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| NVENTION Field of the Invention ., The present invention relat :
genérally ‘to an: *acceleratlon sensor used with it being incorporat n “an

air bag deyinge o riee byvenTagionobile, and nore particularly, to an
accel eration sensor conprising a fault

¢ J Acceleration Sensor
- ‘BACKGROUND OF THE INVENTION
| Fi&gh of the Invention
The present invention relates generally to an
acceleration sensor used with it being incorporated in an
air bag device carried by an automobile, and more
particularly. to an acceleration sensor comprising a fault
diagnostic function.
. Description of the Prior.Art
In an air bag device carried by an automobile, the air
'bég device is operated according to acceleration apblied at
the time of, for example, the collision. 1In order to ensure
.the opgration of the air bag device, an acceleration sensor
'_Has been conventionally incorporated in the'abové described
air bag device. As this type of acceleration sensor, an
acceleration sensor using a piezoelectric element which is)
deformed in conformity with acceleration applied to output
an electric signal has been proposed, as disclosed in, for
example, U. S. Patent No. 4, 700, 973. '

One example of a conventionally known acceleration

sensor utilizing a piezoelectric element will be described

¥

with reférence to Figs. 1 to 3.
Fig. 1 is a schematic block diagram for explaining the

construction of a conventional acceleration sensor. There
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di agnostic function. Description of the Prior Art In an air bag
device carried by an autonobile, the air bag device is operated according
to acceleration applied at the tinme of, for exanple, the collision. In
order to ensure the operation of the air bag device, an accel eration

sensor ishardierde@oaveibkeBakky riecenpaigitd idutpeteboye Wheari bed air
- bag device. As this type of acceleration sensor, an acceleration sensor

usi ng 3 RIHZHEL eEoh1 & ﬁgeﬁaﬁlml Clnl %1160 ,0¢ 8T8k § £086 PFEE Yty

acceleratlon applited to o
to the gpceleration G. Impedance converting means 2 is

electrically connected to the piezoelectric element 1. The
impedance converting means 2 converts the impedance of the
electric signal applied from the piezoelectric element 1.
Filtering means 3 comprising a band-pass filter is ’
electrically connected to the impedance converting means 2.
In the filtering means 3, an unnecessary signal, that is, an
out-of-band signal component is attenuated. Amplifying
means 4 is electrically connected to the fi}tering means 3.
In the amplifying means 4, an output signal applied from the
filtering means 3 is amplified. This acceleration sensor
has the piezoelectric élement 1, the impedance converting
means 2, the filtering means 3 and the amplif&ing means 4,
and outputs a voltégé signal corresponding to the
acceleration G from an output terminal B.

The voltage signal outputted from the output terminal B
of the acceleration sensor is applied to coﬁtrol means 5
comprising a microcomputer arranged outside the acceleration
sensor. The control means 5 causeg an air'bag qevice for an
'automobile (not shown) to perform a necessary operation on
the bhasis of the voltage signal applied. '

Figs. 2 and 3 are respectively a plan sectional view

showing the specific construction of the above described
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an el ectric signal has been proposed, as disclosed in, for exanple, U S
Patent No. 4, 700, 973. One _exanpl e of a conventionally known

accel eration sensor utiIizing a piezoelectric el enent will be descri bed

with reference to Figs. 1 to 3. Fig. 1.is a_schematic block diagram

for exPeeelagataen @(ﬁi’sﬁqfhc‘ﬂ%r\a o(fr%isﬁoﬁ%ﬁﬁpﬂﬁél Vie¥e takan cﬁfi%‘é&ls%r

There -2
line B - B shown in Fig. 2. In an acceleration sensor 6, a

base plate 7 and a cap 8 secured to the upper surface of the
base plate 7 constitute a package structure containing a
housing space. Within the package structure, a hybrid IC 9
is secured on the base plate 7 using adhesives (not shown).
The hybrid IC 9 is used for constructing the impedance
converting means 2, the.filtering means 3 and the amplifying
means 4 described above. A plurality of electrodes éa to 9f
for connection to outer portions are formed on the upper
_surface of the hybrid IC 8. Each of the electrodes 9a to 9d
is electrically connected to a lead terminel 11 by -a lead
wire 10. A plurality of lead terminals 11 are passed
through the base plate 7 and are extended downward.

On the other hand, a supporting base 12 'is secured on
the base plate 7 using adhesives (not shqwn) beside the
hybrid IC 9. A piezoelectric element 1 having electrodes
(not shown) on'both its major surfaces is secured on the
supporting base 12 in a cantilevered shape. The electrode
on the ﬁpper surface of the piezoelectric elemeﬁt 1 is
electrically connected to the electrode 9f by a lead wire
1df, and the electrode on the lower surface of £hé
piezoelectric element 1 is electrically connected to the
supporting base 12. In addition, the supporting base 12 is

electrically connected to the"electrode 9e on the hybrid IC
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i's provided a piezoelectric element 1 outputting when acceleration Gis
applied, an electric signal corresponding to the acceleration G

| npedance converting means 2 is electrically connected to the

pi ezoel ectric elenment 1. The inpedance converting nmeans 2 converts the

| rpedangebgf at Headlwitei t0si gnal applied fromthe piezoelectric el enent 1.
Filtering means 3 conprising a band-pass filter is electrically connected

to the i npedanee MYVErdéser MB8ASpRezok et ild |1l NParSmBridts
unnecessary signal, that is, an out-of-band signal conmponent is

: atte”“a6ﬁg-né6mﬂé>g'Ebries type bimorph structure which 1s low in
pyroelectric voltage.

Meanwhile, the above described package structure
constituted by the base plate 7 and the cap 8 is
hermetically sealed, and an inert gas, for example, nitrogen
gas is sealed into the package structure so as to prevent
oxidation. When the above descriﬁed acceleration sensor is
incorporated in the air bag device for an automobile, the
air bag device is operated in response to.an output signal
of the acceleration sensor. Accordingly, the acceleration
sénsbr requires very high reliability, and a fault in the
acceleration sensor must be quickly found out. Since a
faylt diagnostic function has not been convehtionally added
to the'accelerafion sensor itself, however, the fault ,
diagnqsis of the acceleration sensor is.generally made by an
outer fault diagnostic device which is provided separately
from the acceleration sensor. When there occurs a fault
such as the cracking of the piezoelectric eleme;t 1 in the
acceleration sensor or the stfipping of the piézoelectric
element 1 from the supporting base 12, the fault ma§ not, in
some cases, be quickly found out because thelécceleration
sensor does not have a fault self-diagnostic function.

Furthermore, the conventional acceleration sensor 8
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means 4 is electrically connected to the filtering neans 3. In the
anplifying neans 4. an output signal applied fromthe filtering neans 3 is
anplified. This accel eration sensor has the piezoelectric:elenment 1, the
| npedance converting neans 2, the filtering neans 3 and the anplifying
neans 4shoWRdiBufigss £ \ad ayeaksgnhrveoithes feddiond neo disadvaiter8eat i on G
froman output term nal B. The voltage signal outputted fromthe
out put Tkatn hal, Bheof darheexoesdvatsbackensorxiterapdlliyeditverconthetre nreans 5
conprising a mcroconputer arranged outside the acceleration sensor. The
controlod®@ps a &24IRS wierd ItHAds@Pyoseiher baBe 12 fixed to the
base plate.7 using adhesives is stripped from the base plate
7 and the piezoelectric element 1, along with the supporting
base 12, is not fixed to the other members, as represented
by an imaginary line in Fig. 3. Accordingly, acceleration
cannot, in some cases, be accurately detected by the
piezoelectric element 1. Even if such a fault occurs, the
electrical connection between the piezoelectric element 1
and the hybrid IC 9 is ensured through the lead wires 10e
and 10f so long as the piezoelectric element 1 is fixed to
the supporting base 12, so that the occurrence of the fault
may not, in some cases, be detected.
SUMMARY OF THE INVENTION
Therefore, the present invention has been made so as to
/
overcome the above described disadvantages of the
conventional acceleration sensor and has for its object to
provide an acceleration sensor capable of reliably detecting
the occurrence of a fault.
In accordance with an aspect of the present invention,
there is provided an acceleration sensor comprising a
piezoelectric element outputting én electric'signal

corresponding to acceleration applied, signal processing

means electrically connected to the above described
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aut onobi | e (not shown) to performa necessary operation on the basis of

~the voltage signal applied. Figs. 2 and 3 are respectively a plan
sectional view showi ng the specific construction of the above descri bed
-3 - acceleration sensor and a cross sectional V|em1taken alonga line B -

B-shownPiB2zpedectriq e lement o2 af PEN PEOCSFSIRE LhyleGinte F1gRa1la cap

8 secured to the upper surface of the
outputted from the piezoelectric element, AC signal

outputting.means electrically connected to the above
described piezoelectric element so as to generate an AC
signal which is synchronized with the period of a timing
signal externally inputted.in response to the timing signal
and apply the AC signal to the piezoelectric element, and a
capacitor connected between the above describedlAC signal
outputting means and the piezoelectric element.

Furthermore, in accordance with another aspect of the 'i
present invention, there is provided an acceleration sensor ?%
comprising an acceleration detecting portion comprising a
piezoelectric element having electrodes on both its major
surfaces and outputting an electric signal corresponding to
acceleration applied and a supborting base for supporting
the above described piezoelectric elementh the acceleration
detecting portion being further provided with a pair of
detecting portionS'arranged s0 as to be brought into contact
with the piezoelectric element and spaced apart .from each
other by a predetermined distance, signal proceesing means
electrically connected to one of the electrodes of the
piezoelectric elemect and for processing the signal'
outputted from the piezoelectric element, and signal
outputting means electrically connected to one of the above

described pair of detecting portions so as to cause a
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base plate 7 constitute a package structure containing a housing space.
W thin the package structure, a hybrid IC9 is secured on the base plate 7
usi ng adhesives (not shown). The hybrid IG 9 is used for constructing the

i npedance onverting neans 2, the filtering meaps 3. and the anplifying
nmeans 4 ?FﬁﬁﬂlﬁﬁgVQPQKﬁﬂﬂuﬁﬂiQkaﬁb%F%g?Pngg gRovg gescrdbebnnect i on

to outer portions are fornmed on the upper surface of the hybrid IC 9.

Each of dékeetingr pgesdigas @y elieckrestiratpyneshgdceted the abloasd

terminal 11 by a lead wre 10. A plurality of lead termnals 11 are

passed described signal processing means so as to output to the
above described signal processing means a state signél
representing the state of the acceleration detecting
portion, the signal outputting means outputting the above
described state signal in conformity with the variation of
the current flowing between the detecting portions.

In each of the acceleration sensors provided in
accordance with the above described two aspects of the
present invention, a fault self-diagnostic function is
provided in the acceleration sensor, as apparent from the
embodiments described later. Even when there occurs a fault
such as the cracking of the piezoelectric element or the
stripping of the piezoelectric element from a portion to
which the piezoelectric element is fixed,.therefore. the
fault which occurred can be quickly found out. |

In accordance with still another aspect of the present
invention, there is provided an acceleration sensor
comprising a'piezoelectric element outputting an electric
signal corresponding to acceleration épplied, and signal
processing means electrically connected to the abové
described piezoelectric element and for procéssing the

output signal of the piezoelectric element, at least a part

of the above described signai'processing means being
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t hrough the base plate 7 and are extended downward. On the ot her
hand, a supporting base 12 is secured on the base plate 7 using adhesives
(not. shown) beside the hybrid IC 9. A piezoelectric elenment 1 having

el ectrodes (not shown) on both its major surfaces is secured on the
suppor ciomg thiaset @ by ancah?CW§0éﬂ@dQﬂﬂﬂﬁﬁeﬂhehéveﬂgr@dﬁlaﬁnuPWEHUpper
surface of the piezoelectric elenent 1 is electrically connected to the

el ect r g fdcdy théeaboveer dest@fibedng itdwoel ect rddeebamehe bedeig surface of
- the piezoelectric element 1 is electrically connected to the. supporting

base 12jxdd tldiné OfpplhestvPRekt 070 s lect Sonic component in a
cantilevered shape.

Furthermore, in accordance with a particular aspect of
the present invention, an electrode for making connection to
the piezoelectric element is formed on the upper surface of
the above described electronic component, and the
piezoelectric element is electrically connected to the
electrode and is fixed to the upper surface of the
electronic component. In this case, the area of a portion
to which the piezoelectric element is fixed on the 'upper
surface of the electronic component is smaller than the area
of a portion to which the electronic component itself;is
fixed. Accordingly, when a shock or the like is applied,
not the electronic component but the piezoelectric element
supported on the electroqic comﬁonent is stripped from the
electronié component. As a result, the electrical
connection between the piezoelectric element and the
electronic component is interrupted, thereby to ﬁake it
possible to quickly detect a fault caused.by the stripping
of the piezoelectric element.

The foregoing and other objects, features; aspects and
advantages of the present invention will become more

apparent from the following detailed description of the
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éléctrically connected to the electrode 9e on the hybrid IC

4. 9 by a lead wire 10e. The above described piezoel ectric el enent
conprises one having a series type binorph structure which is lowin
pyroel ectric voltage. Meanwhi | e, the above described package

Structunfresent invention when takcn in conjunction with the
accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a schematic block diagram for explaining the
construction of a conventional acceleration sensor;

Fig. 2 is a plan sectional view for explaining the
construction of the conventional acceleration sensor;

Fig. 3 is a cross sectional view taken along a line B -

-B shown in Fig. 2;

Fig. 4 is a schematic block diagram for explaining an
acceleration sensor according to a first embodiment of the
present invention;

Fig. 5 is a circuit diagram for explaining the circuit
arrangement of the acceleration sensor according to the
first embodiment;

Fig. 6 is a.schematic block diagram for explaining the’
construction of an acceleration sensor according to a second
embodiment of the present invention;

Fig. 7 is a circuit diagram for explaining the
acceleration sensor according to the second embgdiment;

Fig. 8 is a perspective view for explainipg the
reiationship between a suppbrting base and a piezoeiectric

element in the acceleration sensor according to the second

embodiment;

Fig. 9 is a perspective view showing the relationship

1
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" Constituted by the base plate 7 and the cap 8 is hernetically seal ed, and
anp inert gas, for exanple, nitrogen gas is sealed into the package
structure so as to prevent oxidation. Wen the above descri bed

accel er 3LitQR eYENSOpi bSoe Ll BERERON Bl thent 4R A IsheodeVhEenhige am a
aut onobile, the air bag device is operated in response to an output signal

of the lerati o] ot di , gration sensor requires
very hi%ﬁﬁiﬁi%ﬁﬂé%%@?fgnéfaéﬁgu%gcﬁﬁqqﬁﬁgégéﬁ§€éation sensor nust be
qui ckly found out. Sipce a fault diagnostic function has not .been

convent i onal F8&ddEY 1802t RETSREEFEVEL iVOrP"s HIUARE SHe TebREdershdpe fault

between a piezoelectric element and a supporting base in
another modified example of the second embodiment;
Fig. 11A is an electric circuit diagram showing a
modified example of signal outputting means;
Fig. 11B is a schematic block diagram for explaining a
modified example of the second embodiment;
| Fig. 12 is a plan sectional view showing an
acceleration sensor according to a third embodiment of the
present invention;
Fig. 13 is a cross sectional view taken along a line A -
A shown in Fig. 12; |
Fig. 14 is a schematic block diagram showing main
portions of the coﬁventioﬁal acceleration sensor;
Fig. 15 is a schematic block diagram showing main
- portions of an_acceleration senéor according to a fourth

embodiment of the present invention;

Fig. 18 is a diagram showing the temperature dependence
of the rate of variation of piliezoelectric stress constant of
‘a piezoelectric element and the rate of variation of
capacitance thereof; i

Fig. 17 is an exploded perspective view for explaining

- the construction of an acceleration sensor according to a
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di agnosis of the acceleration sensor is generally made by an outer fault
di.agnostic device which is provided separately fromthe acceleration
sensor. \Wen there occurs a fault such as the cracking of the

pi ezoelectric elenment 1 in the acceleration sensor or the stripping of the
pi ezoel gdtftihc entadiaménd 6fothehpresppar tiinvgrmtaicn 12, the fault may not, in
sone cases, be quickly found out because the acceleration sensor does not

have a faul t g f -0 aggost EeokyNskic@Aonal vifew tHeF n@¥elaidengogyent i onal
accel eration sensor 6

construction of the acceleration sensor according to the

fifth embodiment;

Fig. 19 is an exploded perspective view showing the
schematic construction of a modified example of the
acceleration sensor according to the fifth embodiment of the
present invention;

Fig 20 is an exploded perspective view for explaining
another modified example of the acceleration sensor
according to the fifth embodiment of the present invention;
and

Fig. 21 is an exploded perspective view for explaining
still another modified example of the acceleration sensor
according to the fifth embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 4 is a schematic block diagram for explaining the
construction of an acceleration sensor abcording to a first
.embédiment of the present invention, and Fig. 5 is a circuit
diagram showing one example of an electric circﬁit of the
acceleration sensor.

As shown in Figs. 4 and 5, in the acceleration sensor
according to the present embodiment, there i§ provided a

-piezoelectric element 21 outputting an eledtric signal

corresponding to acceleration G. As the.piezoelectric
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:shémn in Figs. 2 and 3 al so have the foll ow ng di sadvantages. That is,
when an excessive shock is externally given, there occurs a state where
t he supporting base 12 fixed to the base plate 7 using adhesives is
~stripped fromthe base plate 7 and the piezoelectric element 1, along with
t he suppoiemengt BdsealPidzeal@ctiiiedelemehé bakéngneniserdesastymer esent ed
by an imaginary line in Fig. 3. Accordingly, acceleration cannot, in sone
cases, heiméephakelrycieirRctelig tdbectrodes on both its major
surfaces, for example, is suitably used because it is low in
pyroelectric voltage. The piezoelectric element 21 is
deformed in conformity with the acceleration G applied to
output an electric signal corresponding to the deformation.
One pf the electrodes of the piezoelectric element 21 is
connected to a reference potential, as shown in Fig. 5. The
other electrode of the piezoelectric element 21 is
electrically connected to impedance converting means 22.
The impedance converting means 22 is provided so as to
convert the impedance of the electric signal applied from
the piezoelectric element 2i, and can-be constituted by, for
example, a field effect transistor TR; and resistors R; to
Ry shown in Fig. S.
Filtering means 23 is provided in the succeeding stage
of the impedance convérting means 22. The filtering méans }
23 comprises a band-pass filter for aftenuating or removing
an unnecessary signal component, and can be constituted by,
for example, an operational amplifier DA, resfstors Rg to
R7 and capacitors C; to Cgz aé shown in Fig. 5.
Amplifying means 24 is provided in the succeeding stage
of the filtering means 23 so as to amplify ah'output signal

applied from the filtering means 23. The amplifying means

24 can be constituted by, for example, an operational
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pi ezoel ectric element 1. Even if such a fault occurs, the electrical
cqonnection between the piezoelectric elenent 1 and the hybrid IC 9 is
ensured through the lead wires 10e and 10f so long as the piezoelectric
elenent 1 is fixed to the supporting base 12, so that the occurrence of

t he fauldmpif/ient DApnasdnwacdsdd.e beeslict et 2dVR | SUMVARK , OB sTHE oWKVENTI ON
Therefore, the present invention has been nade so as to overcone the
above descj bpd di sadvantages of the conventional acceleration sensor and
has for its object to

The impedance converting means 22, the filtering means
23, and the amplifying means 24 constitute signal processing
means according to the present invention. An output
terminal B of the amplifying means 24 is an output terminal
of the acceleration sensor according to the present
embodiment.

