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Field of the Invention The present invention relates to
el ement and a nethod of manufacturing the same, and nore
relates to a binorph piezoelectric element which is SUItab

form ng an accel eration sensor and a nmethod of manufacturing the sane.
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10

15

20

TiTLE-OF THE INVENTION

Piezoelectric Element and Method of Manufacturing the
Same
BACKGROUND OF THE INVENTION
Field.of the Invention

The present invention relates to a piezoeledtric
element and a method of manufacturing the same, and more
particuiarly, it relates to a bimorph piezoelectric element
which is suitably employed for forming an acceleration
éensqr and a method of manufacturing the same.

Description of the Background Art

In general, a sensor utilizing a piezoeledtric eiement
is known'és an acceleration sensor which is employed for
detecting impact'br the like. With reference to.Fig. 1, an
exemplary piezoelectric element 1 of this type is now
described.

The piezoelectric element 1 has a plate type
piezoelectric ceramic body-z. First to third surface
electrodes 3 to 5 are formed on. an upper surface of the
piezoelectric ceramic body 2 by a thin film forming method
such as sputtéring, at longitudinal intervals along the
piezoelectric ceramic body 2. Further, a first connecting
electrode 6 is formed on.the upper surface of the
piezoelectric ceramic body 2, for electrically connecting
the first to third surface electrodes 3 to 5 with each
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In general, a sensor utilizing a piezoelectric elenment is known as an -
accelerdtion sensor which is enployed for detecting i npacfhmi;tﬁiﬂeﬂ&ﬁaced

Wth reference to Fig. 1, an exenplary piezoelectric elene ype
i s now descri bed. The piezoelectric elenment 1 has a plate -
pi ezoel ectric ceramc body 2. First to third surface electrades 3 to are
formed on an upper surface of the. piezoelectric ceramc body 2 by a thin

filmformng method such as sputtering, at longitudinal intervals along the
pi ezoel ectric ceram c body 2. Further, a first connecting electrode 6 is
- : : ' ' r am 2, for
fe?reg??i 82| }%i’ﬁ}?nu pq:(rﬁ ?ﬁg\:f fsatcesiogfnéf' edpalw? r?ge lecetcgil:rgo ee fs fozpn?eda/ by tl?e
first to third surface electrodes 3 to 5 and the first

connecting electrode 6.
.On the other hand, first to third surface electrodes 7
5 +to 9 are formed on é lower surface of the piezoelectric
ceramic body 2 in first to third portions thereof
respectively by a thin film forming method, and a second
connecting electrode 10 is formed to at least partially
cover the first to third surface electrodes 7 to 9, for
10 electrically connecting the same with each other. A second
signal drawing electrode is formed by the first to third
surface electrodes 7 to 9 and the second connecting
electrode 10. |
The piezoelectric ceramic body 2 has a longitudihally
15 extending internal electrode 11 in an infermediate vertical
position. As shown in Fig. 1, the inte?nal electrode 11 is
formed not to reach both longitudinal ends of the
piezoelectric ceramic body 2.
The interior of the piezoelectric ceramic body 2 is
20 polarized as follows: In a piezOelectric ceramic body
| region ZA'which is located above the porfion provided with
the intefnal electrode 11, the second portion is downwardly
polarizedlas shown b& arrow B while the fifst and third
portions are upwardly polarized as shown by arrows A and C

25 respectively. In a piezoelectric ceramic body region 2B
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the first to third surface electrodes 3 to 5 and the first ¢

el ectrode 6. On .the other hand, first to third surface electr

are formed on a | ower surface of t he piezoelectric ceram c body 2 I n flrst
to third portions thereof

the first to third surface electrodes 3 to 5 with each 15 e SEEET
Date: 28-DEC 1995 -2- other. A first signal draw ng electro

which is located. under the internal electrode 11, on the
other hand, the first to third portions are polarized
oppositely to those of the piezoelectric ceramic body region
2A which is located above the internal electrode 11, as

5 shown by.arrows D, E and f respecfively. In other words,
the upper and lower piezoelectric ceramic body regions 2A
and 2B are polarized in opposite difections in each of the
first to third portions. In each of the respective
piezoelectric ceramic body regions 2A and 2B, the second

10 portion and the first and third portions are polarized in
opposite directions. ‘

On the upper surfaée of the piezoelectric ceramic body

2; the first surface electrode 3 is formed to reach a side
edge of the piezoelectric ceramic body 2, whereby an end of

15 the first signal drawing electrode which is formed on the
upper surface reaches this side surface'qf the piezoelectric
ceramic body 2. On the lower surface of the piezoelectric
ceramic body 2, on the other hand, the third sﬁrface
electrode 9 is also formed td reach anotber side edge of the

20 piezoelectric ceramic body 2, whereby the second signal |
drawing électrode which is formed on the lowér surface
reaches_this side edge of the piezoelectric ceramic body 2.

Broken lines G and H show the boundaries between the

first to third portions of the piezoelectfic ceramic body 2

25 respectively. The first, second and third portions are
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respectively by athin filmformng nmethod, and a second connecting

electrode’10 is forned to at |east partially cover the firsﬂhtﬁhﬁhﬁ&ﬁ&mkclmmd;
surface electrodes 7 to 9, for electrically connecting the s o1
ot her. A second signal drawing electrode is fornmed by the fir :

surface electrodes 7 to 9 and the second connecting el ectrode

|

pi ezoel ectric ceram c body 2 has a |ongitudinally extending internal
electrode 11.in an internediate vertical position. As shown in Fig. 1, the

internal electrode 11 is forned not to reach both | ongitudi nal

ends of the

pi ezoel ectric ceranmic body 2. The interior of the piezoelectric ceranic
body. 2 is located on the left side of the boundary G, between the

boundaries G and H, and on the rightISidé of the boundary H

respectively.

The piezoelectric ceramic body 2 is held by frame

¥,

bodies 12 and 13 which are arranged on upper and lower

portions thereof respectivély. Each of the frame bodies 12

and 13 is made of insulating ceramics such as alumina or

another material having rigidity, and has a flat plate

portion and a pair of fixed portions extending toward the

10 piezoelectric ceramic body 2 from both ends of the flat

plate portion. The frame body 12 is fixed to the upper

surface of the piezoelectric ceramic body 2 at forward ends

of the péir'of fixed portions; Similarly, the'frame body 13

is fixed to the lower surface of the piezoelectric ceramic

15 body 2 at forward ends of the pair of fixed portions.

The piezoelectric element 1 has such a structure that

the.frame bodies 12 and 13 aré fixed to the upper and lower

portions of the piezoelectric ceramic body 2. External

electrodes 14 and 15 are formed on both side surfaces of

20 this structure. The external electrode 14 is electrically

connected to the signal drawing electrode which is formed on

the upper surface of the piezoelectric body 2, i.e., the

.first surface electrode 3, in more concrete terms. On the

other hand, the external electrode 15 is electricaily

25 connected to the signal drawing"electrode which is formed on
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pol arized as follows: In a piezoelectric ceram c body regnﬁgggé Reimm
| ocated above the portion provided with the internal electr

second portion is downwardly pol arized as shown by arrow B

and third portions are upwardly pol arized as shown by arro

respectively. In a piezoelectric ceram c body region 28 REPLACENENT
SHEET Date 28 DEC 1995 -3- which is |ocated under the internal electrode
11, on the

the lower surface of the piezoelectric ceramic body 2, i.e.,
the third surface electrode 9, in more concrete terms.

When this piezoelectric element 1 is employed as an

acceleration sensor,'the following action is attained: When

A

acceleration acts on the piezoelectric element 1, respective
central portions of the piezoelectric ceramic body régions
2A and 2B forming the piezoelectric ceramié body 2, i.e.,
the second portions, and the first and third portions are
deformed. in opposite diréctions by.action of inertial force.
10 In this case, the second portions and the first and third
portions are subjected to tensile force or compressive
stress resulting from the aforementioned deformation. When
the centfal second portions are subjected to tensile stress,
for example, the first and third portions are subjected to
15 compressive stress. On the other hand, the second portions
and the first and third portions are polarized in opposite
directions. Therefore, the quantity of electric charges
generated in the overall piezoelectric ceramic body 2 is
extremely increased due to contribution by those of eléctric
20 charges genérated by the stress in the second portions and
the first and third portibns. Thus, it is possible to form
an acceleration sensor having excellent detection sensitivity.
A method of manufactﬁring the piezoelectric element 1
shown in Fig. 1 is now descfibed with reference to Figs. 2A

25. to 2C and 3A and 3B. This method is adépted to obtain the
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other hand, the first to third portions are polarized OPp OHtis Shbey Hhs(BeE Eced
of the plezoelectrlc ceram ¢ body region 2A which is Iocate
internal electrode 11, as shown by arrows D, E and F respec
words, the upper and |ower piezoelectric ceramc body regio are
pol ari zed in opposite directions in each of the first to third portlons. In
each of the respective piezoelectric ceramnm c body regions 2A and 2B, the
second portion and the first and third portions are polarized in opposite
directions. On the upper surface of the piezoelectric ceramc body 2, the

first- f . el .3 is f t h d d f t
bi ezoel ect 1 BLEEPAAPECELHy=SemBRE; boyhaktors BiS- ‘T E6OR & mbBfier

piezoelectric ceramic body material, and hence ranges

corresponding to individual piezoelectric elements are
divided by phantom lines X, Y and Z in Figs. 2A to 2C and 3A
5 and 3B.
First, a mother piezoelectric ceramic body 16 which is
in the form of an elongated plate is prepared as shown in
'Fig. 2A. Internal electrodes 11 are formed in the
piezoelectric ceramic body 16 on-its intermediate vertical
10 position, to extend in the longitudinal direction. While a
plurality of internal electrodes 11 are formed in Fig. 2A,
each internal electrode 11 is provided in the finally
obtained"piezoelectric element 1 shown in Fig. 1.
‘"The mother piezoelectric ceramic body 16 is divided
15 into upper and lower piezoelectric ceramic body regions 16A
and 16B through the portion provided with the aforementioned
ihternal'electrodes 11.
On an upper surface of the piezoelectric ceramic body
16, a-plurality of sets of first to third surface electrodes
20 3 to 5 are formed longitudinally elong the piezoelectric
ceramic oody 16. |
On a lower surface of the piezoelectric ceramic body
16, a plurality of sets of first to third surface electrodes
7 to 9 are similarly formed along the longitudinal

25 direction. The first to third surface'electrodes_a to 5 and
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the first signal draw ng el ectrode which is formed on the upper surface
reaches this side surface of the piezoelectric ceramc bod h@hHﬁ e
surface of the piezoelectric ceramc body 2, on the other '
surface electrode 9 is also fornmed to reach anot her side ed -
pi ezoel ectric ceram c body 2, whereby the second signal dramnng e ec r

which is fornmed on the |l ower surface reaches this side edge of the

pi ezoel ectric ceram c body 2. Broken lines G and H show the boundari es

between the first to third portions of the piezoelectric ceranmic body 2

respectrvely The first, second and third portions are
to 9 are formed to be p051tloned in the aforementioned

first to third portions respectively.
Then, polarization is carried out through the internal
electrodes 11 and the first to third surface electrodes 3 to

5 and 7 to 9. Namely, relatively high voltages, relatively

n

low voltages, and intermediate voltages are applied to the
second surface electrodes 4 and 8, the first and third
_ surface electrodes 3, 5, 7 and 9, and the internal
electrodes 11 respectively, thereby polarizing the
10 respective piezoelectric ceramic body regions 16A.and 16B as
‘shown by arrows A to C and D to F in Fig. 2B.

Then, first and second connecting electrodes 6 and 10
are sfacked/formed on the first to third surface electrodes
3 to 5 and 7 to 9 respectively in the individual

15 piezoelectric element portions, ae shown-in Fig. 2C.

Then, mother frame bodies 17 and 18 are pasted to and
integrated with upper and lower portions of the
piezoelectric ceramic body 16 respectively by adhesives, as
shown in Fig. 3A. Further, the structure shown in Fig. 3A

20 is cut.along two-dot chain lines X, Y and Z to obtain
individuel piezoelectric elements 1, thereby obtaining a
structural body'19 shown in Fig. 3B. The signal drawing
electrode which is formed on the upper surface of the
piezoelectric ceramic body 2, i.e., the first surface

25 electrode 3 in more concrete terms, is exposed on one side
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REPLACEMENT SHEET 4- ‘Date: 28 DEC 1995 | ocated on .the Ieft S|de :

of the boundary G between the boundaries G and H, and on: '

t he boundary H respectively. The piezoel ectric ceram-c body

frame bodies 12 and 13 which are arranged on upper and | owe

thereof respectively. Each of the frame bodies 12 and 13 i's nade of

I nsulating ceram cs such as alum na or another material having rigidity,

and has a flat plate portion and a pair of fixed portions extending toward

t he piezoelectric ceramic body 2 fromboth ends of the flat

surface of the structural body 19 obtained in the
aforementioned manner. Similarly, an end of another signal
drawing electrode, i.e., the third surface electrode 9 in
more concrete terms, is exposed on another side surface of

3 the piezoeiectric ceramic'body 2. The external electrodes
14 and 15 shown in Fig. 1 are formed on these side surfaces,
so that the respective signal drawing electrodes are

electrically connected with the external electrodes 14 and
15 for obtaining the pietoelectric-element 1.

10 However, the aforementioned method of manufacturing the
piezoelectric element 1 has the following problems: The
thicknesses of the first to third mother surface electrodes
3 to 5 and. 7 to 9 which are formed on the upper and lower
surfaces of the mother piezoelectric ceramic body 16 may beé

15 reduced depending on the forming conditions. When the |
thicknesses of the surface electrodes 3 to 5 and 7 to 9 are
reduced, electrical éonnection between the external
electrodes 14 and 15 and the surface electrodes 3 and 9,
i.e., electrical connection between the external electrodes

20 14 and 15 and the respectlve signal drawing electrodes, may
be 1nstabillzed.

When the_conneéting electrodes 6 and 10 are formed by a
method of scréen—printing conductive paste and baking the
same, further, depolarization is caused in the piezoelectric

25 ceramic body 16 by'heat_which is applied in baking. When

- 8 -



—_————— e

plate portion. The franme body 12 is fixed to the upper surf _
pi ezoel ect'ric ceramc body 2 at forward ends of the pair of m“d
Similarly, the frame body 13 is fixed to the | ower surface of

pi ezoel ectric ceranmic body 2 at forward ends of the pair of f

The piezoelectric elenent 1 has such a structure that the frane bodles 12
and 13 are fixed to the upper and | ower portions of the. piezoelectric
ceram c body 2. External electrodes 14 and 15 are formed on both side
surfaces of this structure. The external electrode 14 is electrically
connected to the signal drawi ng electrode which is fornmed on: the, upper
surface of thelight derelarizapignoisicaused hAetectiqn saneiei ity ol 3,

in nmore concret
re uceé in é%g g%tained acceleration sensor. Thus, the non-

defective rate as well as mass productivity of the

acceleration sensor are disadvantageously reduced.

A

- SUMMARY OF THE INVENTION

| In order to solve the aforementioned problems of the
piezoelectric element and the method of manufacturing the
same, an object of the present invention is to provide a
piezoelectric element which can Stabilize.an electrical

10 connectioh state bétween a.signal drawing electrodé provided
thereon and an external electrode while hardly causing
depolarization in a piezoelectric ceramic body, and a method
of_manufédturing the piezoelectric element.

According td a wide aspect of the present invention,

15 provided is a piezoelectric element comprising a
piezoelectric body having first to third pdrtions along its
longitudinal direction so that the first and third portions
and the second portion are oppositely polarized aloﬁg its
thickness direction, an internal electrode which is formed

20 in the interior of the piezoelectric body to extend in the

longitudinal direction but not to reach both longitudinal

endé, and first and second sigﬁal drawing electrodes which
are formed on upper and lower surfaces of the piezoelectric
body respectivély. The first and éecond signal drawing

25 electrodes have first to third surface electrodes consisting

-9 -



ted to the

ot her hand, the external electrode 15 is electrically conn

signal drawi ng el ectrode which is formed n - REPLACEMENT
DEC ‘1995 the | ower surface of the piezoelectric ceramc bo ’T
third surface electrode 9, in nore concrete ternms. Wen thi
elenment 1 is enployed as an accel eration sensor, the follow ng action
attai ned: Wien acceleration acts on the piezoelectric elenent 1, respective
central-pqrtions of the piezoelectric ceram ¢ body regions '
of thick films which are formed oh.the first to third
portions respéctively to be separated from each other along
the longitudinal direction, and connecting electrodes
consisting~of thin films which are formed to electrically
5 connect the first to third surface electrodes with each
other while at"leést partially covering the first to third
surface electrodes. |
The connecting électrodes can be formed not to reach
both longitudinal ends of the piezoelectric body. The
10 piezoelectric body is preferably made_of piezoe;ectric
ceramics.

According to a certain specific aspect of the presenf
inventioﬂ, the aforementioned piezoelectric elément can be
manufactured through steps of_preparing a plate type

15 piezoelectric body which is provided thefein with an
internal electrode to extend along its longitudinal
direction, applying conductive paste to upper and lower
surfaces of the piezoeléctric body in first to third
portions of the piezoelectric'bodf along the longitudinal

20 direction and baking the same fhefeby forming.first to third
éurface electrodeé_respedtively, poiarizing the
piézoelectric body through the internal eleétrode and fhe
first to third surface electrodes provided on the upper and

lower surfaces of the piezoelectric body respectively so’

25 that the first and third portions and the second portion of

- 10 -



2A and 2B forming the piezoelectric ceranic body 2, i.e., fﬁ%ﬁ%ﬁ&f d

direc¢tions by action of inertial force. In this case, the sec
and the first and third portions are subjected to tensile for

Beéen R

portions,y and the first and third portions are deforned i n‘.op&m‘” ,”’”H,FT’I,?M :

conpressive stress resulting fromthe aforenenti oned deformati on. Wen the
central second portions are subjected to tensile stress, for exanple, the

first and third portions are subjected to conpressive stress.

On the ot her

hand, the second portions and the first and third portions are polarized in

opposite directions. Therefqgre, the ggantity,of el ectr

in the overaFPepPé?EQFéEFFFéCCQPQXi@

contri bution

I G cHar es gener at ed

089995F§eé¥tPQEQF§ZF crBaddF due to

hose Qf electric .
tRXCLness irec%gon,'and forming first and second connecting

electrodes for electrically connecting the first to third

surface electrodes which are formed on the upper and lower

5 surfaces of the piezoelectric body respectively with each

other by sputtering, to at least partially cover the first

to third surface electrodes respectively. In this case, the

step of preparing the plate type piezoelectric body provided

with the internal electrode is carried out by pasting a pair

10 of piezoelectric ceramic plates to each other through

interposition of the internal electrode therebetween, for

example.

Accdfding to another specific aspect of the present

invention, the aforementioned piezoelectric element can be

IS manufactured through steps of preparing a pair of

piezoelectric ceramic plates, forming internal electrodes on

single major surfaces of the respective piezoelectric

-ceramic plates to extend in longitudinal directions thereof

but not to reach both longitudinal ends, forming first to

20 third surface electrodes consisting of thick films in first

to third portions along the longitudinal directions on

surfaces of the piezoelectric ceramic plates which are

opposite to those provided with the internal electrodes by

application and baking-of'conductive paste respectively,

25 polarizing the respective piezoelectric ceramic plates

- 11 -



charges generated by the stress in the second portions and the first and-

third portions. Thus, it is possible to form an acceleraﬂ(ﬂnmggﬁgﬁ

excel’l ent detection sensitivity. A method of manufacturing th ;
pi ezoel'ectric elenent i shown in Fig. 1 is now described with HE,IH"”H#”,”"I .
Figs. Ato 2C and 3A and 3B. This nethod is adapted to obtain

REPLACEMENT SHEET - 6- - Date .28 DEC 1995 piezoelectric
elenent 1 shown in Fig. 1 froma nother piezoelectric ceram c body
material, and hence ranges :

LA

10

20

25.

provided with the internal electrodes and the first to third

surface electrodes so that the first and third portions and

the second portions are oppositely polarized along thickness

directions through the internal electrodes and the first to
third surfaée electrodes, forming connecting electrodes
consisting of thin films by sputtering on the surfaces of
the respective piezoelectric ceramic plates provided with
the_first to third surface electrddes for electrically
connecting the first to third surface electrodes with each
other while at leaét partially covering the same, and
pasting the surfaces, provided with the internal elect:odes,

of the pair of piezoelectric ceramic plates provided with

~the connecting electrodes with each other for forming a

piezoelectric body.

