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E ENSOR

BACKGROUND OF THE INVENIION
1. Field of the Ianvention

The present invention relates to an
acceleration sensor having a piezoelectric element, and

. more particularly to an acceleration sensor used for an

air bag installed in a vehicle.

2. pescription of the Related Art

An acceleration sensor employing a
plezoelectric element has been used for an air bag
installed in an automobile in order to detect an
acceleration caused by an impact. Acceleration sensors
having various kind of structures have been proposed for
this application, and an acceleration sensor using a
bimorph type piezoelectric element has been known as a
high sensitivity type as disclosed in Japanese Patent
Laid-open Publication Nos. 6-273439, 6-324073, etc.

As shown in Fig. 1, a conventional acceleration
sensor 1 using a bimorph type piezoelectric element has a
bimorph type piezoelectric element 2 and insulating case
3. The acceleration sensor 1 is mounted on a substrate 4.

The bimorph type plezoelectric element 2 has a

_ structure in which a first piezoelectric ceramic plate 5

and a second piezoelectric ceramic plate 6 are laminated.
A first signal electrode 7 and a second signal electrode
8 are formed on outer main faces of the first
plezoelectric ceramic plate 5 and the second
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invention relates to an acce tion sensor having a piezoelectric elenent,
and pore‘particularly to an accel eration sensor used for an air bag
installed in a vehicle. 2. Description of the Related Art - An
accel eration sensor enploying a piezoelectric elenment has been used for an
air bag installed in an autonobile in order to detect an acceleration
caused by an inpact. Acceleration sensors shaving various kind of structures
have been proposed for this application, and an accel eration sensor using a
bi mor ph type piezoelectric element has been known as a high sensitivity
type as disclosed in Japanese Patent Laid-open Publication Nos. 6-273439,
6- 324073, etc. plezo electic

piezoelectric plate 64 respectively. The first signal

electrode 7 and the /second signal electrode 8 overlap

. |/ through the [dielectric]ceramic plates 5 and 6 in the
central portion along the longitudinal direction of the
5 plezoelectric element 2. An intermediate electrode 9 is

formed between the first piezoelectric ceramic plate 5

and the second piezoelectric ceramic plate 6 such that

the intermediate electrode 9 is located between the

overlap portions of the first signal electrode 7 and the

10 second signal electrode 8. :

The first piezoelectric ceramic plate 5 and the
second piezoelectric ceramic plate 6 are uniformly
polarized in opposing directions with respect to each
other. The first signal electrode 7 extends toward one

15 of two opposing ends of the piezoelectric element 2 along
the longitudinal direction thereof while the second
signal electrode 8 extends towards the other end of the
piezoelectric element 2 along the longitudinal direction

. thereof. '

20 The insulating case 3 comprises a first clip

' portion 10, a second c¢lip portion 11, and substrates 12
and 13. The clip portions 10 and 11 have recesses l1l0a
and lla, respectively and clip the piezoelectric element
2 at the both ends of the longitudinal direction thereof,

25 thereby holding the plezoelectric:element 2 at the both
ends of the longitudinal direction thereof while allowing
the piezoelectric element 2 to vibrate. The substrates

|/ 12 and 13 have a reéess [12] and a recess (not shown),
respectively and clip the Df&ezoelectric element 2 in a

30 direction perpendicular to a direction in which the clip
portions 10 and 11 are faced.

The bimorph type piezoelectric element 2 has a
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type plezoele ric el ement has a bl mor ph type pi ezoel ectric elenent 2 ahd
i nsu] ati hg .case 3. The acceleration sensor 1 is nounted on’'a substrate 4,
The bi norph type pi ezoel ectric element 2 has a structure in which a first
pi ezoel ectric ceramc plate 5 and a second piezoelectric ceramc plate 6
are lamnated. A first signal electrode 7 and a second signal electrode 8
are formed on outer main faces of the fir gt-piezoelectric ceramc plate 5
and the second

good sensitivity to an acceleration along the thickness
direction of the piezoelectric element 2 and no
sensitivity against an acceleration aleng the direction
indicated by an arrow Q.

5 Although the bimorph type piezoelectric element
2 outputs a reasonable sensing potential, the sensing
charge is small due to a small static capacitance of the
bimorph type piezoelectric element 2. Therefore, when
the sensing output is amplified using a charge amplifier,

10 the signal to noise (SN) ratio degrades.

Mareover, there arises a problem that a low

frequency component of the signal detected by the bimorph
type piezoelectric element 2 cannot be measured since a
high pass filter created between the charge amplifier and

135 the bimorph type piezoelectric element 2 has a high
cutoff frequency at a lower frequency side. In the case
where the impedance of the charge amplifier is increased
50 as to measure a low frequency component, the noise on

_ the detected signal might be such increased that the SN

20 ratio degrades.

' It is possible to increase the static
capacitance by making the piezoelectric element 2 thinner
in thickness or larger in width. However, in the case of
making the piezoelectric element 2 larger in width, this

25 results in the acceleration sensor having a large size,
which would be adverse to the commercial demand. On the
other hand, in the case of making the piezoelectric
element 2 thinner, the mechanical strength of the
piezoelectric¢ element 2 degrades, which may decrease the

30 production yield and increase the possibility of
destruction due to a large acceleration.

For the foregoing reasons, there is a need for
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second rough the piezoelectric ceramc plates
5 and 6 in the central portion along the | ongi tudinal direction of the

pi ezoel ectric element 2. An internmediate electrode 9 is fornmed between the
first piezoelectric ceramc plate 5 and the second piezoelectric ceramc
plate 6 such that the internediate electrode 9 is |ocated between the
overlap portions of the first signal elgcyrade 7 and the

an acceleration sensor which has a high charge
sensitivity and a large static capacitance as well as a
small size and an appropriate mechanical strength.

5 SUMMARY OF THE INVENTION
The present invention provide an acceleration
sensor that satisfies this need. The acceleration sensor
comprises a piezoelectric element having at least three
piezoelectric layers, a plurality of first electrodes and
10 a plurality of second electrodes. The piezoelectric
layers are stacked with each other in a thickness
direction so as to form a laminate having first and
second opposed ends in a lengthwise direction thereof.
The firat and second electrodes are provided alternately
15 between the piezcelectric layers and on top and bottom
surfaces of the laminate such that the first electrodes
extend from the first end toward the second end and the
second electrodes extend from the second end toward the
_ first end and partially overlap with each other wvia the
20 plezoelectric layers. The acceleration sensor further
comprises a support for holding the piegoelectric element
at the wvicinity of the first and second ends of the
laminate. The piezoelectric layers are polarized in the
thickness direction such that charges having opposite
25 polarities are accumulated at the first and second
electrodes, respectively, when the piezoelectric element
receives an impact caused by an acceleration.
The piezoelectric layers may be polarized at
the region where the first and second electrodes overlap.
30 In one embodiment, at least one.of the stacked
| pilezoelectric layers is not polarized.
In another embodiment, the piezoelectric
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5 and th econd plezoelectrlc ceranic plate 6 are uniformy polarized In
opposing‘directions with respect to each other. The first signal electrode
7 extends toward one of two opposing ends of the piezoelectric elenment 2
al ong ‘the longitudinal direction thereof while the second signal electrode
8 extends towards the other end of the piezoelectric elenent 2 along the
| ongi tudi nal direction thereof. -~ 5The insul ating case 3 conprises a
first clip portion 10, a second clip portion 11, and substrates 12 and 13.
The clip portions 10 and 11 have recesses 10a and 1lla, respectively and
clip the piezoelectric elenent 2 at the both ends of the | ongitudinal
direction thereof, thereby holding the piezoelectric elenent 2 at the both

ends of the Iongi t‘ﬁ.e%htdhéﬁcﬁh%éﬂ‘ei{tﬁ@:fer""ﬁfl ené! p AidULdhe 10 §RpELECT T C

elenent 2 to vibrate. The substrate
greater than three, adjacent ones of the piezoelectric

layers, except a pair of the piezoelectric layers which

are located at the middle of the laminate, are polarized
5 in opposite directions with each other and the pair of

piezoelectric layers are polarized in the same direction.

In accordance with another embodiment, the
piezoelectric element has an odd number, greater than two,
of piezoelectric layers, all of the piezoelectric layers,

10 except one located at the middle of said piezoelectric
element, being polarized.

In accordance with another embodiment, the
acceleration sensor includes a substrate upon which the
support is mounted, the support holding the laminate at

13 an angle of 90° with respect to the substrate.
Advantageously, the angle is between 0° and 90° and,
preferably, it is equal to or less than 45°.

According to the preferred embodiments of the

_ invention, positive and negative charges induced in each

20 of the piezoelectric layers are effectively accumulated
at the first electrodes and the second electrodes without
cancellation. This structure also provides the
acceleration sensor with a large static capacitance.
Therefore, piezoelectric type acceleration sensor which

25 has a high charge sensitivity, detects an acceleration
having a low frequency component and is small in size can
be realized.

These and other features, aspects, and
advantages of the present invention will become better

30 understood with reference to the following detailed
description in conjunction with the accompanying drawings.
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t he piezoe ectrlc elenen I n a I rection perpendicular to a direction in
which the clip portions 10 and 11 are faced The bi nor ph type

pi ezoel ectric element 2 has a

BRIEF DESCRIPTION OF THE QRAWINGS

Fig. 1 is a perspective view of a conventiocnal
acceleration sensor.

Fig. 2 is a perspective view of an acceleration

5 sensor according to a first embodiment of the present
invention.

Fig. 3 is a schematic plan view explaining a
polarizing direction of an piezoelectric element in the
acceleration sensor shown in Fig. 2.

10 Fig. 4 is a schematic plan view explaining the
stresses and charges caused in the piezoelectric element
in the acceleration sensor shown in Fig. 2. |

Fig. 5 is an exploded perspective view of the
acceleration sensor of Fig. 2 incorporated with

15 substrates. '

Fig. 6 is a schematic plan view of an
acceleration sensor according to a second embodiment of
the present invention.

Fig. 7 is a schematic plan view explaining the

20 stresses and charges caused in the piezoelectric element
in the acceleration sensor shown in Pig. 6.