On the other hand, AC signal outputting means 26 is
electrically connected to the electrode, to which the
impedance converting means 22 is electrically connected, of
the piezoelectric element 21 through a capacitor 25. The AC
signal outputting means has an input terminal A, and a
timing signal as described later is externally inputted to
the input terminal A. The AC signal outputting means 26 is
so constructed that an AC signal which is.synchronized with
the period of the timing signal inputted is‘outputted and ’
the AC signal is applied to the piezoelectric element 21
through the capacitor 25. The AC signal outputting means 26
can be constituted by, for example., a transistér TR,,

resistors Rg and Rg, and variable resistors VRz and VR, as

shown in Fig. §.
Description is now made of a fault diaghbstic operation
in the acceleration sensor according to the first embodiment

déscribgd with reference to Figs. 4 and 5. The fault
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provi de an accel erati on sensor capabl e of

occurrence of a fault.

pi ezoel ectric elenment outputting an electric signal

reliably detecting the
I n accordance with an aspect of the present
i nvention, there is provided an accel eration sensor: conprising a

corresponding to

accel er aliagnappls cds madmaln prasessi Agr examny ld .e@ rdasd [wheoantbeed to

t he above descri bed

-6 -

acceleration sensor i§ used for an air bag device carried by

an automobile and a case immediately before an automobile is

driven. That is, when the engine of an automobile 1is

started, for example,

an instruction to start a fault

diagnostic operation 1s issued to the acceleration sensor

from outer control means 27 (see Fig. 4).

When the fault diagnostic operation is started, a

timing signal having a frequency fy within a passband of the

filtering means 23 is first outputted to the input terminal

A of the AC signal outputting means 26 from the control

means 27. When the above described timing signal is

inputted to the input terminal A,

the AC signal outputting

means 26 outputs an AC signal which is synchronized with the

period of the timing signal.

The AC signal’'is applied to

the piezoelectric element 21 through the capacitor 25.

/

The piezoelectric element 21 has a certain capacitance

value. Accordingly,

the capacitance value of the

piezoelectric element 21 is taken as Q;, the capacitance

value of the capacitor 25.is taken as Q,, and a voltage of

the AC signal outputted from the AC signal outputting means

26 is taken as V;.

In this case, a voltage V, applied to

the impedance converting means 22 is expreséed_by the

following eqﬁation:

Vg = V4

E Thxs Sheet Has Been Replaced
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pi ezoel ectric el enment and for processing the electric signal outputted
fromthe piezoelectric elenent, AC signal outputting neans electrically
connected to the above described piezoelectric element so as to generate

an AC signal | | | ' rd td,an s{ygnal

externally i r?p\tﬁzjt]é%c]a#% %%’g%%ggéﬁﬂ?&h?i %%%ﬁidgﬁﬁp{%%% %ﬁ?gg?hggAC

acli tor_ connect ed beg en the
e

signal to t.he piezoelectric e%enen% and a 58 dar.
above d&8crHMB& aAG%T%%% erhy ph?t Pia r‘rﬁ'é’r‘?? § t%é‘p ARE SBERRE ment .
Furthernore, in accordance with anot her aspect of the

and an unnecessary signal component is attenuated or removed

in the filterihg means 23. The voltage signal is amplified
by the amplifying means 24 and is outputted as a Qéltage
signal Vz from the output terminal B.

In this case, the AC signal outputting means 26 is so
previously adjusted that the voltage signal Vz having a
constant value is outputted from the output terminal B by
inputting the timing.signal having a frequency f;. This
adjustment can be made by, for example, édjusting the
variable resistors VRy and VR, in the circuit shown in Fig.
5.

The voltage signal V3 outputted from the output
termina; B of the acceleration sensor according to the
present embodiment as described above is received in
measuring and operating means 28 incorporated in the
microcomputer.

On the other hand, when the above describgd voltage
signal Vz is outputtéd from the output termihaf B, a timing
signal having a frequency fy outside the passband of the
filtering means 23 is continuously applied to fhe ihput
terminal A of the AC signal outputting means'26. The above
described same operation is repeated; In this case, the

frequency f, of the timing signal inputted is outside the
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present invention, there is provided an accel eration sensor conprising an
accel eration detecting portion conprising a piezoelectric elenent having
el ectrodes on both its nmajor surfaces and outputting an electric signal
corresponding to acceleration applied and a supporting base for supporting
the aboyes@faid befl phezoeleerting aleamnt23 | heo acket ed avbbagdekeghialg
portion being further provided with a pair of detecting portions arranged

S0 as 19.be (Yt eanby eRB! 24ttty (e ez'@eéﬁ&tamﬁlfkfganb apg spaced
m eac y

apart fré a pre etermned di stance, signhal proce S|ng means

e'ECtr'%%Hféé§1£E”&SQn%° Rnfs uEQ%é?é%“fé%H’ ﬁg $r¥but terminal B.
_ The voltage signal V4 is also received in the measuring and
oberating means 28.

Furthermore, in the above described measuring and
operating means 28, the respective variations of the voltage
signal Vz corresponding to the timing signal having a
frequency f; and the voltage signal V4 corresponding to the
timing signal having a frequency f, are measured. The fault
diagnosis of the acceleration sensor is made by comparing
the measued values of Vz and V, with normal values of Vz and
V4 stored in the microcomputor.

In the acceleration sensor according to the present
embodiment, the piezoelectric element 21 and signal
processing means comprising the impedance .converting means

}
22, the filtering means 23 and the amplifying means 24 are
connected in series, as apparent from Fig. 4. Even when an
abnormality occurs in any structure, therefore, either one
of the voltage signals Vz and V4 varies. Conseéuently. a
fault can be quickly found out.

Meanwhile, it has been generally considered that
cfacking occurring in the piezoelectric eleméﬁt 21 itself is
not easily found out. In the acceleration sensor according

to the present embodiment, however, when the piezoelectric
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pi ezoel ectric el enent and for processing the signal outputted fromthe
pi.ezoel ectric elenent, and signal outputting neans electrically connected
to one of the above described pair of detecting portions so as to cause a
-7 - predetermned current to fl ow between the above descri bed

element 21 is cracked, the capacitance value Q; thereof is

changed, so that the voltage Vo, applied to the impedance
converting means 22 vafies,.as apparent from the foregoing
equation (I). Consequently, the voltage signals Vz and Vg4
vary, thereby to make it possible to reliably find out the
cracking of the piezoelectric element 1.

As described in the foregoing, in the acceleration
sensor according to the present embodiment, the fault
diagnostic function is added to the acceleration sensor by
arranging the capacitor 25 between the AC signal outputting
means 26 for outputting thé AC signal which is synchronized
with the period of the timing signal externally inputted and
the piezoelectric element 21. Accordingly, a fault
diagnostic device need not be provided outside the
acceleration sensor, unlike the conventional acceleration
sensor.

It will be pointed out that the construction of a
third embodiment described hereafter is applicable as the

specific construction of the above described first

[}

embodiment.

Figs. 6 and 7 are fespectively a block diagram for
explaining the schematic constructioh of an acceleration
sensor according to a second embodiment of the present
invention and an electric circuit diagram showing one

example of the specific circuit arrangement of the
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detecting portions and electrically connected to the above described
signal processing neans so as to output to the above described signal
processi ng neans a state signal representing the state of the accel eration
detecting portion, the signal outputting nmeans outputting the above
descri be@CSeALFahigHhISeRSeONfornity with the variation of the current
fl owi ng between the detecting portions. In each of the acceleration
sensors provi Redenrimgcor ddige §j t bhelre disoper odeisiad ad aowe bepatienof the
present invention, a fault self-diagnostic function is provided in the
accel er aj e @BcEERFOpoASiGPBE 6iH £H&MpreBent embodiment. The

acceleration detecting portion 32 comprises a piezoelectric

element 31 having electrodes 3la and 31b on both its major

surfaces, as shown in Fig. 7. As the piezoelectric element

31, a piezoelectric element having a series type bimorph

structure which is low in pyroelectric voltage is preferably

used, as in the first embodiment. The piezoelectric element

31 is fixed on a supporting base 33, as schematically shown

in Fig. 7. A pair of detecting portions 34a and 34b is

formed spaced apart from each other by a predetermined

distance on the upper surface of the supporting base 33, and

the pair of detecting portions 34a and 34b is electrically

connected to the electrode 31a of the piezoelectric element

31. One of the detecting portions 34a is .electrically

connected to signal outputting means 35 as described

hereafter. The other detecting portion 34b is electrically

connected to a reference potential. The specific

construction of the acceleration detecting poréion 32 will

be described hereafter with feference to, for example, Fig.

8.

As can be seen from Fig. 7, the other electrode 31b of

the piezoelectric element 31 is electrically connected to

signal processing means 36. mThat is, as shown in Fig. 6,
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enbodi ment s described | ater. Even when there occurs a fault such as the

cr-acking of the piezoelectric elenent or the stripping of the
pi ezoel ectric element from a portion to which the piezoelectric el enent

is fix t her. wsthe o f . [ rged.ca ' i.cklyy, found out.
I accgﬂiaﬂ%§°§}gkg§ﬁ4a %5%%%uéﬁ@g§%g%€f%¢ ?ﬁelgrgégﬁﬁggf%éé tion, there
I's provided an accel eratign sensor co rising a siezoelgctric el enent
out put tSRPeRtedelor ithe SigRY (RRQQ%igﬁﬂgnﬂe BSacfef8r 40280 &ppl i ed, and

signal processing neans electrically connected to the above
: output of the acceleration detecting portion 32 is applied

to the signal_processing means 36. The signal processing
means 36 comprises impedance converting heans 37, filtéring
means 38, and amplifying means 39. The impedance converting
means 37 is provided so as to convert the impedance of a
voltage signal applied from_the acceleration detecting
portion 32, the filtering means 38 comprises a band-~pass
filter and is provided so as to dtfenuate or remove an out-
of-band signal component, and the amplifyiné means 39 is |
provided so as to amplify a voltage signal applied -from the
filtering means 38. Although one example of the specific
construction of the signal processing means 36 is as shown
in Fig. 7, it can be constructed in aﬁproximately the same
manner as the impedance converting means 22, the filtering
means 23 and the amplifying means 24 in the above descfibed
first embodiment. In Fig..7, therefore, the same circuit
elements as the circuit elements shown in Fig. 5 are
assigned the same reference numerals and hence, "the
deécription thereof is not repeated.

The signal outputting means 35 is connectéd to a power
supply voltage Vcc, and is constituted by reﬁistqrs R;; and
Rio connected in series to each other. A node 40 between

the resistors R;; and R;p is électrically connected to the
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descri bed piezoelectric elenent and for processing the output signal of
the piezoelectric elenent, at least a part of the above described signal

processi ng nmeans bei ng: -8- constituted
by an electronic co ngonent having_a flat upper surface, the above
descri be§18N&lo A ERE Fﬁlggeﬁﬁﬁﬁsbéﬁng fixed to the upper surface of the

el ectroni c conponent. in a cantilevered shape.
The specific construction of the above described

acceleration detecting portion 32 will be described with
‘reference to Fig; 8. A supporting base 33 is constituted by
a pair of supporting qembers 33a and 33b arranged spaced
apart from each other by a predetermined distance.

Detecting portions 34a and 34b are fqrmed on the respective
supporting members 33a and 33b by applying electrode films.
That is, the pair of detecting portions 34a and 34b is
arranged spaced apart from each other by a predetermined
distance. A piezoelectrié element 31 is fixed on the
detecting portions 34; and 34b with one of electrodes 31la on
the bottom,land the electrode 31a is electrically connected
to the detecting portions 34a and 34b. The signal
outputting means 35 is eléctrically connected to the
detecting portion 34a, as shown in Fig. 8, and the detecting
portion 34b is connected to a reference potential. !

A fault diagnostic operafion in the acceleration sensor

.according to the second embodiment will be described with
reference to Figs. 7 and 8.

In the acceleration sensor according to the second
embodiment as described above, the signal outbutting means
35 is connected in series to a predetermined.potential
source, and comprises a pair of resistors Ry; and Rj, for

- dividing the power supply v61tage Vec. In addition,
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Furthernore, in accordance with a particul ar aspect of the present
I nvention, an el ectrode for making connection to the piezoelectric el enent
is formed on the upper surface of the above described electronic *

component . aad 1z, BeOEbeEt ELEnEhaTRI A el SEL T GRAIAY foRRECkRULLa the

el-ectrod f1xe € upper surface o ctroni c conponent.
fixed onthRe BartY Gtk (BeenBr SPn8ee SaAt L ipoHENIeT Eoqnkh EPStnan the
area -of a portion to which the electronic conponent itself is
node 40 between the resistors Rj; and Rjp. On the other
hand, one of the above described detecting portions 34a is
electrically connected to the downstream side of the
resistors Ry, and Ry5. Consequently, a predetermined
current I, flowé from the node 40 to the filtering means 38
and the amplifying means 38, and a predetermined current I,
flows from the downstream side of the resistors R;; and Ry,
to the detecting portion 34a.
The above described signal outputting means 35 may be
constructed, as in a modified exampie shown in Fig. 11A.
That is, the signal outputting means 35 may be so
constructed that a circuit comprising resistors Rz to Ryg
and a transistor TRz is provided in the succeeding stage of
the node 40 between the resistors R;; and R;,, and a current
Iz corresponding to the predetermined current I; from the
node 40 is applied to respective one input terminals of the
filtering means 38 and the amplifying means 39.

Meanwhile, in the above described acceleration
detecting portion 32, the detecting portions 34a and 34b are
electriéally connected to egch other by the eiectrode 3la on
the lower surface of the piezoelectric elemént 31, as
apparent ffom Fig. 8. Consequently, a predetermined current

I, applied from the above described signal outputting means
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fixed. Accordingly, when a shock or the like is applied, not the
el.ectroni c conponent but the piezoelectric elenent supported on the

el ectronic cénponent is stripped fromthe electronic conponent. As a
result, the electrical connectlon bet ween the piezoelectric el enent and

the . el 38t FAANE boHNARINtthe deieeipE eBOrtRENEhY 400 3Bk 4. patble to
qU|ckIy detect a fault caused by the stripping of the piezoelectric
el enentis, the'Eurﬁenuxﬁgrﬁﬁawmhpthetwebpe¢he de¢ertiag, paspeiciss and

advant ages of the present invention will becone nore apparent fromthe

f'ol | owi gadghai [3a0h desHliwiyPmeiitbfed by the signal processing
means 36. If the current Iy varies, the current I; flowing
from the node 40 between the resistors R;; and R;, varies in
conformity with the variation of the current I,.

Accordingly, in, for example, a case where the

piezoelectric element 31 is cracked or the piezoelectric
element 31 is stfipped from the supporting base 33, the
current I, flowing between the detecting portions 34a and
34b varies, so that the current I, is reduced or does not
flow. As a result, tﬁe current I; flowing from the node 40
between the resistors Ry} and Ry, varies. Accordingly, a
state signal representing the state of the acceleration
detecting portion 32, that is, the cracking or the stripping
of the piezoelectric element 31 constituting the
acceleraﬁion detecting portion 32 is oqtputted from the
signal outputting means 35 to the'filtering ﬁeans 38 and the
amplifying means 39 constituting the signal. processing means
36 in conformity with the variation in value of the above
described current I,. Consequently, a signal outbutted
outward from the output terminal B of the accelesration
sensor varies, thereby to make it possible to make the
diagnosis of a fault in the acceleration sensor by the

variation of the output signal in control means 41 connected
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-9- present invention when taken in conjunction w h the acconpanying

drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 i1s a schematic
bl ock diagram for explaining the construction of a convéntional

accel erati on sensor; Fig. 2 is a plan sectional view for explaining
t he to the output terminal B.

Although in tlhe construction shown ih Fig. 8, the
supporting base 33 constituting the acceleration detecting
portion 32 comprises a pair of supporting members 33a and
33b, and the electrode films constituting the detecting
portions 34a and 34b are appliéd to the upper surfaces of
the supporting members 33a and 33b, the detecting portions
34a and 34b may be provided separately from the electrode
films formed on the supporting members 33a and 33b. In
addition, the detecting portions 34a and 34b need not be
respectively provided between the piezoelectric element 31
and the supporting members 33a and 33b. For example, the
detecting portions 34a and 34b may be arranged spaced apart
from each other by a predetermined disfance in another
portion of the piezoelectric element 31.

Furthermore, the cons;ruction of the .acceleration
dete¢ting portion 32 is not limited to‘the construction
shown in Fig. 8. For example, the signal processing means
36 and the like in the acceleration sensor according to the
present embodiment can be usﬁally incorporated in" a single
electronic component, for example, a hybrid IC.
Consequently, as shown in Fig. 9, the supporting base 33 may
be replaced with a hybrid IC 42.- In the coﬁStruction shown
in Fig. 9, a notch 42a is formed in the center of the hybrid

IC 42, a pair of supporting portions 42b and 42c is formed
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construction of the conventional acceleration sensor; Fig. 3is a
cross sectional view taken along a line B- B shown in Fig. 2; Fig.
44s a schematic bl ock diagramfor explaining an acceleration sensor

2o roul BBLh, Sids CQRrITT ol BORe iR Hor UL S rg 30’ S ° 1S
_ _ _ angenent of the _
Schorat RESDF 8305 R aHHY OFPRbI PR AGS: A Bnet o™ an accel er at on
sensor according to a second
supporting portions-42b and 42c by applying electrode films.
A piezoelectric element 31 is bonded and fixed on the
detectiﬁg portions 34a and_34b with conductive adhesives.
Consequently, an electrode 3la formed on one major surfaée
of the piezoelectric element 31 is electrically connected to
lthe electrode films constituting the detecting portioné 34a
and 34b.
Furthermore, as shéwn in.Fig. 10, a piezoelectric
element 31 may be fixedion a supporting base 33 in a
cantilevered shape using conductive adhesives. In the
construction shown in Fig. 10, a pair of electrode films is
formed spaced apart froﬁ gach other by a predetermined
distance on the upper surface of the supporting base 33,
thereby to constitute detecting portions 34a and 34b. On
the other hand, an electrode 31a on the lower surface of thg
piezoelectric element 31 is formed in a substantially U
shape by cutting'away its central part as represented 5y a
broken line in Fig. 10, and both ends of the electrode 3la
in a substantially U shape are electrically connected to the
detecting portions 34a énd 34b, fespectively. |
Although in the foregoing description oT-the second '
embodiment, the filtering means 38 and the amplifying means

39 constituting the signal processing means 36 are
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enbodi nent of the present invention; Fig. 7is acircuit diagramfor
expl aining the acceleration sensor according to the second enbodi nent;
Fig. 8 is a perspective view for explaining the relationship between a

Subnen 416 ERSEaIY, SAWREOELELS | brecheE g Dot eIl pnsebeo)

ShomﬁngR{?eaaslﬁ?émgﬁuékituting the signal outputting means 35, the
present invention is not limited to the same. That is, as
shown in Fig. 11B, a fault in the acceleration detecting
portion 32 may be diagnosed by directly cdnnecting the
signal outputting means 35 and control means X to each
other, applying a current from the above described node 40
to the control means X, and comparing the voltage signal
applied from the output ﬁerminal B of the acceleration
sensor and the state signal applied from the signal
outputtipg means 35 with each other in the control means X.

