TI TLE OF THE | NVENTI ON Pi ezoel ectric Accel erati on Sensor BACKGgé&ﬁ%1§;T+E
| NVENTI ON Field of the Invention The present invention relates to

accel eration sensor utilizing a piezoelectric elenent, and nore ?p B
particularly, it relates to an accel ej abl y |ntegrated into
an air bag system which i s nounted on JH|5315HBEBMA|5eBE&|‘b’ exanpl e.
Description of the Background Art An air baBERSERBmM whiEh is carried on an
autonobile is driven |n response to acteteration applied upon a collision
or

'§ - TITLE OF THE INVENTION
Acceleration Sensor
BACKGROUND OF THE INVENTION
Field of the Invention
5 Th; present invention_relates to an acceleration sensor
utilizing a piezoelectric element, and more particularly, it

.

relates to an acceleration sensor suitably integrated into an

*

air bag system which is mounted on an automobile, for example.
Description of the Background Arf
10 An air bag system which is carried on an automobile is
driven in response to acceleration applied upon a collision dr_
the like. 1In order to ensure the operation of such an air bag
system, an acceleration sensor is generally integrated_therein.
In relation to such an acceleration sensor, there has been
15 proposed a technique of employing a piezoelectric element which
~ is deformed iﬁ response to acceleration applied thereto to_'
output an electric signal, as disclosed in U.S. Patent No. y f-
4,700,973, for example.
An example of a well-known conventional acceleration sensor
20 employing a piezoelectric element is now deséribed with’
reference to Figs. 16 and 17.
This acceleration sensdr has a piezoelectric element 61 and
a hybrid IC 82 including a circuit for processing a detection
signal which is outputted frém the piezoelectric element 61. An

25 end of the piezoelectric element 81 is fixed to a support member
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the like. In order to ensure the operation of such an air bag system an
accel eration sensor is generally integrated therein. In relation to such an
accel eration sensor, there has been proposed a technique of enploying a

pi ezoel ectric element which is deformed in responsg THISaSHEETenAS ipppNdpPP! i ed
thereto to output an electric signal, as disclosed}in U ﬁ'EPB?é@Tt No.
4,700,973, for exanple. An exanple of a well-known

accel eration sensor enploying a piezoelectric elenent is now described with
reference to Figs. 16 and 17. This accel erati on sensor has a piezoelectric

el enent 61 and
- B85 which is fixed onto a metal base plate 83. A free end of the

BN

piezoelectric element 681 is deflected by acceleration applied
along a direction C which is orthogonal to the surface of the
support member 65 supporting-the piezoelectric element 61, to

5 output a detection signal responsive to the degree of the
acceleration.

The hybrid IC 62 is fixed onto the metal base plate 63. The
piezoelectric element 61 and the hybrid IC 82 are electrically
connected with each other through lead wires 66. A plurality of

10 pin terminais 87 are mounted to downwardly extend from the metal
base plate 63 for electrically connecting the acceleration
sensor with an external unit. The piezoelectric element 81 and
the hybrid IC 62 are sealed with a cap 64 which is fixed to the
metal base plate 63.

16 In the aforementioned conventional acceleration sensor, the
piezoelectric element 61 is supported by the support member 85 in
a cantilever manner, so that the piezoelectric element 61 is
bent/deformed in response to the acceleration applied thereto.
When extremely large acceleratiqn is applied, therefore, the

20 free end portion of the piezoelectric element 61 is remarkably
swung. Consequently, the piezoelectrié element 61 itself may be
broken when the same is exposed to extremely large acceleration
or impact of about 2000 G, for example.

While the piezoelectric element 81 and the hybrid IC B2 are

25 connected with each other by the plurality of lead wires 66 in
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a hybrid 1C 62 including a circuit for processing a detection signal which
is outputted fromthe piezoelectric element 61. An end of the piezoelectric
elenent 61 is fixed to a support nenber REPLACENENTJ§££;;2~65;§h@§®; S
fixed onto a netal base plate 63. A free end of the plﬁiﬁﬁiéﬂEEﬁ@ | [
61 is deflected by acceleration applied along a dlrect on C RERLAGED s
orthogonal to the surface of the ' '

&
<

* ' the aforementioned acceleration sensor, the lead wires 66 may be
broken due to metal fatigue caused by vibration. In order to
prevent.such disconnection, it may be effective to increase the
diameters of the lead wires 88 thereby improving strength. In

5 this case, however, the lead wires 66 may resonate with vibration
following acceleration, to exerf a bad influence on the
acceleration detecting operation of the piezoelectric element
B81.

In the aforementioned acceleration sensor detecting the
10 acceleration along the direction C shown in Fig. 17, further, it
is necessary to provide a strong structure in the portion
supportlng the p1ezoe1ectrlc element 61 so that this portlon is
not deflected by acceleration. Thus, the piezoelectric element
61 and the hybrid IC 62 are mounted on the metal base plate 63,
15 which in turn closes an opening surface of the cap 64. In such a
structure using the heavy and high-priced metal base plate 83,
however, the overall acceleration sensor is increased in size
while the acceleration sensor itself must be strongly mounted on
a target of measurement, and hence the cost is extremely
20 1ncreased
SUMMARY OF THE INVENTION
The present invention has been proposed in order to solve
the aforementioned problems of the conventional acceleration:

sensor, and an object thereof is to provide an acceleration

25 sensor having small dimensions as a whole, which can improve
-3 - ‘This Sheet Hg
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support menber 65 supporting the piezoelectric element 61, to output a
detection signal responsive to the degree of the acceleration. The hybrid
IC 62 is fixed onto the netal base plate 63. The piezoel eciric elemert—ai
and the hybrid IC 62 are electrically connected with each| pyiseSHER Uﬁ@l‘BEt
| ead wires 66. A plurality of pin termnals 67 are nountefl to dRppRAGEDIl vy
extend fromthe netal base plate 63 for electrically connéet+nrg—tteE

accel eration sensor with an external unit. The piezoelectric elenment 61 and
- trethyggld |C 62 are sealed with a cap 64 which is fixed to the netal base
pl ate :

¥ shock resistance of an acceleration detecting element even if a-
member having relatively.low rigidity is employed, with no
necessity for lead wires and a metai base plate..

According to a wide aspect of the present invention,

5 -provided is an acceleration sensor which comprises an insulating
substrate having a pair of signal deriving electrodes provided
on its one major surface and an acceleration detecting element
fixed on the major surface of the insulating substrate to be
electrically connected to the pair of electrodes. The

10 acceleration detecting element has first and second
piezoelectric elements, having a pair of facing end surfaces,
which are directly or indirectly coupled to each other and
polarized in reverse directions. One end surfaces of the first
and second pieioelectric elements are electrically connected to

15 the pair of_signal deriving electrodes respectively while other
end surfaces, being opposite to the first end surfaces, of the
first and second piezoelectric elements are electrically
connected with each ofher.

The first and second piezoelectric elements may be

20 polarized in directions parallel to the major surface of the

insulating substrate, or_orthogonal to the insulating substrate.

According to the present invention, the acceleration
detecting element is fixed to the insulating substrate through
the signal deriving electrodes, whereby the accelerafion

25 detecting element is hardly broken even if extremely large
I
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In the aforementi oned conventional accel eration sensor, the piezoelectric
el ement 61 is supported by the support nenber 65 in a cantil ever manne

t hat the _pi ezoelectric element 61 is bent/deforned in res r\geS\IlEETt AARS BEEN
accel eration applied thereto. Wien extrenely | arge accel gf 'OQR egplied,
therefore, the free end portion of the piezoelectric el enpnt 61EﬁiA

remar kably swung. Consequently, the piezoelectric element 61 itself may be
broken when the sane is exposed to extrenely |arge accel eration or inpact
of about 2000 G for exanple. Wile the pi ezoel ectric el enent 61 and the
hybrid I C 62 are connected with each other by the plurality of lead wires

66 in acceleration is applied to the acceleration sensor. Further, a

detection signal outputted from the acceleration detecting
element is derived by the pair of signal deriving electrodes, to
cause substantially no failure such as disconnection:

5 dissimila:ly to the conventional acceleration sensor using lead
wires.

When the fifst and second piezoelectric elements are
polarized in directions along the major surface of the
insulating substrate, acceleration acting along the direction of

10 polarization of each piezoelectric element is detected. Thus,
deformation or deflection of the insulating substrate is allowed
to some extent in a direction orthogonal to a suppoft surface for
the piezoelectric elements, whereby it is nof necessary to
strongly form the insulating substrate as compared with the

15 conventional acceleration sensor.

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

20 BRIEF DESCRIPTION OF THE DRAWINGS )

Fig. 1 is a partially fragmented perspective view showing

the overall structure of an acceleration sensor according to a

first embodiment of the present invention;
Fig. 2 is an enlarged pérspective view showing a principal

25 part of the acceleration sensor shown in Fig. 1;

-5 - e
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REPLACEMENT SHEET LI EP 199 3 the aforenenti oned accel erati on sensor, the

| ead Wwires 66 may be broken due to netal fatigue caused by vibration. In
~order to prevent such disconnection, it may be effective increase the
diameters of the lead wires 66 thereby inproving strength! THIS SHEET ¢ASEBEEN

however,
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the lead wires 66 may resonate with vibration REPLACED

Fig. 3 is an enlarged perspective view showing a
modification of the principal part of the acceleration sensor
shown in Fig. 2; |

Fig. 4 is a partially fragmented perspective view showing
an acceleration sensor according te a second embodiment of the
present invention;

Fig. 5 is an enlarged perspective view showing a principal
part of an acceleration sensor according to a third embodiment of
the present invention;

Fig. B is a partially fragmented perspective view showing
the overall structure of an acceleration sensor according to a
fourth embodiment of the present invention;

Fig. 7 is an enlarged perspective view showing a principal
part-of the acceleration sensor shown in Fig. 6;

Fig. 8 is a perspective view showing a modification of an
acceleration detecting element{

Fig. 9 is a perspective view shqwing another modification
of the acceleration detecting element;

Fig. 10 is a perspective view schematically showing the
structure of an acceleration sensor according to a_fifth
embodiment of the present invention; |

Fig. 11 is a perspective view schematically showing still
another modification of the acceleration detecting eLement;

Fig. 12 is a perspectivé view schematically showing a

further modification of the acceleration detecting element;
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foll ow ng accel erati-on,

detecting operation of the piezoelectric elenent 61.

to exert a bad influence on the accel eration

| n-the aforenenti oned

accel eration sensor detecting the acceleration along th THBrsHHnOHA

is necessary to provide a stronEistr #&?ﬁgn
ot

in Fig.

17,

further, it

portion supportlng the pi ezoel ectric el enment 61 so that™=th+s “nff

defl ected by accel eration. Thus, the piezoelectric elenent 61 and t he
hybrid IC 62 are nounted on the netal
an openi ng surface of the cap 64.
hi gh-priced netal base

Fig. 13 is a perspective view schematically showing a

10
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pl ate 63,

base plate 63, which in turn closes
In such a structure using the heavy and

further modification of the acceleration detecting element;

Fig. 14 is a perspective view schematically showing a

Further modification of the acceleration deteéting element;

Fig. 15 is a perspective view schematically showing a

further modification of the acceleration detecting element;

Fig. 16 is a plan sectional view showing an example of a

conventional acceleration sensor; and

Fig. 17 is a sectional view taken along the line D - D in

Fig. 16.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs.

the present

1 to 3 are adapted to illustrate a first embodiment of

invention.

Fig.

1 is a partially fragmented

perspective view showing the overall structure of an

acceleration sensor, Fig. 2 is an enlarged perspective view

showing a principal part thereof, and Fig. 3 is an enlarged

perspeétive view showing a modification of the principal part.

In the acceleration sensor according to the present

invention, an acceleration detecting element which is formed by

a pair of piezoelectric elements 2 and 3 and a coupling member 4

is arranged on a hybrid IC substrate 1, as shown in Fig. 1. A

case 5 is mounted to cover the upper surface of the hybrid IC

substrate 1,

so that the acceleration detecting element is

sealed in a space defined_by'the hybrid IC substrate 1 and the

case 5.

-
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however,

the overall acceleration sensor is increased in size while the
accel eration sensor itself nust be strongly nounte
nmeasur enent ,
| NVENTI ON The present invention has been propose
af orenenti oned probl ens of the conventional accel

and hence the cost is extremely inctqggegHEEUM FBE THE
i n ORERIACED sol vk the
FattomrSensor, - and an

obj ect thereof is to provide an accel eration sensor having small dinensions

as a whol e,

-
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whi ch can i nprove

While a pair of fac¢ing end surfaces of the first and second
piezoelectric elements are provided with electrodes throughout
the'specification, it is noted that such electrodes are omitted
in Figs. 1 to 10 for simplifying illustration. |

The hybrid IC substrate 1 is formed by integrating a hybrid
IC (not shown) into an.insulating substrate 8 having a prescribed
thickness. The lower surface of the insulating substrate 6 is
filled up with mold resin 7; in_order to seal the aforementioned
space defined by the hybrid IC substrate 1 and the case 5.

The insulating substrate 6 is provided on its upper surface
with at least a pair of signal deriving electrodes 8 and 9 which
are electrically connected with the hybrid IC integrated
therein. Further, a plurality of downwardly extending pin
terminals 10 are mounted on the hybrid IC substrate 1. The
plurality of pin terminals 10 are provided to electrically
connect the acceleration sensor with an external unit.

The hybrid IC may be formed indepéndently of the-insulating
substrate 8, although such a structure is not shown in the
figures. For example, a separately prepared hybrid IC may be
mounted on the lower surface of the insulating substrate 6.

The insulating substrate B8 forming the hybrid IC substrate
1 is provided on its upper surface with the pair of signal
deriving electrodes 8 and 9 which are separated at a prescribed
interval. The first and second piezoelectric elements 2 and 3

are bonded onto the electrodes 8 and 9 respectively. These
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4 shock resistance of an accel eration detecting elenment even if a nenber

having relatively lowrigidity is enployed, with no neceSS|ty for

| ead

wires and a nmetal base plate. According to a w
i nvention, provided is an accel erati on sensor wh?ﬁﬁ rHé%éﬂgN

substrate having a pair of signal deriving-el ectrodesﬂﬁﬂbgﬁmed on

resent
i nsul ati ng
its one

mej or surface and an accel eration detecting el ement fixed on the
surface of the insulating substrate to be electrically connected
pair of electrodes. The

maj or
to the

s piezoelectric elements 2 and 3 are polarized in directions shown

by arrows A; and Ay in Fig. 2 respectively. These directions Aq

and A, are along the major surface of the insulating substrate 6,

and reverse to each other.