Fig. 8 is a perspective view showing a
variatlon of the acceleration sensor shown in Fig. 2 or

Fig. 6.
25
nerelnafter, the preferred embodiments of the
present invention are explained in detail with reference
to the drawings.
-30

First embodiment
Fig. 2 is a perspective view showing an
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pi ezoel ectric element 2 and no sensitivity against an acceleration al ong
the direction indicated by an arrow Q Al t hough the bi norph type
pi ezoel ectric elenent 2 outputs a reasonable sensing potential, the sensing
charge is small due to a small static capacitance of the binorph type

pi ezoel ectric elenent 2. Therefore, when the sensing output is anplified
using a charge anplifier, the signal to-ndise (SN) rati o degrades.

Mor eover, there arises a problemthat a | ow frequency conponent of the
signal detected by the binorph type piezoelectric elenment 2 cannot be
nmeasured since a high pass filter created between the charge anplifier and
t he bi norph type piezoelectric element 2 has a high

acceleration sensor 21 according to an embodiment of the

present invention, and Fig. 3 is a plan view thereof.

The acceleration sensor 21 comprises a piezoelectric

element 22 and supports 23 and 24 (the support 24 being
5 shown with phantom lines for clarity).

The piezoelectric element 22 has a laminate 70,
first electrodes 31, 33 and 35 and second electrodes 32,
34, 36 and 37. The laminate 70 is formed by stacking
piezoelectric layers 25-30 and has a first end 71 and a

10 second opposed end 72.

The supports 23 and 24 have recesses 23a and
24a, respectively, such that pairs of protrusions are
provided at both sides of the recesses 23a and 24a,
respectively. The protrusions of the supports 23 and 24

15 are attached to the vicinity of the ends 71 and 72 of the
laminate 70, whereby the laminate 70 is held by the
supports 23 and 24. The supports 23 and 24 may be formed
of an insulating material, such as insulating ceramics
(alumina or the like), synthetic rasin, etc.

20 As best shown in Fig. 3, the first electrodes
31, 33 and 35 and the second electrodes 32, 34, 36 and
37 are provided alternately between the piezoelectric
layers 25-30 and on the top and bottom suyrfaces of the
laminate 70. The first electrodes 31, 33 and 35 extend

25 from the first end 71 toward the second end 72 and the
second electrodes 32, 34, 36 and 37 extend from the
sacond end 72 toward the first end 71. Moreover, the
first electrodes 31, 33 and 35 and the second electrodes

32, 34, 36 and 37 overlap partially with each other in

30 the raegion denoted as EL via the piezoelectric layers 25-
30.

In this embodiment, the first electrodes 31, 33
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of the charge anplifier is increased so as to neasure a |ow frequency
conponent,. the noise on the detected signal might be such increased that
the SN rati o degrades. It is possible to increase the static
capaci tance by making the piezoelectric elenent 2 thinner in thickness or
| arger in w dth.
| arger in wdth,
size, which would be adverse to the comercial demand. On the other hand,
in the case of making the piezoelectric element 2 thinner, the nechanical
strength of the piezoelectric elenent 2 degrades, which may decrease the
production yield and increase the possibility of destruction due to a |arge

accel erati on.
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piezoelectric layers 25-30 are integrated as a sintered

. 8tructure by using a ceramic integrated sintering

technique. In the case, it is easy to reduce the
thickness of the piezoelectric layers 25-30, which
enables increase of the stati¢ capacitance of the

piezoelectric layers 25-30. Alternatively, piezoelectric

layers 25-30 may be adhered with the first electrodes 31,
33 and 35 and the second electrodes 32, 34, 36 and 37
after respective sintering of the piezoelectric layers
25-30.

The piezoelectric layers 25-30 are formed of

- plezoelectric ceramics such as lead titanate zirconate or

plezoelectric single crystalline such as quartz, LiTao,,
or the like. The first electrodes 31, 33 and 35 and the
second electrodes 32, 34, 36 and 37 are formed of a
metallic material superior in electric conductivity such
as Ag, Ag-Pd or the like.

As shown in Fig. 3, all of the piezoelectric
layexs 25-30 are polarized along a thickness direction
thereof, but a polarized direction of the piezoelectric
layers 25, 21\/nd 30 are opposed to that of the
piezoelectric'gﬁyers 26, [2¢]and 29. The polarization
direction of each of the piezoelectric layers 25-30 is

.determined so that charges having opposite polarities are

accumulated at the first and second electrodes,
respectively, when the piezoelectric element 22 receives
an impact caused by an acceleration. The piezoelectric
layers 25-30 can be polarized at once by applying a high
voltage with the second electrodes 36 and 32, a medium
voltage with the first electrodes 31, 33 and 35 and a low
voltage with the second electrode 34 and 37.

AIECE210502
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Alternatively, the piezoelectric lay¢rs 25-30 can be

.polarized, for example, by first apglying a high voltage

with the second electrodes 36 and[38}and a low voltage
with the first electrodes 31 and 33 and then by applying
a high voltage with the first electrodes 33 and_ 35 and a
low voltage with the second electrodes 34 and 37.

The operation of the acceleration sensor 21
will be explained in detail with reference to Fig. 4.
Fig. 4 shows a schematic plan view explaining the
stresses and charges generated in the piezoelectric
element 22 of the acceleration sensor 21. As shown in
Fig. 4, when the acceleration sensor 21 receives an
acceleration caused by an impact 73, the piezoelectric
element 22 is deformed such that the center of each of
the piezoelectric layers 25-30 protrudes toward the
support 23 due to the reaction against the impact 73. As
a result, the piezoelectric layers 25-27 are expanded,
and a tensile stress as indicated by the arrows pointing
outward is caused in the piezoelectric layers 25-27. On
the other hand, the piezoelectric layers 28-30 are
contracted, and a compressive stress as indicated by the
arrows pointing inward is caused in the piezoelectric
layers 28-30.

Assume that the relationship between the
polarization direction of the piezoelectric layer 25 and
the direction of the stress caused therein is such that a
nagative charge is induced on the surface of the
piezoelectric layer 25 which is in contact with the
second electrode 36 and a positive charge is induced on
the surface of the piezoelectric layer 25 which is in
contact with the first electrode 31. This results in a
negative charge and a positive charge being accumulated

SPECYUZ10582
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that sattsfies this need The accel erati on sensor conprises a piezoelectric
el enent having at |east three piezoelectric layers, a plurality of first
el ectrodes and a plurality of second el ectrodes. The piezoelectric |ayers
are stacked with each other in a thickness direction so as to forma

| ami nate having first and second opposed gfds in a | engthwi se direction
thereof. The first and second el ectrodes are provided alternately between
the piezoelectric layers and on top and bottom surfaces of the | am nate
such that the first electrodes extend fromthe first end toward the second
end and the second eIectrodes extend fromthe second end toward the first

end and partial |y gyethap uihs AR 3kl fadNnd AR RTLEEMEVE S The

accel eration senso
respact;vely. In this case, since the piezcelectric

layer 26 is polarized in an opposite direction to that of
the piezoelectric layer 25, the positive charge is

S induced on the surface of the piezoelectric layer 26
which is in contact with the first electrode 31. That is,
since the piezoelectric layers 25 and 26 are polarized
such that the polarization directions of the
piezoelectric layere 25 and 26 are directed away from the

10 first electrode 31, the same polarity of charge (positive
charge in this case) is accumulated on the first
electrode 31 by the piezoelectric layers 25 and 26.

In the same way, the piezoelectric layers 26
and 27 by which the second electrode 32 is sandwiched are
i5 polarized such that the polarization directions of the
piezoelectric layers 26 and 27 are directed towaxrd the
second electrode 32. Thus, negative charge derived from
~ the piezoelectric layers 26 and 27 is accumulated at the
_ second electrode 32.

20 The piezoelectric layers 28-30 are subject to
contraction when the acceleration sensor 21 receives an
acceleration caused by an impact 73. Therefore, the
relationship between the polarization direction and
polarity of the induced charge is reversed. Specifically,

25 positive charge is accumulated at first electrode 35
which is sandwiched by the piezoelectric layers 29 and 30
having the polarization directions toward the first
electrode 35, respectively. Negative charge is also
accumulated at the second electrode 34 in the same way.

30 The first electrode 33 is sandwiched by the
plezoelectric layer 27 and the piezoelectric layer 28
which are both polarized in the same direction. However,.

APRCYI10882
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pol arized in the thickness direction such that charges having opposite

polarities are accunul ated at the first and second el ectrodes,
respectively, when the piezoelectric el enent receives an inpact caused by

an accel erati on. The piezoelectric |layers may be polarized at the
regi on where the first and second el ectroges. overl ap. I n one
enbodi nent, at | east one of the stacked piezoelectric layers is not

pol ari zed. I n anot her enbodi nent, the piezoelectric

since the tensile stress and compressive stress are
caused in the piezoelectric layer 27 and the
piezoelectric layer 28, respectively, only the positive
charge is accumulated at the first electrode 33.

5 Accordingly, positive and negative charges
induced in each of the piezoelectric layexrs 25-30 by an
acceleration are effectively accumulated at the first
electrodes 31, 33 and 35 and the second electrodes 32, 34,
36 and 37 without cancellation. Therefore, the charge

10 senaitivity of the acceleration sensor 21 can be enhanced.
As can be understood from the aforementioned
explanation, it is preferable that the acceleration
sensor has as many piezoelectric layers as possible so
that the accumulated charge in the piezoelectric¢ element
15 22 is increased. In addition, it is preferable that the
tensile stress and the compressive stress are balanced in
the piazoelectric element 22. The number of the
piezoelectrié layers, therefore, is preferably an even
number greatar than three. In this case, a pair of
20 piezoelectric layers which are located at the middle of
the laminate are polarized in the same direction, and
other piezoelectric layers are polarized in directions
opposite to those of adjacent ones. It is further
preferable that the piezoelectric layers are as thin as
25 possible since the static capacitance thereof increase.
Although each of the piezoelectric¢ layers is
polarized uniformly and entirely, only the region EL
{Fig. 3) where the first and second electrodes overlap
_ may be polarized. Moreover, an output voltage across the
30 first and second electrodes increases as the region EL
decreages in the lengthwise direction. Static
capacitance has a trade-off relationship with the output
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pi ezoel eotric layers which are located at the nmiddle of the lam nate, are
pol ari zed in opposite directions with each other and the pair . of ’

pi ezoel ectric layers are polarized in the sane direction. In
accordance w th anot her enbodi nent, the piezoelectric elenent has an odd
nunber, greater than two, - 12 =

voltage. Therefore, &n acceleration sensor having the
characteristics for the specific application can be
produced by adjusting the length of the region EL in the
lengthwise direction.