As described in the foregoing, the acceleration sensor

apcording to the second embodiment comprises the signal
outputting means for outputting to the signal processing
means the state signal representing the st#te of the
acceleration detecting portion 32 compriéing the
piezoelectric element 31 and the supporting base 33, and the'
palir of detecting portions arranged spaced apart from each
other by a predetermined distance in the.acéelération
detecting portion 32. The signal outputting means is so
constructed as to output the above described state signal
according to the variation of the current flowing between
the detecting portions 34a and 34b. Accordingly} when there
occurs a fault such as the cracking of the piezoelectric

element constituting the acceleration detecting portion or

-
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- 10 - bet ween a piezoel ectric el enent and a-supporting base in-a

nodi fi ed exanpl e of the second enbodi nent; Fig. 10 is a perspective
vi ew showi ng the relationship bet ween a piezoelectric el enent and a
supporti er nodifi & Sec d enbodi nent ;

q? base. qpt fd exa ﬁ

Fig. 11A%8 8 PéPé’c‘ﬂ%é’ R%ﬁ%ﬁ & §ﬁ8we &"‘a?“t rﬁS’&H exanpl e of
signal outputting neans, Fig. 11Bis a schematic block diagramfor
explalnlﬁgpﬁortlﬁﬁdmﬁﬁﬂi(éRﬂnﬂQF%#thglgyééﬁdb@ﬁw@ﬁqnﬁhe above

described detecting portions 34a and 34b varies, so that the
state signal corresponding to the above described variation
of the current is outputted from the signal outputting
meahs, thereby to make it possible to quickly find out the
fault which occurred.

Consequently, also in the second embodiment, it is
possible to reliably find out a fault, which has been
conventionally difficult to find out, such as fhe cracking
of the piezoelectric element or the stripping of the
piezeelectric element from the supporting base.

Figs. 12 and 13 are respectively a plan sectional view
for explaining an acceleration sensor according to a third
embodiment of the present invention and a schematic cross
sectional view taken along a line A - A shown in Fig. 12.
The third embodiment is characterized by a supporting
structure of a piezoelectric element. Both the circuit
arrangements in the above described first embodiment and
second embodiment are applicable to the circuif arrangement
in the third embodiment, and the acceleration sensor can be
specifically constructed also in the first emeodimént and
the second embodiment using the constructioﬁ-of.the third

embodiment.

Referring to Figs. 12 and 13, an acceleration sensor 51
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Fig. 12 is a plan sectional view show ng an accel eration sensor
according to a third enbodi nent of the present invention; Fig. 13
is a cross sectional view taken along a line A - A shown in Fig. 12;

Fig. 14 is a schematic block diagran1shomﬁng.nain rtions of the
convent FORRF 156 2rRdFerP Lk oPe and a cagy 93 Pfqtkré?s%e%?i'épBPBCk

di agram showi ng nai n portions of an acceleration sensor according to a
fourth surdagsdinenthefbase pletenb?i pfertheomperipheral edge, and the

base plate 52 and the cap 53 constitute a package structure.
In a housing space consfituted by the base plate 52 and the
cap 53, a hybrid IC 54 is fixed on the base plate 52 using
adhesives (not shown). The hybrid IC 54 has a structure
containing signal processing means, AC signal outputting
means 26 and/or signal outputting means 35, énd the like in
the first and second embodiments. That is, in the third
embodiment, circuit.portions such as the signal processing
means, the signal outputting means 35 and/or the AC signal
outputting means 28, and the like are constructed by using
the hybrid IC 54 serving as a single electronic component.

The upper surface of the hybrid IC 54 is made flat, and
electrodes 54a to 54f for connection to outer.portions ére
formed on the upper surface. Each of the electrodes 54a to
54d is electrically connected to a lead terminal 56 by a
lead wire 55. The lead terminal 58 is passed through the
base plate 52 and is extended downward from the base plate
52 in a state where it is electrically insulated from the
base plate 52. |

On the other hand, the electrode 54e is eiectrically
connectedlto an electrode 31b on the upper surface of a
piezoelectric element 31 by a lead wire 57. In addition,

the piezoelectric element 31 {s directly secured to the
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Fig. 16 is a diagramshow ng the tenperature dependence ~ of the rate of
vari ation of piezoelectric stress constant of a piezoelectric elenent and
the rate of variation of capaci tance t hereof; . Fig. 17 is an
expl oded perspective view for explaining the construction of an
accel eupipieon sernfaceacfottienyyboid IC 54 with conductive adhesives, -11-
fifth enbodi ment of the present invention;

and an electrode 3l1a on the lower surface of the

piezoelectric element 31 is electrically connected to the

electrode 54f with the above described conductive adhesives.

The area of the bottom surface of the hybrid IC 54 is

made larger than the area of the bottom surface of the

supporting base 12 in the conventional acceleration sensor

shown in Fig. 2. That is, the hybrid IC 54 used for this

type of application usually has an area of base larger than

that of the supporting base-12 shown in Fig. 2.

Consequently, the hybrid IC 54 can be secured to the base

plate 52 more firmly, as compared with the supporting base

12 shown in Fig. 2. Accordingly, in the acceleration sensor

51 according to the third embodiment, the hybrid IC S4 is

more difficult to strip from the base plate 52, as compared

with the supporting base 12 shown in Fig. 2, thereby to

effectively prevent such a failure that the piezoelectric

element and a member supporting the piezoelectric element

are stripped from the base plate.

Furthermore, in the cohstruction shown in Figs. 12 and
13, the piezoelectric element 31 is secured to ﬁhe upper
surface of the hybrid IC 54 in a cantilevered shape:
Consequently, when a large mechanical shock {s'applied, tha
hybrid IC 54 is not stripped from the base plate 52 but the

piezoelectric element 31 is stripped from the upper surface
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Fig. 18 is a cross sectional view for explaining the construction of the
accel eration sensor according to the fifth enbodi nent; Fig. 19 is
an expl oded perspective view show ng the schematic construction of a
nodi fi ed .exanpl e of the acceleration sensor according to the fifth
enbodi mehitld hybridpd6sSdt befoas itdre Stripping. 20AFsaakessditodddie
perspective view for explaining another nodified exanple of the

accel erglid ®r SeaioeonnecaidnnPetvddre thét bleobedderht aobnt tdepriasent

[nventlon
surface of the piezoelectric element 31 and the electrode
54f on the hybfid IC 54 shown in Fig. 12 is released,
thereby to break an electric circuit. Consequently, when
such a fault occurs, the oecurrence of the fault is
'immediately detected by the operation of a fault self-
diagnostic circuit incorporated in the hybrid IC 54.
Although in Figs. 12 and 13, the piezoelectric element
31 is secured to the flat upper surface of the hybrid IC 54
in a cantilevered shape, the piezoelectric element 31 may be
secured to the upper surface of the hybrid IC in such a
shape that its both ends are Supported thereon, as 'in the
modified example shown in Fig. 9 of the second embodiment.
Description is now made of an acceleration sensor
according to a fourth embodiment of the present invention
with reference to Figs. 14 to 16. The acceleration sensor
aecording to the fourth embodiment is characterized in that
a temperature compénsating capacitor is connected in
parallel to a piezoelectric element. The const;uctions of
the.fifst to third embodiments are applicable eo the other
structures without any modification. In other worde, the
temperature compensating capacitor used in tﬁe fourth
embodiment is used in the constructions of the first to

third embodiments without any modification, thereby to make
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and Fig. 21 is an expl oded perspective view for explaining stil

anot her nodified exanple of the acceleration sensor according to the fifth
enbodi nent. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Fig. 4¢is a
schematic bl ock diagramfor explaining the construction of an accel eration
sensor d¢coodisiple bofpretducenbbei famictwfon hengreffacti desaridbed and Fi g.
5is acircuit diagramshow ng one exanple of en electric circuit of the
accel er alir@a SOOI . As shown in Figs. 4 and 5, in the acceleration
sensor

In an acceleration sensor using a piezoelectric
element, an output voltage of the piezoelectric element is
affected by the ambient temperature. Accordingly,
temperature compensation has been conventionally made using
a voltage amplifier. More specifically, in the conventional
acceleration sensor, a piezoelectric element 61 is fixed on
a supporting base 62 in a cantilevered shape within'a case
60 represented by a broken line, as shown in Fig. 14. In
addition, an impedance converter 63 is connected to the
piezoelectric element 61, and a voltage amplifier 64
arranged outside the case 60 is connected to the impedance
converter 63. In the voltage amplifier 64, the temperature
compensation of the piezoelectric element 61 is made.

However, the ambient temperature of the voltage
amplifier 64 does not necessarily coincide with the ambient
temperature of the piezoelectric element 61. Consequently,
there arises the problem of making it impossible to make
proper temperature compensation. On the other.hand, the
inventors of the present application have found that
temperature cbmpensation can be suitably made if a ‘
temperature compensating capacitor 72 is conhécted in
pa?allel to a piezoelectric element 71 in close proximity to

the piezoelectric element 71. In Fig. 15, reference numeral
___—______ﬁ______—_
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accordi ng to the present enbodinent, there is provided a piezoelectric
el.ement 21 oqutputting an electric signal corresponding to acceleration G

As the piezoel:ectric -12- elenment 21,
a piezoelectric elenent having a eries type- binorph structure having

ol oo T oS aBRoRE S ¥in B4265S: THY SBEMTRInd el 17 M 68
replaced with an electrohic component such as the above
described hybrid IC. In addition, reference numeral 74
denotes impedance converting means, and reference numeral 75
'dendtes a voltage amplifier. The voltage amplifier 75 can
be constructed similarly to the amplifying means in the
above described first and second embodiments. Consequently,
the impedance converting means 74 and the voltage amplifier
75 can be constructed as a single electronic component, for
example, a hybrid IC within a case 70.

Description is now made of the reason why temperature
compensation can be suitably made when the temperature
compensating capacitqf 72 is connected in parallel to the
piezoelectric element 71.

Examination made by the inventors of thé present
application shows that the reason’ why an output voltage of
the piezoelectric element ié affected by the temperature is
that the rate of vafiation of capacitance Q with temperature
(AQs / Qs) and the rate of variation of piezoelectric
stress constant dz; with temperature (Adz; / dzy1) differ
from each other. In this case; Qs indicates the capacitance
of the piezoelectric element, and dél indicates the

piezoelectric stress constant'of_the piezoelectric element

in the 31 direction.

If the above described rate of wvariation of capacitance

This. Sheet Has Been Replaced :

N III lIIl s (S Sheer s geen
| - REPLACED




pyroel ectric voltage. The piezoelectric element 21 is deforned in
conformty with the acceleration G applied to output an electric signal
corresponding to the deformation. One of the el ectrodes of t:he

pi ezool ectric element 21 is connected to a reference potential, as shown
i n Fi g. wbthThempeitatrured eand otlee odbotre pieszrodlbent riatelafremrdtisn

el ectrically connected to i npedance converting neans 22. The inpedance
convert ppgpAeaide 12 5 Proyir€ed s6nstah® WwiUNW afdmpdiaa t e dare ce@hal he

electric signal applied from the piezoelectric elenment 21, and can be

constitypedabh oft¥er, the amount of change in output due to the
chgnge in piezoelectric stress constant is canceled by the
amount of change in capacitance even if the temperature
changes, thereby to make it possible to avoid the wvariation
of the output.voltage.

More specifically, when the output voltage of the
piezoelectric element is taken as V, the rate of variation
of output voltage in a case where the output voltage V is
changed by AV due to the rise in unit temperature is AV /
V. "The output voltage V is not affected by the change in
temperature” means that the above described rate of
variation of output voltage becomes zero (AV / V = Q).

If the rate of variation of output voltage (AV / V) is
found, therefore, the output voltage V of the piezoelectric
element is proportional to a stress (aG) produced.by_ ’
acceleration G at that time and the piezoelectric stress
constant dz; of the piezoelectric element, and is inversely
proportional to the capacitance Qs of the piezdelectric
element. That is, the following equation holds:

V=uaG - -dz / Qs :---- (2) |

On the other hand, the amount of change in output

voltage AV is as follows:

AV = (V + AV) =V -+eenv (3)
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exanple, a field effect transistor TR err] and resistors Rerr] to Rerr]
shown in Fig. 5. Filtering nmeans 23 is provided in the succeeding
stage of the inpedance converting nmeans 22. The filtering nmeans 23
conprises a band-pass filter for attenuating or renoving an unnecessary

si-gnal conpoaeRb.rdmd1GaN e cBléwUhgdelyat ifodr daigl e, an operati onal
anplifier DA[err], resistors R5 to R err] and capacitors Cerr] to (Jerr]

as shown in Rig..5; AmA it yiyn S 24 dS R oV} i n the succeedi ng
stage of thé\‘fgi I tngl n(gdsnleansA géxigog’asE Eo 4<';1rréldls1?)y an‘ygg gut p)si gnal applied

------

Adz; in the foregoing equation (4) indicates the
amount of change per unit temperature in piezoelectric
stress constant.

If the above described equations (2) and (4) are
substituted in respective terms in the rate of variation of
output voltage (AV / V) to eliminate common terms, the
following equation holds:

AvV / V = [1 + (Ad3; / dzp)] /7 [1 + (4Qs / Qs)] -

In order that the rate of variation of output voltage
becomes zero in the above described equation (5), that is,
AV / V = 0, the following equation may holdf

AQs / Qs = Adzy / dzy (6) |
That is, it is found that the rate of variation of
capacitance of. the piezoelectric element and the rate of
variation of piezoelectric stress constant thereof may be
equal to each other. |

In the temperature characteristics of the'piezoelectric
element, however, the rate of variation of piezoeleétric
stress constant d31-(Ad31 / d31) and the rat;'of variation
of capacitance Qs (AQs / Qs) actually differ from each

other, as shown in Fig. 16. Accordingly, an ouftput voltage
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24 can be constituted by, for exanple, an operational

-.13 - anplifier DAlerr] and variable resistors VR err] and VR err] as
shown in Fig. 5. The i npedance converting: means 22, the filtering
means 23, and the anplifying nmeans 24 constjtute signal processing neans
accor dWiig ato khenot edEfiectadenyi sbe Ahaigpuin temperature is not

obtained.

Therefore, the inventors of the present application has
found that if the abave déscribed temperature compensating
capacitor 72 is connected in parallel to the piezoelectric
element 71 in close proximity to the piezoelectric element
71, temperature compensation can be reliably made by
selecting the capacitance of the capacitor 72.

More specifically, if the rate of variation of
capacitance of the piezoelectric element (AQs / Qs) and the
rate of variation of piezoelectric stress constant thereof
(Adzy) / dz;) are equal to each other as shown in the
equation (6), the rate of variation of output voltage of the
piezoelectric element becomes zero (AV / V = 0). In the
fourth embodiment, however, if the éapacitande Qt at the
reference temperature of the capacitor 72 and the rate of_
variation of capacitahce with'temperatufe thereof (AQt /
Qt) are suitably selected, the rate of variation of
piezoelectric stress con;tant of a parallel circuit and the
rate of variation of capacitance thereof are apéroximately
equal to each other, thereby to obtain an Qutput voltage
which is not affected by the ambient temperature.

In the above described capacitor 72, the'required
capacitance Qt can be easily calculated as follows. That

is, if the condition under which the rate of variation of
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termnal B of the anplifying neans 24 is an output termnal of the

accel eration sensor according to the present enbodi nent. On the

ot her hand, AC signal outputting means 26 is " electrically connected to the
electrode, to which the inpedance converting neans 22 is electrically
connectatf;pwt vohdsagiec besloswts izerd ehenfondt byoddle £orgewingdr 25. The AC
signal outputting neans has an input termnal A and a timng signal as

descri hagud el en i($)gXttdrenaldlyl owinig tegus 0iohhdoldsubdcausenath. togae AC
signal outputting nmeans 26 is
' capacitance of a parallel circuit of the piezoelectric
element 71 and the capacitor 72 is the sum of the capacitance
of the piezoelectric element 71 and the capacitance of the
capacitor 72:
(AQs + AQt) / (Qs + Qt) = Adgz; / dz; e (7)
If the equation (7) is changed for simplification, the
following.equation is obtained:

Qt / Qs =

(AQs / Qs - Ad31 / d31) / (Ad31 / d31 - AQt /

The capacitance'Qt of the.capacitor 72 and the rate of
variation of capacitance thereof (AQt / Qt) are unknown out
of the respective terms in the equation (8).' However, the
rate of variation of capacitance of the capacitor 72 is
determined depending on which type of capacitor is- the
capacitor 72. .0On the other hand, the other terms are all
known.

" Therefore, letting the capacitance Qs (at éO‘C)~of the
piezoelectric element 71 = 900 pF, the rate of‘variation of
capacitance thereof (AQs / Qs) = 0.0036, and the raie of
variation of piezoelectric stress constant tﬁéreof (Ad31 /
dz;) = 0.0023, the required capacitance Qt of each.of

capacitors exhibiting the following characteristics UJ, RH
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so constructed that an AC signal which is synchronized with the period of
the timng signal inputted is outputted and the AC signal is applied to

t he piezoelectric elenent 21 through the capacitor 25. The AC signal
outputting nmeans 26 can be constituted by, for exanple a transistor TR2,
resi storedRC&:r] and R err], and variable resistors VR err] and VR err] as
shown in Fig. 5. Description is now nade of a fault diagnostic

operation inQihe BECEhEr@4poOiseRSARvVANEOHNEHLOrddEetidslc eopodtpent
described with reference to Figs. 4 and 5. The fault
rate of wvariation of capacitance (AQt / Qt) is set to
~0.00075, so that the required capacitance Qt of the
capacitor 72 becomes 383.6 pF.

(2) In the capacitor having -the characteristic RH, the
rate qf variation of capacitance (AQt / Qt) is set to
-0.00022, so that the required capacitance of the capacitor
72 becomes 464.3 pF.

(3) In the capacitor having the characteristics CG,
the rate of variation of capacitance (AQt / Qt) is set to
approximately zero, so that the required capacitance Qt of
the capacitor 72 becomes 508.7 pF.

As described above, the type of capacitor 72 used is
suitably selected to find the value of the rate of variation
of capacitance of the capacitor 72, and this value and the
other known values are substituted in the above described
equation (8) to find the required capacitance Qt of the
capacitor 72.

