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(54) PIEZOELECTRIC ACCELERATION SENSOR

(57) A piezoelectric acceleration sensor comprising
an acceleration detecting unit having a weight fixed to
one surface of a diaphragm and a piezoelectric element
fixed to another surface thereof by bonding a reverse
surface of the piezoelectric element thereto, and surface
electrodes and reverse electrodes being respectively
formed on respective surfaces of the piezoelectric ele-

ment, wherein a supporting pattern for maintaining a dis-
tance between the diaphragm and the surface elec-
trodes uniformly is formed on the reverse surface of the
piezoelectric element so as to suppress unevenness in
bonding at the time of a connection of the piezoelectric
element and the diaphragm, and eliminate a variation of
detection sensitivity of each axis.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a piezoelectric
acceleration sensor using a piezoelectric element.

BACKGROUND ART

[0002] An acceleration sensor is widely used in fields
of an automotive industry, a machinery industry, and the
like, and is used, for example, as a sensor for controlling
an airbag installed in an automobile. Acceleration sen-
sors are classified into a one-axis type, a three-axis
type, and the like depending on the number of detecting
directions, and types of detection include a piezo-resis-
tive type, a capacitive type, a piezoelectric type, and the
like.
[0003] Fig. 5 is a drawing illustrating a configuration
of a conventional piezoelectric acceleration sensor re-
lated to the present invention. Fig. 5A is a simplified
overall cross-sectional view, and Fig. 5B is a partial
cross-sectional view of essential portions. The piezoe-
lectric acceleration sensor is a sensor in which a dia-
phragm is distorted by an acceleration caused in a
weight, and this distortion is detected by making use of
a piezoelectric effect. As shown in Fig. 5A, a configura-
tion in which a weight 22 is connected with a lower sur-
face of a diaphragm 21 and a piezoelectric element 23
is connected with an upper surface thereof is common
as an acceleration detecting unit 2. Detection elec-
trodes, a wiring for connecting these electrodes, and
connection electrodes for extracting outputs of the de-
tection electrodes are formed on an obverse surface of
the piezoelectric element 23. Further, reverse elec-
trodes 25 are formed on a reverse surface of the piezo-
electric element 25 in such a manner as to oppose the
detection electrodes. These reverse electrodes 25 pro-
duce a floating capacity between the same and a wiring
pattern on the obverse surface. Since this floating ca-
pacity causes a decline in a detection sensitivity, the re-
verse electrodes 25 are formed on only portions corre-
sponding to portions where the detection electrodes are
formed, so as to prevent the decline in the detection sen-
sitivity.
[0004] A reverse surface of the piezoelectric element
23 is connected with the diaphragm 21 by filing an insu-
lating acrylic adhesive agent in an electrode unformed
portion 31 and a bonding layer 27 surrounded by the
diaphragm 21 and the reverse electrodes 25. A thick-
ness of the bonding layer 27 is restricted by a thickness
of the reverse electrodes 25. If the reverse electrodes
25 are formed on only portions corresponding to por-
tions where the detection electrodes on the obverse sur-
face are formed, as described above, it becomes impos-
sible to restrict the thickness of the bonding layer 27 by
the reverse electrodes 25 particularly at end portions of
the piezoelectric element 23, as shown in Fig. 5A.

Therefore, the piezoelectric element 23 is connected
with the diaphragm 21 in a state where partial warpage
occurs in the piezoelectric element 23 or the diaphragm
21. As such unevenness in bonding occurs, variation oc-
curs in the thickness of the bonding layer 27, so that the
floating capacity differs between the respective portions
of the electrode unformed portion 31. In an example
shown in Fig. 5B, since the thickness of the bonding lay-
er 27 is smaller at the end portion side than in the vicin-
ities of the reverse electrodes 25, a relationship of C1 <
C2 holds between electrostatic capacities C1 and C2
(including floating capacities) per unit area occurring be-
tween the wiring and the like formed on the obverse sur-
face and the diaphragm 21. For example, if the thick-
ness of the piezoelectric element 23 (dielectric constant:
1850) is set to 150 µm, and the thickness of each re-
verse electrode 25 is formed to be 2 µm (dielectric con-
stant of the adhesive: 4), the electrostatic capacity C1
per square millimeter becomes 15.2 pF. On the other
hand, in a case where the thickness of the bonding layer
27 partially becomes 0.3 µm and the unevenness in
bonding occurs, the electrostatic capacity C2 per square
millimeter becomes 50.6 pF, which is an approximately
3.3-fold capacity with respect to C1. This variation in
electrostatic capacity occurs in respective portions of
the acceleration detecting unit 2, and affects the detec-
tion sensitivity for each of an X-axis, a Y-axis, and a Z-
axis formed on the obverse surface of the piezoelectric
element 23 in a dispersed manner. If it is assumed that
an area of the wiring for each axis is 2 square millimeters
and the detection electrodes (electrostatic capacity: 240
pF) are also formed on an identical area, and if all the
wiring for connecting the electrodes for detecting the ac-
celeration in the X-axis direction is assumed to be
formed in the electrostatic capacity C1 portion on the
piezoelectric element 23, and all the wiring for connect-
ing the electrodes for detecting the acceleration in the
Y-axis direction is assumed to be formed in the electro-
static capacity C2 portion, the detection sensitivity in the
Y-axis direction will decline about 20% with respect to
the X-axis direction. Thus, with the conventional accel-
eration sensors, the detection sensitivity differs for each
axis. In a case where such an acceleration sensor is
used, it is necessary to adjust the sensitivity for each
axis on a processing circuit side for processing output
signals of the acceleration sensor. Hence, this has re-
sulted in a complexity of a circuit configuration and in-
creased cost.

