

65

Since the conductor patterns are formed betWeen the

insulating layers, the inductance of the inductor can freely be
controlled in response to the number of conductor patterns
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While the number of laminated insulating layers and con
ductor patterns can remain as they are, Whereby the space
can advantageously be saved. Additionally, a method like
the green sheet method Which is common in production of
piezoelectric elements can also be used.
According to an eighth aspect of the present invention,

pieZoelectric element according to a fourth embodiment of

the present invention,
FIG. 9 is a perspective vieW shoWing a state in Which
green sheets are laminated When used in production of a

pieZoelectric element according to a ?fth embodiment of the

present invention,

there is provided a pieZoelectric element as set forth in any

FIG. 10 is a perspective vieW shoWing a state in Which
green sheets are laminated When used in production of a

of the second to seventh aspects, Wherein the insulating
layers are constituted of the same material as the pieZoelec

tric layers.

pieZoelectric element according to a sixth embodiment of
10

the present invention,

According to this construction, it is possible to reduce the
production cost by reducing the number of kinds of mate

FIG. 11 is a perspective vieW shoWing a state in Which
green sheets are laminated When used in production of a

rials used.
According to a ninth aspect of the present invention, there
is provided a pieZoelectric element as set forth in the second,
third or seventh aspect, Wherein the insulating layers are
each constituted by a magnetic member.

pieZoelectric element according to a seventh embodiment of
15

conventional pieZoelectric elements Which is connected to a

driving circuit.

According to this construction, it is possible to increase
the inductance With the con?guration of the inductor being

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

maintained substantially as it is. Moreover, there is no need

(First Embodiment)

to provide a separate magnetic member, this eliminating a
complicated production process Which Would otherWise be

FIG. 1 shoWs a pieZoelectric element according to a ?rst
embodiment of the present invention Which is connected to
a driving circuit. The pieZoelectric element 1 has a laminated

required.
According to a tenth aspect of the present invention, there

the present invention, and
FIG. 12 is a diagram shoWing a representative example of

25

body 11 constituted by pieZoelectric layers 111, and positive

is provided a pieZoelectric element as set forth in any of the

and negative internal electrodes 121 and 122 are alternately

second to ninth aspects, Wherein the insulating layers are
laminated together With the pieZoelectric layers so as to be
a dummy layer covering the internal electrode in the upper

formed betWeen the pieZoelectric layers 111, the pieZoelec
tric layers 111 being polariZed in a direction in Which they
are laminated. Lateral surface electrodes 130, 131 and 132
are formed on lateral surfaces of the laminated body 11. The

most pieZoelectric layer.
According to this construction, the insulating layers for

respective internal electrodes 121 are electrically connected

forming the inductor also function as a dummy layer for

by the lateral electrode 131, and the respective internal
electrodes 122 are electrically connected by the lateral

absorbing internal stress of the pieZoelectric layer, and
therefore, there is no need to provide a separate dummy

layer, this simplifying in the construction of the pieZoelectric
element. Moreover, the dummy layers and the conductor
patterns only have to be laminated on the pieZoelectric layer

electrode 132. The lateral electrode 130 is connected to a
35

or the internal electrode, and therefore, the same production
process as that of the conventional pieZoelectric elements
can also be used, this leading to a simple production process.

function as external electrodes for applying a voltage across

the internal electrodes 121 and 122. Note that the driving
circuit 7 is constructed substantially identically to a current
source (refer to FIG. 12) used to drive a conventional
pieZoelectric element Which is provided With no inductor.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram shoWing the construction of a pieZo
electric element according to a ?rst embodiment of the
present invention Which is connected to a driving circuit,
FIGS. 2A and 2B are plan vieWs shoWing, respectively,
green sheets for use in production of the above pieZoelectric

driving circuit 7 via a lead Wire 81, and the lateral electrode
132 is connected to the driving circuit 7 via a lead Wire 82,
Whereby the lateral electrodes 130 and 132 are made to

In the laminated body 11, tWo dummy layers 30 and 31 are
45

formed on one of the internal electrodes 121 residing in the
uppermost layer to cover the same from above, and a coil

pattern 4 is formed therebetWeen. One end of the coil pattern
4 electrically connects to the external electrode 130, Which
is one of the external electrodes described above, and the
other end thereof electrically connects to the internal elec
trode 121 of one polarity Which resides in the uppermost
layer via a contact portion 5 Which penetrates the dummy

element,
FIGS. 3A and 3B are perspective vieWs shoWing,
respectively, states in Which the green sheets for use in

production of the pieZoelectric sheets are laminated,

layer 31. An inductor 2 is constituted by the dummy layers

FIG. 4 is a plan vieW of a green sheet for use in production

30 and 31, the coil pattern 4 and the contact portion 5.