Consequently, according to the fourth emboéiment. the
rate of variation of piezoelectric stress constant and the
rate of variation of capacitanée of the parallel circuit of

- the piezoélectric element and the capacitor éah.be made
approximately equal to each other by 6nly selecting the

capacitance of the capacitor 72 connected in parallel to the
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- 14 - diagnosis is made in cases, for exanple, a case where the
accel eration sensor is used for an air bag device carried by an autonobile
and a case inmmediately before an autonobile is driven. That is, when the
engi ne gfiervaléotplit! elemenst it dea, tflor sbevpl desanibedt maaheen to start a
fault diagnostic operation is issued to the acceleration sensor from
outer cYdsdqiBARSy27eleACilfl @hed)ambient temperature changes, the

amount of change in output due to the change.in

piezoelectric stress constant is canceled by the amdunt of

change in capacitance. As a result, an output voltage which

is not affected by the ambient temperature is obtained.

Since the above described capacitor 72 is provided in close

proximity.to the piezoelectric element 71, and the capacitor

72 is always operated at approximately the same temperature

as the piezoelectric element 71, therefore, it is possible

to accurately make temperature compénsation.

Referring now to Figs. 17 to 21,.description is made of

a fifth embodiment of_the present invention. The fifth

émbodiment is characterized in that in an acceleration

sensor so constructed that an electronic component

containing a signal processing circuit and the like is

arranged on a base plate, a cushioning member for absorbing/

a thermal shock produced between the base plate and the

above described electronic component due to the difference

in coefficient of thermal expansion or modulus‘'of elasticity

is provided between the base plate and the electronic

component. The'cushioni;g member is also applicable to each

of the acceleration sensors in the above described first to

fourth embodiments. In the fifth embodiment, the thermal

shock produced due to the difference in coefficient of

faced |
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When the fault diagnostic operation Is started, a timng signal having a
frequency f[err] within a passband of the filtering neans 23 is first
outputted to the input term:nal A of the AC signal outputting neans 26

fromthe control nmeans 27. When the above descri bed tlﬁln%
i nput ttd¥RE2 1 hBXPAPSE ORe P ARCAUAUS E R 3P GRGH tHut SuBPRG Pete s 26

out puts an AC signal which is synchronized with the period of. the timng
si gnalthe Tdkov€ degoalibed syshieming meheepi esoeltbatr ro eke@sstival t hr ough
t he capacitor 25. The piezoelectric elenent 21 has a certai.n
capacidiaaral vétdess Ascabdi eHertddeorcaprei &aaeervalice compbhent

for constructing signal processing means and the like.

Consequently, the possibility of causing damages to the

electronic component due to the thermal shock is prevented,

thereby to enhance the reliability of the acceleration

sensor.

Furthermore, the'thermal shock is absorbed by the above
described cushioning member. Accordingly, even if a wiring
pattern or a resistor film is formed on the bottom surface
of the above described electronic component, it is hardly
damaged. Accordingly, it is possible to also form a wiring
pattern or a resistor film superior in reliability on the
bottom surface of the electronic component, thereby to make
it possible to make the eleqtronic component used smaller in
size ang higher in integration density.

Réferring_to'Fig; 17, the acceleration sensor according
to the present embodiment comprises a piezoelectric element
81 outputting an electric signal corresponding tb
acceleration and a hybrid IC 82 serving as an electronic
component containing various types of signal précessfng
circuits for processing a signal outputted from the

piezoelectric element 81. The piezoelectric element 81 has

a strip shape, and the hybrid iC 82 has a rectangular plate
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pi ezoelectric elenent 21 is taken as Jerr], the capacitance value of the
capacitor 25 is taken as JQerr], and a voltage of the AC signal outputted

fromthe AC signal outputting neans 26 is taken as V[err]. |In this case,
a voltage V2 applied to the inpedance converting neans 22 is expressed by
tHe fYF3R% ng equati on: V[er] = V1 {err] / (Qerr] + err])

The piezoelectric element 81 is held in the center of
the hybrid IC 82 in a cantilevered shape. That is, a
through hole 83 for mounting the piezoelectric element is
formed in the center of the hybrid IC 82. A fixed end 81la
of the piezoelectric element 81 is secured to an edge of the
above described through hole 83, and a free end 81b thereof
is so arranged as to face the through hole 83.

A tip—type electronic component 84 and a wiring pattern
{not shown) are secured or formed on the upper surface of
the hybrid IC 82. A component such as a resistor film or a
wiring pattern, an electrode and the like are also ‘formed on
the bottom surface of the hybrid.IC 82, which are not shown.

The hybrid IC 82 and the piezoelectric element 81 are
connected to each other through a bonding wiré 86. In
addition, the upper surface of the hybrid IC 82 is covered

-with a cover body 87 made of a metal, a conductive resin or
a material obtained by metal-plating a synthetic resin.

Meanwh;le; if the cover body 87 and the wiring pattern
(not shown) formed on the hybrid IC 82 are connécted to each

.other by bonding of the cover body 87, it is possible to
further enhance the reliability of the electricél
connection. A plurality of connecting terminals for
connection to outer portions 88 are attached to one end of

the hybrid IC 82, and are projécted sideward from the hybrid
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A vol tage signal having the above described voltage [err] is

| npedance-converted in the inpedance converting neans 22, and an
unnecessary signal conponent is attenuated or renmoved in the filtering
means 23. The voltage signal is anplified by the amplifying nmeans 24 and
is outptteBas a voltage signal V3 fromthe output termnal B. I'n
this case, the AC signal outputting neans 28 is so reviously adjusted
that the voltﬁgé scgrdergtdon ﬂ%ﬁﬁqnyQFC@D@SﬁanF0v§ﬁ§epr§36@¢putted from

the output termnal B by
embodiment comprises a base plate 89 made of a metal on

which the above described hybrid IC 82 is mounted and an
insulating resin film 80. This insulating resin film 90
serves as a cushioning member in the present invention.

The base plate 89 comprises a mounting stage 89a for
mounting the hybrid IC 82 in its central part, and the
insulating resin film 90 is affixed on £he mounting stage
89a with, for examplé, epoxy adhesives.

A polymer film such as a polyimide film having a
coefficient of thermal expansion of 8 X 1076 to 17 x 10-6

~/°C and having modulus of elasticity of 380 kg/mm2 and a
polyethylené terephthalate film having a coefficient of
thermal expansion of 30 X 1076 to 50x 1078/ C and having
modulus of elasticity of 400 kg/mmz are suitable as the
insulating resin film 90, and approximately 10 pm is
sufficient and_particulariy, approximately 30 um is guitable
for the thickness thereof.

The hybrid IC 82 is affixed dp.the insulaéing resin
film 90 affixed to the mohnting stagelsga through, for
example, epoxy adﬁesives. In order to firmly bond the base
plate 89, the insulating resin film 80, andithe.hybrid IC
82, it is preferable that both surfaces of the insulating

resin film 90 are previously'éubjected to sandblasting.
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inputting the timng signal having a frequency f[err]. This adjustnent
can be nmade by, for exanple, adjusting the variable resistors VR err] and
VR[er] in the circuit shown in Fig. The vol tage signal V]err]
outputted fromthe out utte éghnlnal B.of the accel eration sensor accordi ng

to the preseR® @xBddi e W al GhBge PPSLEdLBRF AT TiFed 8% ng and
operating neans 28 incorporated in the mcroconputer. On the other
hand, viee baseabdededdScdish@pviestahgeithi gngapvPdrr] The e@app@dl ¢ids from t he

output termnal B, a timng
made of a metal or a conductive resin, and has dimensions

covering the mounting stage 89a of the base plate 89. 1In
addition, parts on the side of the bottom surface and one
side surface of the cap 91 are opened. The lower parts of
the side surfaces of the cap 91 are secured to the periphery
of the mounting stage 89a so that the cap 91 is fixed on the
base plate 89. Consequenfly, the hybrid IC 82 is covered
with the cap 91 in a state where the connecting terminals
for connection to outer portions 88 are pfojected sideward
from the opened part of the cap 91. In addition, the cap 91
is filled with an insulating resin 92 such as silicone resin
for the purpose of hermetical sealing. Since the
piezoelectric element 81 is surrounded by the cover body 87,
however, a space for vibration A of the piezoelectric
element 81 is ensured.

Furthermore, the hybrid IC 82 contains various circuits
as described in the first and second embodiments, for
example, signal processing circuits such as an impedance
converting circuit, a filter circuit, an amplifying circuit
and the like. |

Also in the acceleration sensor according to the
present embodiment, the hybrid IC 82 and the base plate 89

differ from each other in coefficient of thermal expansion
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si gnal

out putting Heans 26. The above described sane operation i s repeated.
this case, the reguen(iast .err] of the tim

t he

havi ng a frequency f2 outside the passband of the filtering neans
23 is continuously applied to the input termnal A of the AC signal

and modulus

cit (the:ﬁyefﬁggggg d°6f

23, so that a voltage signal

expansion of the hybrid IC 82 is 2 X 10~ “6 to 7 x 10~ 6/ C and
the modulus of elasticity thereof is 1 X 104 to 3 x 104
kg/mmz, while the coefficient of thermal expénsion of the
base plate made of metal is 10 X 1076 to 30X 10'5/'C and
the modulus of elasticity thereof is 0.1 X 1049 to 2 X 104
kg/mm2). as in the conventional acceleration sensor.
Consequently, -when the temperature violentl& changes, a
thermal shock can be produced between the hybrid IC 82 and
the base plate 89. However, the above described insulating
resin film 90 is interposed therebetween, which functions
as a cushioning member to absorb the above described thermal
shock. Consequently, there occur no damages such as
cracking or chipping and stripping in the hybrid IC 82.
Furthermore, the piezoelectric element 81 is mounted on
the hybrid IC 82. The hybrid IC 82 is reliably fixed on the
base plate 89 without being stripped by the function of the
insulating resin film 90. Consequently, a failure making it
impossible to measure acceleration, that is{ the stripping
of the piezoelectric element 81 does not easily occur.
Additionally, the thermal shock is absorbed by the
insulating resin film 90,.so that there is no péssibi;ity of
damaging the wiring pattern or the resistor filﬁ_formed on
the bottom surface of the hybrid IC 82. Similarly, the

surface of the wiring patternubr the resistor film is

In

nal B putted is outside
tRREMAL| t eri ng nmeans
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Vlerr] attenuated by the filtering neans 23 and anplified by the
applifying neans 24 is outputted fromthe output termnal B. The voltage
signal V4 is also received in the neasuring and operating neans 28.
Furthernore, in _the above described nmeasuring and operating means 28, the
respect | RRY§arpddyors offeatpd B iR 1BFYAALIVE F@Sids Jodd réu{ o the timng
signal having a frequency f[err] and the voltage signal V[err]
correspatodragved,t fthe télaatrisiaghalnsalangoa foedoesnc\thfe2 byt omasur ed.
The fault diagnosis of the acceleration sensor is nmade by conparing the
measued g@atpeee0b fV[igid hywrd VKT r§2 vahél Bhenblasealples eofg V3 sind

ensured. Accordingly, it is possible to form a wiring

pattern or a resistor film superior in reliability on the

bottom surface:of the hybrid IC 82, thereby to make it

possible to make the hybrid IC 82 smaller in size and higher

in integration density.

Although in the above described fifth embodiment, the
insulating resin film 90 is used as a cushioning member, the
present invention is not limited to the same. For example,
insulating adhesives used for bonding can be'also used as
the above described cushioning member. In this case, the
insulating adhesives must be so applied as to have a
thickness of at least approximately 10 um in order to
obtain the'cushioning effect.

| | '

Furthermore, the connecting terminals for connection to
outer portions 88 are directly mounted on the hybrid IC 82,
and are not-mounted on the base plate 88. Consequently, it
is possible to omit complicated work such as work of
mounting the connecting terminals for connection to outer
portions 88 so as to pass through the base plate 89 or work
of insulating the connecting terminals for connection to

outer portions 88 and the base plate 89 from each other.

Additionally, the above described bonding wire 86 need
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V4 stored in the m croconputor.

to the present enbodi nent, the piezoelectric element 21 and signal
protessing'neans conprising the inpedance converting neans 22, the

filteri

appar ent rom

t her ef or
COnsequ

when an abnorm

been generally consi dered t hat

the piezoelectric elenent 81 and the hybrid IC 82 may be
connected to each other using solder, conductive adhesives or
the like.

Furthermore, as the piezoelectric element 81, a
piezoelectric element of a bimorph type, a piezoelectric
element of a unimorph type, and a piezoelectric element of a
sh::ar mode type (shearing type) may be used. In the
piezoelectric element 81 of a shear mode type, the
piezoelectric element 81 and the hybrid IC 82 cén be
connected to each-other without using the bonding wire 86
from a structural point of view.

Although in the embodiment shown in Fig. 17, the
piezoelectric element 81 1s fixed to the upper surface of
the hybrid IC 82 in a cantilevered shape, the fifth
embodiment is not limited to the same. That is, as shown iﬁ
an exploded perspective view of Fig. 19, a piezoelectric
element 81 may be fixed to a flat upper surface of a hybrid
IC 82 so as to support both ends of the piezoelectric
element 81 on both sides by edges opposed to each other of a
through hole 83 in the hybrid IC 82. In this case, if

grooves for positioning the piezoelectric element 81 and

mounting the same are provided at both the edges of the

through hole 83, the piezoelectric element 81 is easily
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cracking occurring in the piezoelectric elenent 21 itself is 'not easily

found out. In the acceleration sensor according to the present
enbodi ment, however, when the piezoelectric :
- 17 - elenment 21 is cracked, the capacitance value {err] thereof is

change@psitidnndthendothagan§sappwl@wtmnkheglapadaqtéoncbmverting means
22 varies, as apparent fromthe foregoing equation (lI). Consequently, the
vol t ag@onidined switer ik andmyhetell by only altering wiring on the
hybrid IC 82, thereby tb make it possible to further enhance
reliability and productivity.

Furthermore, as showp in an exploded perspective view
of Fig..zo, a base plate 89 and a cap 91 may be integrated,
and grooves for positioning 92 may be respectively formed on
the inside of a pair of side surfaces opposed to each other
so as to extend in the horizontal direction. If the width
of the grooves 92 is made approximately equal to the
thickness of the hybrid IC 82, it is possible to simply
mount the :ybrid IC 82. Moreover, it is possible to
reliably mount the hybrid IC 82. In addition, the necessity
of bonding the base plate 89 and the cap 91 to each other is
eliminated, thereby to increase the strength of the entire
package structure. A member for preventing silicone resin
or the like with which'the cap 91 is filled from flowing in
is mounted on the reverse surface of a mounting hole-of a
piezoelectric element (that is, a mounting hole
corresponding to the through hole 83 shown in Fig. 17},
which is not shown in Fig. 20. In addition, the hybrid IC
82 can be mouhted with it being turned over by chanéing the
position of the grooves for positioning 92, thch is not
shown.

Additionally, as shown in an exploded perspective view
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vary, thereby to nake it possible to reliably find out the cracking of the
pi ezoel ectric el enent 1. As described in the foregoing, in the
accel eration sensor according to the present enbodi nent, the fault

di agnospcph ylction dive 4Heds | 2o 0PI BEACERIRUVA AANSUs Vi oRARNGLND the

capaci t or “between the AC signal outpufting neans 26 for outputting the
A PR ST R M TR S A SRR A
diaghOSé;gegggggg{Kﬁ%%émﬁogféggggldggrg%%?aﬁ%tgga the lower surface

of the projection 93 may be utilized as a surface for

positioning in inserting the hybrid IC 82. In this case, an

insulating plate 94 having a predetermined thickness may be

affixed to the reverse surface of the hybrid IC 82 so as to

obtain positioning on the lower side of the hybrid IC 82.

That is, the thickness of the above described insulating

plate 94 may be so selected that the thickness of the

insulating plate 94 and the thickness of the hybrid IC 82c

are approximately equal to the disfance.between'the lower

surface of the projection 93 and the bottom surface of the

cap 91.

Meanwhile, in the above described all embodiments, it

is possible to use, as the piezoelectric element, a suitable
piezoelectric element such as not only a piezoelectric g
element of a bimorph type but also a piezoelectric element
of a unimorph type, a piezoelectric elemenf of a shear mode
type or the like.

Although the present inventionhhas been described and

illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not

to be taken by way of limitation, the spirit and scope of

the present invention being limited only by the terms of the
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accel eration sensor, unlike the conventional acceleration sensor. |t

w || be pointed out that the construction of a third enbodi nent described
hereafter is applicable as the specific construction of the above
described first enbodi ment. Figs. 6 and 7 are respectively a bl ock

di agr amafpgrendexgl @l aimg-t he schematic construction of an acceleration
sensor according to a second enbodi nent of the present invention and an
el ectric circuit di-agram showi ng one exanple of the specific circuit
arrangenent of the

This Sheet Has Been Replaced

- TH
47 F IS SHEET HAS BEEN
REPLACED




-18- accel eration sensor. Referring to Fig. 6. there is provided an
acceleration detecting portion 32 in the present enbodi nent. The

accel eration detecting portion 32 conprises a piezoelectric elenment 31
havi ng el ectrodes 31la and 31b on both its major surfaces, as shown in Fig.
7. As the piezoelectric el enent

A O 0

-

eet Has Been Replaced

M

A. An acceleration sensor comprising:

(32)
an acceleration_deteéting portion comprising a
(31) (31a,31Db)

piezoelectric element having electrodes on both its surfaces

-
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31 a piezoelectric elenment having a series type bi mlmu'HM'mmﬂﬂm"’ch
is lowin pyroelectric voltage is preferably used, a

enbodi nent. The piezoelectric element 31 is fixed on a supportlng bake 33,
as schematically. shown in Fi 7. A of detectin ortlons 34a and 34b
i s foﬁﬁﬂi%&@géﬁtéﬂ§?ﬁ'ﬁ%ﬁﬂ%iﬂﬂ?Qﬁ?ébOBQlﬁgpggdéﬁﬁéiéiﬁf Yt st ance on the
upper surface of the supporting base 33, and the pair of detecting

porti omprUbedndnd4ia issippogdtimig d1dse fonnesupe@td nghsadidect r ode 31a of the

pi ezoel ectric elenent 31. (fpe of the detecting portions 34a is

el ectripdaldgeleoppeet edementi,gnal outputting nmeans 35 as descri bed
(32)

said acceleration detecting portion being provided with

) (34a, 34b)
a pair of detecting portions arranged so as to be brought
(31)

into contact with said piezoelectric element and spaced

apart from each other by a predetermined distance;
(36)
signal processing means electrically connected to one

(31ib) (31)
of the electrodes of said piezoelectric element and for

processing the electric signal outputted from the

(31)
piezoelectric element; and
(35) (34a)
signal outputting means electrically connected to one
{34a,34b)

of said pair of detecting portions so as to cause a

predetermined current to flow between said detecting
(36)
portions and connected to said signal processing means so as
(36}
to output to the signal processing means a state signal

representing the state of the acceleration detecting

portion, (32)
(35)

said signal outputting means outputting said state

signal in conformity with the variation of the current

flowing between the detecting portions. (34a,34b)
2. The acceleration sensor according to claimA,

(34a, 34b)
wherein said pair of detecting portlons is provided between

(31) . (33)
said plezoelectrlc element and the supporting base.