5 ' The acceleration sensor according to the
embodiment may be incorporated with substrates in order
that the piezoelectric element is held in a casing. As
shown in Fig. 5, an acceleration sensor 74 comprises the
plezoelectric element 22, the supports 23 and 24 and

10 substrates 38 and 39. The piezoelectric element 22 and
tha supports 23 and 24 are constructed as the
acceleration sensor 21 shown in Fig. 2, and the
piezoelectric element 22 is sandwiched by the substrates
38 and 39 in a direction perpendicular to the direction

15 in which the supports 23 and 24 face each other. A
recess (not shown) and a recess 39a are formed on the
inner surface of the substrates 38 and 39, respectively,
80 as to secure a free space for the displacement of the
piezoelectric element 22. The substrates 23 and 24 may

20 be formed by an insulating material.

Second embodiment
Fig. 6 is a plan view showing an acceleration
sensor 41 according to another embodiment of the present
25 invention. The acceleration sensor 41 shown in Fig. 6 is
different from the acceleration sensor 21 shown in Fig. 2
in the number of piezoelectric layers and the
polarization direction of the piezoelectric layers.
The acceleration sensor 41 comprises a
30 piezoelectric element 42 and supports 43 and 44. The
plezoelectric element 42 has a laminate 75, first
electrodes 50, 52 and 55 and second electrodes 51, 53 and

SPRCT210302
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I n accordance with another enbodi nent, the accel eration sensor includes a
substrate upon which the support is nDunted, t he support hol ding the

| am nate at an angle of 90[err] with respect to the substrate.

ously, the angle is between O[err] and 90[err] and, preferably,
to or less than 45[err]. - 13 -According to the preferred

Advant age
i s equal

enbodi nents of the invention,

o#*93| lectric el emen bei'ng pol arized.
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of the piezoelectric |ayers are effectively accunul ated at the first
el ectrodes and the second el ectrodes w thout cancellation. This structure
al so provides the accel eration sensor with a large static capacitance.
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5-49 and has a st end 76 and a second opposed

end 77.

The supports 43 and 44 have recesses 43a and
44a, respectively, such that a pair of protrusions are
provided at both sides of the recesses 43a and 44a,
respectively. The protrusions of the supports 43 and 44
are attached to the vicinity of the ends 76 and 77 of the
laminate 75, whereby the laminate 75 is held by the
supports 43 and 44. The supports 43 and 44 may be formed
of an insulating material, such as insulating ceramics
(alumina or the like), synthetic resin, etc. The
acceleration sensor 41 may be incorporated with
substrates as explained in the first embodiment so as to
hold the piezoelectric element 42 in a casing.

The first electrodes 50, 52 and 55 and the
second electrodes 51, 53 and 54 are provided alternately
between said piezocelectric layers 45-49 and on the top
and bottom surfaces of the laminate 75. The first
electrodes 50, 52 and 55 extend from the first end 76
toward the second end 77 and the second electrodes 51, 53
and 54 extend from the second end 77 toward the first end
76. Moxeover, the first electrodes 50, 52 and 55 and the
second electrodes 51, 53 and 54 overlap partially with
each other via the piezoelectric layers (2419,

The first electrodes 50, 52 and 55 and the
second electrodes 51, 53 and 54 and the piezoelectric
layers 45-49 may be integrated as a sintered structure by
using a ceramic integrated sintering technique.
Alternatively, the piezoelectric layers 45-49 may be
adhered with the first elactrodes 50, 52 and 55 and the
second electrodes 51, 53 and 54 after respective

SPECY2105%2
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sintering of the piezoelectric layers 45-49. The
piezoelectric layers 45-49, the flrst electrodes 50, 52
v/ and 55 and the second electrodes 51, 53 and 54 {30|may be
formed of the same material as explained in the first
5 embodiment:.

As indicated by the arrows in Fig. 6, the
piezoelectric layers 45, 46, 48 and 49 are polarized
along a thickness direction thereof while the
piezoelectric layer 47 which is located at the middle of

10 the laminate 75 is not polarized. The polarization
direction of the piezoelectric layexs 43 and 48 are
opposed to that of the piezoelectric layers 46 and 49,
The polarization directions of the piezoelectric layers
45, 46, 48 and 49 are determined so that charges having

15 opposite polarities are accumulated at the first and
second electrodes, respectively, when the piezoelectric
element 42 receives an impact caused by an acceleration.

Fig. 7 shows a schematic plan view explaining
the stresses and charges caused in the piezoelectric

20 element 42 of the acceleration sensor 41. As shown in
Fig. 7, when the piezoelectric element 42 is deformed
such that the center of each of the piezoelectric layers
45-49 protrudes toward an upper side due to an impact,
the piezoelectric layers 45 and 46 are expanded, and a

25 tensile stress as indicated by the arrows pointing
outward is caused in the piezoelectric layers 45 and 46.
On the other hand, the piezoelectric layers 48 and 49 are
contracted, and a compressive stress as indicated by the.
arrows pointing inward is caused in the piezoalectric

30 layers 48 and 49. Note that the piezoelectric layer 47
does not generate charges due to the fact that the
piezoelectric layer 47 is not polarized.
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of an accel eration sensor according to a first enbodi nent of the present

i nventi on. Fig. 3 is a schematic plan view explaining a

pol ari zing direction of an piezoelectric elenent in the acceleration sensor
shown in Fig. 2. Fig. 4 1s a schematic plan view explaining the
stresses and charges caused in the piezoglsectric elenment in the

accel eration sensor shown in Fig. 2. Fig. 5 is an expl oded

perspective view of the acceleration sensor of Fig. 2 incorporated with

As explained in detail in the first embodiment,
since the piezoelectric layers 45 and 46 are polarized in
the opposite directions, charges having the same polarity
are induced on the surfaces of the piezoelectric layers

5 45 and 46 which are in contact with the first electrode-
50. Thus, charges having the same polaxity are
accumulated at the first electrode 50 without
cancellation of the charge. In the case shown in Fig. 7,
positive charge is accumulated on the first electrode 50

10 while negative charge is accumulated at the second
electrodaes 51 and 54.

‘The piezoelectric layers 48 and 49 are subject
to contraction. Therefore, the relationship between the
polarization direction and polarity of the induced charge

15 is reversed. Specifically, negative charge is
accumulated at second electrode 53 which is sandwiched by
the piezoelectric layers 48 and 49. Positive charge is

Vv also accumulated at the first electrodes 52 and[@éL

Accordingly, positive and negative charges

20 induced in the piezoelectric layers 45, 46, 48 and 49 by
an impact are effectively accumulated at the first

t” electrodes 50, [53, and 55 and the second electrodes 51,
53 and 54, respectively without cancellation. Therefore,
the charge sensitivity of the acceleration sensor 41 can

25 be enhanced.

Although the piezoelectric layer 47 does not
generate charges as explained above, the piezoelectric
layer 47 acts a buffer to relieve the tensile stress
caused in the piezoelectric layers 45 and 46 and the

30 compressive stress caused in the plezoelectric layers 48
and 49. The piezoelectric layer 47 also contributes to
an increase in the static capacitance of the

EPECY210892
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Fig. 7 is a schenatlc pl an V|ew1expla|n|ng the stresses and charges caused
in the piezoelectric element in the accel erati on sensor shown in Fig. 6.
Fig. 8 is a perspective view show ng a variation of the acceleration sensor
shown in Fig. 2 or Fig. 6. DETAILED DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS Herei nafter, thelx#gerred enbodi ments of the present
i nvention are explained in detail wth reference to the dramnngs Fi rst
enbodi ment

piezoelectric element 42. In addition, according to this
structure, the piezoelectric layers 45, 46, 48 and 49 can
be polarized at once by using two kind of voltages, for
example, by applying a low voltage with the first
5 electrode 50 and the second electrode 53 and a high
voltage with the first electrodes 52 and 55 and the
second electrodes 51 and 54. Therefore, the polarizing
process can be simplified.
In the piezoelectric element 42, it is

10 preferable that the tensile stress and the compressive

| straess are balanced and that the number of non-polarized
layers is minimized so that the piezoelectric element 42
has a good charge sensitivity. Therefore, the number of
the piezoelectric layers is preferably an odd number

15 greater than two, and one piezoelectric layer located at
the middle of the laminate is not polarized.

Modification
In the acceleration sensors 21 and 41, the
20 'piezbelectric elements 22 and 42 are supported by the
supports such that the stacking direction of the
piezoelectric layers is parallel to a main surface of the
acceleration sensors 21 and 41. Since the piezoelectric
v/ elements 22 and [24] have a maximum sensitivity in the
25 stacking directidﬁ nd have no sensitivity perpendicular
to the stacking direction, the acceleration sensors 21
and 41 have no sensitivity in a direction perpendicular
to the main surface. '
In order to detect an acceleration
30 perpendicular to the main surface, the stacking direction
of the piezoelectric layers may be tilted. As shown in
FPig. 8, a piezoelectric element 61 having the same

SPECYI10892
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structure as the piezoelectric element 21 or 41 is held
by the supports 62 and 63 such that the stacking
direction 78 of the piezoelectric layers is tilted by an
angle 6 with respect to a main surface 79. As a result,
a maximum sensitivity axis of the piezoelectric element
61 is tilted by the angle & with respect to the main
surface 79. The angle ¢ can be set at an arbitrary value
greater than 0 degree and less than 90 degrees, but it is
preferable to set the angle 0 egual to or less than 45
degrees. The optimal angle is 45 degrees.

As has been explained in detail, the
pliezoelectric element of the acceleration sensor
according to the present invention has more than three
stacked piezoelectric layers, and adjacent piezoelectric
layers are polarized so that charge having the same
polarity is accumulated at the electrode interposed
between the adjacent piezoelectric layers. The structure
provides the acceleration sensor with a high charge
sensitivity and a large static capacitance. Therefore, a
piezoelectric type acceleration sensor which detects an
acceleration having a low frequency component and is
small in size can be realized.