of a modi?ed example according to the present invention,

Alternatively, in place of providing the contact portions, the

FIG. 5 is a plan vieW of a green sheet for use in production 55 other end of the coil pattern 4 may directly and electrically
of another modi?ed example according to the present
connect to the lateral electrode 131.
invention,
Described beloW Will be a method for fabricating the
FIG. 6 is a perspective vieW shoWing a state in Which
pieZoelectric element 1 and the detailed construction of the
green sheets are laminated When used in production of a
laminated body 11. The pieZoelectric element 1 can be

pieZoelectric element according to a second embodiment of

the present invention,

fabricated using a green sheet method Which is Widely used.
To produce a green sheet, poWders of lead oxide, Zirconium

FIG. 7 is a perspective vieW shoWing a state in Which
green sheets are laminated When used in production of a

oxide, titanium oxide, niobium oxide, strontium carbonate

pieZoelectric element according to a third embodiment of the

pieZoelectric material, are Weighed using a knoWn method

present invention,
FIG. 8 is a perspective vieW shoWing a state in Which
green sheets are laminated When used in production of a

and the like, Which become primary raW materials for a
65

so as to obtain a desired composition. Additionally, in

consideration of the evaporation of lead, the composition
should be 1 to 2 percent richer in lead oxide content than a

US 6,285,116 B1
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stoichiometric ratio for the mixing ratio composition. The
composition is then dry blended and thereafter is prelimi

electrodes reaching the right-hand side edges of the green
sheets 111 as vieWed in the ?gure constitute internal elec
trodes 121 of one polarity, While the internal electrodes
reaching the left-hand side edges of the green sheets 111 as
vieWed in the ?gure constitute internal electrodes 122 of the

nary calcined at 800 to 950 degrees C.
Following this, pure deioniZed Water and a dispersant are
added to the preliminary calcined poWders so as to produce

other polarity.

a slurry, and the slurry so produced is then Wet ground using
a pearl mill. A ground product so produced is then dried and
poWder degreased, and thereafter, a solvent, a binder, a

Then, the green sheet 31 on Which the coil pattern 4 is
formed is superposed on the green sheets 111, When the coil
pattern 4 and the internal electrode 121 in the uppermost
layer are caused to electrically conduct to each other via the
contact portion 5.

plasticiZer, a dispersant and the like are added thereto for
mixing in a ball mill. A slurry so produced is then agitated
With an agitator Within a vacuum device for vacuum degas

Next, the green sheet 30 is superposed so as to cover the

sing and adjustment in viscosity.
Then, the slurry is molded into a green sheet of a certain
thickness using a doctor blade device.
Next, a pattern is formed through screen printing on one

coil pattern 4. Thus, the laminated body 11 shoWn in FIG. 3B
is obtained.

FolloWing this, after the superposed green sheets of the
15

side of a green sheet molded as described above using a

paste comprising a mixture of silver and palladium Which
are mixed With, for example, a silver/palladium ratio=7/3
(hereinafter, referred to as Ag/Pd paste). FIGS. 2A and 2B
shoW examples of green sheets on Which pattern printing has
been implemented. Note that green sheets for the pieZoelec
tric layers and the dummy layers are substantially the same

temperature ranging from 900 to 1200 degrees C.
Then, electrodes 130 to 132 are formed by applying and
baking the Ag/Pd or Ag paste to lateral surfaces of the

and therefore that the same reference numeral is imparted to

those green sheets in the ?gures and descriptions to be made
hereinafter.
In FIG. 2A shoWing a green sheet constituting a pieZo

25

electric layer, a rectangular pattern 121(122) is formed
substantially Wholly on a surface of the green sheet 111
using the Ag/Pd paste in such a manner that the rectangular
pattern so formed becomes slightly smaller than the Whole
area of the surface, so that the rectangular pattern constitutes
the internal electrode 121 (122). Provided along tWo side

edge portions intersecting at right angles With each other on
the surface of the green sheet 111 is an L-shaped portion
Where the internal electrode 121 (122) is not formed,

35

Whereby the internal electrode 121 is caused to reach one of
the opposed sides of the green sheet 111 but to terminate
before it reaches the other side thereof.
In FIG. 2B shoWing a green sheet constituting the loWer
dummy layer, a coil pattern 4 is formed on a surface of the
green sheet 31 using the Ag/Pd paste in such a manner as to
extend spirally from a side edge of the green sheet 31 toWard
a central portion thereof.
At an end of the coil pattern 4 Which is located at the spiral

center thereof, a through hole is formed by punching in the
green sheet 31 constituting the loWer dummy layer, and the

