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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 accelefatiaﬁ'sensor 1 comprises a sensor body 2 thch 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 ﬁy a combination of firét and
second piezoelectric ceramic plates 5 and 6. First and second =
signal electrodes 7 and 8 are formed oﬁ outer major surfaces of
the first and second piezoelectric ceramic plates 5 and B
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

second piezoelectric ceramic plates 5 and 6 are pasted to each
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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
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 directiohs
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 1nsulated case 3 has first and second holding members 10
and 11 and flat plate type case substrates 12 and 13. The'flrst
and second holding members 10 and 11 are fixed to outer major
gurfaces 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 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

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
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in phantom lines in Fig. 1, to allow displacement 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
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 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
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
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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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
[
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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 afranged 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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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 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

plates, and the first and second piezocelectric ceramic plates

are bonded to each other through 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
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

generated in the second region from being drawn from the signal
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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 acceleratiohn 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 acéeleration 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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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 tyﬁfbal perspective view for illustrating an
acceleration éensor according to a third embodiment of the
present invention;

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
present invention.

DESCRIPTION OF. THE PREFERRED EMBODIMENTS

Preferred embodiments of the present invention are now

described with referean_to the drawings.

First Embodiment

Fig. 3 is a perspective view for illustrating an

NI
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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
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 §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
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
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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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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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.

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 3B 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
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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 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
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 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
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
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

surface 4a.
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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
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
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
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
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
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.

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 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
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other through an intermediate electrod&@ 77. The sensor body 72
is inclined at an angle 8 with respect to a major surface 4a of a
mounting substrate 4, similarly to the sensor body 32uaccording
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
centef 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 sensout body 72 along its longitﬁdinal 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
compreésed as shown by arrow C1 and the second piezoelectric
ceramic plate 74 is expanded as shown by arrow bl in the second
region 72B wﬁen 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 piezoelectrid ceramic plate 73 is expanded and
the second piézoelectric éeraﬁic plate 74 is compressed. Thus,
the first and second piezoelectric ceramic plates 73 and 74

define regions which arée 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 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 directioh 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 polarlty charges are

generated on outer major surfaces of the first and 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.

Therefofe, the charges generated in the aforementioned
manners are dfawn‘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 embodiﬁent 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
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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.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 electrodes 75 and 76 in the first and third
reglons 72A and 72C. In other words, the aforementloned
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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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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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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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 92B. Further, first and second

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

second region 82B.

On fhe other hand, the piezoelectric ceramic plates 83 and

94 are polarized 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
piezoelectric ceramic plates 93 and 94 are polarized also in
first and.third fegions 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. .

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,

therefore, these charges are not drawn from the signal
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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
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 piezoelectfic
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 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

‘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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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. .

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 146 to 148 are formed also on an
upper surface of the ceramic 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 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
148 to 148 correspond to mother.electrode patterns for'forming
intermediate électrodes.

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,
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

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 sen;or 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 inventiqn

being limited 6nly'5§ the terms of the appended claims.
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WHAT IS CLAIMED IS: - e

A g

an acceleration sensor boﬁyYﬁa§1ng a specific insensitive

3 o

1. An acceleration sensorVcomprising:

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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major surfaces of said first and second piezoelectric ceramic

33
platodadi 34;--:)/

- - o . . 33;3'--
said first and second piezoelectric ceramic pfﬁé@%fméhﬁfy
7i..0)

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

wherein
said sensor bo § supported by said case in the form of a

center beam.

5, An acceleration sensor in accordance with claim 4,

wherein 4

33, 34
sald flrst and second piezoelectric ceramic plé%EEV§F§‘“l/}

uniformly polarized along thicknesses thereof in directions

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
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;,.. _
said acceleration sen;éf*fﬁfgﬁgr comprising means for

—_—

_—
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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.

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 secohd region, and

said first and second signal electrdﬁ%%?ﬁ%%‘§'lfgrmed that
portions being opposed to each other through said first and
second piezoelectrie-ceramié plates rgach 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

{395, 36! )/ . A .
electrd 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

35,
electrodesYare opposed-to each other through said first and

25 second piezoelectric ceramic plates only in said second region.
-
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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 pfﬁ%é?yg%é—*L/

uniformly polarized along thicknesses thereof.

11. A mounting structure for an acceleration.sé%%%?fﬁ%ﬁgng
an acceleration sensor b032;.'J ng 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

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,

wherein

said case further comprises first and second holding

' 38, 39; )
memgggsf—satd—%{;st and second holding members being fixed to

' 32; ...
said sensor boé?{?dfjﬁolding said sensor body from both sides

along thicknesses of said first and second piezoelectric ceramic

33, 34;...
plat@grL—iL——L/
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13. An acceleration sensor in accordance with claim 3,

wherein

32;:... . ’ ¥
said sensor ﬁééyYTS—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 th

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 signal electro eing formed on a first major
) 33;...)
surface of said first piezoelectric ceramic plate;

: \U36;...) /
a second. signal electroderbeing formed on a first major
) - 34:...
surface of said second piezoelectric ceramic platéy and

37;...
20 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

- W(37;...) }
bonded to each other through said intermediate electrode”

25
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