-1-{Accel erati on Sensor The present i.nvention relates to an accel eration
sensor as stated in the preanble of claim1. An acceleratiéﬁﬂééné@ﬁV’f this
kfnd is al ready known from DE-A-2 316 130, This acceleration sens
copprising: an accelera- tion sensor body having a specific i nsitive
diréction along which no ac- celeration is detectable and a c §hbﬁﬁnt§hg
sai d accel eration sensor

’ TITLE OF THE INVENTION
i Acceleration Sensor
i BACKGROUND OF THE INVENTION
' Field of the Invention
5 The present invention relates to an acceleration sensor,
and more particularly, it relates to an acceleration sensor
which is formed by a bimorph piezoelectric element.
Description of the Background Art
In general, an acceleration sensor employing a bimorph
10 piezoelectric element is known in the art. An example of such an
. acceleration sensor is now described with reference to Fig. 1.
An accelefatiaﬁ'sensor 1 comprises a sensor body 2 thch is
é formed by a bimorph piezoelectric element, and an insulated case
3. The acceleration sensor 1 is generally mounted on a mounting
:15 substrate 4, as shown in Fig. 1.
The sensor body 2 is formed ﬁy a combination of firét and
second piezoelectric ceramic plates 5 and 6. First and second =

signal electrodes 7 and 8 are formed on outer major surfaces of

the first and second piezoelectric ceramic plates 5 and 8

20 respectively. The first and second signal electrodes 7 and 8 are
opposed to each other through the piezoelectric ceramic plates 5
and 6 at a central portion of the sensor body 2. Further, an
intermediate electrode 9 is formed between the first and second

piezoelectric ceramic plates 5 and 6. Namely, the first and

25 second piezoelectric ceramic plates 5 and 6 are pasted to each
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body} and having a mounting surface t-o be nounted on an external device.
sai dj accel erati on sensorbody being so supported by said case that said in-
sénsjtive direction is along a direction being neither parallel nor perpen-
dicugar to said nounting surface of said case. In general, an acceleration
sensor enploying a binorph piezoelectric elenent is knumHﬂ' he _art.
Another exanpl e of such an accel eration sensor is now glesc

refeyence to

other through the intermediate electrdae 9. The intermediate
electrode 9 is formed along the portion where the first and
second signal electrodes 7 and 8 -are opposed to each ather.
The first and second piezoelectric ceramic plates 5 and 6
5 are polarized as shown by broken arrows in Fig. 1. In other
words, the first and second piezoelectric ceramic plates 5 and 6

are uniformly polarized along thicknesses thereof, in directions

RCAIR

which are opposite to each other.

The first and second signal electrodes 7 and 8 are drawn out

on first and second ends along the longitudinal direction of the

fetow
o

sensor body 2 respectively.

The insulated'gése 3 has first and second holding members 10
énd 11 and fl;t plate type case substrates 12 and 13. The.first
and second holding members 10 and 11 are fixed to outer major

15 gurfaces of the sensor body 2 in portions close to both ends

thereof respectively. The first and second holding members 10

g and 11 have cavities 10a and 1la respectively. These cavities
*10a and lia are adapted to define spaces for allowing

displacement of the sensor body 2. Thus, the sensor body 2 is

420 supported by the first and second holding members 10 and 11 in

the form of a center beam.

Still another cavity 12a is formed in an upper surface of
the case substrate 12, in order to define a space for allowing
displacement of the sensor body 2. A further cavity is also

25 formed in a lower surface of the case substrate 13 which is shown

-2 - .
This Sheet Has Been Replaced

AR




y a bi norph piezoelectric el enment, and an insul ated case 3. The
cceleration sensor 1 is generally nounted on a nounting substrate 4, as
shown in Fig. 1. The sensor body 2 is forned by a conbination of first and
Second piezoelectric ceramc plates 5 and 6. First and second

Ei:g. | . An accel eration sensor | conprises a sensor body 2 which is forr

THIS SHEET HAS BEEN
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in phantom lines in Fig. 1, to allow &isplacement of the sensor
body 2.

The first and second holding members 10 and 11 afe fixed to
both sides of the sensor body 2 and the case substrates 12 and 13

5 are bonded to upper and lower portions thereof as described

above, so that the sensor body 2 is stored in the insulated case
3. Terminal electrodes (not shown in Fig. 1) are formed on both
end surfaces of the insulated case 3, to be connected with the
first and second signal electrodes 7 and 8 respectively.

10 Fig. 2 is a perspective view showing another exemplary
conventional acceleration sensor 21. The acceleration sensor 21
has a sensor boay Zi’whiph is similar in structure to the sensor
body 2 of the acceleration sensor 1 shown in Fig. 1. Since the

sensor body 22 itself is similar in structure to the sensor body

i5 2, portions identical to those in Fig. 1 are denoted by similar
reference numeéals. ’
In the acceleration sensor 21, the sensor body 22 is so
arranged that major surfaces of first-dnq second piezoelectric
ceramic plates 5 and 6 are in a éirection which is parallel to a

20 major surface 4a of a mounting substrate 4. First and second

: holding members 23 and 24 are arranged on upper and lower

portions of the sensor body 22 respectively. The first and

second holding members 23 and 24 are similar in structure to the

-

first and second holding members 10 and 11 shown in Fig. 1. The

e avmrs AUV S

5 acceleration sensor 21 is different from the acceleration sensor-
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si gngl

el ectrodes 7 and 8 are fornmed-on outer major surfaces of the first

and gecond piezoelectric ceramc plates 5 and 6 respectively. The first and

second
pi ezgel

body ;2.

signal electrodes 7 and 8 are opposed to, each other through the
ectric ceramc plates 5 and 6 at a .central. portion of the sensor
Further, an internmedi ate electrode 9 is fornmed between the first

: . : Lo
and second piezoelectric ceramc plates 5 and 6. hb'-hﬁéshﬁgrhAoéﬁiéﬁF

25
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1 in a point that the sensor body 22 is arranged in the
aforementioned direction while the first and second holding
members 23 and 24 and case suﬁstpates 25 and 26 are ar;anged in
response to the direction of the sensor body 22, and the
respective elements are similar to those of the acceleration
sensor 1.

In the acceleratién sensors 1 and 21 shown in Figs. 1 and 2,
the sensor bodies 2 and 22 exhibit excellent sensitivity with
respect to acceleration acting along thicknesses thereof.
However, the sensor bodies 2 and 22 have no sensitivity with
respect to acceleration acting along widths thereof. In other.
words, there are spég1f1c insensitive directions Q along whlch
no acceleration is detectable.

When a bottom surface 3a of the insulated case 3 is fixed
onto the major surface 4a of the mouhting substrate 4 for

mounting the acceleration sensor 1 on the mounting substrate 4,

respect to acceleration acting along a direction X which is
parallel to the major surface 4a, while the same has no
sensitivity with respect to acceleration acting along a
direction Z which is perpendicular to the majof surface 4a.
When the acceleration sensor 21 is similarly mounted on a
major surface 4a of a mounting substrate 4 as shown in Fig. 2,
further, the sensar boéy 22 exhibits maximum sensitivity with

respect to acceleration acting along a direction Z which is
e
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secohd pi ezoel ectric ceramic plates ™ and 6 are pasted to each -2- other
through the internediate el ectrode 9. The internediate electrode 9 is
f or nfed al ong the portion where the first and

10

15

20

125
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perpendicular to the major surface 4a,"while the same has no
sensitivity with respect ta acceleration acting along a
direction X which is parallel to the major surface 4a:
SUMMARY OF THE INVENTION

In order to solve the aforementioned problems of the
cﬁnventional acceleration sensors, an object of the present
invention is to.provide an acceleration sensor exhibiting
detection sensitivity to some extent with respect to
acceleration acting along each of directions which are parallel
and perpendicular to a mounting surfacé therefor, thereby

enabling reliable detection of the acceleration in each

direction. smd

- According to a wide aspect of the present invention; an
acceleration sensor comprises an accelération sensor body haQing
a specific insensitive direction along which no acceleration is
deteétable, and a casé supporting the sensor body and having a
mounting surface to be mounted on an external device. The sensor
bbdy is so sﬁpported by the case that its insensitive direction
is aloné a direction which is neither parallel nor perpendicular
to the mounting surface of the case.

According to the inventive acceleration sensor, the sensor
body is so arranged that its‘insensitive direction is along a
direction which is neither parallel nor perpendicular to the

mounting surface of the case. Therefore, the sensor body has

sensitivity to some extent-also with respect to acceleration

-— —

|/
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secqnd signal electrodes 7 and 8 are opposed to each other. The first and
secqnd pi ezoel ectric ceramc plates 5 and 6 are polarized as shown by

bf ofen arrows in Fig. 1. In other words, the first and second piezoel ectric
ceramic plates 5 and 6 are uniformy polarized al ong thi cknesses t hereof,
in directions which are opposite to each other. The first and second signal

el egtrodes 7 and 8 are drawn out

acting along a direction which is parallel or perpendicular to
the mounting surface of the case, whereby it is possible to

reliably detect the acceleration.-along this direction.

According to a specific aspect of the present invention,
the acceleration sensor body is formed by a bimorph
piezoelectric element.

This bimorph piezoelectric element preferably comprises
first and second piezoelectric ceramic plates each having a pair
of opposite major surfaces, a first signal electrode which is
10 formed on a first major surface of the first piezoelectric
ceramic plate, a second s;gnal electrode which is formed on a
first major surfacédbf the second piezoelectric ceramic plate,
and an intermediate electrode which is arranged between second

major surfaces of the first and second piezoelectric ceramic

15 ‘ plates, and the first and second piezocelectric ceramic plates
| are bonded to each otﬁer thréugh the intermediaté electrode.
Accord;ng to a specific preferable aspect of the present
invéntion, the sensor body has such first to fhird regions that
stress is caused in different directidns in adjacent ones of the
20 regions upon action of acceleration while the first and second
piezoelectriq ceramic plates are polarized in opposite

directions in the second region which is located at the center,

and the acceleration sensor further comprises means for
preventing charges which are opposite in polarity to those

325 generated in the second region from being drawn from the signal
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on fifst and second ends along the |ongitudinal direction of the sensor
body P respectively. The insulated case 3 has first and second hol di ng
nmenbefs 10 and 11 and flat plate type case substrates 12 and 13. The first
and sgcond hol di ng nmenbers 10 and 11 are fixed to outer mmjor surfaces of
t he sensor body 2 in portions close to bot'h ends thereof ‘respectively. The

first] and second hol ding nenbers 10

THIS SHEET HAS BEEN
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electrodes in the first and third regions. According to this
structure, charges which are generated in response to stress
caused by action of acceleration are drawn out from tﬁe first and
second signal electrodes in the second region which is located at

the center when the sensor body is deflected, while no charges of

opposite polarity are drawn from the signal electrodes in the
first and third regions, due fo the aforementioned means. Thus,
it is possible to improve detection sensitivity as compared with
the conventional acceleration sensors, as clearly understood
from embodiments of the present invention described later.

The foregoing and other objects, features, aspects and
advantages of the present invention wiil become more apparent
from the following detailed description of the present invention
when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view for illustrating an exemplary
conventional'acceleration sensor;

Fig. 2 is a perspective view for illustratfng another

exemplary conventional acceleration sensor;

Fig. 3 is a perspective view for illustrating an
acceleration sensor according to a first embodiment of the

present invention;

Fig. 4 is a typical side elevational view for illustrating

-

an insensitive direction of the acceleration sensor according to

25 the embodiment shown in Fig. 3;
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e adapted to define spaces for allow ng displacenent of the sensor body
Thus, the sensor body 2 is supported by the first and second hol di ng
ngnbers 10 and 11 in the formof a center beam Still another cavity 12a is
fprmed in an upper surface of the case substrate 12, in order to define a
space for allow ng

2[6 11 have cavities 10a and 1l a respectively. These cavities 10a and 1l a
2

-

Figs. 5A and 5B are perspective views for illustrating

steps, which are included in those for manufacturing the
acceleration sensor shown in Fig.’3, for cutting'a principal part
of the acceleration sensor from a mother laminate respectively;

5 Fig. 6 is a perspective view for illustrating an
acceleration sensor according to a second embodiment of the

present invention;
Fig. 7 is a typical plan view for illustrating a state of a
sensor body which is displaced when acceleration acts on the
10 acceleration sensor shown in Fig. 6 and charges generated at this
time;
Fig. 8 is a tyﬁfbal perspective view for illustrating an
acceleration éensor according to a third embodiment of the

present invention;

15 Fig. 9 is a typical perspective view for illustrating an
acceleration ;ensor according fo a fourth embodiment of the
present inveqtion; and

. Fig.'io.is a perspective view for illustrating an exemplary
method of manufacturing the acceleration éensor according to the
20 present invention.
DESCRIPTION OF. THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention are now

described with referean_to the drawings.

First Embodiment

3] Fig. 3 is a perspective view for illustrating an
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pl acenent of the sensor body 2. A further cavity is also forned in a
r surface of the case substrate 13 which is shown I n phantom | i nes
Fig. 1, to allow displacenent of the sensor body 2.

acceleration sensor 31 according to a first embodiment of the
present invention. The acceleration sensor 31 has a sensor body
32 of a bimorph piezoelectric eléhent: The sensér bo&y 32 is
formed by first and second piezoélectric ceramic plates 33 and

5 34, which are pasted to each other. The first and second
piezoelectric ceramic plates 3 and 4 are polarized as shown by
arrows in broken lines in Fig. 3. In other words, the first and

second piezoelectric ceramic plates 33 and 34 are uniformly

polarized along thicknesses thereof, in directions which are
10 opposite to each other. The piezoelectric ceramic plates 33 and
34 are made of a ceramic material §uch as lead titanate zirconate
piezoelectric ceramics, for example.
First and second signal electrodes 35 and 36 are forméd on

outer major surfaces of the first and second piezoelectric

15 ceramié plates 33 and 34 respectively. The first and second
signal electrodes 35 and 36 aré opposéd to each other thréugh the
piezoelectrig ceramic plates 33 and 34 at a central portion of
the sensor bédy 32. The first signal electrode 35 is éo_formed

% as to extend from the central portion to an end‘of the sensor

20 body 32, while the second signal electrode 36 is_so formed as to

extend from the central portiqn to another end of the sensor body

32.

The first and second piezoelectric ceramic plates 33 and 34

are bonded to each other through an intermediate electrode 37.

This intermediate electrode 37 is formed between the portion
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The

th5 sensor

b‘first and second hol ding nenbers 10 and 11 are fixed to both sides of

| oper portions thereof as described above, so that the sensor body 2 is
stpred in the insulated case 3. Term nal el ectrodes (not shown in Fig. 1)

formed on both end surfaces of the insul 3 % connect ed
h the first and second signal el ectrodes % aﬁ§9§ﬁﬁﬁ%§§§’|ve y.

arg
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where the first and second signal electrodes 35 and 36 are
opposed to each other.

The feature of the acceleration sensor 31 aecord;ng to this
embodiment resides in the difection of arrangement of the sensor
body 32. Due to the aforementioned structure of the sensor body
32, charges which are based on displacement of the first and
second piezoelectric ceramic plates 33‘and 34 along thicknesses
thereof are drawn from the first and second signal electrodes 35
and 36 upon such displacement, while major surfaces of the
piezoeleetric ceramic plates 33 and 34 are inclined at an angle 8
with respect to a.major surface 4a of a mounting plate 4, as
shown in Fig. 3. Oﬁ"%he other hand, upper and lower surfaces of
the sensor body 32 extend in para;lel'with the major surface 4a
of the mounting substrate 4. Further, a pair of side surfaces of
the sensor body 32 extend in a direction which is perpendicular
to the major surface 4a of the mounting substrate 4a.

First apd second holding members 38 and 39 are arranged on
both_sides of the sensor body 32. The first and second holding
members 38 and 39 are fixed to the sensor body 32 in portions
close to both ends of the sensor body 32 along its longitudinal
direction. Thus, the sensor_body 32 is supported by the first
and second holding members 38 and 39 in the form of a center

beam.