When a voltage is applied across the external electrodes

130 and 132 of the pieZoelectric element 1 from the driving
circuit 7, there being generated therein an induction action,
the inductor 2 limits electric current as does an inductor

comprising a general solenoid coil, thereby suppressing the
over-charging of the pieZoelectric element 1.
Thus, since the conventional method for fabricating
45

printed on the green sheets, the fabrication becomes easy
and pieZoelectric elements each provided With an inductor
can be fabricated at a loW cost. Consequently, a construction

can be provided in Which no inductor is required for the
driving circuit as shoWn in FIG. 1, or the driving circuit is

provided With a small inductor only.
Note that While the coil pattern 4 for the inductor 2 is
constituted by a spiral, a coil pattern 4A may alternatively be
55

sheet for constituting the upper dummy layer.

used Which is constituted by a square spiral as shoWn in FIG.
4.

Additionally, as shoWn in FIG. 5, the magnetic perme
ability of a portion Where a magnetic ?ux is formed by the
coil pattern 4 may be increased by disposing a magnetic

Next, the green sheets 111, 31 and 30 are superposed on
one another. FIG. 3A shoWs a state in Which the green sheets

111, 31 and 30 are laminated, and the ?gure is substantially
an exploded vieW of the laminated body 11. First, the green
sheets on each of Which the internal electrode 121 (122) is

posed take alternately a left-front position and a right-back
position as vieWed in the ?gure, Whereby the internal

pieZoelectric elements can be used as it is only by adding the
pattern for the inductor to the patterns Which are screen

Which no screen printing is provided is prepared as a green

formed are superposed on one another. In superposing them,
the green sheets 111 are superposed in such a manner that the
non-electrode-formed portions of the green sheets so super

laminated body 11. The external electrode 130 of one
polarity is formed at a position Where one end of the coil
pattern 4 is exposed. The external electrode 131 is formed at
a position Where the internal electrodes 121 of the one
polarity are exposed, so that electric conduction is estab
lished betWeen the internal electrodes 121. The external
electrode 132 of the other polarity is formed at a position
Where the internal electrodes 122 of the other polarity are
exposed, so that electric conduction is established betWeen
the internal electrodes 122.
Thereafter, the laminated body 11 on Which the external
electrodes are formed as described above is dipped in a bath
of an insulating ?uid and a DC. voltage is applied from the
external electrodes 130 and 132 across the internal elec
trodes 121 and 122 so as to polariZe the pieZoelectric layers

111 to thereby obtain the pieZoelectric element 1.

Ag/Pd paste is embedded in the through hole simultaneously
With the screen printing of the coil pattern 4 to thereby form
the contact portion 5.
Note that a required number of green sheets 111, on each
of Which the internal electrode 121 (122) is formed, are
prepared for satisfying a predetermined number of lamina
tion layers required based on a speci?ed displacement
amount, and a single green sheet on Which the coil pattern
4 is formed is prepared. Additionally, a single green sheet on

laminated body 11 are thermally pressure secured to one
another With a hot-Water rubber press, the laminated body 11
is degreased at a temperature ranging from 400 to 700
degrees C in an electric oven and then is calcined at a

material pattern 6A Which is a magnetic member close to a

coil pattern 4AA (in an illustrated example, by forming a
magnetic material pattern 6A as an island disposed inWard of
the spiral coil pattern 4AA). This can increase the induc
tance of the inductor 2 While maintaining the con?guration
65

thereof. The magnetic material pattern 6A is formed by
applying, for instance, a magnetic poWder or the like using
the screen printing.

US 6,285,116 B1
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In addition, While the same green sheet as that used for the

piezoelectric layers is also used for the dummy layers 30 and
31 to thereby reduce the fabricating cost by preventing an
increase in the number of kinds of fabricating materials, the
dummy layers may be fabricated of different materials. For
example, the dummy layers may be fabricated of an insu
lating magnetic material. The inductance of the inductor can

be increased by increasing the magnetic permeability of the
portion Where the magnetic ?ux is formed by the coil pattern
While the con?guration of the inductor is maintained as it is.

10

of laminated layers.