Moreover, the piezoelectric element can have
great mechanical strength as the static capacitance of
the piezoelectric element can be increased without making
the piezoelectric layers thin. In the case where the
piezoelectric element is formed by a ceramic integrated
sintering technique, the piezcelectric layers can be made
thin without causing cracks in the piezoelectric layers
during the manufacturing process. Therefore, the static
capacitance can be further increased, by which an
acceleration having a low frequency component can be

SPRCY210582
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pi ezoel ectric elenent 22 and supports 23 and 24 (the support 24 being shown
with phantomlines for clarity). - The piezoelectric elenent 22 has
a lamnate 70, first electrodes 31, 33 and 35 and second el ectrodes 32, 34,
36 and 37. The lamnate 70 is fornmed by stacking piezoelectric |ayers 25-30
and has a first end 71 and a second opgpgﬁp_gnd 72. The supports
23 and 24 have recesses 23a and 24a, respectively, such that pairs of
protrusions. are provided at both sides of the recesses 23a and 24a,
respectively. The protrusions of the supports 23 and 24 are attached to the
vicinity of the ends 71 and 72 of the | am nate 70, whereby the |am nate 70
is held by the sup orts é% and 4. The supports 23 and 24 may be fornmed of
an insul ating nate papur Ytsul ating ceramcs

When the laminate of the piezoelectric element

includes a piezoelectric layer which is not polarized,
the remaining piezoelectric layers of the laminate can be

5 polarized by using two kind of voltages. This makes the
manufacturing process simplified.

While preferred embodiments of the invention
have been disclosed, various modes of carrying out the
principles disclosed herein are contemplated as being

10 within the scope of the following claims. Therefore, it
is understood that the scope of the invention is not to
be limited except as otherwise set forth in the claims.

SPECH210502
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Fig. 3, PA&9PFrG r'%%s"@ﬁ A MG.and 35 and t h&® seco%@ﬁg‘%&eﬁg%\é\g g%\a
34, 36 and 37 are prOV|ded alternately between the piezoelectric |ayers
25-30 and on The tTop and bottom surfaces of the lamnate 70. The first

el ectrodes 31, fromthe first end 71 toward the second end
72 and the secrjmlmrnﬂuimamﬂm 34, 36 and 37 extend fromthe second end
72 toward the firstt end ¥1l.s Moyeover, the ,first electrodes 31, 33 and 35
and the second el ectrodes 32, 34, 36 and overlap partially with each

other in the region denoted as EL via the piezoelectric |ayers 25- 30.
In this enbodinent, the first electrodes 31, 33

WHAT IS CLAIMED IS:
' 1. An acceleration sensor comprising:
a piezoelectric element having at least three

piezoelectric layers, a plurality of first electrodes and
a plurality of second electrodes, said piezoelectric

5 layers being stacked with eaach other in a thickness
direction thereof so as to form a laminate having first
and second opposed ends in a lengthwise direction thereof,
salid first and second electrodes being provided
alternately between said piezoelectric layers and on top

10 and bottom surfaces of said laminate such that said firat
electrodes extend from said second end toward said first
end and said second electrodes extend from said first end
toward said second end and partially overlap with each
other via said piezoelectric layers; and

15 - a support for holding said piezoelectric
element at the wvicinity of the said first and second ends
of said laminate,

wherein said piezoelectric layers are polarized

in the thickness direction thereof such that charges

20 having opposite polarities are accumulated at said first
and second electrodes, respectively, when said
plezoelectric element receives an impact in the thickness
direction caused by an acceleration.

2. An acceleration sensor according to claim 1,
wherein said piezoelectric layers are polarized at least
at the region where said first and second electrodes
overlap.

3. An accelefation sensor according to claim 1,
wherein at least one of said stacked piezoelectric layers

SPRCU210882
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is not polarized.

4. An acceleration sensor according to claim 1,
wherein said piezoelectric element has an even number,
greater than three, of said plezoelectric layers, .
adjacent ones of said piezoelectric layers, except a pair

5 of said piezoelectric layers which are located at the
middle of said laminate, being polarized in opposite
directions with respect to each other, said pair of said
piezoelectric layers being polarized in the same
direction.

_ 5. An acceleration sensor according to claim 1,
wherein said plezoelectric element has an odd number,
greater than two, of said piezoelectric layers, all of
said piezoelectric layers, except one piezoelectric layer

5 located at the middle of said piezoelectric element,
being polarized.

6. An acceleration sensor according to claim 1,
furthex including a substrate upon which said support is
mounted, said support holding said laminate at an angle
of 90° with respect to said substrate.

7. An acceleration sensor according to claim 6,
wherein said support holds said laminate at an angle
between 0° and 90°.

8. An acceleration sensor according to claim 7,
wherein said support holds said laminate at an angle
equal to or less than 45°.

SPRCU210582
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flrst e[ectrodes 31, 33 and 35 and the second el ectrodes 32, 34, 36 and 37

after respective sintering of the piezoelectric |ayers 25-30. The
pi ezoel ectric layers 25-30 are forned of piezoelectric ceram cs such as

| ead titanate zirconate or piezoelectric single crystalline such as quartz,
LiTagerr], or the like. The first electrodes 31, 33 and 35 and the second

el ectrodes 32, 34, 36 and 37 are forned of a netallic material superior in

el ectric conductivity such as Ag, Ag-Pd or the Iike. PF16TEES N

Fig. 3, all of the piezoelectric |ayers 25-30 are polarized along a

t hi ckness direction thereof, but a polarlzed dlrectlon of the piezoelectric
| ayers 25, 27, 28 and 30 are OpPOS ALCE : ANSORDi ezoel ectric | ayers

26 and 29. The pol arization

ABSTRACT OF THE DISCLOSURE

| A piezoelectric type acceleration sensor which
is small in size and has a high charge sensitivity and
large static capacitance includes a piezoelectric element
having a laminate of more than three piezoelectric layers.
Electrodes are provided between the piezocelectric layers
and the top and bottom surfaces of the laminate. The
plezoelectric element is supported at opposed ends.
Adjacent cnes of the piezoelectric layers are polarized
so that charge having the same polarity is accumulated at
the electrode interposed the adjacent ones.
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el ectrodes, respectively, when the piezoelectric el enent 22 receives an

i npact caused by an accel eration. The piezoelectric |ayers 25-30°can be

pol ari zed at once by applying a high voltage with the second el ectrodes 36

and 32, a nediumvoltage with the first electrodes 31, 33 and 35 and a | ow

voltage with the second el ectrode 34 and -37.

-
-

F\} 1 Priov At

This Sheet Has Been Replaced




Al tiedepaviovel/e 16: f2199% @T o€l ectdah-ped sz42 GpriddEDt BAED ezwpal ari zed, for _exanpl e,
by fi rstiﬁ%ﬁg émf‘ﬁ gAY f'ﬁéﬂmt he second &Pect r offE¥ %mpggﬁ_a.
| ow vol t.age with the first electrodes 31 and 33 and then by applying a high
vol tage with the first electrodes 33 and 35 and a | ow voltage with the
second el ectrodes 34 and 37. The operation of the acceleration
sensor 21 will be explained in detail with reference to Fig. 4 Fig. 4 shows

a schematic plan view explaining the stresses and charges generated in the
pi ezoel ectric
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accel er atPON2&dRs ol 792 r ERY| YURRTAMFHecel erati on cad@sed biﬂﬁhﬂﬂﬁﬂﬂ@ﬁJ73P he
pi ezoel ectric element 22 is deformed such that the center of each of the
pi ezoel ectric layers 25-30 protrudes toward the support 23 due to the
reaction against the inpact 73. As a result, the piezoelectric |ayers 25-27
are expanded, and a tensile stress as indicated by the arrows poi.nting
outward is caused in the piezoelectric layers 25-27. On the other hand, the
pi ezoel ectric | ayers 28-30 are contracted, and a conpressive stress as

i ndi cated by the arrows pointing inward is caused in the piezoelectric

| ayers 28-30. Assune that the relationship between the

pol ari zation direction of the piezoelectric layer 25 and the direction of
the stress caused therein is such that a negative charge is induced on the
surface of the piezoelectric.layer 25 which is in contact with the
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at ftizee1vaCanth od:secigseode 36 anshsisbm dact Siz @hAGiy ede 3h,1respectively. In
this castIsPaLR 1% TR BRI Fayer 26 is pol™@rized 1 ﬁ%%iﬁ%27
direction to that of the piezoelectric |layer 25, the positive charge is
i nduced on the surface of the piezoelectric |ayer 26 which is in contact
with the first electrode 31. That is, since the piezoelectric |layers 25 and
26 are polarized such that the polarization directions of the piezoelectric
| ayers 25 and 26 are directed away fromthe first electrode 31, the sane
pol arity of charge (positive charge in this case) is accunulated on the
first electrode 31 by the piezoelectric layers 25 and 26- in the
sane way, the piezoelectric layers 26 and 27 by which the second el ectrode
32 is sandwi ched are pol arized such that the polarization directikons of the
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Thus, nﬁ hajl"? %254%36 Fihe pi ezoel ect rPc | aygﬁ' %%ﬁ%’ﬂ F-&
accunul at ed at t he second el ect rode 32. The pi ezoel ectric |ayers
28-30 are subject to contraction when the accel eration sensor 21 receives
an accel eration caused by an inpact 73. Therefore, the relationship between
the polarization direction and polartty of the induced charge is reversed.
Specifically, positive charge is accunul ated at first electrode 35 which is
sandwi ched by the piezoelectric layers 29 and 30 having the polarization
directions toward the first electrode 35, respectively. Negative charge is
al so accunul ated at the second el ectrode 34 in the sane way. The
first electrode 33 is sandwi ched by the piezoelectric layer 27 and the

pi ezoel ectric layer 28 which are both polarized in the sanme direction.
However, .
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ptezoelectrfb | ayer 28, respectively, only the positive charge is
accunul at ed_at..the fircf‘eLeitrode 33. Accordi ngly, positive.and
negative c REQEACE 8HEET¢ach of the piezoelectric |ayers 25-30 by in

y|accumul ated at tHe fREPLACEMBENTOSHEEDS: . RG an
d¢s{32, 34, 36 and 37 A Dbawibtiomnpaiedal i @Npaged 'S

accel eratidn é
35 and t he |sdqco C
Therefore, lthe 6%&&&3 ‘@éﬂm tifjvity of the acceljeBaClabn(syenspiged HIcmN £g%d 20
enhanced. As_candbd under st ood fromt,ﬂieDﬁivﬂﬁqg)angﬁ """
explanation, it is preferabld that the accel efagrapstsensor
pi ezoel ect rke—ayets—as—posstbl e so that the @ccunulated ¢ %ﬁ |n

pi ezoel ectric elenment 22 is increased. |In addi Ly %rhﬁ bEF kﬁqﬁn o Bci 8ot
t-he-:

the tensile stress and the conpressive stresslare—bakanteftt TN ppheere...

pi ezoel ectric el enent 22. The nunber of the piezoelectric |ayers,
therefore, is preferably an even nunber greater than three. In this case,
pair of piezoelectric layers which are_|lgcated at the mddle of

»

ACCELERATION SENSOR

(8] NV (9)
l. Field of the Invention
The present invention relates to an
acceleration sensor having a piezoelectric element, and
more particularly to an acceleration sensor used for an
air bag installed in a vehicle. -

2. Description of the Related Art

An acceleration sensor employing a
piezoelectric element has been used for an air bag
installed in an automobile in order to detect an
acceleration caused by an impact. Acceleration sensors
having various kind of structures have been proposed for
this application, and an acceleration sensor using a
bimorph type piezoelectric element has been known as a
high sensitivity type as disclosed in Japanese Patent
Laid-open Publication Nos. 6-273439, 6-324073, etc.