3. The acceleration sensor according to claim 2,
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hereafter. The other detecting portion 34b is el ectr M!IM!”M'! Ito a
reference potential. The specific construction of t

det ecti ng portlon 32 will be deggsj bed hereafter with reference to, for
exanp F| . seen r ectrode 31b.
ﬁg plezoe ec rT e p%?éﬁ%ﬁ? §?§95§§|g&ﬁ§€} e%o%%ectgéﬁg ?ngna

procesabgggy¥gg5£§%ber§ arrahgga éBS@%d'&Sﬂé% pfom each other by

a predetermined distance,

an electrode constituting said pair of detecting

34a,34b)
portions being formed on the upper surface of said pailr of

supporting members. (33a,33b)

‘U.The acceleration sensor according to claim3,
(33a,33b)
wherein said pair of supporting members is arranged so as to
(31)
support the piezoelectric element in both ends of the

(31)
piezoelectric element or in the vicinity thereof.

5. The acceleration sensor according to claim 2,
(33)
wherein said supportlng base is arranged so as to support

(31)
the piezoelectric element in one end of the piezoelectric

(31)
element or in the vicinity thereof,

a pair of electrodes constituting said pair of

(34a,34b)
detecting portions arranged spaced apart from each other by

a predetermined distance being formed on the upper surface

of said supporting base. (33)

G.The acceleration sensor according to claim A,
(36)
wherein said signal processing means comprises

(37)
impedance converting means electrically connected to

(31)
the piezcelectric element and for converting the impedance

(31)
of the signal outputted from the piezoelectric element,

(38)
filtering means electrically connected to the impedance

3D _
converting means and for removing an uannecessary signal
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-19- the accel eration detecting portion 32 is electrlcallm tmcormecrea

to the signal processing nmeans 36 so that an  output of t Hmllﬁlmu"l

detecting portion 32 is applied to the signal processing
si ghalcgmperesitng andreans 36 conpri ses i npedance convertlng nmeans 37
filtering means 38, and amehi fyi ng neans 39. The i npedance convertlng

nmeans 37 i Saﬂb@.ﬁ'f%gﬁ%é’&é e LW eRiEallhy il ofo saidol tage signal
applied fromthe accel erati on detecting

filtering means and for amplifying a signal applied from the

(38)
filtering means.

.3.The acceleration sensor according to claim4,.

. . . . 36),
wherein at least a part of said signal processing meaéﬁ As

(54)
constituted by a single electronic component having a flat

‘upper surface,

(31)
said piezoelectric element being fixed to said. upper

(54)
surface of said electronic component in a cantilevered

shape.

8. The acceleration sensor according to claim A,
(72)
whlch further comprises a temperature compensatlng capacitor

. .. . . . 31
arranged in close proximity to said piezoelectric element (31)

and connected in parallel to the piezoelectric element. (31

9. The acceleration sensor according to claim 4,
' (36)
wherein at least a part of said signal processing means is
(54)
constituted by a single electronic component, and which
(52)
further comprises a base plate for supporting said
(54) AQ?L
electronlc component, a cushioning memberVfor absorbing a
(52)
thermal shock prcduced between the base plate and said

(54) .
electronic component due to the difference in coefficient of

thermal expansion or modulus of elasticity being arranged
(52) ' (54)

between the base plate and the electronic component.
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portion 32, t he filtering neans 38 conprises a band- pass filter and is
provided so as to attenuate or renove an out - ‘of - band si gnal conponent,

and. t he aﬁglrﬁ M%EQRFWP}LS@H -SST@f\%i.Ejiﬁ{%ﬁ &%’F\‘h?ﬂiﬁﬁ y a vol t agse-si gnhal-

applied fro r1Tng nmeans ough one exanpl e of the specific
const r ucMusmR MhubdteirgiCgniad. processi ng neansC86 F-3795EC-BiYown in Fig 7, it

can be c -
converting nmeans 22, the filtering means 23 and the anplifying nmeans 24

in the above descri bed first enbodi rre‘ﬁ{stmlcg Fig. 7, therefore, the sane
circuit el enents as the circuit elenménts shown in Fig. 5 are

ACCELERATION SENSOR

1  An acceleration sensor comprising: an acceleration detecting portion (32)
comprising a plezoclectiric clement (31) having clectrodes (31a, 31b) on
both its surfaces and outputting a signal corresponding to acceleration ap-
plied and a supporting base for supporting said piezoclectric element (31),

5 said acceleration detecling portlon (32) being provided with a pair of de-
tecting portions (34a, 34b) arranged so as to be brought into contact with
said plezoclectric element (31) and spaced apart [rom each other by a pre-
determined distance: signal processing means (36) electrically connected
to one of the electrodes (31b) of said piezoelectric element (31) and for pro-

10 ccssing the electric signal outputted from the piezoelectric element (31);
and signal outputting means (35) electrically connected to one (34a) of said
pairofdetecting portions (34a, 34b} so as to cause a predetermined current
to flow between said detecting portions and connected to said signal pro-
cessing means (36) so as to output to the signal processing means (36) a

15 state signal representing the state of the accelera'ti_on detecting portion
(32): said signal outputting means (35) outpulting said state signal in con-
formity with the variation of the current [lowing between the detecting pory

tions (34a, 34b).

20 (Fig. 7)
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assigned the sane reference nuneral s and hence, the description thereof
I S not repeated. The signal outputting nmeans 35 is connected to a

power supply voltage Vcc, and is constituted by resistors RHfrr , _and
Rierr] cogige Renifctedid @S, Ui /&asd Fatzberc-piA node 40 bet ween M{kﬁesi stors

Rlerr] and Rlerr] is electrically connected to the
-20-
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si gnal processing neans 36. The specific construction of the above

. described acceleration detecting portion 32 will be described with
reference to Fig. 8. A supporting base 33 is constituted by pair of
suppor t iMigataeEReastudd@Ccantid3Bbasar F-tT9pPa-Bigaced apart from &¢hl® her by a
predet erm ned di stance. Detecting portions 34a and 34b are fornmed on the
respective supporting nenbers 33a and 33b by applying electrode fil ns.
That is, the pair of detecting portions 34a and 34b is arranged spaced
apart from each other by a predeterm ned distance. A piezoelectric

- elenment 31 is fixed on the

F[G.2 PRIOR ART
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detecting portions 34a and 34b with one of el ectrodes 31la on the bottom
and the electrode 3la is electrically connected to the detecting portions
34a and 34b. The signal outputting nmeans 35 is electricallﬁiﬁ. pected to
the detectin rtion.3 RO g. 8, and the dete O portion
34b is Mﬂﬁﬁﬁgggﬁgggﬂﬂg$e$@?éqieépoteﬁf?éﬁw A fault diagnostic
operation in the acceleration sensor according to the second enbodi nent
will be described with reference to Figs. 7 and 8. In the

accel eration sensor according to the second
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enbodi mrent as descri bed above, the signal outputting means 35 is connected
in series to a predeterm ned potential source, and conprises a pair of
resistors Rerr] and Rerr] for dividing the power supply volta e Vccs

addi t i onMurata Manufacturing Co., Ltd. / Case: F-179EPC-DIV - 21 - respect 4 [ nput
termnals of the filtering nmeans 38 an the anplifying neans are
electrically connected to the
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node 40 between the resistors R err] and Rerr]. On the other hand, one
of the above descri bed detecting portions 34a is el ectrically connected

to the downstream si de of the resistors R err] and R errl. sequently,
a predetern ned 1t il AEdsk: B-Irpcisem t he node 40 tégdﬁ il tering

nmeans 3 ““ﬂgﬁﬁnFﬁgﬁgﬁ%ﬁ?fyiHgéneans 39, and a predetermned current I[err]
flows fromthe downstream side of the resistors R err] and R err] to the
detecting portion 34a. The above descri bed signal outputting nmeans 35

may be constructed, as in a nodified exanple shown in Fig; 11A. That is,
the signal outputting neans 35 may be so
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constructed that a circuit conprising resistors Rlerr] to R err]

transistor TR[err] is provided in the succeedi
bet ween the resistors Rerr] and Rerr],
to the ngGdeiMidtuethiy ol gRl. / Cal Fh7bErDIVNE
respective one Input termnals of the filteri
anplifyi ng neans 39. Meanwhi | e,
detecting portion 32,

pi ezoel ectric elenment 31, as
' e8]

-~

(@))
o
'~

and a
tpe node 40

nade 40 is apftd dlo

ng nmeans 38 and the

ng stage of

and a current

I n the above descri bed accel eration
t he detecting portions 34a and 34b are
connected to each other by the el ectrode 31la on

electrically
the | ower surface of the
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apparent fromFig. 8  Consequently, a predetermned current I[err]
applied fromthe above described signal outputting neans

-22- 35 flows between the detecting portions 34a and 34b. Th?t Jes t he
current |jer ] mbh @ iheRRL WRE N chbie Fdeberd-DNY portions 34a an é s

al ways nonitored by the signal processing neans 36. If the current I[err]
varies, the current I[err] flow ng

FIG.8
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fromthe node 40 between the resistors R err] and R err] varies in
conformty with the variation of the current I[err]. Accordingly, in
for exanple, a case where the piezoelectric element 31 is c&gcgggsor t he
pi ezoel embitLMamirsitidiig ¢, Lids /<lakd: PAFIEPE-DIF t he supporting ba / Ot he

current I[err] flow ng between the detecting portions 34a and 34b varies,
so that the current I[er] is reduced or does not flow As a result, the
current I[err] flowing fromthe node 40 between the resistors R err] and
Rlerr] varies. Accordingly, a state signal representing the state of the
acceleration detecting portion 32, that is, the cracking or the stripping

FIG.9
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of the piezoelectric elenent 31 constituting the acceleration detecting
portion 32 is outputted fromthe signal outputting neans 35 to the
filtering neans 38 and the anplifying neans 39 constituting the signal

Pr 0CesSi MGratERRSufactringtds Q. 9Idkd: ¥-WbEPc bRe variation in val uguffl@e above
described current I[err]. Consequently, a signal outputted outward from
the output termnal B of the acceleration sensor varies, thereby to make
it possible to nake the diagnosis of a fault in the acceleration sensor by
the wvariation of the output signal in control means 41 connected

FIG.10 .
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- 23 - to the output ternminal B. Al t hough in the construction shown
in Fig. 8, the supporting base 33 constituting the acceleration detecting
portion 32 conprises a pair-of supporting nenbérs 33a and %}9, 3E the

el ect r Qigath MaNBRERARE CHULINYCEREF-UZIBPCDMG  portions 34a and 34b are

applied to the upper surfaces of t he supporting nenbers 33a and 33b, the
detecting portions : '
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34a and 34b may be provided separately fromthe el ectrode films formed on
t he supporting nenbers 33a and 33b. In addition, the detecting portions
34a and 34b need not be respectively provided between the piezoelectric
el ement Jturatadhulde@irmg BROLLI PBaseErhesEPc3S® and 33b. For eXﬂ f,leie
detecting portions 34a and 34b may be arranged spaced apart om each

ot her by a predeterm ned di stance in anot her portion of the piezoelectric
el ement 31. Furthernore, the construction of the accel eration
detecting portion 32 is not limted to the construction

FIG.12
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shown in Fig. 8 For exanple, the signal processing neans 36 and the’'like
I n. the accel eration sensor according to the present enbodi nent can be
usual ly incorporated in a S|ngle electronlc conponent, for exanple, a

hybrid I Gy, égmﬂirj Yo t&g\gjr,l t he supporting 143 Iﬁmay
be- replacedamnth a hy F 3 In1 ﬁe constructlon shown in F?; 9, a
notch 42a is fornmed in the center of the hybrid 1C 42, a pair of
supporting portions 42b and 42c is forned

FI1G.14 PriOR ART-
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- 24 - on both sides thereof, and detecting portions 4a and 34b are

formed on the upper surface of the pair of the supporting portions 42b

and 42c by applying electrode filns. A piezoelectric ele t i s bonded .
13446

and fixed on the . delec! iRo, eesd Fansedavand 34b with cond dhesi ves.
Cbnsequeﬁ? y, an elecCtrode 31a fornmed on one mgjor surface of the

pi ezoel ectric elenment 31 is electrically connected to the electrode filns
constituting the detecting portions 34a and 34b.
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Furt hernore, as shown in Fig.
on a supporting base 33 in a

10, a piezoelectric element 31 may be fixed
cantil evered shape using conductive

adhesives. In the construction shown in Fig. 10, a pair of gi %tégde filns
is formed s t$ f{tg EACF-PloReE-Diy @ predeterm ned 1 Z e on
t he uppyPngﬁ §°8 & suS%ortlng ase 33, thereby to constitute

detecting portlons 34a and 34b
t he | ower surface
- substantially U

t he ot her hand,
eI ect ric element 31
ing away its central

an el ectrode 31a on
is forned in a
part as represented by a

broken Iine in Fig

FAGHT

bot h ends g

the el ectrode 3la
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in a substantially U shape are electrically connected to the detecting
portions 34a and 34b, respectively. Al t hough in the foregoing
description of the second enbodinent, the filtering meansa.ﬁggm he
anpl i fyi ng means 39 _consti b uti.ng. bigpcsbanal processing ne e

- 25- Né!jl"é'ét’ﬁ"é’%c uﬁ‘&%ﬁ'hg{cdf %5 to the node 40 between the, resistors

FIGI9
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Rlerr] and Rlerr] constituting the signal outputting neans 35, the present

I nvention is not;limted to the sane. That is, as shown in Fig. 11B, a

fault ig the acceleration detecting portion 32 may be di aa{reyi@y
I

direct| opgect | > L] peak: myigeetiomg means 35 and co ans X to
each p&%‘ﬁ%ft;gugﬂ Eg' current fromthe above described node 40 to the

control ans X, and conparing the voltage signal applied fromthe output
termnal B of the acceleration sensor and the state signal applied from

the signal outputti HQFETG%QO each other in the control means X
N . ? L ]
f
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As described in the féregoi ng, the acceleration sensor accordﬂé?gﬁhE’,
second enbodi ment conprisses the sigppl out putting neans for outputtinfpaﬁg
t he signal processing neans the stdte signal representing the state of't

accel eration detecting portion 32 conprising the piezoelectric elenent 31

and the sup i ;‘%ﬁ@. pair of detecti k| SHEERNyed
spaced apar Mﬁ%@r\%‘gzﬁﬁ%%‘er yféa}?predeterm ned di \tg CFEW i

accel eration detecti g portion 32. The signal outputiting nmeans &s S
constructed as to“‘?ﬁﬁg fatgenp %escribed state di dgna2 b dBto¥30ng fo t he

variation of the current flow ng between
BACKGROUND OF THE INVENTION

]

Field of the Invention
The present'inQentiod rglates generally to an
acceleration sensor used wi#h it being incorpdra;ed in an
air bag device carried by an automobilef and more
particularly, to an acceleration Sensor comprising a fault
diagnostic function.
Description of the P}ior Art
In an air bag device carried by an automobile, the air
'bag device is qperated according to acceleragion applied at
the time of, for example. t@e coilision; In order to ensﬁre
the operation of the aif-bag device,;an acceleration sénso:
has been conventionally inco:porated_in the-above dgécribed
air bag device. As this fype of accelgration.sensqr, an
‘acceleration Sensof using a'piezoelectric element which is
deforﬁed in conformity with acceleration applied to output
an electric signal has been proposed, as dischsed in,'fAr-
ekample. U. S. Patent No. 4, 700, 973.

One example of a conventionally knOyn'acceleration
sehsor'utilizing a piezoelectric elemenﬁ will be deé;ribed
with reference to Figs. 1 to 37

Fig. 1 is a schematic.block diﬁgfam for explainiﬁg the

construction of a conventional acceleration sensor. There



the detecting portions 34a and 34b. Accordingly, when there BERACEMENT SHEET
fault such as the cracking of the piezoelectric elenent congtiftuting the
accel eration detecting -portion or . 26 JUL 3996
the stripping of the piezoelectric el ement® Fron1the supportifing base, the

current 11w g bel 4Eq 4! 1S 0% A4 PSReflE! T b B R REE S

acceleration G is applied, an electric signal corresponding
to the acceleration G. Impedance éonverting means 2.1is
ﬁelectrically connectéd to the piezbelectric element 1. The
impedance converting means 2 converts the impedance of §hé
electric signal applied.ffom the piézoelectric elemegc L.
Filtering means S'cﬁmprising a band-pass.filter is
electrically connected to the impedance conve:ting means 2.
‘In thé;filtering means's. an unﬁécess;ry signal, that is, an
odt-df-bénd signal component is attenuaéed. Amplif}ing
means 4 is elécc:ically connected to the fi}cering meaﬁs 3.
In the amplifying means 4, an oufput &ignal’applied from the
filtering'means 3 is amplified. This acceleration senéor
has the piezoeleactric elemént 1, the impedance cqnvérting
means 2, the filtering mé;nS'S and the amplif}ing means 4,
and outputs a Qolcage signal corrgsponding'to the .
acceleration G (me én 6ut§ut terminal B.

The voltage signal outputted from the output terminal B
of the acceleration sensor is applied'tb.ccntrol means $
comprising a microéomputer arranged outside Ehe.acceleration
sensor. The controi meané 5 causes an air'bag device for an
‘automobile (not shown) to pebforﬂ 5 necessary operatioﬁ'on
tﬁe hasis of the.voicage signal applied. |

Figs. 2 and 3 are respecc;vely a plan sectxonal view

showing the speczfxc constructzon of the above described



X =
state signal corresponding to the above described variation EQHAQQMQH}§§%ﬂ

Is outputted fromthe signal outputting neans, thereby tojmgke it possiblé
to quickly find out the fault which occurred. Consedugnt 2%, JHLs1996 n

the second enbodinment, it is possible te3eliably find outf g fault, which
has been conventionally difficult to find out, such as thg cracking of -

the pi ezoel ¥2¢e+eratdpEniSUISamaand r3 proagsosechdongile viewl Gaken ta
fromthe supporting base. - Figs. 12 and 13 are respectively a plan
sectional vieme B -~ B shown in Fig. 2. In an acceleration sensor §, a

base plate 7 and a cap 8 secured to the upper surface of the
base plate 7 constitute a package structure containing a
housing'space. Within the packége struccture, a hybrid IC 9
is secu;ed on the base plate 7 using adhesives {ngt sho@n).
Thé'hyhrid IC 9 is used for conStructing che impedance
cdnverting means'z. the fi;tering means 3 and the amplifying
'mean$.4 described above. A plurality of électrodes 89a to 9f
for connection to 6uter po;cions are formed §n the‘@pper
surface of the hybrid IC 9. Each éf the electrodes 9a to 9;
is electribally connected to a'lead,termiﬁgl 11 by a lead
wire 10. A plurality of lead terminals 11 are passed
through the base plate 7 and are extended downward.