(Second Embodiment)
A second embodiment of the present invention provides a

pieZoelectric element constructed similarly to that described
in the ?rst element thereof except the inductor, Which is
constructed differently in this embodiment. Thus, only those
points different from the ?rst embodiment Will be described

respective coil patterns 51B to 53B are electrically con
nected in series With one another to thereby form an inductor
2B.
Since in the coil patterns 41B to 43B connected in series
one another, the clockWise coil and the counterclockWise
coil are laminated alternately in a repeated fashion in the
laminating direction as described above, electric currents
coil and conduct in the same direction in the respective coil
patterns 41B to 43B, Whereby an inductor is formed Which
substantially has numerous coils in response to the number

Thus, the inductance of the inductor can freely be set in
response to the number of the dummy layers laminated. The
spiral conductor patterns, of a limited number of kinds, only
15

have to be printed on the separate green sheets Which can be

changed in number of laminations, and therefore, the pro

here. FIG. 6 shoWs a state in Which green sheets are

duction of the inductor can be facilitated.

laminated in producing a pieZoelectric element according to
the second embodiment. This ?gure actually shoWs an
exploded vieW of an inductor according to the second

(Third Embodiment)
A third embodiment of the present invention provides a

pieZoelectric element constructed similarly to that described
in the second element thereof except for the inductor Which
is constructed differently in this embodiment. In the descrip
tion of the modi?ed example according to the ?rst

embodiment.
The same green sheets as those used in the pieZoelectric
layer 111 are used for green sheets 31B, 32B and 33B Which

constitute dummy layers, and they are obtained using the
embodiment, While an inductor is described in Which the
same production method as that described in the ?rst 25 magnetic member is provided inside the coil pattern to
conductor patterns, are formed on the green sheets 31B to

improve the permeability, the construction can also be
applied to the construction according to the second embodi

33B using screen printing. The coil patterns 41B to 43B are
each formed into a spiral pattern Which extends from a side

laminated in an alternate fashion. FIG. 7 shoWs a state in

embodiment. Coil patterns 41B, 42B and 43B, Which are

ment in Which the green sheets and the coil patterns are

edge portion to a central portion of the respective green
sheets 31B, 32B and 33B, in Which the ?rst coil pattern 41B
coils clockWise and the second coil pattern 42B coils
counterclockwise, and the coil patterns are formed so that
central ends of the spiral patterns and outer peripheral ends

Which green sheets are laminated in producing a pieZoelec

tric element according to this embodiment. The ?gure is
actually an exploded vieW of an inductor of the embodiment.

In the ?gure, since portions With reference numerals like
those used in the second embodiment function substantially

thereof are situated at the same positions on the green sheets 35 similarly to those With the reference numerals in the second

embodiment, only points different from the second embodi

31B and 32B. The third coil pattern 43B is an uppermost coil
pattern, and as With that described in the ?rst embodiment,
an outer peripheral end thereof reaches a side edge of the
green sheet 33B.
Laminated alternately on the pieZoelectric layer 111 on
Which an internal electrode 121 of the uppermost layer is
formed are the green sheet 31B on Which the ?rst coil pattern
41B is formed and the green sheet 32B on Which the second
coil pattern 42B is formed, and the green sheet 33B on Which
the third coil pattern 43B is formed is laminated thereon as

ment Will be described here.

An electrically insulating magnetic poWder is applied,
using the screen printing process, to substantially central
portions of respective green sheets 31B to 33B Which
constitute dummy layers so as to form circular magnetic
material patterns 6C. Next (or prior to the formation of the

magnetic material patterns 6C), coil patterns 41C, 42C and
45

an uppermost layer, Whereby a plurality of coil patterns 41B

magnetic material pattern 6C, and the coil patterns 41C and

to 43B are formed in a direction in Which the green sheets
31B to 33B are laminated. Note that the third coil pattern

43C formed on the green sheets 31B and 33B, respectively,
coil clockWise, Whereas the coil pattern 42C formed on the
green sheet 32B coils counterclockWise. Then, central ends
and outer peripheral ends of the coil patterns are situated at
the same positions except an outer peripheral end of the coil
pattern 43C formed on an uppermost layer. In addition,

43B is formed such that it coils in an opposite direction to

the direction in Which the spiral pattern 42B coils Which is
formed on the green sheet 32B Which is placed directly
underneath the green sheet 33B having the third coil pattern
43B formed thereon.

Similarly to the ?rst embodiment, contact portions 51B,
52B, 53B are formed in the green sheets 31B to 33B at the

similarly to the second embodiment, contact portions 51C
55

same time that the coil patterns 41B to 43B are screen

printed. The contact portions 51B to 53B are formed only at
one end of the respective coil patterns 41B to 43B and the
positions Where they are so formed differ depending on
Whether the coil patterns 41B to 43B coil clockWise or
counterclockwise. In the illustrated example, the contact
portions 51B and 53B are formed only at central ends of the
spirals in the green sheets 31B and 33B on Which the
clockWise patterns 41B and 43B are formed, respectively,
Whereas the contact portion 52B is formed only at the outer
peripheral end of the spiral in the green sheet 32B on Which
the counterclockWise pattern 42B is formed, so that the

43C Which are conductor patterns are formed using the
screen printing process. The coil patterns 41C to 43C are
each formed into a spiral shape so as to surround the