DISCLOSURE OF THE INVENTION

[0005] An object of the present invention is to provide
a piezoelectric acceleration sensor which makes it pos-
sible to suppress unevenness in bonding at the time of
a connection of a piezoelectric element and a dia-
phragm, and eliminate a variation of detection sensitivity
of each axis.
[0006] In accordance with the present invention, there
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is provided a piezoelectric acceleration sensor compris-
ing: an acceleration detecting unit having a weight fixed
to one surface of a diaphragm and a thinplate-like pie-
zoelectric element fixed to another surface thereof by
bonding a reverse surface of the piezoelectric element
thereto; and surface electrodes and reverse electrodes
being respectively formed on respective surfaces of the
piezoelectric element, characterized in that a supporting
pattern for maintaining a distance between the dia-
phragm and the surface electrodes uniformly is formed
on the reverse surface of the piezoelectric element.
[0007] In accordance with the present invention, since
the supporting pattern for maintaining the distance be-
tween the diaphragm and the surface electrodes uni-
formly is formed on the reverse surface of the piezoe-
lectric element, it is possible to suppress unevenness in
bonding at the time of the connection of the piezoelectric
element and the diaphragm, anduniformalize a floating
capacity occurring in each axis.
[0008] In addition, in the present invention, preferably,
the reverse electrodes of the piezoelectric element are
formed so as to oppose the surface electrodes, and the
supporting pattern is formed so as to oppose a wiring
pattern for connecting the surface electrodes.
[0009] In accordance with the present invention, as
for electrodes and patterns on the respective surfaces
of the piezoelectric element, since the reverse elec-
trodes are formed so as to oppose the surface elec-
trodes, and the supporting pattern is formed so as to
oppose the wiring pattern, it is possible to reduce the
floating capacity occurring between the wiring pattern
and the reverse electrodes.
[0010] In addition, in the present invention, the sup-
porting pattern is preferably disposed so as to be sub-
stantially perpendicular to the wiring pattern.
[0011] In accordance with the present invention, since
the wiring pattern of the piezoelectric element and the
supporting pattern are disposed so as to be substantially
perpendicular to each other, it is possible to minimize
an area of overlap of the wiring pattern and the support-
ing pattern, thereby making it possible to suppress the
occurrence of the floating capacity. In addition, even if
a slight deviation occurs in the disposition of the respec-
tive patterns at the time of manufacturing, since the area
of overlap of the wiring pattern and the supporting pat-
tern does not change, variations in the floating capacity
of the respective axes are small.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012]

Fig. 1 is a simplified plan view of a piezoelectric ac-
celeration sensor in accordance with an embodi-
ment of the invention;
Fig. 2 is a cross-sectional view taken along line II -
II in Fig. 1;
Figs. 3A to 3C are an obverse surface view, a re-

verse surface view, and a perspective view taken
from the obverse surface of a piezoelectric element
23 in accordance with the embodiment;
Fig. 4 is a partial cross-sectional view, taken along
line IV - IV, of an acceleration detecting unit 2 in Fig.
3C; and
Figs. 5A and 5B are an overall cross-sectional view
and a cross-sectional view of a conventional piezo-
electric acceleration sensor.