On éhe otﬁér hand; a ‘supporting base 12°is secured on
the base plate 7'using'adhesives (not shown) beside the
hybrid IC'Q; A piezcelectric element l'having elecﬁrodes
(not shown) on both its major sutfades'is secured on the
supporting base 12 in a ¢antile9ered‘shape,_ The electrode
cn_che upper surface of.ché,pigzéelgctric element | is
e;ectrically connectéd to theﬂelectfode Qf.by a lead wire
10f, and the elecﬁfode on the léwer surface of ﬁne _
piezoglectfic eLement 1 is electrically'cohﬁected to the
supporting base 12. In a&dicidn. the supporting base 12 is

electfichlly connected to the electrode 9Je on the hybrid IC



for explaining an accel eration sensor according to a third enmpepiADEMENDGTSHEET
the present invention and a schematic cross - sectional view tjakepr—atong—=
line A- Ashown in Fig. 12. The third egbodinent i s charactjerji z Hﬁ q

supporting structure of a piezoelectricC &lenent. Both the circuﬁg’ L1996 1
arrangenents in the above described first enbodi nent and sedond_enbodi nent

are applic8bby tao ltdexd cwicei t0arrangenent in the third enbodinent, and the

accel eration-sensor can be specifically constructed also in t he st
enbodi nent and THe SHEeveddesbedbeENpieFoul dderLONSLEementoh obmplrd sdy rd

enbodi nent . _
one having a series type bimorph structure which is low in
pyroelectric voltage.
Meanwhile, the above described package structure

constituted by.:he base plate 7 and the cap 8 is

| hermeticallf sealed, and an inert gas, for example. hitrogeh

- gas is sealed into the pack;gé structure so as to prevent
7oxidation. When.the above described acceleration sensor is
incorporated in the air bag device for an automobilé. the
air bag dévice'is_operated in response tc-an outﬁut Signal
of the acceleration sensor. Accordingly, the acceleration
sensor requires very high feliability. and a fault in the
acceleration senéor must be quickly fdunq out. Since a

- 'faglt diagnostic function has not been conventionally added

to the'acceigration sensor iéselfl however, the fault |
diagnosis of the acceleration sensor is generally made by'an
outer fault_diagno#tic déVice.which is provided Separately
from the acceleration sensor. When there occurs a fault
such as the cracking of the piezoelectfic element 1| in the.
acceleration sensor df thé s:ripping'of the pieioelectric“
element'l from the supporting base_lz. the fault may not, in_'
some cases, be quickly found out'because the-acceleration_
sensor does not have a faﬁlt self-diagnostic'funétion.

Furthermore, the conventional acceleration seansor §



Referring to Figs. 12 and 13, an accel eration sensor 51 - ' ;
- 27 - conprises a base plate 52 and a cap 53 secured ﬁoﬂf?kﬁﬁﬁyﬁgi SHEET

surface of the base plate 52 at the peripheral edge, and|tHé€ base pl at

52 and the cap 53 constitute a package stgucture. I n athqus) g jap21996 _
constituted by the base plate 52 and the cap 53, a hybrjid I%:Sﬂ I's Tixegd]
on the basghpw P2 185002 and 3 also have the following disadvzntEEEJ.

That is, when an excessive shock is axternally given, there.
occurs a state where.the supporting base 12 fixed to the
base plaﬁe.7-using adhesives is'stripped from the base pléte
7 and the piezcelectrié element 1, along with the sﬁpporting
base 12, is not fixed to the other members, as represented
by an imaginafy line in Fig. 3. Accordingly,_acceleration
cannﬁt. in_éome cases, be aécuraﬁely deﬁected by the
biezoelect?ic e;ément 1. Even if such a fault occurs, the
electrical éonneption between the piezoelectric.eLéﬁent 1
and the hybrid IC 9 is ensured through the léad-wires 10e
and 10f so long as the piezoelectric elemenﬁ 1 is fixed to
the supporting base 12, so that the'oc¢urreh¢e of the faulf
may not, in some cases, be detected.
SUMMARY OF THE INVENTION

Therefore, the presenﬁ invention has .been made so as to
overcome the above described &isadvangages of the
conventional acceleration-senéor and has'for its object to
provide an acceleration sensor capable of reliably detectiqg
the occurrvence of a fault. |

In accordance with an aspect of the prcscnc_ihventipn.
there is proQided an acceleration sensor comprising a
piezoelec;ric glemenc 6utputting an'elecﬁric signal
cbrresﬁondiﬁg to acéeleration applied, signal prbceésing_

means electrically connected to the abqve described



adhesi ves (not shown). The hybrid IC 54 has a structure . cnnﬂgﬂﬁﬁﬁMEQTdﬁﬁﬁT
processi ng neans, AC signal outputting means 26 and/or signgal- outputting
means 35, and the like in the first and second enbodi nentg. | Tigeg JU. 1998
the third = enbodinment, circuit portions gwch as the signal|pfocessing
‘means, the signal outputting neans 35 and/or the AC signal - UIpUtLng

means 26, 304 3 dddie; 81 1enRRkr uaked o difddessiagCrhy el S E 1 CRALY
as a single“electroni c conponent upper Surface of the hybri
54 s made flal A rEbRCtheI5Ee282 15 ¥ "O1eREARSChE D  ERaRYT T

portions af

outputting means electrically connected to the above
described piezoelectric element_so as.to generate an AC
signal which is synchronized with the period of a timing
signal externally inputted in'response to the timing signal
and apply the AC signal to the pieéoelectric element, and a
capacitor connected between the above described AC signal
outputting means and the plezoelectrlc element
Furthermore, 1n.accordance with another aspect-of the
present invention, there Ls_provided an acoeleratlon sensor
comprising an acceleration detecting portion comprising'a
piezoelectric element having electrodes on both its major
*surfaces and outputting an electrlc.signal correspondlng to
acceleration applied and'a supoorting base for supporting
the above described piezoelectric element, the acceleration
_detecting portion being further provided with a pair of
detecting portions arrenged so as to oe brougnt into contact
‘with the piezoelectric element and spaced apart from each
other by a predetermined distance, signal processing means
electrically connected to one of the electrodes of the
| piezoelectric element and for prooessing the signal
outputted from the plezoelectrzc element. and signal
outputtlng means electrxcally connected to one of the above

descrlbed pair of detecting portions so as to cause a



formed on the upper surface. Each of the el ectrodes 54a tREPLAGEMENT SHEET
electrically connected to a lead termnal 56 by a |ead wye55—The €qd
termnal 56 is passed through the base plate 52 and is exte o} rid

fromthe base plate 52 in a state where it is electricajly %iﬁl@tﬁge 0n+ _
the base plate 52. On the other hamdy the electrode '

electrically connected to an electrode 31b on the upper surface of a
pi ezoel ect r h¢eRletB¥Hisdd b¥udrkaad el 19 o -be fwedtldilié oabovehgeserived

pi ezoel ectric element 31 is directly secured to the -
detecting portions and electrlcally connected to the above

described signal processing means so as to output to the
above described signal proCessing means a state signal
representing the state of the acceleration deteéting
portion, the signal outputting means outputting the above
described state signal'in cohformity.with the variation.of
the cu?rent flowing between the .detecting portions.

In each of the acceleration'sensbrs prdvided in’
accordance with the above described two aspects of the
present invention, a fault self-diagnostic function is
provided.in the acéeleragion sensor, as apparent from. the
embodiménts described later. Even when there occurs a fault
such as the cracking of the piézoelectric element or the
stripping of.the piezoelectric element from a portion to
which the piezoelectric element is fixed..thergfore, the
fault which occurred can be.quickly found out.

"In accordance with still another aspect of the present
.inventiqn. there is provided #n acceleration sensor
comprising a pieioelectric element outputting an electric

~ signal corresponding to accelera;ion applied, and éignal
procéssing means electrically connécted to the abové

| described piézoelectric element and for,procéssing the
output signal of thne piezoelectric elément. at least a ﬁart

of the above described signal processing means beiﬁg'
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- 28 - upper surface of the hybrid IC 54 with conductive ad
el ectrode 31a on the | ower surface of the piezoelectric eljenent 31 is
el ectrically connected to the el ectrode 54f with the above es@ JELL 1996
conducti ve adhesi ves. The area of the bottom surface joff the hybrid I ¢
54 is made larger than the area of the Boftom surface of tjhe supporting

base 12 i ncbhgtdaumasd ippabnastekberanien comsaient having a—£lat upper
surfape, the above described piezoelectric element being
fixed to the upper'éurface of the electronic compénent iﬁ a
cantilevered shapé.

Furthermorej in accordancé with a particular'aspect of
the present invention, an electrqde for making connection to
the piezoeiectric_element is formed on tﬂe upper surface_df

' the above desc;ibed e;ectronié compdnent, and the |
piezoelectric element is electrically connected to the
,_electrode and.is fixed fo the upber'surface of thé .
electronic component. Iﬁ this case, thelarea of a portion
to which the piezoelectrié elemeht is fixed on tﬁe'upper
surface of the electronic compoﬁent is sﬁaller than the area
of a portion to which the electronic component itself is
fixed. Accordiﬁgly. Qhen'a shock or the like is applied,
ﬁot the electronic cémponent but the piezoelectric elemgnt
.supported on the electroqic component is stripped from the_
electronic component. As a result, the electrical
. connection between the piezoelectric element and the
electronic component is inter;upted. thereby to make.it
possiblg to;quickly deﬁect a fault caused by the s#ripping
| of the piezoelectric element.
The foregoing.and other objects, features, aspects and '
‘advantages of the present invention will become mdre

apparent from the following détailed deécription of the



shown in Fig. 2. That is, the hybrid IC 54 used for this
application usually has an area of base |arger than that o
base 12 shown in Fig. 2. Consequently. the hybrid IC 54 ¢
the base plate 52 nore firmy. as conpar®eé with the suppor
shown in Fig. 2. Accordingly, in the acceleration sensor according to
‘the third epbesementnvelne forbritted G &de i sinnope jdincftiion twitih stheép from the
base plate 52, as conpared wth the supporting base 12 shown in Fig, 2.

EPLREEMENT SHEET
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thereby to @ééﬁ%%hyﬁh% @MAHg$uch a failure that the piezoelectric
el enent anéla menber supporting the piezoelectric el ement
BRIEF DESCRIPTION OF THE DRAWINGS |

Fig. 1 is a schematic block diagram for explaining the
construétion of a conQentional acceleration sensor;

Fig. 2 is a plan'sectiona£~viéw for explaining the
construction of the-conven;ional ncneleration.sensor{

Fig; 3 is a cross.secticndl'view taken'along a line B -
‘B shown in Fig. 2; |

Fig. 4 is a schematic block diagram for ekplaining an
accelerafion'sensor according tdja f;rst émbodiment of the
present invencion: |

Figf 5 is a circuit diagram for explaining the circuit
arrangement of the_accelerntionnsensor according to the
first gmbndiment;

Fig. 6_is a schematic block diagrnm fon explaining the
construction of an acceleration sensor according to a second
embodiment of the present invention;

Fig. 7 is a éirpuit diagram fdr ekplaining the
acceleration sensor according to the second embodiment;

'P;g. 8.is a perspective view for explaining ;he
relationship between a supporting bnse and a piezoelectric
.element in the accelefation éensor acCording;to the'seconq
embodiment;

Fig. 9 is a perSpective view showing'the relationship



are stripped fromthe base plate. Furthernore, in thé“%%ﬁg%ﬂﬂ@ﬁsﬁﬁEr
shown in Figs. 12 and 13, the piezoelectric elenment 31 i pecured co th
upper surface of the hybrid IC 54 in a cantil evered shapg. QHRNUI9S Vi |
when a | arge nechanical shock is applied. gghe hybrid IC 54 i's not stripped

from the base plate 52 but the piezoelectric elenment 31
the upper Setfwgen a piezoelectric element and a- supportlng base in a

modified example of the second embodiment;

. Fig. 10 is a perspective_view showing the relationship
between a piezoelectric element and a supporting baSé.in |
another modified example of the second embodlment

Fig. 11A is an electric circuit diagram showing a
modifié¢ example of signal outputting means;

“Fig. 11B is a sqhematic block diagram for explaining a
modified ex;mple-of the second embbdiment:

Fig. 12 is a plan sectiopal:view shéwing an
acceleration sensor according to a third embodiﬁent of the
present inventi;n;-

?ig. 13 is a cross sectional view taken along a line A -
A shown in Fig. 12: |

Fig. 14 is a schematic block diagram showing. main
portions of the cdnventional acceleration sensor:

| Fig. 15 is a schematic block diagram showiag maxn
- portions of an acceleration sensor accordlng to a fourth
embodiment ‘of the present invention;

Fig. 16 is a diagrﬁm'showing the températube dependence
of the rate of Qariatioﬁ of piezéeleccric stress constant of
a pieioélectric element and the rate qf vari;tion of
capacitance.thereof;

ﬁig; 17 is an exploded pérspectiQe view for giplaining

the construction of an acceleration sensor according to a



-29-  of the hybrid IC 54 before the stripping. As a résu

el ectrical connection between the el ectrode 31a on the | oerr—surface-of

t he piezoelectric element 31 and the-el ectrkode 54f on thg

shown in Fig. 12 is released, thereby to Dreak an electrifc

Consequently, when such a fault occurs, the occurrence of
i medi at el yfdéthcesdodimearnt opbr B¢ oRresents mvendaiqn: (i

| tREPLAGEMENT SHEET
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bgi d
2 P&l B
tlhe. fault is
agnosti€ circuit

i ncorporated in the hybrid I C 54. Al t hough in Figs.

) 2l 1.2 +laa
Lo Alfiu 1o, LTTC

pi ezoel ectric eFe¢gentl8 3ilsis cecssesetoibhalf vdtewpfer wplaiving the

hybrid I C 54 |

construction of the acceleration sensor according to the

fifth embodiment;

Fig. 19 is an expioded perspective view showing the

schematic construction of a modified example of the

acceleration sensor according to the fifth embodiment of the

present invention;

Fig 20 is an éxploded perspective view for explaining

another modified exaﬁple of the acceleration sensor

according to the fifth embodiment of the present invention;

and

Fig. 21 is anuexploded perspective view for explaining

still another modified example of the acceleration sensor

according to the fifth embodiment.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Fig. 4 is a schematic block diagram for explaining the

construction of an acceleration sensor according to a first

embodiment of the present invention, and Fig.

S is a circuit

diagram showing one example of én'electric-circuit of the

acceleration sensor.

As shown in Figs, 4 and_s,.in the acceleration sensor

according to the present embodiment, there is

proviqed a

-piezoélectric element 21 outputting an electric signal

corresponding to acceleration G. As the piezoelectric




in a cantilevered shape, the piezoelectric elenment 31 may jpe BAEET
t he upper surface of the hybrid ICin such a shape that ifts
supported thereon, as in the nodified exanple shown in Fijg.{ 9 of the
second enbodi nent . Description i s nag aade of an accll er 2t6 JWLs880r
according to a fourth enbodi nent of the present invention | wth reference |

to Figs. ldefiemdft 2lhe RGrRd o8l éOPrieNeUemAtE U gt $8L1i68UEVDBe

embodi ment i s characterized in that a t enper at ure conpensfating capacitor

i's connect eg; hB-pRALY Al vil e ha ERECLTELY oA £ B bo tHNEL £OREYBHCL I ONS Of

surfaces._for example, is éuitably used because it.is low in
pyroelectric voltage. The piezgelectric eiement ZL is
deformed in cohformity with the acceleration G applied to
output an electric signal corresponding to the deformation.
One of the electrodes of the piezéelectric element 21 is
.épnnectéd to a reference potential._as shown in Fig. 5. The
other électrode of the piezoelecgric elément_Zl is
~electrically connected td impedance converting meang 22.
- The impedaﬁce converting means.22_is_provided S0 as to
convert the impedance of the electric;signal appliéd from
the piezoelectric element 2i, and can be constituted Sy, for
éxampie, a field effect transistor TR; and resistoéé R; to
R4 shown in F;g. 5,.

Filtering means 23 is provided in the succeeding stage
of the impedance convertlng means 22. The filtering means
23 comprzses a band-pass filter for attenuatlng or removing
an unnecessary signal component, and can be constituted by,
for example, an operational amplifier DA;, resistors Rg to
R7‘and'capacitors C; to C3 as shown.in Fig. §S.

Ampleylng means 24 is provxded in the succeedlng stage_
of the fllterlng means 23 so as to ampllfy an’ output signal
applied from the filtering means 23. The ampllfyzng means

24 can. be constituted by, for example, an Qpebational



the first to third enbodi ments are applicable to the othgr |

REPLACEMENT SHEET

wi thout any nodification. In other words, the tenperaturef conpensating
capacitor used in the fourth enbodinent is used in the cpnst 26 UUin1996f

the first to third enbodinents w thout any nodification,} thereby to nake

it possible to produce the function and-efi8ect described

amplifier DAy and variable resistors VR; and VRz'as.shown in
- Fig. 'S. |

Thé impedance converting means 22, thé filtering means
23, and the amplifying meaﬁs 24 constitute signal processing
meané according to the present inQention. An output
terminal B of the amplifying means 24 is an output terminal
of the acceleraﬁipn sensér according to the présent
embodiment?_ -

On the other hand, AC signal outputting means 26 is
electrically qbnnected fo thg electrode, to which the .
ihpedance converting meén; 22 is électtically connected, bf
‘the piezoelectric elément 21 through a capacitor 25. ‘The AC
'signal outputting means has én input terminal A, and a
timing signal as described later is externally inputted fo
the input terminal A. The AC signal outputtiﬁg means 26 is
.'so constructed that an AC signal which is.synchronized with
the perlod of the timing signal lnputted is outputted and
the AC szgnal is applied to the plezoelectrlc element 21
through the capacitor 25. .The AC slgnal outputtlng means 26
can be constltuted by, for example. a transistor TRy,
resistors Rg and Rg, and varlable resistors VR3 and VR4 as
shown in Fig. S.

N Description is now made of a fault diagnostic operation
in the accelerétion sensor acCording to the.first embodiment

ﬂeécribgd with reference to Figs. 4 and 5. The fault



hereafter. In an accel eration sensor using a piezoel edtr ' Nk

an out put voltage of the piezoelectric el ement ?s gffected UﬁE?H%ﬁgﬁﬂﬁgﬁﬁEEf
tenperature. Accordingly, tenperature conpensation has begn
conventionally made using a voltage anpli#f+er. Mre specifilcal | 2.6 UbLt1996
conventional acceleration sensor, a piezoelectric elenent gL {s fixed on
a supportidipdreseis?2iisn madeanin lcasesd foapexamplien & case
by a broken line, as shown in Fig. 14. In addition, an i

ggg?’le][fg; &écéﬁeﬁaefi%t Qenisor s wiedosbechni @il emmwtd@ﬂ:.caruhmry@atage
an automobile and a case immediately before an automoblle is
driven. That is, when the engine of an automobile is
started, for example, an ingtruction to start a fault
diagnostic operation is iéSued to the accelératién sensor
| from outer control meaﬁs-27 (see Fig. 4)..

When the fault diagnostic operation is started, a
timing signal having'a frequency f; within a passband of the
filtering means 23 is first outputted to the input_ferminal
A of the'AC signal outputting meaﬁs 26 from tﬁe control -
means 27. When the above deéc:ibed timing signa; is
inéutted to the inpﬁt terminal A, the AC signal qutputting )
means 26 outputs ah AC signa; which is synchroni#ed with the

- pericd of the timing signal. The AC signal is applied to
the piezoelectric element 21 through the capacitor 25.