65

and 53C are formed through the green sheets 31B and 33B
at the central ends of the clockWise coil patterns 41C and
43C, and a contact portion 52C is formed through the green
sheet 32B at the outer peripheral end of the counterclock
Wise coil pattern 42C.
Then, the green sheet 31B on Which the clockWise coil
pattern 41C exists and the green sheet 32B on Which the
counterclockWise coil pattern 42 exists are laminated in the
alternate fashion, and the green sheet 33B on Which the coil
pattern is formed such that the outer peripheral end thereof
reaches a side edge of the green sheet is laminated so as to

constitute an uppermost green sheet layer having coil pattern
formed thereon.

US 6,285,116 B1
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inductor described in the fourth embodiment. FIG. 9 shows

According to this construction, the central ends of the
clockwise coil patterns 41C and 43C are caused to connect
to the internal electrode 121 and the central end of the

a state in which green sheets are laminated in producing a

pieZoelectric element according to this embodiment. The
?gure actually shows an exploded state of the inductor. In
the ?gure, portions with reference numerals like to those

counterclockwise pattern 42C underneath those clockwise
patterns by means of the contact portions 51C and 53C,
whereas the outer peripheral end of the counterclockwise
pattern 42C is caused to connect to the outer peripheral end
of the coil pattern 41C laminated thereunder neath via the

contact portion 52C, whereby the respective coil patterns are
connected in series by means of the respective coil patterns

10

embodiment resides substantially only in the methods of
production of pieZoelectric elements. In the fourth
embodiment, the through holes 301 in the green sheets 31D
to 33D are ?lled with the electrically insulating magnetic

51C to 53C to thereby constitute an inductor 2C.

Thus, in the inductor 2C, the number of coils can be
increased in response to the number of laminations, and the

magnetic material patterns 6C are provided corresponding to
the respective coil patterns 41C to 43C, whereby the mag
netic permeability of portions where magnetic ?uxes are

described in the third and fourth embodiments function
substantially the same as those, and therefore only what is
different from the third and fourth embodiments will mainly
be described here.
The difference between this embodiment and the fourth

15

powder so as to form the magnetic material cores 6D (FIG.

8), respectively, prior to the lamination of the green sheets

formed can be increased to thereby obtain a greater induc

31D to 33D, but in this embodiment, coil patterns 41C to

tance.

43C and contact portions 51C to 53C are formed in green
sheets 31D to 33D, and thereafter, the green sheets are
laminated for integration. Through holes 301 constituted as
a deep hole after the lamination of the layers are ?lled with
electrically insulating magnetic powder at one time so as to
form a magnetic material core 6E which is a magnetic
material core material having a thickness substantially the
same as that of the integrally laminated green sheets 31D to
33D.
Also in the inductor 2E formed as described above, a

(Fourth Embodiment)
A fourth embodiment of the present invention provides a

pieZoelectric element constructed similarly to that described
in the ?rst element thereof except for the inductor, which is
constructed differently in this embodiment. An inductor
provided in this embodiment is constructed similarly to that
described in the third embodiment but with an enhanced 25
permeability. FIG. 8 shows a state in which green sheets are

laminated in producing a pieZoelectric element according to
this embodiment. The ?gure substantially illustrates an

space occupied by the magnetic material core 6E for enhanc

ing the magnetic permeability is formed continuously from

exploded state of the inductor. In the ?gure, portions having
reference numerals like those described in the third embodi

a position where an internal electrode is provided to a

ment substantially function similarly thereto, and therefore,

position where the uppermost coil pattern 43C is located,
thereby making it possible to obtain a greater inductance.

only points different from the third embodiment will be
described here.
Circular through holes 301 are formed in green sheets
31D to 33D which constitute dummy layers at substantially
central portions thereof, and these holes are ?lled with
electrically insulating magnetic powder so as to constitute

(Sixth Embodiment)
A sixth embodiment of the present invention provides a
35

respectively a magnetic material core 6D which is a mag
netic material core having substantially the same thickness
as that of the green sheets 31D to 33D. These through holes
301 can be formed by punching in a similar manner to that

described here. FIG. 10 shows a state in which green sheets
are laminated in producing a pieZoelectric element accord

ing to this embodiment. The ?gure illustrates substantially

used to form the contact portions 51C to 53C. Next (or prior
to the formation of the magnetic material cores 6D), coil
patterns 41C to 43C and contact portions 51C to 53C are
formed in similar manners as those used in the third embodi

an exploded state of the inductor.