The first and second holding members 38 and 39 are provided

. with cavities 38a and 39a. These cavities 38a and 39a are
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body 2 and the case substrates 12 and 13 are bonded to upper and
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. 2 1s a perspective view show'ng still another exenplary conventional
acgel eration sensor 21. The accel eration sensor 21 has a sensor body 22

whfch is similar in structure to the sensor body 2 of the accel eration

sepnsor

15

25

10 -

20

1 shown in Fig. 1. Since the sensor body 22 itself is simlar in

stfucture to the sensor body 2, portions identical, those in Fig. 1 are
depoted by simlar reference nunerals. TH

THIS SHEET HAS BEEN
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adapted to define spaces for allowing dfsplacement of the sensor
body 32 which is supported in the form of a center beam.

Case subsfrates 40 and 41 (only the outline of tﬁe case
substrate 41 is shown in phantom lines) are fixed to lower and
upper portions of the sensor body 32 and the first and second
holding members 38 and 38. Cavities (not shown) are provided in
an upper surface of the case substrate 40 and a lower surface of
the other case substrate 41, to allow displacement of the sensor
body 32. These cavities are formed in a similar manner to the
cavity 12a of the case substrate 12 which is provided in the
conventional sensor 1 shown in Fig. 1.

The first and §gbond holding members 38 and 39 and the case
substrates 40,énd 4i form an'insﬁlated case in the present

invention. The first and second holding members 38 and 39 and

the case substrates 40 and 41 can be made of proper insulating

-

materials such as insulating ceramics such as alumina or
synthetic resin.

Firgt and sécond terminal electrodes (not shown) are formed
on both end surfaces of the acceleration sensor‘sl, to be
electrically connected with the first and second signal
electrodes 35 and 36 respectively.

The case substrates 40 and 41 forming the insulated case may
be made of a material having a high dielectric constant such as

dielectric ceramics, for example, so that a plurality of

opposite electrodes are formed on an upper surface of the case

- 11 - This Sheet Has Been Repla
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Ln ‘the acceleration sensor 21, the sensor body 22 is so arranged that major

urfaces of first and second plezoelectrlc ceramc plates 5 and 6 are in a

irection which is parallel to a major surface 4a of a nmounting substrate
First and second hol di ng-menbers 23 and 24 are arranged on upper and

ower portions of the sensor body 22 respectlvely The first and second

ol ding nenbers 23 and 24 are simlar in structure to the

THIS SHEET HAS BEEN |
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substrate 40 or 41 to form a capacitor and the electrodes for
forming the capacitor are electrically connected in parallel
with the sensor body 32. '
In the acceleration sensor 31, the sensor body 32 whose
5 major surfaces are inclined at the angle 6 with respect to the
major surface 4a of the mounting substrate 4 has an insensitive
.direction along arrow Q in Fig. 3. When the acceleration sensor

31 is mounted on the major surface 4a of the mounting substrate 4

as shown in Fig. 3, therefore, the sensor body 32 has sensitivity
10 to some extent with respect to acceleration acting along each of
directions X and Z which are parallel and perpendicular to the

ﬁ " ' major surface 4a rédpectively. In other words, it is possible to
reliably detect each acceleration acting along the direction X :

or Z. This is now described in more detail with reference to

15 Fig. 4.

As shown in Fig. 4, the maximum.sensitivity in the sensor
body 32 is obtained along the direction of stacking of the first
and second piezoeléctric ceramic plates 33 and 34. When
acceleration acts along arrow X in Fig. 3 in parallel.with the
20 major surface 4a of the mounting substrate 4, the sensor body 32
exhibits detection sensitivity which is sing times the maximum
detection sensitivity, while detection sensitivity which is cosé
times the maximum detection sensitivity is obtained when

acceleration acts aloné'arrow Z perpendicularly to the mounting

5 surface 4a.

- 12 -
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fgrst and second hol ding nmenbers 10 and 11 shown in Fig. 1. The
agcel eration sensor 21 is different fromthe accel erati on sensor -4- 1

iP a point that the sensor body 22 is arranged in the

THIS SHEET HAS BEEN |
; REPLACED -

The angle 8 of inclination can be ﬁroperly set in a range of

0° to 90° excluding 0° and 90°, while this angle 6 is preferably
selected at about 45°, in order te implement relativeiy'high
detection sensitivity in each of the directions X and Z. When
5 the angle § of inclination which is properly set within the
aforementioned range-is changed, the sensitivity ratio of the
acceleration sensor 31 is varigd with respeét to acceleration
acting along the directions X and Z. Therefore, the angle 8 of
inclination is set in consideration of working conditions of the
£10 acceleration sénsor 31.

A method of manufgcturing the accele;ation sensor 31
according to the Ffi¥St embodiment is now described with
reference to Figs. 5A and 5B.

First, a mother sensor body 53 is arranged between mother
15 ceramic plates 51 and 52 for forming the holding membérs'ss and
39, as shown in Fig. S5A. The mother sensor body 53 is formed by
P mother piezoglectric ceramic plates 54 and 55, which are pasted
to each other. Further, electrode patterns 56 to 58 for forming
the first and second signal electrodes 35 and 36 and the internal
20 electrode 37 are provided on both major surfaces of the mother
piezoelectric.ceramic plates §4 and 55 respectively. Further,
cavities 51a and 52a are formed in the mother ceramic plates 51
and 52 respectively. These cavities 51a and 52a are adapted to
form the aforementioned‘cavities 38a and 39a respectively.

25 ' A mother laminate 59 shown in Fig. 54 is cut along cutting
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@ enent i oned direction while the first and second hol di ng menbers 23 and
B and case substrates 25 and 26 are arranged in response to the direction
¥ the sensor body 22, and the respective:elenents are siimilar to those of
accel eration sensor 1. I'n-the accel eration sensors 1 and 21 shown in

and 2, the sensor bodies 2 and 22 exhibit excellent sensitivity
THIS SHEET HAS BEEN
. REPLACED

lines S1 and S2 shown in Fig. 5A, to obtain a laminate block 60

shown in Fig. 5B.

In the laminate block 60, mother ceramic sub§trafe portions
51A and 52A are bonded to both sides of the sensor body 32. Then,
this laminate block 60 is cut along cutting lines S3 and S4 shown
in Fig. 5B, to obtain such a structure that the holding members
38 and 39 shown in Fig. 3 are bonded to both sides of the sensor
body 32. -Thereafter the case substrates 40 and 41 shown in Fig.
3 are bonded to lower and upper portions of this structure,
thereby obtaining the acceleratiqn sensor 31.

. Second Embodiment

Fig. 6 is a perspective view for illustrating an
acceleration sensor 71 according to a second embodiment of the
present invention. The acceleration sensor 71 according to the
_second embodiment has a sensor body 72. The second embodimént is
similar in structure to the first embodiment except that the
seﬁsor body 72 is different from the sensor bddy 32. Therefore,
portions othér than thbge forming the sensor body 72 are denoted
by_the same reference numerals as those in Fig. 3, to omit
redundant description.

The sensor body 72 has first and second piezoelectric
ceramic plateé 73 and 74. Firét and seéond signal electrodes 75
and 76 are formed on outer major surfaces of the first and seéond
piezoelectric ceramic piates 73 and 74 respectively. The first

and second piezoelectric substrates 73 and 74 are bonded to each

- 14 -~
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>spect to accel eration, acti
bodi es 2 and 22 have

irections Q along which no:accel eration.is detect y
urface 3a of the insulated case 3 is fixed onto t

he nounting substrate 4 for S

ng al ong thicknesses thereof. However, the
no sensitivity with respect to accel eration
cting along widths thereof. In other words, there are speC|f|c i nsensitive
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other through an intermediate electrod&@ 77. The sensor body 72

is inclined at an angle 8 with respect to a maj

jor surface 4a of a

mounting substrate 4, similarly to the sensor body 32 according

to the first embodiment.

Also in the acceleration sensor 71 accord

embodiment, the sensor body 72 is supported in

ing to this

the form of a

center beam. When acceleration acts along arrow G as shown in

Fig. 7 in a typical plan view, the case is moved along this

acceleration and the sensor body 72 is deformed by inertial force

as shown in the figure. In this case, first to third regions

72A, 72B and 72C which are displaced in different manners are

defined in the sensut body 72 along its longitudinal direction.

Broken lines A and B show boundaries between the first to third

regions 72A to 72C.

Namely, the first piezoelectric ceramic plate 73 is

compressed as shown by arrow Ct and the second

ceramic plate 74 is expanded as shown by arrow

piezoelectric

D1 in the second

region 72B when the sensor body 72 is displaced as shown in Fig.

7.

In the fifst and third regions 72A and 72C, on the other

hand, the first piezoelectric ceramic plate 73 is expanded and

the second piezoelectric ceramic plate 74 is compressed. Thus,

the first and second piezoelectric ceramic pla

tes 73 and 74

define regions which arée displaced in different manners along

the longitudinal direction.

- 15 -
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ting the acceleration sensor 1 on the nounting substrate 4, therefore,

body 2 exhibits maxinumsensitivity with respect to acceleration

ac{ ng along a direction X which is parallel to the major.surface 4a, while
same has no sensitivity with respect to acceler '
iffection Z which is perpendicular to the major sur
acqel eration sensor 21 is simlarly nounted on a

Referring again to Fig. 6, the piezoelectric ceramic plates

73 and 74 are polarized in opposite directions in the second
region 72B. In the first piezoelectric ceramic platé.73,
however, the first and third regions 72A and 72C are polarized in
a direction which is opposite to the polarization direction of
the second region 72b. Also in the second piezoelectric ceramic
plate 74, the first and third regions 72A and 72C are polarized

in a direction which is opposite to the polarization direction of

the second region 72b.

When the sepsof body 72 is displaced as shown in Fig. 7,

therefore, minus polarity charges and plus polarity charges are
generated on outer major suffaces of the first:énd second

. piezoelectric ceramic plates 73 and 74 respectively in the
second region 72B. 1In addition, minus polérity charges and plus
polarity charges are generated on the outer major surfaces of the
first and second piezoelectric ceramic plates 73 and 74

respectively also in the first and third regions 724 and 72C.

Therefore, the charges generated in the aforementioned

manners are drawn from the first and second signal electrodes 75
and 76, whereby it is possible to improve detection sensitivity
as compared with the acceleration sensor 31 according to the

first embodiment shown in Fié. 1.

In the acceleration sensor 3! according to the first

embodiment, the pilezoelectric ceramic plates 33 and 34 are

uniformly polarized in the sensor body 32, whereby charges which

- 1§ - . -
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ﬁaror surface 4a of a nounting substrate 4 as shown in Fig. 2, further, the

sensor

body 22 exhibits maxi mum sensitivity with respect to acceleration

acting along a direction Z which is -5-

-

10

15

A 4

t

THIS SHEET HAS BEEN
’ _____ REPLACED ]

are opposite in polarity to those in a Second region
corresponding to that shown in Fig. 7 are generated in first and
third regions corresponding to those shown in Fig. 7.WIn the
first piezoelectric ceramic plate 35, for example, charges which
are generated on its outer major surface in the first and third
regions are opposite in polarity to those geﬁefated in the outer
major surface in the second region. Therefore, the charges which
are generated in the central second region are canceled by those
of opposite polarity generated in thé first and third regions, to
reduce detection sensitivity.

In the embodiment shown in Fig. 6, on the other hand, the
piezoelectric cerami¢ plates 73 and 74 are polarized in the
aforementioned manner, Whereby charges of'opposite polarity to
those in the second region 72B are prevented from being drawn |
from the signal électrodes 75 and 76 in the first and third
régioqs %ZA and 72C. In othe} words, the aforémentioned
polarization.structure forms the means for preventing charges
which are opposite in polérity to those generated in the second
region from being arawn from the signal electrodes in the.first
and third regions according to the present invention.

Third Embodiment

Fig. B is a perspective view for illustrating an

acceleration sensor 81 according to a third embodiment of the

-

present invention.

The acceleration sensor 81 according to the third
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Eer‘pendi cular to the major surface-4a, while the sane has no sensitivity
M th respect to acceleration acting along a direction X which is parallel
Fo the major surface 4a. It is an object of the present invention to
brovi de anot her accel eration sensor exhi biti ng detection sensitivity to
sone extent with respect to-accel eration acting algnsg.each of directions
pMich are parallel and perpendicular to a nmounting HHSSU HTHASBELN
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embodiment is similar in structure to those of the first and
second embodiments except that a sensor body 82 is formed in a
different manner. Therefore, only the sensor body 82=is
described.

The sensor body 82 has first and second piezoelectric
ceramic plates 83 and 84. First and second signal electrodes 85
and 86 are forﬁed on outer major surfaces of the piezoelectric
ceramic plates 83 and 84 respectively. Further, an intermediate
electrode 87 is formed between the first and second
piezoelectric ceramic plates 83 and 84. Broken lines A and B in
Fig. 8 show boundaries between first to third regions 82A to 82C
corresponding to.thﬁﬁe described above with reference'to the
second embodiment.

According to this embodiment, the piezoelectric'ceramic
plates 83 and 84 are poiarfzed in opposite directions in the
second region 82B. On the other hand, the piezoelectric ceramic
plates 83 and 84 are not polarized in the first and thifd regions
82A and B2C. Further, the first and second signal electrodes 85
and 86 are opposed to each other only in the second region 82B.
Similarly, the intermediate electrode 87 is formed only in the

second region B2B.

When acceleration acts along arrow G, the sensor body 82 is
displaced similarly to the sensor body 72 shown in Fig. 7. 1In
this case, charges whicﬁ-are based on such displacement are

generated on outer major surfaces of the piezoelectric ceramic
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tface therefor, thereby enabling reliable detection of the acceleration
each direction. An accel eration sensor as discussed in the opening part
t he description conprises an accel erati on sensor body having a specific
Bsensitive direction along which no acceleration is dg
pporting the sensor body and having a nounting surfa g5t he
external device. The sensor HEET

int ed on

ET N .
RLPLA(’;‘,“ BEEN |

plates 83 and 84 in the second region B2B of the sensor body 82.
These charges which are generated on the basis of the
displacement are drawn from the first and second signél
electrodes B85 and 86. On the other hand, substantially no
charges are generated in the first and third regions 82A and 82C
since the piezoelectric ceramic plates 83 and 84 are not
polarized in these regions. Further, the signal electrodes 85
and 86 arelopposed to each other only in the second region 82B.
Thus, only the charges which are generated in the second region
82B are reliably drawn f;om'the signal e;ectrodes 85 and 86,
whereby it is possible to improve detection sensitivity as
compared with the adceleration senéor 31 according to;fhe first
embodiment .

Namely, the means for ﬁreventing charges which are opposite
in polarity to those generated in the second region from being
drawn from:the signal electrodes in the first and third regions
according to the present invention is formed by the opposition of
the first aﬁd second signal electrodes 85 and 86 only in the
second region B82B and)or the unpolarized structures of the first
and third regions 82A and 82C according to the third embodiment.

Fourth Embodiment

Fig. 9 is a perspective view for illustrating an
acceleration sensor 91 according to a fourth embodiment of the
present invention, whose sensor body 92 is a modification of the

sensor body 82 according to the third embodiment. Therefore,

x-._n_\
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By is so supported by the case that its insensitive direction is along a
B ection which is neither parallel nor perpendicular to the nmounting
4 f ace of the case. Therefore, the sensor. body has sensitivity to sone

“#t ent also with respect to acceleration acting along a direction which is
4qral l el or perpendicular to the nounting surface of reby it

possible to reliably detect the acceleration al on *ﬂSSH?ETHASBEEN
REPLACED

only points of the sensor body 92 which are different from the
sensor body 82 according to the third embodiment are described
while portions identical to those in Fig. 8 are denotéd by the
same reference numerals, to omit redundant description.

5 In the sensor body 92, first and second piezoelectric
ceramic plates 93 and 94 are pasted to each other through an
intermediate electrode 87. The intermediate electrode 87 is
arranged only in a second region 92B. Further, first and second
signal electrodes 85 and 86 are opposed to each other only in the

10 second region 82B. |
On fhe other hand, the piezoelectric ceramic plates 83 and
94 are polérized inmapposite directions in the second region 92B,
'similarly to the sensor body 82 dccording to the third
embodiment. According to the fourth embodiment, however, the
15 piezoelectric ceramic plates 93 and 94 are polarized also in

first and third regions 92A and 92C in a similar mannef to the

second region 92B. In other words, the piezocelectric ceramic
plates 93 and 94 are uniformly polénized along thicknesses
thereof. .