As shown in Fig. 1, a conventional acceleration
sensor 1 using a bimorph type piezoelectric element has a
bimorph type piezoelectric element 2 and insulating case
3. The accaleration sensor 1 is mounted on a substrate 4.

The bimorph type piezoelectric elemant 2 has a
structurp'in which a first piezoelectric¢ ceramic plate 5
and a second piezoelectric ceramic plate 6 are laminated.
A first signal electrode 7 and a second signal electrode
8 are formed on outer main faces of the first
piezoelectric ceramic plate 5 and the second

a



the | am nate

the sane direction, and other piezoelectric

Sir

layers are EPEACEF@%ﬁhSHhﬂ Stions opposite to those of adjacent ones. It
is further B rererapte That {t he piezoel eotric layers are as thin as possible
since the dtat 6 C6§ q$§fnce t hereof increase. Al t hough each of

t he piezoellegtr @ 3 pol ari zed uniformy and entirely, only the
regi on EL (JFilg where—tHe (first and second el ectrodes overlap may be

pol ari zed. Nbreover an outth vol tage across the first and second

el ectrodes Wher

direction. St

1—1’1’\.']\/

ases—as 1he regi on-ER decreases in the | engthw se
atic capacitance has a trade-off relationship with the output

piezoelectric plate 6, respectively. The first signal
electrode 7 and the second signal electrode 8 overlap
through the plezoelectrlc ceramic plates 5 and 6 in the
central portion along the longitudinal direction of the
piezoelectric element 2. An intermediate electrode 9 is
formed between the first piezoelectric ceramic plate 5
and the second piezoelectric ceramic plate 6 such that
the intermediate electrode 9 is located between the
overlap portions of the first signal electrode 7 and the
second signal electrode 8.

The first piezoelectric ceramic plate 5 and the
second piezoelectric ceramic plate 6 are uniformly
polarized in opposing directions with respect to each
other. The first signal electrode 7 extends toward one
of two opposing ends of the piezoelectric element 2 along
the longitudinal direction thereof while the second
signal electrode 8 extends towards the other end of the
piezoelect;ic element 2 along the longitudinal direction

thereof.

The insulating case 3 comprises a first clip
portion 10, a second clip portion 11, and substrates 12
and 13. The clip portions 10 and 11 have recesses l0a
and lla, respectively and clip the piezoelectric element
2 at the both ends of the longitudinal direction thereof,
thereby holding the piezoelectric:element 2 at the both
ends of the longitudinal direction thereof while allowing
the piezoelectric element 2 to vibrate. The substrates
12 and 13 have a recess 12a and a recess (not ‘shown) ,
respectively and clip the plezoelectrlc element 2 in a
direction perpendicular to a direction in which the clip
portions 10 and 11 are faced.

The bimorph type piezoelectric element 2 has a



vol tage. Therefore, an acceleration sensor having the characteristics for

the specific|{pp ‘AGEW' g o> produced by adjusting the length of the
region EL in KL W HLAN JBEET F ect i on. The accel erati on sensor
accordi ng tofthe enbodi nent be incorporated with substrates in order

that the piefopl 68 Q0T W9pngnt{ is held in a casing. As shown in Fig. 5 an
accel erationf sensor 74 conprli g§es t he

-3 -

good sensitivity to an acceleration along the thickness
direction of the piezoelectric element 2 and no
sensitivity against an acceleration along the direction
indicated by an arrow Q.

Although the bimorph type piezoelectric element
2 outputs a reasonable sensing potential, the sensing
charge is small due to a small static capacitance of the
bimorph type piezoelectric element 2. Therefore, when
the sensing output is amplified using a charge amplifier,
the signal to noise (SN) ratio degrades.

Moreover, there arises a problem that a low
frequency component of the signal detected by the bimorph
type piezoelectric element 2 cannot be measured since a
high pass filter created between the charge amplifier and
the bimorph type piezoelectric element 2 has a high
cutoff frequency at a lower frequency side. In the case
where the impedance of the charge amplifier is increased
50 as to measure a low frequency component, the noise on
the detected signal might be such increased that the SN
ratio degrades.

It is possible to increase the static
capacitance by making the piezoelectric element 2 thinner
in thickness or larger in width. However, in the case of
making the piezoelectric element 2 larger in width, this
results in the acceleration sensor having a large size,
which would be adverse to the commercial demand. On the
other hand, in the case of making the piezoelectric
element 2 thinner, the mechanical strength of the
piezoelectric element 2 degrades, which may decrease the
production yield and increase the possibility of
destruction due to a large acceleration.

For the foregoing reasons, there is a need for



pi ezoel ect ri c—el-enntluwd2 t-he=supports 23 and 24 and substrates 38 and 39.
The pi ezoel e¢REFLAELY ;’tggﬁﬁ$_d t he supports 23 and 24 are constructed as
I Q eNsoT21E in Fig. 2, and the piezoelectric el ement

t he accel er atii gn=sensor=21~
22 is sandw ¢hed é)ﬁ Qﬂ?éﬁﬁbs rates 38 and 39 in a direction perpendicul ar
to the directi¢gn ol thé supports 23 and 24 face each other. A recess
(not shown) 4dnd ate formed on the inner surface of the
substrates 38 and 39, respectiyely, so as to secure a free space for the
di spl acenent ‘ef—ttre—prezoetectTic elfment 22. The substrates 23 and 24 may
be fornmed by an insulating material. Second enbodi nent Fig. 6is
a plan view showi ng an accel erati on sensor 41 accordi ng to anot her
enbodi rent of the present invention. The accel eration sensor 41 shown in
Fig. 6 is different fromthe acceleration sensor 21 shown in Fig. 2

an acceleration sensor which has a high charge

sensitivity and a large static capacitance as well as a
small size and an appropriate mechanical strength.

i TIO

The present invention provide an acceleration
sensor that satisfies this need. The acceleration sensor
comprises a piezoelectric element having at least three
plezoelectric layers, a plurality of first electrodes and
a plurality of second electrodes. The piezoelectric
layers are stacked with each other in a thickness
direction so as to form a laminate having first and
second opposed ends in a lengthwise direction thereof.
The firat and second electrodes are provided alternately
between the piezoelectric layers and on top and bottom
surfaces of the laminate such that the first electrodes
extend from the first end toward the second end and the
second electrodes extend from the second end toward the
first end and partially overlap with each other via the
piezoelectric layers. The acceleration sensor further
comprises a support for holding the piezoelectric element
at the vicinity of the first and second ends of the
laminate. The piezoelectric layers are polarized in the
thickness direction such that charges having opposite
polarities are accumulated at the first and second
electrodes, respectively, when the piezoelectric element
receives an impact caused by an acceleration.

The piezoelectric layers may be polarized at
the region where the first and second electrodes overlap.

In one embodiment, at least one of the stacked
piezoelectric layers is not polarized.

In another embodiment, the piezoelectric



in the nunber of plezoelectrlc | ayers and the polarization direction of the

pi ezoel eclyd ; PLISE QHEET The accel eration sensor 41 conprises a
pi ezoel eckPesBlanEnL 2 estrld supports 43 and 44. The piezoel ectric el enent
42 has a nat e 75, firlst] el ectrodes 50, 52 and 55 and second el ectrodes

51, 53 an 08 OCT %97

element has an even number of the piezoelectric layers,
greater than three, adjacent ones of the piazoelectric
layers, except a pair of the piezoelectric layers which
are located at the middle of the laminate, are polarized
in opposite directions with each other and the pair of
piezoelectric layers are polarized in the same direction.

In accordance with another embodiment, the
piezoelectric element has an odd number, greater than two,
of piezoelectric layers, all of the piezoelectric layers,
except one located at the middle of said piezoelectric
element, being polarized.

In accordance with another embodiment, the
accelaration sensor includes a substrate upon which the
support is mounted, the support holding the laminate at
an angle of 90° with respect to the substrate.
advantageously, the angle is between 0° and 90° and,
preferably, it is equal to or less than 45°.

According to the preferred embodiments of the
invention, positive and negative charges induced in each
of the piezoelectric layers are effectively accumulated

"at the first electrodes and the second electrodes without
cancellation. This structure also provides the
acceleration sensor with a large static capacitance.
Therefore, piezoelectric type acceleration sensor which
has a high charge sensitivity, detects an acceleration
having a low frequency component and is small in size can
be realized.

These and other features, aspects, and
advantages of the present invention will become better
understood with reference to the following detailed
description in comjunc¢tion with the accompanying drawings.



54. The IaILnaLemZ5T;@w%£§§§d by stacking piezoelectric |ayers 45-49 and
has a firs ngﬁyjﬁﬁgﬁﬂa‘ﬁﬁ. bnd opposed end 77. The supports 43
and 44 havég recesses¥AIE"Adnd] 44a, respectively, such that a pair of
protrusion$ are. proyj af both sides of the recesses 43a and 44a,
respectivelyj fﬁg éﬁtt si pns of the supports 43 and 44 are attached to the
vicinity off the ends.46.and ¥7 of the | am nate 75, whereby the |lam nate 75
is held byithe supports 43 and 44. The supports 43 and 44 may be forned of
an i nsul at itrg—rateri-at—suth as insWating ceranics (alumina or the like),
synthetic resin, etc. The accel eration sensor 41 may be incorporated with

¥ DESCRIPT

Fig. 1 is a perspective view of a conventional
acceleration sensor.