Green sheets 31Fa, 31Fb, 32Fa, 32Fb and 32Fc, half the
siZe of a green sheet 111 used for a pieZoelectric layer, are
45 used as green sheets for use for dummy layers with two such

layers being used for each layer, and each layer can be
obtained using the production method described in the ?rst
embodiment. Conductor patterns 41Fa, 41Fb, 42Fa, 42Fb

ment.

Then, the green sheet 31D on which the clockwise coil
pattern 41C and the green sheet 32D on which the counter
clockwise coil pattern 42C is formed are laminated in an
alternate fashion, and the green sheet 33D is laminated to
constitute an uppermost layer having a coil pattern formed
thereon on which green sheet 33D the coil pattern is formed
whose outer peripheral end reaches a side edge of the green
sheet.
In the inductor 2D formed as described above, the mag
netic material cores 6D in all the layers are integrated so as
to form a space where the permeability can be enhanced
from a position where an internal electrode to a position
where the uppermost coil pattern 43C is located in a con
tinuous fashion, and therefore, a greater inductance can be
obtained.

and 42Fc are formed on the green sheets 31Fato 32Fc using
the screen printing process. As for the conductor patterns

41Fato 42Fc, semi-looped arc-like patterns 41Fato 42Fb and
a linear pattern 42Fc are provided.
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In the arc-like patterns 41Fa to 42Fb, the ends thereof
reach, respectively, side edges of the green sheets 31Fa to
32Fb which face each other, and when the green sheets 31Fa
and 31Fb and the green sheets 32Fa and 32Fb, which
constitute, respectively, an identical dummy layer are joined
together, a single loop pattern is formed. However, the
radius of curvature of the arc-like patterns 41Fa and 42Fa
formed on the left-hand side green sheets 31Fa and 32Fa,

respectively, as viewed in the ?gure is slightly different from

(Fifth Embodiment)

that of the arc-like patterns 41Fb and 42Fb formed on the

A ?fth embodiment of the present invention provides a

pieZoelectric element constructed similarly to that described
in the ?rst element thereof except for the inductor, which is
constructed differently in this embodiment. An inductor
proposed in this embodiment is a modi?ed example from the

pieZoelectric element constructed similarly to that described
in the ?rst element thereof except for the inductor, which is
constructed differently in this embodiment and, therefore
only points different from the ?rst embodiment will be

65

right-hand side green sheets 31Fb and 32Fb, respectively, as
viewed in the ?gure, and the two arc-like patterns 41Fa and
41Fb and the two arc-like patterns 42Fa and 42Fb are,

respectively, brought into abutment with each other only at
one of the ends thereof, whereby the loops are open. In

US 6,285,116 B1
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addition, there are provided tWo kinds of large and small
radius of curvatures for the arc-like patterns, and the green

Additionally, in the construction according to this
embodiment, a magnetic member may be disposed in the
vicinity of the coil pattern so as to improve the magnetic
permeability of a portion Where a magnetic ?ux is formed.

sheet 3113a disposed on the left-hand side as vieWed in the
?gure on Which the arc-like pattern 42Fa is formed and the
arc-like pattern 3213b disposed on the right-hand side as
vieWed in the ?gure on Which the arclike pattern 42Fb is
formed are laid so as to be symmetrical With each other

(Seventh Embodiment)

A seventh embodiment of the present invention provides
a pieZoelectric element constructed similarly to that
described in the ?rst element thereof except for the inductor,
Which is constructed differently in this embodiment, and

across a line extending along the joining plane, Whereas the
green sheet 31Fb disposed on the right-hand side as vieWed
in the ?gure on Which the arc-like pattern 41Fb is formed
and the green sheet 321% disposed on the left-hand side as
vieWed in the ?gure on Which the arc-like pattern 42Fa is

10

according to this embodiment. The ?gure illustrates sub
stantially an exploded state of the inductor.

formed are laid so as to be symmetrical With each other

across a line extending along the joining plane.
Additionally, the green sheets 3113a to 3213b are laminated

The same green sheet as that used for the pieZoelectric
15

in a laminating direction such that the smaller and larger
arc-like patterns 41Fa to 42Fb are disposed alternately in a

repeated fashion, Whereby the other ends of the arc-like
vieWed in the ?gure and the other ends of the arc-like
patterns 42Fa and 41Fa formed on the left-hand side and
thereabove respectively as vieWed in the ?gure are disposed
at opposite positions to each other across the green sheets
3213a and 3113a on Which the same arc-like patterns 4213a,

patterns are provided at parallel positions in a longitudinal
direction as vieWed in the ?gure. In the illustrated example,
25