5 According to this embodiment, the coupling member

4 is

formed by a metal block of a metal such as a nickel alloy. This

coupling member 4 may alternatively be formed by another

conductive material in place of a metal.

The coupling member 4 is arranged over the piezoel

ectric

10 elements 2 and 3 and fixed to the upper surfaces thereof so that

its lower surface is in contact with the upper surfaces
first and second piezoelectric elements 2 and 3. Since

coupling member 4 is formed by a conductive material as

of the
the

described

above, the upper surfaces of the first and second piezoelectric

15 elements 2 and 3 are electrically connected with each other

through the'coupling member 4.
According to this embodiment, the coupling member

formed by a metal block as described above, in order to

4 is

apply

mass of a certain degree to the first and second piezoelectric

20 elements 2 and 3. This coupling member 4 may alternatively be

formed by a non-conductive material so far as the same can serve

as a mass applying member. In this case, a conductive layer may

be provided on the lower surface of the coupling member

4, to

electrically connect the pieZoelectric elements 2 and 3 with

25 each other.

—_—
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acceleration detecting elenent has first and second piezoelectric el enents,
having a pair of facing end surfaces, which are directly or indirectly
coupl ed to each other and polarized in reverse directions. One end surfaces
of the first and second piezoelectric elements areg—eteei+ri-cally-—connected
to the pair of signal deriving electrodes respect i V8IS SHRET ¢1ASt bigiin End

surfaces, being opposite to the first end surface$, of REMACEDSt and second
pi ezoel ectric elenments are electrically connected WTh eactrottrer—The
first and second piezoelectric elenments may be polarized in directions
parallel to the major surface of the

- The case 5 is formed by working a metal thin plate or the

like into a rectangular parallélopiped having an opening in its
lower portion, as shown in Fig. 1. This case 5 is so sized as to
receive the insulating substrate 6 therein. The insulating

5 substrate 6 is inserted in the case 5 from the opening provided
in its lower portion as shown in Fig. 1, so that the |
piezoelectric elements 2 and 3 and the coupling member 4 are
arranged in the space defined by the case 5 and the insulating
substrate 6. The lower opening of the case 5 is sealed with the

10 aforementioned mold resin 7.

When acceleration externally acts along arrow A (see Fig.

2) in the direction of arrangement of the piezoelectric elements
2 and 3, the coupling member 4 is swung along the acceleration
acting direction A. Consequently, the coupling member 4 is moved

15 along the major surface of the insulating substrate 6, whereby
the first and second piezoelectric elements 2 and 3 arranged
between the coupling member 4 and the insulating substrate 8 are
so distorted that opposite-polarity charges are generated on
both end surfaces, i.e., upper and lower surfaces of the

20 piezoeiectric elements 2 and 3. Assuming that positive’'charges
are generated on the upper surface of the first piezoelectric
element 2, negative charges are generated on that of the second
piezoelectric element 3 since the piezoeleétric elements are

revérsely polarized and displaced surfaces, i.e., the upper

25 surfaces thereof are electrically connected with each other
- 10 - T
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I nsul ating substrate, or orthogonal to the insulating substrate. According
to the present invention, the acceleration detecting element is fixed to

t he. i nsul ati ng substrate through the signal deriving el ectrodes, whereby
the accel eration detecting elenent is hardly brpkes—even—if nvtrnnely | ar ge
5 acceleration is applied to the acceleration skmBSr SHERT Hﬁ&rBEEﬂ det ecti on
signal outputted fromthe accel eration detectinp REPLACED

: through the coupling member 4, whereby the pqsitive and negative
charges are canceled by conduction through the coupling member
4. Since the piezoelectric elements 2 and 3 are connected in
series across the electrodes 8 and 9, the electrodes 8 and 9
5 derive the charges generated on the fixed end surfaces, i.e., the
lower surfaces of the piezoelectric elements 2 and 3, thereby
deteéting the direction and the degree of the acceleration
acting on the accelefation sensor.
According to the first embodiment, the insulating substrate
10 8 is hardly deformed by the acceleration to be detected since the
acceleration acts in the direction A along the major surface of
the insulating éubstrate 6. Even if the insulating substrate 8
is deformed by an acceleration component acting in a direction
different from the above, such deformation is caused along a
15 direction which is different from that of distortion of the
piezoélectric elements 2 and 3 in detection of the acceleration.
Thus, the acceleration detecting operation by the piezoelectric
elements 2 and 3 is not much influenced by such deformation.
According to this embodiment, therefore, the insulating |
20 substrate 6 may not be prepared from a material having high
rigidity, and it is not necessary to provide a structure for
strongly supporting the insulating substrate.s_and the
acceleration sensor.
The first and second piézoelectric elements_z and 3 may be

25 polarized in directions reverse to those shown in Fig. 2. In
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el ement is derived by the pair of signal deriving el ectrodes, to cause
substantially no failure such as disconnection dissimlarly to the
conventional accel eration sensor using |lead wres. Wen the first and
second piezoelectric el ements are polarized in directifqy |
surface of the insulating substrate, acceleration act ng a”ﬂﬂi
direction of polarization of each piezoelectric el eneht é
deformati on or deflection of the insulating substrate is allowe
extent in a direction orthogonal to a support surface for the plezoelectrlc
el enments, whereby it is not necessary to

. other words, the piezoelectric elements 2 and 3 may be polarized

N
GERd. Thus,

alpng arrows A, and Aq réspecfively.

Alternatively, the piezoelectfic elements 2 and 3 may be

polarized in directions Aq and Ay which are orthogonal to the

5 direction of arrangement of the piezoelectric elements 2 and 3,
as shown in Fig. 3. In this case, acceleration acts in a
direction A perpendicular to that of arrangemenf of the
piezoelectric elements 2 and 3. |

Fig. 4 is a partially fragmented perspective view showing

10 the overall structure of an acceleration sensor according to a
second embodiment of the present invention. The acceleration
sensor according to the éecond embodiment is formed by a surface
mounting type hybrid IC substrate 1. This hybrid IC substrate 1
is sealed in a space which is defined by a metal base plate 12 and

15 a case 11 connected thereto.

According to this embodiment, not only first and second
piezoelectric elements 2 and 3 and a coupling member 4 but
another electronic component 13 and the like are mounted on the
upper surface of an insulating substrate 8 forming the hybrid IC

20 substrate 1. Other structures of this embodiment are similar to
those of the aforementioned first embodiment. Therefore, |
corresponding elements are denoted.by the same reference
numerals, to omit redundant description. The accelerafion
detécﬁing operation of the adceleration sensor according to this

25 embodiment is also similar to that of the first embodiment.

-12 -
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strongly formthe insulating substrate as conpared with the conventi onal
accel eration sensor. The foregoing and ot her objects, fg = aspects and
advant ages of the present invention will. becone nore appd ghsﬁf'p*
fol l ow ng detailed description of the present invention_when grake
conjunction wth the acconpanyi ng draw ngs. BRI EF DESCRI P N
DRAWNGS Fig. 1 is a partially fragnmented perspective vi ew showi ng Ttre
overall structure of an accel eration sensor according to a first enbodi nent
of- the p{esent invention; Fig. 2 is an enlarged perspective view show ng a
princi pa

" Fig. 5 is an enlarged perspective view showing a principal

part of an acceleration sensor according to a third embodiment of
the present invention. In this embodiment, first and second
piezoelectric elements 2 and 3 are polarized in directions

5 orthogonal to the major surface of an insulating substrate 8.
Namély. the piezoelectric elements 2 and 3 are poiarized in
directions B, and Bj which.are orthogonal to the major surface of
the insulating substrate 8 and reverse to each other. Thus, it
is possible to detect acceleration acting in a vertical

10 direction B which is orthogonal to the insulating substfate 6.
According to the third embodiment, it is necessary to improve
rigidity of the insulating substrate 6 and strongly support the
same since the acceleration to be detected acts along the
direction for deflecting the insulating substrate 6.

15 Also in the third embodiment, the first and second
piezoelectric elements 2 and 3 are hardly broken even if
excessive acceleration is applied thereto since the acceleration
detecting element is supported by the insulating substrate 6 in a
surface contact manner. Thus, shock resistance of this

20 embodiment is extremely improved as compared with the..
-conventional acceleration sensor.

Further, the piezoelectric elements 2 and 3 are
electrically éonnected with each other by a coupling member 4 so
that a detection signal is dérived from the same through

25 electrodes 8 and 9 which are formed on the insulating substrate 6
/
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part of the acceleration sensor shown in Fig. 1; 6 Fig. 3 is an enlarged
perspective view showi ng a nodification of the principal part of
accel eration sensor shown in Fig. 2; Fig. 4 is a pa c
per spective view show ng an accel eration sensor aodﬁﬂﬂl éﬁ second
embodi nent of the present invention; L

. similarly.to the acceleration sensors according to the first and
second embodiments, whereby it is possible to omit lead wires.
Thus, no failure is caused by breaking of lead wires dissimilarly
to the conventional acceleration sensor, and it is possible to
5 prevent an imperfect acceleration detecting operation caused by
resonance of such lead wires. '

Fig. B is a partially fragmented perspeétive view showing
the overall structure of an acceleration sensor according to a
fourth embodiment of the present invention, and Fig. 7 is an

10 enlarged perspective view showing an acceleration detecting
element forming a brincipal part thereof.

The acceleration sensor according to the fourth embodiment
comprises a hybrid IC substrate 21, an acceleration detecting
element 22, and a shielding case 23 Which is fixed to the surface

15 of the hybrid IC substrate 21 to cover only a portion around the
'acceleratibn detecting element 22.

As shown in Fig. 6, the hybrid IC substrate 21 is formed by
integrating a hybrid IC (not shown) including a circuit for
processing a detection signal which is outputted from the

20 accelefation detecting element 22 into an insulating substrate
24 having a prescribed thickness. The insulating substrate 24 is
-provided on its upper surface with at least a pair of signal
deriving electrodes 25 and 26 which are connected with the
integrated hybrid IC and separated frbm each other at a

25 prescribed interval. .
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Fig. 5 is an enlarged perspective view showi ng a principal part of an
accel eration sensor according to a third enbodi nent of {he present

invention; Fig. 6 is a partially fragnented per SISHEEEVIW 8Bbilng t he
overal | structure of an acceleration sensor acc PﬁﬁngﬂkﬁL gpourt h
enbodi nent of the present invention;, Fig. 7 is Ctive view

showi ng a principal part of the acceleration sensor shown in Fig. 6; Fig. 8
is a perspective view showing a nodification of an accel eration detecting
el*enent; Fig. 9 is a perspective view show ng anot her nodification

‘ : The acceleration detecting element 22 is arranged acfoss
the'pair of electrodés 25 and 26. On the other hand, the hybrid
IC substrate 21 itself is provided with a plurality of downwardly
extending pin terminals 27 for external connection. These pin
5 terminals 27 pass through the hybrid IC substrate 21'along-the
direction of its thickness, to downwardly project from the same.
As shown in Fig. 7, the acceleration detecting element 22
has first and second piezoelectric elements 28 and 29 which are
electrically connected with the electrodes 25 and 26
10 respectively. Namely, the first and second piezoelectric
elements 28 and 29 are so fixed that lower éurfaces thereof afe
in contact with upper surfaces of the electrodes 25 and 26. As
clearly understood from Fig. 7, the first and second
piezoelectric elements 28 and 29 are polarized in directions Al
15 and A, which are along the major surface of the insulating
substrate 24 and reverse to each othep. The first and second
piezoelectric elements 28 and 28 are coupled with each other by a
coupling member 30, which is formed siﬁilarly to the coupling
member 4 employed in the first embodiment; This_coupling member
20 30 electrically connects upper surfaces 28a and 29a of the
piezoelectric elements 28 and 29 with each other, and applies
mass to the piezoelectric elements 28 and 29.
On the other hand, lower surfaces 28b and 29b of the
piezoelectric elements 28 and 29 are electrically connected to
25 the aforementioned pair of electrodes 25 and 26. _ :
___________________—
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of the acceleration detecting elenment; Fig. 10 is a perspective view
schematically show ng the structure of an accel erattron sensor according to

a fifth enbodi nent of the present invention; Fig. 11 i € vr
schematical |y showing still another nodification of the gﬁ@eﬁ@itﬂ"kﬁ]

detecting elenent; Fig. 12 is a perspective vieM/schenEtlcalﬁﬁpﬁﬂﬁﬁlng a
nDdlflcatlon of the accel eration detecting el enent;

further

Y

10

15

20

25

The piezoelectric elements 28 and 29 and the signal

deriving electrodes 25 and 26 are fixed to each other through a

conductive adhesive, while the coupling member 30 is also fixed

to the upper surfaces 28a and 29a of the piezoelectric elements
28 and 29 through a conductive adhesive or the like.

The piezeelectric elements 28 and 29 may be polarized
reversely to the directions A; and A, shown in Fig. 7. Further,
the coupling member 30 may be formed by a nonconductive material
such as a ceramics so that a conductive layer is formed on its
lower surface, similarly to the first embodiment.

Referring again to Fig. 6, the shielding case 23, which is
made of a metal or synthetic resin, is in the form of a
rectangular tube. This shielding case 23 is fixed to the major
surface of the hybrid substrate 21 through an insulating .
adhesive (not shown) or the like, to cover only a portion
provided with the pair of piezoelectric elements 28 and 29 and
the coupling member 30 forming the acceleration detecting
element 22. The shielding case 23 may not necessarily be used
since the same is mounted in response to working conditions'of
the acceleration sensor etc. |

When acceleration externally acts along the direction of

arrangement of the first and second piezoelectric elements 28

-and 29; i.e., along arrow A shown in Fig. 7 in the acceleration

sensor according to the fourth embodiment, opposite-polarity

charges are generated on the fixed end surfaces, i.e., the lower
—/

heet Has Been Replacec

"

- 16 -

W



7 Fig. 13 is a perspective view schematically showing a further
nodi fi cation of the acceleration detecting elenent; Fig. 14 is a
perspective view schematically showi ng a further nDd|f'nGL|un '
‘accel eration detecting elenent; Fig. 15 is a perspect i -Eéwgnj%ﬁwzally
showing a further nodification of the acceleration detectlnBEEﬂASﬁBnt Fig.
16 is a plan sectional view showi ng an exanple of a c entional

accel eration sensor; and Fig. 17 is a sectional view taken along the I|ne D
- Din Fig. 16.

.. surfaces 28b and 28b of the first and second piezoelectric
elements 28 and 29 similarly to the first embodiment, to be
derived through the pair of signal deriving electrodes 25 and 28.
Thus, the direction and the degree of the acceleration acting on

5 the aéceleration detecting element 22 are detected similarly to
the first embodiment.