In the piezoelectric element according to the wide

'aspect'of the present invention and the method of

manufacturing the same, the first to third surface

electrodes defining the signal drawing electrodes are formed

as thin films. Therefore, it is possible to stabilize
electrical connection states of the surface electrodes and
external electrodes which aré formed on outer surfaces of

the piezoelectric element. Further, the connecting

electrodes are formed as thin films for electrically

c0nnecting the first to third surface electrodes with each

other while at least partially covering'the first to third

- 12 -
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correspondi ng to individual piezoelectric elenents are d|V|ded by hantom -

lines X, Yand Zin Figs. 2Ato 2C and 3A and 3B. First, a

eet Has Been R

pi ezoel ectric ceranic body 16 which is in the formof an eIonga1
prepared as shown in Fig. 2A. Internal electrodes 11 are forned |i
pi ezoel ectric ceram c body 16 on its internedi ate vertical p05|t|on

extend in the longitudinal direction. Wile a plurality of internal
el ectrodes 11 are fornmed in Fig. 2A, each internal electrode 11 is provided

in the finally obtained piezoelectric element 1 shown in Fig.
pi ezoel ectric ceranmi c body 16 is divided into upper and | over

1. The nnther
i ezoel ectric

cerami ¢ body sggfgﬁg etac rodes by sputtering, whereby no depolarization

of the piezoelectric body is caused in formation of the

electrodes. Namely, the temperature of the piezoelectric

body is suppressed below a Curie point in formation of the

5 electrodes by sputtering, whereby the piezoelectric body is

hardiy depolarized. In an acceleration sensor which is

formed by the inventive piezoelectric element, therefore, it

is possible to improve detection sensitivity as well as mass

productivity of the acceleration sensor.

10 According to a second wide aspect of the present

invention, provided is a piezoelectric element comprising a

piezoelectric body, having first to third portions along its

longitudihal direction, which is.so polarized that the first

and third portions and the second portion are oppositely

15 polarized.in'its thickness direction, first to third

internal electrodes which are formed in the piezoelectric

body to longitudinally extend in the first to third portions

respectively while being separated from each other, and

first and second signal drawing electrodes which are formed

20 on upper and lower surfaces of the piezoelectric body

respectively.

In this case, the piezoelectric body is preferably made

of piezoelectric ceramics.

The piezoelectric element can be manufactured by the

25 following first or second method, for example.

- 13 -
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and 16B through the portion provided with the aforenentioned |nternal

el ectrodes 11. On an upper surface of the piezoelectric ceranid HagBeea Re
pl urallty of sets of first to third surface electrodes 3 to 5 ar m

i

longi tudinall'y along the piezoelectric ceranic-body 16. On a lo
of the piezoelectric ceramic body 16, a plurality of sets of first to th
surface electrodes 7 to 9 are simlarly forned al ong the | ongitudinal

di recti on.

Tt

10

15

The first to third surface electrodes 3 to 5 and

Ir

The first method comprises steps of preparing first and

second rectangular plate type green sheets containing
piezoelectric ceramics, applying coeductive paste to first
to third portions of the first green sheet along its
longitudinal direction on one surface thereof for forming
first to third internal_electrode patterns respectively,
stacking the second'green sheet on the surface of the first
green sheet provided with the first to third internal
electrode patterns for obtaiﬁing a laminate sheet, firing
the laminate sheet thereby integrally firing the ceramics

and the first to third internal electrodes for obtaining a

 sintered body, applying conductive paste to upper and lower

surfaces of the sintered body and baking the same thereby

forming first and second signal drawing electrodes

respectively, and polarizing the sintered body through the

first and second signal drawing electrodes and the first to
third internal electrodes so;that the first and third
portiqns and the second portion along the longitudinal
direction of the sintered'body are oppositely polarized-in
its thickness direction.

On the other hand, the second method comprises the
steps of preparing first and second piezoelectric ceramic
plates in the form of fired rectangular plates, applying
conductive paste tozfirst to third portions along

longitudinal directions on single surfaces of the first und

- 14 -
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REPLACEMENT SHEET Dat e: 28 DEC 1995.-7- 7 to 9 are formed to be posltloned

in the af:orementioned first to third portions respectively. Th
pol arization is carried out through the internal electrodes 11
first to third surface electrodes 3 to 5 and 7 to 9. Nanely,

hi gh vol tages, relatively |ow voltages, and internediate voltages are
applied to the second surface electrodes 4 and 8, the first and third
surface electrodes 3, 5, 7 and 9, and the internal electrodes 11

respectively,

regi ons 16A and 16B as -

10

15

25

second piezoelectric ceramic plates respectively for forming
first to third internal electrode patterns, applying
conductive paste to surfaces of the first and second
piezoelectric ceramic plates opposite to those provided with

the internal electrode patterns for forming first and second

'signal drawing electrode patterns respectively, heating the

first and second piezoelectric ceramic. plates thereby baking
the interhal electrode patterﬁs and the signal drawing
electrode pafterns for forming first to third internal
electrodes and signal drawing electrodes, polarizing the
first and second piezoelectric ceramic plates through the

signal drawing electrodes and the first to third internal

electrodes so that the first and third portions and the

second portions of the piezoelectric ceramic plates are

oppositely polarized in thickness directions thereof, and

| bonding the surfaces, provided with the internal electrodes,

of the first and second piezoelectric ceramic plates

provided with the first to third internal electrodes to each

other.thereby obtaining a piezoelectric element.

The piezoelectric element according to thé present
invention is suitably applied to an acceleration sensor, for
example. According to the present ihvention, therefore, an
acceleration sensor employing the aforementioned
piezoelectric elément is provided. |

In the piezoelectric element according to the second

- 15 -
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shown by arrows Ato Cand Dto Fin Fig. 2B. Then, first d sejond
connecting electrodes 6 and 10 are stacked/forned on the f
surface electrodes 3 to 5 and 7 to 9 respectively in the in
pi ezoel ectric elenent portions, as shown in Fig. 2C. Then,

B i

ﬂllaced

bodies 17 and 18 are pasted to and integrated with upper and | ower portlons
of the piezoelectric ceram c body 16 respectively by adhesives, as shown

Fig. 3A Further,

lines X, Y and Z to obtain individual piezoelectric elenents 1, thereby

obtaining a %}rdéct ctbOdf' Jl_f 95118%%%‘%@ ;J_:A actglj'%é? Ta{'rﬁ%st': etq“a

el ectrode whi € orne

10

15

sur
manufacturing "the same, the first to third internal

electrodes are formed in the piezoelectric body and the
first and second signal drawing. electrodes arelarranged on
outer surfaces, while the first to third portions are
polarized through the first to third internal electrodes and
the signal drawing electrodes. Therefore, it is not
necessary to form a plurality of surface electrodes which
are separated from each other on the upper and lower
surfaces of the plezoelectrlc body, and to execute
polarlzatlon through such separated first to third surface
electrodes. Further, it is not necessary to form connecting
electrodes after compietion of polarization, and_hence it is
not:necessary to bring the signal drawing electrodes into
two-layer structures either. Coneequently, the step of
forming the electrodes on the upper and lower surfaces of
the piezoelectric body can be simplified. While
depolarization may result from heating when signal drawing

electrodes of two-layer structures are formed by baking

I n

the structure shown in Fig. 3Ais cut along'tmo-dot chai n

conductive paste, further, such depolarization is not caused

in the piezoelectric element according to the second wide
aspect of the present invention and the method of
manufacturing the same.

The foregoing and other objects, features, aspects and

advantages of the preeent invention will become more

- 16 -
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pi ezoel ectric ceramc body 2, i.e., the first surface elect& d 3.in nore
concrete terns, i s exposed on one side REPLACEMENT SHEET "L Replaced -
1995 -8 surface of the structural body 19 obtained in the af I l”"’ '
manner. Similarly, an end of another signal draw ng el ectrod

third surface electrode 9 in nore concrete terns, is exposed on anot her
side surface of the piezoelectric ceramc body 2. The external el ectrodes

apparent from the following detailed description of the
present invention when taken in conjunction with the
accompanying drawings.

BRIEf DESCRIPTION OF THE DRAWINGS

o) Fig. 1 is a perspective view schemétically illustrating

the structure of a conventional piezoelectric element;

Figs. 2A to 2C are perspective views for illustrating a
method of manufécturing the conventional piezoelectric
element, showing a mother piezoelectric ceramic body in a

10 state provided witﬁ first to third surface electrodes on
upper and lower surfaces respectively, in a polarized state,
and in a state provided with connecting electfodes
respectiVély;

.Figs. 3A and 3B, which are adapted to il;ustrate the

15 method of manufadturing the conventional piezoelectric
elément, aré a perspective view shoﬁing a mother structural
body, and a perspective view for illustrating the structure
of an individual piezoelectric element obtained bylcutting
the mother structur;l body shown in Fig. 3A respectively;

20 "Fig. 4 is a perspective view showing a piezoelectric'
element according to'a first embodiment of the present
invehtion;

Figs. 5A to'SC, which are adapted to illﬁstrate another
exemplary méthod_of manufacturing the inventive |

25 . piezoelectric element, are a perspective view showing a pair
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14 and 15 shown in Fig. 1 are forned on these side surfaces, so that the -
respective signal drawing el ectrodes are electrically connecTM&BMMﬂﬁbE&Emc

external electrodes 14 and 15 for obtaining the plezoelectrlc
However, the aforementioned nethod of nmanufacturing the piezo
elenment 1 has the follow ng problens: The thicknesses of the |rs

not her surface electrodes 3 to 5 and 7 to 9 which are forned on the upper.
and | ower surfaces of the nother piezoelectric ceram c body 16 may be

reduced depending on the form ng conditions When the thicknesses of the

surface 6|6Ct5?d?§e§ohﬁeét§&% u%%t%a%%% ﬁ%d R85 %%# pegnnection

bet ween t he external ectro an 5 e sur ace el'ectrodes 3 and

9, _ electrodes and first to third surface electrodes

-respectively, an exploded perspective view showing the first
and second piezoelectric substrates in polarized states, and

35 a perspective view showing the fitst and second

piezoelectric substrates provided with connecting
electtodes;
Fig. 6 is a perspective view showing a piezoelectric
‘element according to a second embodiment of the present
10 invention; |
Figs. 7A to 7C, which are aaapted to illustrate a
method of manufacturing the piezoelectric element according
to the second embodiment, ere side elevational views showing -
first and second piezoelectric bodies in states provided

15 with first to third internal electrode patterns, a laminate
obtained by stacking the first and second piezoelectric
bodies with each other, and the laminate provided with first
and second signal drawing electrodes on its upper and lowet
eurfaces respectively;

20 Figs..BA and 8B, which are adapted to illustrate the
method of manufacturing the piezoeiectric element accordihg
to the second embodiment, are a side elevational view
showing motﬁer frame bodies which are fixed to the
piezoelectric ceramic bodies, and a structural body for an

25 individual piezoelectric element which is cut out from a
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- - - X
i.e., electrical connection between the external electrodes 14 and 15 and ,
the respective signal draw ng el ectrodes, may be instabiIizedMsMhaﬂh§§QMRehmai

connegting el ectrodes 6 and 10 are formed by a nethod of scre
conductive paste and baking the same, further, depolarization
the piezoelectric ceram c body 16 by heat which is applied in
REPLACEMVENT SHEET Date :28 DEC 1995 -9

"mother structural body; and

T

Figs. 9A to 9C, which are adapted to illustrate another

method of manufacturing the piezoelectric element -according

to the second embodiment, are an exploded perspective view

5 for illustrating fired firsf and second piezoelectric

ceramic plates which are provided with first to third

internal electrodes on single surfaces, a side elevational

view showing the first and second piezoelectric ceramic

plates which are provided with signal drawing electrodes and

10 polarized} and a side elevational view showing the first and

second piezoelectric ceramic plates which are pasted to each

other.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

" Fig. 4 is a perspective view for illustrating a

15 piezoelectric element 21 according to a first embodiment of

the present invention.
The piezoelectric element 21 is formed by a

plate type piezoelectric ceramic body 22. First

rectangular

to third

surface electrodes 23, 24 and 25 are formed on an upper

20 surface of the piezoelectric ceramic body 2. The first to

third surface electrodes 23 to 25 are formed in positions

similar to those of the first to third surface'electrodes 3

to 5 of the conventional piezoelectric element 1
Fig. 1. On a lower surface of the piezoelectric

25 further, first to third surface electrodes 27 to

- 19 -
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body 22,

29 afe



slight -depol ari zation is caused, detection sensitivity is reduced i,nth d
obt ai ned accel eration sensor. Thus, the non- defective rate He gl miata s me .
produGtivity of the accel eration sensor are di sadvantageously. ﬂ _ | '
SUMVARY OF THE I NVENTION In order to solve the aforenentioned

t he piezoelectric elenent and the nethod of manufacturing the sane, an

obj ect of the present invention is to provide a piezoelectric el enment which
can stabilize an electrical connection state between a signal draw ng

el ectrode provided thereon and an external el ectrode while hardly causing
depol ari zation in a piezoelectric ceram c body, and a net hod of

manuf.act ur i ngfommegdi ¢épobkesteparagkdnEmpm each other. The first to third

surface electrbdes 27 to 29 are formed in positipns,similar
to those of the first to third surface electrodes 7 to 9 of
the conventional piezoelectric element 1 shown in Fig. 1.

5 . According to this embodiment, all of the first to third
surfade'électrodes 23 to 25 and 27 to 29 are formed as thick
films by applying and baking conductive paste. In this
point, the first to third surface electrodes 23 to 25 and 27
to 29 are different from the surface electrodes 3 to 5 and 7

10' to 9 shown in Fig. 1. |

Agcording to this embodiment, further, a connecting
electrode.26 is formed on the upper surface of the
piezoeleétric ceramic body 22; to connect the first to third
surface electrodes 23 to 25 wifh each other whiie at least

15 partially covering the first to third Sufface electrodes 23
to 25. A signal drawing électrode is formed by the |
connecting electrode 26 and the first to third surface
electrodes 23 to 25. Similarly, another connecting.
electrode 30 is also formed on'the.lowe: surface of the

20 piezoelectric ceramic body 22, fo electrically connect the
first fo third surface electrodes 27 to 29 with each other.
A lower signal drawing electrode is formed by the connecting
electrode 30 and.thé-surface electrodes 27 to 29.
Therefore, the connecting electrodes 26 and 30'have

25 functions which are substantially similar to those of the .
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According to a wide aspect of the present invention, provi dedrhhs%h&tHasBeenReﬁlace

pi ezoel ecttic el ement conprising a piezoelectric body havi ng f

portions along its longitudinal direction so that the first anHmUmH 'Ill I
portions and the second portion are oppositely polarized al ong

t hi ckness direction, an internal electrode which is forned in the interior
of the piezoelectric body to extend in the |ongitudinal direction but not
to reach both | ongitudinal ends, and first and second signal draw ng

el ectrodes which are fornmed on upper and | ower surfaces of the
pi ezoel ectric body respect:ively. The first and second si drawi n

ng
el ect rodes hafeMeHinG alifq °§?rsf Scand & Hd%@d@t%értt%}}?g piezoelectric

element 1 shown in Fig. 1. According to this embodiment,

however, the connecting electrodes 26 and 30 are formed as
thin films by a thin film forming method such as sputteriﬁg,
5 dissimilarly to the connecting electrodes 6 and 10 shown in
Fig. 1.
In other points, the piezoelectric element 21 is .
similar to the piezoelectric element 1 shown in Fig. 1.
Nahely, the first to third surface electrodes 23 to 25 as
10 well as 27 to 29 are formed in first to third portions along
the longitudinal direction.of the.piezoelectric ceramic body
22 respectively. The first to third portions of the
piezoeleétric ceramic body 22 are divided by boundaries G
| and H. Namely, the first to third portions are located on
15 the left side of fhe boundary G, between the boundaries G
and H, and on the_right side of the boundary H respectively.
- Further, a longitudinally internal electrode 31 is formed in
' the.piezoelectric ceramic body 22. This internal electrode
31 is forméd to extend in the longitudinal direction, but
20 - noﬁ to reach both longitudinal ends. Thus, - the internal
electrodé 31 is not exposed on both end surfaces of the
piezoelectric ceramic body 22. Further, the piezoelectric
ceramic body 22 is.polarized in tﬁe first to third portions,
as shown by arrows A to C and D to F in Fig. 4. 1In

25 ‘addition, piezoelectric ceramic body regions 22A and 22B
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REPLACEMENT SHEET Date :28 DEC 1995 10 - of thick filns V\,hi'cﬂi_are formed on
the first *'to third portions respectively to be separated fro

‘ i Replaced
along'the longitudinal direction, and connecting el ectrodes Cf ’ , mm

thin filnms which are fornmed to electrically connect the first
surface el ectrodes with each other while at least partially covering the
first to third surface el ectrodes. The connecting el ectrodes can be forned

not to reach

which are located above and under the internal electrode 11
respecfively are polarized in opposite directions in eagh of
the first to third portions. 1In each of thé piezoelectric
ceramic body regions 22A and 22B, further, the second

5 portion and the first and“third portions are polarized in
opposite directions.

'Frame bodies 32 and 33 are fixed to upper and lower
portions of the piezoelectric ceramic body 22 respectively.
These frame bodies 32 and 33 are made of insulating ceramics

10 such as alumina or an insulating material such as synthetic
resin. Each of the frame bodies 32 and 33 has a flat plate
| portion and a paif of fixed portions extending from both
ends of the flat plate portion toward the piezoelectric
ceramic body 22. Each of the frame bodies 32 and 33 is
15 bonded to the upper or lower surface of the piezoeiectric
ceramic body 22 at the pair of fixed portions.

"In the piezoelectric element 21, externallelectrodes 34
and 35 are formed on both side surfaces of a structural body
which is formed by fixing the frame bodies 32 and 33 to the

20 upper and lower portions of the piezoelectfic derémic body
22 respeétively. |
In the piezoelectric elément 21, the signal drawing
electrode which is formed on the uppef sufface of the
piezoelectric ceramic body 2 is electrically connected with

25 the external electrode 34'at the surface electrode 23.
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bot h | engi tudi nal ends of the piezoelectric body. The piezoere;;:?E\BBHV‘T§“-

preferably made of piezoelectric ceramcs. According to a cer® ﬂ&ﬁ@ﬁ&ﬁ
aspect of the present invention, the aforenmentioned plezoelec Immd_
can be manufactured through steps of preparing a plate type p

body which is provided therein with an internal electrode to exten

its longitudinal direction, applying conductive paste to upper and Iomer
surfaces of the piezoelectric body in first to third portions of the
pi ezoel ectric body along t he Iongitudinal direction and baking the sane

thereby form ognlhiely! Ochl! £ 24" L8E8a8081£0088a 3808k 4Tk erhBARIL ! N

connected with the external electrode 35 in the signal
drawing electrode which is formed.on the lower surface. In
this case, fhe electrical connection states between the
5 sﬁrface electrodes 32 and 29 and the external electrodes 34
and 35 are stably maintained since the surface electrodes 23
and 29 are formed by thick films as described above.
The piezoelectric element 21 can be applied to an
acceleration sensor in the state shown in.Fig. 4, for
10  example, while fhe same can alternatively be mounted on a
substrate (not shown) or a case (not shown) for forming a
component which is provided in an acceleration sensor.
A method of manufacturing the piezoelectric element 21
shown in Fig. 4 is now described with reference to Figs. 2A
5] to 2C and 3A and 3B, which have been employed for
illustrating the conventional method.

.While reference numerals appearing in Figs. 2A to 2C
and 3A and 3B correspond to the respective parts of the
piezoelectric element 1 shown in Fig. 1, the piezoelectric

20 element 21 according to the embodiment shown in Fig. 4,
which is.similar in structure to the piezoelectric element 1
except the signal drewing electrodes, is described with
reference to these figures. |

In order to'manufacture the piezoelectric element 21

25 according to this embodiment, a mother piezoelectric ceramic
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pi ezoel-ectric body through the internal electrode and the flrst to third-

surface el'ectrodes provided on the upper and | ower surfaces B%HR hmﬁ'
pi ezoél ectric body respectively so that the-first and third " g
t he second portion REPLACEMVENT SHEET Date :28 DEC 1995 -

pi ezoel ectric body are oppositely polarized in Its thickness dlrectlon _and
formng first and second connecting electrodes for electrically connecting

the first to third.

A

10

20

body is first prepared firom piezoelectric ceramics such as
lead zirconate tifanate piezoelectric ceramics. This
piezoelectric ceramic body is prepared similarly to the
piezoelectric ceramic body 16 shown in Fig. 2A, éo that a
plurality of sfrip internal electrodes are formed therein.
Such a piézoeledtric ceramic body is obtained by a method of
printing the internal electrodes on one surface of a mother
green sheet, stacking another mother green sheet thereon and
firing the same, or a method of formiﬁg the internal
electrodes on a previouély fired motﬁer piezoelectric
ceramic plate and pasting anqther fired piezoelectric
ceramic plate théreto.

Further, conductive paste containing silvef or silver-
palladium alloy powder is prepared for forming first to
third surface electrodes on upper and lower surfaées of the
mother piezoelectrib ceramic body by the conductive paste.
The first to'third surface electrodes are forméd in the same

positions as the first to third surface electrodes 3 to 5

- and 7.to 9 of the conventional piezoelectric element 1 shown

in Fig. 2B..