20 However, the first and second signal electrodes 85 and 886
are opposed to each other only in the second region 92B. Even if
charges which are based on displécement of the sensor body 82 are
generated on outer major surfaces of the piezoelectric ceramic
plates 93 and 94 in the’first and third regions 82A and 92C,

25 therefore, these charges are not drawn from the signal
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= direction. Further, the accel eration sensor body is forned by a

g or ph piezoelectric elenent. According to the invention, this binorph
igkzoel ectric el ement conprises first and second piezoel ectric ceramc
¥Rt es each having a pair of opposite major surfaces, a first signal
@kctrode which is forned on a first nmajor surface of the first

Ilezoel ectric ceranic plate, a second signal electrode which is

THIS SHEET HAS BEEN
REPLACED _

electrodes 85 and 885.

Namely, the means for preventing charges which are opposite
in polarity to those genérated in the second region f;om being
drawn from the signal electrodes in the first and third regions

5 according to the present invention is formed by the opposition of
the signal electrodes 85 and 86 only in the second region 92B.

Another-Exemplary Manufacturing Method

The sensor body is formed by the first and second
piezoelectric ceramic plates which are pasted to each other

10 through the intermediate electrode in each of the acceleration

a1 NAIRE. 7S04 iRl

sensors according to the first to fourth embodiments, and such a
structure can be obtained by pasting mother piezoelectfic
ceramic plates to each other, similarly to the conventional
acceleration sensor 1. When such ceramic plates are pasted to

i5 each other through an adhesive; however, the adhesive may not
necessarily adhere to the overall surfaces of the cerémic plafes
in uniform tpicknesses. In other words, the ceramic plates.may
have portions provided with no adhesive, or those having
adhesive layers in relatively excessive thicknesses in

20 ‘dispersion. In this case, the piezoelectric ceramic plates are
not or insufficiently bonded to each othe; in a structure
obtained by cutting a mother sensor body which is bonded with
holding members or the like, leading to dispersion in detection

-

accuracy.

25 Fig. 10 is a perspective view for illustrating a

- 21 -
This Sheet Has Been Replaced

ARACATD




4 fred on a first maj or surface of the second piezoel ectric -6- ceramc
AL c, and an internediate el ectrode which is arran ed between second naj or

@ f aces of the first and second

THIS SHERT HAS BrpNn
REPLACED |

manufacturing method for solving the &fo;ementioned problem of a

sensor body which is formed by pasting piezoelectric ceramic

plates to each other through an adhesive.

| ool b Sl g k. e

Referring to Fig. 10, ceramic green sheets 141 and 142 are
5 prepared by forming ceramic slurry. Conductive films 143, 144
and 145 are formed on an upper surface of the ceramic green sheet
141 by application of conductive paste or a thin film forming
method. Other conductive films 146 to 148 are formed also on an
upper surface of the ceramic green sheet 142 in a similar.manner
10 to the above. On the other hand, further conductive films 149 to
151 are formed on a lower surface of the ceramic green sheet 142,
also in a similar mahner to the above. .The conductive filﬁs 143
to 145 and 149 to 151 correspond to mother electrodes for forming
the aforementioned signal electfodes, while the conduétive films
15 148 to 148 correspond to mother.electrode patterns for'forming

intermediate electrodes.

# The ceramic green sheets 141 and 142 are stacked with each
other and préssurized along thicknesses thereof, and thereafter
cut along the thicknesses.to form independent sensor bodies,

20 thereby obtaining unfired sensor body chips. Thereafter the
unfired sensor body chips are so fired as to obtain sintered
bodies which.can be employed.as sensor bodies in the first to
fourth embodiments. Namely, the method descried above with
reference to Fig. 10 ufilizes a well-known method of

25 manufacturing a ceramic multilayer electronic part. Due to this
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foel ectric ceranic plates, and the first and second piezoel ectric

fording to a specific preferable aspect of the present invention, the
#Esor body has such first to third regions that stres s caused in

Becleration while the first and second

manufacturing method, dispersion is hardly caused in bonding
between the first and second piezoelectric ceramic plates,
whereby it is possible to provide an acceleration sen;or having
small dispersion in detection sensitivity. Further, it is
5 possible to form a smaller sensor body by utilizing the
aforementioned method of manufacturing a ceramic multilayer
electronic part.
Although the present invention has been described and
illustrated in detail, it is clearly understood that the same is
10 by way of illustration and example only and is not to be taken by
way of limitation‘ the spirit and scope of the present inventiqn

being limited 6nly'5§ the terms of the appended claims.
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oel ect

ric ceramc plates are polarized in opposite directions in the

nd region which is located at the center, and the accel erati on sensér

fd% her conprises neans for preventing charges.which are opposite in

pokRrity to those generated in the second.Tegion from being drawn from

si gpal

str

cture,

10
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20
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electrodes in the first and third regions. According to this

charges which are generated in response to stress

THIS SHEET HAS BEEN
REPLACED

WHAT IS CLAIMED IS: - e

L [T

an acceleration sensor boﬁyYﬁa§1ng a specific insensitive

direction along which no acceleration is detectable; and

a case supporting said sensor bég¥$§ﬁﬂlﬁ;ving a mounting
surface to be mounted on an external device, |

said sensor 65§¥$ﬁéik§’so supported by said case that said
insensitive direction is along a direction being neither

parallel nor perpendicular to said mounting surface of said

case.
e

2. An acceleration sensor in accordance with claim 1,

wherein
aid acceleration sensor bo is formed by a bimorph

piezoelectric element.

3. An acceleration sensor in accordance with claim 2,

wherein

said bimorph piezoelectric element comprises:

35;...
a first signal elecgﬁﬁﬁefﬁéfég formed on a first major

33;...
surface of said first piezoelectric ceramic plgé@r*~*>/

(36;...
a second signal electrgaevﬁéfk;.formed on a first major
34:...
surface of said second piezoelectric ceramic plate; and

-

37;...) /.
an intermediate elect;§%€4§§£§; arranged between second

-~ 24 -
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used by action of acceleration are drawn out fromthe first and second
gnal el ectrodes in the_second region which is |located at the center when

the sensor body is defl ect 0 _charges of opposite polarity are
dfawn fromthe signal elei ﬂﬂmv iTst and third regions, due to the
orenenti oned neans. ThusSy W E to irrprove detection sensitivity
conpared with the conventiondl ac tion sensof 3 clearly

f‘&S E

uhder st ood

major surfaces of said first and second piezoelectric ceramic

33 34;.

X . 33, 34;..
said first and second piezoelectric ceramic préEEVUéiﬁ@fy
7i..0)

. 37
] bonded to each other through said intermediate electroée.
4, An acceleration sensor in accordance with claim 3,

wherein

?532?")’/
said sensor bo § supported by said case in the form of a

center beam.

10

5, An acceleration sensor in accordance with claim 4,
wherein e ‘
33, 34:...)
sald flrst and second piezoelectric ceramic plate T

uniformly polarized along thicknesses thereof in directions

15 being opposite to each other.

" 6. An acceleration sensor in accordance with claim 4,

wherein
said sensor bo 8 such first to third regions that stress
20 is caused in different directions in adjacent ones of said
regions upon action of acceleration, and

33, 34
said first and second plezoelectrlc ceramic QT%%%EVEFE'lJ

polarized in opposite directions in said second region being

located at the center, .

31;,.. .
25 said acceleration sen;éf*fﬁfgggr comprising means for

—_—

_—
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M enbodi nments of the present invention described |ater. The foregoing
1l ot her objects, feature s_and advant ages of the present

iyention will becone nore a e . fTollow ng detail ed description
qf] the present invention wher] i m}ction wi th the accompanyi ng
*

" THIS SHEET HAS BEEN
REPLACED

preventing charges being opposite in polarity to those generated

in said second region from being drawn from said signal

S 6 . .
electrogégvfﬁi§§T34{;rst and third regions.

5 7. An acceleration sensor in accordance with claim 6,

wherein

said first and second piezoelectric ceramic pf?%gng%éu*L/

polarized in said first and third regions in directions being
opposite to those in said second region, and

35, 36;.,.
10 said first and second signal electrdﬁ%@¢5?§L§ﬁlfgrmed that

portions being opposed to each other through said first and

second piezoelectrie-ceramic plates reach said first to third
regions,
whereby charges being identical in polarity to those in

15 said second region are drawn from said first and second signal

_ \(35,365”.)/ . . A .
electro 1 1d first and third regions.

8: An acceleration sensor in accordance with claim 6,

wherein

20 said means for preventing charges being opposite in
polarity to those generated in said second region from being
drawn from said signal elect;éggéé%ﬁhéﬁ%é’first and third regions
is in such a structure that said first and second signal
electEEé%%Vggé*EEgosed-to each other through said first and

25 second piezoelectric ceramic plates only in said second region.

-
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¥7: Fig. 1 is a perspective view for illustrating an exenpl ary conventi onal
cceleration sensor; Fig. 2 is a perspective view for illustrating another
xenpl ary conventional accel eration sensor;

——____i______________

[

9. An acceleration sensor in accordance with claim 8,

wherein

said first and third regions are not polarized.

5 10. An acceleration sensor in accordance with claim 8,
wherein .
said first and second piezoelectric ceramic pla
? uniformly polarized along thicknesses thereof.
? 31
10 11. A mounting structure for an acceleration.sééﬁﬁffﬁ%ﬁgng

' 32;...)
an acceleration sensor 83%?Yﬁ§viﬁ; a specific insensitive

direction élong which no acce;ération is detectable and a

mountlng member for mounting said acceleration sensor body, said

acceleratlon sensor body belng so mounted that said 1nsen31t1ve
15 dlrectlon of said acceleration sensor body is arranged along a

direction being neither parallel nor perpendicular to a surface

¢ of said mounting member.

12. An acceleration sensor in accordance with claim 4,

20 wherein

said case further comprises first and second holding

' 38, 39; .
memgggsf—satd—%{;st and second holding members being fixed to
' 32: ... . L
said sensor boé?{?dfjﬁoldlng said sensor body from both sides

along thicknesses of said first and second piezoelectric ceramic

33, 34;...
25 platese: 4 )
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My 3 is a perspective view for illustrating an accel eration sensor
@& cording to a first enbodi nent of the present invention; Fig. 4 is a
side elevational view for illustrating an insensitive direction of

1 e accel eration sensor aceeLdLng_Lg_ng_enbodlnent shown in Fig. 3; Figs.

THIS SHEET HAS BEEN
REPLACED

13. An acceleration sensor in accordance with claim 3,

wherein

32;:... . ’ ¥
said sensor cééyYTS—Bﬁf;ed by a sintered body being obtained

by stacking first and second ceramic green sheets with each other

37;..
through said intermediate eleé?%ﬁdéfﬁ%ﬁ/;ntegrally firing the

same.

14. An acceleration sensor in accordance with claim 13,
wherein

. .- \TFSZE"EJT;' . .

said acceleration sensor bo imorph piezoelectric

element.
e

15. An acceleration sensor in accordance with claim 14,

wherein

said bimorph piezoelectric element comprises:

(35;.
a first SLgnal electro elng formed on a first major

33;...)
surface of sald first piezoelectric ceramic plat®y

\U36;...) /
a second signal electrode¥being formed on a first major
. . 34;
surface of said second piezoelectric ceramic plate and
37:. ..
an intermediate elec%%ﬁﬁévﬁéfﬁg arranged between second

major surfaces of said first and second piezoelectric ceramic

plates, : .
33,34:...)
said first and second piezoelectric ceramic platesvbeing

37;.. )}
bonded to each other through said intermediate elec rod
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10

bs, whi ch are included in those for manufacturing the acceleration
sor shown in Fig. 3, for cutting a principal part of the accelerati
sor froma nother |am nate respectively; Fig. 6 is a perspective vi

illustrating an accel eration sensor according to a second enbodi nent ) of
present invention; Fig. 7 is a typlcal pl an wﬁaw.for |IIustrating a

ABSTRACT OF THE DISCLOSURE

\@y/

Disclosed herein is an acceleration sensor having a

specific insensitive direction along which no acceleration is

detectable and an insulated case supporting the acceleration
32
sensor boé§r‘Léhe acceleration sensor béé%a&é so mounted on the

insulated case that the insensitive direction is along a
direction which is neither parallel nor perpendicular to a

surface of the insulated case to be mounted on an external

device.
(Fig. 3)

carde
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sensor body which is displaced when accel eration acts on the accel eration
sensor shown in Fig. 6 and charges generated at this tinme; Fig. 8 is a

s Typi cal perspective view for illustrating an accel eration sensor according
to a third enbqgoiwent of the present invention; Fig. 9 is a typical

perspective vi gwWHBisy; ++afing an 1
REPLACEMENT SHEET

18 FEB 1997

TITLE OF THE INVENTION

Acceleration Sensor
BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to an acceleration sensor,
and more particularly, it relates to an acceleration sensor
which is formed by a bimorph piezoelectric element.

Description of the Background Art

In general, .an acceleration sensor employing a bimorph
piezoelectric element is known in the art. An example of such an
acceleration sensor is now described with reference to Fig. 1.

An acceleration sensor 1 comprises a sensor body 2 which is
formed by a bimorph piezoelectric element, and an insulated case
3. The acceleration sensor 1 is generally mounted on a mounting
substrate 4, as shown in Fig. 1.

The sensor body 2 is formed by a combination of first and
second piezoelectric ceramic plates 5 and 6. First and second
signal electrodes 7 and 8 are formed on outer major surfaces of
the first and second piezoelectric ceramic plates 5 and 6
respectively. The first and second signal electrodes 7 and 8 are
opposed to each other through the piezoelectric ceramic plates 5
and 8 at a central portion of the senéor body 2. Further, an
intermediate electrode 9 is formed between the first and second
piezoelectric ceramic plates 5 and 6. Namely, the first and

second piezoelectric ceramic plates 5 and 6 are pasted to each

e ————

e —
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accel eration sensor according to a fourth enbodi nrent of the present

I nvention; and Fig. 10 is a perspective view for illus

S 8-

ating an exenpl.a
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other through the intermediate electrode 9. The intermediate

electrode 9 is formed along the portion where the first and

second signal electrodes 7 and 8 are opposed to each other.
The first and second piezoelectric ceramic plates 5 and B

are polarized as shown by broken arrows in Fig. 1. In other

words, the first and second piezoelectric ceramic plates 5 and &

are uniformly polarized along thicknesses thereof, in directions

which are opposite to each other.

The first and second signal electrodes 7 and 8 are drawn out

on first and second ends along the longitudinal direction of the

sensor body 2 respectively.

The insulated case 3 has first and second holding members 10

and 11 and flat plate type case substrates 12 and 13. The first
and second holding members 10 and 11 are fixed to outer major
surfaces of the sensor body 2 in portions close to both ends
thereof respectively. The first and second holding members 10
and 11 have cavities 10a and 11a respectively. These cavities
10a and 11a are adapted to define spaces for allowing
displacement of the sensor body 2. Thus, the sensor body 2 is
supported by the first and second holding members 10 and 11 in
the form of a center bean.

Still another cavity 12a is formed in an upper surface of
the case substrate 12, in order to define a space-for allowing

displacement of the sensor body 2. A further cavity is also

formed in a lower surface of the case substrate 13 which is shown

ry

-
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nethod of manufacturing the accel eration sensor accordlrgRtpL
i nvention. DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS Pr efie
of the present invention are now described with reference to the dr
Fi rst Enbodi mehtsl g spective view for illustlratih§ ‘

H la ) F
RE?LACFl; 3

in phantom lines in Fig. 1, to allow displacement of the sensor
body 2.

The first and second holding members 10 and 11 are fixed to
both sides of the sensor body 2 and the case substrates 12 and 13
are bonded to upper and lower portions thereof as described
above, so that the sensor body 2 is stored in the insulated case
3. Terminal electrodes (not shown in Fig. 1) are formed on both
end surfaces of the insulated case 3, to be connected with the
first and second signal electrodes 7 and 8 respectively.