Also in the fourth embodiment, the hybrid IC substrate 21 is
hardly deformed by the acceleration to be detected, since this
acceleration acts in the direction A which is parallel to the

- 10 surface of the hybrid IC substrate 21. Even if an acceleration
component acts in a direction which is different frbm that along
arrow A to deform the hybrid IC substrate 21, such deformation is
caused along a direction which is different from those of
distortion of the piezoelectric elements 28 and 29 in detection

15 of the acceleration. Therefore, the acceleration detecting
operation of the piezoelectric elgments 28 and 29 is not much
influenced by such deformation. Thus, it is not necessary to
particularly improve rigidity of the hybrid IC substrate 21 or
strongly support the same.

20 Figs. 8 and 9 show mod1f1cat10ns of the aforementioned
acceleration detecting element 22.

In an acceleration detecting element 22 shown in Fig. 8,
first and.second piezoelectric elements 28 and 29 are coupled
with each other by a coupling member 30, while support members 31

25 and 32 are coupled to outer sides of the piezoelectric elements

- 17 -
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DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Figs. 1 to 3 are adapted to
illustrate a first enbodi nent of the present invention. Fig. 1is a
partially fragnented perspective view show ng the oyerat—structiure of an
- accel eration sensor, Fig. 2 is an enlarged perspectifviil§iSHRESHHAG BEEM
principal part thereof, and Fig. 3 is an enlarged pqrspecREPEACEDEW shgwi ng
a nodification of the principal part. In the accel erarromsensor—aceot di ng
to the present invention, an acceleration detecting el ement which is forned
by a pair of piezoelectric elenents 2 and 3 and a coupling nmenber 4 is
arranged on a hybrid IC substrate 1, as shown in Fig. 1. A

. 28 and 29. While the first and second piezoelectric elements 28

and 29 are polarized in directions Ay and Ay which are reverse to
each other along the major surface of an insulating.substrate 24
as shown in Fig. 8, both end surfaces of the first and second

5 piezoelectric elements 28 and 29 are orthogonal to the
insulating substrate 24. In other words, the piezoelectric
elements 28 and 29 are so arranged that both end surfaces thereof
are orthogonally directed to the insulating substrate 24. Inner
end surfaces 28a and 29a of the piezoelectric elements 28 and 29

10 are coupled with each other by the coupling member 30, while
outer end surfeces 28b and 29b thereof are coupled with the
support members 31 and 32.

The coupling member 30 is formed by a conductive material or

a material having conductive surfaces, which is capable of

15 applying a certain degree of mass to the piezoelectric elements
28 and 29, similarly to the coupling member 30 shown in Fig. 7.
The support members 31 and 32 are also formed by a conductive
material or a material having conductive surfaces. Thus, the
inner end surfaces 28a and 29a of the piezoelectric elements 28

20 and 29 are electrically connected with each other by the coupling
member 30, while the outer end surfaces 28b and 29b thereof are
electrically connected to electrodes 25 and 26 through the
support members 31 and 32 respectively.

The acceleration detecting element 22 shown in Fig. 8

25 performs an acceleration detecting operation similarly to that
- 18 - een Rep\ace(
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case 5 is nounted to cover the upper surface of the hybrid IC substrate 1,
so that the acceleration detecting elenent -is sealed in a space defi ned by

the hybrid I C substrate 1 and the case 5. 8 Wile d
surfaces of the first and second piezoelectric el enen gﬁgig obgge@gmfth
el ectrodes throughout the specification, it is noted {hat sRERMABERctrodps

are omtted

S

10

15

20

25

shown in Fig. 7 when acceleration acts along a direction B which'
is orthogonal to that of arrangement of the piezoelectric
elements 28 and 29. Also in the acceleration detecting element
22 shown in Fig. 8, the coupling member 30 having a certain
degree of mass is moved in response to the acceleration acfing
along the direction B, whereby opposite-polarity charges are
generated on the fixed end surfaces 28b and 29b of the
piezoelectric elements 28 and 29 so that a signal responsive to
the charges is derived from the electrodes 25 and 26.

In an acceleration detecting element 22 shown in Fig. g9, on
the other hand, first and second piezoelectric elements 28 and 29
are in the form of elongated rectangular plate type members,
first end surfaces of which are directly coupled to be integrated
with each other. The first and second piezoelectric elements 28
and 29 are polarized in directions A; and A, which are parallel
to the major surface of an insulating substrate 24 as shown in

Fig. 9, while the directions A; and A, are reverse to each other.

Outer end surfaces 28d and 29d of the first and second

piézoelecfric elements 28 and 29 are respectiveiy bonded with
conductive support members 33 and 34, which are electrically
connected with and fixed to electrodes 25 and 26-respec£ive1y.
The conductive support members 33 and 34 are bonded only in
portions which are closé to both ends of the first and second
piezoelectric elements 28 and 29, so that the central portions of

the first and second piezoelectric elements 28 and 29 are

- 19 - 1This Sheet Has Been Rer
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in Figs. 1 to 10 for sinplifying illustration. The hybrid IC substrate 1 is
EOLnEq by |ntegraphng ahhyErid | C (not shown) into an insulating substrate
aving a prescribed thickness. The | ower surface o |
substrate 6 is filled up with nold resin 7, in order F%‘séggﬁﬁqﬁSiﬂﬁN
af orenenti oned space defined by the hybrid IC substrgte 1 BER ca 5.
The insulating substrate 6 is provided on its upper surface with at |east a
pair of signal deriving electrodes 8 and 9 which are electrically connected
wi-th the hybrid ICintegrated therein. Further, a plurality of downwardly
extending pin termnals 10 are nmounted on the hybrid I C substrate 1. The

: deformable. When acceleration acts along arrow A, therefore,

the central bortions of the first and second piezoelectric
elements 28 and 29 are so deflected that opposite-polarity
charges'are generated on the outer end surfaces 28d and 29d

5 thereof and a signal caused by the opposite-polarity charges is
derived from the electrodes 25 and 26.

Also in the modified acceleration deteéting element shown
in Fig. 8 or 9, the acceleration acts in the direction along the
major surface of the hybrid IC substrate 21, whereby the

10 insulating substrate 24 and the hybrid IC substrate 21 are hardly
deformed upon application of acceleration. Further, no lead
wires are required since the acceleration detecting element 22
is directly fixed to-the electrodes 25 and 26, similarly to the
first embodiment. Thus, the acceleration sens;r is free from

15 disconnection caused by lead wires and a malfunction caused b&
resonance of such lead wires.

Fig. 10 is a perspective view showing a schematic structure
of an acceleration sensor 41 according to a fifth embodimeht of

_ the present invention. This acceleration senso£ 41 is formed by

20 an insulating substréte 44, on which an acceleration detecting
element 42 and various electronic components 43 containing a
circuit for processing a signal outputted from the acceleration
deteéting element 42 are mounted. A necessary interconnection
pattern (not shown) is formed on the insulating substrate 44 by

25 thick film printing or the like. Electrodes of the acceleration

-20- -
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pIuraIity_of pin termnals 10 are provided to electrically connect the
accel eration sensor with an external unit. The hybrid IC may be forned

i ndependently of the insulating substrate 6, although such.a-strueture—+s

not shown in the figures. For exanple, a separately préeffHISeSHBFbHAS BEENY
be nounted on the | ower surface of the insulating subsirate ﬁfmjmeo

I nsul ating substrate 6 formng the hybrid I C substrate ts—provrded—om I ts
upper surface with the pair of signal deriving electrodes 8 and 9 which are
separated at a prescribed interval. The first and second piezoel ectric

el enments 2 and 3 are bonded onto the electrodes 8 and 9 respectively. These

-

10

15

20

25

detecting element 42 and the various electronic COmpenents 43
are mounted on this interconnection pattern by soldering or with
a conductive adhesive. The interconnection pattern includes a
pair of signal deriving electrodes which are electrically

connected to the acceleration detecting element 42, similarly to

‘the first to fourth embodiments.

Fig. 11 is a perspective view showing the acceleration
defecting element 42 which is employed in the acceleration
sensor 41 according to this embodiment. The acceleration
detecting element 42 is provided with first and second
piezoelectric elements 48 and 47, which are arranged along a
direction different from, e.g., orthogohal to an acceleration
acting direction A, and bonded to each other. The first and
second piezoelectric elements 46 and 47 are polarized in
directions along the acceleration acting direction A reversely
to each other. Referring to Fig. 11, symbols A, and Ao denote
the directions of polarization of the first and second
piezoelectric elements 46 and 47 respectively.

In Fig. 11, an electrode 48 is formed by bonding electrodes
which are formed on one end surfaces of the piezoelectric
elements 46 and 47 with each other through a conductive adhesive.
On the other hand, electrodes 48a and 48b are formed on other end
surfaces of the first and second piezoelectric elements 46 and 47
respectively. :

The aforementioned acceleration detecting element 42 serves

_\
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9 piezoelectric elements 2 and 3 are polarized I n directions shown by
arrows Alerr] and Alerr] in Fig. 2 respectively. These directions Alerr]

and Alerr]

reverse to each other. According to this enbodinment,| THIS S ' her 4
Is formed by a nmetal block of a netal such as a ni ckel alh%¥ ‘gﬁféﬁf 4
menber 4 nmay alternatively be forned by another VEPLA :

10

15

20

25

are along the major surface of the insul afing substrate 6, and

pling

as the so-called shearing type piezoelectric element, sb that
distortion is caused by acceleration in a direction displaced in
a plane which is parallel to an electrical_axis. When
acceleration is applied'to the acceleration defecting element
42, therefdre. a voltage signal which is proportional to the
direction and thé degree of the acceleration is outputted from
the electrodes 48a and 48b provided on both sides thereof. This
output signal is processed by the electronic components 43
through the interconnection pattern which is formed on the
insulated substrate 44 shown in Fig. 10. As hereinabove
described, the interconnection pattern includes a pair of signal
deriving electrodes, which are electrically connected with the
electrodes 48a and 48b of the acceleration detecting element 42
respectively. Except the structure of the acceleration
detecting element 42, the acceleration sensor of this embodiment
can be formed similarly to the first to fourth embodiments, and
hence redundant description is omitted.

Since the electrodes 48a and 48b_provided on both sides of
the acceleration detecting element 42 are supported by the
interconnection pattern, a clearance is defined betweeh the
lower surface of the body of the acceleration detecting element
42 and the insulating substrate 44, to ensure a vibration space
fér the acceleration detecting element 42.

In the acceleration sen8or according to the fifth

embodiment, the acceleration detecting element 42 is directly
- 22 - This Sheet 4
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conductive material in place of a netal. The coupling nenber 4 is arranged
over the piezoelectric elenents 2 and 3 and fixed to the upper surfaces
thereof so that its lower surface is in contact with the upper surfaces of
the first and second piezoelectric elenments 2 and_3. _Since the counling
menber 4 is formed by a conductive naterial as delsphigbs¥EETbHAS BEENd upper

surfaces of the first and second piezoel ectric element peh ACED 3 ar §

electrically connected with each other through the——ceupHrg—enmber—4.
According to this enbodiment, the coupling nenber 4 is formed by a netal
bl ock as described above, in order to apply

10

15

20

25

fixed to the signal'deriving electrodes provided in the
interconnection pattern, whereby it is possible to electrically
connect the acceleration detecting element 42 to the signal
processing circuit with no employment of lead wires. Therefore,
neither breaking of lead wires nor characteristic deterioration
resulting from resonance of lead wires is caused similarly to the
first to fourth embodiments. Further, the first and second
piezoelectric elements 48 and 47 are polarized in the directions
élong the acceleration acting direction A to form the
acceleration detecting element 42 as the so-called shearing type
one, whereby it is possible to form én acceleration sensor by
mounting the acceleration detecting element 42 on an'insulating
substrate as a single component, as described above. Thus,
generation of pyroelectric noise as weil as different axis
sensitivity can be reduced and it is possible to improve
mechanical hardness while simplifying the acceleration sensor in
structure and miniaturizing the same.

Figs. 12 to 15 are perspecpive views showing'modifications
of the acceleration detecting element employed in the fifth
embodiment, in correspondence to Fig. 11.

An acceleration detecting element 42 shown in Fig. 12 is
different from yhat shown in Fig. 11 only in a point that a
coupling member 49 is intefposed between first and second
piezoelectric elements 46 and 47. The coupling member 49 can be

formed by a materiai_similar to that for the coupling member 30

- 23 -
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mass of a certain degree to the first and second pi ezoelectric elenents 2
and 3. This coupling nenber 4 may alternatively be forned by a

non-conductive material so far as the sane can ser\er |ng
menber. In this case, a conductive |ayer may be prqv F@%ﬁmW§BEEN _
surface of the coupling nenber 4, to electrlcally d ectric

el ements 2 and 3 with each ot her. 10

10

15

- 20

25

shown in Fig. 8, i.e., a metal or an insulafing material whose
surfaces are covered with conductive films. This coupling
member 49 electrically connects electrodes 48 which are formed
on one end surfaces of the first and second piezoelectrig
elements 46 and 47 with each other. The coupling mehbér 49 must
be formed by a material having a certain degree of mass, so that
the same is moved in a direction A when acceleration acts in thls
direction A, whereby the piezoelectric elements 46 and 47 are
distorted and an electrical signal responsive to the direction
and the degree of the acceleration is outputted from electrodes
48a and 48b.

Since the coupling member 49 is provided for serving as a
mass applying member, the acéeleration detecting element 42
shown in Fig. 12 is improved in sensitivity as compared.ﬁith that
shown in Fig. 11. |

As shown in Fig. 13, on the other hand, it is poééible to
further reliably ensure a vibration space for an acceleration

detecting element 42 by reducing a central portion 42b of the

.acceleration detecting element 42, including a portion close to

those of first and second piezoelectric elements 46 and 47 bonded
to a coupling member 49, and the coupling member 49 in éectional
area as compared with outer portions'42a of the piezoelectric
elements 46 and 47.