The-surfacé electrodes.of the conductiVe paste can be
fdrmed by applying the conductive paste, drying the same,
and thereafter baking the same at a temperature of about
800°C. Thus, the first to third surface electrddes 23 to 25

and 27 to 29 of thick films having thicknesses of about 3 to
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surface el ectrodes which are forned on the upper and | ower surfaces-of the

pi ezoel ectric body respectively with each other by sputterﬂh

Sm@d%eBmm

case,

chd
partially cover the first to third surface el ectrodes respec
the step of preparing the plate type piezoelectric bod :
t he internal

electrode is carried out by pasting a pair of plezoelectrlc

ceram c plates to each other through interposition of the internal
el ectrode t herebetween, for exanple. According to another specific aspect
of the present invention, the aforenmentioned piezoelectric el enent can be

Tenuf actured | i ougl o ¢ps pol, BERR NGB nen?. PREOTlBE HiGEraE ©

pl at es,

10

15

titanate plezoelectrlc ceramics has a Curie point of about
300°C. However, no polarization is performed in advance of
the step of fofming the surface electrodes 23 to 25 and 27
to 29. Therefore, no depolarizatien is caused by.such '
formation of the surfaee electrodes 23 to 25 and 27 to 29.
Theﬂ, the motherlpiezoelectric ceraﬁic body. is

polarized through the internal electrodes and the first to
third surface electrodes. In this case, the pelarization

can be performed by applying_relatively high voltages,

.relatively'low voltages, and intermediate voltages to the

second surface electrodes provided in the second portions,
the first and third surface electrodes provided in the first

and third portions, and the internal electrodes

respectively. Thus, the mother piezoeleetric ceramic body

can be polarized similarly to the piezoelectric ceramic body
16 shown in Fig. 2B, which is polarized as shown by arrows A
to C and D to F.

Then, connecting_electrodee are formed on upper and
lower surfaces of the mother ﬁiezoelectric ceramic body
respectiﬁely in positions similar to those of the connecting
electrodes 6 and 10 shown in Fig. 2C. According to this
embodiment;-however, the connecting electrodes are formed by
sputtering. Namely, the connecting eleetrodes are formed by

sputtering Monel, for example, on the upper and lower
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extend in-longitudinal directions thereof but not to reach bo®hjsSheet Has Been Replaced
| ongi tudinal ends, forming first to third surface el ectrodes mu

thick films in first to third portions along the |ongitudinal

surfaces of the piezoelectric ceranmc plates which are opposite to those
provided with the internal electrodes by application and baki ng of
conductive paste respectively, polarizing the respectlve pi ezoel ectric
ceram c plates REPLACEMENT SHEET

surfaces of the piezoelectric ceramic body, to cover the

single-major surfaces of the respective piezoelectric ceramc plates to
c

first to third surface electrodes. These connecting
electfddes finally define the connecting electrodes 26 and
30 shown in Fig. 4. |

5 The metal material for forming the connecting
electrodes is not restricted to the Monel, which is a
nickel-copper alloy, but may alternatively be prepared from
nickel or silver. The temperature of the piezoelectric
ceramic body is about 100 to 200°C in the aforementioned

10 sputtering. Thus, the temperature of the piezoelectric
ceramic body in the sputféring is lower than the Curie point
of the lead zirconate titanate piezoelectric ceramics
forming the piezoelectric ceramic body, to result in no
depolarization.

15 Then, after signal drawing electrodes are defined by
forming the first to third surface electrodés and the
'connecting'elecfrodes on the upper and lower surfaces of the
mother piezoelectric ceramic body respectively in the
aforementioned mahner, mother frame.bodieé are fixed. The

.20 ﬁother frame bodies can be prepafed from those having the
same strﬁctures'as the frame bodies 17 and 18 shown in Fig.
3D. Further, structural bodies for individual piezoelectric

- elements can be obtained by cutéing a mother structural body"

obtained in the aforementioned manner along lines

XS]
(%,

corresponding to the phantom lines X, Y and Z shown in Fig.
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Date ....28 DEC 1995 - 12 - provided with the internal elect and the '
first to third surface el ectrodes so that the first and third mmd
the second portions are oppositely polarized al ong thi cknes di m

t hrough the internal electrodes and the first to third surface

form ng connecting el ectrodes consisting of thin filns by sputtering on the
surfaces of the respective piezoelectric ceramc plates provided with the

first to third surface el ectrodes for electrically connecting the first to
third surface electrodes with each other while at |east partially covering

the same, andypastingpt he, SHEL2E2ShoRYOUbESENA! B! BR1kNRERABL ©f ectrodes,

corresponds to a structure, which is nOt'yet_provided with

the external electrodes 34 and 35, in the piezoelectric
eleﬁent-Zl shoWn in Fig. 4.
5 Then, the piezoelectric element 21 can_bé bbtained by
forming the exterﬁal electrodes 34 and 35 shown in Fig. 4-by-
| a thin film forming method such as sputtering or plating.
| In the piezoelectric element 21; the surface electrodes
23 and 29 consist of thick films, whereby electrical
10 connection states bétween the surface electrodes 23 and 29
'apd the external electfodes 34 ana 35 can be stabilized.
While the rectangular plate type mother piezoelectric
ceramic body having previously embedded intérnal electrodes
is employed in the aforementioned method, the piezoelectric
15  element 21 according to the first embodiment can also be
manufactured by the following method: |
First, a first mother piezoeledtric Ceramic plate 41
which is provided with a plqrality of mother internal
electrodes 31 on one surfacé and a second mother
20. piezoelectric ceramic plate 42 which is also-provided with
mother internal electrodes 3i on one surface are prepared as
shown in Fig. 5A. First to third surface electrodes 23 to
.25 and 27 to 29 are formed by coﬁductive paste containing'

silver or silver-palladium on surfaces of the piezoelectric

X%
h

ceramic plates 41 and 42 which are opposite to those
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of the.pair of piezoelectric ceramc plates provided with th_h%

el ectrodes w

pi ezogl ectric el enment according to the wide aspect of the pres
and the nethod of manufacturing the sane, the first to third s
el ectrodes defining the signal drawing el ectrodes are fornmed as thin

Therefore, it
surface el ect
surfaces of t

th each other for fornmng a piezoelectric body. H

is possible to stabilize electrical connection states o
rodes and external electrodes which are formed on outer
he piezoelectric elenment. Further, the connecting el ectrodes

are formed as thin filnms for electrically connectinglthe first tqQq third

surface el ect

10

psaudded: widhckhe internal electrodes respectively.
These surface electrodes_ZS to 25 and 27 to 29 are formed by
printing and baking the conductive paste, while the
conductive paste is baked by heating the same to a
temperature of about 800°C, similarly to the aforementioned
method.

The first to third surface electrodes-23 to 25 and 27
to 29 are formed in portions corresponding to first to third
portions of piezoelectric ceramic bodies for forming

individual piezoelectric elements respectively.

Theﬁ, the internal electrodes 31 and the surface

electrodes 23 to 25 and 27 to 29 are employed to polarize

15

the first and second piezoelectric'ceramic plates 41 and 42
respectively. This polarization is performed by applying

relatively high voltages, relatively low voltages, and

_intermediate voltages to the second surface electrodes 24,

|38
i

the first and third surface electrodes 23 and 25, and the
internal electrodes 31 in the piezoelectric ceramic plate 41
respectively as shown in Fig. 5B, whereby the second
portions are polarized along arrows B and the first and
third poftions are polarized along arrows A and C
respectively in the piezoelectrié ceramié plate 41.
Similarly, the second pbrtions are polarizgd along arrows E
and the first and third bortions are.éolarized along arrows

F and G respectively in the second ceramic plate 42.
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other while at

SHEET - 13 - surface el ectrodes by sputtering, whereby no depoﬂ&msmaﬂhsﬁumm
ric body is caused in formation of the el ectrodes. IIIH"MII

t he piezoel ect

| east partially covering the first to third - REPLACEMENT

the tenperature of the piezoelectric body is suppressed bel ow a
in formation of the electrodes by sputtering, whereby the piezoelectric
body is hardly depolarized. In an acceleration sensor which is fornmed by

the inventive

10

15

20

pi ezoel ectric element, therefore, it

Then, connecting electrodes 26 and 30 are formed by
sputtering.
Thereafter the first and second mother piezoelectric

plates 41 and 42 are pasted to each other so that the

internal electrodes 31 thereof overlap with each other. The

mother ceramic plafes 41 and 42 can be pasted to each other
through an adhesive to obtain a structure which is similar
to that of the piezoelectric element 21 according to the
embodiment shown.in Fig.. 4, and the piezoelectric element 21
can be obtained by forming the external electrodes 34 and 35
(see Fig. 4) by a proper method.

In the piezoelectric element 21 according to the first
embodiment, as hereinabove described, the first to third
surface electrodes 23 to ZS'and 27 to 29 are formed by thick
films, whe?eby electrical connection between the external
electrodes 34 and 35 and the first and third surface
electrodes 23 and 29 can be ensured. In the manufacturing
steps, further, the polarization is performed after
formafion 6f the first to third surface electrodes 23 to 2%
and 27 to 29 coﬁsisting of thick films in advance of.
formation of the connecting electrodes 26 and 30 which are
iﬁ the form of thin films. Therefore, the piezoelectric
bpdy is ﬁot heated to é temperature exceeding the Curie
point affer the polarization, to result in no

depolarization.

- 29 -
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is possible to inprove detection sensitivity as well as maps productivity
of the accteleration sensor. According to a second wi de aspechhisSheet B Been Replaced
present invention, provided is a piezoelectric elenment conpri il '
pi ezoel ectric body, having first to third portions along its - &mlu I
direction, which is so polarized that the first and third por

second portion are oppositely polarized in its thickness direction, first

to third internal electrodes which are fornmed in the piezoelectric body to
longitudinally extend in the first to third portions respectively while

being separat ed frgeagh, gt hepe Al ELat \a0) SRE0CSLIBL LAY

el ectrodes which ar&“forne | ower” sur
plezoelectrlceggﬂgnt 61 according to a second embodiment of the present

invention.
_The piezoelectriq element 61 has a_piezoélectric
5 ceramic body 62 serving as a'piezoelectric body. First and
second signal drawing electrodes 63 and 64 are formed on
upper and lower éurfaces of the piezoelectric ceramic body
62 respectively. The first signal drawing electrode 63 is
so formed that one end fhereof reaéhes one side edge of the

10 piezoelectric ceramic body 62, while the second signal
drawing electrode 64 is drawn out to a side edée which is
opposite to that drawing out the signal drawing electrode
63.

in the interior of the piezoelecfric cefamic body 62,

15 first to third internal electrodes 65, 66 and 67 are formed .
on an intermediate vertical position. The first to third
internal electrodes 65 to 67 are formed in first to third_
pbrtions along the longitudinal direction of the

_ pieéoelectric ceramic body 62 respectively.

20 The first to third portions are divided by boundaries
shown by broken iines G and H respectively. 1In other words,
the first, second and third portidns.bf'the piezoelectric
ceramic body 62 areIIOCated on the left side of the boundary
G, between the boundaries G and H, and on.the right side of

25 the boundary H respectively.
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respectively. In this case, the piezoelectric body is prefe ably made of

pi ezoel ectric ceramcs. The piezoel ectric el ement can be man ﬁB Replaced
t he follomnng first or second nethod, for exanple. REPLACE

Date ..28 .DEC 1995 - 14 - The first method conprises steps of ﬁﬁ‘,l”m
first and second rectangul ar plate type green sheets containing

The'piezoelectric éeramic body 62 is polarized as shown
by arrows A to F in Fig. 6. In_a piezoelectric ceramic body
region 62A of the piezoelectric ceramic body 62 which is
located above fhe portion provided with the internal

5 electrodes 65 tb 67, the second poftioﬁ is polarized along
arrow B, while the first and third portions are polarized
along arrows A and C respectively, oppositel& to the second
portion. Similarly in a piezoelectric body region 62B which
is located under fhe'portion provided with the internal

- 10 electtodes 65 to 67, the second portion is polarized along

arroﬁ-E, while the firstland third porfions are polarized
along arrows D ahd F respectively, oppositely to the second
portion." Namely, the second portion and the first and third
. portions are'polarized in opposite directions in each of the
15 piezoelectric ceramic body regions 62A and 62B. In each of
the first to third portions, further, the.upper and lower
piezoelectric ceramic body regions 62A and 62B are polarized
in opposite directions.
The piezoélectric ceramic body 62 ié polarized through
20 the first and second signal drawing electrodes 63 and 64 and
the first to third ihternal electrodes 65 to 67. As clearly
understood from a manufacturing method descfibed later,
relatively high voltages, a relatively'lbw voltage, and
_intermediate voltages are applied to the first énd_third

25 internal electrodes 65 and 67, the second internal electrode

- 31 -



pi ezoel ectric ceram cs, applying conductive paste to first.to
portions ‘of the first green sheet along its |ongitudinal dlﬂ@
surface thereof for formng first to third internal electrode
respectively,. stacking the second green sheet on the surface

third

i

green sheet provided with the first to third internal el ectrode patterns
for obtaining a lam nate sheet, firing the | am nate sheet thereby

integrally firing the ceramcs and the first to third interna

el ectrodes

for obtaining a sintered body, applying conductive paste to upper and | ower
surfaces of e ahat ehed fiedy and Balkona h n%anartab:&hgbu&rﬁ%%sf igast -and -

second si gnal dramﬁng el ectrodes respectively, and pol arizing

the sintered

body t hroughahBe64 respectively, whereby the plezoelectrlc ceramic body

62 is polarized along arrows A to F in Fig. 6. Slnce the

first to third internal electrodes 65 to 67 are formed on

5 the intermediate vertical positiOn of the piezoelectric

ceramic body 62 and the first and second signal drawing

electrodes 63 and 64 are formed on the upper and lower

surfaces thereof respectivély, the piezoelectric ceramic

body 62 can bé polarized in the aforementioned manner after

10  formation of these electrodes 63 to 67. Thus, no

depolarization results from formation of the electrodes 63

to 67, which can be formed on the piezoelectric ceramic body

62 in advance of the polarization.

Frame bodies 68 and 69 are fixed to the upper énd lower

15 surfaces of the piezoelectric ceramic body 62 réspectively.

Each of the frame bodies 68 and 69 is made of insulating

ceramics or synthetic resin, and has a flat plate

portion

and a pair of fixed portions which are provided on both ends

of the flat plate portion. The frame bodies 68 and 69 are

20 fixed to the piezoelectric ceramic body 62 at the

pairs of

fixed portions respectively By adhesives or the 1like.

In the piezoelectric element 61 according to

this

embodiment, external electrodes 70 and 71 are formed on a

pair of side surfaces of a structural body which is formed

25 by bonding the frame bodies 68 and 69 to the piezoelectric
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first and second signal draw ng electrodes and the first to third internal

el ectrodes’ so that -the first and third portions and the secdmhil SRéefids B0, g

along the longitudinal direction of the sintered body are opp ' cplaced
polarized in its thickness direction. On the other hand, the leNH I-
conprises the steps of preparing first and second piezoel ectri

plates in the formof fired rectangul ar plates, applying conductive paste
to first to third portions along |ongitudinal directions on single surfaces
of the first and

"ceramic body 62. The external electrodes 70 and 71 can be
formed by a proper electrode forming method. These external
electrodes 70 and 71 are electricelly connected to the first

and second signal draWing electrodes 63 and 64 respectively.

Y}

The first and second signal drawing electrodes 63 and
.64 are formed by applying and baking conductive paste, as
-thiek fiims. Thﬁs, electrical connection states between the
first and second eignal drawing electrodes 63 and 64 and the
exfernal,electrodes 70 and 71 are stably'meintained.
10 Only the first and second signal drawing electrodes 63
and 64 eonsisting of single layers are formed on the upper
and lower surfaces of the piezoelectric ceramic body 62.
Therefore, a step of forming electrodes on the upper and
lower eurfaces of the piezoelectric ceramic body 62 can be
15 simplified as compared with the first embodiment.

An exemplary method of manufacturing the piezoelectric
element 61 is now described with reference to Figs. 7A to 7C
and 8A and BB;

The'following description is made on steps of obtaining

20 | individual piezoelectric elements 61 from a mother
structurel body.

First, mother green sheets 81 and 82 for forming the
piezoelectric ceramic body 62 are prepared as shown in Fig.
7A. The green sheets 81 and 82 are mainly made of lead

25 zirconate titanate piezoelectric ceramic powder
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REPLACENENT SHEET Date 28 DEC 1995 - 15 second plezoelectrlc cer
respect :‘E_e_l y for forming first to third internal electrode ﬁﬁﬁmlriim

applying conductive paste to surfaces of the first and seco

ceram c plates opposite to those provided with the |nternal

patterns for formng first and second signal draw ng el ectrode patterns
respectively, heating the first and second piezoelectric ceramc pl ates
t hereby baking the internal electrode patterns and the signal draw ng
el ectrode patterns for forming first to third internal electrodes and

si gnal dra“‘{&%ﬁé&££&8ﬂ§§’ Pﬂéééiﬁfggntgﬁeets 81 and 82, which are

prepared for forming a number of piezoelectric ceramic

bodies 62 respectiVely, have shapes and sizes gathering thé
piezoelectric ceramic bodies 62 in the form of matrices. It

5 is pointed out that a region corresponding to a single |
piezoelectric cefaﬁic body 62 corresponds to a portion
enclosed with phantom lines X and Y in'Fig..7A.

Conductive paste containing silver or silver-palladium
alloy powder is applied to an upper surface of the green

L0 sheet 81 by screen printing or the like and dried at a |
temperature of about'lOO;C, thereby forming first to thifd.
internal electrode patterns 83 to 85. The internal |
electrode patterns 83 to 85 extend in the form of strips,
perpendicularly to the plane of the figure.

15 Then, the green sheet 82 is stacked on the green sheet
81 as shown in Fig. 7B, and fired at a temperature of about
1000°C. Due to this.firing, the green sheets 81 and 82 are
iﬁtegrated with each other, to form a mother piezoelectric
ceramic body 86. At the same time, the internal electrode

20  patterns 83 to 85 are baked to form mother internal
electrodes 83 to 85 (these reference numerals are identical

' té those for the internal electrode patterns).
Then, first and second mother sighal drawing electrqdes
87 and 88 are formed on upper and lower surfaces of the

25 mother piezoelectric ceramic body 86 respectively, as shown
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—————
first "and second pi ezoel ectric ceramc plates through the si naI drawi ng

el ectrodes and the first to third internal electrodes so th fﬁwB&hR
third portions and the second portions of the plezoelectrlc

are oppositely polarized in thickness directions thereof,

surfaces, provided with the internal electrodes, of the flrst and secon
pi ezoel ectric ceramc plates provided with the first .to third interna

el ectrodes to each other thereby obtaining a piezoelectric elenent. The
pi ezoel ectric el enent according to the present invention is suitably

applied to A oF %' es@l | OPhd “FELS L85 SX80RECs1 Sfrcg{gﬁ%aﬁgféfgc&?éégt

invention an accel eratl on sensor enproyln or enent i oned
87 and 88 are formed by applying conductive paste containing

silver or silver-palladium alloy poWder by screen printing
or the like, drying the same at a temperature of about 100°C

.5 , and further baking the same at a temperaturé of about 800°
C.

Then, the mother piezoelectric ceramic body 86 is
polarized. This polarization is carried out by applying
relatively high voltages, relatively low voltages, and

10 intermediate Voltages to the mother internal electrodes 83
and 85, the mother internal electrodes 84, and fhe.first and
second signal.drawihg electrodes 87 and 88 respectiveiy.
Consequently, the piezoelectric ceramic body 86 is polarized
as shown by arrows A to F in Fig. 7C. Namely,

15 longitudinally extending first to third portions of the
piezoelectric ceramic body 86 are polarized similarly to.thé
piezoelectric ceramic body 62 shown in Fig. 6 in the
portions enclosed with the phantom lines X and Y.

Then, mother frame bodies 89 and 90 are fixed to upper

20 and lower pbrtiqns of the mother piezoelectric.ceramic body
86 respectively, as shown in Fig. BA. 'The mother frame
bodies 89 and 90 are made of insulating ceramics such és
alumina or synthétic resin. These mother frame bodies 89
and 90 are fixed td the mother piezoelectric ceramic body 86

25 through adhesives or the like.
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to the second REPLACEMENT SHEET Date 28 DEC 1995 - 16 -4

pi ezoélectric element is provided. In the piezoelectric eIeZ;\:\%gggFaTﬁﬁ“\“\\-

t he present

nme
to third internal electrodes are formed in the piezoelectric ' /
first and second signal drawi ng el ectrodes are arranged on outer sur

i nvention and the nethod of manufacturing the s

while the first to third portions are

10

...
I

Then, a mother laminate 91 éhown in Fig. 8A is cut
along the phantom lines X and Y in Fig. 8A in its thickness
diregtion, whereby a laminate 92 for an individual
piezoelectric element shown in Fig. 8B can be obtained. In
the laminate 92 for the individual piezoelectric eiement,
the aforementionéd:mother piezoelectric ceramic body 86 is
cut into the piezoelectric ceramic bbdy.ﬁz. Similarly, the
mother internal electrodes 83 to 85 are cut into the first

to third internal electrodes 65 to 67 respectively, while

the first and second mother signal drawing electrodes 87 and

88 are cut into the firét and second signal drawing

electrodes 63 and 64 reépectively. In addition, the mother

frame bodies 89 and 9O are cut into the frame bodies 68 and

69 respectively.