Contact portions 52F, 51F are formed on the joining plane
betWeen the green sheets 32Fa, 3113a at the other ends of the

are a conductive pattern of a ?rst kind, are formed is

as to vertically extend through the joining plane, Whereby

Then, described beloW Will be a positional relationship
betWeen the loWer patterns 41G and the upper patterns 42G.
The loWer patterns 41G and the upper loWer patterns 42G

the arc-like patterns 41Fb and 42Fb formed on the right
hand side as vieWed in the ?gure are caused to conduct to the
arc-like patterns 4213a and 41Fa formed thereabove and on

are disposed in parallel at identical pitches, the respective
upper patterns being disposed slightly diagonally relative to
35

3213a and 32Fa. Note that the other end of the arc-like
pattern 41Fa formed loWermost on the left-hand side is
caused to conduct to the internal electrode 121 on the

uppermost layer by means of the contact portion 51F.
The green sheet 3213a on Which the arc-like pattern 4213a
is formed and the green sheet 32Fc on Which the linear

45

n-th from the left-hand side as vieWed in the ?gure is located
directly above a front-side end of the loWer pattern 41G
disposed n-th from the left-hand side in such a manner as to
face each other across the green sheet 32G, While a back

Thus, a substantially spiral inductor 2F is formed Which
has a con?guration similar to that of a solenoid coil.

Note that While, in this embodiment, the respective
dummy layers are constituted by the tWo green sheets, a
single integrated green sheet siZed similar to that of the

the respective near loWer patterns 41G. A front-side end of
the upper leftmost pattern 42G as vieWed in the ?gure is
located directly above a front-side end of the loWer leftmost
pattern 41G as vieWed in the ?gure, and a back-side end of
the upper leftmost pattern 42G as vieWed in the ?gure is
located directly above a back-side end of a loWer second
leftmost pattern 41G as vieWed in the ?gure, and this kind

of positional relationship betWeen the upper and loWer
patterns continues sequentially from the left to the right,
Whereby a front-side end of the upper pattern 42G disposed

pattern is formed so as to extend across the surface thereof

are combined together to thereby form an integrated upper
most green sheet having a complete conductor pattern. One
end of this arc-like pattern 42Fa is brought into abutment
With one end of the linear pattern Fc, While the other end of
the arc-like pattern 4213a is caused to conduct to the right
hand side arc-like pattern located directly therebeloW via the
contact portion 52F. The linear pattern 42Fc conducts to an
external electrode of one polarity, Which is not shoWn.

the green sheet 32 on Which the upper patterns 42G, Which
superposed on the green sheet 31G on Which the loWer
patterns 41G, Which are a conductive pattern of a second
kind, are formed.

respective arc-like patterns 42Fa and 41Fa in such a manner

the left-hand side as vieWed in the ?gure. The contact
portions 51F to 52F are formed by applying an Ag/Pd paste
or the like to the joining plane betWeen the green sheets

layer is used for green sheets 31G and 32G constituting
dummy layers, and the green sheet can be obtained by the
production process described in the ?rst embodiment. Con
ductive patterns 41G and 42G are formed on the green sheets
31G and 32G using the screen printing process. The con
ductive patterns 41G and 42G are formed into straight lines
each extending transversely from a front side to a back side
as vieWed in the ?gure, and a plurality of such conductive

patterns 41Fb and 42Fb formed on the right-hand side as

41Fa are formed.

therefore only points different from the ?rst embodiment
Will be described here. FIG. 11 shoWs a state in Which green
sheets are laminated in producing a pieZoelectric element
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pieZoelectric layers may be used so as to be laminated into
an inductor. In this case, tWo sets of integrated loop-like

side end of the upper pattern 42G so disposed is located
directly above a back-side end of the loWer pattern 41G
disposed (n+1)th from the left-hand side across the green
sheet 32G.
Through holes are formed in the green sheet 32G on
Which the upper patterns 42G are formed at positions
corresponding to the ends of the same patterns before the
patters are formed, and contact portions 521G and 522G are
formed at the same time that the patterns are screen printed,

patterns each constituted by the tWo arc-like patterns of the

Whereby the loWer patterns 41G and the upper patterns 42G

different radius of curvatures are provided on the integrated

are electrically connected to each other via the contact

green sheet in a symmetrical fashion across a line corre

portions 521G and 522G When the green sheets 31G, 32G

sponding to the joining plane betWeen the green sheets for

and 30 are superposed on one another. Thus, a coil is formed

alternate lamination. Note that, as With the second

Which comprises horiZontal sides constituted by the loWer
patterns 41G and the upper patterns 42G and vertical sides
constituted by the contact portions 521G and 522G, and

embodiment, a through hole is formed in advance at posi
tions corresponding to one ends of the patterns so as to

penetrate the green sheets, and contact portions are formed
at the time of screen printing so that the respective patterns
betWeen the layers can connect to each other.
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When an electric current pusses through the coil, a magnetic
?ux is formed Which penetrates the green sheet 32G in the
longitudinal direction as vieWed in the ?gure.