Fig. 2 is a perspective view showing another exemplary
conventional acceleration sensor 21. The acceleration sensor 21
has a sensor body 22 which is similar in structure to the sensor
body 2 of the acceleration sensor 1 shown in Fig. 1. Since the
sensor body 22 itself is similar in structure to the sensor body
2, portions identical to those in Fig. 1 afe denoted by similar
reference numerals.

In the acceleration sensor 21, the sensor body 22 is so
arranged that major surfaces of first and secoﬁd piezoelectric
ceramic plates 5 and 6 are in a direction which is parallel to a
major surface 4a of a mounting substrate 4. First and second
holding members 23 and 24 are arranged on upper and lower
portions of the sensor body 22 respectively. The first and
second holding members 23 and 24 are similar in structure to the
first and second holding members 10 and 11 shown in Fig. 1. The

acceleration sensor 21 is different from the acceleration sensor
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accel eration sensor 31 according to a first enbodi nent of the present

I nvention. The accel eration sensor 31 has a sensor body{3 faran Do

pl ezoel ectric el ementursiheasepsen body 32 is fornmed by fiﬁggJ%ﬁﬁggEE%@Er
pi ezoel ectric cEraniqupL@¢@§ 33 gnd 34. which are pasted qo each ot her.| The
first and second prezor ' ramic pj ates 3 and 4 afe]pol dAiZR®ENSs
shown by arrows in broken lines in Fig. 3. In other mnr?s, the first and

1 in a point that the sensor body 22 is arranged in the
aforementioned direction while the first and second holding
members 23 and 24 and case substrates 25 and 26 are arranged in
response to the direction of the sensor body 22, and the
respective elements are similar to those of the acceleration
sensor 1.

In the acceleration sensors 1 and 21 shown in Figs. 1 and 2,
the sensor bodies 2 and 22 exhibit excellent sensitivity with
respect to acceleration acting along thicknesses thereof.
However, the sensor bodies 2 and 22 have no sensitivity with
respect to acceleration acting along widths thereof. 1In other
words, there are specific insensitive directions Q along which
no acceleration is detectable.

IWhen a bottom surface 3a of the insulated case 3 is fixed
onto the major surface 4a of the mounting substrate 4 for
mounting the acceleration sensor 1 on the mounting substrate 4,
therefore, the sensor body 2 exhibits maximum sensitivity with
respect to acceleration actihg along a direction X which is
parallel to the major surface 4a, while the same has no
sensitivity with respect to accelerétion acting along a
direction Z which is perpendicular to the major surface 487

When the acceleration sensor 21 is similarly mounted on a
major surface 4a of a mounting substrate 4 as shown in Fig. 2,
further, the sensor body 22 exhibits maximum sensitivity with

respect to acceleration acting along a direction Z which is
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second pi ezoel ectric ceramc plates 33 and 34 are uniformly polarized al ong
t hi cknesses thereof, in directions which are opposite to each other. The

as

pi ezoel ectric ceranmc plates 33 and 34 are nmade of t | such
| ead titanat f %ﬁé ~W%i

i conat; @Egﬁphlectric ceram cs,
second signal e §%¢$qg@sk f6 are tormed on olit §r maj or surf cgs of
the first and s 48 FER 597

r4t and

perpendicular to the major surface 4a, while the same has no
sensitivity with respect to acceleration acting along a
direction X which is parallel to the major surface 4a.
SUMMARY OF THE INVENTION

In order to solve the aforementioned problems of the
conventional acceleration sensors, an object of the present
invention is to provide an acceleration sensor exhibiting
detection sensitivity to some extent with respect to
acceleration acting along each of directions which are parallel
and perpendicular to a mounting surface therefor, thereby
enabling reliable detection of the acceleration in each
direction.

According to a wide aspect of the preéent invention, an
acceleration sensor comprises an acceleration sensor body having
a specific insensitive direction along which no acceleration is
detectable, and a case supporting the sensor body and having a
mounting surface to be mounted on an external device. The sensor
body is so supported by the case that its insensitive direction
is along a direction which is neither parallel nor perpendicular
to the mounting surface of the case.

According to the inventive acceleration sensor, the sensor
body is so arraﬁged that its insensitive direction is along a
direction which is neither parallel nor perpendicular to the
mounting surface of the case. Therefore, the sensor body has
sensitivity to some extent also with respect to acceleration
—
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cerami c plates 33 and 34 respectively. The first and second si gnal

el ectrodes 35 and 36 are opposed to each other through the piezoel ect
ceram c pla ,aﬂﬂﬂﬁégggwa central. portion of th &éﬁgﬂ_&. he
first signa qélié%%ﬂﬂ@kﬁ so formed as to extend f dﬁfﬁﬁeﬁﬁ@ .E%&I

portion to &m- -
36 is so forned as to extend fromthe central portionjt
sensor body

acting along a direction which is parallel or perpendicular to
the mounting surface of the case, whereby it is possible to
reliably detect the acceleration along this direction.

According to a specific aspect of the present invention,
the acceleration sensor body is formed by a bimorph
piezoelectric element.

This bimorph piezoelectric element preferably comprises
first and second piezoelectric ceramic plates each having a pair
of opposite major surfaces, a first signal electrode which is
formed on a first major surface of the first piezoelectric
ceramic plate, a second signal electrode which is formed on a
first major surface of the second piezoelectric ceramic plate,
and an intermediate electrode which is arranged between second
major surfaces of the first and second piezoelectric ceramic
plates, and the first and second piezoelectric ceramic plates
are bonded to each other through the intermediate electrode.

According to a specific preferable aspect of the present
invention, the sensor body has such first to third regions that
stress is caused in different directions in adjacent ones of the
regions upon action of acceleration while the first and second.
piezoelectric ceramic plates are polarized in opposite
directions in the second region which is located at the center,
and the acceleration sensor further comprises means for
preventing charges which are opposite in polarity to those

generated in the second region from being drawn from the signal
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32. The first and second piezoelectric ceramc plates 33 and 34 are
bonded to each other through an internmediate el ectrode 37. This
i htermedi ate el ectrode 37 _is.forAed between the portion

S BEEN
15 SHEET HA -
T EPLACED 7 REPLACEMENT SHEET
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electrodes in the first and third regions. A*ggg;:ding__to..thi-s—-—E
structure, charges which are generated in response to stress
caused by action of acceleration are drawn out from the first and
second signal electrodes in the second region which is located at
the center when the sensor body is deflected, while no charges of
opposite polarity are drawn from the signal electrodes in the
first and third regions, due to the aforementioned means. Thus,
it is possible to improve detection sensitivity as compared with
the conventional--acceleration sensors, as clearly understood
from embodiments of the present invention described later.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more apparent
from the following detailed description of the present invention
when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view for illustrating an exemplary
conventional acceleration sensor;

Fig. 2 is a perspective view for illustrating another

~exemplary conventional acceleration sensor;

Fig. 3 is a perspective view for illustrating an
acceleration sensor according to a first embodiment of the
present invention;

Fig. 4 is a typical side elevational view for illustrating
an insensitive direction of the acceleration sensor according to

the embodiment shown in Fig. 3;
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where the first and second signal electrodes 35 and 36 are opposed to each

other. The feature of t he accel e

enbodi nent

Due to the aforen
are based on d|SoIace e first and second p ezoequ;L4gp erjam c
pl ates 33 and 34 4 R
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Figs. 5A and 5B are perspective views for illustrating
steps, which are included in those for manufacturing the
acceleration sensor shown in Fig. 3, for cutting a principal part
of the acceleration sensor from a mother laminate respectively;

Fig. 6 is a perspective view for illustrating an
acceleration sensor according to a second embodiment of the
present invention;

Fig. 7 is a typical plan view for illustrating a state of a
sensor body which is displaced when acceleration acts on the
acceleration sensor shown in Fig. 6 and charges generated at this
time;

Fig. 8 is a typical perspective view for illustrating an
acceleration sensor according to a third embodiment of the
present invention;

Fig. 9 is a typical perspective view for illustrating an
acceleration sensor according to a fourth embodiment of the
present invention; and

Fig. 10 is a perspective view for illustrating an exemplary
method of manufacturing the acceleration sensor according to the
present invention.

DESCRIPTICN OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention are now

described with reference to the drawings.

First Embodiment

Fig. 3 is a perspective view for illustrating an
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thereof are drawn frontthe first and second signal electrodes 35 and 36
eq4maj or surfaces of the p '

upon such dlsplacenent s rezeeLectrir ceramc
pt ates 33 and 34 at an angle [err] with i REPEAREMANTaSKERTO!
%@goplat

surface 4a o aﬂﬁﬁﬂ el 4, as shown in Fig. 3. grtte-other—hang,
upper and Io er su 5f the sensor bgdy 32 extend ijn p r@}t Wi h the
maj or surface™a of the nmounti ng substrate 4. Furthgr, 1527 +B P95 He
surfaces of

acceleration sensor 31 according to a first embodiment of the
present invention. The acceleration sensor 31 has a sensor body
32 of a bimorph piezoelectric element. The sensor body 32 is
formed by first and second piezoelectric.ceramic plates 33 and
34, which are pasted to each other. The first and second
piezoelectric ceramic plates 3 and 4 are polarized as shown by
arrows in broken lines in Fig. 3. In other words, the first and
second piezoelectric ceramic plates 33 and 34 are uniformly
polarized along thicknesses thereof, in directions which are
opposite to each other. The piezoelectric ceramic plates 33 and
34 are made of a ceramic material such as lead titanate zirconate
piezoelectric ceramics, for example.

First and second signal electrodes 35 and 36 are formed on
outer major surfaces of the first and second piezoelectric
ceramic plates 33 and 34 respectively. The first and second
signal electrodes 35 and 36 are opposed to each other through the
piezoelectric ceramic'plates 33 and 34 at a central portion of
the sensor body 32. The first signal electrode 35 is so formed
as to extend from the central portion to an end of the sensor
body 32, while the second signal electrode 38 is so formed as to
extend from the central portion to another end of the sensor body
32.

The first and second piezoelectric ceramic plates 33 and 34
are bonded to each other through an intermediate electrode 37.

This intermediate electrode 37 is formed between the portion
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t he sensor body 32 extend in a direction which is perpendicular to the
maj or surface 4a of the nounting substrate 4a. First and second hol di ng
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where the first and second signal electrodes 35 and 38 are
opposed to each other.

The feature of the acceleration sensor 31 according to this
embodiment resides in the direction of arrangement of the sensor
body 32. Due to the aforementioned structure of the sensor body
32, charges which are based on displacement of the first and
second piezoelectric ceramic plates 33 and 34 along thicknesses
thereof are drawn from the first and second signal electrodes 35
and 36 upon such.displacement, while major surfaces of the
piezoelectric ceramic plates 33 and 34 are inclined at an angle @
with respect to a major surface 4a of a mounting plate 4, as
shown in Fig. 3. On the other hand, upper and lower surfaces of
the sensor body 32 extend in parallel with the major surface 4a
of the mounting substrate 4. Further, a pair of side surfaces of
the sensor body 32 extend in a direction which is perpendicular
to the major surface 4a of the mounting substrate 4a.

First and second holding members 38 and 39 are arranged on
both sides of the sensor body 32. The first and second holding
members 38 and 39 are fixed to the sensor body 32 in portions
close to both ends of the sensor body 32 along its longitudinal
direction. Thus, the sensor body 32 is supported by the first
and second holding members 38 and 39 in the form of a center
beam.

The first and second holding members 38 and 38 are provided

with cavities 38a and 39a. These cavities 38a and 39a are
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adapted to define spaces for allowing displacement of the sensor
body 32 which is supported in the form of a center beam.

Case substrates 40 and 41 (only the outline of the case
substrate 41 is shown in phantom lines) are fixed to lower and
upper portions of the sensor body 32 and the first and second
holding members 38 and 39. Cavities (not shown) are provided in
an upper surface of the case substrate 40 and a lower surface of
the other case substrate 41, to allow displacement of the sensor
body 32. These cavities are formed in a similar manner to the
cavity 12a of the case substrate 12 which is provided in the
conventional sensor 1 shown in Fig. 1.

The first and second holding ﬁembers 38 and 39 and the case
substrates 40 and 41 form an insulated case in the present
invention. The first and second holding members 38 and 39 and
the case substrates 40 and 41 can be made of proper insulating
materials such as insulating ceramics such as alumina or
synthetic resin.

First and second terminal electrodes (not shown) are formed
on both end surfaces of the acceleration sensor 31, to be
electrically connected with the first and second signal
electrodes 35 and 36 respectively.

The case substrates 40 and 41 forming the insulated case may
be made of a material having a high dielectric constant such as
dielectric ceramics, for example, so that a plurality of

opprosite electrodes are formed on an upper surface of the case

—
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substrate 40 or 41 to form a capacitor and the electrodes for
forming the capacitor are electrically connected in parallel
with the sensor body 32.

In the acceleration sensor 31, the sensor body 32 whose
major surfaces are inclined at the angle @ with respect to the
major surface 4a of the mounting substrate 4 has an insensitive
direction along arrow Q in Fig. 3. When the acceleration sensor
31 is mounted on the major sugface 4a of the mounting substrate 4
as shown in Fig..3, therefore, the sensor body 32 has sensitivity
to some extent with respect to acceleration acting along each of
directions X and Z which are parallel and perpendicular to the
major surface 4a respectively. In other words, it is possible to
reliably detect each acceleration acting along the direction X
or Z. This is now described in more detail with reference to
Fig. 4.

As shown in Fig. 4, the maximum sensitivity in the sensor
body 32 is obtained along the direction. of stacking of the first
and second piezoelectric ceramic plates 33 and 34. When
acceleration acts along arrow X in Fig. 3 in parallel with the
major surface 4a of the mounting substrate 4, the sensor body 32
exhibits detection sensitivity which is sin® times the maximum
detection sensitivity, while detection sensitivity which is cos8
times the maximum detection sensitivity is obtained when
acceleration acts along arrow Z perpendicularly to the mounting

surface 4a.
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The angle 6 of inclination can be properly set in a range of
0° to 90° excluding 0° and 90°, while this angle @ is preferably
selected at about 45°, in order to implement relatively high
detection sensitivity in each of the directions X and Z. When
the angle § of inclination which is properly set within the
aforementioned range is changed, the sensitivity ratio of the
acceleration sensor 31 is varied with respect to acceleration
acting along the directions X and Z. Therefore, the angle § of
inclination is set in consideration of working conditions of the
acceleration sensor 31,

A method of manufacturing the acceleration sensor 31
according to the first embodiment is now described with
reference to Figs. 5A and 5B.

First, a mother sensor body 53 is arranged between mother
ceramic plates 51 and 52 for forming the holding members 38 and
39, as shown in Fig. 5A. The mother sensor body 53 is formed by
mother piezoelectric ceramic plates 54 and 55, which are pasted
to each other. Further, electrode patterns 56 to 58 for forming
the first and second signal electrodes 35 and 36 and the internal
electrode 37 are provided on both major surfaces of the mother
piezoelectric ceramic plates 54 and 55 respectively. Further,
cavities Sla and 52a are formed in the mother ceramic plates 51
and 52 respectively. These cavities 51a and 52a are adapted to
form the aforementioned cavities 38a and 39a respectively.

A mother laminate 59 shown in Fig. 5A is cut along cutting

\—-‘
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lines S1 and S2 shown in Fig. 5A, to obtain a laminate block 60

shown in Fig. 5B.

In the laminate block 60, mother ceramic substrate portions
51A and 52A are bonded to both sides of the sensor body 32. Then,
this iaminate b}ock 80 is cut along cutting lines S3 and S4 shown
in Fig. 5B, to obtain such a structure that the holding members
38 and 39 shown in Fig. 3 are bonded to both sides of the sensor
body 32. Thereafter the case substrates 40 and 41 shown in Fig.
3 are bonded to ]lower and upper portions of this structure,
thereby obtaining the acceleration sensor 31.