The piezoelectric element 61 shown in Fig. 6 can be
obtained by forming the external electrodeé 70 and 71 on a
pair of side surfaces of the aforemeptioned laminate 92
respectively.

The piezoelectric element 61 obtained in the

aforementioned manner can be employed as an acceleration

‘'sensor, for example, similarly to the first embodiment.

Namely, the piezoelectric element 61 can be applied to an
accelefation sensor as such, while it is alternatively
possible to form the piezoelectric'element 61 as an

acceleration sensor component by mounting the same on a
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pol arized through the first to third internal eléctrodes angskh&: 853 Renlaced
drawi ng el ectrodes. Therefore, it is not necessary to forma '

surface el ectrodes which are separated from each other on t%’l@mmﬂ‘uﬂ"

| ower surfaces of the piezoelectric body, and to execute pol

t hrough such separated first to third surface el ectrodes. Further, it is

not necessary to form connecting el ectrodes after conpletion of

pol ari zation, and hence it is not necessary to bring the signal draw ng

el ectrodes into two-layer structures either. Consequently, the step of
formng the

h el . wer_ surf aces, Qf the piezoelectri c 
body can be p?io%gi’ %ﬁ%ﬁf%‘% Z)Igepo r&?’[ﬁgé{l} or1san"1§ey lrrggauﬁa%?er'om heati ng when

signal draw ng  another exemplary method of manufacturing the

piezoelectric element 61 is now described with reference to
Figs. 9A to 9C.

5 The piezoelectric element 61 can be manufactured not
only by the aforementioned method, but by the following
method: |

Previously fired mother piezoelectric ceramic plates
101 and 102 which are in'the.forﬁ of rectangular plates are

10 first prepared as éhown.in Fig. 9A. Then, first to third
mother internal electrode patterns_lOZa to 104a and 102b to
104b are formed on single major surfaces of the
piezoeleétric ceramic plates 101 and 102 respectively.
These mother internal electrode patterns 102a to 104a and

15 102b to 104b are formed by applying conductive paste
containing silver or silverfpalladium alloj powder by screen
printing or the like and drying the same. .

Then, firsf and second mother signal dfawing electrode
patterns 105 and 106 are formed.on other surfaces of the
20. piezoelectric ceramic plates 101 and 102 respectively, as
'shown in Fig..QB. The first.and second signal drawing
electrode patterns 105 and 106 are formed by applying
conductive paste and drying_the same, similarly to the
above. Then, the internal electrode patterns 102a to 104b

25. and thé signal draWinguelectrode patterns 105 and 106 are
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el ectrodes of two-layer structures are formed by baking condHlfl:st've paste,
further,” such depol arization is not caused in the piezoelectr - n Replaced
according to the second wi de aspect of the present invention Jmn '
of manufacturing the sane. The foregoing and ot her objects, f

aspects and advantages of the present invention will becone nore

REPLACEMENT SHEET Date 28 DEC 1995 - 17 -

baked by heating,lto be completed as electrodes
respectively.
Further, the first piezoelectric ceramic plate 101 is
pelarized aloﬁg arrows D to F in Fig. 9B. This polarization
5 is carried out by applying relatively high voltages,
relatively low voltages, and intermediate voltages to the
internal electrode patterns 102b and 104b brovided on the
upper surface, the internal eleetrode patterns 103b, and the
eecond signal drawing electrodes 106 respectively. The
10 piezoeleetric ceramic body 102 is also polarized along
errows A to C in Fig. 9B. |
After the polarization, the piezoelectric ceramic
plates 101 and 102 are pasted to each other through
: thermosetting.adhesives, so that the interﬁal electrode
15 patterns 102a, 104a, 102b and 104b overlap with each other.
Thus,.a mother piezoelectric_ceramic body 107 is
obtained as ehown in Fig; 9C. This mother piezoelectric
ceramic body 107 is similar in structure to the mother
piezoelectric ceramic.body 86 shown in Fig. 7C. Therefore,
20 subsequent steps  can be carried'out along.those described
above with referenee to Figs. 8A and 8B, ﬁhereby the
piezeelectric element 61 shown in Fig. 6 can be obtained in
a similar manner to the above.
Although the present invention has been described and

25 illustrated in detail, it is clearly understood that the
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apparent fromthe follow ng detailed description of the pr esent | nventl on
when taken in conjunction with the acconpanying draw ngs.

OF THE DRAWNGS Fig. 1 'is a perspective V|eM/schenat|caIIy |I H

structure of a conventional piezoelectric elenment; Figs.

perspective views for illustrating a nmethod of nanufacturlng t he
conventional piezoelectric elenent, showi ng a nother piezoelectric ceranmc
body in a state provided with first to third surface el ectrodes on upper
and | ower surfaces respectively, in a polarized state, and in a state

provi ded wi téhnfé)m@cﬁl} %fl'c?ft{fﬂ?sstfmtéﬁ@lé'iample only and is not

to be taken by way of limitation, the spirit and scope of

the present invention being limited only by the terms of the

appended claims.

- 39 -



Figs.” 3A and 3B, which are adapted to illustrate the rrethod

manyf acturing the conventional piezoel ectric elenent, are muhmed
vi ew showi ng a not her structural body, and a perspect|ve V|ew

illustrating the structure [l" 1 lmmmol ezoel ectric ele

by cutting the nother strucﬂ m”m “nsl n Fig. 3A respectlvel Y; F| g.

is a perspective view showi ng* a i ézo8l ettr’ic el ement according to a first
enbodi nent of the present invention; Figs. 5A to 5C, which are adapted to
il lustrate another exenplary nethod of manufacturing the inventive

pi ezoel ectr ivﬁ{Aexl eﬂf'&r_’.z\ﬁ}iﬁ: aIé).erspect I ve view show ng a pair

1. A piezoelectric element cémprising:
.a piezoelectric body having first to third portions
5 along its longitudinal direction, and being so polarized
that said first to third portions and said second portion
are oppositely polarized along its thickness directién;
an internal electrode being formed in the interior of
said piezoelectric body to extend in said longitudinal
10 direction but not to reach both longitudinal ends; and
first and second signal drawing electrodes being formed
on'upper and lowef surfaces of said piezoelectric body'
respectively,
each said signal drawing'electrode having first to
15 third surface electrodes consisting of thick £ilms being
formed on said first to third éortions respectively and
- separated from each other in said longitudinal direction,
and a connecting electrode consisting of a thin film beihg
'formed to electrically connect said first to third surface
20 electrodes with each other and to aﬁ least partially cover

said first to third surface electrodes.

2. The piezoelectric element in accordance with claim
1, wherein regions being located above and under said

25 internal electrode are polarized in opposite directions in
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REPLACEVENT SHEET Date:2 8 DEC 1995 - 18 - of piezoelectric Sillﬁ),strat es
provided with internal electrodes and first to third surface &l

respectively, an expl oded perspective view showing the first a m

pi ezoel ectric substrates in BRI n‘mﬂﬂm and a perspectiv ﬂ/’
show ng the first and seconH Igmllm l: ] ubstrates provided with
connecting electrodes; Fig. 6 i% & pdrspective view showi ng a piezoelectric

10

15

20

each of said first to third portions.

3. The piezoelectric element in accordance with claim

1, wherein said connecting electrode is formed not to reach

both longitudinal ends of said piezoelectric body.

4. The piezoelectric element in accordance with claim
1 or 2, wherein said piezoelectric body is made of

piezoelectric ceramics.

5. An acceleration sensor employing the piezoelectric

element in accordance with claim 1.

6. A method of manufacturing a piezoelectric element,
comprising the steps of:

preparing a platé type piezoelectric body beihg
provided therein with an internal electrode to extend along
its longitudinal direction;

épélying conduCtive‘paéte to upper and lower surfaces
of said piezoelectric body in first to third portions of
said pieéoelectric body along said longitudinal direction
and baking the same thereby fofming first to third surface
électrodes respectively;

polarizing said piezoelectric body through said

internal electrode and said first to third surface

- 41 -

t &l EBeey

R

I

h&d

]



el ement according to a second enbodi nent of the. present mvent-hgsrghegt:HgsBeen? laced

to 7C, which are adapted to_illustratea—wnethod of nanufacturln
pi ezoel ectric el ement according to t errbodi nment, are si ﬂ nﬂl“‘l Il”
el evational views showi ng fi rﬁﬂ\ Mm m zoel ectric bodies

provided with first to third de patterns, a lamnate
obt ai ned by stacking the first® and second pi ezoel ectric bodies with each
other, and the lam nate provided with first and second signal draw ng

el ectrodes on i-ts upper and | ower surfaces respectively; Figs. 8A and 8B,

which are adapted to illustrate the netho f f
p|ezoelectrléPéF%ﬁEﬁPsaaé;Qﬁ £§ % on SS} uﬁB@%Jé%glfwdgiigH%faces of

said piezoelectric body so that said first and third
portions and said second pdrtion of said piezoelectric body
are oppositely poiarized in its thickness direction; and

5 forming first and second connecting electrodes for
electrically connecting said first to third surface
electrodes being formed on said upper and lower surfaces of.
said piezoelectric body with each other respectively by
sputtering to at least partially cover said first to third

10 surface electrodes respectively.

7. The method of manufacturing a piezoelectric element
in accordance with claim 6, wherein regions being located
above and under said internal electrode are polarized in

15 opposite directions in each of said first to third portions.

8. The method of manufactUring a piezoelectric element
in accordance with claim 6, wherein said step of preparing
said plate type piezoelectric body being provided with said

20 internal electrode is carried out by pasting a pair of
piezoelectric ceramic plates to each other through

‘interposition of said internal electrode therebetween.

- 9. A method of manufacturing a piezoelectric element,
25 . comprising the steps of:
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to _the‘ sqcond enmbodi nrent, are a side el evational view show ng' not her frane
bodi es which are fixed to the piezoelectric ceram c bodies, anﬁhaﬁma}hstmRWTmmd

structural body for an individual piezoelectric element which i :
froma REPLACENMENT SHEET"-'Def ﬁmﬁlﬁl 19 - nother stru
and Figs. 9A to 9C, which are m |IJ rate anot her method of

manuf acturing the piezoel ectric*el®enmént "acéorting

preparing a pair of piezoelectric ceramic plates;
forming internal electrodes on single major surfaces of
said piezoelectric plates to extend in longitudinal
directions thereof bﬁt not to reach both'longitudinal ends}
5 forming first to third surface electrodes consisting of
thick films on first to third poftions.of said piezoelectric
ceramic plates along said longitudinal directions on
surfaces béing opposite to those provided with said internal
electrodes by applying and baking conductive paste
10 respectively; |
polarizing said piezoelectric éeramic plates being
provided with said internal electrodes and said first to
third surface electrodes so that said first and third
portions and said second portioné are oppositely polarized
15 along thickness directions through said internal electrodes
and said first to third surface electrodes respectively:;
forming connecting electrodes coﬁsisting of thin films
on.said surfaces of said piezoelectric ceramic plates being
'provided with said first to third surface electrodes to
20 | electridally connect said first to third surface electrodes
with each other and to at least partially cover said first
to third surface electroqes respectively by sputtering;.and
pasting said surfaces, being provided with said
internal electrodes, of said pair of piezoelectric ceramic

25 plates being provided with said connecting electrodes to
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to the second enbodi ment, are an expl oded perspective vi ew for Ilustratl ng

fired first. and second piezo C plates which are lmmd
first to third internal electrod rfaces a side e
view show ng the first and secﬂ!ﬁm B‘W ceranic pl at es
provi ded with signal draw ng e ®eneé polarized, and a side

el evational view showing the first and second plezoelectrlc ceram c pl ates

whi ch are pasted to each ot her. DESCRI PTI ON OF THE PREFERRED ENMBODI MENTS

Fig. 4 is a perspective view for illustrating a piezoelectric elenent 21.

according to a fir nt of th r nv
g each g‘éheernbg nForEmJ?ngt ¥ :l?ezeosee.'[‘|ec*t:::'lc(:a r‘% c?y.

10. The method of manufacturing a piezoelectric
element in accordande with claim 9, wherein regions being
5. located above and under each said internal electrode are
polarized in opposite directions in each of said first to

third portions.

11. A piezqelectric element comprising:

10 ' é piezoelectric body having first to third portions
along its longitudinal.direction, and being so polarized
that said first and third portions énd said second portion
are oppositely polarized along its thickness direction;

first to third internal electrodes being formed in the

15 interior of said piezoelectric body to extend in said
longitudinal direction in said first to third portions while
being separated from each other; and

first and second signal.drawing electrodes being formed
on upper and lower surfaces of said piezoelectric body

20 respectively.

12. The piezoelectric element in accordance with claim
11, wherein regions being located above and under each said
internal electrode are polarized in opposite directions in

25 each of said first to third portions.
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The piezoelectric elenment 21 is forned by a rectangul ar plate type

plezoelectrlc_ceran1c body 22. F|rsf—T?TTTT*Trsmw+aee_electro h“m
25 ar.e forned on an upper surface Of’ﬂlﬂﬂ I Cc ceram c l |
first to third surface el ectrodes 23 @"ﬁ'@ﬂm i n p03|t

es

to those-of the first to third surfacé efect o 5 of th

conventional piezoelectric elenent 1 shown in Fig. 1. On a Iomer surface of
t he piezoelectric body 22, further, first to third surface el ectrodes 27 to
29 are - REPLACEMENT  SHEET . '

.13. The piezoelectric element in accordance with claim

11, wherein said piezoelectric body is made of piezqelectric

ceramics.

5 14. An acceleration sensor employing the piezoelectric

element in accordance with claim 11.

'15. A method df manufacturing a piezoeléctric element,
comprising the steps of:
10 preparing rectangular plate shaped first énd second
green sheets containing piezoelectric ceramics;
applying conductive paste to a single surface of said
first green sheet in first to third portions along'its
longitudinal direction, for forming fifst to third internal .
15 electrode patterns respectively;
stacking said second green sheet.on said surféce of
said first green sheet being provided with said first to
third internal electrode patterns, for obtaining a laminaté
sheet;

20 firing said laminate sheef thereby integrally firing
said ceramics and said first to third internal electrodes
for obtaining a sintered body:;

forming first and second signal drawing electrodes by

applying conductive paste to upper and lower surfaces of

t9
[

said sintered body and baking the same; and -
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Dat e ;28.DEC 1995 - 20 - forned to be_sepafated from each other The first
to third-surface el ectrodes 27 tD\Qg\aLg\ig%g§E¥L£QPOSItlOns SI eﬂiBBamReh
t hose of the first to third surf‘a@#@mctro 9 of the con ﬂ”’”i’r

pi ezoel ectric element 1 shown in to this enbod
of the first to third surface ele JZﬂiand 27 to 29 are forne
aste. I'n this point, the

as thick filnms by applying and baki ng condticts
first to third surface electrodes 23 to 25 and 27 to 29 are different from
the surface electrodes 3 to 5 and 7 to 9 shown in Fig. 1. According to th|s

enbodi nent, further, a connecthg
: polar1z1ng sai sintered body through sa1d first and

second signal drawing electrodes and said first to third
internal electrodes so that said first-and third portiohs
and said second portion.of said sintéred body along its

5 | longitudinal direction are oppositely polarized along its

thickness direction.

16. The method of manufacturing a piezoelectric
element in accordance with claim 15, wherein regions being
10 - located above and under each said internal electrode are

polarized in opposite directions in each of said first to

third portions.

17. A method of manufacturing a piezoelectric element,
15 comprising the steps of:
preparing fired rectangular firsf and second
' piezoelectric ceramic plates:;
applying conductive paste to first to third poftions
along longitudinal directions on single surfacés of said
20 first and second piezoelectric'ceramic plates thereby
forming first to third internal eleétrode'patterns
respectively:
applying conductive paste to surfaces of said first and
second piézoelectric ceramic plates being opposite to those

25 provided with said internal electrode patterns, for forming
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electrode 26 is formed on the upper surface of the plezoelectrlc ceramc
body 22, “to connect the first_to third-surface el ectrodes 23 t%lszﬁeemdsheenRgplaced

each*ot her while at |east partlall e first to third

el ectrodes 23 to 25. A signal “ﬂ is formed by t;”mmugw, "I
el ectrode 26 and the first to *ectrodes 23 to 2

anot her connecting el ectrode. 30 |s also forned on the | ower surface of the

pi ezoel ectric ceram c body 22, to electrically connect the first to third

surface electrodes 27 to 29 with each other. A lower signal draw ng
el ectrode is formed by the connect| n%d_el ectrode 30 d the surface

el ectrodes 2figgtogn OGS ff QB PRETEFSd 30 have

respectively;
heating said first and second piezoelectric ceramic
plates thereby baking said internal electrode patterns and
5 said signal drawing electrode patterns, for forming first to
third internal electrodes and signal drawing electrodes
respectively;
polarizing said first and second piezoelectric'ceramic
plates through said signal drawing electrodes and said flrst
10 to third internal electrodes so that said first and third
portions and said second pertions of said piezoelectric
ceramic plates are oppositely polarized in thickness
directions; and
pasting said surfaces, being provided with said
15 internal electrodes, of said first and second piezoelectric
ceramic plates being provided with said first te third
internal electrodes to each other, thereby obtaining a

piezoelectric element.

20 18. The method of manufacturing a piezoelectric
element in aecordance with claim 17, wherein regions being
located above and under each said internal electrode are
polarized in opposite directions in each of said first to

third portions.

[x]
Lh
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functitons which are substantially simlar to those of the REPLACENVENT
SHEET Date .28 DEC 1995 - 21 - connecting el ectrodes 6 and 10 pﬁp%%d I_n

t he piezoelectric elenent 1 shown in Fig. 1. According to this efi en Replace
however, the connecting el ectrodes 26 and 30 are fornmed as thin" ll ”il
thin filmformng nmethod such as sputtering, dissimlarly to the

el ectrodes 6 and 10 shown in Fig. 1

ABSTRACT OF THE DISCLOSURE
In a piezoelectric element (21), an internal electrode
(31) is embedded in é piezoelectric ceramic body (22) to
extend in its longitudinal direction, first to third surface
5 electrodes (23 to 25, 27 to 29) are formed on upper and
lower surfaces of the piezoelectrié ceramic body (22) in
first to third portions élong the longitudinal direction,
connecting electrodes (26, 30) are formed to connect the
first to third surface electrodes (23,to 25, 27 to 29) with
10 each other, the first to third portions are éo polarized
that the second portion is oppoéitely polarized to the first
to third portions, and regions located above and under the
internal electrode are polarized in opposite directions in
the respective ones of the first to third portions.

15
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In other points, .the piezoelectric element 21 is simlar to the

pi ezoel eetric element 1 shown in Fig. - 1. Nanely, the first- HIBShdetHastdﬁ
el ectrodes 23 to 25 as well as 27 to 29 are fornmed in first

portions along the longitudinal direction of the plezoelectrl

22 respectively. The first to third portions of the plezoelectrlc

body 22 are divided by boundaries G and H Nanely, the first to th|rd
portions are |l ocated on the |left side of the boundary G between the
boundaries G and H, and on the right side of the boundary H respectively.
Further, a longitudinally internal electrode 31 is fornmed in the

pi ezoel ectric ceram c body 22. This internal electrode 31 is fornmed to
extend in the | ongitudinal direction, but

FIG.1 PRIOR ART
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not to reach both |ongitudinal ends.. Thus, the internal electrode 31 is not
exposed on both end surfaces of the pi ezoel ectric ceram c body TRiZShebtMal B Replaceg
t he piezoelectric ceramic body 22 is polarized in the first to t
portions, as shown by arrows Ato Cand D to Fin Fig. 4. In ad mm ’, ["l

pi ezoel ectric ceram c body regions 22A and 22B REPLACEMENT SH

DEC 1995 -22 - which are | ocated above and under the internal electrode 11

FIG.2A |
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third portions. In each of the piezoelectric ceranc body re

respectively are polarized in opposite directions in'each of .he first to
~ i & @E#Haaﬂdane laced
22B, "further, the second portion and the first and third portjio uum&,i

pol ari zed in opposite directions. Frame bodies 32 and 33 are fi

and | ower portions of the piezoelectric ceramc body 22 respectively.
frame bodies 32 and 33 are nade of insulating ceramcs such as alumna or
an insulating material such as synthetic resin. Each of the frame bodies
32 and 33 has a flat plate portion and a pair of fixed portions extending
fromboth ends of the flat plate portion toward the pi-ezoelectric ceramc
body 22. Each of the frame bodies 32 and 33 is

FIG. 3A
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bonded to the upper or |ower surface of the piezoelectric ceram c body 22

at the pair of fixed portions. In the piezoelectric el enent Thlsﬂl)eéte{amaéenRe placed
el ectrodes 34 and 35 are formed on both side surfaces of a.st

which is fornmed by fixing the frane bodies 32 and 33 to the uup mﬂm
portions of the piezoelectric ceramc body 22 respectively. t

pi ezoel ectric elenent 21, the signal draw ng el ectrode mhich |s forned on

t he upper surface of the pi-ezoelectric ceramc body 2 is electrically
connected with -the external electrode 34 at the surface el ectrode 23.