Further, conductivé support members 50 may be bonded to

outer sides of first and second piezoelectric elements 48 and 47

- 24 - iTh|s Sheet Has Been Replace

IR III




The case 5 is formed by working a netal thin plate or the like into a
rectangul ar paral | el opi ped having an opening in its | ower portion, as shown
in Fig. 1. This case 5 is so sized as to receive thep | ate 6
therein. The insulating substrate 6 is inserted in theHiSaSBEE HAS'BEEN
opening provided in its |ower portion as shown in Fig. 1, so® pbaf the
pi ezoel ectric elenents 2 and 3 and the coupling nenber 4 are arranged in
the space defined by the case 5 and the insulating substrate 6. The | ower
opening of the case 5 is sealed with the aforenmentioned nold resin 7. Wen
accel eration externally acts along arrow A (see Fig

. in an acceleration detecting element 42, as shown in Fig. 14. 1In

such an acceleration detecting element 42 shown in Fig. 14, the
conductive support members 50 may be formed by those having
larger areas in surfaces bonded to first and second

5 piezoelectric elements 46 and 47 as compared with the
piezoelectric elements 46 and 47 and a coupling member 49 held
therebetween, as'shown in Fig. 15. In the acceleration detecting
elemént 42 shown in Fig. 15, the portion held between the
conductive support members 50, i.e., a vibration space for thé

10 .body'of the acceleration deteéting element 42, is sufficiently
ensured.when the conductive support members 50 are electrically
connected with and fixed to signal deriving electrodes in the
directions shown in this figure.

Although the present invention has been described aﬁd

15 illustrated in detail, it is clearly understood that the same'is
by way of illustration and-example only and is not to be takén by
way of limitation, the spirit and scope of the present invention

being limited only by the terms of the appended claims.
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2) in the direction of arrangenent of the piezoelectric elenents 2 and 3,
the coupling nenber 4 is swng along the acceleration acting direction A

Consequently, th ing nmenber 4 is noved al ong the major surface of the
i nsul ati ng substr Hﬁ 6, wher first and second piezoelectric elenents

2 and 3 arranged
6 are so distorted

surfaces, i.e., upper addl&)

ﬁ}m | i ng menber 4 and | trate
wgﬁ# larity charges aféHieBSBERR HASOBEENOE h end
rfaces of the piefoel ecREALACED enent 2

‘and 3. Assuming that positive charges are generated-omthe upper suriace of
the first piezoelectric elenment 2, negative charges are generated on that

of. the secopfiaT 1S CLAIMED IS:

10

15

20

25

1. An acceleration sensor comprising;
an insulating sybstrate having a pair of signal deriving
electrodes formed on its one major surface; and

an acceleration detecting element being fixed to said one

major surface of said insulating substrate to be electrically

connected to said pair of electrodes,

said acceleration detécting element being provided with
first and second piezoelectric elements having a pair of facing
end surfaces and being directly or indirectly coupled with each
other, said first and second piezoelectric elements being
polarized in reverse directions,

one end surfaces of said first and second piezoelectric ‘
elements being electrically connected to said pair of signal
deriving electrodes respectively, other end surfaces of said
first and seéond piezoelectric elements, being opposite to éaid

one end surfaces,'being electrically connected with each other.

2. An acceleration sensor of claim 1, wherein said first
and second piezoelectric elements are polérized in directions

parallel to said major surface of said insulating substrate.

3. An acceleration sensor of claim 1, wherein said first
and second piezoelectric elements are polarized in directions
\\'
- 28 - ijsSheetHasBe

[T



pi ezoel ectric ek nt 3 since the piezoelectric el ements are reversely
pol ari zed and dIS | ace .e., the upper surfaces thereof are
eIectrlcallxbco !HW@ Each other REPLACEMENT SHEET t hrough t he
coupl ing memnber sitive and negative ch [
by conduction throu@h t g menber 4. Since the gﬁg§%“gm? ﬁﬁ?%ﬁtﬁ
elenments 2 and 3 are connected In series across the eldctraod d 9. tlhe

el ectrodes 8 and 9

orthogonal to said insulating substrate.

4. An acceleration sensor of claim 1, wherein said
electrically connected other end surfaces of said first and

5 second piezoelectric elements are directly bonded to each other.

5. An acceleration sensor of claim 1, further comprising a
coupling member for coupling said other end surfaces of said
first and second piezoelectric elements with each other.

10

8. An acceleration sensor of claim 5, wherein surfaces of
said coupling member being, coupled to said first and second

piezoelectric elements are conductive.

15 7. An acceleration sensor of claim 6, wherein said coupling

member is made of a metal.

8. An acceleration sensor of claim 5, wherein lower
surfaces, being said one end surfacee. of said first and second
26 piezoelectric elements are bonded to said pair of signal
deriving electrodes respectively,
said coupling member being bonded to upper surfaces, being
said other surfaces, of said first and second piezoelectric
elements over said first and second piezoelectric elements.

’

25

9. An acceleration sensor of claim 5, wherein said coupling

- 27 - s Sheet Has Been Rep iacec

N




derive the 922;9;ﬁj¥§3§jﬂijmethe fixed end surfaces, i.e., the |ower
surfaces of ezoelectric elenments 2 and 3, thereby detectlng t he

di rection and ctm!m‘m‘ i ,- accel eration acting on t o -

sensor. Accor g enbodi ment, the insulatin §@%;§k5réM6 BEEN
hardl y deforne the dccéleration to be detected sincelthe a&ﬂﬁMeEBtlon
acts in the dlrectlon A along the major surface of the insulating '

6. Even if the insulating substrate 6 is defornmed by an accel eration

conponent acting in a direction different fromthe above, such deformation
I s caused along a direction which is different fromthat of distortion of

the member is formed by a mass applying member applying a certain

degree of mass to said first and second piezoelectric elements.

10. An acceleration sensor of claim 1, further comprising
5 | first and second conductive support members being bonded to said
first end surfaces of said first and second pigzoelectric
elements respectively,
said first and second conductive support members being
electrically éonnected-to said pair of signal deriving

10 electrodes respectively.

11. An acceleration sensor of claim 1, wherein said

insulating substrate is a part of a hybrid IC substrate.

15 12. An acceleration sensor of claim 1, wherein a shielding -
case is fixed to said insulating substrate from said one major
surface side thereof to cover at least said acceleration
detecting element fixed on said one major surface of said

insulating substrate.

20
13. An acceleration sensor of claim 1, wherein said first
and second piezoelectric elements are arranged along directions
different from an acceleration acting direction and bonded to
each other, .
25 said first and second piezoelectric elements being

poiarized in directions along said acceleration acting

eet Has Been Replacec
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pi ezoel ectric elements 2 and 3 in detection of the accel eration. Thus, the

accel eration det operation by the piezoelectric elenents 2 and 3 is
not nuch infl uenm suc mati on. According to this enbodi nent,

therefore, the ing Mﬂ%, pstrate 6 nay not be p PR oma materi al
havi ng high rigi did3ym "/}J j//”gt necessary to pr OVt for
strongly supporting thetinsu iMb substrate 6 and : O fsensor
The first and second piezoelectric elenents 2 and 3 nm in

directions reverse to those shown in Fig. 2. In

direction.

14. Ah acceleration sensor of claim 13, further comprising
a coupling member arranged between said first and second
5 piezoelectric elements, said other end surfaces of said first
and second piezoelectric elements being connected to each other

through said coupling member.

15. An acceleration sensor of claim 14, wherein said

10 coupling member is a mass applying member having conductivity.

16. An acceleration sensor of claim 15, wherein dimensions
of portions of said first and second piezoelectric elements
close to said coupling member and said coupling member along said

15 acceleration acting direction are different from those of
remaining portions of said first ahd second piezoelectric

elements along said acceleration acting direction.

17. An acceleration sensor of claim 13, wherein said first
20 and second piezoelectric elements are arfanged along directions
orthogonal to said acceleration acting direction and connected

to each other.
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REPLACEMENT SHEET 12 other'mords, the piezoelectric elenents 2 and 3 may be
pol arized along arrows Alerr] and Alerr] respectively. Alternatively, the
pi ezoel ectric elements 2 and 3 nmay be polarized in directions Alerr] and
Alerr] which are orthogonal to the direction of arr angenent of the.

pi ezoel ectric elements 2 and 3, as shown in Fig. 3. | T EN
acceleration acts in a direction A perpend| cular to thméoﬁﬁgfﬁs gFrem of
the _

. ABSTRACT OF THE DISCLOSURE
" Disclosed herein is an acceleration sensor which comprises .

an insulating substrate, a pair of signal deriving electrodes
provided on its one major surface and an acceleration detecting

5 | element electrically connected to the'pair of electrodes. The
acceleration detecting element is provided with first and second
piezoelectric elements, having a pair of facing end surfacés,
which are directly or indirectly coupled to each other to be
polarized in reverse directions. One end surfaces of the first

10 and seéond piezoelectric elements are electrically connected to
the pair of signal deriving electrodes respectively while other
end surfaces, being opposife to the first end surfaces, of the
first and second piezoelectric elements are électrically

connected with each other.

15

\
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piezoelectric elenents 2 and 3. Fig. 4 is a partially fragnented
perspective view show ng the overall structure of an accel eration sensor
according to a second enbodi mrent of the present invention. The accel eratjon
sensor according to the second enbodi nent is fornmed by ?irr &€ HEBUBEEN
type hybrid I C substrate 1. This hybrid I C substrate 1 i# e\S . a space
which is defined by a netal base plate 12 and a case 1} conn Lhe .
According to this en@lﬁt] not only firsgt and second piezoelectric
el-ements 2 and 3 andfa t#ng nenber 4 qnot her el ectronic conponent
13 and the like are nounted on the

s Been Replacec
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upper surface of an insulating substrate 6 formng the hybrid I C substrate

1. Oher structures of this enbodinent are simlar to th af .t he
af orementioned first embodi nent. Therefore, correspondi ngTi¥iSeSHERTSHAS BEEN
denoted by the sane reference nunerals, to omt redundant desqgppidg- Th

accel eration detecting operati-on of the accel eration sen

this enbodi nent is rié ryar to that of the first enbodi ment. 13
. s . 4
. N\A A I
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Fig. 5 is an enlarged perspective view showing a principal part of an
accel eration sensor according to a third enbodi nent of[1 pemanen I
i nvention. In this enbodinment, first and second piezoe Z@ﬁ g%@f&%rﬁ%w
and 3 are polarized in directions orthogonal to the r_sUiEPhACED an
I nsul ating substrate 6. Nanmely, the piezoelectric elenents 2 and 3 are
pol ari zed in dirEETizE; gsgrr] and B[err] mhicuéare ort hogonal to the major
surface of the i su/ nessubstrat gy 6 and revedse to each other. Thus, it

I S possible to detect accelere¥¥<3n actiag ™4 vertical direction B which

I s orthogonal to the insulating sub According to the third
enbodiment, it is necessary to

’ 1This Sheet Has Been Replacec
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rigidity of the insulating substrate 6 and strongly support the sane since
the acceleration to be detected acts along the direction feftectrneg—the
i nsul ating substrate 6. Also in the third enbodi nent, thefl'ﬂlgrgfé}s;n%é@gwc

pi ezoel ectric elenents 2 -and 3 are hardly broken even if| excef&PLVACED
acceleration is applied thereto since the acceleration detecting element Is
supported by the insulating substrate 6 in a surface contact manner. Thus,

shock resistance of tgue gli ment is extrenely inproved as conpared with

t he conventi onal ach:;iGTB?sensor. Further, the piezoelectric elenments 2
and 3 are 30

Replacec
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el ectrically connected with each other by a coupling nmenber 4 so that a

detection signal is derived fromthe sanme through el ectroflege8 “Genhict
are formed on the insulating substrate 6 14 simlarly Zﬁwh ﬁﬁﬂ-ﬁAé BEEV
accel eration sensors according to the first and second e di &Acﬂhereby

it is possible to omt lead wires. Thus, no failure is caused by breaki ng
of lead wires dissimlarly to the conventional acceleration sensor, and it

FIG.9 28¢(9¢) \:‘“:( N

is possible to
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prevent an inperfect accel eration detecting operation caused by resonance
of such lead wires. Fig. 6 is a partially fragnented perspective view
showi ng the overall structure of an acceleration sensor geeesrding to a
fourth enbodi nent of the present invention, and Fig. 7 i¢ THIS fSHEEITQﬂQ BEEN
per spective view show ng an accel eration detectlng el emeft formg g
principal part thereof. The accel erati on sensor accordi ng tO tie—+esih
enbodi ment conprises a hybrid I C substrate 21, an accel eration detecting
el ement 22, and a shi'el ding case 23 which is fixed to the surface of the
hybrld I C substrate 21 to cover only a portion around the

FIG.IT

—
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accel eration detecting elenent 22. As shown in Fig. 6, the hybrld IC
substrate 21 is formed by integrating a hybrid IC (not s L0g . a -
circuit for processing a detection signal which is outpuftld SHEEm ms BEEN
accel eration detecting el ement 22 into an insulating subgtrat eﬁ@“b | ng
prescribed thickness. The insulating substrate 24 is provided—on—++s—upper
surface with at | eas f signal deriving el ectrodes 25 and 26 whi ch
are connected with tFlG z ted hybrid I C and separated from each ot her
at- a prescribed intervatl.

//II/I///III/////I/I//Ii/'aceC



15 The accel eration detecting element 22 is arranged across the pair of

el ectrodes 25 and 26. On the ot her hand

_ : , the hybrid IC s rt-sed-f
is provided with a plurality of downwardly ‘extendi ng piniﬁﬂ$§*§F§*@$
external connection. These pin termnals 27 pass throughtihe h§ EDC

substrate 21 along the direction of its thickness, to downwardly project
fromthe sane. As shown in Fig. 7, the acceleration detecting elenent 22
has first and second plezoelectrlc el enents 28 and 29 which are

" FIG.6
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el ectrically connected with the el ectrodes 25 and 26 respectivelﬁibﬁﬁﬁ%a;;f'C)
the first and second piezoelectric elenents 28 and 29 are so fixed that

| ofer surfaces thereof are in contact with upper surfaces of the elec rﬁ%ﬁﬁ;
25 and 26. As clearly understood fromFig. 7, the first and second

pi ézoel ectric el ements 28 and 29 are polarized in directidnﬁﬁéuﬁg&gﬁiémggﬁn

are along the major surface of the insulating substrate 24
each other. The first and second piezoelectric elenents 28 4nd 29 are
coupled with each other by a coupling nmenber 30, which isjfqdrnmed SEPiI10%8 |
to the coupling nmenber 4 enployed in the first enbodinent.j This coupling

menber
TITLE OF THE INVENTION

Piezoelectric Acceleration Sensor
BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an acceleration sensor
utilizing a piezoelectric element, and more particularly, it
relates fo an acceleration sensor sﬁitably integrated intd an
air bag system which is mounted on an automobile, for example.
Description of the Background Art

| An air bag system which is carried on an automobile is
driven in response to aéceleration applied upon a collision or
the like. In order to ensure the operation of such an air bag
system, an acceleration sensor is generally integrated therein.
In relation to such an acceleration sensor, there has been
proposed a technique of employing a piezoelectric element which
ié deformed in response to acceleration applied thereto to
output an electrié signal,.as disclosed in U.S. Patent No.
4,700,973, for example.