Fig. 2 is a perspective view of an acceleration

T sensor according to a first embodiment of the present
invention.

Fig. 3 is a schematic plan view explaining a
polarizing direction of an piezoelectric element in the
acceleration sensor shown in Fig. 2.

Fig. 4 is a schematic plan view explaining the
stresses and charges caused in thea pilezoelectric element
in the acceleration sensor shown in Fig. 2.

Fig. 5 is an exploded perspective view of the
acceleration sensor of Fig. 2 incorporated with
substrates.

Fig. 6 is a schematic plan view of an
acceleration sensor according to a second embodiment of
the present invention.

Fig. 7 is a schematic plan view explaining the
stresses and charges caused in the plezoelectric element
in the acceleration sensor shown in Fig. 6.

Fig. 8 is a perspective view showing a
variation of the acceleration sensor shown in Fig. 2 or

Fig. 6.

present invention are explained in detail with reference
to the drawings.

First embodiment _
Fig. 2 is a perspective view showing an



49 in_the first enbodi nent so as to hold the

pi ezoel ect ri {RHE M@MENT SHERET [casi ng. The first el ectrodes 50, 52
and 55 and the jodes 51, 53 and 54 are provided alternately

bet ween sai d] pj e I .G llaylers 45-49 and on the top and bottom surfaces
' @gfcﬁﬁlky?rst el ectrodes 50, 52 and 55 extend fromthe

ndg end 77 and the second el ectrodes 51, 53 and

54 extend frjomthe second end {77 toward the first end 76. Mreover, the

first electrode and~t he"second el ectrodes 51, 53 and 54

overlap partially with each other via the piezoelectric |ayers 45-49.

The first el ectrodes 50, 52 and 55 and the second el ectrodes 51, 53 and 54

and the piezoelectric |ayers 45-49 may be integrated as a sintered

structure by using a ceramc integrated sintering technique. Al ternatively,

t he pi ezoel ecaerelergbion sersornidy) decarding daiamh embedimest ef cehe odes 50,

52 and 55 andpkBSent invention, and Fig. 3 is a plan view thereof.
The acceleration sensor 21 comprises a piezoelectric
element 22 and supports 23 and 24 (the support 24 being
shown with phantom lines for clarity).

The piezoelectric element 22 has a laminate 70,
first electrodes 31, 33 and 35 and second electrodes 32,
34, 36 and 37. The laminate 70 is formed by stacking
piezoelectric layers 25-30 and has a first end 71 and a
second opposed end 72.

The supports 23 and 24 have recesses 23a and
24a, respectively, such that pairs of protrusions are
provided at both sides of the recesses 23a and 24a,
respectively. The protrusions of the supports 23 and 24
are attached to the vicinity of the ends 71 and 72 of the
laminate 70, whereby the laminate 70 is held by the
supports 23 and 24. The supports 23 and 24 may be formed
of an insulating material, such as insulating ceramics
{alumina or the like), synthetic resin, etc.

As best shown in Fig. 3, the first electrodes
31, 33 and 35 and the second electrodes 32, 34, 36 and
37 are provided alternately between the piezoelectric
layers 25-30 and on the top and bottom surfaces of the
laminate 70. The first electrodes 31, 33 and 35 extend
from the first end 71 toward the second end 72 and the
second electrodes 32, 34, 36 and 37 extend from the
gsecond end 72 toward the first end 71. Moreover, the
first electrodes 31, 33 and 35 and the second electrodes
32, 34, 36 and 37 overlap partially with each other in

the region denoted as EL via the piezoelectric layers 25-

30.

In this embodiment, the first electrodes 31, 33



second el ectrodes 51, 53 and 54 after respective sintering
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and 35, the second electrodes 32, 34, 36 and 37 and the
piezoelectric layers 25-30 are integrated as a sintered
structuzre by using a ceramic integrated sintering
technique. In the case, it is easy to reduce the
thickness of the piezoelectric layers 25-30, which
enables increase of the static¢ capacitance of the
piezoelectric layers 25-30. Alternatively, piezoelectric
layers 25-30 may be adhered with the first electrodes 31,
33 and 35 and the second electrodes 32, 34, 36 and 37
after respective sintering of the piezoelectric layers
25-30. )

The piezoelectric layers 25-30 are formed of
piezoelectric ceramics such as lead titanate zirconate or
piezoelectric single crystalline such as quartz, LiTao,,
or the like. The first electrodes 31, 32 and 35 and the
second electrodes 32, 34, 36 and 37 are formed of a
metallic material superior in electric conductivity such
as Ag, Ag-Pd or the like. '

As shown in Fig. 3, all of the piezoelectric
layexs 25-30 are polarized along a thickness direction
thereof, but a polarized direction of the piezoelectric
layers 25, 27, 28 and 30 are opposed to that of the
piezoelectric layers 26 and 29. The polarization
direction of each of the piezoelectric layers 25-30 is
determined so that charges having opposite polarities are
accumulated at the first and second electrodes,
respectively, when the piezoelectric element 22 receives
an impact caused by an acceleration. The piezoelectric
layers 25-30 can be polarized at once by applying a high
voltage with the second electrodes 36 and 32, a medium
voltage with the first electrodes 31, 33 and 35 and a low
voltage with the second electrode 34 and 37.



pi ezoel ectric |ayers 45-49, the first electrodes 50, 52 and 55 and the
second el ectrodes 51, 53 and 54 may be fornmed of the sanme material as

expl ai ned |, - i ment . As indicated by the arrows in
gﬁ@ﬂ@@fﬁﬁ‘ gyers 45, 46, 48 and 49 are polarized along a

Pig. 6, thi\ .

t hi ckness fection theredf (while the piezoelectric |ayer 47 which is

| ocated at} thegg @iTe1997 tlhg | am nate 75 is not polarized. The polarization

di rection the piezoeledtrlic |ayers 45 and 48 are opposed to that of the
ayers 46 and |49. The Botrarization directions of the

pi ezoel ect
pi ezoel ectfic layers 45, 461 48 and 49 are determ ned so that charges

havi ng opposite polarities are accunulated at the first and second

el ectrodes, respectively, when the piezoelectric el enent 42 receives an

I npact caused by an accel erati on, Fig. 7 shows a schematic plan
vi ew expl ai ni Agteébrativebpetnnpiekacfesteiriskayenst RB-pPekoebectric :

polarized, for example, by first applying a high voltage
with the second electrodes 36 and 32 and a low voltage
with the first electrodes 31 and 33 and then by applying
a high voltage with the first electrodes 33 and 35 and a
low voltage with the second electrodes 34 and 37.

The operation of the acceleration sensor 21
will be explained in detail with reference to Fig. 4.
Fig. 4 shows a schematic plan view explaining the
stresses and charges generated in the piezoelectric
element 22 of the acceleration sensor 21. As shown in
Fig. 4, when the accelera;ion sensor 21 receives an
acceleration caused by an impact 73, the piezoelectric
element 22 is deformed such that the center of each of
the piezoelectric layers 25-30 protrudes toward the
support 23 due to the reaction against the impact 73. As
a result, the piezoelectric layers 25-27 are expanded,
and a tensile stress as indicated by the arrows pointing
outward is caused in the piezoelectric layers 25-27. On
the other hand, the piezoelectric layers 28-30 are
contracted, and a compressive stress as indicated by the
arrows pointing inward is caused in the piezocelectric

— —+ —-

layers 28-30,

Assume that the relationship between the
polarization direction of the piezoelectric layer 25 and
the direction of the stress caused therein is such that a
negative charge is induced on the surface of the
piezoelectric layer 25 which is in contact with the
second electrode 36 and a positive charge is induced on

- the surface of the piezoelectric layer 25 which is in

contact with the first electrode 31. This results in a
negative charge and a positive charge being accumulated



el enent 42

pi ezoel ect r -

pi ezoel ectric
t’he pi ezoel kc
indicated b

| ayers 45 and

contracted, {and _a_conpressi.v

g'{é#”gﬁan sensor 41. As shown in Fig. 7, when the

f formed such that the center of each of the

prot rudes toward an upper side due to an inpact,
apd 46 are expanded, and a tensile stress as

nt) ng outward i s caused in the piezoelectric

el hand, the piezoelectric |layers 48 and 49 are
stress as indicated by the arrows pointing

Iayers 45- 49
r o8 |GYRAIT45
he arrows poi
46.0On the ot

inward i s cau
pi ezoel ectric
pi ezoel ectric

sed in the piezoel ect#iX0 l<ayers 48 and 49. Note that the
| ayer 47 does not generate charges due to the fact that the
| ayer 47 is not polarized.

at the second elec¢trode 36 and the first electrode 31,
respactively. In this case, since the piezoelectric
layer 26 is polarized in an opposite direction to that of
the piezoelectric layer 25, the positive charge is
induced on the surface of the piezoelectric layer 26
which is in contact with.the first electrode 31. That is,
since the piezoelectric layers 25 and 26 are polarized
such that the polarization directions of the
piezoelectric layers 25 and 26 are directed away from the
first electrode 31, the same polarity of charge (positive
charge in this case) is accumulated on the first
electrode 31 by the piezoelectric layers 25 and 26.

In the same way, the piezoelectric layers 26
and 27 by which the second electrode 32 is sandwiched are
polarized such that the polarization directions of the
piezoelectric layers 26 and 27 are directed toward the
second electrode 32. Thus, negative charge derived from
the piezoelectric layers 26 and 27 is accumulated at the
second electrode 32.

The piezoelectric layers 28-30 are subject to
contraction when the acceleration sensor 21 receives an
acceleration caused by an impact 73. Therefore, the
relationship between the polarization directlon and
polarity of the induced charge ls reversed. Specifically,
positive charge is accumulated at first electrode 35
which is sandwiched by the piezoelectric layers 29 and 30
having the polarization directions toward the first
electrode 35, respectively. WNegative charge is also
accumulated at the second electrode 34 in the same way.