FIG. 4
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REPLACGEMENT SHEET - 23 - Simlarly, the third surface electroq%m%g
electrically connected with the external electrode 35 in the SI ‘mﬁd
el ectrode which i.s formed on the | ower surface. In this case, ” ,ﬂ
el ectrical connection states bétween the surface el ectrodes 32

the external electrodes 34 and 35 are stably maintai ned since the surface

el ectrodes 23 and 29 are fornmed by thick filns as descri bed above. The

pi ezoel ectric elenment 21 can be applied to an accel eration sensor in the

state shown in Fig. 4, for exanple, while the sane can alternatively be

nounted on a
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substsate (not shown) or a case (not shown) for formng a conponent which

is provi-ded in an accel eration sensor. A nethod of manufact ufii e¢t i@s Been Replaced
pi ezoel ectric el ement 21 shown in Fig. 4 is now described wt

Figs. 2A to 2C and 3A and 3B, which have been enpl oyed for il

conventional nethod. Wile reference nuneral s appearing in Figs.

and 3A and 3B correspond to the respective parts of the piezoelectric

elenment 1 shown in Fig. 1, the piezoelectric elenment 21 according to the
enbodi ment shown in Fig. 4, which is simlar in structure to the

pi ezoel ectric elenent 1 except the signal draw ng el ectrodes, is described
wth reference to these figures. _
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In ofder to manufacture the piezoelectric elenment 21 according to this
enbodi nent, a not her piezoelectric ceramc REPLACENMENT SHEEJSHQ&?T}ﬁsBeenK laced
DEC. 1995 - 24 - body is first prepared from piezoel ectric cer [F T
‘lead zirconate titanate piezoelectric ceramcs. This pi ezoel-e?ME&uwﬁm %l’
body is prepared simlarly to the piezoelectric ceram c body -

Fig. 2A, so that a plurality of strip internal electrodes are forned
t herein. -
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Suchya piezoelectric ceramc body is obtained by a nethod of, printing the
i nternal el ectrodes on one surface of a mother green sheet, 4Snﬁ§$ﬁbéagasBeenRe laced
anot.her nother green sheet thereon and firing the sane, or

formng the internal electrodes on a previously fired not herigl i
ceram c plate and pasting another fired piezoelectric ceramc

thereto. Further, conductive paste containing silver or silver- pall adl um
all oy powder is prepared for formng first to third surface el ectrodes on
upper and | ower surfaces of the nother piezoelectric-ceramc body by the
conductive paste. The first to third surface electrodes are forned in the

sanme positions as the first to third surface electrodes 3 to 5
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and

t he conducti ve paste,

err] Thus, the first to th

2to 9 of the conventional piezoelectric element 1 shown in Fig. 2B.

The surface el ectrodes of the conductive paste can be forned bYhin
drying the sanme, and thereafter baking th
ird surface ele
to 25 and 27 to 29 of thick fllns havi ng t hi cknesses of about

tenperature of about [
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10 [err]mdre formed in this enbodi ment. The |ead zirconate tiuﬁﬂ@ e VN
pi ezoel ectrig. ceram cs has a Curie point of about [err] Howev REEMENTSHEET
pol-ari zati oust+ s¥: perfor med in advance of the step of formng t 1ga@q_r,f2a8eDEC '95
el ectrodes 23 to.25 and 27 to 29. Therefore, no depol ari zati ES—gaUS B Ty
such formation of the surface electrodes 23 to 25 and 27 to 29. Then, the

not her pi ezoelectric ceranmc body is polarized through the internal

el ectrodes and the first to third surface -ejectrodes. In this case, the

pol ari zati on can be performed by applying Tefatively high vol tages,

relatively | t dlate vol tages to the second surface
el ectrodes provi é?@eﬁf%%e%@#@;port lons, the first and third surface

el ectrodes prOV'd%%eibéfgaéflanlement and Method of Manufacturing the

e

Same
BACKGROUND OF_THE INVENTION
Field of the Invention

The present invention relates to a piezoelectric

element and a method of manufacturing the same, and more
)'”ﬁéfficularly, it relates to a bimorph piezoelectric element

which is suitably employed for forming an acceleration

sensor and a method of manufacturing the same.

Description of.the Background Art

In general, a sensor utilizing a piezoelectric element
is known es an acceleration sensor which is employed for
detecting impaét or the like. With_reference to Fig. 1, an
exemplary piezoelectric element 1 of this type is now
described.

The piezoelectric element 1 hes a plate type
piezoelectric ceramic body 2. First to third surface
electrodes_S to 5 are formed on an upper surface of the .
piezoelectric ceramic body 2 by a thin film formin§ method
such as sputtering, at longitudinal intervals along the
piezoelectric ceramic body 2. Further, a first'éonnecting
electrode 6 is formed on the upper surface of-Phe
piezoelectric ceramic body 2, for eleetfically_connecting

the first to third surface electrodes 3 to 5 with each
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and third portions, and the internal electrodes respectively.
not her piezqel ectric ceram c body can be polarized simlarly | REPhACEMENT SHEET
pi ezoel ect Wi ¢, cBrami ¢ body 16 shown in Fig. 2B, which is poladfized az}ghmm
by arrows Ato Cand Dto F. Then, connecting el ectrodes are |f Oeieed

-----------------

upper and | ower surfaces of the-nDther pie;g-lectric ceram c Dody
respectively in positions simlar to those the connecting el ectrodes 6
and 10 shown in Fig. 2C. According to this enbodi ment, however, the
connecting el ectrodes are forned by sputtering. hbnely, t he connectlng

el ect rodes argfar med, by; SPUtL ALLD0 dOARIng fOf XA B1s OuthSa UBPoEnand

| ower
first to third surface electrodes 3 to 5 and the first

connecting electrode 6.

On the other hand, first to third surface electrodes 7
to 9 are formed on a lower surface of the piezoelectric
ceramic body 2 in first to third portions thereof
respectively by a thin film forming method, and a second
connecting electrode 10 is formed to at least pértially
cover the first to third surface electrodes 7 to 9, for
_eléctpically connecting the same with each other. A second
signal drawing electrodé is formed by the first to third
surface electrodes 7 to 9 and the second connecting'
electrodé-lo.

The piezoelectfic ceramic body 2 has a longitudinally
extegding internal electrode 11 in an intermediate vertical
position. As shown in Fig. 1, the internal electrode 11l is
formed not to reach both longitudinal ends of the
piezoelectric ceramic body 2. |

| The interior of the piezoelectric ceramic body 2 is
polarized as follows: 1In a piezoelectric ceramic body
region ZA which is located above the portion provided with
the internal electrode 11, the second porfion is downwardly
polarized as shown by arrow B while the first and third

portions are upwardly polarized as shown by arrows A and C

respectively. In a piezoelectric ceramic body region 2B



REPLACEMENT SHEET 28 DEC 1995 Date : - 26 - surfaces of the iﬁéﬁfiéﬁﬁéNfSHEET
ceram c bodx, to cover the first to third surface el ectrodes. [[These ' :
connecting=el ecfrodes finally define the connecting el ectrode§ g eanfi 80DEC 1995

-----------------------------

shown in Fig. 4. The netal material for forming the connectin
I's not restricted to the Monel, which is a nickel-copper alloy, but may
alternatively be prepared from .

-3-
which is located under the internal electrode 11, on the
other hand, the first to third portions are polarized
oppositely to those of the piezoelectric ceramic body region
2A which is located above the internal electrode 11, as
shown by arrows D,.E and F respectively. In other words,
the upper and lower piezoelectric ceramic body regions 2A
and 2B are polarized in opposite directions in each of the
first to third portions. In each of the respective
piezbelectric ceramic body regions 2A and 2B, the second
portion ahd thé first and third portions are polarized in
opposite directions.

On tye upper surface of the piezoelectric ceramic body
2, the first surface electrode 3 is formed to reach a side
edge of the piezoelectric ceramic body 2, whereby an end of
the first signal drawing electrode which is formed on the
upper surface reaches this side surface of the piezoelectric
ceramic body 2. On the lower surface of the piezoelectric
ceramic body 2, on the other hand, the third surface
electrode 9 is also formed to reach another side edge of the
piezoelectric ceramic body 2, whereby the second signal |
drawing electrode which is formed on the lowér surféce
reaches this side edge of the piezoelectric ceramic body 2.

Broken lines G and H show the boundaries between the
first to third portions of the piezoelectric ceramic body 2

respectively. The first, second and third portions are



ni ckel or silver. The tenperature of the piezoelectric cer "hEpL SHEET
about 100-to [err] I n the aforenentioned sputtering. Thus, tihe tenB %ﬁ&{

of the plezoelectrlc ceram ¢ body in the sputtering is | ove

point of the lead zirconate titanate piezoel ectric ceramcs o 0 i o Y=

pi ezoel ectric ceram c body, to result in no depolarization. Then, after
signal drawi ng el ectrodes are defined by formng the first to thrrd surface
el ectrodes and the connecting el ectrodes DAt he upper and |ower surfaces of
t he nDther plezoelectrlc ceram ¢ body respectively in the aforenmentioned

manner , ,poeragslﬁfe £ 38 £ Thie "B litdaty 26F HoLkESn CoRe PE

prepared fronlt se aving t
boundaries G and H, and on the right side of the boundary H

respectively.

The piezoelectric ceramic body 2 is held by frame
bodies 12 and 13 which are arranged on uppef and lower
portions thereof respectively. Each of the frame bodies 12
and 13 is made of insulating ceramics such as alumina or
another material having rigidity, and has a flat plate
portion and a pair of fixed pertions extending toward the
piezoelectric ceramic body 2 from both ends of the flat
plate portion; The frame body 12 is fixed to the upper
surface of the bieZoelectric ceramic body 2 at forward ends
of the péir of fixed portions. Similarly, the frame body 13
is fixed to the lower surface of the piezoelectric ceramic
body 2 at forward ends of the bair of fixed portions.

The pieeoelectric element 1 has such a structure that
the frame bodies 12 and 13"ere fixed to the upper and lower
'portions of the piezoelectric eeramic bodj 2. Extefnal
electrodes 14 and 15 are formed on both side surfaces of
this structure. The external electrode 14 is electrically
connected to the signal drawing electrode which is formed on
the upper surface of the piezoelectric body 2, i.e., the

 first surface electrode 3; in more concrete terms. On the
other hand, the external electrode 15 is electrically

connected to the signal drawing electrode which is formed .n



sanme structures as the franme bodies 17 and 18 shown in Fig.

along lines corresponding to the phantomlines X, Y and Z s
REPLACEMENT SHEET Date ..28 DEC 1995 27 3A. Each structural b
in this manner corresponds to a structure, which is not yet p

._'5_

REPEAGENENT sHEET

structural bodies for individual pi ezoel ectric el ements can|be obtai ne
cutting & nother structural body obtained in the aforenenti ngﬂeqéhﬁeDEC

ody obt ai ned
rovided with

the loWer surface of the piezoelectric ceramic body 2, i.e.,

the third surface electrode 9, in more concrete terms.

When this piezdelectric element 1 is employed as an

acceleration sensor, the following action is attai

acceleration acts on the piezoelectric element 1,

ned: When

respective

central portions of the piezoelectric ceramic body regions

2A and 2B forming the piezoelectric ceramic body 2,

the éecond portions, and the first and third porti

i.e.,

ons are

deformed in opposite directions by action of inertial force.

In this casé, the second portions and the first and third

portions are subjected to tensile force or compressive

stress resulting from the aforementioned deformati

on. When

the centfal second portions are subjected to tensile stress,

for example, the first and third portions are sﬁbj

ected to

compressive stress. On the other hand, the second portions

and the first and third portions are polarized in

opposite

directioﬁs. Therefore, the quantity of electric charges

generated in the overall piezoelectric ceramic body 2 is

extremely increased due to contribdtion by those of electric

charges generated by the stress in the second portions and

the first and third portions. Thus, it is possibl

an acceleration sensor having excellent detection

e to form

sensitivity.

A method of manufacturing the piezoelectric element |

shown in Fig. 1 is now described with reference to Figs. .'A

to 2C and 3A and 3B. This method is adapted to obtain t:..-




the external electrodes 34 and 35, in the piezoelectric ele
Fig. 4. Then,_the piezoelectric el enent 21pcan be obtained b Jﬁ#FEM%%¥$QEET
ext ernal ¥el ectrodes 34 and 35 shown in Fig. 4 by athin fil ijgn
such as sputtering or plating. In the piezoelectric el ement
el ectrodes 23 and 29 consist of thick filns, whereby electrical connection
states between the surface el ectrodes 23 and 29 and the external electrodes
34 -and 35 can be stabilized. Wile the Péstangular pl ate type nother

pi ezoel ectric ceram ¢ body having previously enbedded internal electrodes

is enpl Oyed%i%éé'ﬁ.ééﬂs TENLhEReh TBAGRK, 14 P11 CEOEESR! &1 fiotheFeN! 2}

according t rst e ment can al so
piezoelectric ceramic body material, and hence ranges

corresponding to individual piezoelectric elements are
divided by phantom lines X, Y and Z in Figs. 2A to 2C and 3A
and SB; |

First, a mother piezoelecfric ceramic body 16 which is
in the form of én'elongatéd plate is prepafed as shown in

"..-Fig. 2A. Internal electrodes 11 are formed in the
piezoelectric ceramic body 16 on its intermediate vertical
position, to extend in the longitudinal direction. While a
plurality of internal electrodes 11 are formed in Fig. 2A,
each 1nterna1 electrode 11 is provided in the finally
obtalned plezoelectrlc element 1 shown in Fig. 1.

The mother piezoelectric ceramic body 16 is divided
into upper and lower piezoelectric éeramic body regions 16A
and 16B through the portion provided with the aforementioned

internal electrodes 11.

Oon an upper surface of the piezoelectric ceramic body

16, a plurality of sets of first to third surface electrodes
_3 to 5 are formed longitudinally along the piezoelectric
ceramic body 16. |

On a lower surface of the piezoelectric ceramic body
16, a plurality of sets_of first to third surface electrodes
7 to 9 are similarly formed along thellongitudinal

direction. The first to thifd surface electrodes 3 to 5 and



manuf actured by the follow ng nmethod: First, a first nother Iéﬁ% B ECtT ¢
ceramic plate 41 which is provided with a plurality of nothe ENT SHEET
el ectrodes 31f on one surface and a second not her piezoel ectri gerag}ﬁ BEC 1995

plate 42 which is also provided with nmother internal el ectrdde€S31-br*one*"-

surface are prepared as shown in Fig. 5A. First to third surface el ectrodes
23 to 25 and 27 to 29 are fornmed by conductive paste containing silver or
silver-pall adium-on surfaces of the piezoelectric ceran1c pl ates 41 and 42

whi ch are opposite to those -7-
7 to 9 are formed to be positioned in the aforementloned

first to third portions respectively.

Then, polérization is cafried out through the internal
electrodes 11 and the first to third surface electrodes 3 to
5 and 7 to 9. Namely, relatively high voltages, relative;y
low voltages, and intermediate voltages are applied to the
second surface electrodes 4 and 8, the first_and third
surface electrodes 3, 5, 7 and 9, and the interﬂal
.eledtrodes 11 respectively, thereby poiarizing the
respective piezoelectric ceramic body regions 16A and 16B as
shown by arrows A to C and D to F in Fig. 2B.

Then first and second connecting electrodes 6 and 10
are stacked/formed on the first to third.surface electrodes
3 to 5 and 7 to 9 respectively in the individual
piezoelectric element portions, as shown in Fig. 2C.

Then, mother frame bodies 17 and 18 are pasted to and
‘integrated with upper and lower portions of the
piezoelectric ceramic body 16 respectively by adhesives, as
shown in Fig. 3A. Further, the structure shown in Fig. 3A
is cut along two-dot chain iines X, Y and Z to obtain
1nd1v1dual plezoelectrlc elements 1, thereby obtaining a
structural body 19 shown in Fig. 3B. The.signal drawing
electrode:which is formed on the upper surface of the
piezoelectric ceramic body 2, i.e., the first surface

electrode 3 in more concrete terms, is exposed on one side



REPLACEMENT SHEET Date : 28 DEC 1995 - 28 - provided wt

e Tt er nar——
el ectrodes 31 respectively. These surface el ectrodes 23 to 2 BRRLAGEMEND §HEET

are formed by! printing and baki ng the conductive paste, whil he <DEC
conductive paste is baked by heating the same to a tenperatu eéﬁ?ﬁg%éhf -------- Eﬁﬁn

800C, simlarly to the aforenenti oned nethod. The first to third surface
el ectrodes 23 to 25 and 27 to 29 are forned in portions corresponding to
first to third portions of piezoel ectrit8ceranic bodies for formng

i ndi vi dual piezoelectric elenments respectively.

surface of the structural body 19 obtained in the
aforementioned hanner. Similarly, an end of another signal .
drawing electréde, i.e., the third surface electrode 9 in
more concrete terms, is exposed on anothe: side surface of
the piezoelectric ceramic body 2. The external electrodes
14 and 15 shown in Fig. 1 are formed on these side éurfaces,
so that the respective signal drawing electrodes are
electrically connected with the external electrodes 14 and
15 for obtaining the piezoelectrié element 1.

However, the éforementioned method of manufacturing the
piezoelectric element 1 has the following problems: The
thicknesses of the first to third mother surface electrodes
3 to 5 anﬁ 7 to 9 which are formed on the upper and lower
surfaces of the mother piezoelectric ceramic body 16 may be

. reduced depending on the forming conditions. When the
thicknesses of the surface eleétrodes 3 to 5 and 7 to 9 are
reduced, eledtrical connection between the external
electrodes 14 and 15 and the surface electrodes 3 and 9,
i.e., electrical connection between the external electrodes
14 and 15 and the resbective signal drawing electrodeé, may
be instabilized.

When the connecting electrodes 6 and 10 are formed by a
method of 5creen-printing conductive paste and baking the |
same, further, depolarization is caused in the piezoelectric

"ceramic body 16 by heat which is applied in baking. When

.|



Then, the internal electrodes 31 and the surface el ectrodes 2BRES) 26r@Rl- 27 ==
to 29 are enployed to polarize the first and second piezoel e t?FgLﬁgﬁgﬁggéaEET‘
pl ates 41 and 42 respectively. This polarization is perforneq b aﬂoﬂyﬂf@ 1935
relatively high voltages, relatively | ow vol tages, and inter beeiate e
voltages to the second surface el ectrodes 24, the first and third surface
el ectrodes 23 and 25, and the internal electrodes 31 in the piezoelectric
ceramic plate 41 respectively as shomm'lﬁiFig. 5B, whereby the second
pO{tipnsdapF pol ari zed along arrows B and the first and third portions are
pol ari zed a r . . ' ' ' QG J4i am c
Dlate a1, Siasns dsbtieldatio BPRAINA Y ddtdoadl PRI 2

e second portions dre po al'ong arrows E
reduced in the obtained acceleration sensor. Thus, the non-

defective rate as well as mass productivity of the
acceleration sensor are disadvantageously reduced.
SUMMARY OF THE INVENTION

In order to solve the aforementioned problems of the
piezoelectric element and the method of mahufacturing fhe
same, an object of the present invention is to provide a
piezoelectric element which can stabili;e an electrical
connection state between a signal drawing electrode pro#ided

.thereon and an external eiectrode while hardly causing
depolarization in a piezoelecfric ceramic body, and a method
of manufaéturing the piezoelectric element.

| According to a wide aspect of the present invention,

- provided is a piezoelectric element comprising a
piezoelectric body_having'first to third portions along its
longitudinal direction so that the first and third portions
and the second portion are oppositely_polarized along its
thickness direction, an internal electrode which is formed
in the interior of the piczoelectric body to extend in the
longitudinal direction but not to reach both longitudinal
ends, and first and second :signal drawing electrodes which
are formed on upper and lower surfaces of the piezoelectric
body respectively. The first and second signal drawing '

electrodes have first to third surface electrodes consist::.j



and the first and third portions are polarized along arrows F
respectively in the second ceramc plate 42. - REPLACEMENT S

.28 DEC 1995 £ 29 - Then, connecting el ectrodes 26 and 30 ar
sputtering. Thereafter the first and second not her piezoel ect

FUEPIACEMENT SHEET

and 42 are pasted to each other so that the internal electrodes 31 thereof

overlap with each other. The
...10._

—

of thick films which are formed on the first to third

portions respectively to be separated from each other along

the longitudinal direction, and connecting electrodes

consisting of thin films which are formed to electrically

connect the first to third surface electrodes with each

other while at least partially covering the first to third

surface electrodes.

‘The connecting electrodes can be formed not to reach

both longitudinal ends of the piezoelectric body.

The

piezoelectric body is preferably made of piezoelectric

" ceramics.