An example of a well-known conventional acceleratioh sensor
employing a piezoelectric element is now described with’ -
reference to Figs. 16 and 17.

This acceleration sensor has a piezoelectric element 61 and
a hybrid IC 62 including a circuit for processing a detection
signal which is outputted fréom the piezoelectric element 61. An

end of the piezoelectric element 61 is fixed to a support member



30 el'ectrically connects upper surfaces 28a and 29a of tHe ,Eégﬁgﬁﬁiga
el epents 28 and 29 with each other, and applies mass to tihe QL C

el enents 28 and 29. On the other hand, |ower surfaces 28 nd 29b of the
pi ezoel ectric elenents 28 and 29 are electrically connectled t4 1 8EP 1996
af orementi oned pair of electrodes 25 and, 26. 16 The pijeZoel ectric

el emrents 28 and 29 and the signal

D

B85 which is fixed onto a metal base plate 63. A free end of the
piezoelectric element 61 is deflected by acceleration applied
along a direction C which is orthogonal to the surface of the
supﬁort member B5 supporting the piezoelectric element 81, to
output a detection signal responsive to the degree of the
acceleration.

The hybrid IC 62 is fixed onto the metal base plate 63. The:
piezoelectric element 61 and the hybrid IC 62 are electrically
connected with each other through lead wires 66. A plurality of
pin terminals 67 are mounted to downwardly extend from the metal
base plate 63 for electrically connecting the acceleration
sensor with an external unit. The piezoelectric element'SI and
the hybrid IC 62 are sealed with a cap 64 which is fixed to the
metal base plate 63.

In the afofementioned conventional acceleration sensor, the
piezoelectric element B1 is supported by the support member 65 in
a cantilever manner, so that the piézoelectric element 61 is
bent?d?formed in response to the acceleration applied thereto.
When extremely large acceleration is applied, therefore, the
free end portion of the piezoelectric element 61 is remarkably
swung. Consequently, the piezoelectric element 61 itself may be
broken when the same is exposed to extremely large acceleration
or impact of about 2000 G, for example.

While the piezoelectric element 61 and the hybrid IC 62 are

connected with each other by the plurality of lead wires 66 in



deriving el ectrodes 25 and 26 are fixed to each other through a conductlve
adhesi ve, while the coupling nmenber 30 is also fixed topg
28a and 29a of the piezoelectric el ements 28 and 29 t hr quBBPIEACEMENT CSHEET |
adhesive or the like. The piezoelectric elenents 28 and {29y be pof V4
reversely to the directions Alerr] and Alerr] shown in Hi(. { p;@; t
coupling nenber 30 nmay be forned by a nonconductive mat dr ilal gu@ﬁ éi
ceram cs so that a conductive |ayer is foPmed on its | olel-sucface,

simlarly to the first embodinent. Referring again to Filg. 6, the shieldi
case 23, which is nade of a nmetal or synthetic resin, is—mthefornmrof—=a

the aforementioned acceleration sensor, the lead wires 66 may be
broken due to metal fatigue caused by vibration. In order to
prevent such disconnection, it may be effective to increase the
diameters of the lead wires 66 thereby improving strength. In
this case, however, the lead wires 66 may resonate with vibration
following acceleration, to exert a bad influence on the
acceleration detecting operation of the piezoelectric element
61.

In the aforementioned acceleration sensor detecting the
acceleration along the direction C shown in Fig. 17, further, it
is necessary to provide a strong structure in the portion
supporting the piezdelectric element 61 so that this portion is
not deflected by acceleration. Thus, the piezoelectric element
81 and the hybrid IC 62 are mounted on the metal base plate 63,
which in turn closes an opening surface of the cap 64. In such a
structure using the heavy and high-priced metal base plate 863,
however, the overall accelerétion sensor is increased in size
whilg the acceleration sensor itself must be strongly mounted on
a target of measurement, and hence the cost is extremely
increased.

SUMMARY OF THE INVENTION

The present invention has been proposed in order to solve
the aforementioned problems of the conventional acceleration
sensor, and an object thereof is to provide an acceleration

sensor having small dimensions as a whole, which can improve

D Qo



rectangul ar tube. This shielding case 23 is fixed to the_mmjor surface of

the hybrid substrate 21 through an insul ating adhesive ( ﬁWMQ -
|l i ke, to cover only a portion provided with the pair of (REPEN oot WPS‘HEW

el ements 28 and 29 and the coupling nenber 30 formng t e acceleration
detecting el enent 22. The shielding case 23 may not nec ssarﬂfbsﬁg'ﬁgéd
since the sane is nounted in response td working conditijons_of the
accel eration sensor etc. Wien acceleration externally adts along the
direction of arrangenent of the first and second pi ezoellecticelegents 2

and 29, i.e., along arrow A shown in Fig. 7 in the acceleration

shock resistance of an acceleration detecting element even if a
member having relatively low rigidity is employed, with no
necessity for lead wires and a metai base plate.

According to a wide aspect of the present invention,
provided is an acceleration sensor which comprises an insulating
substrate having a pair of signal defiving~e1ectrodes provided
on its one major surface and an acceleration detecting element
fixed on the major surface of the insulating substrate to be
electrically connected to the pair of electrodes. The
acceleration detecting element has first and second
piezoelectric elements, having a pair of facing end surfaces,
which are directly or indirectly coupled to each other and
polarized in reverse directions. One end surfaces of the first
and second piezoelectric elements are electrically connected to
the pair of signal deriving electrodes respectively while other
end surfaces, being opposite to the first end surfaces, of the
first and secohd piezoelectric elements are electrically
connected wi;h each other.

The first and second piezoelectric elemeﬁts may be
polarized in directions parallel to the major surface of the
insulating substrate, or orthogonal to the insulating substrate.

According to the present invention, the acceleration
detecting element is fixed to the insulating substrate through
the signal deriving electrodés, whereby the acceleration

detecting element is hardly broken even if extremely large



sensor according to the fourth enbodi nent, opposite-polarity charges are
generated on the fixed end surfaces, i.e., the | ower —STT
28b of the first and second piezoelectric el ements 28 gn&EBOAGMENTPHEET:
~the first enbodinent, to be derived thgough the pair off Jignal derrvin
el ectrodes 25 and 26. Thus, the direction and the degrqge |of WhSEPJP?6
2 etecte

accel eration acting on the accel eration detecting el engnt are
simlarly to

acceleration is applied to the acceleration sensor. Further, a
detection signal outputted from the acceleration detecting
element is dérived by the pair of signal deriving electrodes, to
cause substantially no failure such as disconnection
dissimilarly to the conventional acceleration sensor using lead
wires.

When the first and second piezoelectric elements are
polarized in directions along the major surface of the
insulating substrate, acceieration acting along the direction of
polarization of each piezoelectric element is detected. Thus,
deformation or deflection of the insulating substrate is allowed
to some extent in a direction orthogonal to a support surface for
the piézoelectric elements, whereby it is not necessafy to
strongly form the insulating substrate as compared with the

- conventional acceleration sensor.

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

BRIﬁF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partially fragmented perspective view showing
the overall structure of an acceleration sensor according to a
first embodiment of the present invention;

Fig. 2 is an enlarged perspective view showing a principal

part of the acceleration sensor shown in Fig. 1;



the first enmbodinment. Also in the fourth enbodi nent, the hybrid IC
substrate 21 is hardly deforned by the acceleration to _ —
this acceleration acts in the direction A which is pardl REPLACEMBNG S!dﬁEﬂ'a
of the hybrid I C substrate 21. Even if an accelerationjc pUHeHL acts 1in
direction which is different fromthat along arrow A tdq ge g,p§EPeﬁB¥ ni g
| C substrate 21, such deformation is caugsed along a dirfedti

different fromthose of distortion of the piezoelectriqg € 49
in detection of the acceleration. Therefore, the accel ratlon detectlng
operation of the piezoelectric elenents 28 and 29 is not—rueh

Fig. 3 is an enlarged perspective view showing a
modification of the principal part of the acceleration sensor
shown in Fig. 2;

Fig. 4 is a partially fragmented perspective view showing
an acceleration sensor according to a second embodiment of the
present invention;

Fig. 5 is an enlarged perspective view showing a principal
part of an acceleration sensor according to a third embodiment of
the present invention;

Fig. 6 is a partially fragmented perspective view showing
the overall structure of an acceleration sensor accbrding to a
fourth embodiment of the present invention;

Fig. 7 is an enlarged perspective view showing a principal
part of the acceleration sensor shown in Fig. 8;

Fig. 8 is a perspective view showing a modification of an
acceleration detecting element;

_Fig. 9 is a perspgctive view showing another modification
of tge acceleration detecting element;

Fig. 10 is a perspective view schematically showing the
structure of an acceleration sensor according to a fifth
embodiment of the present invention;

Fig. 11 is a perspective view schematically showing still
another modification of the acceleration detecting element;

Fig. 12 is a perspective view schematically showing a |

further modification of the acceleration detecting ‘element;



i nfl uenced by such deformation. Thus, it is not necess
inprove rigidity of the hybrid IC substrate 21 or stronfg §P|s‘\ﬁ|EWN1T SHE{T
sane. Figs. 8 and 9 show nodifications of the aforenenfi

detecting elenent 22. In an acceleration detecting ele éérﬁﬁ*%n :
8, .first and second piezoelectric elenents 28 and 29 afe coupl eagh
p

ot her by a coupling nenber 30, while support nenbers 3
to outer sides of the piezoelectric elenents

Fig. 13 is a perspective view schematically showing a
further modification of the acceleration detecting element;

Fig. 14 is a perspective view schematically showing a
further modification of the acceleration detecting element;

Fig. 15 is a perspective view schematically showing a
further modification of the acceleration detecting element;

Fig. 16 is a plan sectional view showing an example of a
conventional acceleratien sensor; and

Fig. 17 is a sectional view taken along the line D - D in
Fig. 18.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Figs. 1 to 3 are adapted to illustrate a first embodiment of

the present invention. Fig. 1 is a partially fragmented
perspective view showing the overall structure of an
acceleration sensor, Fig. 2 is an enlarged perspective view
showing a principal part thereof, and Fig. 3 is an enlarged
perspective view showing a modification of the principal part.

In the acceleration sensor according to the present

invention, an acceleration detecting element which is formed by

a pair of piezoelectric elements 2 and 3 and a coupling member 41

is arranged on a hybrid IC substrate 1, as shown in Fig. 1. A
case 5 is mounted to cover the upper surface of the hybrid IC

substrate 1, so that the acceleration detecting element is

sealed in a space defined by the hybrid IC substrate 1 and the _

case 5.



18 28 and 29. Wile the first and second piezoelectric el eqents 28 and 29 -
are polarized in directions Alerr] and Alerr] which are r VﬁEPEﬂ $HEET
M"I i

ot her along the nmajor surface of an insulating substrate
Fig. 8, both end surfaces of the first and second piezoel
anc 29 are orthogonal to the insulating suypstrate 24. In
pi ezoel ectric elenents 28 and 29 are so arranged that bot

14

ct
th

h

ric elements 28
er 1 oSER 1994 e

nd surfaces

t hereof are orthogonally directed to the insulating substijate 24. Tnnér end}
surfaces 28a and 29a of the piezoelectric elenents 28 and:29 :

While a pair of facing end surfaces of the first and second

piezoelectric elements are provided with electrodes throughout

the specification, it is noted that such electrodes are omitted

in Figs. 1 to 10 for simplifying illustration.

The hybrid IC substrate 1 is formed by integrating a hybrid

IC (not shown) into an insulating substrate 6 having a prescribed

thickness. The lower surface of the insulating substrate 6 is

filled up with mold resin 7, in order to seal the aforementioned

space defined by the hybrid IC substrate 1 and the case 5.

The insulating substrate 6 is provided on its upper surface

with at least a pair of signal deriving electrodes 8 and 9 which

are electrically connected with the hybrid IC integrated

therein. Further, a plurality of downwardly extending pin

terminals 10 are mounted on the hybrid IC substrate 1. The

plurality of pin terminals 10 are provided to electrically

connect the acceleration sensor with an external unit.

The hybrid IC may be formed independently of the insulating

substrate 6, although such a structure is not shown in the

figures. For example, a separately prepared hybrid IC may be

mounted on the lower surface of the insulating substrate 8.

The insulating substrate 6 forming the hybrid IC substrate

1 is provided on its upper surface with the pair of signal

deriving electrodes 8 and 9 which are separated at a prescribed

interval. The first and second piezoelectric elements 2 and 3

are bonded onto the electrodes 8 and 9 respectively.

These




are coupled with each other by the coupling menber 30, wHi |R‘§_P5ME§{!_EI\Q'”§HEET
surfaces 28b and 29b thereof are coupled with the support nbers 31 and
32. The coupling nenber 30 is formed by a conductive naterlal10[sgpn993r|al_
havi'ng conductive surfaces, which is capable of applying |a{certain degr eg
of .mass to the piezoelectric el ements 28 and 29, simlarlly g
menber 30 shown in Fig. 7. The support nenbers 31 and 32 jare al so fornmed by
a conductive material or a material having conductive surfaces. TRUS, the
i nner end surfaces 28a and 29a of the piezoelectric elenents 28 and 29 are
electrically connected with each other by the coupling

piezoelectric elements 2 and 3 are polarized in directions shown

by arrows A; and A, in Fig. 2 respectively. These directions Aq
and A; are along the major surface of the insulating substrate 6,
and reverse to each other.

According to this embodiment, the coupling member 4 is
formed by a metal block of a metal such as a nickel alloy. This
coupling member 4 may alternatively be formed by another
conductive material in place of a metal.

The coupling member 4 is arranged over the piezoelectric
elements 2 and 3 and fixed to the upper surfaces thereof so that
its lower surface is in contact with the upper surfaces of the
first and second piezoelectric elements 2 and 3. Since the
coupling member 4 is formed by a conductive material as described
above, the upper surfaces of the first and second piezoelectric
elements 2 and 3 are electrically connected with each other
through the coupling member 4.

According to this embodiment, the coupling member 4 is
formeq by a metal block as described above, in order to apply
mass of a certain degree to the first and second piezoelectric
elements 2 and 3. This coupling member 4 may alternatively be
formed by a non-conductive material so far as the same can serve
as a mass applying member. In this case, a conductive layer may
be provided on the lower surface of the coupling member 4, to
electrically connect the piezoelectric elements 2 and 3 with

'each other.