US 6,285,116 B1
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Additionally, a through hole is formed in the green sheet

3. ApieZoelectric element, as set forth in claim 2, Wherein
said inductor comprises said conductive patterns and said
insulating layers Which are laminated alternately, said con

31 on Which the loWer patterns 41G are formed at a position
corresponding to a back-side end of the loWer leftmost

pattern 41G as vieWed in the ?gure before the patterns are
formed, and at the same time that the patterns are screen

ductive patterns so laminated are electrically connected in
series With each other by means of a contact portion Which

printed, a contact portion 51G is formed, Whereby the loWer

penetrates said respective insulating layers.

leftmost pattern 41G and an internal electrode 121 in an

4. ApieZoelectric element, as set forth in claim 2, Wherein
a magnetic member is provided close to said conductor

upper most pieZoelectric layer are caused to electrically
conduct to each other via the contact portion 51G so formed.

In addition, a back-side end of the upper rightmost pattern
42G as vieWed in the ?gure is bend into a hook, and the
hooked end reaches a right-hand side edge of the green sheet
32G as vieWed in the ?gure, Whereby an electric conduction
is secured betWeen the hooked portion and an external
electrode of one polarity, Which is not shoWn.
In this embodiment, the number of coils increases as does
the number of linear patterns, making it possible to enhance
the inductance Without increasing the number of dummy

pattern betWeen said insulating layers.
10

5. ApieZoelectric element, as set forth in claim 4, Wherein
said magnetic member is a magnetic material pattern formed

betWeen said insulating layers.
15

6. ApieZoelectric element, as set forth in claim 4, Wherein
said magnetic member is a magnetic material core Which

penetrates said insulating layers.
7. ApieZoelectric element, as set forth in claim 2, Wherein
said insulating layers are constituted by the same material as

said pieZoelectric layers.

layers.

8. ApieZoelectric element, as set forth in claim 2, Wherein
said insulating layers are each constituted by a magnetic

Note that in the respective embodiments described
heretofore, the inductors are constructed so as to be lami

nated on the uppermost layer of the laminated portion of the

member.
9. ApieZoelectric element, as set forth in claim 2, Wherein

pieZoelectric layers and the internal electrodes, and
therefore, the inductors can be fabricated substantially
through a modi?cation in Which the number of laminations
of the conventional pieZoelectric element is increased.

25 electric layers so as to cover said internal electrode in the

Moreover, the dummy layers are constructed so as to func
tion also as the conductive layers so that the space can be
saved. HoWever, the present invention is not limited to the

10. A pieZoelectric element, as set forth in claim 1,
Wherein said inductor comprises three or more insulating

construction, but for example, the invention may be con
structed such that the inductor is bonded to a position Where

porated With said laminated body of pieZoelectric layers,

said insulating layers are laminated together With said pieZo

uppermost pieZoelectric layer.
layers that are laminated on one another so as to be incor

Wherein a plurality of conductor patterns of a ?rst kind,

the external electrode of one polarity is formed so that the

Which are each formed linearly of a conductive material, are

conductive patterns and the external electrode of the one
polarity can be caused to electrically connect via the contact

portion.
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provided in parallel betWeen ?rst inter-layer portions of said
insulating layers, While a plurality of conductor patterns of
a second kind, Which are each formed of a conductor pattern

What is claimed is:

linearly and diagonally relative to said conductor patterns of
the ?rst kind, are provided betWeen second inter-layer

1. A pieZoelectric element having a laminated body of
pieZoelectric layers, Wherein a voltage is applied across

portions in such a manner that each of said conductor

internal electrodes of positive and negative polarities from
external electrodes so as to displace said laminated body,

patterns of the second kind extends from a position facing

said pieZoelectric element comprising an inductor provided

one end of one of said conductor patterns of the ?rst king
across said insulating layers to a position facing one end of
an adjacent conductor of said conductors of the ?rst kind

at an intermediate position along a line connecting one of
said external electrodes of one polarity With one of said
internal electrodes of said one polarity.

2. ApieZoelectric element, as set forth in claim 1, Wherein

said inductor comprises a plurality of insulating layers for
incorporation With said laminated body of pieZoelectric
layers, and Wherein a conductor pattern formed of a con

ductive material into a spiral or a loop is provided betWeen

said respective insulating layers.

45

across said insulating layers, Whereby said respective con
ductor patterns of the ?rst kind and said respective conduc
tor patterns of the second kind are caused to electrically
connect to each other at ends thereof by means of contact

portions Which penetrate said insulating layer.