According to a certain specific aspect of the present

invention, the aforementioned piezoelectric element can be

‘manufactured through steps of preparing a plate’ type

piezoelectric body which is provided therein with an

internal electrode to extend along its longitudinal

direction, applying conductive paste to upper and lower

surfaces of the piezoelectric body in first to third

portions of the piezoelectric body along the longitudinal

direction and baking the same thereby forming first to thi:d

surface electrodes respectively, polarizing the

piezoelectric body through the internal electrode and the

first to third surface electrodes provided on the upper and

lower surfaces of the piezoelectric body respectively so

that the first and third portions and the second portion :



not her ceram c plates 41 and 42 can be pasted to each other fh

adhesive_to obtgin a structure which is simlar to that of t eﬁEH MENT SHEET
pi ezoel ettric’el ement 21 according to t he enbodi nent shown i
t he piezoelectric elenment 21 can be obtained by formng the _
el ectrodes 34 and 35 (see Fig. 4) by a proper nethod. 1n the piezoelectrl
el ement 21 according to the first embodinent, as herei nabove described, the
first to third surface electrodes 23 te 2% and 27 to 29 are formed by thick
films, whereby electrical connection between the external electrodes 34 and
35 and t he fhd Yicuvsblditrsic BAdHF Bl Sgosiete B3 poithr &anipe epsured. In
the manufacturing steps, further, the polarization is perforned after

thickness direction, and forming first and second connecting

.....
.......................

electrodes for electrically connecting the first to third
surface electrodes which are formed on the upper and lower
surfaces of the piezoelectric body respectively with each
other by sputtering, to at léast partially cover thé'firsﬁ
to third surface electrodes réspectively. In this case, the

.. gtep of preparing the plate type piezoelectrié body provided
with the internal electrode is carried out by pasting a pair
of piezoélectric ceramic plates to each other through
interposition of the interpal electrode therebetween, fof
example.

Achéding to another specific aspect of the present
invention, the aforementioned piezoelectric element cah be
manufactured through steps of preparing a pair of
piezoelectfic ceramic plates, forming internal electrodes on
single major surfaces of the respective piezoelectric
ceramic plates to extend iﬁ longitudinal directions thereof
but not to reach both longitudinal ends, forming first to
third surface electrodes consisting of thick films in first
to thirdfportions along the longitudinél directions on
surfaces of the piezoelectric ceramic plates which are
opposite to those provided with the internal electrodes by
application and baking of conductive paste respectively,

polarizing the respective piezoelectric ceramic plates
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formation of the first to third surface electrodes 23 to 25 ar

consisting of thick filnms in advance of formation of the conn ;BERQACEMENTSHEET

el ectrodes 26 and 30 which are in the formof thin filns;. T
pi ezoel ectric body is not heated to a tenperature exceeding t

after the polarization, to result in no depolarization. RE
Dat e: 28 DEC 1995 - 30 - _ - 12 -

providéd with the intérnal elecfrodes and the first to third
surface electrodes so that the first énd third portions and
the second poffions are oppositely polarized along thickness
| directions through the internal electrodes and the first to
third surface electrodes, forming connecting electrodes
consisting of thin films by sputtering on the surfaces of
the respective piezoelectric ceramic plates provided with
the first to third surfade'electrodés for electfically
connecting the first to third surface electrodes with each
'other'while at least partially covering the same, and
pasting the surfaces, prbvided with the internal electrodes,
of the pair of piezoelectric ceramic plates provided with
the connecting electrodes with each other for forming a
piezoelectric body.

In the piezoelectric element according to the wide
aspect of the present invention and the method of
manufacturing the same, the first to third surfacé
electrodes defining the signal drawing electrodes are formed
| as thin films. Therefore, it is pbssible to stabilize
electrical connection states of the surface electrodes and
. external.electrodes which are formed on outer surfaces of
the piezoelectric element. Further, the éonnecting
electrodes are formed as thin films for electrically
connecting the first to third surface electrodes with each

other while at least partially covering the first to third



Fig. 6 is a perspective view showi ng a piezoelectric el enment h
to a second enbodi nent of the present invention. The pi ezoel CREPIAGEMENTEHEET
61 has a piezoélectric ceramic body 62 serving as a piezoel eitric bogy,

First and second signal draw ng el ectrodes 63 and 64 are for @nuz{ﬂauuﬁcm ;
and | ower surfaces of the piezoelectric ceram c body 62 resp .
first signal draw ng electrode 63 is so Loqggd that one end thereof reaches
one side edge of the piezoelectric ceram dy 62, while the second signal
drawing el ectrode 64 is drawn out to a side edge which is opposite to that

draw ng out Lher5b@nahedt2due By Epue¥eriny, whereby no depolarization

of the piezoelectric body is caused in formation of the

electrodes. Namely, the temperature of the piezoelectric
body is suppressed below a Curie point in formation of the
electrodes by sputtering, whereby the piezoelectric body is
hardly depolarized. 1In an acceleration sensor wﬁich is
formed by the inventive piezoelectric element, therefore, it
is possible to improve detection sensitivity as well as mass
productivity of the acceleration sensor.

According to a second wide aspect of the present
invention, provided is a piezoeleotric element comprising a
piezoelectric body, having first to third portions along its
longitudihal direction, which is so polarized that the first
and third portions and the second portion are oppositely
polarized in its thickness direction, first to third
internal electrodes which are formed in the piezoelectric
body to 1ongitudinally extend in the first to third portions
respectively while being separated from eacﬁ other, and
first and second signal drawing electrodes which are formed
on upper and lower surfaces of the oiezoelectric body
respectively.

In this case, the piezoelectric body is preferably made
of piezoelectric ceramics. |

The piezoelectric element can be manufactured by the

following first or second method; for example.



In the interior of the piezoelectric ceramc body 62, first t

internal electrodes 65, 66 and 67 are formed on an internedi
position. *The flirst to third internal electrodes 65 to 67 ar
first to third portions along the | ongitudinal direction of

pi ezoel ectric ceram ¢ body 62 respectively. The first to thi

. 3
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higate :..&. 0. 700 virveienn

portronms—are

di vi ded by boundaries; shown by broken |ihek* G and H respectively. In other
words, the first, second and third portions of the piezoelectric ceramc
body 62 are located on the left side of the boundity G between the

boundaries G and kpeAnd ;4 WA Hdd Momti A% dd S RPN B YordghSies 1448 -ana

second rectangular plate type green sheets containing

piézoelectric ceramics, applying conductive paste to first

. to third poftions of the first green sheet along its

longitudinal direction on one surface thereof for forming
first to third internal electrode patterns respectively,

stacking the second green sheet on the surface of the first

. green sheet'provided with the first to third internal

electrode patterns for obtaining a lamipate sheet, firing
the laminate sheet thereby integrally firing the ceramics
and the first to third internal electrodes for obtaining a
sintered body, applying conductive paste tolupper and lower
surfaces of the sintered body and béking the same thereby
forming first and second signal drawing electrodes
respectively, and polarizihg the sintered body through the
first and second signal drawing electrodes and the first to

third internal electrodes so that the first and third

'portions and the second portion along the longitudinal

direction of the sintered body are oppositely polarized in
its thickness direction.

Oon fhe other hand, the éecond method comprises the
steps of preparing first and second piezoelectric ceramic
plates in the form of fired rectangular plates, applying

conductive paste to first to third portions along

- longitﬂdinal directions on single surfaces of the firsf and



REPLACEMENT SHEET Date :28 DEC 1995 -31- The piezoelectric ¢
is polarized as shown by arrows Ato Fin Fig. 6. In a piezo
ceram ¢ bddy régi on 62A of the piezoelectric ceramc body 62
| ocat ed above the portion provided with the internal el ectrodps8E5 -t &t
the second portion is polarized along arrow B, while the first ana tnrrd
portions are polarized along arrows A and @GXespectively, oppositely to the
second pertion. Simlarly in a piezoelectric body regi on 62B which

second piézbelectric ceramic plates respectively for forming
first to'third.internal electrode patterns, applying
conductive paste to surfaces of the first and second
piezoelectric ceramic plates opposite to those provided with
the ihternal electrode patterns for forming first and second
sighal drawing eleétrode patterns respectively, heating the
first and second piezoelectric ceramic plates thereby baking
the internal electrode patterns and the signal drawiné
electréde'pattexns for forming first to third internal
electrodes and signal drawing electrodes, polarizing the
first and second pieioelectric ceramic plates through the
signal drawing electrodes and the first to third internal
electrodes so that the first and third portions and the
second portions of the piezoelectric_ceramic plétes are
oppositely polarized in thickness directions thereof, and
bonding the surfaces, provided with the internal electrodes,
of thé first and second piezoelectric ceramic plates
provided with the first to third internal electrodes to each
other thereby obtaining a piezoelectric element.

The piezoelectric element according to the present
invention is suitably applied to an acceleration sensor, fur
example. According to the present invention, therefore, .u:
acceleration sensor employing the aforementioned
piezoelectric element is provided. |

In the piezoelectric element according to the secon:t



I's located under the portion provided with the internal el ect joges ACEMENT SHEET
67, the second portion is polarized along arrow E, while the f{lirst ng

third portionss are polarized along arrows D and F respectivel ,D@@pgs, 1%9'995
to the second portion. Nanely, the second portion and the fir

portions are polarized in opposite directions in each of t he plezoelectrlc
ceram ¢ body regions 62A and 62B. In each pf the first to third portions,
further, the upper and | ower piezoel ectric—Teram c body regi ons 62A and 62B
are polarized in opposite directions. The piezoelectric ceram c body 62 is

pol ari zed thggq! dygﬁ; ORRE and 64
and the fi rstE' to taLs%%ﬁ ntertz%d el ectroa'es lﬁ??ﬁ@%%r 'y r

manufacturing the same, the first to third 1nternal.

electrodes_are.formed-in the piezoelectric body and the
first and second signal drawing electrodes are arranged on
outer surfaces, while the fi:st to third portions are
polarized through the first to third internal electrodes and
the signal drawing electrodes. Therefore, it is not

s,necessary to form a.plurality of surface electrodes wh;ch
are separated from each other on the upper and lower
surfaces of the piezoelectric body, and to execute
polarization.through such separated first to third surface
electrodes. Further, it.is not necessary to form coﬁnecting
electrodes after completlon of polarization, and hence it is
not necessary to brlng the 51gnal draw1ng electrodes into
two-layer structures either. Consequently, the step of
forming the electrodes on the upper and lower surfaces of
the piezoelectric body can be simplified. While
depolarizatioﬁ may result from heating when signal drawing

. electrodes of two-layer strdctures are formed by baking
copductive paste, further, such depolarization is not caused
in the piezoelecfric element according to the second wide
'aspect.of the present invention and the method of
manufecturing the same.

The foregqing and other objects, features, aspects and

advantages of the present invention will become more



under st ood from a manufacturing method described later, relatffVvely nign -
arelatively | ow voltage, and internedi ate voltages dF EﬁﬂﬁhﬁﬂFSHEE'

vol t ages,

to the fitst and third internal electrodes 65 and 67, the secpq%ﬂ%a%iyuet

el ectrode

REPLACEMENT SHEET Date : 28 DEC 1995 - 32 - 66, fT TSt

and second signal drawi ng el ectrodes 63 and 64 respectively, whereby the
pi ezoel ectric ceramic body 62 is polariZedZalong arrows Ato Fin Fig. 6.

Si nce the

apparent from the foilowing detailed description of the
present invention when taken in conjunction with the
accompahying dfawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view schematically illustrating
the structure of a conventional piezoelectric element;

Figs. 2A to 2C are perspective views for illustrating a
method of manufacturing the conventional piezoeiectfic
element, showing a mother piezoelectric ceramic body in a
state provided with first to third surface electrodes on
upper and.lower_surfaces.respectively, in a pdlarized state,
and in a state provided with connecting electrodes
respectivély;

Figs. 3A and 3B, which are adapted to illustrate the
method of manufacturing the conventional piezoelectric
element, are a perspective view showing a mother structural
body, and a perspective view for illustrating the structure
of an individual piezoelectric element obtained by cutting
the mother structural body shown in Fig. 3A respectively:

Fig. 4 is a perspective view showing a piezoelectric

" element according to a first embodiment of the present

invention:;
Figs. 5A to 5C, which are adapted to illustrate another
exemplary method of manufacturing the inventive

piezoelectric element, are a perspective view showing a pair



first to third internal electrodes 65 to 67 are fornmed on the TﬁETnfﬁEﬁ%ﬁif
vertical position of the piezoelectric ceranmic body 62 and th i akﬂngﬁNTSHEET
second si gnal drawi ng el ectrodes 63 and 64 are fornmed on the er _

| ower surfaces thereof respectively, the piezoelectric ceram e%ﬁﬁnggigggﬁﬁﬁ
be polarized in the aforenentioned manner after formation of these

el ectrodes 63 to 67. Thus, no depolarization-results fromfornmation of the
el ectrodes 63 to 67, which can be fornmed-d8 the pi ezoel ectric ceram c body
62 in advance of the polarization. Frame bodies 68 and 69 are fixed to the

e L R R A Y et 5Pt vl

electrodes and_first to third surface electrodes

T
- ————

reépectively, an exploded perspective view showing the first
and secoﬁd piezoelectric sﬁbstrates in polarized stétes, and
a perspective view showing the first and second
.piezoelectric substrates pfovided with connecting
electrodes; |

Fig. 6 is a perspective view showing a piezoelectfic
element according to a second embodiment of the present
invention;

Figs. 7A tb 7C, which are adapted'to illustrate a
method'of manufacturing the piezoelectric element according
to the sécond embodiment, are side elevational views showing
first and second piezoelectric bodies in states provided
with_first to third internal electrode patterns, a laminate
obtained by stacking the first and second piezoelectric
bodies with each other, and the 1aminate provided with first
and éecond signal'drawing electrodes on its upper and lower
surfaces respectively;‘

Figs. 8A and'BB, which are adapted to illustrate fhe
-method of manufacturing the piezbelectric element according
to the second embodiment, are a side elevational view
showing mother frame bodies which are fixed to the
piezoelectric ceramic bodies, and a structural body for an

individual piezoelectric element which is cut out from a



ceram cs or synthetic resin, and has a flat plate portion andf

Eﬁ'.rﬁ
fixed portions which are provided on both ends of the flat pl{htRERLGCEMENT SHEET
The framefbodi es 68 and 69 are fixed to the piezoelectric cerfamc Eggypﬁelggs

at the pairs of fixed portions respectively by adhesives or t {h &9

N —

the piezoelectric elenent 61 according to this enbodi nent, exTernal

el ectrodes 70 and 71 are fornmed on a paiv_ 18 -side surfaces of a structura

body which is formed by bonding the frame bodies 68 and 69 to the
pi ezoel ectric - . REPLACEMENT SHEET

mother'structural body; and
Figs. 9A to 9¢, which aré adapted to illustrate another
method of manufacturing the piezoelectric element according
to the second embodiment, are an éxploded perspective view
for illusﬁrating fired first and second piezoelectfic
ceramic plates which are provided with first to third
internal electrodes on single surfaces, a Side elevational
view showing the first and second piezoelectric ceramic
plates which are provided with signal Qrawing electrodes and
polarized, and a side elevational view showing the first and
second piezoelectric ceramic plates whiéh are pasted to eadh
other.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Fig. 4 is a perspective view for illustrating a

piezoelectric element 21 according to a first embodiment of
the present invention. |

| “The piezoelectfic element 21 is formed by a rectangular
plate type piezoeleétric ceramic body 22. First to third
surface electrodes 23, 24 and 25_are formed on an upper
surface of the piezoeléctric ceramic'body 2. The first to
third surface electrodes 23 to 25 are formed in positions
similar to those of,fhe first to third surface electrodes 3
to 5 of the conventional piezoelectric élement 1 shown in
_Fig. 1. On a lower surface of the piezoelectric body 22,

further, first to third surface electrodes 27 to 29 are



Date :.28 DEC 1995 33 ceram ¢ body 62. The external eld
71 can be formed by a proper el ectrode forning nethod. These
el ectrodes 70 and 71 are electrically connected to the first

and s

signal drawi ng el ectrodes 63 and 64 respectively. The first

hg2&e

MII

[FTTodes—70
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signal draw ng el ectrodes 63 and 64 are fornmed by applyi ng and baking
conductive paste, as thick filnms. Thus, -ebgctrical connection states
between the first and second signal drawrﬁg“electrodes 63 and 64 and the
external electrodes 70 and 71 are stably maintained. Only the first and

second si gnal drag 1Y BetEpAiete far%?n QLR UEnE N9 e ¥ dPAURI ST

formed on th

surface electrodes 27 to 29 are formed in positions similar

to those of the first to third surface electrodes 7 to 9 of

the conventional piezoelectric element 1 shown in Fig.

lﬁ

According to this embodiment, all of the first to third

surface electrodes 23 to 25 and 27 to 29 are formed as thick

films by applying and baking conductive paste. In this

poinf, the first to third surface electrodes 23 to 25 and 27

' to 29 are different from the surface electrodes 3 to 5 and 7

to 9 shown in'Fig. 1.

According to this embodiment, further, a connecting

electrode 26 is formed on the upper surface of the

piezoeledtric ceramic body 22, to connect the first to third

surface electrodes 23 to 25 with each other while at least

partially covering the first to third surface electrodes 23

to 25. A signal drawing electrode is formed by the

connecting electrode 26 and the first to third surface

electrodes 23 to 25. Similarly, another connecting

electrode 30 is also formed on the lower surface of the

‘piezoelectric ceramic body 22, to electrically connect the

first to third surface electrodes 27 to 29 with each other.

A lower signal drawing electrode is formed by the connecting

electrode 30 and the surface electrodes 27 to 29.

Therefore, the connecting electrodes 26 -and 30 have

functions which are substantially similar to those of tth:-



and | ower surfaces of the piezoelectric ceram c body 62. The
of form ng el ectrodes on the upper and | ower surfaces of the
ceram c body 62 can be sinplified as conpared with the first

SEBAGENENT BHeeT
‘fg%{é)d i2v8nDEC 4885

Lo e

exenpl ary nmethod of manufacturing the piezoelectric el enent

J

described with reference to Figs. 7A to 7C and 8A and 8B. The follow ng
description is made on steps of obtaining jndividual piezoelectric elenents

61 froma nother structural body. First7. her green sheets

81 and 82 for

form ng the piezoelectric ceram c body 62 are prepared as shown in Fig. 7A
The green shegihheltitiyd S22 rdda ¥ ar®d® Yrdvediéd in the piezoelectric

element 1 shown in Fig; 1. According to this embodiment,

however, the cénnecting electrodes 26 and 30 are formed as

thin films by a thin film forming method such as sputtering,

dissimilarly to the connecting electrodes 6 and 10 shown in

Fig. 1.

In other points, the piezoelectric element 21 is

- ..Similar to the piezoelectric element 1 shown in Fig. 1.

Namely, the first to third surface electrodes 23

to 25 as

well as 27 to 29 are formed in first to third portions along

the longitudinal direction of the piezoelectric ceramic'body

22 respectively. The first to third portions of the

piezoeled%ric ceramic body 22 are divided by boundaries G

and H. Namely, the first to third portions are located on

the left side of the boundary G, between the boundaries G

and H, and on the right side of the boundary H respectively.

Furthér, a longitudinally internal electrode 31 is formed in

the piezoelectric ceramic body 22. This internal electrode

31 is formed to extend in the longitudinal direction, but

not to reach both longitudinal ends. Thus, the internal

electrode 31 is not exposed on both end surfaces

of the

piezoelectric ceramic body 22. Further, the piezoelectric

ceramic body 22 is polarized in the first to third portions,

as shown by arrows A to C and D to F in Fig. 4.

In

addition, piezoelectric ceramic body regions 22A and 22B
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zirconate titanate piezoelectric ceram c powder REPLACENME

28 DEC 1995 -34 respectively. These green sheets 81 and 82,
prepared for form ng a nunber of piezoelectric ceram c bodies
respectively, have shapes and sizes gathering the piezoelectr
bodies 62 in the formof matrices. It is pointed out that a region
corresponding to a single piezoelectric-ceman c body 62 corresponds to a
portion ' '

which-are located above and under the internal electrode 11
respectively are polarized in opposite directions in each of
the first to third portions. In each of the piezoelectric
ceramic body regions 22A and 22B, further, the second
portion and the first and third portions are polarized in
oppesite directions.

Frame bodies 32 and 33 are fixed to upper and_iower
portions of the piezoelectric ceramic body 22 respectively.
These frame bodies 32 and 33 are made of insulating ceramics
such as alumina or an insulating material such as synthetic
resin. Each of the fraﬁe bodies 32 and 33 has a flat plate
portion and a pair of fixed portions extending from both
ends of éhe flat plate portion toward the piezoelectric
ceramic body 22. Each of the frame bodies 32 and 33 is
bonded to the upper or lower sufface of the piezoelectric
ceramic body 22 at the pair of fixed portions.

In the piezoeleetric element 21, external electrodes 34
and 35 are formed on both side surfaces of a structural body
lwhich-is formed by fixing the frame bodies 32 and 33 to the
upper and lower portions of the piezoelectric ceramie body
22 respeetively,

In the piezoelectric element 21, the signal drawing
electrode which is fofmed on the upper surface of the
piezoelectric ceramic body 2 is electrically connected with

the external electrode 34 at the surface electrode 23.



——

enclosed with phantomlines X and Y in Fig. 7A. Conductive padfe-—contarmrg———=
silver or silver-palladiumalloy powder is applied to an upper| BEPFACEMENT SHEET
the green’sheet 81 by screen printing or the Iike and dried aff| a 2 8.0E
tenperature of about [err] thereby formng first to third int rRatp .. £. 8:8el .ﬂB&u
el ectrode patterns 83 to 85. The internal electrode patterns 33‘T6“85”‘

extend in the formof strips, perpendicul a5l y to the plane of the figure.