Qo

nmenber 30, while the outer end surfaces 28b and 29b t her goft~are

el ectrically connected to el ectrodes 25 and 26 through t1eR§ﬂ$ﬁEMENﬁéﬁﬁETS
31 and 32 respectively. The accel eration detecting el enept [ZZ ShowrTm+ g
8 perforns an acceleration detecting operation simlarlyfjtp t{lt éH%
shown in Fig. 7 when acceleration acts al'ong a direction mh|QQQ&J
orthogonal to that of arrangenent of the piezoelectric

The case 5 is formed by working a metal thin plate or the
like into a rectangular parallelopiped having an opening in its
lower portion, as shown in Fig. 1. This case 5 is so sized as to
receive the insulating substrate 6 therein. The insulating
substrate 6 is inserted in the case 5 from the opening provided
in its lower portion as shown in Fig. 1, so that the
piezoelectric elements 2 and 3 and the coupling member 4 are
arranged in the space defined by the case 5 and the insulating
subsfrate 6. The lower opening of the case 5 is sealed with the
aforementioned mold resin 7.

When acceleration externally acts along arrow A (see Fig.
2) in the direction of arrangement of the piezoelectric elements
2 and 3, the coupling member 4 is swung along the acceleration
acting direction A. Consequently, the coupling member 4 is moved
along the major surface of the insulating substrate 6, whereby
the first and second piezoelectric elements 2 and 3 arranged
between the coupling member 4 énd the insulating substrate 6 are
so dispdrted that opposite-polarity charges are generated on
both end surfaces, i.e., upper and lower surfaces of the
piezoelectric elements 2 and 3. Assuming that positive charges
are generated on the upper surfaée of the first piezoelectric
element 2, negative charges are generated on that of the second
piezoelectric element 3 since the piezoelectric elements are
reversely polarized and displaced surfaces, i.e., the upper

surfaces thereof are electrically connected with each other



el ements 28 and 29. Also in the acceleration detecting el e'ﬁﬁA@E‘ﬁﬁﬂogﬁEﬁT”
Fig. 8, the coupling nenber 30 having a certain degree of : a\VI=Ta

response to the acceleration acting along the direction H, erebE
opposi te-polarity charges are generated on the fixed end |surf 4ckSEPS9%Nnc

29b of the

pi ezoel ectric elenents 28 and 129 so that a signd responsive tjo

t he- charges is derived fromthe el ectrodes 25 and 26. In fan acceleration
detecting elenment 22 shown in Fig. 9, on the other hand, ifirst _and second
pi ezoel ectric elenents 28 and 29 are in the form of el ongated rectangul ar

pl ate type
I nt egrated

menbers, first end surfaces of which are directly coupled to be

through the coupling member 4, whereby the positive and negative
charges are canceled by conduction through the coupling member
4. Since the piezoelectric elements 2 and 3 are connected in
series across the electrodes 8 and 9, the electrodes 8 and 9
derive the charges generated on the fixed end surfaces, i.e., the
lower surfaces of the piezoelectric elements 2 and 3, thereby
detecting the direction and the degree of the acceleration
acfing on the acceleration sensor.

According to the fifst embodiment, the insulating substrate
6 is hardly deformed by the acceleration to be detected since the
acceleration acts in the direction A along the méjor-surface of.
the insulating substrate 8. Even if the insulating substrate 8
is deformed by an acceleratibn component acting in a direction
different from the above, such deformation is caused along a
direction which is different from that of distortion of the
piezoelectric elements 2 and 3 in detection of the acceleration.
Thus’ the acceleration detecting operation by the piezoelectric
elements 2 and 3 is not much influenced by such deformation.
According to this embodiment, therefore, the insulating
substrate 6 may not be prepared from a material having High
rigidity, and it is not necessary to provide a structure for
strongly supporting the insulating substrate 6 -and the
acceleration sensor. .

The first and second piézoelectric elements 2 and 3 may be

' polarized in directions reverse to those shown in Fig. 2. 1In



wi th each other. The first and second piezoelectric elenents 28 and 29 are
pol arized in directions Alerr] and Alerr] which are parallel to the ngjor
surface of an insulating substrate 24 as shown in Fig. [0,

directions Alerr] and Alerr] are reverse to each other. Léé@w%ﬁeﬁwﬁﬁces
28d and 29d of the first and second pifzoelectric el engntjs 28 and 29 arle
respectively bonded with conductive support nenbers 33 jJand 341 S&R HRsarle
electrically connected with and fixed to el ectrodes 25 Janid 26 respecti Veljy.
The conductive support nmenbers 33 and 34 are bonded onl] P i gh,
are close to both ends of the first and second piezoelgctric elenents 28

and 29, so t aért$§% §¥“€ﬁ§ p@%&%@&%%t

ic elements 2 and 3 may be polarized
along arrows Ap and Ay respectively.

Alternatively, the piezoelectric elements 2 and 3 may be
polarized in directions A; and A, which are orthogonal to the
direction of arrangement of the piezoelectric elements 2 and 3,
aé shown in Fig. 3. In this case, acceleration acts in a
direction A perpendicular to that of arrangement of the
piezoelectric elements 2 and 3.

Fig. 4 is a partially fragmented perspective view showing
the overall structure of an acceleration sensor according to a
second embodiment of the present invention. The acceleration
sensor according to the second embodimént is formed by a surface

| mounting type hybrid IC substrate 1. This hybrid IC substrate 1
is sealed in a space which is defined by a metal base plate 12 and
a case 11 connected thereto.

According to this embodiment, not only first and second
piezoelectric elements 2 ana 3 and a coupling member 4 but
anotﬁgr electronic component 13 and the like are mounted on the
upper surface of an.insulating substrate 6 forming the hybrid IC
substrate 1. Other structures of this embodiment are similar to
thosé of the aforementioned first embodiment. Therefore,
corresponding elements are denoted by the same reference
numerals, to omit redundant description. The acceleration
detecting operation of the adceleration sensor according to this

embodiment is also similar to that of the first embodiment.



the first and second piezoelectric elements 28 and 29 ar
Wien accel eration acts along arrow A, therefore, the cer
the first and second piezoelectric elenments 28 and 29 arj
opposite-polarity charges are generated on the outer en
29d thereof and a signal caused by the opgosite—polarit

fromthe el ectrodes 25 and 26. '
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Fig. 5 is an enlarged perspective view showing a principal

part of an acceleration sensor according to a third embodiment of

the present invention. In this embodiment, first and second

piezoelectric elements 2 and 3 are polarized in directions

orthogonal to the major surface of an insulating substrate 6.

Namely, the piezoelectric elements 2 and 3 are polarized in

directions B; and By which are orthogonal to the major surface of

the insulating substrate 6 and reverse to each other. Thus, it

is possible to detect acceleration acting in a vertical

direction B which is orthogonal to the insulating substrate 6.
According to the third embodiment, it is necessary to improve

rigidity of the insulating substrate 6 and strongly support the

same since the acceleration to be detected acts along the
direction for deflecting the insulating substrate 6.
Also in the third embodiment, the first and second

piezoelectric elements 2 and 3 are hardly broken even if

excessive acceleration is applied thereto since the acceleration

detegting element is supported by the insulating substrate 6 in a

surface contact manner. Thus, shock resistance of this
embodiment is extremely improved as compared with the
conventional acceleration sensor.

Further, the piezoelectric elements 2 and 3 are

electrically connected with each other by a coupling member 4 so

that a detection signal is dérived from the same through

electrodes 8 and 9 which are formed on the insulating substrate 6

t

d



Also in the nodified accel eration detecting el ement shown in Fig. 8 or 9,
the acceleration acts in the direction along the major spface—ei—the
hybrid | C substrate 21, whereby the insul ating substrat e| 2RERUAGEMBNT ISHEET d
| C substrate 21 are hardly deformed uponiépplication of acgeteratrton.
Fusther, no lead wires are required since the accelerati¢n dﬁq pq 096
elenent 22 is directly fixed to the el ectrodes 25 and 26) $int §$¢y ? t
first enbodi ment. Thus, the acceleration sensor is free {ram-di-sconrectibn
caused by lead wires and a nmal functi on caused by resonan¢e of such | ead

wires. Fig. 10 is a perspective view showi ng a schenati c “structure
similarly to the acceleration sensors according to the first and

second embodiments, whereby it is possible to omit lead wires.
Thus, no failure is caused by breaking of lead wires dissimilarly
to the conventional acceleration sensor, and it is possible to
prevent an imperfect acceleration detecting operation caused by
resonance of such lead wireé.

Fig. 6 is a partially fragmented perspective view showing
the overall structure of an acceleration sensor according to a
fourth embodiment of the present invention, and Fig. 7 is an
enlarged perspective view showing an acceleration detecting
element formiﬁg a principal part thereof.

The acceleration sensor according to the fourth embodiment
comprises a hybrid IC substrate 21, an acceleration detecting
element 22, and a shielding case 23 which is fixed to the surface
of the hybrid IC substrate 21 to cover only a portion around the
acceleration detecting element 22. N

As shown in Fig. 6, fhe hybrid IC substrate 21 is formed by
inteégating a hybrid IC (not shown) including a circuit for
processing a detection signal which is outputted from the
acceleration detecting element 22 into an insulating substrate
24 having a prescribed thickness. The insulating subétrate 24 is
provided on its upper surface with at least a pair of signal
deriving electrodes 25 and 26 which are connected with. the
integrated hybrid IC and sépérated from éach other at a

prescribed interval.



of an accel eration sensor 41 according to a fifth enbodi mrent of the present
Lzyentiaﬂ. Ehis accel eration sensor 41 is fornmed by an insulating substrate
, on which an acceleration detecting elenment 42 and Maj, et
conponents 43 containing a circuit for processing a sign Egﬁﬁﬁﬁyﬁmﬁpéﬁﬁﬁgr
the acceleration detecting el enent 42 ayg nounted. A ndgcqgssary
i nterconnection pattern (not shown) is forned on the insyl alih8EPUIE6T t 4
44 by thick filmprinting or the like. Electrodes of the faccel eration

N

The acceleration detecting element 22 is a}ranéed across
the pair of electfodes 25 and 26. On the other hand, the hybrid
IC substrate 21 itself is provided with a plurality of downwardly
extending pin terminals 27 for external connection. These pin
terminals 27 pass through the hybrid IC substrate 21 along the

- direction of its thickness, to downwardly project from the same.

As shown in Fig. 7, the acceleration detecting element 22
has first and second piezoelectric elements 28 and 29 which are
electrically connected with the electrodes 25 and 26
respectively. Namely, the first and second piezoelectric
elements 28 and 29 are so fixed that lower surfaces thereof are
in contact with upper surfaces of the electrodes 25 and 26. As
clearly understood from Fig. 7, the first and second
piezoelectric elements 28 and 29 are polarized in directions Ay
and A, which are along the major surface of the insulating
substrate 24 and reverse to each other. The first and second
piezoelectric elements 28 and 29 are coupled with each other by a
coupling member 30, which'is formed similarly to the coupling
member 4 employed in the first embodiment. This coupling member
30 electrically connects upper surfaces 28a and 29a of the
piezoelectric elements 28 and 29 with each other, and applies
mass to the piezoelectric elements 28 and 29.

On the other hand, lower surfaces 28b and 29b of the
piezoelectric elements 28 and 29 are electrically connected to

‘the aforementioned pair of electrodes 25 and 26.



REPLACEMENT SHEET 21 detecting el enment 42 and the various electronic
conponents 43 are nounted on this interconnection patje ]
with a conductive adhesive. The interconnection pa?te nﬁﬂugpﬁﬂgaﬁgﬁﬁ
signal deriving el ectrodes which are electrically conpetted to the

acgel eration detecting el ement 42, simlarly to the f]rkt %t SERII994
enbodi ments. Fig. 11 is a perspective vi ewsshowi ng thle fccel eration

detecting el enment 42 which is enployed in the accel erfati on sensor 41
according to this enbodi nent. The accel eration

»)
L)
=

The piezoelectric elements 28 and 29 and the signal
deriving electrodes 25 and 26 are fixed to each other through a
conductive adhesive, while the coupling member 30 is also fixed
to the upper surfaces 28a and 29a of the piezoelectric elements
28 and 29 through a conduétive adhesive or the like.

The piezoelectric elements 28 and 29 may be polarized
reversely to the directions Ay and A, shown in Fig. 7. Further,
the coupling member 30 may be formed by a nonconductive material
such as a ceramics so that a conductive layer is formed on its
lower surface, similarly to the first embodiment.

Referring again to Fig. 6, the shielding case 23, which is
made of a metal or synthetic resin, is in the form of a
rectangular tube. This shielding case 23 is fixed to the major
surface of the hybrid substrate 21 through an insulating .
adhesive (not shown) or the like, to cover only a portion
provided with the pair of piezoelectric elements 28 and 29 and
the coupling member 30 forming the acceleration detecting
eleméqt 22. The shielding case 23 may not necessarily be used
since the same is mounted in response to working conditions of
the acceleration sensor etc.

Whén acceleration externally acts along the direction of
arrangement of the first and second piezoelectric elements 28
and 29, i.e., along arrow A shown in Fig. 7 in the aéceleration
sensor according to the fourth embodiment, opposite-polarity

charges are generated on the fixed end surfaces, i.e., the lower



detecting elenment 42 is provided with first and second pig

tric

el ements 46 and 47, which are arranged along a direction dREPkﬂO@NENWrsuggr

e. g ,
ot her.

ot her.

orthogonal to an acceleration acting direction A,
The first and second piezoelectric elenments 46 and 4 zed

in:directions along the acceleration atling direction A fe er 3I§€?3&@$01
Referring to Fig. 11, synmbols Alerr] and Alerr] denate the

nda UUIIUUU to—eag

directions of polarization of the first and second piezo lectric elenents

46 and 47 respectively. In Fig. 11, an electrode -48 is formet—by—bond-rg—
el ectrodes which are forned on one end surfaces of the piezoelectric

surfaces 28b and 29b of the first and second piezoelectric
elements 28 and 29 similarly to the first embodiment, to be
derived through the pair of signal deriving electrodes 25 and 26.
Thus, the direction and the degree of the acceleration acting on
the acceleration detecting element 22 are detected similarly to
the first embodiment.

Also in the fourth embodiment, the hybrid IC substrate 21 is
hardly deformed by the acceleration to be detected, since this
acceleration acts in the direction A which is parallel to the
surface of the hybrid IC substrate 21. Even if an acceleration
component acts in a direction which is different from that along
arrow A to deform the hybrid IC substrate 21, such deformation is
caused along a direction which is different from those of
distortion of the piezoelectric elements 28 and 29 in detection
of the acceleration. Therefore, the acceleration detecting
operation of the piezoelectric elements 28 and 29 is not much
influenced by such deformation. Thus, it is not necessary to
particglarly improve rigidity of the hybrid IC substrate 21 of
strongly support the same.

Figs. 8_and 9 show modifications of the aforementioned
acceleration detecting element 22.