Second Embodiment

Fig. 6 is a perspective view for illustrafing an
acceleration sensor 71 according to a second embodiment of the
present invention. The acceleration sensor 71 according to the
second embodiment has a sensor body 72. The second embodiment is
similar in structure to the first embodiment except that the
sensor body 72 is different from the sensor body 32. Therefofe.
portions other than those forming the sensor body 72 are denoted
by the same reference numerals as those in Fig. 3, to omit
redundant description.

The sensor body 72 has first and second piezoelectric .
ceramic plates 73 and 74. First and second signal electrodes 75
and 786 are formed on ocuter major surfaces of the first and second
piezoelectric ceramic plates 73 and 74 respectively. The first

and second piezoelectric substrates 73 and 74 are bonded to each
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other through an intermediate electrode 77. The sensor body 72
is inclined at an angle § with respect to a major surface 4a of a
mounting substrate 4, similarly to the sensor body 32 according
to the first embodiment.

Also in the acceleration sensor 71 according to this
embodiment, the sensor 5ody 72 is supported in the form of a
center beam. When acceleration acts along arrow G as shown in
Fig. 7 in a typical plan view, the case is moved along this
acceleration and the sensor body 72 is deformed by inertial force
as shown in the figure. In this case, first to third regions
72A, 72B and 72C which are displaced in different manners are
defined in the sensor body 72 along its longitudinal direction.
Broken lines A and B show boundaries between the first to third
regions 72A to 72C.

Namely, the first piezoelectric ceramic plate 73 is
compressed as shown by arrow Cl1 and the second piezoelectric
ceramic plate 74 is expanded as shown by arrow D1 in the second
region 72B when the sensor body 72 is displaced as shown in Fig.
7.

In the first and third regions 72A and 72C, on the other
hand, the first piezoelectric ceramic plate 73 is expanded and
the second piezoelectric ceramic plate 74 is compressed. Thus,
the first and second piezoelectric ceramic plates 73 and 74
define regions which are displaced in different manners along

the longitudinal direction.
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Referring again to Fig. 6, the piezoelectric ceramic plates
73 and 74 are polarized in opposite directions in the second
region 72B. In the first piezoelectric ceramic plate 73,
however, the first and third regions 72A and 72C are polarized in
a direction which is opposite to the polarization direction of
the second region 72b. Also in the second piezoelectric ceramic
plate 74, the first and third regions 72A and 72C are polarized
in a direction which is opposite to the polarization direction of
the second region-72b.

When the sensor body 72 is displaced as shown in Fig. 7,
therefore, minus polarity charges and plus polarity charges are
generated on outer major surfaces of the first and second
piezoelectric ceramic plates 73 and 74 respectively in the
second region 72B. In addition, minus polarity charges and plus
polarity charges are generated on the outer major surfaces of the
first and second piezoelectric ceramic plates 73 and 74
respectively also in the first and third regions 724 and 72C.

Therefore, the charges generated in the aforementioned
manners are drawn from the first and second signal electrodes 75
and 76, whereby it is possible to improve detection sensitivity
as compared with the acceleration sensor 31 according to the
first embodiment shown in Fig. 1.

In fhe acceleration sensor 31 according to the first

embodiment, the piezoelectric ceramic plates 33'and 34 are

uniformly ?olarized in the sensor body 32, wherebytcharges :Z:ch
"
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are opposite in polarity to those in a second region
corresponding to that shown in Fig. 7 are generated in first and
third regions corresponding to those shown in Fig. 7. In the
first piezoelectric ceramic blate 35, for example, charges which
are generated on its outer major surface in the first and third
regions are opposite in polarity to those generated in the outer,
major surface in the second region. Therefore, the charges which
are generated in the central second region are canceled by those
of opposite polarity generated in the first and third regions, to
reduce detection sensitivity.

In the embodiment shown in Fig. 6, on the other hand, the
piezoelectric ceramic plates 73 and 74 are polarized in the
aforementioned manner, whereby charges of opposite polarity to
those in the second region 72B are prevented from being drawn
from the signal electrodes 75 and 76 in the first and third
regions 72A and 72C. In other words, the aforementioned
polarization structure forms the means for preventing charges
which are opposite in polarity to those generated in the second
region from being drawn from the signal electrodes in the first
and third regions according to the present invention.

Third Embodiment

Fig. B is a perspective view for illustrating an
acceleration sensor 81 according to a third embodiment of the
present invention.

The acceleration sensor 81 according to the third
I —
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embodiment is similar in structure to those of the first and
second embodiments except that a sensor body 82 is formed in a
different manner. Therefore, only the sensor body 82 is
described.

The sensor body 82 has first and second piezoelectric
ceramic plates 83 and 84. First and second signal electrodes 85
and 86 are formed on outer major surfaces of the piezoelectric
ceramic plates 83 and 84 respectively. Further, an intermediate
electrode 87 is formed between the first and second
piezoelectric ceramic plates 83 and 84. Broken lines A and B in
Fig. 8 show boundaries between first to third regions 82A to 82C
corresponding to those described above with reference to the
second embodiment.

According to this embodiment, the piezoelectric ceramic
plates 83 and 84 are polarized in opposite directions in the
second region 82B. On the other hand, the piezoelectric ceramic
plates 83 and 84 are not polarized in the first and third regions
82A and 82C. Further, the first and second signal electrodes 85
and 86 are opposed to each other only in the second region 82B.
Similarly, the intermediate electrode 87 is formed only in the.
second region 82B.

When acceleration acts along arrow G, the sensor body 82 is
displaced similarly to the sensor body 72 shown in Fig. 7. In
this case, charges which are based on such displacement are

generated on outer major surfaces of the piezoelectric ceramic
I ———
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plates 83 and 84 in the second region 82B of the sensor body 82.
These charges which are generated on the basis of the
displacement are drawn from the first and second signal

electrodes 85 and 86. On the other hand, substantially no

charges are generated in the first and third regions 82A and 82C

since the piezoelectric ceramic plates 83 and 84 are not
polarized in these regions. Further, the signal electrodes 85
and 86 are opposed to each other only in the second region 82B.
Thus, only the charges which are generated in the second region
82B are reliably drawn from the signal electrodes 85 and 88,
whereby it is possible to improve detection sensitivity as
compared with the acceleration sensor 31 according to the first

embodiment.

Namely, the means for preventing charges which are opposite

in polarity to those generated in the second region from being

drawn from the signal electrodes in the first and third regions

according to the present invention is formed by the opposition of

the first and second signal electrodes 85 and 88 only in the

second region 82B and/or the unpolarized structures of the first

and third regions 82A and 82C according to the third embodiment.

Fourth Embodiment

Fig. 9 is a perspective view for illustrating an

acceleration sensor 91 according to a fourth embodiment of the

present invention, whose sensor body 92 is a modification of the

sensor body 82 according to the third embodiment. Therefore,

6. Therefore,
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only points of the sensor body 92 which are different from the

sensor body 82 according to the third embodiment are described

while portions identical to those in Fig. 8 are denoted by the

same reference numerals, to omit redundant description.

In the sensor body 92, first and second piezoelectric

ceramic plates 93 and 94 are pasted to each other through an

intermediate electrode 87.

arranged only in a second region 92B,.

The intermediate electrode 87 is

Further, first and second

signal electrodes 85 and 86 are oﬁposed to each other only in the

second region 892B.

On the other hand, the piezoelectric ceramic plates 83 and

94 are polarized in opposite directions in the second region 92B,

similarly to the sensor body 82 according to the third

embodiment. According to the fourth embodiment, however, the

piezoelectric ceramic plates 93 and 94 are polarized also in

first and third regions 92A and 92C in a similar manner to the

second region 92B. In other words, the piezoelectric ceramic

plates 93 and 894 are uniformly polarized along thicknesses

thereof.

However, the first and second signal electrodes 85 and 86

are opposed to each other only in the second region 92B. Even if

charges which are based on displacement of the sensor body 82 are

generated on outer major surfaces of the piezoelectric ceramic

plates 93 and 94 in the first and third regions 92A and 92C,

therefore, these charges are not drawn from the signal
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electrodes 85 and 86.
Namely, the means for preventing charges which are opposite
in polarity to those generated in the second region from being
drawn from the signal electrodes in the first and third regions
according to the present invention is formed by the opposition of
the signal electrodes 85 and 86 only in the second region 92B.

Another Exemplary Manufacturing Method

The sensor body is formed by the first and second
piezoelectric ceramic plates which are pasted to each other
through the intermediate electrode in each of the acceleration
sensors according to the first to fourth embodiments, and such a
structure can be obtained by pasting mother piezoelectric
ceramic plates to each other, similarly to the conventional
acceleration sensor 1. When such ceramic plates are pasted to
each other through an adhesive, however, the adhesive may not
necessarily adhere to the overall surfaces of the ceramic plates
in uniform thicknesses. In other words, the ceramic plates may
have portions provided with no adhesive, or those having
adhesive layers in relatively excessive thicknesses in
dispersion. In this case, the piezoelectric ceramic plates are
not or insufficiently bonded to each other in a structure
obtained by cutting a mother sensor body which is bonded with
holding members or the like, leading to dispersion in detection
accuracy.

Fig. 10 is a perspective view for illustrating a
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reference to Figs. 5A and 5B. First, a nother sensor body 53 is arranged
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manufacturing method for solving the aforementioned problem of a
sensor body which is formed by pasting piezoelectric ceramic
plates to each other through an adhesive.

Referring to Fig. 10, ceramic green sheets 141 and 142 are
prepared by forming ceramic slurry. Conductive films 143, 144
and 145 are formed on an upper surface of the ceramic green sheet
141 by application of conductive paste or a thin film forming
method. Other conductive films 148 to 148 are formed also on an
upper surface off'the cgramic green sheet 142 in a similar manner
to the above. On the other hand, further conductive films 149 to
151 are formed on a lower surface of the ceramic green sheet 142,
also in a similar mannér to the above. The conductive films 143
to 145 and 149 to 151 correspond to mother electrodes for forming
the aforementioned signal electrodes, while the conductive films
146 to 148 correspond to mother electrode patterns for forming
intermediate e1ec£rodes.

The ceramic green sheets 141 and 142 are stacked with each
other and pressurized along thicknesses thereof, and thereafter
cut along the thicknesses to form independent sensor bodies,
thereby obtaining unfired sensor body chips. Thereafter the
unfired sensor body chips are so fired as to obtain sintered
bodies which can be employed as sensor bodies in the first to
fourth embodiments. Namely, the method descried above with
reference to Fig. 10 utilizes a well-known method of

manufacturing a ceramic multilayer electronic part. Due to this
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el ectrode 37 are provided on both major surfaces of the nother

pi ezoel ectric ceramc plates 54 and 55 respectively. Further, cavities 5la
and 52a are fornmed in the nother ceramic plates 51 and 52 respectively.
These cavities 5la and 52a are adapted to formthe aforenentioned cavities
38a and 39a respectively. A nother lamzate 59 shown in Fig. 5Ais cut

al ong cutting

manufacturing method, dispersion is hardly caused in bonding
between the first and second piezoelectric ceramic plates,
whereby it is possible to provide an acceleration sensor having
small dispersion in detection sensitivity. Further, it is
possible to form a smaller sensor body by utilizing the
aforementioned method of manufacturing a ceramic multilayer
electronic part.

Although the present invention has been described and
illustrated in detail, it is clearly understood that the 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.
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1. An acceleration sensor comprising:

an acceleration sensor body having a specific insensitive
direction along which no acceleration is detectable; and

a case supporting said sensor body and having a mounting
surface to be mounted on an external device,

said sensor body being so supported by said case that said
insensitive direction is along a direction being neither
parallel nor perpendicular to said mounting surface of said

case.

2. An acceleration sensor in accordance with claim 1,
wherein
dgid acceleration sensor body is formed by a bimorph

piezoelectric element.

3. An acceleration sensor in accordance with claim 2,
wherein

said bimorph piezoelectric element comprises:

a first signal electrode being formed on a first major
surface of said first piezoelectric ceramic plate,

a second signal electrode being formed on a first major
surface of said second piezoelectric cerémic plate, and

an intermediate electrode being arranged between second
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thls | am nate bl ock 60 is cut along cutting lines S3

5B,
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major surfaces of said first and second piezoelectric ceramic
plates,
said first and second piezoelectric ceramic plates being

bonded to each other through said intermediate electrode.

4, An acceleration sensor in accordance with claim 3,
wherein
said sensor body is supported by said case in the form of a

center beam.

5. An acceleration sensor in accordance with claim 4,
wherein

said first and second piezoelectric ceramic plates are
uniformly polarized along thicknesses thereof in directions

being opposite to each other.

8. An acceleration sensor in accordance with claim 4,
wherein

said sensor body has such first to third regions that stress
is caused in different directions in adjacent ones of said
regions upon action of acceleration, and

said first and second piezoelectric ceramic plates are
polarized in opposite directions in said second region being
located at the center,

said acceleration sensor further comprising means for

—_—
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Fig. 6 is a perspective view for illustrating an accel eration sensor 71

accordi ng td‘a‘seeend\EHQgngggt of the present |nventl0n““$hemagcelerat|on
sensor 71 acc \ cond enbodi ment has a sens rR EW T
I Bl S Sy

'-v-.-v,.

second enbodi n structure to the first
that the sensor bbdyt ferent fr&asm the sensor bogdy S%g,} erefor
portions other than those forn1ng the sensor body 72 arfe denct 682 99y

preventing charges being opposite in polarity to those generated
in said second region from being drawn from said signal

electrodes in said first and third regions.

7. An accgleration sensor in accordance with claim 6,
wherein

said first and second piezoelectric ceramic plates are
polarized in said first and third regions in directions being
opposite to those in said second region, and

said first and second signal electrodes are so formed that
portions being opposed to each other through said first and
second piezoelectric ceramic plates reach said first to third
regions,

whereby charges being-identical in polarity to those in
said second region are drawn from said first and second signal

electrodes in said first and third regions.

8. An acceleration sensor in accordance with claim 6,
wherein

said means for preventing charges being opposite in
polarity to those generated in said second region from being
drawn from said signal electrodes in said first and third regions
is in such a structure that said first and second signal
electrodes are opposed to each other through said first and

second piezoelectric ceramic plates only in said second region.

This Sheet Has Been Replaced
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by the sane reference nunerals as those in Fig. 3, to on1tffedunggnt
descrlptlqgﬁdzgz_igﬂ§9Lfgggy_72 has first and second plezopl%ﬁiﬁﬂﬁw er T
pl ates 73 econd signal electrodes 75 anjd [76-aF 4M

on outer H“MH Es E\‘@JB‘ e first and second piezoel ectrijc fgram c

pl ates 73 an y. The firgeu and second piezgelect Piftt ﬁ07
substrates 73*and 74 are bonded to each

-.-.j

9. An acceleration sensor in accordance with claim 8,
wherein

said first and third regions are not polarized.

10. An acceleration sensor in accordance with claim 8,
wherein
said first and second piezoelectric ceramic plates are

uniformly polarized along thicknesses thereof.

-

11, A mounting structure for an acceleration sensor having
an acceleration sensor body having a specific insensitive
direction along which no acceleration is detectable and a
mounting member for mounting said acceleration sensor body, said
acceleration sensor body being so mounted that said insensitive
direction of said acceleration sensor body is arranged along a
direction being neither parallel nor perpendicular to a surface

of said mounting member.

12. An acceleration sensor in accordance with claim 4,
wherein

said case further comprises first and second holding
members, said first and second holding members being fixed to
said sensor body for holding said sensor body from both sides
along thicknesses of said first and second piezoelectric ceramic

plates.

o THIS SHEET HAS BEEN
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- 14 - other through an internediate el ectrode 77. The sensor body 72 is
inclined at an—angle [err] with respect to a najor surface 4a of a nDuntlng

e S A " e e s

13. An acceleration sensor in accordance with claim 3,
wherein

said sensor body is formed by a sintered body being obtained
by stacking first and second ceramic green sheets with each other
through said in;ermediate electrode and integrally firing the

same.

14. An acceleration sensor in accordance with claim 13,
wherein
said acceleration sensor body is a bimorph piezoelectric

element.