Then, the green sheet 82 is stacked on the green sheet 81 as shown in Fig.

7B, and fired at a tenperature of about [err] Due to this firing, the green

sheets 81 and ;82 in i t L r
! %1%1%&%8}%;%% gégad:a/fgt { £ A rodd FP118 BTRUNE cally

pi ezoel ectric ceram he sane tinme, the internal electrode
connected with the external electrode 35 in the signal

drawing electréde which is formed on the lower surface. In
this casé, the electrical connection states between the
surface electrodes 32 and_29 and the external electrodes 34
.and 35 are stably maintained since the surface electrodes 23
and 29 are formed by thick films as described above.

The piezoelectric element 21 can be applied to an
acceleration sensor in the state shown.in Fig. 4, for
example, while the”same can alternatively be mounted on a
substrate (not shown) or a case (not shown) for forming a
-component which is provided in an acceleration sensor.

A meéhod 6f ﬁanufacturing the piezoelectric element 21
shown in Fig. 4 is now described With reference to Figs. 2A
to 2C and 3A and 3B, which have been employed for
_illﬁstrating the conventional method.

While reference numerals appearing in Figs. 2A to 2C
aﬁd 3A and 3B correspond to the respective parts of the
piezoelectric element 1 shown in Fig. 1, the piezoelectric
element 21 accbrding to the embodiment shown in Fig. 4,
which is similar in structure to the piezoelectric element 1
except the signal drawing electrodes, is described with
reference to these figures.

In order to manufacture the piezoelectric element 21

according to this embodiment, a mother piezoelectric ceramic



patterns 83 to 85 are baked to form nother internal electrode 3 LU 0D

(these reference nunerals are identical to those for the int PLACEMENT RHEET
patterns).” Them, first and second nother signal drawi ng el ectffodes 87q:

88 are forned on upper and | ower surfaces of the nother piez %@tﬁricem]ggs
ceram ¢ body 86 respectively, as shown REPLACEMENT SHEET Date : 28 DEC ————
1995 - 35 -.in Fig. 7C. The first and secgﬂd_signal drawi ng el ectrodes

body is first prepared from piezoelectric.ceramics such as
lead zirconate titanate piezoelectric ceramics. This |
piezoelectric eeramic body is prepared similarly to the
piezoelectric ceramic body 16 shown in Fig. 2A, so that a
plurality of strip internal electrodes are formed therein.
Such a piezoelectric ceramic body is obtained by a method of
printing the internal electrodes on one surface of a mother
green sheet, stacking another mother green sheet thereon and
firing the same, or a method of forming the internal

" electrodes on a previously fired mother piezoelectric
ceramic plate and pasting another fired piezoelectric
ceramic plate thereto.

Furéher, conductive paste containing silver or silver-
palladium ailoy powder is prepared for forming first to
third surface electrodes on upper and lower surfaces of the
mother piezoelectric ceramic body by the conducfive paste.
The first to third surface electrodes are formed in the same
pesitions as the first to third surface electrodes 3 to 5
and 7 to 9 of the conventional piezoeleetric_element 1 shown
in Fig. 2B.

The‘surface electrodes of the‘conductive paste can be
formed by epplying the conductive paste, drying the same,
and thereafter baking the eame at a temperature of about

800°C. Thus, the first to third surface electrodes 23 to .5

and 27 to 29 of thick films having'thicknesses of about ! ‘o



87 and 88 are formed by appl yi ng conductive paste contai ning
silver-palladium all oy powder by screen printing or the |ike,
sanme at a’tenperature of about 1000C and further baking the

'HF$EACE§nﬁNT SHEET
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sensusannuue

tenperature of about [err] C Then, the nother piezoelectric
86 is polarized. This polarization is carried out by applying relatlvely
hi gh voltages, relatively I ow voltages, and internedi ate voltages to the
not her internal electrodes 83 and 85, tﬁe&iﬁTher i nternal -el ectrodes 84,
and the first and second signal draw ng el ectrodes 87 and 88 respectively.

Consequently, ;4 h&mpéféo%fﬁé&' Encéﬁi‘E‘ émBBAYmEALL S PALALLEAIZ2FcERAME DY
arrows Ato Fin Fig. 7C. nely,
titanate piezoelectric ceramics has a Curie point of about
300 c. However, no polarization is performed in advance of
the step of forming the surface electrodes 23 to 25 and 27
to 29. Therefbre, no depolarization is caused by such
formation of the sﬁrface electrodes 23 to 25 and 27 to 29.

Then, the mother piezoelectric ceramic body is
polarized through the internal electrodes and the first to
third surface electrodes. 1In this case, the polarization
can be performed by applying relatively high voltages,
relatively low voltages, and intermediate voltages to the
second surface electrodes provided in the second portions,
the firSé and third surface electrodes provided in the first
and third portions, and the.internal electrodes’
respectivelj. Thus, the mother piezoelectric ceramic body
can be polarized similarly to the piezoelectrie ceramic body
16 shown in Fig. 2B, which is polarized as shown by arrows A
to C and D to F.

Then, connecting electrodes are formed on upper and
lower sﬁrfaces of the mother piezoelectric ceramic body
respectieely in positions eimilar to those of the connecting
electrodes 6 and 10 shown in Fig. 2C. According to this
embodiment, however, the connecting electrodes are formed by

sputtering. Namely, the connecting electrodes are formed :.y

sputtering Monel, for example, on the upper and lower



| ongitudinally extending first to third portions of the piez
ceram c body 86 are polarized simlarly to the piezoelectric
62 shown in Fig. 6 in the portions enclosed with the phantoml] |
Then, nother frame bodies 89 and 90 are fixed to upper and

BEBLACEMENT SHEET
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of the nother piezoelectric ceram c body 86 respectively, as shown 1n Fig.
8A. The nother frane bodies 89 and 90 are2@mde of insul ating ceram cs such
as alum na or synthetic resin. These nother frane bodies 89 and 90 are
fixed to the nother piezoelectric ceramc body to through adhesives.or the

l'i ke.

surfaces of the piezoelectric ceramic body, to cover the

first to third surface electrodes. These connecting

electrodes finally define the connecting electrodes 26 and

30 shown in Fig. 4.

The metal material for forming the connecting

electrodes is not restricted to the Monel, which is a

nickel-copper alloy, but may alternatively be prepared from

.-nickel or silver. The temperature of the piezoelectric

ceramic body is about 100 to 200°C in the aforementioned

sputtering: Thus, the temperature of the piezoelectric

ceramic body in the sputtering is lower than the Curie point

of the lead zirconate titanate piezoelectric ceramics

forming the piezoelectric ceramic body, to result in no

depolarization.

Then, after signal drawing electrodes are defined by

forming the first to third surface electrodes and the

connecting electrodes on the upper and lower surfaces of the

mother piezoelectric ceramic body respectively in the

aforementioned manner, mother frame bodies are fixed. The

mother frame bodies can be prepared from those having the

same structures as the frame bodies 17 and 18 shown in Fig.

3D. Further, Structural bodies for individual ‘piezoelectric

elements can be obtained by cutting a mother structural body

obtained in the aforementioned manner along lines

corresponding to the phantom lines X, Y and Z shown in Fig.

——



REPLACEMENT SHEET Date : 28 DEC 1995 -36 Then, a nother |am
in Fig. 8Ais cut along the phantomlines X and Yin Fig. 8A |nREPEAﬂEMENT
t hi cknesst*direction, whereby a |lamnate 92 for an individual pgiezoel
el ement shown in Fig. 8B can be obtained. In the | amnate 92 d@m@h .............
I ndi vi dual piezoelectric elenment, the aforenenti oned nother pi -
ceram ¢ body 86 is cut into the piezoelec2fic ceranmic body 62. Simlarly,
the nother internal electrodes 83 to 85 are cut into the first to third
internal electrodes 65 to 67 respectively, while ’

3A. Each structural body obtained in this manner

corresponds to a structure, which is not yet provided with
the external eiéctrodes 34 and 35, in the piezoelectric
element 21 shown in Fig. 4.

Thén, the piezoelectric elément 21 cah be obtained by
forming the external electrodes 34 and 35 shown in Fig. 4 by
a thin film forming method such as sputtering or plating.

In the piezoelectric element 21, the surfaée electrodes
23 and 29 consist of thick films, whereby electrical
connection states between the surface electrodes 23 and 29

- and the external electrddes 34 and 35 can be stabilized.

While the rectangular plate type mother piezoelectric
ceramic ssdy having previously embedded internal electrodes
is employed in the aforementioned method, the piezoelectric
element 21 according to the first embodiment can also be
manufactured by the following method:

First, a first mother piezoelectric ceramic plate 41
which is provided with a plurality of mother internal
electrodes 31 on one surface and a second mother
piezbelectric ceramic plate 42 which is also provided with

" mother internal electrodes 31 on one surface are prepared as
shown in Fig. 5A. First to third surface electrodes 23 to
25 and 27 to 29 afe formed by conductive paste containing
silver or silver-palladium on surfaces of the piezoelectric

ceramic plates 41 and 42 which are opposite to those



the first and second nother signal draw ng el ectrodes 87 and {88 are_cut =
into the first and second signal drawing el ectrodes 63 and 64| FEEHACEMEMT\SHEET

I n additidn, the nother frame bodies 89 and 90 are cut into t{he frat?sE:DEcm_

bodi es 68 and 69 respectively. The piezoelectric elenent 61 SRR i-f--Big 6

can be obtained by formng the external electrodes 70 and 71 on a parr of

side surfaces of the aforenentioned | am nate 92 respectively. The

pi ezoel ectric el ement 61 obtained in the 28 ot enent i oned manner can be

enpl oyed as an accel eration sensor, for exanple, simlarly to the first

enbodi ment . NeRkvied A UN eiReliRRldrna el QEries W1 hegmdinb Ly, an

These surface electrodes 23 to 25 and 27 to 29 are formed by

printing and beking the conductive paste, while the
conductive paste is baked by heating the same to a

" temperature of about 800°C, similarly to the aforementioned
method.

The first to third surface electrodes 23 to 25 and 27
to 29 are formed in portions corresponding to first to third
portions of piezoelectric ceramic bodies for forming
individual piezoelectric elements respectively.

Then, the internal electrodes 31 and the surface

| electrodes 23 to 25 and 27 to 29 are employed to polarize
the firsé and second piezoelectric ceramic plates 41 and 42
respectively. This polarization is performed by applying
relatively high voItages;.relatively low voltages, and
intermediate voltages to the second surface electrodes 24,
the first and third surface electrodes 23 and 25, and the
inrernal electrodes 31 in the piezoelectric ceramic plate 41
respectively as shown in Fig. 5B, whereby the second:
portions are polarized along arrows B and the first and
third portions are polarized along arrows A and C
respectrvely in the piezoelectric ceramic plate 41.
Similarly, the second portions are polarized along arrows L
and the first and third portions are polarized along arrows

F and G respectively in the second  ceramic plate 42.



accel eration sensor as such, while it is-alternatively possiblg fgp ia@eldNiCenp e
pi ezoel ectric element 61 as an accel eration sensor conponent bl nounting T
the same on a * REPLACEMENT.SHEET Date: 28 DEC 1995 - 37 - prionmie:.2.8-0EC 1995
substrate or storing the sane in a case. Another exenplary netlked-nf e
manuf acturing the piezoelectric elenent 61 is now described with reference

to Figs. 9A-to 9C - 29 -

Then, connecting electrodes 26 and 30.are formed by
sputtering.

Thereafter the first and second mother piezoelectric
plates 41 and 42 are pasted to each other so that the
internal electrodes 31 thereof overlap with each other. The
mother ceramic plates 41 and 42 can be pasted to each other
through an adhesive to obtain a structure which is similar
to that of the piezoelectric element 21 according to the
embodiment shown in Fig. 4, and. the pigzoelectric element 21
can be obtained by forming the external electrodes 34 and 35
(see Fig. 4) by a proper method.

In @he piezoelectric element 21 according to the first
embodimeﬁt, as hereinabove described, the first to third
surface electrodes 23 to 25 ahd 27 to 29 are formed by thick
films, whereby electrical connection between the external
electrodes 34 and 35 and the first and third surface
electrodes 23 and 29 can be"ensured. In the manufacturing
steps, further, the polarization is performed after
formation of the first to ihird surface electrodes 23 to 25
and 27 to 29 consisting of thick films in advance of
formation of the connecting electrodes 26 and 30 which are
in the form of thin filwm:. Therefore, the piezoelectric
body is not heated to a temperature exceeding thé Curie

~ point after the polarization, to result in no

depolarizatibn.



The piezoelectric'elenent.Gl can be manufactured not only by 1 ) =
af orenenti oned net hod, but by the follow ng nethod: Previousl|w%¢%ﬁ9QME%%§HE=T

pi ezoel ect'ric ceramic plates 101 and 102 which are in the for f . .
| Doty - 2.8 DEC. 1%

rectangul ar plates are first prepared as shown in Fig. 9A. Th B o i
third nother internal electrode patterns 102a to 104a and 102b to 104b are
formed on single nmajor surfaces of the piezoelectric ceramc plates 101 and

102 respectively. These nother internal 213t ode patterns 102a to 104a and
102b to 104b are forned by applying conductive paste containing silver or

:yn;er-pal ladium aplgy Bowden Burspeegive’ LAk 8n8lihBea phez3R9edityid the
element 61 according to a second embodiment of the'present

invention.

The piezoelectric element 61 has a piezoelectric
ceramic body 62 serving as a piezoelectric body. First and
second signal drawing electfodes 63 and 64 are formed on
upper and lower surfaces of the piezoelectric ceramic body
62 respectively. The first signal drawing electrode 63 is
so formed that one end thereof reaches one side edge of the
piezoelectric ceramic body 62, while the second signal
drawing electrode 64 is drawn out to a side edge which is
oppoeite to that drawing out the'signal drawing electrode
63. ‘

In the interior of the piezoelectric ceremic body 62,
first to third internal electrodee 65, 66 and 67 are formed
on an intermediate vertical position. The first to third
internal electrodes 65 to 67 are formed in first to third
portions along the longitudinal:direction of the
piezoelectric ceramic body 62 respectively.

The first to third portions are divided by boundaric:
shown by broken lines G and H respectively. In other wor.!,,
the first; second and third. portions of the piezoelectrio
ceramic body 62 are located on the left side of the bound.y
G, between the boundaries G and H, and on the right side - :

the boundary H respectively.
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Then, first and second not her signal draw ng el ectrode pattery
are fornmed on other surfaces of the piezoelectric ceramc plgf
102 respectively, as shown in Fig. 9B. The first and second §

el ectrode patterns 105 and 106 are fornmed by applying conduct
drying the sane, simlarly to the above Then, the internal 4

I
%Qtipaz{ gwﬂﬁé 1%
et rode—

Mrlﬂéeﬂmh SHEET
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patterns 102a to 104b and the signal gégg electrode patterns 105 and 106

are REPLACEMENT SHEET Date :28 DEC 1

The piezoelectric ceramic body 62 is polarized as shown

by arrows A to F in Fig. 6. In a piezoelectric ceramic body

region 62A of the piezoelectric ceramic body 62 which is

located above the portion provided with the internal

.electrodes 65 to 67, the second portion is polarized along

arrow B, while the first and third portions are polarized

along arrows A and C respectively, oppositely to the second

T .--pertion. Similarly in a piezoelectric body region 62B which

is located under the portion provided with the internal

electrodes 65 to 67, the second portion is polarized along

arrow E, while the first and third portions are polarized

along arrows D and F respectively, oppositely to the second

portion." Namely, the second portion and the first and third

portions are polarized in opposite directions in each of the

piezoelectric ceramic body regions 62A and 62B.

In each of

the first to third portions, further, the upper and lower

piezoelectric ceramic body regions 62A and 62B are polarized

in opposite directions.

The piezoelectric ceramic body 62 is polarized through

the first and second signal drawing electrodes 63 and 64 and

the first to third internal electrodes 65 to 67.

As clearly

understood from a manufacturing method described later,

relatively high voltages, a relatively low voltage, and

intermediate voltages are applied to the first and third

internal electrodes 65 and 67, the second internal electrode



- 38- baked by heati ng, to be conpl eted as el ectrodes respecti

the first piezoelectric ceramic plate 101 is polarized al ong JrREMACEMENTFSHEET

vol tages, relatively |ow voltages, and internedi ate voltages [ @atde. 5. V.00 N

£

I nternal el ectrode patterns 102b and 104b provided on the upp HFoee;
the internal electrode patterns 103b, amd32he second signal draw ng

el ectrodes 106 respectively. The piezoel éciric ceranic body 102 is al so
pol ari zed along arrows Ato Cin Fig. -9B. After the polarization, the

piEZOE|ECtricbé¥”§Wﬁcthe first and second signal drawing electrodes 63
and 64 respectively, whereby the piezoelectric cerémic body
62 is polarized along arrows A to F in Fig. 6. Singe the
first to third internal electrodes 65 to 67 are formed on
the intermediate vertical position of the'piezoelectric
ceramic body 62 and the first and second signal drawing
electrbdes 63 and 64 are formed on the upper and lower
surfaces thereof respectively, the piezoelectrié ceramic
body 62 dan be polarized in the aforementioned manner after
forma?ion of these electrodes 63 t0'67. Thus, no
depolarization results from formation of the electrodes 63
to 67, which can be formed oﬁ the piezoelectric ceramic body
62 in adéénce of the polarization.

Frame bodies 68 and 69 are fixed to the upper and lower
surfaces of the piezoelectric ceramic body 62 respectively.
Each of the frame bodies 68 and 69 is made of insulating
ceramics or synthetic resin, and has a flat plate portion
and a pair of fixed portions which are provided on both eﬁds
of the flat plate portion. The frame bodies 68 and 69 are
fixed to the piezoelectric ceramic body 62 at the pairs of
fixed portions respectively by adhesives or the like.

In the piezoelectric element 61 accdfding to this
embodiment, éxternal electrodes 70 and 71 are formed on a
pair of side surfaces of a structural body which is formed

by bonding the frame bodies 68 and 69 to the piezoelectric



plates 101 and 102 are pasted to each other through therm)set"'“3
adhesi ves, so that the internal electrode patterns 102a, 104
104b overlap wi'th each other. Thus, a nother piezoelectric ceram c,b dﬁéﬁ

i s obtained as shown in Fig. 9C. Thi s not her - pi ezoel ectric ¢ rﬁ!ﬁozbg%t ,,,,,,,
Is simlar in structure to the nother piezoelectric ceramc _

in Fig. 7C. Therefore, subsequent steps-ca&y be carried out along those

descri bed above with reference to Figs. 8Aand 8B, whereby the

pi ezoel ectric el enment 61 shown in Fig. 6 can be obtained in a simlar

manner to théei‘ RLE: Pé'dy‘%gh PR Bt tal' ! gter%eféasng%% 9aS YdrP g and

illustrated rn detal IS clearly un erstoo t hat
formed by a proper electrode forming method. These external

electrodes 70 and 71 are electrically connected to the first
and second signal drawing electrodes 63 and 64 respectively.

The first and second signal drawing electrodes 63 and.
64 are formed by applying and baking conduétive paste, as
thick films. Thus, electrical connection states between the
first and second signal drawing electrodes 63 and 64 and the
external electrodes 70 and 71 are stably maintained.

Only the first and second signal drawing electrodes 63
and 64 consisting of single layers are formed on the upper
and lower surfaces of the piezoelectric-ceramic body'62.
Thereforé, a stép of forming electrodes on the upper and
lower surfaces of the piezoéleétric ceramic body 62 can be
simplified as compared with the first embodiment.

An exemplary method of manufacturing thé piezoelectric
element 6; is now described with reference to Figs. 7A to 7C
and 8A and 8B.

The following.déscription is made on steps of obtaining
individual piezoelectric elements 61 from a mother
structural body.

First, mother green sheets 81 and 82 for formihg the
piezoelectric ceramic body 62 are prepared as shown in Fig.

7A. The green sheets 81 and 82 are mainly made of lead

zirconate titanate piezoelectric ceramic powder
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respectively. .These greeh sheets 81 and 82, which are'
prepared for forming a number of piezoelectric ceramic
bodies 62 respéctively, have shapes and sizes gathering the
piezoelectric ceramic bodies 62 in the form of matrices. It
is pointed out that a region corresponding to a single
piezoelectric ceramic body 62 corresponds to a portion
enclosed with phantom lines X'and Y in Fig; 7A.

Conductive paste containing silver or silver-palladium
alloy powder is applied to an upper surface of the green
sheet 81 by screen printiﬁg or the like and dried at a
temperature of about 100°C, thereby forming first to third
internal eléctrode patterns 83 to 85. The internal
electrodé-patterns 83 to 85'extend.in the form of strips,
perpendicularly to the plane of the figure.

| Then, the green sheet 82 is stacked on the green sheét
81 as shown in Fig. 7B, and fired at a temperature of about
1000°C. Due to this firing, the green sheets 81 and 82 are
integrated with each other, to form a mother piezoelectric
ceramic body 86. At the same time, the internal electrode
patterns 83 to 85 are baked to form mother internal
-electrodes 83 to 85 (these reference numerals are identical
to those for thg internal ¢lectrode patterns).