In an acceleration detecting elemenf 22 shown in Fig. 8,
first and second piezoelectric elements 28 and 29 are coupled
with each other by a coupling member 30, while support members 31

and 32 are coupled to outer sides of the piezoelectric elements



el ements 46 and 47 with each other through a conductive agﬁ'pgj\ﬁggwsﬂm
ot her hand, electrodes 48a and 48b are forned on other gn he
first and second piezoelectric elenments 46 and 47 respedtijely. The

af orement i oned accel eration detecting el ement 42 serves 24 L SEPII%6

so-cal | ed shearing type piezoelectriciglenment, so that disfortion is causd
by acceleration in a direction displaced in

28 and 28. While the first and second piezoelectric elements 28
and 29 are polarized in directions Ay and Ap which are reverse to
each other along the major surface of an insulating substrate 24
as shown in Fig. 8, both end surfaces of the first and second
piezoelectric elements 28 and 29 are orthogonal to the
insulating substrate 24. In other words, the piezoelectric
elements 28 and 29 are so arranged that both end surfaces thereof
are orthogonally directed to the insulating substrate 24. Inner
end surfaces 28a and 29a of the piezoelectric elements 28 and 29
are coupled with each other by the coupling member 30, while
outer end surfaces 28b and 29b thereof are coupled with the
support members 31 and 32. |

The coupling member 30 is formed by a conductive material or
a material having conductive surfaces, which is capable of
applying a certain degree of mass to the piezoelectric elements
28 and 29, similarly to the coupling member 30 shown in Fig. 7.
The support ﬁembers 31 and 32 are also formed by a conductive
materﬁal or -a material having conductive surfaées. Thus, the
inner end surfaces 28a and 29a of the piezoelectric elements 28
and 29 are electrically connected with each other by the coupling
member 30, while the outer end surfaces 28b and 29b thereof are
electrically connected to electrodes 25 and 26 through the
support members 31 and 32 respectively.

The acceleration detecting element 22 shown in Fig. 8

performs an acceleration detecting operation similarly to that



a pldane which is parallel to an electrical axis. Wen acc
applied to the acceleration detecting el ement 42, therefo
signal which is proportional to the direction and the degi
acceleration is outputted fromthe el ectrodes 48a and 48b
sides thereof. This output signal is prgcessed by the ele
43 through the interconnection pattern which is fornmed on
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substrate 44 shown in Fig. 10. As herei nabove described, the

S

i nterconnection pattern includes a pair of signal deriving electrodes,
which are electrically connected with the el ectrodes 48a and 48b of the

accel erati gp et eatEgY 6 QAR afleleration acts along a direction B which

is orfhogonal to that of arrangement of the piezoelectric

elements 28 and 29. Also in the acceleration detecting element

22 shown in Fig. 8, the coupling member 30 having a certain

degree of mass is moved in response to the acceleration acting

along the direction B, whereby opposite-polarity charges are

generated on the fixed end surfaces 28b and 29b of the

piezoelectric elements 28 and 29 so that a signal responsive to

the charges is derived from the electrodes 25 and 28.

In an acceleration detecting'element 22 shown in Fig. 9, on

the other hand, first and second piezoelectric elements 28 and 29

are in the form of elongated rectangular plate type members,

first end surfaces of which are directly coupled to be integrated

with each other. The first and second piezoelectric elements 28

and 29 are polarized in directions Aq and Ao which are parallel

to the major surface of an insulating substrate 24 as shown in

Fig. 9, while the directions A; and A, are reverse to each other.

Outer end surfaces 28d and 28d of the first and second

piezoelectric elements 28 and 29 are respectively bonded with

conductive support members 33 and 34, which are electrically

connected with and fixed to electrodes 25 and 26 respectively.

The conductive support members 33 and 34 are bonded only in

portions which are close to both ends of the first and second

piezoelectric elements 28 and 28, so that the central portions of

the first and second piezoelectric elements 28 and 29 are




respectlvely Except the structure of the acceleration detecting el enent

42,

pattern,

t he accel erati on sensor of this enbodi nrent can be fo nﬁgrEﬁ EN]
the first to fourth enbodi nents, and hence redundant desqride IA&NA ﬁ'éﬂéﬁ?

omtted. Since the el ectrodes 48a and 2@b provi ded on bp'h si des of the
aceel eration detecting el enent 42 are supported by the inteércbin8EPiB9s
a clearance is defined between the | ower surfac f the body of

the acceleration detecting elenent 42 and the insulatingfsubstrate 44,7 t0
ensure a vibration space for the acceleration detecting elenent 42,  1n_the

accel eration sensor according to the fifth

deformable. When acceleration acts along arrow A, therefore,
the central porfions of.the first and second piezoelectric
elements 28 and_29 are so deflected that opposite-polarity
charges are generated on the outer end surfaces 28d and 29d
thereof and a signal caused by the opposite-polarity charges is
derived from the electrodes 25 and 28.

Also in the modified acceleration detecting element shown
in Fig. 8 or 8, the acceleration acts in the direction along the
major surface of the hybrid IC substratel21, whereby the
insulating substrate 24 and the hybrid IC substrate 21 are hardly
deformed upon application of acceleration. Further, no lead
wires are required since the acceleration detecting element 22
is directly fixed to the electrodes 25 and 26, similarly to the
first embodiment. Thus, the acceleration sensor is free from
disconnection caused by lead wires and a malfunction caused by
resonance of such lead wires.

Fig. 10 is a perspective view showing a schematic structure

of an. acceleratlon sensor 41 accordlng to a flfth embodiment of

the present invention. This acceleration sensor 41 is formed by

an insulating substrate 44, on which an acceleration detecting
element 42 and various electronic components 43 containing a
circuit for processing a signal outputted from the acceleration
detecting element 42 are mounted. A necessary interconnection
pattern (not shown) is formed on the insulating substrate 44 by

thick film printing or the like. Electrodes of the acceleration
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enbodi ment, the acceleration detecting elenment 42 is diT] ﬁi 23—1x

to the signal deriving el ectrodes provided in the inte cggﬂé%EWENTﬁﬁﬁEEr
m?ereby it is possible to electrically connect the accgl ¢gration detectin
element 42 to the signal processing circuit with no enpl pympntgEp d
wites. Therefore, neither breaking of |eadiwi res nor cha acteristi‘i%%a
deterioration resulting fromresonance of lead wires i 11t
t he

QU I

detecting element 42 and the various electronic components 43
are mounted dn this interconnection pattern by soldering or with
a conductive adhesive. The interconnection pattern includes a
pair of signal deriving electrodes_which are electrically
connected to the acceleration detecting element 42, similarly to
the first to fourth embodiments.

Fig. 11 is a perspective view showing the acceleration
detecting element 42 which is employed in the acceleration
sensor 41 according to this embodiment. The acceleration
detecting element 42 is provided with first and second
piezoelectric elements 46 and 47, which are arranged along a
direction different from, e.g., orthogonal to an acceleration
acting direction A, and bonded to each other. The first and
second piezoelectric elements 46 and 47 are polarized in
directions along the acceleration acting direction A reversely
to each other. Referring to Fig. 11, symbols A, and A, denote
the directions of polarization of the first and second
piezée}ectric elements 46 and 47 respectively.

In Fig. 11, an electrode 48 is formed by bonding electrodes
which are formed on one end surfaces of the piezoelectric
elements 48 and 47 with each other through a conductive adhesive.
On the other hand, electrodes 48a and 48b are formed on other end
surfaces of the first and second piezoelectric elements 46 and 47
respectively.

The aforementioned acceleration detecting element 42 serves

*



first to fourth enbodi nents. Further, the first and sec
el ements 46 and 47 are polarized in the directions al ong
acting direction Ato formthe accel eration detecting el
so-cal l ed shearing type one, whereby iJ,is possible to f
sepnsor by nmounting the accel eration detecting el ement 42
substrate as a single conponent, as described above. Thy
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pyroel ectric noise as well as different axis sensitivity

it is possible to inprove nechani cal hardness while sinplifying the

accel eration sensor in structure and mniaturizing the s

ane.

as the so-called shearing type piezoelectric element, so that

distortion is caused by acceleration in a direction displaced in

a plane which is parallel to an electrical axis

. When

acceleration is applied to the acceleration detecting element

42, therefore, a voltage signal which is proportional to the

direction and the degree of the acceleration is outputted from

the electrodes 48a and 48b provided on both sid

es thereof. This

output signal is processed by the electronic components 43

through the interconnection pattern which is formed on the

insulated substrate 44 shown in Fig. 10. As hereinabove

described, the interconnection pattern includes a pair of signal

deriving electrodes, which are electrically connected with the

electrodes 48a and 48b of the acceleration detecting element 42

respectively. Except the structure of the acceleration

detecting element 42, the acceleration sensor of this embodiment

can be formed similarly to the first to fourth embodiments, and

hence redundant description is omitted.

‘Since the electrodes 48a and 48b provided

on both sides of

. the acceleration detecting element 42 are supported by the

interconnection pattern, a clearance is defined between the

lower surface of the body of the acceleration detecting element

42 and the insulating substrate 44, to ensure a

for the acceleration detecting-element 42.

vibration space

In the acceleration sensor according to the fifth

embodiment, the acceleration detecting element

42 is directly



Figs. 12 to 15 are perspective views showi ng nodificat Oﬁﬁ?
accel eration detecting elenment enployed in the fifth epbadi Qﬁ&EﬁféHEET

correspondence to Fig. 11. An accel eration detecting e|efrent 42 shown | n
Fig. 12 is different fromthat shown in Figg 11 only ih p pof i8ER 1296
coupling nenmber 49 is interposed between firtst and secpnfl pi ezoel ectri

el ements 46 and 47. The coupling nmenber 49 can be fornpd by a materrtal
simlar to that for the coupling nmenber 30 . :

fixed to the signal deriving electrodes provided in the
interconnection pattern, whereby it is possible to electrically
connect the acceleration detecting element 42 to the signal
processing circuit with no employment of lead wires. Therefore,
neither breaking of lead wires nor characteristic deterioration
resulting from resonance of lead wires is caused similarly to the
first to fourth embodiments. Further, the first and second
piezoelectric elements 46 and 47 are polarized in the directions
along the acceleration acting direction A to form the
acceleration detecting element 42 as the so-called shearing type
one, whereby it is possible to form an acceleration sensor by
mounting the acceleration detecting element 42 on an insulating
substrate as a single component, as described above. Thus,
generation of pyroelectric noise as well as different axis
sensitivity can be reduced and it is possible to improve
mechanical hardness while simplifying the acceleration sensor in
structure and miniaturizing the same.

;ﬁigs. 12 to 15 are perspective views showing modifications
of the acceleration detecting element employed in the fifth
embodiment, in correspondence to Fig. 11,

An acceleration detecting element 42 shown in Fig. 12 is
different from that shown in Fig. 11 only in a point that a
coupling member 49 is interposed between first and second
piezoelectric elements 46 and 47. The coupling member 49 can be

formed by a material similar to that for the coupling member 30



24 shown in Fig. 8, i.e., a netal or an insulating nate.IREpL
are covered with conductive films. This coupling nenber

t
and second piezoel ectric el ements 46 and 4 with each dther 1 ﬁﬁﬁpbﬂﬁblln
menber 49 nust be fornmed by a material having a certai eqree of nmss,
that the sane is noved in a direction A when acceleratijon acts 1n this
direction A, whereby the piezoelectric elements 46 and 4Z-are.distorted dnd
an electrical signal responsive to the direction and the degree of the
acceleration is outputted from el ectrodes

shown in Fig. 8, i.e., a metal or an insulating material whose

(DO

surfaces are covered with conductive films. This coupling
member 49 electrically connects electrodes 48 which are formed
on one end surfaces of the first and second piezoelectric
elements 46 and 47 with each other. The coupling member 49 must
be formed by a material having a certain degree of mass, so that
the same is moved in a direction A when acceleration acts in this
direction A, wheréby the piezoelectric elements 46_and 47 are
distorted and an electrical signal responsive to the direction
and the degree of the acceleration is outputted from electrodes
48a and 48b.

Since the coupling member 49 is provided for serving as a
mass applying member, the acceleration detecting element 42
shown in Fig. 12 is improved in sensitivity as compared with that
shown in Fig. 11.

As shown in Fig. 13, on the other hand, it is possible to
further reliably ensure a vibration space for an acceleration
deteéting element 42 by reducing a central portion 42b of the
acceleration detecting element 42, including a portion close to
those of first and second piezoelectric elements 46 and 47 bonded
to a coupling member 49, and the coupling member 49 in sectional
area as compared with outer portlons 42a of the piezoelectric
elements 46 and 47

Further, conductive support members 50 may be bonded to

outer sides of first and second piezoelectric elements 46 and 47



48a and 48b. Since the coupling nmenber 49 is provided for
appl yi ng member, the acceleration detecting el enent 42 sh

~ bonded to a coupling menber 49, and the coupling nember 49 I'n

in an acceleration detecting element 42, as shown in Fig. 14. 1In
such an acceleration detecting element 42 shown in Fig. 14, the
conductive support members 50 may be formed by those having
larger areas in surfaces bonded to first and second
piezoelectric elements 46 and 47 as compared with the
piezoelectric elements 46 and 47 and a coupling member 49 held
thérebetween, as shown in Fig. 15. In the acceleration detecting
element 42 shown in Fig. 15, the portion held between the
conductive support members 50, i.e., a vibration space for the
body of the acceleration detecting element 42, is sufficiently
ensured when the conductive support members 50 are electrically
connected with and fixed to signal deriving electrodes in the
directions shown in this figure.

Although the present invention has been described and
illustrated in detail, it is cleafly understood that the samé is
by way of illustration and example only and is not to be taken by
way of limitation, the spirit and scope of the present invention

being limited only by the terms of the appended claims.



ar§a4$é thpﬁred W th outer rtions 42a of the piezoelectric elenents 46
an urt her Ive sypport nenbers 50 may be bond
of first an ond I ric elenments 46 and 47 25 qHISJ EE-FHAg m

accel eration el ehent 42 shown in Fpg. 14, the conductive support

accel eration ?@ 42, as shown in Fig. 14. In quch LAGED
menbers 50 f or med by those having
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WHAT IS CLAIMED IS: | 11 SEP 199

1. An acceleration sensor comprising;

an insulating sybstrate having a pair of signal deriving
electrodes formed on its one major surface; and

an acceleration detecting element being fixed to said one
major surface of said insulating substrate to be electrically
connected to said pair of electrodes,

said acceleration detecting element being provided with
first and second piezoelectric elements having a pair of facing
end surfaces and being directly or indirectly coupled with each
other, said first and second piezoelectric elements being
polarized in reverse directions, .

one end surfaces of said first and second piezoelectric
elements being electrically connected to said pair oflsignal
deriving electrodes respectively, other end surfaces of said
first and second piezoelectric elements, being opposite to said

one end surfaces, being electrically connected with each other.