The piezoelectric element 21 has a certain capaciténce
value. Accordingly, the cépacitance valuéléf the
piezoeléctric.e;emenq 21 is-taken as Q. the capacitance
value of the capacitor 25-is taken as Qj. and a voltgge of
the AC signal outputted.from ;he'AC éignal ou;puttiﬁg means
26 is.taken'as Vl. Ia this case. # voltage V, applied éo
the impedance converting means 22 is exp;esééd by.thé'
follqwing'equatidn' |

V2 = Vl * Qz / (Ql + QZ) ...... (I)



arranged outside the case 60 is connected to the inpedance {c RWJ¥EH¥NZ$%EET
In the voltage anplifier 64, the tenperature conpensation ¢f |t he

pi ezoel ectric el enent 61 is made. However, the ambient tlenpérdbLiri@9bf
the voltage anplifier 64 does not necesdar+ly coincide with tthe anbi ent
tenperature of the piezoelectric elenment 61. Consequently, {théere arises

— —+ —~+

oepbnont ron B RA% e FRAREL bRt Rantlh, s 4 AR o reepr ST ot on

have found that tenperature conpensation can be SU|tany made if.
is lmpedance -converted in the impedance converting means 22

and an unnecessary signal component is attenuated or removed
in the filtering means 23. The_volcage'signal is amplified
by the amplif}ing means 24 and is outputted as a wvoltage
signal Vs from the outpno terminal B.

In this case, the AC signal outputting means 26 is so
previously adjusted that the voltage signal Vs having a
constant value is'outputted from the output terminal B by.
inputting the txmzng slgnal havxng a frequency fl "This
.adJLstment can be made by, for example, adJustzng the
variable resistors VRs and VR, in the circuit shown in Fig.
5.

The voltage signai'vs outputted from the output
terminal B of the acceleration'sensor according to'tne
p}esenteembodimenc as described above is.:eceived in
measuring and operacing means 28'incorporated in the
micsocomputer.

On the other hand, when cﬁé above described voltage
signal Vs is'outpuCte&.from the output terminal B..a ;iming
signal having a-frequency'fz outside the.passband of the
leteang means 23 is contznuously applzed to the znouc
termxnal A of the AC szgnal outpuiting. means 25. | The above
described'same operation is repeated. In this case, the

frequency fy of the timing signal inputted is outside the



tenperature conpensating capacitor 72 is connected in gaRgpPl AGEMENTASHEET
pi ezoel ectric elenment 71 in close proximty to the pieZjos t
71. In Fig. 15, reference nuneral : : '
-31-- 73 denotes a supporting base. ThéGSUpporting basq 143 %SyJH£‘996
replaced with an el ectroni c conponent such as_the ab%ve - q ' '
IC. 'In adoiassirand e & Ehee fiidi@ting;means 23, so thatja

V4 attenuated by the filtering means 23 and‘amplified by the
amplifying means 24 is outputfed from the output terminal B.
The voltege signal V4 is also received in the meesufing and
operating means 28. |
Furthermore. in ohe-above described measuring and
operating means 28, the resoective variations of the voltage
signal Vs-corresponding to the timing signal ha#ing a
freduency fy and the voltage signal V, corresponding to the
timing signal having a frequency fo are measured. The fault
diegnosis of the accelefafion sensor is made by comparing ]
- the measued values ofnvs and V,u with normal values of Vs and
V4 stored in tne_microcomputor. | |
fIn the acceleration sensor acco;ding to the preseno
embodiment. the piezoelectric element 21 and'signal:;-
processing means‘comorisiné the_imoedance.conVerting means
22, the filtering means 23 and fhe amplifying means 24 are
connected in series, as apparent from_Fig. 4. Even when an
abnormality occurs in any structure, therefore; either one
of the voltage signals V3 and V,u yaries. Consequentiy. a
fault can be quickly found out.
.Meanwhile; it has been genefally considered thet
.crackihg_occurring in ohe piezoelectrictelement 21 i;éelf is
not eaeily found out. In the acceleration sensor aeconding

to the present embodiment, however, when the piezoelectric



denot es i npedance converting neans, -and reference nuneral sRERHARBVENT SHEET
voltage anplifier. The voltage anplifier 75 can be constjugted simlarly
to the anplifying nmeans in the above desi i bed first and pepoi®$ JUL 1996
enbodi ments. Consequently, the inpedance 2dﬁverting means| 7§ and t he
voltage anplifier 75 can be constructed as a single el ectfoncT ToOMpONETNT;

for exanpl eleamengbdld iC ewrackeda theecr@acitanceasiupt@pntierasl asde
of the reason why tenperature conpensation can be suitably made when the
t enper at ur echgagednsaid thanpelte t 0ol tadges Vooppdisd i to peiral impedanthe

pi ezoel ectric elenment 71. ,
converting means 22 varies, as apparent from the foregoing
equation (I). ConseQuently. the volfage signals V3 and Vg4
Qafy. chereb& to make it possible to reliably find out ;he
cracking of the piezoeleétric élemgnt-l.

l_As dgscribed in the foregoing, in fhe acceleration
sensor according to the present'embodiment; tﬁe.fault
_diagnosﬁié fuﬁction is.added to the acceleration sensor by
arranging the capacitbr-zs.between the AC signal odtpucting
meaﬁs 26 for ouﬁputting the AC signal which is synchrohized‘
with the ﬁeriod of the timing signal externally inbutted and

'the_piezoelectric,elément 21. Accdrding;y. a fault |

diagnostic device need not be provided outside the'-
acceieration'sepsor. unlike the conventional acceleration -
sensor. |

It will be;pointed out that the construction.of a
third embodiment described hereafter is applicable as the
specific cdnstruction of the above described first
embodiment.

Figs. 6 and 7 are respéctively a bibck diagram for

- explaining the'schgmatic construction of an acceleration

sensor accérding to a second embodiment of the present
inventiod an& an electric circuit'diagfam showing dhe

example of the specific circuit arrangemeut of the




Exam nati on made by the inventors of the present applicatloEEﬂQRﬁ@?PhégHggr.

the reason why an out put voltage of the piezoelectric ele
by the tenmperature is that the rate of variation of capaciltgnce Q wth
tenperature ([err]Qs / Qs) and the rate of V& ation of piledoe écdVL996
stress constant d[err] with tenperature ([err]d[err] / d[erfr]}) differ. fror
each ot her. gldadiisa €268, s@hsordi cates the capacitance of jthe .

pi ezoel ectric elenent, and d[err] indicates the piezoelectiric stress

constant of the pegoglefll g @iGTERL éﬂké@eiéinBGESEhoﬁn acceleration

~detecting portion 32 in the present embodiment. The
acéelerati§n detecting porﬁion 32 comprises a piezoelectric
element 31 having electrodes 3la and 31b on both its major
surfaces;.as shown iﬁ Fig. 7. As the piezoelectrié eiement
31, a piezoelectric element having a series type bimorph
étructure which is low in pyroelectric voltage'is preferably

~used, as in the first embodiment. The piezoelectfié element
31 is fixed on é-éupporting base 33, as échematicaily shown
in Fig. 7. A.pair-of detecting portions 34a and 34b is
formed spaced apart from'each dthef by a predetermined
distance on the upper surface of the supporting base 33, and
the pair of detectihg'portions 34a and 34b is electrically
connegted to tﬁe electrode 3la of thé piezoeieétrig element
31. One of the detecting portions 34a is electrically
connected to signal outputting means 35 as described
hereafter. Tﬁe other detécting portion.34b is electrically
connected to #_peference poﬁential. The specific

: construction of the accélefation detecting pof&ion 32 will
be deséribéd hereafter witb referenée to, for example, Fig.
8.

As can be seen from Fig. 7, thé other électrode 31b of

the piezoeiectric eleman£'31 is électriéally connected fo‘

- signal processing meahs 36. That is,.as shown in Fig. 86,




I f the above described rate of variation of capacitance ' REPLACEMENT SHEET

UT
pi ezoel ectric stress constant with tenpergtg%q are equal tb aaﬁ? 2@n$§§@
t he amount of change in output due to the Ct @ ' ’
constant is canceled by the anount of change in capacitanc

t enper ature . . s . .
P the acceleration detecting portion 32 is electdically

32 - with tenperature and the above described rate of var}aftrorm

ange in piezoeleg
pven if. the

A\1%4

connected to the signal proéessing means 36 so chat_ah
output of the acceleration detectihg portion 32 is applied
to the signal processing ﬁeans 36. The_signal processing
means 36 comprises impedancé converting means 37, filtering
.means 38,.and amplifying means.sg. The impedance converting
means 37 is provided S0 as td'convérc Ehe impedance of a.
voltage signal applied from_the acceleration detecting
.portién 32, thg filtering.means'38 comprises a band-pass
filter aqd is provided so as to attenuate or remove.an out-.
of-band signai.component. and the amplifying meaps 39 is
provided so as to amplify a Qaltaée signél applied -from the
filtefing means 38. Although one example ¢f the specific
construction of the signallprocéééing means 36 is as shown
in Fig. 7, it can Ee construccéd in approximately the same
manner as the impedance converting means 22, the filtering
means 23 and the amplifying means 24 in the above described
first embodiment. In Fig. 7, therefore, the same circuit
_elements as thelcircuit eLéments shown in Fig. § are
assigned the same reference numerals and heace, the
descripﬁion thereof is not répéated.
The signal outputting means 35 is connecceﬁ to a2 power
supply voltage Vecec, and is_constituted-by éeéisﬁors-Rll and
Rig connected in series to each other. A-nﬁde 40 betwsen

the resistors Rj1 and Ryo is eLectrihally connected to the



changes, thereby to nake it possible to avoid the variation
vol t age. More specifically, when the output voltage of ?%EEKEEM¥N%DEEEEF

pi ezoel ectric element is taken as V, the rate of variation [off output
voltage in a case where the output vol ta%ﬂa-v is changed by |[ gr r2\6 duUk 1986

the rise in_unit te rature is L V. "The out put voljtdgge V is not
affected byiBR&IcRH 28%3$ﬁln5eﬂ5 e", neans that the aboJe described

rate of variation of output voltage becones zero (éerr 1V /I N_=_Q).
If the rate of vird mpemibicogPpatrystiag qf ckhe\apovs deScFIbRg,
therefore, the output voltage V of the piezoelectric

acceleration detecting portion 32 will be described w1th

reference to Fig. 8. A supporting base 33 is constituted by
.a pair of supporting qembers 33a.and 33b arranged spaced' |
apart from each other by a predetermined distance.

Detecting portions 34a and 34b are formed on the respective
supporting members 33a and 33b by applying electrode films.
That is, the pair of detectinglpe;tions 34a.and 34b is
arranged sﬁaced apart from each other by a predetermined
distance. A piezoelectric element 31 is fixed on the
detecting por:iens 34e and 34b with one of_eleetrodes 3la on
the bottom, and the electrode 3la ;s electrically connected;
to:the detecting portione 34a and 34b;- The signal
dutputting means 35 is electrically connected to the.
detecting éertion 34a, as shown in Fig. 8, and the detecting
pertion 34b is connected to a reference potential.

A fault diagnostic operation iﬁ'the acceleration sensor
according to the second embodiment will be described with
.reference.te Figs. 7 and 8. |

In the acceleratidn'senso} according to the second
embodiment as described above, the signal outputting means
35 is connected in series to a predeﬁermined.potential

_ souree} and comprises a pair of resistors Rll and Rizifor'

dividing the power supply veitage Vee. In addition,



elenment is proportional to a stress ([err]G produced y@ﬁﬁf@a’ﬁrﬁtéﬁ%uat

that time and the piezoelectric stress constant d[err]

piezoelectric elenment, and is inversely proportional t{o |the capacitang

of the piezoelectric elenent. That is,3fhe follow ng gquat @ Jopl 1996
t he anoynt

V=1[err]G derr] /| & ......... (2) On the ot hgr {hand,

e|®

44V

of change ';Jés‘i}ét&%ﬁfveveheagﬁph%r rcle\édlsla?@sf&#'m@ filtdriRg méads’ 38

the amplifying means 39 are electrically connected to the
node 40 between the resistors R;; and R;j,. On the other
hand, one of the above described detecting portions 34a is
electrically connected to the downstream side of the
resistors R;; and Ry,. Consequently, n predetermined
current I, flows from the node 40 to the filtering means 38
and the amplifying means 39 and a pfedetermined current I,
flows from the downstream side of the re51stors R11 and R,
to the detecting portion 34a.

The above described SLgnal outputting means'35 may be
constructed, as in a modified example shown in Fig; 11A.°
That is, the signal outnutting means 35 may be so
"constructed that a circuit comprising-resistors'Rls to Rig
and a transistor TRz is provided inlthe suceeeding stage of
the node 40 between the resistons Ry, and R;5, and a cunrent
Iz corresponding to the predeternined current I; from the
node 40 is applied to respective one input terminals of the
filtering.means 38 and the amplifying meane 39;

Meanwhile, in the above described acceleration
detecting portion 32, the detecting'pontions 34a and 34b are
electricdlly connected to each otﬁer by the electrode 31a on
the loner_eurface'of the piezoelectric'element 31, as
apparent from Fig. 8. Consequently.ia predetermined current

I, applied from the above described signal outputting means



[arr'l)_L_r___

- 33- Accordingly, the follow ng equation holds

[err]G (d[err] + [err]d[err]) / (Q + [err]Qs) - [err].ﬂﬁEﬂL&i\D[l\qu\T(&HLET

......... (4) [err]d[err] in the foregoing equat

amount of change per unit tenperature in-ppgzoelectric

I f the above described equations (2) and (4) are
35 flows between the detecting portions 3

a

U'F8 Jlfl?‘i@éa”- -

is, the current I, flowing between the detecting portions

34a and 34b is always monitored by the signal processing

means 36. If the current I, varies, the current I, flowing

‘from the node 40 between the resistors Ry; and Ry, varies in

conformity with the variation of the current I,.

Accordingly, in, for example, a ‘case where the

piezoelectric element 31 is cracked or the pilezoelectric

element 31 is stripped from the supporting base 33, the

current I, flowing between the detecting portions 34a and

34b varies, so that the current I2'is reduced or does not

flow. As a result, the current I, flowing from the node 40

" between the resistors Ryij and Ry2 varies;

Accordingly, a

state signal representing the state of the acceleration

detecting portion 32, that is, the cracking or the stripping

of the piezoelectric element_si'cpnstituting the

aéceleration detecting portion 32 is outputted from the

signal outputting means 35 to the_fiitering means 38 and the

amplifying means 39 constituting the-signdl-processing mgans

36 in conformity with the variation in value of the above

described current I,. Consequently, a signal outputted

outward from the output terminal B of the accelaration

sensor varies, thereby to make it possible to make the

diagnosis of a fault in the acceleration sensor by the

variation of the output signal in control means 41 connected



substituted in respective terns in the rate of variation fﬂﬂﬂ%hEﬁEﬁtﬁ#&%?e

([err]V /] V) to elimnate conmmon terns, the follow ng egpa

[err]V /] V=11 + ([err]d[err] / d[err])] / [1 + ([err]err] / CB)]'m

(5) ~ In order that the rate of variation of putZdtjiilongssge

becones zero in the above described equatzzon (5), that is [err]V /[ V =

t he foIIovm'{u(g ?ﬂHthQ'ﬁlf?ytéEﬁLﬁ[al B [err]Qs /| & = [erf]d[err] 7
at i

............. (6)

.of capacitance Ri. t he piezoel ectri

c_elenent and the rate of
though in the construction shown 1n %&g. 8, the

supporting base 33 constituting the acceleration detecting
portion 32lcomprises a pair.of éupporting'members 33& and
33b, and the electrode films constituting the detecting
portions 34a and 34b.afe appliéd to the upper surfaces of
the supporting members 33a and.33b, the'detecting'portions
~34a and 34b may'be.Provided separately from the electrode
films formed on the supporting members 33a and 33b. In
addition, the deteéting'portiéhs 34a and 34b need not.be
respectively providéd betweén the piezoelectric element 31
~and the supporting memberé 33a and 33b. For example, the
detecting portions 34a and 34b may be arranged spaced apart
from each 6ther by a predetermined distance in another
portion of the piezoelectfic element 31.

Furthermore, the construction of the acceleration
'dete¢ting portion 3? is not limited to the cénstfuction'
shown in Fig. 8. For example, the Signal processing means
36 and the like in the accelérétion sensor'gccording to the
present embodiment can be usually incorporated in a single

electronic'COmponent. for éxample, a hybrid IC.

s, it is found that thelrate of variatio

Consequently, as shown in Fig} 9, the supporting base 33 may

be replaced with a hybrid IC 42. In the construction shown

in Fig. 9, a notch 42a is formed in the center of the hybfid

‘IC 42, a pair of supporting portioné 42b and 42c¢ is formed



variation of piezoelectric stress constant thereof may be |e gLAQQMﬁ¥JCﬁHEET

ot her. I n the tenperature characteristics of the piezoglectric
el enment, however, the rate of variation of piezoelectric gtrles2éQUupt®E9s
dierr] ([err]d[err] / dlerr]) and the raté4of variation of' apaC|tance (@3

([err] s / act ual | dlffer fron1e ch other as shown

are formed on the upper surface of the p;ir of the
supporting portions 42b and 42c by applying'electrodg films;
A piezoelectric element Si is bonded and fixed on the
detecting portions 34a and 34b with'conductive adhesives.
Consequently, an electrode 3la formed-on'one major surface
of the piezdeléctric element 31 is electrically connegted to
'the electrode films constituting the detecting portions 34a
- and 34b.