BEST MODE FOR CARRYING OUT THE INVENTION

[0013] Fig. 1 is a simplified plan view of the piezoe-
lectric acceleration sensor in accordance with an em-
bodiment of the present invention. Fig. 2 is a cross-sec-
tional view taken along line II - II in Fig. 1. In the draw-
ings, reference numeral 1 denotes a casing, and 2 de-
notes an acceleration detecting unit. It should be noted
that Fig. 1 is a drawing which has been drawn by omit-
ting a portion of an upper portion of the casing 1 to fa-
cilitate an understanding of the internal structure.
[0014] The casing 1 consists of a metallic cover 1a
and a resin-made base 1b. A circular recess 11 is
formed in the center of the interior of the base 1b. Fur-
ther, stepped portions 12 for setting the acceleration de-
tecting unit 2 are formed around this recess 11. A plu-
rality of terminals 5 are passed through the base 1b at
a pair of mutually parallel edge portions of the base 1b,
and their upper ends are bent in an L- or U-shape. The
terminals 5 having the L-shaped portions are connected
with the acceleration detecting unit 2, as shown in Fig.
1, while the terminals 5 having the U-shaped portions
are connected with the cover 1a and the lower end por-
tions of the terminals 5 is configured to be connection
terminals for an external. Here, a connection with the
cover 1a enhances a sealing effect with respect to ex-
ternal noise.
[0015] As shown in Fig. 2, as for the acceleration de-
tecting unit 2, a disk-shaped weight 22 is connected with
the center of a lower surface of a diaphragm 21, which
is made of a rectangular metallic thin plate, by such
means as welding. A ceramic-made piezoelectric ele-
ment 23 having a shape and a size substantially identi-
cal to those of the diaphragm 21 is connected with an
upper surface of the diaphragm 21.
[0016] Fig. 3A shows an upper surface (obverse sur-
face) of the piezoelectric element 23, Fig. 3B shows a
lower surface (reverse surface) of the piezoelectric ele-
ment 23, and Fig. 3C shows a perspective view of the
piezoelectric element 23 as seen from the obverse sur-
face side. Fig. 4 is a partial cross-sectional view taken
along line IV - IV in Fig. 3C. As shown in these drawings,
surface electrodes 24 are formed on an obverse surface
of the piezoelectric element 23, and reverse electrodes
25 are formed on the reverse surface thereof. These
electrodes are respectively formed by a baking of an
electrically conductive material.
[0017] As shown in Fig. 3A, the surface electrodes 24
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are patterned radially with respect to the center of the
piezoelectric element 23, and are classified into a plu-
rality of fan-shaped acceleration detecting electrodes
(hereafter referred to as the detection electrodes) 24a
which are annular as a whole and semicircular noise
eliminating electrodes 24b formed at four peripheral por-
tions of the detection electrodes 24a. Further, connec-
tion electrodes 26 connected with the respective elec-
trodes 24 by the wiring 28 are formed at obverse surface
corner portions of the piezoelectric element 23. The wir-
ing 28 is classified into the wiring 28a for connecting the
electrodes 24 and the wiring 28b branching from the wir-
ing 28a and the connection electrodes 26 and formed
in a branch form. The wiring 28b adjusts a length of the
wiring 28 of each axis, and the sum of wiring lengths of
the wiring 28a and the wiring 28b are made to agree
with each other at the respective axes, thereby sup-
pressing the variation of the electrostatic capacity oc-
curring in the respective axes. Meanwhile, as shown in
Fig. 3B, the reverse electrodes 25 are classified into a
central electrode 25a formed on reverse surfaces of the
detection electrodes 24a in an annular form so as to cov-
er the entire electrodes 24a and corner electrodes 25b
formed on reverse sides of each noise eliminating elec-
trode 24b so as to cover the electrodes 24b. Further, a
supporting pattern 29 is formed on a reverse surface of
the piezoelectric element 23 in such a manner as to ex-
tend radially from the central electrode 24a toward end
portions of the piezoelectric element 23. The supporting
pattern 29 is formed with a thickness identical to those
of the central electrode 25a and the corner electrodes
25b.
[0018] Fig. 3C is a perspective view of the piezoelec-
tric element 23 as seen from the obverse surface side,
and the surface electrodes 24, the connection elec-
trodes 26, and the wiring 28 are shown by solid lines,
while the reverse electrodes 25 and the supporting pat-
tern 29 are shown by phantom lines. As shown in this
Fig. 3C, the central electrode 25a and the corner elec-
trodes 25b of the reverse electrodes 25 are respectively
provided at positions opposing the detection electrodes
24a and the noise eliminating electrodes 24b of the sur-
face electrodes 24 so as to cover the electrodes 24. In
addition, the supporting pattern 29 is provided at posi-
tions opposing the wiring 28 in such a manner as to be
substantially perpendicular to the wiring 28.
[0019] As shown in Fig. 4, the reverse surface of the
piezoelectric element 23 is connected with the dia-
phragm 21 by an insulating acrylic adhesive agent, and
a bonding layer 27 is formed between the diaphragm 21
and the piezoelectric element 23 owing to the thickness
of the reverse electrodes 25. Since this bonding layer
27 is supported by the supporting pattern 29 formed with
a thickness identical to that of the reverse electrodes 25,
a substantially identical thickness is maintained at any
region of the piezoelectric element 23. The reverse elec-
trodes 25 and the diaphragm 21 are coupled electrically
to each other by being connected by the adhesive agent