15. An acceleration sensor in accordance with claim 14,
wherein

said bimorph piezoelectric element comprises:

a first siénal electrode being formed on a first major
surface of said first piezoelectric ceramic plate,

a second signal electrode being formed on a first major
surface of said second piezoelectric ceramic plate, and

an intermediate electrode being arranged between second
major surfaces of said first and second piezoelectric ceramic
plates,

said first and second piezoelectric ceramic plates being

bonded to each other through said intermediate electrode.
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to the first enbodi nent.
t he sensor
beam When accel eration acts along arrow G as shown in Hg
the case is noved along this accel eration and
force as shown2en the figure.

t hi s enbodi nent ,

pl an vi ew,
I's deformed by inertia
to third regions

Al so in the accel eration sensor

body 72 is supported in

ACCELERATION SENSOR

ABSTRACT OF THE DISCLOSURE

t he !

I n

E h?s%ﬁgié T@?f ?

Disclosed herein is an acceleration sensor having a

specific insensitive direction along which no acceleration is

detectable and an insulated case supporting the acceleration

sensor body.

the acceleration sensor body is so mounted on the

insulated case that the insensitive direction is along a

direction which is neither parallel nor perpendicular to a

surface of the insulated case to be mounted on an external

device.

FIGURE 3
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72A, 72B and 72C which are displaced in different manners are defined in

the sensor body 72 along its |ongitudinal direction. Brokenpﬁ res-—-A-.and. B ‘

show boundari es between the first to third regions 72A to 7-CREN%0?MEMFEHEEI

first piezoelectric ceramc plate 73 is conpressed as shown af“%NTTnN~
g ¢

the second piezoelectric ceramic plate {4 is expanded as shp quw D1
in the second =8 1997

S
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region 72B when the sensor body 72 is displaced as shown in Fig. 7. In the
first and third regions 72A and 72C, on the other hand, the first

pi ezoel ectric ceranmic plate 73 is expanded and the second piezoel ectric
ceramic plate 74 i's conpressed. Thus, the first and second piezoel ectric
ceramc plates 73 and 74 define regions which are displaced in different

manners al ong ' REPLAGEMENT SHEET

S SAEET HAS BEEN
REPLACED
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-

e
et Has Been Replaced
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t he | ongi tudi nal direction. - 15 - Referring again to Fig. 6, the
pi ezoel ectric ceramc plates 73 and 74 are polarized in opposite directions

i'n the second N
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region 72B. In the first piezoelectric ceramc plate 73, however,

t he

first and third regions 72A and 72C are polarized in a direction mhlch S

opposite to the polarization direction of the second reglo
the first and t

the second piezoelectric ceramc plate 74,

FIG. 7

38
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When the sensor body 72 is displaced as shown in Fig. 7, therefore, mnus
polarity charges and plus polarity charges are generated on outer mgjor
surfaces of the first and second piezoel ectric ceram c pl at 73 and 74

respectively in the second region 72B. In addition, mnus p ?%%iggg?hang§_
AT e
m‘“""""‘*w.« i T

and plus polarity charges are generatedson the outer major Js
18 £fp 1997
T ——

first and second piezoelectric ceramc plates 73 and 74
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respectively also in the first and third regions-72A and 72C. Therefore,
the charges generated in the aforenentioned nanners are drawn fromthe
first and second signal electrodes 75 and 76, whereby it is possible to

| nprove detection sensitivity as conpared with the accel eration sensor 31
according to the first enbodi nent shown gn Fig. 1. In the acceleration
sensor 31 according to the first :
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ermbodi ment, the piezoelectric ceranmic plates 33 and 34 are uniformy

pokarized in the sensor body 32, whereby charges whigh -16- _are opposite
%N polarity to those in a_second regi on | REPLACEMENT SHEET

. | -1- 2 1 FEB 1998

) o Acceleration Sensor

The present invention relates to an acceleration sensor as stated in the
preamble of claim 1. An acceleration sensor of this kind is already known
from DE-A-2 316 130. This acceleration sensar comprising: an accelera-
tion sensor body having a specific insensitive direction along which no ac-
celeration Is detectable; and a case supporting said acceleration sensor
body and having a mounting surface to be mounted on an external device,
said acceleration sensor body being so supported by satd case that satd in-
sensitive direction is along a direction being neither parallel nor perpen-
dicular to sald mounting surface of sald case.

In general, an acceleration sensor employing a bimorph
piezoelectric element is known in the art. Another example of
such an acceleration sensor is now described with reference to
Fig.l.

An acceleration sensor 1 comprises a sensor body 2 which is
formed by a bimorph piezoelectric element, and an insulated case
3. The acceleration-éensor 1 is generally mounted on a mounting

substrate 4, as shown in Fig. 1.

The sensor body 2 is formed by a combination of first and

second piezoelectric ceramic plates 5 and 6. First.and second

signal electrodes 7 and 8 are formed on outer major surfaces of

the first and second piezoelectric ceramic plates 5 and 6

respectively. The first and second signal electrodes 7 and 8 are
opposed to each other through the piezoelectric ce;amic plates 5§
and 6§ at a central portion of the sensor body 2. Further, an
intermediate electrode § is formed between the first and second

piezoelectric ceramic plates 5 and 6. Namely, the first and

second piezoelectric ceramic plates 5 and 6 are pasted to each



)

correspondlng to that shown in Fig. 7 are generated in first and third
regions corresponding to those shown in Fig. 7. In thg

cérani ¢ pl ate 35, for exanple, charges which are geneg
maj or surface in the first and third regions are oppo
those generated in the outer major surface in the sec
the charges which are generated in the central secon

by those

'_2-

other through the intermediate electrode 9. The intermediate
electrode 9 is formed along the portion where the first and
second signal electrodes 7 and 8 are opposed to each other.

The first and second piezoelectric ceramic plates 5 and §
are polarized as shown by broken arrows in Fig. 1. In other
words, the first and second piezoelectric ceramic plates 5 and §
are uniformly polarized along thicknesses thereof, in directions
which are opposite to each other.

The first and second signal electrodes 7 and 8 are drawn out
on first and second ends along the longitudinal direction of the
sensor body 2 respectively.

The insulated case 3 has first and second holding members 10
and 11 and flat plate type case substrates 12 and 13. The first
and second holdiné memﬁers 10 and 11 are fixed to outer major
surfaces of the sensor body 2 in portions close to both ends
thereof respectively. The first and second hqlding members 10
and 11 have cavities 10a and 1la respectively. These cavities
10a and 1la are adapted to define spaces for allowing
displecement of the sensor body ?. Thus, the sensor body 2 is
supported by the first and second holding members 10 and 11 in

the form of a center beam.

Still another cavity 12a is formed in an upper surface of
the case substrate 12, in order to define a space for allowing
displacement of the sensor body 2. A further cavity is also

formed in a lower surface of the case substrate 13 which is shown



of oppesite polarity generated in the first and third regions, to reduce
detection sensitivity. In the enbodi nent shown in Fig. the other
hand, the piezoelectric ceramic plates 73 and 74 are
af orenmenti oned manner, whereby charges of opposite poljarf

75 and 76 in the first and third

-3 -

in phantom lines in Fig. 1, to allow displacement of the sensor

body 2.
The first and second holding members 10 and 11 are fixed to

- both sides of the sensor body 2 and the case substrates 12 and 13
are bonded to upper and lower portions thereof as described
above, so that the sensor body 2 is stored in the insulated case
3. Terminal elecFrodes {not shown in Fig. 1) are formed on both
end surfaces of the insulated case 3, to be connected with the

first and second signal electrodes 7 and 8 respectively.

Fig. 2 is a perspective view showing still another exemplary

conventional acceleration sensor 21. The acceleration sensor 21

has a sensor body 22 which is similar in structure to the sensor

body 2 of the acceleration sensor 1 shown in Fig. 1. Since the

sensor body 22 itself.is similar in structure to the sensor body

2, portions identical to those in Fig. 1 are denoted by similar

reference numerals.

In the acceleration sensor 21, the sensor body 22 is so

arranged that major surfaces of first and second piezoelectric

ceramic plates 5 and 6 are in a direction which is parallel to a

major surface 4a of a mounting substrate 4. First and second

holding members 23 and 24 are arranged on upper and lower

portions of the sensor body 22 respectively. The first and

second holding members 23 and 24 are similar in structure to the

first and second holding members 10 and 11 shown in Fig. 1. The

acceleration sensor 21 is different from the acceleration sensor
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regions” 72A and 72C. I n other words,
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pdlarity to those generated in the second regionjf
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1 in a point that the sensor body 22 is arranged in the
aforementioned direction while the first and second holding
embers 23 and 24 and-case substrates 25 and 26 are arfanged in
response to the direction of the sensor body 22, and the
respective elements are similar to those of the acceleration
sensor 1.
In the acceleration sensors ! and 21 shown in Figs. 1 and 2,

the sensor bodies 2 and 22 exhibit excellent sensiti?ity with
respect to acceleration,acting along thicknesses thereof.

However, the sensor bodies 2 and 22 have no sensitivity with

respect to acceleration acting along widths thereof. In other

words, there are specific insensitive directions Q along which
no acceleration is detectable.

When a bottom surface 3a of the insulated case 3 is fixed
onto the'major surface 4a of the mounting substrate 4 for
mounting the acceleration sensor ! on the mounting substrate 4,
therefore, the sensor body 2 exhibits maximum sensitivity with
respect to acceleration acting along a direction X which is”
parallel to the majér surface 4a, while the same has no
§ensitivity with respect to acceleration acting along a
direction Z which is perpendicular to the major surfacel4a.

2 When the acceleration sensor 21 is similarly mounted on a
m'a.J'tJI'-surface 42 of a mounting substrate 4 as shown in Fig. 2,
fhrther. the sensor body 22 exhibits maximum sensitivity with

Tespect to acceleration acting along a direction Z which is

}
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accel eration sensor 81 accor di ng to a third enbodi ”E'“tgi@i,ﬁ@m?\m et
L. 4

I nvention. The accel eration sensor 81 according to t1e‘f W
!
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perpendicular to the major surface 4a, while the same has no

sensitivity with respect to acceleration acﬁing along a direction
X which is parallel to the major surface 4a.

It is an object of the present invention to provide another
acceleration sensor exhibiting detection sensitivity to some
extent with respect to acceleration acting along each of
directions which are parallel and perpendicular to a mounting
surface therefor, thereby enabling reliable detection of the
acceleration in each direction.

An acceleration sensor as discussed in the opening part of the
description comprises an acceleration sensor body having a
specific insensitive direction along which no acceleration is
detectable, and a case supporting the sensor body and having a
mounting surface to be mounted on an external device. The sensor
body is so supported by the case that its insensitive direction
is along a direction which is neither parallel .nor perpendicular
to the mounting surface of the case. ]

Therefore, the sensor body has sensitivity to some extent also
with respect to acceleration acting along a direction which is
parallel or perpendicular to the mounting surface of the case,
whereby it is possible to reliably detect the acceleration along
this direction. Further, the acceleration sensor body is formed

by a bimorph piezoelectric element.

According to the invention, this bimorph piezoelectric element
comprises first and second piezoelectric ceramic plates each
having a pair of opposite major surfaces, a first signal electrode
which is formed on a first major surface of the first
piezoelectric ceramic plate, a second signal electrode which is

formed on a first major surface of the second piezoelectric



enbodi rent is simlar in structure to those of the éﬁ atre—se6e
embodi ments except that a sensor body 82 is forned| fﬁnﬁifﬁ%ﬁ§ﬁﬁﬁnfnner

Therefore, only the sensor body 82 is described. The]Senssr body has
first and second piezoelectric ceramc plates 83 and 84 4 thsgw second

signal electrodes 85 and 86 are forgred on outer nm surface he

pi ezoel ectric S
ceramic plate, and an intermediate electrode which is arranded

between second major surfaces of the first and second
piezoelectric ceramic plates, and the first and second

piezoelectric ceramic plates are bonded to each other through the

intermediate electrode.
According to a specific preferable aspect of the present

invention, the sensor body has such first to third regions that
stress is caused in different directions in adjacent ones of the
regions upon action of acceleration while the first and second
piezoelectric ceramic plates are polarized in opposite
directions in the second region which is located at the center.
and the acceleration sensor further comprises means for
preventing charges which are opposite in polarity to those

generated in the second region from belnr drawn from the signal

electroaes in the first and third regions. Accordlng to this
structure, charges wh;ch are generated in response to stress
caused by action of acceleration are drawn out from thé first and
second signal electrodes in the second region which is located at
the center when the sensor body is deflected, while no charges of
opposite polarity are drawn from the signal electrodes in the
first and third regions, due to the aforementioned means. Thus,
it is possible to improve detection sensitivity as compared with
the conventional acceleration sensors, as clearly understood
from embodiments of the present invention described later.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more apparent
from the following detailed description of the present invention
when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS



ceramic-plates 83 and 84 respectively. Further, an il pediairesgtgctr ode
87 is formed between the first and second pi ezoel ec}r j-e—ceram-c-—-pt-at ¢s 83

and 84. Broken lines A and Bin Fig. 8 show boundar] et Qp}mgpn firgt|to
third regi ons 82A to 82C correspondi ng to those desCr]b@d’§b§v@@%ltE
ting

reference to the second enbodi ment. According to this’enbodinent,
pi ezoel ectric ceramc -7 -

—

Fig. 1 is a perspective view for illustrating an exemplary
conventional acceleration sensor;

Fig. 2 is a perspective view for illustrating another
exemplary conventional acceleration sensor;:

Fig. 3 is a persﬁective view for illustrating an
acceleration sensor according to a first embodiment of the
present invention:

Fig. 4 is a typical side elevational view for illustrating

an insensitive direction of the acceleration sensor according to

the embodiment shown in Fig. 3;
Figs. S5A and 5B are perspective views for illustrating

steps, which are included in those for manufacturing the

acceleration sensor shown in Fig. 3, for cutting a prihcipal part

of the acceleration sensor from a mother laminate respectively;
Fig. 6 is a perspective view for illustrating an

acceleration sensor according to a second embodiment of the

present invention;

Fig. 7 is a t&pical plan view for illustrating a state of a
sensor body which is displaced when acceleration acts on the '
acceleration sensor shown in Fig. 6 and charges generated at this
time;

Fig. 8 is a typical perspective view for illustrating an

acceleration sensor according to a third embodiment of the

present invention;
Fig. 9 is a typical perspective view for illustrating an

acceleration sensor according to a fourth embodiment of the

present invention; and

Fig. 10 is a perspective view for illustrating an exemplary



pl ates -83 and 84 are polarized in opposite directions REp|RDBY gi on
82B. On the other hand, the piezoelectric ceramc p|g:;21%5@%§\,gﬁggﬁe not
polarized in the first and third regions 82A and 82C. Further, the flirnst
and second signal electrodes 85 and 86 are opposed to each” 6 he®™®nlly i n
the second region 82B. Simlarly, the internediate el ectrode 87 is fiofmed

only in the second region 82B. -
method of manufacturing the acceleration sensor according to the

present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention are now
desc;ibed with reference to fhe drawings.

First Embodiment

Fig. 3 is a perspective view for illustrating an
acceleration sensor 31 according to a first embodiment of the

present invention. The acceleration sensor 31 has a sensor body
32 of a bimorph piezoelectric element. The sensor bod& 32 is
formed by first and second piezoelectric ceramic plates 33 and
34, which are pasted to each other. The first and second

piezoelectric ceramic plates 3 and 4 are polarized as shown by

arrows in broken lines in Fig. 3. In other words, the first and

second piezoelectfic ceramic plates 33 and 34 are uniforﬁly
polarized along thicknesses thereof, in directions which are
opposite to each other. The piezoelectric ceramic plates 33 and
34 are made of a ceramic material such as lead titanate zirconate
piezoeléctric ceramics, for example.

First and second signal electrodes 35 and 36 are formed on
outer major surfaces'of the first aﬁ& sécond piezoelectric
ceramic plates 33 and 34 respectively. The first and second
signal electrodes 35 and 36 are opposed to each other through the
piezoelectric ceramic plates 33 and 34 at a céntral.portion of
the sensor body 32. The first signal electrode 35 is so formed
as to extend from the central portion to an end of the sensor

body 32, while the second signal electrode 36 is so formed as to

extend from the central portion to another end of the sensor body

32.