The first electrode 33 is sandwiched by the
piezoelectric layer 27 and the piezoelectric layer 28
which are both polarized in the same direction. However,



As expl ai Tplre TI [FET|he first embodi ment, since the piezoelectric

| ayers 45 (LA gokarijzed in the opposite directions, charges having
the sane pojarity are induced on the surfaces of the piezoelectric layers
45 and 46{ whi ¢BOCT ¥97cohtlact with the first electrode 50. Thus, charges
having th ame pol arit re accunul ated at the first el ectrode 50 w t hout
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since the tensile stress and compressive stress are
caused in the piezoelectric layer 27 and the
piezoelectric layer 28, respectively, only the positive
charge is acecumulated at the first electrode 33.
Accordingly, positive and negative charges
induced in each of the piezoelectric layers 25-~30 by an
acceleration are effectively accumulated at the first
electrodes 31, 33 and 35 and the second electrodes 32, 34,
36 and 37 without cancellation. Therefore, the charge
sensitivity of the acceleration sensor 21 can be enhanced.
A8 can be understood from the aforementioned
explanation, it is preferable that the acceleration
sensor has as many piezoelectric layers as possible so
that the accumulated charge in the piezoelectric element
22 is increased. In addition, it is preferable that the
tensile stress and the compressive stress are balanced in
the piezoelectric element 22. The number of the
piezoelectrié layers, therefore, is preferably an even
number greater than three. In this case, a pair of
piezoelectric layers which are located at the middle of
the laminate are polarized in the same direction, and
other piezoelectric layers are polarized in directions
opposite to those of adjacent ones. It is further
preferable that the piezoelectric layers are as thin as
possible since the static capacitance thereof increase.
Although each of the piezoelectric layers is
peolarized uniformly and entirely, only the region EL
{Fig. 3) where the first and second electrodes overlap
may be polarized. Moreover, an output voltage across the
first and second electrodes increases as the region EL
decreases in the lengthwise direction. Static
capacitance has a trade-off relationship with the output



cancel | ati on REPLAME ggﬁwr the case shown in Fig. 7, positive charge is
accunul ated jo : &ctrode 50 while negative charge is accumnul at ed
at the secondiel e trodes 51}apd 54. The piezoelectric |ayers 48
and 49 are gulj &8 @GTIMM rhclion. Therefore, the relationship between the
pol ari zati o irection and polarity of the induced charge is reversed.
Specifically, negative charge]is accunul ated at second el ectrode 53 which
i's sandw ch ' ctric |l ayers 48 and 49. Positive charge is

al so accunul ated at the first electrodes 52 and 55. Accordi ngly,
positive and negative charges induced in the piezoelectric |ayers 45, 46,

48 and 49 by an inpact are effectively accunul ated at the first el ectrodes
50, 52, and 55 and the second el ectrodes 51, 53 and 54, respectively

mnthout cancel l ati on. Therefore, the charge nsitivity.of .,the celeration
sensor 41 can YRLI&AdemcEhere oré, an acce&gr Eon sensoﬁ/ having tﬁ%

characteristics for the specific application can be
produced by adjusting the length of the region EL in the
lengthwise direction.

The acceleration sensor according to the
embodiment may be incorporated with substrates in order
that the piezoelectric element is held in a casing. As
shown in Fig. 5, an acceleration sensor 74 comprises the
piezoelectric element 22, the supports 23 and 24 and
substrates 38 and 39. The piezoelectric element 22 and
the supports 23 and 24 are constructed as the
acceleration sensor 21 shown in Fig. 2, and the
piezoelectric element 22 is sandwiched by the substrates
38 and 39 in a direction perpendicular to the direction
in which the supports 23 and 24 face each other. A
recess (not shown) and a recess 3%9a are formed on the
inner surface of the substrates 38 and 39, respectively,
80 as to secure a free space for the displacement of the
plezoelectric element 22. The substrates 23 and 24 may
be formed by an insulating material.

Sacond embodiment

Fig. 6 is a plan view showing an acceleration
sensor 41 according to another embodiment of the present
invention. The acceleration sensor 41 shown in Fig. 6 is
different from the acceleration sensor 21 shown in Fig. 2
in the number of piezoelectric layers and the
polarization direction of the piezoelectric layers.

The acceleration sensor 41 comprises a
piezoelectric element 42 and supports 43 and 44. The
piezoelectric element 42 has a laminate 75, first
electrodes 50, 52 and 55 and second electrodes 51, 53 and



Al t hough the
abovet the pi
stress cause
stress cause
| ayer 47 als

47 does not generate charges as expl ai ned
TY7 acts a buffer to relieve the tensile
ctiric layers 45 and 46 and the conpressive
cffric layers 48 and 49. The piezoel ectric

fap increase in the static capacitance of the
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54. The laminate 75 is formed by stacking piezoelectric
layers 45-49 and has a first end 76 and a second opposed
end 77.

The supports 43 and 44 have recesses 43a and
44a, respectively, such that a pair of protrusions are
provided at both sides of the recesses 43a and 44a,
respectively. The protrusions of the supports 43 and 44
are attached to the vicinity of the ends 76 and 77 of the
laminate 75, whereby the laminate 75 is held by the
supports 43 and 44. The supports 43 and 44 may be formed
of an insulating material, such as insulating ceramics
(alumina or the like), synthetic resin, etc. The
acceleration sensor 41 may be incorporated with
substrates as explained in the first embodiment so as to
hold the piezoelectric element 42 in a casing.

The first electrodes 50, 52 and 55 and the
second electrodes 51, 53 and 54 are provided alternately
between said piezoelectric layers 45-49 and on the top
and bottom surfaces of the laminate 75. The first
electrodes 50, 52 and 55 extend from the first end 76
toward the second end 77 and the second electrodes 51, 53
and 54 extend from the second end 77 toward the first end
76. Moreover, the first electrodes 50, 52 and 55 and the
second electrodes 51, 53 and 54 overlap partially with
each other via the piezoelectric layers 45-49.

The first electrodes 50, 52 and 55 and the
second electrodes 51, 53 and 54 and the piezoelectric
layers 45-49 may be integrated as a sintered structure by
using a ceramic integrated sintering technique.
Alternatively, the piezoelectric layers 45-49 may be
adhered with the first electrodes 50, 52 and 55 and the
second electrodes 51, 53 and 54 after respective
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prezoelectri¢R§EE&QE§;;?.BHHEE dition, according to this structure, the
pi ezoel ectri ¢ [ayers 45, 46.14B and 49 can be pol arized at once by using
two ki nd of o!tﬁg&sﬂgﬁﬂﬁnexa l e, by applying a low voltage with the first
el ectrode 50; ahd the second jelfectrode 53 and a high voltage with the first
el ectrodes 52 an econd el ectrodes 51 and 54. Therefore, the
pol ari zi ng dLnnpqs can be simflified. In the piezoelectric
elenment 42, it is preferablethat the,tensile stress and the conpressive

stress are bal anced and that the nunber of non-polarized |ayers is
m nimzed so that the piezoelectric elenment 42

sintering of the piezoelectric layers 45-49. The
piezoelectric layers 45-49, the first electrodes 50, 52
and 55 and the second electrodes 51, 53 and 54 may be
formed of the same material as explained in the first
embodiment.

As indicated by the arrows in Fig. 6, the
piezoelectric layers 45, 46, 48 and 49 are polarized
along a thickness direction thereof while the
piezoelectric layer 47 which is located at the middle of
the laminate 75 is not polarized. The polarization
direction of the piezoelectric layers 45 and 48 are
opposed to that of the piezoelectric layers 46 and 49,
The polarization directions of the piezoelectric layers
45, 46, 48 and 49 are determined so that charges having
opposite polarities are accumulated at the first and
second electrodes, respectively, when the piezoelectric
element 42 receives an impact caused by an acceleration.

Fig. 7 shows a schematic plan view explaining
the stresses and charges caused in the piezoelectric
element 42 of the acceleration sensor 41, As shown in
Fig. 7, when the piezoelectric element 42 is deformed
such that the center of each of the piezoelectric layers
45-439 protrudes toward an upper side due to an impact,
the piezoelectric layers 45 and 46 are expanded, and a
tensile stress as indicated by the arrows pointing
outward is caused in the piezoelectric layers 45 and 46.
On the other hand, the piezoelectric¢ layexs 48 and 49 are
contracted, and a compressive stress as indicated by the
arrows pointing inward is caused in the piezoelectric
layers 48 and 49. Note that the piezoelectric layer 47
does not generate charges due to the fact that the
piezoelectric layer 47 is not polarized.



has a good c&HﬂEAKHH&ENTWSHEEI Therefore, the nunber of the piezoelectric
| ayers is prieflerably an odd ]ndnber greater than two, and one piezoelectric
| ayer | ocat gd ato%padffﬁwe off the lam nate is not polarized.

Modi ficatio N tRejaccel erati on sensors 21 and 41, the

pi ezoel ectrijfc df42 are supported by the supports such that
the stacking direction of the|piezoelectric layers is parallel to a main
surface of the acceleratio nsors 21 and 41. since the pi‘ezoel ectric

el ements 22 and 42 have a naxinunrséﬁbrtivity in the stacking direction And
have no sensitivity perpendicular to the stacking direction, the

accel eration sensors 21 and 41 have no sensitivity in a direction

per pendi cular to the main surface. In order to detect an

accel eration

As explained in detail in the first embodiment,
since the piezoelectric layers 45 and 46 are polarized in
the opposite directions, charges having the same polarity
are induced on the surfaces of the piezoelectric layers
45 and 46 which are in contact with the first electrode
50. Thus, charges having the same polarity are
accumulated at the first electrode 50 without
cancellation of the charge. In the case shown in Fig. 7,
positive charge is accumulated on the first electrode 50
while negative charge is accumulated at the second
electrodes 51 and 54.

The piezoelectric layers 48 and 49 are subject
to contraction. Therefore, the relationship between the
polarization direction and polarity of the induced charga
is reversed. Specifically, negative charge is
accumulated at second electrode 53 which is sandwiched by
the piezoelectric layers 48 and 49. Positive charge is
also accumulated at the first electrodes 52 and 55.

Accordingly, positive and negative charges™
induced in the piezoelectric layers 45, 46, 48 and 43 by
an impact are effectively accumulated at the first
electrodes 50, 52, and 55 and the second electrodes 51,
53 and 54, respectively without cancellation. Therefore,
the charge sensitivity of the acceleration sensor 41 can
be enhanced.