1

2. An acceleration sensor of claim 1, wherein said first
and second piezoelectric elements are polarized in directions

parallel to said major surface of said insulating substrate.

3. An acceleration sensor of claim 1, wherein said first

and second piezoelectric elements are polarized in directions

\

IThis Sheet H
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| arger areas in surfaces bonded to first and second piezoel ectric el ements
46 and 47 as conpared with the piezoelectric el enents 46 and 47 and a

coupl i ng nenber_49/he+d‘fﬁ§TEBE$t§§E, as shown in Fig.h 15. [ +imst SBEET HAS BEEN
accel eration detec shown in Fig. 15, the poftion D

bet ween the condu Mﬁﬁ m‘m ers 50, i.e., a vibrati hn._s.paﬁ?&g%’s the
body of the accel etecting eIenentZZZ i s sufficieng

t he conductive support nenbers 50 are electrlcally connect
to signal deriving electrodes in the directions shown in thi sfTTgure:

Al t hough the present invention has been described and 11 SEP 1996
- orthogonal to said insulating substrate. :

4. An acceleration sensor of claim 1, wherein said
electrically connected other end surfaces of said first and

second piezoelectric elements are directly bonded to each other.

5. An acceleration sensor of claim 1, further comprising a
coupling member for coupling said other end surfaces of said

first and second piezoelectric elements with each other.

6. An acceleration sensor of claim 5, wherein surfaces of
said coupling member being coupled to said first and second

piezoelectric elements are conductive.

7. An acceleration sensor of claim 6, wherein said coupling

member is made of a metal.

8. An acceleration sensor of claim 5, wherein lower
surfaces, being said one end surfaces, of said first and second
piezoelectric elements are bonded to said pair of signal
deriving electrodes respectively,

said coupling member being bonded to upper surfaces, being
said other surfaces, of said first and second piezoelectric

elements over said first and second piezoelectric elements.

9. An acceleration sensor of claim 5, wherein said coupling

Sheet Has Been Replacec
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illustrated in detail, it is clearly understood that the same is by way of
illustration and exanp e only and is n to be taken by of
htion being lim eﬁ"so t Agh%E
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member is formed by a mass applying member applying a certain

degree of mass to said first and second piezoelectric elements.

10. An acceleration sensor of claim 1, further comprising
first and second conductive support members being bonded to said
first end surfaces of said first and second piezoelectfic
elements respectively,

said first and second conductive support members being
electrically connected to said pair of signal deriving

electrodes respectively.

11. An acceleration sensor of claim 1, wherein said

insulating substrate is a part of a hybrid IC substrate.

12. An acceleration sensor of claim 1, wherein a shielding
case is fixed to said insulating substrate from said one major
surface side thereof to cover at least said acceleration
detecting element fixed on said one major surface of said

insulating substrate.

13. An acceleratien sensor of claim 1, wherein said first
and second piezoelectric elements are arranged along directions
different from an acceleration acting direction and bonded to
each other,

said first and second piezoelectric elements being
polarized in directions along said acceleration acting

/k/’
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its one major surface; and an accel eration detecting el enefit{2-3-4-22)
being electrically connected and directly fixed to said pa F‘-Htﬁ SﬁEﬁhdiﬂAS BEEN
deriving el ectrodes (8,9;25,26), said accel eration detectipg el eREFMACED
(2,3,4;22) being provided with first and second piezoel ec- trrc erements
(2 3; 28 29) having a pair of facing end surfaces and being: dlrectly or
indirectly coupled with each other, said2?irst and second[pirezoeteect+te

el ements (2,3;28,29) being polar- : REPLACEMENT SHEET

I L

direction.

14. An acceleration sensor of claim 13, further comprising
a coupling member arranged between said first and second
piezoelectric elements, said other end surfaces of said first
and second piezoelectric elements being connected to each other

through said coupling member.

15. An acceleration sensor of claim .14, wherein said

coupling member is a mass applying member having conductivity.

186. An acceleration sensor of claim 15, wherein dimensions
of portions of said first and second piezoelectric elements
close to said coupling member and said coupling member along said
acceleration acting direction are different from those of
remaining portions of said first and second piezoelectric

elements along said acceleration acting direction.

:17. An acceleration sensor of claim 13, wherein said first
and second piezoelectric elements are arranged along directions
orthogonal to said acceleration acting direction and connected

tb each other.

- |This Sheet Has Been Rtiplac
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i zed -in reverse directions, one.end surfaces of said first and second pie-
zoelectric elenments (2,3;28,29) being electri- cally connected to said pair
of* signal deriving el ectrodes (8, 9;25,26) respectively, 0 ces
of said first and second piezoelectric elenments (2, 3; 28,
to, said one end surfaces, being electricglly connected ' .
An accel eration sensor of claiml1, wheréeéin said first and .edGh@Ep-Em5

pi ezoel ect rig eLoMRALS (2riRRrAm sE®R

ABSTRACT OF THE DISCLOSURE

Disclosed hereiﬁ is an acceleration sensor which comprises
an insulating substrate, a pair of signal deriving electrcdes
prﬁvided on its one major surface and an acceleration detecting
element électrically connected to the pair of electrodes. The
acceleration detecting element is provided with first and second
piezoelectric elements, having a pair of facing end surfaces,
which are directly or indirectly coupled to each other to be
polarized in reverse directions. One end surfaces of the first
and seéond piezoelectric elements are electrically connected to
the pair of signal deriving electrodes respectively while other
end surfaces, being opposite to the first end surfaces. of the

first and second piezoelectric elements are electrically

connected with each other.

FIGURE 4



pol ari zed in directions parallel to said major surface of shiREALAGEMENT SiEET
substrate (6;24). 3. An acceleration sensor of claiml, whefefn sard 11rst
and second pi ezoelectric elenments (2,3:28,29) are polarized|i ' '

N Ghi
orthogonal to said insulating substrate (6; 24). 27 4. An -acce’ gsréeft ii!()!%
sensor of claim1, wherein said el ec- 1 :




tricall'y connected other end surfaces of said first and secq nBEPLACEMENT SHEE'Iﬁ
pi ezoel ectric elements (2,3;28,29) are directly bonded to efch other.

accel eration sensor of claim1l, further conprising a couplipgfmeyp : 0)
for coupling said other end surfaces of said first and secohd iez?eq#e@ﬁi C
r—of—claimb, |

elements (2,3;28,29) with each other. 6. An gccel eration sens
wherei n surfaces of sgi Upsi Ng menber (4;30) being couplied to said first -
and second pi ezoel ectjw= @.e nts (2, 3;28,29) are cgnduct i ve. J

- A

A
)
[l
[
'
’
’
[]
[
]
]
’
s
'
P



7. An accel eration sensor of claim®6, wherein said cou- plfn"
RN

s made of a netal. 8. An acceleration sensor of claimb5,
surfaces, being said one end surfaces,
pi ezoelectric elenments (2,3;28,29) are bonded to said pair |o
deriving el ectrodes (8,9;25,26) respectiveldy. said couplin
bei ng bonded to bei ng sai d ot her, surfaces,
d first a

uFﬁé rf|gces,
and second piezo ec]ﬁ.eﬁgmant s (4)3;28,29) sé?

TSR

of said first and sdcqnd
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nber (4;363

of sai a~first

second

pi ezoel ectric
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el ement’'s. 9. An accel eration sensor of claim5, wherein said cou- pling

menber (4;30) is formed by a mass appl yi ng nmenber appl yi_n.g..a..ne-@a-»—n—dﬂe
of" mass to said first and second piezoel ectric el enents {( REBLACEMENN. SHEET2
10. An accel eration sensorof claim1, furtherconprising |f igst—amd—Secon
conductive support nenbers 11 SEP 1996




(31, 32) being bonded to said first end surfaces of said first and second
pi ezoel ectric elenments (28, 29) respectively, said first and second

conductive support mem bers (31,32) being electrically]|C n
directly fixed to said pair of signal deriving elec- trdd Epﬁggﬁ@%ﬁ ﬁﬂfT

respectively. 11. An acceleration sensorof claim1l, wherjeiln said fﬁsu-
| ating substrate (6,24) is a part of a hybrid®|1C sub- stirdt e{(1LSER)1996.2.
accel eration sensor of claiml1, wherein a shield-

F I Gg 28¢(9¢) siAz'
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I ng case (11;23) is fixed to said insulating substrate (6,24) from said one
maj or surface side thereof to cover at |east said accel ergtion detecting

el erent (2,3,4;22) fixed on said one major surface of saifdpg -}
substrate (6;24). 13. An acceleration sensor of claiml, andHMENT
and” second pi ezoel ectric el enents (2,3;28,29) are arranggd|al ong directi

different froman acceler- ation acting direction and bofdg¢d td SER1IE her
said first and second plezoelectrlc el enerft s being polargzed in directiops
al ong sai d accel er-

FIG.I




ation acting direction. 14. An accel eration sensor of

claim 13, further

conpris- ing a coupling nmenber (4;30) arranged between said first and

second piezoelectric elements, said other end surface
second piezoe- lectric elenents being cognected to ea

coupl i ng menber . 27:‘/65 74

of said first and
F NREPIPGEMENT BHERT Shi d
1 1 SEP 1996
| 50




15. An accel eration sensor of claim 14, wherein said couplfi (23
IS a mass applyi ng nmenber having conductivity. 16. An accgl Qgﬁgﬂﬁbgng%ﬁﬁ

of . claim 15, wherein sec- tional areas of said first and Jeqond

piggzoel ectric elements (46,47) close to said coupling nmenpeq ($9) SEPA904
said coupling nenber (49) along said accel eation acting ¢ifjection are
reduced agai nst those of the remaining portions of said fijfr st _amd—sec—om
pi ezoel ectric elements (46,47) along said accel- eration gcting direction,

in order to ensuring ror
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tT'i"on space between the detection el ement and the substrate. 17 An 360)—3}_\ (
accel erati on sensor of claim13, \A,her e| n said first and second ,POS)
pi ezoel ectric el enents are arran g directions orthogonal to said

d connect ed to each ot her REPLACEMENT SHEET
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| Claims

1. An acceleration sensor comprising;

an insulating substrate (6;24) having a pair of
signal deriving electrodes (8,9; 25 ,26) lormed on
its one maijor surface; and :
an acceleration detecting element (2,3,4,22)
being electrically connected and directly fixedto
said pair of signal deriving electrodes
(8,9;25,26),

said acceleration detecting element (2,3,4;22)
being provided with lirst and second piezoelec-
tric elements (2,3;28,29) having a pair of facing
end surfaces and being directly or indirectly
coupled with each other, said first and second
piezoelectric elements (2,3;28,29) being polar-
ized in reverse directions,

one end surfaces of said first and second pie-
zoelectric elements (2,3;28,29) being electri-
cally connected 1o said pair of signal deriving
‘electrodes (8,9;25,26) respectively, other end
surfaces of said first and second piezoelectric
elements (2,3;28,29), being opposite to said
one end surfaces, being electrically connected
with each other.

2. Anacceleration sensor of claim 1, wherein said first
and second piezoelectric elements (2,3:28,29) are
polarized in directions paraliel to said major surface
of said insulating substrate (6;24).

3. An acceleration sensor of claim 1, wherein said first

| and second piezoelectric elements (2,3:28,29) are

polarizod in directions orthogonal to said insulating
substrate (6; 24).
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4. Anacceleration sensorof claim 1, wherein said elec-
trically connected other end surfaces of said first and
second piezoelectric elements (2,3;28,29) are
directly bonded to each other.

5. Anacceleration sensorof claim 1, further comprising
a coupling member (4;30) for coupling said other
end surfaces of said first and second piezoelectric
elements (2,3;28,29) with each other.

6. Anacceleration sensor of claim 5, wherein surfaces
of said coupling member (4;30) being coupled to
said first and second piezoelectric elements
(2,3;28,29) are conductive.

7. Anacceleration sensor of claim 6, wherein said cou-
pling member (4;30) is made of a metal.

8. An acceleration sensor of claim 5, wherein lower
surfaces, being said one end surfaces, of said first
and second piezoelectric elements (2,3;28,29) are
bonded to said pair of signal deriving electrodes
(8.9,25,26) respectively.

said coupling member (4;30) being bonded to
upper surfaces, being said other surfaces, of

~said first and second piezoelectric elements
(2.3;28,29) said first and second piezoelectric
elements. :

9. Anacceleration sensor of claim 5, wherein said cou-
pling member (4,30) is formed by a mass applying
member applying a certain degree of mass to said
first and second piezoelectric elements (2,3;28,29).
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10. An acceierétion sensor of claim 1, further comprising

11.

first and second conductive support members
(31,32) being bonded to said first end surfaces of
said first and second piezoelectric elements (28,29)
respectively,

said first and second conductive support mem-
bers (31,32) being electrically connected and
directly fixed to said pair of signal deriving elec-
trodes (25,26) respectively. -

An acceleration sensor of claim 1, wherein said insu-
lating substrate (6,24) is a part of a hybrid IC sub-
strate (1;21). '

12. An acceleration sensor of claim 1, wherein a shield-

13.

14.

ing case (11;23) is fixed to said insulating substrate
(6,24) from said one major surface side thereof to-
cover at least said acceleration detecting element
(2,3.4;22) lixed on said one major surface of said
insulating substrale (6;24).
An acceleration sensor of claim 1, wherein said firsl
and second piezoelectric elements (2,3;28,29) are
arranged along directions different from an acceler-
ation acting direction and bonded to each other,

said first and second piezoelectric elements
being polarized in directions along said acceler-
ation acting direction.

An acceleration sensor of claim 13, further compris-
ing a coupling member (4;30) arranged between
said first and second piezoelectric elements, said
other end surfaces of said first and second piezoe-
lectric elements being connected to each other
through said coupling member.
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15. An acceleration sensor of claim 14, wherein said
' coupling member (4;30) is a mass applying member
having conductivity.

16. An acceleration sensor of claim 15, wherein sec-
tional areas of said first and second piezoelectric
elements (46,47) close to said coupling member
(49) and of said coupling member (49) along said
acceleration acting direction are reduced against
those of the remaining portions of said first and sec-
ond piezoelectric elements (46,47) along said accel-
eration acling direction, in order to ensuring a vibra-
tion space belween the detection element and the
substrate.

17. Anacceleration sensor of claim 13, wherein said first
and second piezoelectric elements are arranged
along directions orthogonal to said acceleration act-
ing direction and connected to each other.