When accel eration acts along arrow G the sensorj® 2
similarly to the sensor body 72 shown in Fig. 7.{I8E ﬁ@ﬁJﬁ@béHHﬁhc

which are based on such displacenent are generatfd 6n OUTETTrE]
of the piezoelectric ceramc 2 * FEB 1998

sur f aces
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~The first and second piezoelectric ceramic plates 33 Lnd 34
are bonded to each other through an intermediate electrode 37.

_This intermediate electrode 37 is formed between the portion
where the first and second signal electrodes 35 and 36 are

opposed to each other.

The feature of the acceleration sensor 31 according to this
embodiment resides in the direction of arrangement of the sensor
body 32. Due to the aforementioned structure of the sensor body
32, charges which are based on displacement of the first and
second piezoelectric ceramic plates 33 and 34 along thicknesses
thereof are drawn from the first and second signal electrodes 35
and 36 upon such displacement, while major surfaces of the
piezoelectric ceramic plates 33 and 34 are inclined at an angle @
with respect to a major surface 4a of a mounting plate 4, as
shown in Fig. 3. On the other hand, upper and lower surfaces of
the sensor body 32 ex;end in parallel with the major surface 4z
of the moupting substrate 4. ‘Further, a pair of side surfaces of
the sensor body 32 extend in a direction which is perpendicular
to the major surface 4a of the mounting substrate 4a.

First and secbnd holding members 38 and 39 arg‘arranged on
both sides of the sensor body 32. The first and second holding
members 38 and 39 are fixed to the sensor body 32 in portions
close to both ends of the sensor body 32 along its longitudinal
direction. Thus, the sensor body 32 is supported py the first
and second holding members 38 and 39 in the form of a center
beam.

.The first and second holding members 38 and 39 are provided

with cavities 38a and 39a. These cavities 38a and 39a are



-lé- pl ates 83 and 84 in the second region 82B of - the sensor body 82. These

charges which are generated on the basis of the di §P mENC—are—drgwn from
thHe first and second signal el ectrodes 85 and 86. :hé@ﬁgb@Wﬁ@ SHER,
substantially no charges are generated in the first and third regijorjs 82A
and 82C since the piezoelectric ceramc plates 83 pnfl 44 are fuig

_10-

adapted to define spaces for allowing.displacement of the sensor
body 32 which is supported in the form of a center beam.

Case substrates 40 and.41 (only the ocutline of thé case
substrate 41 is shown in'pﬁéntom lines) are fixed to lower and
upper portions of the sensor body 32 and the first and second
holding members 38 and 39. Cavities (not shown) are provided in
an upper surface of the case substrate 40 and a lower surface of
the other case substrate 41, to allow displacement of the sensor
body 32. These cavities are formed in a similar manner to the
cavity 12a of the case substrate 12 which is provided in the
cenventional sensor 1 shown in Fig. 1.

The first and second holding members 38 and 39 and the case
substrates 40 and 41 form an insulated case in the present
invention. The first‘ahd second holding members 38 and 39 and

the case substrates 40 and 41 can be made of proper insulating

materials such as insulating ceramics such as alumina or

synthetic resin.

First and second terminal electrodes (not shown) are formed

on both end surfaces of the acceleration sensor 31, to be
electrically connected with the first and second signal

electrodes 35 and 36 respectively.

The case substrates 40 and 41 forming the insulated case may
be made of a material having a high dielectric constant such as
dielectric ceramics, for example, so that a plurality of

opposite electrodes are formed on an upper surface of the case



pofarizéd in these regions. Further,
posed to each other only in the second regi on 82B. Thus

mﬁlch are generated in the second region 82B are relia :ﬁﬁk“
7 [ e~

the signal electrodes 85 and 86 are
only the charges

signal electrodes 85 and 86, whereby it is possible to
sensitivity as conpared with the accel erati on sensor 3

first enmbodi ment.
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substrate 40 or 41 to form a capacitor and the electrodes for
forming the capaqitor are electrically connected in parallel
with the sensor body 32. .

In the acceleration sensor 31, the sensor body 32 whose
major surfaces are inclined at the angle § with respect to the
major surface 4a of the mounting substrate 4 has an insensitive
direction along arrow Q in Fig. 3. When the acceleration sensor
31 is mounted on the major surface 4a of the mounting substrate 4
as shown in Fig. 3, therefore, the sensor body 32 has sensitivity
fo some extent with respect to acceleration acting along each of
directions X and Z which are parallel and perpeﬂdicular to the '
major surface 4a respectively. In other words, it is possible to
reliably detect each acceleration acting along the direction X
or Z. This is now described in more detail with reference to
Fig. 4.

As shown in ?ig. 4, the maximum sensitivity in the sensor
body 32 is obtained alopg the direction of stdckin; of the first
and second piezoelectric ceramic plates 33 and 34. When
acceleration acts along arrow X in Fig. 3 in parallel with the
major surface 4a of the mounting substrate 4, the sensor body 32
exhibits detection sen31t1v1ty which is siné tlmes the maximum
detection sensitivity, while detection sensitivity whlch is cos8
times the maximum detection sensitivity is obtained when

acceleration acts along arrow Z perpendicularly to the mounting

surface 4a.



hbhely,‘the means for preventing charges which are opposite in polarity to
t hoSe generated in the second region from being drawn fromthe signal
electrodes in the first and third regions according to the present
invention is formed by the opposition of the firstf @n (O]g ompymeryic

el ectrodes 85 and 86 only in the second region 82B gﬁ@#@ﬁﬁiﬁﬁiﬁﬁgBl rized
structures of the first and third regi ons 82A and]82C accordi ng he

third enbodi ment . -12 - 21 FER 1908

The angle 6§ of inclination can be pr
0° to 90° excluding 0° and S0°, while this angle 8 is preferably
selected at about 45°, in order to implement relatively high
detection sensitivity in each of the directions X and Z. When
the angle 8 of inclination which is properly set within the
aforementioned range is changed, the sensitivity ratip of the
acceleration sensor 31 is varied with respect to acceleration
acting along the directibns X and Z. Therefore, the angle § of
inclination is set in consideration of working conditions of the
acceleration sensor 31.

A method of manufacturing the acceleration sensor 31
according to the first embodiment is now described with
reference to Figs. 5A and 5B.

First, a mother.sensor body 53 is arranged between mother
ceramic plates 51 and 52 for forming the holding members 38 and
39, as shown in Fig. SA. The mother sensor body 53 is formed by
mother piezoelectric ceramic plates 54 and 55.‘which are pasted
to each other. Further, electrode patterns 56 to 58 for forming
the first and second signal electrodes 35 and 36 and the internal
electrode 37 are provided on both major surfaces of the mother
piezoelectric ceramic plates 54 and 55 respective{y. Further,
cavities 51a and 52a are formed in the mother ceramic plates 51
and 52 respectively. These cavities Sla and 52a are adapted to
form the aforementioned cavities 38a and Séa respectively.

A mother laminate 59 shown in Fig. SA is cut along cutting



Fourth -Enbodiment Fig. 9 is a perspective view for illustrating an

accel erati
i‘Aventi on,
accordi ng

on sensor 91 according to a fourth enbodi nent of the present

whose sensor body 92 is a nodification o [e-se
to the third enbodinent. Therefore, PLACEMENT SHEET
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lines S1 and S2 shown in Fig. 5A, to obtain a laminate BISeK U

shown in Fig. 5B.

In the laminate block 60, mother ceramic substrate portions
51A and 52A are bonded to both sides of the sensor body 32. Then,
this laminate block 60 is cut along cutting lines S3 and S4 shown
in Fig. 5B, to obtain such a structure that the holding members
38 and 39 shown in Fig. 3 are bonded to both sides of the sensor
body 32. Thereafter the case substrates 40 and 41 shown in Fig.
3 are bonded to lower and upper portions of this structure,
thereby obtaining the acceleration sensor 31.

Second Embodiment

Fig. 6 is a perspective view for illustrating an
acceleration sensor 71 according to a second embodiment of the
present invention. The acceleration sensor 71 according to the
second embodiment has a sensor body 72. The second embodiment is
similar in structure to the first embodiment except that the
sensor body 72 is different from the sensor body 32. Therefore,
portions other than those forming the sensor body 72 are denoted

by the same reference numerals as those in Fig. 3, to omit

- redundant description.

The sensor body 72 has first and second piezoelectric
ceramic plates 73 and 74. First and second signal electrodes 75
and 76 are formed on outer major surfaces of the first and second
piezéelectric ceramic plates 73 and 74 respectively. The first

and second piezoelectric substrates 73 and 74 are bonded to each



sensor
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other through an intermediate electrode 77. The sensor body 72
is inclined at an angle § with respect to a major surface 4a of a
mounting substrate 4, similarly to the sensor body 32 according
to the first embodiment.

Also in the acceleration sensor 71 according to this
embodiment, the sensor body 72 is supported in the form of a
center beam. When acceleration acts along arrow G as shown in
Fig. 7 in a typical plan view, the case is moved along this
acceleration and the sensor body 72 is deformed by inertial force
as shown in the figure. In this case, first to third regions
72A, 72B and fZC which are displaced in different manners are
defined in the sensor body 72 along its longitudinal direction.
Broken lines A and B show boundaries between the first to third
regions 724 to 72C.

Namely, the first piezoelectric ceramic plate 73 is
compressed as shown by arrow Cl and the second piezoelectric
ceramic plate 74 is expanded as shown by arrow D1 in the second
region 72B when the sensor body 72 is displaced as shown in Fig.
7.

In the first and third regions 72A and 72C, on the other
hand, the first piezoelectric ceramic plate 73 is expanded and
the second piezoelectric ceramic plate 74 is compressed. Thus,
the first and second piezoelectric ceramic plates 73 and 74

define regions which are displaced in different manners along

the longitudinal direction.
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Referring again to Fig. 6, the piezoelectric ceramic plates
73 and 74 are polarized in opposite directions in the second
region 72B. In the first piezoelectric ceramic plate'73.
however, the first and third regions 72A and 72C are polarized in

a direction which is opposite to the polarization direction of
the second region 72b. Also in the second piezoelectric ceramic
plate 74, the first and third regions 72A and 72C are polarized
in a direction which is opposite to the polarization direction of
the second region 72b.

When the sensor body 72 is dispiaced as shown in Fig. 7,
therefore, minus polarity charges and plus polarity charges aré
generated on outer major surfaces of the first and second
piezoelectric ceramic plates 73 and 74 respectively in thé
second region 72B. In addition, minus polarity charges and plus
polarity charges are generated on the outer major surfaces of the
first and second piezoelectric ceramic plates 73 and 74
respectively also in the first and third regions 72A and 72C.

Therefore, the charges generated in the aforementioned
manners are drawn from the first and second signal electrodes 75
and 76, whereby it is possible to improve detection sensitivity
as compared with the acceleration sensor 31 according to the
first embodiment shown in Fig. 1.

In the acceleration sensor 31 according to the first
emboaiment. the piezoelectric ceramic plates 33 and 34 are

uni?ormly polarized in the sensor body 32, whereby charges which



simlariy to the sensor body 82 according to the third enbodi nent.
According to the fourth enbodi nent, however, the piezoelectric ceramc
pl ates 93 and 94 are polarized also in first and thi _reqions 92A and 92C

in a simlar manner to the second region 92B. In othemr G*%L
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are opposite in polarity to those in a second region

corresponding to that shown in Fig. 7 are generated in first and
third regions corresponding to those shown in Fig. 7.'In the
first piezoelectric ceramic plate 35 for example, charges which
are generated on its outer major surface in the first and third
regions are opposite in polarity to those generated in the outer
major surface in the second region. Therefore, the charges which
are generated in the central second region are canceled by those
of opposite polarity generated in the first and third regions, to
reduce detection sensitivity.

In the embodiment shown in Fig. 6, on the other hand, the
piezoelectric ceramic plates 73 and 74 are polarized in the
aforementioned manner, whereby charges of opposite polarity to
those in the second fegion 72B are prevented from being drawn
from the signal electrodes 75 and 76 in the first and third
regions 72A and 72C. In other words, the aforementioned
polarization structure forms the means for ptévent;ng charges
which are opposite in polarity to those generated in the second
region from being drawn from the signal electrodes in the first
and third regions according to the present invention.

Third Embodiment

Fig. 8 is a perspective view for illustrating an

acceleration sensor 81 according to a third embodiment of the

present invention.

The acceleration sensor 81 according to the third
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embodiment is similar in structure to those of the first and
second embodiments except that a sensor body 82 is formed in a
different manner. Therefore, only the sensor body 82'is
described. .

The sensor body 82 has first and éecond piezoelectric
ceramic plates 83 and 84. First and second signal electrodes 85
and 86 are formed on outer major surfaées of the piezoelectric
ceramic plates 83 and 84 respectively. Further, an intermediate
electrode 87 is formed between the first and_second
piezcelectric ceramic plates 83 and 84. Broken lines A and B in
Fig. 8 show boundaries between firé@ to third regions 824 to 82C.
corresponding to those described above with reference to the
second embodiment.

According to thfs'embodiment, the piezoelectric ceramic
plates 83 and 84 are polarized in opposite directions in the
second region 82B. On the other hand, the piezoelectric ceramic
plates 83 and 84 are not polarized in the first and third regions
82A and 82C. Further, the first and second signal electrodes 85
and 86 are opposed to each other only in the second region 82B.
Similarly, the intermediate electrode 87 is formed only in the

second region 82B.

When acceleration acts along arrow G, the sensor body 82 is
displaced similarly to the sensor body 72 shown in Fig. 7. In
this case, charges which are based on such displacement are

generated on outer major surfaces of the piezoelectric ceramic
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plates 83 and 84 in the second region 82B of the sensor body 82.
These charges which are generated on the basis of the
displacement are drawn from the first and second signal
electrodes 85 and 86. On the other hand, substantially no
charges are generated in the first and third regions 82A and 82C
since the piezoelectric ceramic plates 83 and 84 are not

polarized in these regions. Further, the signal electrodes 85

and 86 are oppose& to each other only in the second region 82B.
Thus, only the charges which are generated in the second region
82B are reliably drawn from the signal electrodes 85 and 86,
whereby it is possible to ;mprové detection sensitivity as
compared with the acceleration sensor 31 according to the first
embodiment.

Namely, the means for preventing charges which are opposite
in polarity to those generated in the second region from being
drawn from the signal electrodes in the first and third regions
according to the present invention is formed by the opposition of
the first and second signal electrodes 85 and 86 only in the
second region 82B and/or the unpolarized structures of the first

and third regions 82A and 82C according to the third embodiment.

Fourth Embodiment

Fig. 9 is a perspective view for illustrating an
acceleration sensor 91 according to a fourth embodiment of the
present invention, whose sensor body 92 is a modification of the

sensor body 82 according to the third embodiment. Therefore,
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only points of the sensor body 92 which are different from the
sensor body 82 according to the third embodiment are described
while portions identical to those in Fig. 8 are denotéd by the
same reference numerals, to omit redundant description.

In the sensor body 92, first and second piezoelectric
ceramic plates 93 and 94 are pasted to each other through an
intermediate electrode 87. The intermediate electrode 87 is
arranged only in a second region 82B. Further, first and second
signal electrodes 85 and 86 are opposed to each other only in the
second region $92B.

On the other hand, the piezoelectric ceramic plates 93 and
94 are polarized in opposite directions in the second region 92B,
similarly to the sensor body 82 according to the third
embodiment. "According to the fourth embodiment, however, the
piezoelectric ceramic plates 93 and 84 are polarized also in
first and third regions 92A and 92C in a similar manner to the
second region 92B. In other words, the piezoélectqic ceramic

plates 93 and 94 are uniformly polarized along thicknesses

thereof.