Then, first aﬁd second mother signal drawing electrodes
87 and 88 are formed on upper and lower surfaces of the

mother piezoelectric ceramic body 86 respectively, as shcuwu
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third portions-along its |ongitudinal direction, and being s QEC
that said first to third portions and said second portion ar paied 22@1\;1995

pol ari zed along its thickness direction; * an internal electrode belng
formed in the interior of said piezoelect;jc-body to extend in said

| ongi tudi nal direction but not to reach both | ongitudinal ends; and first
and second signal draw ng el ectrodes being formed

in Fig. 7C. The first and second signal drawing electrodes
87 and 88 are formed by applying conductive paste'containihg
silver or silvér-pallédiuﬁ alloy powder by screen printing
or the iike, drying the same at a temperature of about 100°C

r

and further baking the same at a temperature of about 800°
c. . |

Then, the mother piezoelectric ceramic body 86 is
polarized. This polarization is carried out by applying
relatively high voltéges, relatively low voltages, and
intermediate voltages to the mother internal electrodes 83
and 85, the mother internal electrodes 84, and the first and
second signal drawing_electrbdes 87 and 88 respectively.
COnsequeéfly, the piezoelectric ceramic body 86 is polarizéd
as shown by arrbws'A to F in Fig. 7C. Némely, |
longitudinally extending first to third portions of the
piezéelectrib ceramic body 86 are polarized similarly to the
piezoelectric ceramic body 62 shown in Fig. 6 in the
portions enclosed with the phantom lines X and Y.

Then, mother frame bodies 89 and 90 are fixed to upper
and lower portions of the mother-piezoelectric ceramic body
86 respectively, as shown in Fig. BA.- The mother frame
bodies 89 and 90 are'made of insulating ceramics such as
alumina or synthefic.resin. These mother frame bodies 8Y

and 90 are fixed to the mother piezoelectric -ceramic body b

through adhesives or the like.



on upper and | ower surfaces of sald plezoelectrlc body respec
said signal drawing el ectrode having first to third surface e REPLAGEMENT SHEET

consi sting of thick filnms being formed on said first to third portlgﬁ*gEcmgs

R errisrerness _

respectively and separated from each other in said |ongitudi nalDat ¥

and a connecting el ectrode consisting of a thin filmbeing fo 0

el ectrically connect said first to third sl face el ectrodes with each other
and to at least partially cover- said first to third surface el ectrodes. 2.
The piezoelectric elenment in accordance with [err] 1, wherein regions being

locat ed above and gder Sy TdiElnEtetS] Wik G R0A | 68 18 GRPOSIte

di rections
along the phantom lines X and Y in Fig. 8A in its' thickness

direction, whefeby a laminate 92 for an individual

piezoelectric element shown in Fig. 8B can be obtained. In

the laminate 92 for the individual piezoelectric element,

the aforementioned mother piezoelectric ceramic body 86 is

cut into the piezoelectric ceramic body 62. Similarly, the
.~-mcther internal electrodes 83 to 85 are cut into the first

to third internal electrodes 65 to 67 respectively,.while

the first and second mother signal drawing electrodes 87 and

88 are dut into the first and second signal drawing

electrodes 63 and 64 respectively. In addition, the mother

fraﬁe bodies 89 and 90 are cut into the frame bodies 68 and
69 respectively.

The piezoelectric element 61 sﬁown in Fig. 6 can be
obtained by forming the external electrodes 70 and 71 on a
pair:of side surfaces of the aforementioned laminate 92
respéctively. |

The piezoelectric element 61 obtained in the
aforementioned manner can be employed as an acceleration
sensor, for-example, similarly to the first embodiment.
Namely, the piezoelectric element 61 can be applied to an
acceleration sensor as such, while it is alternatively
possible to form the piezoelectric eiement 61 as an

acceleration sensor component by mounting the same on a
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portions. 3. The piezoelectric elenment in accordance with cl g

sai d connecting electrode is forned not to reach both |ongit
said piezoelectric body. 4. The piezoelectric elenent in acc

O tht roa—
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claim-I or 2, mhereln sai d plezoelectr|c3%pdy I s made of piezoelectrrc

ceram cs.

——

proper substrate or storing the same in a case.

Another exemplary method of manufacturing the

piezoelectric element 61 is now described with reference to

Figs. 9A to 9C.

The piezoelectric element 61 can be manufactured not

only by the aforementioned method, but by thé following

method:

Previously fired mother piezoelectric ceramic plates

101 and 102 which are in the form of rectangular plates are

first prepared as shown in Fig. 9A. Then, first to third

mother internal electrodé patterns 102a to 104a and 102b to

104b are formed.on single major surfaces of the

piezoelectric ceramic plates 101 and- 102 respectively.

These mother internal electrode patterns 102a to 104a and

102b to 104b are formed by applying conductive paste

containing silver or silver-palladium alloy powder by screen

printing or the like and drying the same.

Then, first and second mother signal drawing electrode

patterns 105 and 106 are formed on other surfaces of the

piezoelectric ceramic plates 101 and 102 respectively,'as

" shown in Fig. 9B. The first and second signal drawing

electrode patterns 105 and 106 are formed'by applying

copductive paste and drying the same, similarly to the

above. Then, the internal electrode patterns 102a to 104b

and the signal drawing.electrode patterns 105 and 106 are



5. An accel eration sensor enploying the piezoelectric el enen

conprising the:steps of: preparing a plate type piezoelectri
provided therein with an internal electrode to extend al ong

o

i | %ﬁ%ﬁfﬁﬁﬂ@gﬁaﬂ

wth claiml. 6. A nmethod of manufacturing a piezoelectric g

y 28: BEC 1995

| ongi tudi nal direction; applying conductive paste to upper and | ower
surfaces of said piezoelectric body in g 4to third portions of said

pi ezoel ectric body al ong said | ongitudi nal—direction and baking .t he sane
thereby formng first to third surface el ectrodes respectively; polarizing

sai d pi ezoel agdidd Bphedtinyghts bé completed as electrodes

respectively.

Further, the first piezoelectric ceramic plate 101 is

polarized along arrows D to F in Fig. 9B. This polarization

is carried out by applying relatively high voltages,

relatively low voltages, and intermediate voltages to the

internal electrode patterns 102b and 104b provided on the

upper surface, the internal electrode patterns 103b, and the

second signal drawing electrodes 106 respectively. The

piezoelectric ceramic body 102 is also polarized along

arrows A to C in Fig. 9B.

After the polarization, the piezoelectric ceramic

plates 101 and 102 are pasted to each othér through

thermosetting adhesives, so that the internal electrode

patterns 102a, 104a, 102b and 104b overlap with each other.

Thus, a mother piezoelectric ceramic body 107 is

obtained as shown in Fig. 9C. This mother piezoelectric

ceramic body 107 is similar in structure to the mother

.piezoelectric ceramic body 86 shown in Fig. 7C.

Therefore,

subsequent steps can be carried out along those described

above with reference to Figs. 8A and 8B, whereby the

piezoelectric element 61 shown in Fig. 6 can be obtained in

a similar manner to the above.

'Although the present invention has been described and

illustrated in detail, it is clearly understood that the
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i nternal electrode and said first to third surface REPLA
Date : 28 DEC 1995 - 42 - el ectrodes being fornmed on said up eREIamCEMEWTSHEET
surfaces of sai*d piezoelectric body so that said first and tlfird portions

and said second portion of said piezoelectric body are opposfitRsats: deaﬁEﬁngs
inits thickness direction; and formng first and second con ‘J
el ectrodes for electrlcally connecting saiggfirst to third surface

same'is by way.of illustration and example only and is not
to be taken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of the

appended claims.



el ectrodes being fornmed | ower surfaces of s |@
pi ezoel ectric body with Qmm‘mm;“ Mamt ively by sputtering| thTAACGEMENT SHEET
partially®cover said first to ce el ectrodes respecfiyv Iy 870 h‘Bgs
nmet hod of manufacturing a piezoelectric elenment. in accordanc 1"airnT 6 '
wherein regions being |ocated above and under said internal electrode are

pol arized in opposite directions in each g said first to third portions.

8. The nethod of manufacturing a piezoel éctric el enent in accordance with
claim6, wherein said step of preparing said plate type piezoel ectric body

bei ng provi dggaw §8 &3adMept §cnal electrode is carried out by pasting a
pair of piezoe Pectrlc ceramc plates to each ot her through

1. A piezoelectric element comprising:

a piezoeiectric body having first to third porfions
along its longitudinal direction, and being so polarized
that said first to third portions and said second portion
are oppositely polarized along its thickness direction;

'an internal electrode being formed in the interior of
said piezoelectric body ‘to extend in said longitudinal
direction but not to reach both longitudinal ends; and

first and second signal drawing electrodes being formed
on upper and lower surfaces of said piezoelectric body
respectiQely, |

each said signal drawing electrode havihg first to
third surface electrodes consisting of thick films being
formed on said first to third portions respectively and
separated froﬁ each other in said longitcdinal.direction;
and a connecting electrode consisting of a thin film being
formed to electrically connect said first to third surfacc
_electrodes with each other and to at least bartially cover

said first to third surface electrodes.

2. The piezoelectric element in accordance with cla..
1, wherein regions being located above and under said

internal electrode are polarized in opposite directions
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|nterp05|t|on of said intern e therebetmeen 9. A
manuf acturi ng a pi ezoel ect ri m Wghm ISI ng the steps
e
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thereof but not to reach both I ongitudihng; ends;

——

each of said first to third portions.

3. The piezoelectric element in accordance with claim
1, wherein said connecting electrode is formed not to reach

both longitudinal ends of said piezoelectric body.

4. The piezoelectric element in accordance with claim
--1:0or 2, wherein said piezoelectric body is made of

piezoelectric ceramics.

5. An acceleration sensor employing the piezoeiecfric
element in'accordénce with claim 1.

6. A method of manufacturing a piezoelectric element,
compriéing the steps of:

preparing a plate type piezoelectric body being
provided therein with an internal electrode t6 extend along
its longitudinal direction;

applying conductive paste to upper and lower surfaces
of said piezoelectrid body in first to third portions of
said pie;oelectric body along said longitudinal direction
and baking the same thereby forming first to third surface
electrodes respectively;

polarizing said piezoelectric body through said

internal electrode and said first to third surface



formng first to third surface: eIectroH€§*EUnsrs%an of thick
first to third portions of sai dJMﬂ'ﬂﬁﬂw am c pl ates {lERY-AGEMENT SHEET
| ongi tudi hal directions on surf w! e to those pflovi degl $vDEC m
said internal electrodes by applyind ahd taks ng conductive pa,tQﬂ°1 -----------------------------
respectively; polarizing said piezoelectric ceranic plates being provided —
with said internal electrodes and said Eipgst-to third surface el ectrodes so
that said first and third portions and sad second portions are oppositely

pol ari zed al ong thickness directions through said internal electrodes and

said first tQtdiv by f@ef’ﬁ}f?fﬁt“‘r{é?% 'SSRPAULPE Yand U dlhdY SOPASELS NS

el ectrodes consisting o
said piezoelectric body so that said first and third

portipﬁs and said second portion of said piezoelectric body
ere oppositely polarized in its thickness direction; and
forming first and second connecting electrodes for
elecfrically connecting said first to third surface
electrodes being formed on said upper and lower surfaces of
said piezoelectric body with each other respectively by
sputtering to at least partially cover said first to third

surface electrodes respectively.

7. The method of manufacturing a piezoelectric element
in accordance with claim 6, wherein regions being located
above and under said internal electrode are polarized in

opposite directions in each of said first to third portions.

8. The method of manufactufing a piezoelectric element
in accordance with claim 6, wherein said step of preparing
said piate type piezoelectric body being provided with said
internai electrode is carried ouf by pasting a pair of

'_piezoelectric ceramic plates to each other through

interposition of said internal electrode therebetween.

9. ‘A method of manufacturing a piezoelectric element,

comprising the steps of:
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on said surfaces of said plezoele[trlc ceran16‘pfafes bei ng pfjqy

said first to third surface el ect mm,m,lm ﬂally connec
at | east p
" ;

to third Surfate electrodes with
said first to third surface el ectrodes respecti vely by sputt

pasting said surfaces, being provided with said internal electrodes, of
said pair of piezoelectric ceraniC'pIatesjgngg prOV|ded wth said
connecting el ectrodes to REPLACENMENT SHt Date :28 DEC 1995

preparing a pair of piezoelectric ceramic platee;

forming internal electrodes on single major surfaces of
said piezoelecfric plates to extend in longitudinal
directions thereof but not to reach both iongitudinal ends;

forming first to third surface electrodes consisting of
thick films on first to third portions of said piezbelectric
ceramic plates elong said longitudinal'directions on
surfaces being opposite to those provided with said internal
electrodes by applying and baking conductive.paste
respectiVely;

polarizing said piezoelectric ceramic plates being
provided with said internal electrodes and said first to
third surface eiectrodes s0 that said first and third
portions and said.secoéa portions are oppositely polarized
along thickness directions through said internal electrodes
and said first to third surface elecfrodes respectively:;

forming connecting electrodes consisting of thin films
on said surfacés of said piezoelectric ceramic plates being
provided with said first to third surface eleétrodes to |
electrically connect said first ﬁo third surface electrodes
with each other and to at least partially cover said first
to third surface electrodes respectively by sputtering; and

pasting said surfaces, being provided with said
internal electrodes, of said pair of piezoelectric ceramic

plates being provided with said connecting electrodes to



44  each other for formng a plezoele ody. 10. The
manuf acturing a pi ezoel ectric eIe ordance i th clai [nREPLAGEMENT SHEET
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pol ari zed in opposite directions in e4 rst to thi G141 ORG e rneseraevens

11. A piezoelectric elenment conprising: a plezoeFectrlc body ﬁaV|ng TITSt
to third paortions along its longitudinal direction, and being so polarized
that said first and third portions and sakd second portion are oppositely
pol arized along its thickness direction; first to third internal electrodes

bei ng forrm“jéébﬁrﬁ%her for. forming a piezoelectric body.

10. The ﬁethod of manufacturing a piezoelectric
element in accordancé with claim 9, wherein regions beihg
located above and under each said internal electrode are
polarized in opposite directions in each of said first to

third portions.

11. A piezoelectric element comprising:

a piezoelectric body having first to third portions
along its 1ongitudinal diréction, and being so polariied
that said first and third portions énd said second portion
are oppoéitely polarized along its.thicknesé direction;

first to third THternal electrodes being formed in the
interior of said piezoelectric body to extend in said
longitudinal di;ection in said first to third portions while
being separatéd from each'pther; and

first and second signal drawing electrodes being formed

on upper and lower surfaces of said piezoelectric body

respectively.

12. The piezoelectric element in accordance with claim
11, wherein regions being located above and under each said
internal electrode are polarized in opposite directions 1n

each of said first to third portions.



|nter|or of said piezoelectric body to extend in said | ongitugrret
direction in said first to thi rﬂmnmm”wulu bei ng separ at CBERWWSHEET
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and | ower surfaces of said pi ezodl ettrli c "ody fespectively. 1}.Dapa®.r. ol mi....

pi ezoel ectric elenment in accordance with claim 11, wherein FEQrUﬂb —perng
| ocat ed above and under each said internal electrode are polarized in
opposite directions an each of said first 4 Third portions.

13. The piezoelectric element in accordance with claim
11, wherein said piezoelectric body is made of piezoelectric

ceramics.

14. An acceleration sensor employing'the piezoelectric

element in accordance with claim 11.

" 15. 'A method df manufactufing a piézoelectric element,
comprising the steps of:.

preparing.-rectangular plate shaped first and second
green sheets containing piezoélectric_ceramics;

applYing conductive paste to a single surface of said
first greén sheet in first to third portions along its
longitudinal direction, for forming first to third internal
electrode patterns respectively;

stacking said second green sheet on said surface of
said first green sheet being provided with said first to
third internal electrode patterns, for obtaining a laminate
sheet; |

firing said laminaté sheet thereby integrally firing
said ceramics and said first to third internal electrodes
for obtaining a sintered body:;

forming first and second signal drawing'electrédes by
applying conductive paste to upper and lower_5urfaces of

said sintered body and baking the same; and
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pi ezoel ectric el enent in accordanceé w " W 15. A net i e
manuf acturing a piezoelectric el enment, conprising the steps of:. preparing
rectangul ar plate shaped first and second green sheets containing

pi ezoel ectric ceram cs; applying conductd wg paste to a single surface of
said - '

polarizing said sintered body through said first and
second signal drawing electrodes and said first to third
internal electrodes so that said first and third portions
and said second portion of said sintered body along its
longitudinal direction are oppositely polarized'along its

thickness direction.

16. The method of manufacturing a piezoelectric
element in accordance with claim 15, wherein regions being
located above and under each said internal electrode are
polarized in opposite di:ections,in each of said first to

third portions.

17. A method of manufactufing a piezoelectric element,
comprising the steps of:

prebaring fired rectangular first and second
piezoelectric ceramic plates;

applying conductive paste to first to third portions
along longitudinal directions on single Surfaces-of said
first and_secbnd piezoelectric ceramic plates thereby
forming first to third internal electrode patterns |
respectively;

applying-conductiQe paste to surfaces of said first and
second piezoelectric ceramic plates being opposite to those

provided with said internal electrode patterns, for forming
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direction,- for formng first to th rnal el ectrode pat

respectively St acking said secon yz ﬂ[)@' lmUH"Isal d surfage_ of szlﬂiDEC\Qgﬁ
first green sheet being provided w 0 third infl@PHGf e
el ectrode patterns, for obtaining a Ian1nate sheet firing sard Ian1nate

sheet thereby integrally firing said ceram cs and said first to third

internal electrodes for obtaining a sinfédred body; forming first and second
signal draw ng el ectrodes by applying conductive paste to upper and | ower

surfaces of $qidSipe REDRO% Y D A i @ 13 G o batterns

respectively;

-

heating seid'first and second piezoelectric ceramic
plates fhereby baking said internal electrode patterns and
said signal drawing,eleetrodeupatferns, for forming first to
third internal electfodes and signal drawing electrodes |
respectively:

pqlarizing said first and second piezoelecéric ceramic
plates through said signal drawing electrodes and said first
to third intefnal electrodes so that said first and third
portions_and said second portions of said piezoelectric
ceramie plates are oppositely polarized in thickness
directions; and

pasting said surfaces, being provided with said
internal electrodes, of said first aﬁd second piezoelectric
ceramic plates being provided with said first to third

internal electrodes to each other, thereby obtaining a

piezoelectric element.

18. The method of mandfacturing a piezoelectric
. element in accordance with claim 17, wherein regions being
located above and under each said internal electrode are
polarized in opposite directions in each of said first to

third portions.
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el ement in accordance with claim15, wherein regions being |lo
and under each said internal electrode are polarized in oppos MEPQhCEﬂEN$§HEET
in each of sai8l first to third portions. 17. A nmethod of nany acturlng

pi ezoel ectric el enment, conprising the steps of : preparing firndaﬁﬁda ﬁQQGé@SEM,‘
first and second plezoelectrlc ceram c pl ates; applying conduA ot
first to third portions along |ongitudinal directions on S|ngle surfaces of

said first and second piezoelectric ceragrc plates thereby forn1ng first to
third internal el ectrode patterns respectively;
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applying conducti ve paste to surfaces of said first and seco
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pi ezoel ectric ceranic plates being opposite to those provideq WrRHPGEMENT SHEET |

internal électfode patterns, for formng =~ REPLACEMENT SHEE te 1995
DEC 1995 47 first and second signal draw ng el ectrode patte'n@‘a 28 BEC
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respectively; heating said first and second piezoel ectric ceramc plates
t hereby baking said internal electrode patterns and
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said signal drawi ng el ectrode patterns, for formng first tqg h%h[ﬂvéﬂgﬁﬁgﬁkif
el ectrodes and signal drawi ng el ectrodes respectively; polarf}z g

first and second piezoelectric ceramc plates through said s g gr E—‘Bﬁmﬂﬁ__ A
el ectrodes and said first to third internal electrodes so tHabasa LSt )
and third portions and said second portions of said piezoelectric ceramc

pl ates are oppositely polarized in thickness directions; and pasting said
surfaces, being provided with said intergal electrodes, of said first and
second plezoelectrlc ceram c plates bei ng—provided mnth said first.to third

i nternal electrodes to each other, thereby obtaining a
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PIEZOELECTRIC ELEMENT AND METHOD OF
. MANUFACTURING THE SAME

ABSTRACT OF THE DISCLOSURE

in a-piezoélectric element (21), an internal electrode
(31) is embeddéd in a piezoelectric ceramic body (22) to
extend in its longitudinal direction, first to third surface
electrodes (23 to 25, 27 to 29) are formed on upper and
lower surfaces of the piezoelectric ceramic body (22) in
first to third portions along the longitudinal direction,
connecting electrodes (26, 30) are formed to éoﬁnect the
first to third surface electrodes (23 to 25, 27 to 29) with
each other, the first to third'portions are so polarized
that the second portion is oppositely polérized to the first
to-third portions, and regions located above aﬁd under the.

internal electrode are polarized in opposite directions in

the respective ones of the first to third'portions.