so as to form common electrodes. As shown in Fig. 2,
the acceleration detecting unit 2 thus formed as a unit
is accommodated in the casing 1 in a state where the
weight 22 is accommodated in the recess 11, and edge
portions of the diaphragm 21 and the piezoelectric ele-
ment 23 are superposed on the stepped portions 12
around the recess 11 in the casing 1.
[0020] As described above, in accordance with the
embodiment, since the supporting pattern 29 is formed
on the reverse surface of the piezoelectric element 23,
it is possible to prevent unevenness in bonding occur-
ring at the time of the connection with the diaphragm 21.
Accordingly, it is possible to uniformalize the floating ca-
pacity occurring at the respective axes, thereby making
it possible to suppress the variation of detection sensi-
tivity at the respective axes.
[0021] In addition, it is possible to minimize the occur-
rence of the floating capacity since the reverse elec-
trodes 25 and the surface electrodes 24 are provided in
such a manner as to oppose and overlap each other,
and the supporting pattern 29 is provided at positions
opposing the wiring 28 on the obverse surface. In addi-
tion, since the supporting pattern 29 and the wiring 28
intersect each other so as to be substantially perpendic-
ular to each other, even if a slight deviation occurs be-
tween the positions of the supporting pattern 29 and the
wiring 28 at the manufacturing stage, there is no change
in the area of overlap between the supporting pattern
29 and the wiring 28. Hence, variations do not occur
concerning the detection sensitivity for each of products.
[0022] Although in the embodiment an example is
shown in which the supporting pattern 29 is formed ra-
dially outwards from the center of the piezoelectric ele-
ment 23, this supporting pattern 29 is sufficient in any
form insofar as it opposes the wiring 28 andmaintains
the thickness of the bonding layer 27 uniformly. For ex-
ample, it is conceivable to provide an annular pattern
with different diameters around an outer periphery of the
central electrode 25a so as to surround the electrode
25a. Further, it is also possible to realize by a combina-
tion of this annular pattern and a radial pattern shown
in the embodiment. Furthermore, it is possible to obtain
a similar effect by disposing columnar patterns in vari-
ous portions on the reverse surface of the piezoelectric
element 23.

ADVANTAGES OF THE INVENTION

[0023] According to the invention, since it is possible
to suppress unevenness in bonding at the time of the
connection of the piezoelectric element and the dia-
phragm, anduniformalize the occurrence of the floating
capacity in each portion of the acceleration detecting
unit, it is possible to suppress the variation of detection
sensitivity. Accordingly, adjustment of the detection sen-
sitivity and a circuit for the adjustment are made unnec-
essary, thereby permitting simplification of an apparatus
and a reduction in cost. In addition, since the floating

5 6



EP 1 473 571 A1

5

5

10

15

20

25

30

35

40

45

50

55

capacity occurring in the wiring pattern is reduced, and
variations in the manufacturing state are small, it is pos-
sible to provide an acceleration sensor whose detection
sensitivity is excellent and reliability is high.

Claims

1. A piezoelectric acceleration sensor comprising:

an acceleration detecting unit having a weight
fixed to one surface of a diaphragm and a thin
plate-like piezoelectric element fixed to another
surface thereof by bonding a reverse surface of
the piezoelectric element thereto; and
surface electrodes and reverse electrodes be-
ing respectively formed on respective surfaces
of the piezoelectric element, characterized in
that
a supporting pattern for maintaining a distance
between the diaphragm and the surface elec-
trodes uniformly is formed on the reverse sur-
face of the piezoelectric element.

2. The piezoelectric acceleration sensor according to
claim 1, characterized in that

the reverse electrodes of the piezoelectric el-
ement are formed so as to oppose the surface elec-
trodes, and

the supporting pattern is formed so as to op-
pose a wiring pattern for connecting the surface
electrodes.

3. The piezoelectric acceleration sensor according to
claim 1, characterized in that

the reverse electrodes of the piezoelectric el-
ement are formed so as to oppose the surface elec-
trodes, and

the supporting pattern is formed so as to be
substantially perpendicular to a wiring pattern for
connecting the surface electrodes.
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