However, the first and second signal electrodes 85 and 86
are opposed to each other only in the second region 92B. Even if
charges which are based on displacement of the sensor body 92 are
generated on outer major surfaces of the piezoelectric ceramic
plafes 93 and 94 in the first and third regions 82A and 92C,

therefore, these charges are not drawn from the signal
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structure can be obtained by pasting nother piezoelectric ceramc plates to
each other, simlarly, to the conventional acceleration sensor 1. Wen such

ceramic plates are pasted to each other through an adhesive, however, the
adhesi ve may not necessarily adhere to the overall surfaces of the ceramc

plates in uniformthicknesses. In other words, the CPTREP Gop) have
portions provided with no adhesive, or those having EMEN]
- 20 -
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electrodes 85 and 86. e

Namely, the means for prevenbing charges which are opposite
in polarity to those generated in the second region ffom being
drawn from the signal electrodes in the first and third regions
according to the present invention is formed by the opposition of
the signal electrodes 85 and 88 only in the second region 92B.

Another Exemplary Manufacturing Method

The sensor body is formed by the first and second
piezoelectric ceramic plates which are pasted to each other
through the intermediate electrode in each of the acceleration

sensors according to the first to fourth embodiments, and such a

structure can be obtained by pasting mother piezoelectric
ceramic plates to each.other, similarly. to the conventional
acceleration sensor.ll When such ceramic plafes are pasted to
each other through an adhesive, however, the adhesive may not
necessarily adhere to the overall surfaces of the ceramic plates
in uniform thicknesses. In other words, the ceramic plates may
have portions provided witﬁ no adhesive, or those having

adhesive layers in relatively excessive thicknesses in
dispersion. In this case, the piezoelectric ceramic plates are
not or insufficiently bonded to each other in a structure
obtained by cutting a mother sensor body which is bonded with

holding members or the like, leading to dispersion in detection

accuracy.

Fig. 10 is a perspective view for illustrating a



adhesive layers in relatively excessive thicknesses in dispersion. In this
case, the piezoelectric ceramc plates are not or insufficiently bonded to
each other in a structure obtained by cutting a nothe ensor body which is
bonded with hol di ng nenbers or the like, leading to ¢i gpersi-pn ection
accuracy. Fig. 10 is a perspective view for illustrafi ﬁﬂﬁﬁ%ﬁ'SHEET
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manufacturing method for solving the aforementioned problem of a

sensor body which_is formed by pasting piezoelectric ceramic
plates to each other through an adhesive.

Referring to Fig. 10, ceramic green sheets 141 and 142 are
prepared by forming ceramic slurry. Conductive films 143, 144
and 145 are formed on an upper surface of the ceramic green sheet
141 by application of conductive paste or afthih film forming
method. Other conductive films 146 to 148 are formed also on an
upper surface of the ceramic green ;heet 142 in a similar manner
to the above. On the other hand, further conductive films 149 to
151 are formed on a lower surface of the ceramic green sheet 142.
also in a similar manner to the above. The conductive films 143
to. 145 and 149 to 151 correspond to mother electrodes fo; forming
the aforementioned siénal electrodes, while the conductive films
146 to 148 correspond to mother electrode patterns for forming
intermediate electrodes. |

The ceramic green sheets 141 and 142 are stacked with each
other and pressurized along thicknesses thereof, aﬁd thereafter
cut along the thicknesses to form independent sensor bodies,
thereby obtaining unfired sensor body chips. Thereafter the
unfired sensor body chips are so fired as :olobtainusintered
bodies which can be employed as sensor bodies in the first to
fourth embodiments. Namely, the method descried above with
reference to Fig. 10 utilizes a well-known method of

manufacturing a ceramic multilayer electronic part. Due to this
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manufacturing method, dispersion is hardly caused in bonding
between the first and second piezoelectric ceramic plates,
whereby it is possible to provide an acceleration sensor having
small dispersion in detection sensitivity. Further, it is
possible to form a smaller sensor body by utilizing the

aforementioned method of manufacturing a ceramic multilayer

electronic part.

Although the bresent invention has béen described and
illustrated in detail, it is clearly understood that the same is
by way of illustration and example only and is not to be taken by
way of limitation, the‘scope of the present invention being On

limited only by the terms of the appended claims.




Referring to Fig. 10, ceram c green sheets 141 and 142 _are prepared by
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Claims

1. An acceleration sensor (31, 71, 81, 91) comprising:
- an acceleratlon sensor b.ody (32, 72, 82. 92) having a specific Insensi-
tive direction (Q) along which no acceleratlion Is detectable,

- saild acceleration sensor body (32, 72, 82, 92} Is formed by a bimorph

plezoelectric element which comprises:
--  afirst signal electrode {35, 75, 85} being formed on a first major sur-

face of a first plezoelectric ceramic plate (33, 73. 83. 83).

-- asecond signal electrode (36. 76, 86) being formed on a first major
surface of a second plezoelectric ceramic plate (34, 74. 84, 94}, and

-- anlntermediate electrode (37, 77, 87) being arranged between second
major surfaces of sald first and second plezoelectric ceramic plates (33, 34:
73.74: 83, 84: 93, 94) so as to bond said [irst and second piezoelectric ce-
ramic plates {33, 34: 73, 74; 83, 84; 93. 94) to each other; and

-- a case having a mounting surface to be mounted on an external de-
vice (4) and supporting sald acceleration sensorbody (32, 72, 82.92) inthe

form of a center beam: _
- wherein said acceleration sensor body (32) s so supported by said

case that said Insensitive direction (Q) is along a direction being neither
parallel nor perpendicular to said mounting surface of said case.

2. The acceleration sensor in accordance with claim 2,
wherein

said first and second piezoelectric ceramic plates(33, 34)are
uniformly polarized along thicknesses thereof in directions being

opposite to each other.

3. The acceleration sensor in accordance with claim 2,
wherein '

said acceleration semsor body (32) has such first to third
regions that stress is caused in different directions in adjacent
ones of said regions upon action of acceleration, and said first

and second piezoelectric ceramic plates (33, 34)are polarized in

T Th“lﬂ”i"""llmild
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opposite directions in said second region being located at the
centre,said acceleration sensor (31) further comprising means for

preventing charges being opposite in polarity to those generated
in said second region form being drawn form said signal electrodes
(35, 36)in said first and third regionms.
4. The acceleration sensor in accordance with claim 4,
wherein

said first and second piezoelectric ceramic plates (33, 34)are
polarized in said first and third regions in directions being
opposite to those in said second region, and

said first and second signal electrodes (35, 36)are so formed
that portions being opposed to each other through said first and
second piezoelectric ceramic plates reach said first to third
regions,

whereby charges being identical in polarity to those in said
_second region are &rawn from- said first and second signall
electrodes (35, 36)in said first and third regions.
5. The acceleration sensor in accordance with claim 4,
wherein

said means for preventing charges being opposite in polarity
to those generated in said second region from being drawn from
said signal electrodes (35, 36)in said first and third regions is
in such a structure that said first and second signal electrodes
(35, 36)are opposed to each other through said first and second

piezoelectric ceramic plates only in said second region.

6. The acceleration sensor ‘in accordance with claim 6,

wherein

said first and third regions are not polarized.

This Sheet Has Been Replaced
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‘ot her and pressurized al ong thicknesses thereof, and thereafter cut al ong
the thicknesses to formindependent sensor bodies,

.unfired sensor body chips. Thereafter the unfired se M“ﬂm“ﬁmre SO
fired as to obtain sintered bodies which can be errplam di es
in the first to fourth enbodi nents. Nanely, the metho scridd dbove with
reference to Fig. 10 utilizes a mell-kn%yn nmet hod of

7. The acceleration sensor in accordance with claim 6,
wherein
said first and second piezoelectric ceramic plates(33, 34)are

uniformly polarized along thicknesses thereof.

8. The acceleration sensor in accordance with claim 2,
wherein

said case further comprises first and second holding members
(38, 39, said first and second holding members being fixed to said
sensor body (32) for holding said sensor body form both sides along
thicknesses of said first and second piezoelectric ceramic plates

(33, 34

9. The acceleration sensor in accordance with claim 4,
wherein

said acceleration sensor body(32)is formed by a sintered body
being obtained by stac'king first and second ceramic green sheets
with each other through said intermediate electrode (37) and

intergrally firing the same.

THIS SHEET HAS BEEN
REPLACED
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manuf acturing a ceramc nultilayer electronic part. Due to this - 22 -
manuf acturi ng net hod, dispersion is hardly caused in bondi ng between the
first and second piezoelectric ceramc plates,

-26-
ACCELERATION SENSOR

ABSTRACT OF THE DISCLOSURE

Disclosed herein is an acceleration sensor having a
specific insensitive direction along which no acceleration is.
detectable and an insulated case supporting the acceleration
sensor body. The acceleration sensor body is so mounted on the
insulated case that the insensitive direction is along a
direction which is neither parallel nor perpendicular to a
surface 6f the insulated case to be mounted on an external

device.

FIGURE 3




whereby-it is possible to provide an accel eration sensor having snal |

di spersion in detection sensitivity. Further, it is possible to forma
smal | er sensor body by utilizing the a forenentioned nmethod of

manuf acturing a ceramc nultilayer electronic part. Al though the present

I nvention has been described and illustrated in detail, it is clearly
understood that the sane is
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b;; way of illustration and exanple only and is not to be taken by way of
limtation, the scope of the present invention being on limted only by the
ternms of the appended cl ai ns. - 23-
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Clains,1. An acceleration sensor (31. 71. 81, 91] conprising: -
anaccel erati onsensor body(32. 72, 82, 92) havingaspecific insenst- tive

direction ([err]) along which no acceleration is detectable, - sai d
accel eration sensor body (32. 72. 82. 92) is forned by a binorph
pi ezoel ectric el ement which conprises: -- a first signal electrode (35.

75. 85) being formed on a first major sur-
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face of-a first piezoelectric ceramc plate (33.- 73. 83. 93). -- a second
signal electrode (36. 76. 86) being forned on a first major surface of a
second pl ezoelectric ceranmc plate (34. 74. 84. 94]. and -- an

i nternmedi ate el ectrode (37.77.87) being arranged between second maj or

surfaces of said first and second piezoel ectric ceram c pfate 33.34: 73.
74: 83. 84: 93. 94) so as to bond said first and second 'éﬁﬁ@gukﬁrﬁeM -
ramic plates (33. 34: 73. 74: 83. 84: 93.494) to each ot jy““aﬁz%i L
M'::’
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- - a case having a nounting surface to be nounted on an external de- vice
(4) .and supporting said accel eration sensorbody (32. 72. 82. 92) In the.
fsorm of a center beam - wherei n said accel eration sensor body (32) is so
supported by said case that said insensitive direction ([e¢ s along a
direction being neither parallel nor perpendicular to said mpr {}_N/Q"’_S&Fiﬁa_g@m
of said case. 2. The accel eration senséor I n accordance 'tif‘h~~e»L.“ ﬁfafi,&iﬁ;gy

.
m’““‘k‘e-m




-

wherein said first and second piezoelectric ceramc plates(33, 34)are

uni formy pol ari zed al ong thicknesses thereof in directions being opposite
t'o each other. 3. The accel eration sensor in accordance with claim1,
wherein said accel erati on sensor body (32) has such first to third

FIG. 10




regions that stress is caused in different directions in adjacent ones of
sai d regi ons upon action of accelerdfion, and said firs d second

pi ezoel ectric ceramc plates (33, 34)are polarized in RQHQ}A@%ME&T SHEET’I
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1. An acceleration sensor (31, 71, 81, 91) comprts'lng:

- an acceleration sensor b.ody (32, 72, 82. 92) having a spec!flc Insens{-

tive direction (Q) along which no acceleration s detectable,

- sald acceleration sensor body (32, 72, 82, 92} Is formed by a bimorph

plezoelectric element which comprises:

--  afirst signal electrode (35, 75, 85) being formed on a first major sur-

face of a flrst plezoelectric ceramic plate (33, 73. 83, 93).

--  a second signal electrode (36, 76. 86} being formed on a first major

surface of a second plezoelectric ceramic plate (34. 74, 84, 94), and

-- anintermedlateelectrode (37, 77. 87) being arranged between second
S major surfaces of said first and second piezoelectric ceramic plates (33, 34;

73.74: 83, 84: 93, 94) so as to bond said first and second plezoelectric ce-

ramic plates (33, 34: 73, 74; 83, 84; 93, 94) to each other; and

-- a case having a mounting surface to be mounted on an external de-

vice (4) and supporting sald acceleration sensorbody (32, 72, 82, 52} In the

form of a center beam; _

- wherein said acceleration sensor body (32) is so supported by sald

case that sald Insensitive direction (Q) Is along a direction being neither

parallel nor perpendicular to sald mounting surface of said case.

2. The acceleration sensor in accordance with claim 1,

wherein
said first and second piezoelectric ceramic plates(33, 34)are
uniformly polarized along thicknesses thereof in directions being

opposite to each other.

3. The acceleration sensor in accordance with claim 1,
wherein '

said acceleration sensor body (32) has such first to third
regions that stress is caused in different directions in adjacent
ones of said regions upon action of acceleration, and said first

and second piezoelectric ceramic plates (33, 34)are polarized in
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opposite directions in said second region being the

centre,said acceleration sensor (31) further comprising means for
preventing charges being opposite in polarity to those generated
in said second region form being drawn form said signal electrodes
(35, 36)in said first and third regions.

4. The acceleration sensor in accordance with claim 3,

wherein

said first and second piezoelectric ceramic plates (33, 34)are

polarized in said first and third regions in directions being

4

opposite to those in said second region, and

said first and second signal electrodes (35, 36)are so formed
that portions being opposed to each other through said first and
second piezoelectric ceramic plates reach said first to third
regions, .

whereby charges being identical in polarity to those in said

.second region are Arawn from- said first and second signal‘

electrodes (35, 36)in said first and third regions.

5. The acceleration sensor in accordance with claim 3,

wherein

{

said means for preventing charges being opposite in polarity
to those generated in said second region from being drawn from
said signal electrodes (35, 36)in said first and third regions is
in'such a structure that said first and second signal electrodes
(35, 36)are opposed to each other through said first and second

piezoelectric ceramic plates only in said second region.

6. The acceleration sensor in accordance with claﬁn;i,

wherein i

said first and third regions are not polarized.



polarized in said first and third regions in directions being opposite to

those in said second—+egron—and said first and second signa
el ectrodes( 35, ! IRk 1#8] t hat portions being opposed to each other
t irough said fl\ﬁﬂ‘ﬁﬁmm& l

jn;niezoelectric ceram c plates reach said first
to third regions, Wwhet ey 3harges being identical in polarity to those in
said
_25_
7. The acceleration sensor in accordance with claim 5,
wherein

said first and second piezoelectric ceramic plates(33, 34)are

uniformly polarized along thicknesses thereof.

8. The acceleration sensor in accordance with claim‘i,
wherein

said case further comprises first and second holding members
(38, 39), said first and second holding members being fixed to said
sensor body (32) for holding said sensor body form both sides along

thicknesses of said first and second piezoelectric ceramic plates

(33, 34

9. The acceleration sensor in accordance with claim 4,
wherein

said acceleration sensor body(32)is formed by a sintered body
being obtained by stacking first and second ceramic green sheets
with each other through said intermediate electrode (37) and

intergrally firing the same.
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gsuch a structure that said first and second signal electrodes (35,

are opposed to each other through said first and second piezoel ectric
amc plates only in said second region. 6. The accel eration sensor in
S or dance with claimb5, wherein said first and third regi ons are not

T ari zed.
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- 2 7. The—acceteratt+on- sensor Ln. accordance with claimb5, wherein
sai @first and second piezoel ectric ceramc plates(33, 34)are uniformy
pol &@f i zed al ong thicknesses thereof. :
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8. The accel eration sensor in accerdance with claim1, wherein said case
further conprises first and second hol ding nenbers (38, 39), said first and
second hol di ng nmenbers being fixed to said sensor body(32)for holding said
sensor body form both sides along thicknesses of said first and second
pi ezoel ectric ceram c plates (33, 34)
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9 The accel eration sensor in accordance with claim4, wherein said

accel eration sensor body(32)is fornmed by a sintered body bei ng obtained by
‘stacking first and second cerami c green sheets with each other through said
i nternmedi ate el ectrode (37) and intergrally firing the sane.
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