Although the piezoelectric layer 47 does not
generate charges as explained above, the piezoelectric
layer 47 acts a buffer to relieve the tensile stress
caused in the piezoelectric layers 45 and 46 and the
compressive stress caused in the piezoelectric layers 48
and 49. The piezoelectric layer 47 also contributes to
an increase in the static capacitance of the
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perpendlGé%&ﬁ£&@ﬂgﬁg§ﬁﬁﬁx surface, the stacking direction of the
pi ezoel dctjric | ayers na)nie tilted. As shown in Fig. 8, a piezoelectric
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piezoelectric element 42. In addition, according to this
structure, the piezoelectric layers 45, 46, 48 and 49 can
be polarized at once by using two kind of voltages, for
example, by applying a low voltage with the first
electrode 50 and the second electrode 53 and a high
voltage with the first electrodes 52 and 55 and the
second electrodes 51 and 54. Therefore, the polarizing
process can be simplified.

In the piezoelectric element 42, it is
preferable that the tensile stress and the compressive
stress are balanced and that the number of non-polarized
layers is minimized so that the piezoelectric element 42
has a good charge sensitivity. Therefore, the number of
the piezoelectric layers is preferably an odd number
greater than two, and one piezoelectric layer located at
the middle of the laminate is not polarized.

Modification

In the acceleration sensors 21 and 41, the
piezéelectric alements 22 and 42 are supported by the
supports such that the stacking direction of the
piezoelectric layers is parallel to a main surface of the
acceleration sensors 21 and 41. Since the piezoelectric
elements 22 and 42 have a maximum sensitivity in the
stacking direction and have no sensitivity perpendicular
to the stacking direction, the acceleration sensors 21
and 41 have no sensitivity in a direction perpendicular
to the main surface. '

In order to detect an acceleration
perpendicular to the main surface, the stacking direction
of the piezoelectric layers may be tilted. As shown in
Fig. 8, a piezoelectric element 61 having the same



el ement 21 or 41 is held by the supports 62
- 3 irection 78 of the piezoelectric layers is
tilted by anfapgle [err] wt espect to a main surface 79. As a result, a
maxi num sens} t| vigty Q0T ©97f e piezoelectric elenent 61 is tilted by the
angle [err] wifh respect toftHe main surface 79. The angle [err] can be set
at an arbitrjary valrue greater fthan 0 degree and | ess than 90 degrees, but
it is preferlable 1o set the argle Le£§]_equal to or less than 45 degrees.
The optimal angle is 45 degrees. As has been expl ained in detail
t he piezoelectric elenent of the acceleration sensor according to the
present invention has nore than three stacked piezoelectric |ayers, and
adj acent piezoelectric |ayers are polarized so that charge having the sane

polarity is accunul ated at the el ectrode intengfsed bet ween t{ he adj acent
pi ezoel ectri c SHAGHATeTAE &he pigegelectric element 21 or 41 1s hel
by the supports 62 and 63 such that the stacking

direction 78 ¢of the piezoelectric layers is tilted by an
angle 0 with respect to a main surface 73. As a result,
a maximum sensitivity axis of the piezoelectric element
61 is tilted by the angle § with réspect to the main
surface 79. The angle 6 can be set at an arbitrary value
greater than 0 degree and less than 90 degrees, but it is
preferable to set the angle § equal to or less than 45
degrees. The optimal angle is 45 degrees.

As has been explained in detail, the
piezoelectric element of the acceleration sensor
according to the present invention has more than three
stacked piezoelectric layers, and adjacent piezoelectric
layers are polarized so that charge having the same
polarity is accumulated at the electrode interposed
between the adjacent piezoelectric layers. The structure
provides the acceleration sensor with a high charge
sensitivity and a large static capacitance. Therefore, a
piezoelectric type acceleration sensor which detects an
acceleration having a low frequency compdnent and is
small in size can be realized.

Moreover, the piezoelectric element can have
great mechanical strength as the static capacitance of
the piezoelectric element can be increased without making
the piezoelectric layers thin. In the case whexe the
piezoelectric element is formed by a ceramic integrated
sintering technique, the piezoelectric layers can be made
thin without causing ¢racks in the piezoelectric layers
during the manufacturing process. Therefore, the static
capacitance can be further increased, by which an
acceleration having a low frequency compohent can be

structure as
and 63 such mvf

—




provi des t heliagk e anALLATLSENgor With a high charge sensitivity and a |arge
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static capag
whi ch det ectjs

i'n size can |bg red pzgdgyy
have great red

pi ezoel ectrijc

,{ a piezoelectric type accel eration sensor
nihaving a | ow frequency conponent and is small
Mor eover, the piezoelectric el enent can
hani cal stren t# as the static capacitance of the

el emen ncreased w t hout making the piezoelectric

an accel erati

| ayers thinlln the case wherg¢ the piezoelectric elenment is fornmed by a

cerami c integrated sintering .echnrqag,'the pi ezoel ectric | ayers can be
made thin w thout causing cracks in the piezoelectric |ayers during the

manuf act uri ng
i ncreased, by

process. Therefore, the static capacitance can be further
whi ch an accel eration having a | ow frequency conmponent can be

measured readily.

When the laminate of the piezoelectric element
includes a piezoelectric layer which is not polarized,
the remaining piezoelectric layers of the laminate can be
polarized by using two kind of voltages. This makes the
manufacturing process simplified.

While preferred embodiments of the invention
have been disclosed, various modes of carrying out the
principles disclosed herein are contemplated as being
within the scope of the following claims. Therefore, it
is understood that the scope of the invention is not to
be limited except as otherwise set forth in the claims.
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WHAT IS CLAIMED IS:

1. An acceleration sensor comprising:

a piezoelectric element having at least three
piezoelectric layers, a plurality of first electrodes and
a plurality of second electrodes, said piezoelectric
layers being stacked with each other in a thickness
direction thereof so as to form a laminate having first
and second opposed ends in a lengthwise direction thereof,
said first and second electrodes being provided
alternately between said piezoelectric layers and on top
and bottom surfaces of said laminate such that said firat
electrodes extend from said second end toward said first
end and said second electrodes extend from said first end
toward said second end and partially overlap with each
other via said piezoelectric layers; and

a support for holding said piezoelectric
element at the vicinity of the said first and second ends
of said laminate,

wherein sald piezoelectric layers are polarized
in the thickness direction thereof such that charges
having opposite polarities are accumulated at said first
and second electrodes, respectively, when said . )
plezoelectric element receives an impact in the thickness
direction caused by an acceleration.

2. an acceleration sensor according to claim 1,
wherein sald piezoelectric layers are polarized at least
at the region where said first and second electrodes
overlap.

3. An acceleration sensor according to c¢laim 1,
wherein at least one of said stacked piezoelectric layers

¢
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is not polarized.

4. An acceleration sensor according to claim 1,
wherein said piezoelectric element has an even number,'
greater than three, of said piezoelectric layers,
adjacent ones of said piezoeledtric layers, except a pair
of said piezoelectric layers which are located at the
middle of said laminate, being polarized in opposite
directions with respect to each other, said pair of said
piezoelectric layers being polarized in the same
direction,

5. An acceleration sensor according to claim 1,
wherein said piezoelectric element has an odd number,
greater than two, of said piezoelectric layers, all of
said piezoelectric layers, except one piezoelectric layer
located at the middle of said piezoelectric element,
being polarized.

6. An acceleration sensor according to claim 1,
further inc¢luding a substrate upon which said support is
mounted, said support holding said laminate at an angle
of 90° with respect to said substrate.

7. An acceleration sensor according to c¢laim 6,
wherein said support holds sald laminate at an angle
between 0° and 90°.

8. An acceleration sensor according to claim 7,
wherein said support holds said laminate at an angle
equal to or less than 45°.



VHAT. | S CLAIMED | S: 1. An acceleration sensor conprising:

a piezoelectric elenent having at |east three piezoelectric |layers, a
pturality of first electrodes and a plurality of second el ectrodes, said

pi ezoel ectric layers being stacked with each other .in a thickness direction
thereof so as to forma |lamnate having first and second opposed ends in a
| engt hwi se direction thereof, said first and second el ectrodes being

provi ded alternately between said piezog ectric layers and on top
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A piezoelectric type acceleratlion sensor which
is small in size and has a high charge sensitivity and
large static capacitance includes a piezoelectric element
having a laminate of more than three piezoelectric layers.
Electrodes are provided between the piezoelectric layers
and the top and bottom surfaces of the laminate. The
piezoelectric element is supported at opposed ends.
Adjacent ones of the piezoelectric layers are polarized
so that charge having the same polarity is accumulated at
the electrode interposed the adjacent ones,

FIG. 3
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and bottom surfaces of said | am nate such that said first el ectrodes extend
fromsaid second end toward said first end and said second el ectrodes
extend fromsaid first end toward said second end and partially overl ap

wi th each other via said piezoelectric |ayers; and a support for
hol di ng said piezoelectric element at the vicinity the—sgio—frrstand
second ends of said | am nate, wher ei n sai RSPMMT&H pers

are polarized in the thickness directiofl thereof such fhat charges Hayi ng
opposite polarities are accunulated at Said first an segqp@chPg r qdds,
respectively, when said piezoelectric elenment receives| an 1 npact "I n|the
t hi ckness direction caused by an accel erati on. 2R
accel eration sensor according to claim1l1, wherein said piezoelectric llayers
are polarized at |east




at the region where said first and second el ectrodes overl ap.
3. An acceleration sensor according to claim1, wherein at |east one of

sai d stacked piezoelectric layers - ——
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1, wherein said piezoelectric elenent has an even nunber,
of said piezoelectric |ayers,
except a pair of said piezoelectric |ayers
bei ng pol arized in qpposi {e
said pair of said piezoel ecgr

t hr ee,
| ayers,

m ddl e of said | am nate,
respect to each other,
pol arized in the same direction.

accordi

pol ari zed.

ng to claim1,

T2

4. An accel eration sensor according to claim
greater than
said_piezoel ectric

A §” at the

c layers bein

adj acent ones
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wherein said piezoelectric elenment has an odd nunber, greater than two, of
sai d piezoelectric layers, all of said piezoelectric Iayers except one
pi.ezoel ectric |layer |ocated at the mddle of said vegqek-e,g., = nt,
bei ng pol ari zed. 6. An accel eration sensoyL! ot J&i_@ﬁiﬁﬁ laim1,
further including a substrate upon which said suppprt is nounted, |sgdid
support holding said |lam nate at an angl e of 90[erjr] \A0t31oms1qut t
substrate. 7. An accel eratiod]. sensor agcording to clair
wherein said support holds said | am nate—at an angl e betweerm ttert] and 90,
8. An accel eration sensor according to claim?7, wherein said suppor
said lam nate at an angle equal to or |ess than 45 '
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