Furthermore, as showﬁ in Fig. 10, a piezoelecgric
element 3i may be fixéd on.a sqpporting base 33 in a
cantilevered shape using conductive adhesives.‘ In the
;onstrﬁction shown in Fig. 10, a pair of electrode fiims is.
formed spaced épért froﬁ each other by a predetermined

- distance on the upper surface of the supporting base'ss.
thereby to ponscitute_detecting portions 34a and 34b. On
the other hand, an electrode Jla on the lowef surface of thé-
piezoelectric element 31 is formed in a substantially U
shape by cutting away its central part as represeqted by a
broken line in Fig. 10, #nd both ends of the electrode 3la
‘in a substantially U shape are electrically cbnnectéd to the
detecting portions 34a and.34b} fespectively.

| Although in the foregoing:description dr;the.second.

embodiment, the fi;tering means 38 and the amplifying.means

39 constituting the signal processing means 36 are



REPLA”EMENI S EET
-34- mhlch is not affected by the change in tenpera ure is{n
Therefore, the inventors of the present application has fagund g?gt f the
above described tenperature conpensating capacitor 72 is donne dULnt

parallel to the piezoelectric element 71_ija close proximtly ita.the ,
pi ezoel ectric elenent 71, tenperature conp nsation can be reliably made by
sel ecting the capacitance of the aci tor o..ioa'!v Lt
the rate ol %FFéFﬁéﬁyofco@%ﬁfé‘Eﬁ‘f Retie Fﬁéepl‘lé)zc?été"&eﬂ c:'ﬁeq et Stors

([err]@ / &) and the
Ryy and R12 constituting the sxgnal outputtlng means 35, the

present invention is not limited to the same. That 1s,'as
shown in Fig. 11B, a fault in the acceleration detecting
portion 32 may be diagnosed by directly connecting the
signal outputting means 35 ond control means X to each
other. applying a current from the above described node 4b
to the control means X, and comparing the voltage signal
applied from the output terminal B of the acceleration
sensor and the state signal applied from the SLgnal
outputtlng means 35 with each other in the control means X.
As described in the foregoing, the aoceleration sensor
according to the.second embodiment oomprises the signal |
outputting means fof outputtiog fo the signal proceseing
means the state signol representing the state of the
acceleration detecting portion 32 comprising the
piezoelectric element 31 and the supporting'base'SS. and the
pair of oetecting portions arranged spaced apart from each
'other by a predetermined distohee in the acceleration
detecting portion 32. The signal outputting means is so
constructed as to output the above described state signal
'according to ﬁhe variation of the_current.flowing between
the deteeting oortions 34a and 34b. Accordingly, when there
'occuré a_fault such as the cracking of the pie;oeiectric

element constituting the eoceieration detecting portion or.



rate of variation of piezoelectric stress constant therepfge; E [ ]
dlerr]) are equal to each other as shown in the -equatio Pﬁﬁhﬁfﬂ Ht;ﬂ&%
variation of output voltage of the piezoelectric elenmeny becones zero
([err]V/ V =0). Inthe fourth enbodimegt. however, i he 6aliilc19%nc
Q at the reference tenperature of the capacitor 72 an he rate of
variation theceao.q%%ﬂﬁg vict Bhbe Bzl ¢ t PP c@lembRE FRom/ th) are
suitably selected, the rate of variation of piezoelectrlc stress constant
of a paral ls?{?p%:rt?fﬂé 889e! Nene’ RUE Un e/ FIGLIRP BLLGRBACERANGR VYT €O are

appr oxi mat €l _
desdribed detecting portions 34a and 34b varies, so that the

D

state signal corresponding to the above'descriﬁed variation
of the current is.outputted from the signal.outputting
means, thereby tg make it possiblé to quickly find outlthe
fault wﬁich occurred.

Consequently, also in the second embodiment, it is
possible to reliably find ocut a fault, which has been
conventionally.diffiéult to find out, such as the céa;king ]
'of,fhe piezoelectric eleﬁeﬁt'or the étripﬁing_df the
piezoelectric element from thé supporting base.

Figs. 12 and 13 are_respectively a plan sectional yiew

- for explaining an accelerétion sensor acéording to a'ghifd
embodiment of the present ;nvention and a schematic éross
sectional view taken along a-iine A - A shgwn in Fig. 12.
The third embodiment is cha:actérized by a supporting
structure of a piezoelectric element. Both thg circuit
arrangements in the above deséribed first embodiment and
second émbodiment are applicable to the circuit arrangement
in the third embodiment, and the accelerécion sensor can be
specifically constructed.also'in’the first emﬁodiméht and
the seéond_embodiment using the éonstructioﬁ-of the third

. embodiment. |

Referring to Figs. 12 and 13, an acceleration sensor 51
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equal to each other, thereby to obtain an output voltage t-ch—i-S—hRot
af fected by the anbient tenperature. In the above ce-crkgfd capaci tjon
72, the required capacitance @ can be easily cal cul ateq 4gs YULs1996 That
is, if the condition under which the rate. gk variation of out pyit
vol t age becones zero is found by the for going

comprises a base plate 52 and a cap 53 securgdto—the—upper—
surface of the base plate 52 at the peripheral edge, and.the
base plate 52 and the cap 53 constitute a packégelstructure.
In a housing space constituted by fhe base plate 52 and the
cap 53, a hybrid IC 54 is fixed on the base plate 52 using
adhesives (not shown). The hybrid IC 54 has a structure
containing signal processing means, AC signal outpﬁtting
means 26 and/or signal outputting_means 35, and the like'in
the first and second embodiméhté. That'is, in the third
embodiment, circuit portioﬁs such as-tﬁe signal proéeséing
means, the signai odtputting means 35 and/or the AC siénal
outputting means 26, and the like are constructed ﬁy using'
the hybrid IC 54 serving.as a single electronic comboﬁentﬂ_

The upper surface of the hybrid IC 54 is'made.flat. and
electrodes 54a to 54f for connection to outer portions are
formed on the upper surface. Each of the.electrodés S4a to
54d is electrically connected to a lead terminal 58 by a
lead wire 55. The lead terminal 56 is passed through the
base plate 52 and is éxtended dowhward from the base plate
52 ih a state where it is electriéally insulated from. the
base plate 52. |

On the other hand,'the electrode S4e is eiegtrically
connected to-én electrode 31b on the upper surface of a
piezoglectric element 31 by a lead wire §7. In addition, .

.the piezoelectric element 31 is directly secured to the
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equation (6), the follow ng equation hol ds because the to eapacttance
of. a parallel circuit of the piezoelectric elenent 71 anj 1 ellzé?}ﬁﬂflﬂéﬁ’ /2
is the sum of the capacitance of the piezgel ectric elenept}?
capaci tance of the capacitor 7 ?@err]cs +lerr]qr)] [ (Qs + Q) F

errldferr]/ dlerr] . " ...... | f the equation (7 s changed
¥or LILD|I P& &#rq%@e PS|FGHI%;QﬁﬁﬁH;%n5ﬁS é%ﬁﬂu@t ( : :
([err] / & - [err]d[err] / d[err]) / ([err]d[err] / d[err] -[err]Q/
Q)...... cad an electrode 31a on the lower surface of the

piezoelectric element 31 is electrically connected to the
electrode 54f with the abave described conductivé adhesives.

The area of the bottom surface of the hybrid IC S4 is
made largef than the area of the bottom surface of the
supporting base 12 in the cdnventiodal accéleéaticn sensor
shown in Fig. 2. That is, the hybrid IC 54 used for this
tyée of application usually has an area of base larger than
thﬁt of the supporéingtbase_lz shown in Fig. 2. o
Cénsequently. the hybrid IC S4'can be securgd to the base
plate 52 mofe firmly, as Eompared with fhé.supporcihg baée
12 shbwn in Fig. 2. Accordingly, in tﬁe acceleration sensor
S1 according to the third embodiment, the hybrid IC 54 is 
mofe diffiéul: to strip féom.the'base plate 52, as compared
with the supﬁorting base 12 shown in Fig. 2, thereby to
effectively prevent such a failure that the piezoeléctriﬁ
element and a member supporting the pfezoelectric'element
are stripped from the base plé;é. |

Furthérmore. in the construction shown in Figs. 12 and
13, the pieioeleccric element 31 is secured to the uppéﬁ
surface'of the hybrid IC S4 in a éantilevered"shape.
Consequently. when a largg.ﬁechanical shock is applied, tha
hybrid IC 54 ié not stripped from. the base plate 52 but -the

piezoelectric element 31 is stripped from the upper surface



The capacitance @ of the capacitor 72 and the rate of vari aREBIEAGEWENT SHEET
capaci tance thereof ([err]Q / Q) are unknown out of the fjegpectrve-ter
in the equation (8). However, the rate of variation of capagit of e
capacitor 72 is determ ned dependi ng on wech type of capag¢ifo ?Bsﬁt"hég%]
capacitor 72. On the other hand, the other ternms are all khown

Ther ef or e, Afetth@ghyheidaghciStames age (the 28EciPPENsof Afe 2 meéztﬂeq ecthec

/rnlv-lv-'lf'\:

element 71 = 900 pF, the rate of variation of capacitance ttrereof—tter
[ Q@) = 0.8 rbrdlt kenheicrion between the electrode 3la on the lower

surface of the piezoelectric element 31 and the electrode
S4f on the hybrid IC 54 shown in Fig. 12 is released,
thereby to break an electric circuit. Consequenﬁly. when
such a fault occurs, the oécurrence of the fault is
immediately detected by the operation of a fault self-
diagnaestic circuit incorporated in the hybrid IC 54.

Although in Figs. 12 and 13, the piezoelectric element .
31 is secured to the flat upper surface of the hybrid IC 54
in a cantilevetéd shape, the pilezoelectric elgmént 31 may'b;
secured to the upper su:face‘of the hybrid Ic ih such a
shape that its both ends are supported thereon, as in the
modified example shown in Fig. 8 of the second embodiment?

| Description is now made‘of an acceleration sensor

according to a fourth embodiment of the preseht invention
with reference to Figs. 14 to 16. The acceleration sensor
according to the fourth embodiment is characterized in that
a temperature compéqsating-cépacitor is connected in
barallel to a piezoelectric element. The constructions of
the-first to third embodiments are.applicable to the other
structures without any modification. In other words, the
temperature compensating capacitor used in the’fourth
gmbodiment is used in the constructions of the firs; to

third emquiments without any modification, thereby to make_



variation of piezoelectric stress constant thereof ([err]d]
= 0. 0023,
foll owi ng characteristics UJ, RH

rate of variation of capacitance ([err]Q Q) is set to

>r REPUACEMERT rSHEET

the required capacitance @ of each of capacitor$

U7

(1) In the capacitor havinggthe characterisfi¢ éﬁ@*ﬂﬂe“%&

..AIII UIII LLAY) LFIU

it possible to produce the function and effect ldescribed

hereafter.

In an acceleration sensor using a piezoelectric
element, an output voltage of the piezoelectric element is
. affected by the ambient temperature; Accordingly,
temperature compensation has been conventionally made using
a voltage amplifier. More_specifically. in the conventional
acceleration sensor, a piezoelectric element 61 is fixed on
la supporting base 62 in a cantilevered shape withio_a case
60 represented by a broken 1i£é. as shown in Figﬁ 14. In .
addition, en impedance converter 63 is conneCted to the
piezoelectric element 51. and a voltage.amplifier 64
arranved outside the case 60 is connected to the impedance
converter 63. In the voltage amplifier 64, the temperature
compensation of the piezoelectric element 61 is made.

Howerer. the ambient temperature of the voltage
amplifier 64 does not necessarily coincide with the ambient
temperature of the piezoelectric element 61. Consequently,
there arises the problem of meking it impossible to make
proper temperature compensationr On the other hand, the
inventors of the present application have found that
temperature compensation can be suxtably made if a
temperature compensating capacitor 72 is connected in
parallel to a piezoelectrlc elemenf 71 in closn oroximity to

the piezoelectric element 71.' In Fig. 15, reference numeral



-0.00075, so that the required capacitance @ of the capaREPLACEMENTOSHDBEES
383. 6 pF. (2) In the capacitor having the charact ersti
rate of variation of capacitance ([err]Q@ / Q) is set t
that the required capacitance of the capaﬁitor 72 becongs
(3) In the capacitor having the characterisiics CG th
of capacitance ([err]Q@ / Q) is set to approximately zgro, so that the
requi red capaderapes G stppbheingpbaistear 7Phébesvppsrii8grbpie T3-mayAde—
descri bed above, the type of capacitor 72 used is

replaced with an electronic component such as the above

described hybrid IC. In addition, reference numeral 74
denotes impedance converting means, and reference numerél 75
denotes a voltage amplifier. The voltage amplifier 75 can
be constructed similarly to the ﬁmplifying means in the
aﬁobe described first and second embodiments. Consequently.'
the impedance converting means 74 and the voltage amplifier
75 can be constructed as a singie electronic component, for
example, a hybrid IC within a case 70.

Déscription is-now made of the.reaspn why temperature
cbmpensation can be sﬁitably made when thg temperature
compensating capacitor 72.is connected in_p;rallel to the

-piezoelectric elemeﬁt 71..

Examination made by the inventors of thé presené
application shows that the reason why an output voltage of
the piezoelectric.element is affected by the temperature is
that the fate of variafion of capacitance Q with temperature
(AQs / Qs) and the rate of variation of piezoelectfic
stress constant dz; with temperature (Adz; / dz;) differ
from each other. In this case, Qs ihdicétes the capacitance
of the piezoelectric elemeht, aﬁd.dél indicates'the.
piezoelectric stress constant of the piezoelédtric element
in the 31 direction. -

If the above described rate of variation of capacitance
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suitably selected to find the val ue of the rate of variat

capaci tance of the capacitor 72, and this value and the pther known val
are substituted in the above described equation (8) to f}nd @€ JUql@9%e
capacitance @ of the capacitor 72. Consequently, pccording to th

fourth enbodi ment, the rate of variation_p?zplezoelectric st ress<constant
0

and the rate of variation of capacitance the paral |l el '~elecuit

pi ezoel ect rvEtB| EpmpenaiHTheardphileet aboven desgwideed appEexe fravarjasdos to
each other by only selecting the -

of piezoelectric stress constant with temperature are equal
to each other,.the amount of change in output due.te the
chapge in piezoelectric stress constant is canceled by the
emount of change.in capacitance even if the temperature
changes, thereby to make it possible to .avoid the variation
of the output voltage.

More speeifieally; when the output voltage of the
piezoelectric element is taken as V, the rate of veriafion
of outbut voltage in a case where the output voLtage Vis .
changed by AV due to.the rise in unit temperature_is AV /
V. "The output voltage V is not affected by the change in
temperature” means that'the.aboée described rate of
variation of-oufput voltage becomes.zero (av /.V = 0).

If the rate of variation of output.voltage (AV / V) is
found, therefore, the output.voltage V of the piezoelectric
element is proportional to.a stress (aG) produced by
acceleration C at that time and the piezoelectric stress
constant dz; of tﬁe piezoelectric element, and is inversely
proportional to the capacitance Qs of the piezeelectric
element. That is, the following equation holds:

V=aG-dg /Qs --cce (2) |

On the other hand, the amount of change in outpue
voltage AV is as follows: |

AV=(V+AV)‘V .....j... (3)



capaci tance of the capacitor 72 connected in parallel to thef REp.
- 37 - piezoelectric elenent 71 in the above descri bed manngr ACEMENT SHEET*]

Consequent |y, even if the anbient tenperature changes, the
change in output due to the change in piezgglectric stress
cancel ed by the amount of change in capacitance. As a resul

vol t age which Acco;dingly. the following equation holds ' I

-8V = aG (d3; + adzy) / (Qs + 4Qs) - aGdz; /

QS ...... (4) . .

adz; in the foregoing equation (4) indicates the
amount of change per unit temperature in piezoelectric
stresé constant. |

If the above described equations (2) and (4) are
substituted in respective terms in the rate of variation of
output voltage (AV / V) to eliminate common terms, the
foellowing equation holds: - N

AV / V = (1 + (Ad3; / d3;)] / [1 + (AQs / Qs)]) -

In order that the rate of variation of output voltage

becomes zero in the above described équaticn (5), that is,
.AV / V = 0, the followiAg equation may holdf |

AQs / Qs = ad3z; / d3p (6)

That is, it is found that the rate of variation of
capacitance of the piezoelgctric element and the rate of
variation of piezoelectric stréss constant thereof may be
equal to each other.

In tﬁe temperature characteristics of the piezgelectric
element, however, the rate of variation of piezoelectric
stress constant d3; (Adz; / d3;) and the rate of variation
of capacitance Qs (AQs / Qs) actually differ from each

' other, as shown in Fig. 16. Accordingly, an output voltage



is not affected by fhe anbi ent tenperature i s obtained. Si |

L RCEAOY Speer

descri bed capacitor 72 is provided in close proximty to the
el enent 71, and the capacitor 72 is always operated at approxi mately the

same tenperature as the piezoelectric el en3at-71, thereforfe,| i 26 JUL 1994
Referring now

possible to accurately nake tenperature conpensation.

to Figs. 17%APcH1lisdes®d idxiftditdd den@f chanlgle tith &Eapd
pr esent |nJ%nt$on1 The fifth errbolﬁP chinge 1

rdTid Neot
ment Is characterized i'nthat in an

acceleratlo r sp constructed that an el ectronic conponent
So L SERSA"

ontalnlng |gna ‘processing circuit and the like is

Therefore, the inventors of the present applicatiod has

found that if the above described temperature compensating

capacitor 72 is connected in parallel to the piezoelectric

element . 71 in close proximity to the piezoeleétriC-element

71, temperature compensation can be reliably made

selecting the capacitance of the capacitor 72.

by

More specifically, if the rate of variation of

capacitance of the piezoelectric element (AQs / Qs) and the

rate of variation of piezoelectric stress constant thereof

(adz; / d3;) are equal to each other as shown in the

equation (6), the rate of variation of outpué voltage of the

- piezoelectric element becomes zero-(AV / vV 0).
fourth embodiment, however, if the capacitance Qt
reference temperature of the capacitor 72 and the

variation of capacitance with temperature thereof

In the
at the
rate of

(aQt /

Qt) are suitably selected, the rate of variation of

piezoelectric stress constant of a parallel circuit and the

rate of variation of capacitance theréof are approximately

equal to each other. thereby to obtain an output voltage

which is not affected by the ambiént temperature.

In the above described capacitor 72, the required_ 

capacitance Qt can be easily calculated as follows.

That

is, if the condition under which the rate of variation of




arranged on a base plate, a cushioning nenber for absorbing EBEPBRGHW&NT HEET
shock produced between the base plate and the above descrile '““*rnnl§

-conmponent due to the difference in coefficient of thernal xpahélon or
6 JUL 199¢

nmodul us of elasticity. is provided betweed5the base plate afd
el ectronic conponent. The cushioning nmenber is also applicablle o each of
the accel er Juit@n ts et $g¢ bddesmedoyerslessr rhaddf bisttheo folrpgcihg |

embodi ments. In the fifth embodi ment, the thermal shock prodtees—due 10
the differepggaitdorefdj Cied ©f1lowing equation holds because the total

- capacitance of a parallél circuit of the'piezoelectric
element 71 and the capacitdr 72 is the sum df the capacitance
of tpe_piezoelectric element 71 and'the capacitance of the
dapaciCOrl72:' |

(4Qs + AQt) / (Qs + Qt) = Ads'l-/. dl31 ''''' (7)

If the équation (7i_is.changed for simplification, the
following'equation is obtained:

Qt / Qs =

(AQs / Qs - Ad3; /dSI) / (adz, / d3 "IAQC‘/

The capacitance Qt qf the capacitor 72 and the rate of
variation of capacitance thereof.(AQt / Qt).are ﬁnkﬁown.oué
of the respective terms in the equation (8).' Hﬁwever; the .
rate of.§afia£ion of capacitance Qf the capacitor 72 is
determined depending on which typ; of capacitdr is the
capacitor 72.  On the other hand, the other terms are all
known. |

Therefore, lécting the capacitance Qs (at éO’C) of the
piezoelectric element ?i = QOO pF, the rate'of_ﬁaqiation of

'-cﬁpacitance thereof (AQs / Qs) = 0.0038, and the raie of.
Qariation of'piezoelectric stress‘constant tﬁéreof (adzy /7
~dz;) = 0.0023, the required capacitance Qt of each of |

capacitors exhibiting the following characteristics UJ, RH .




- 38 - thermal expansion or nodulus of elasticity is absor dﬂﬁ%QCEMH@TSHEEET
above described cushioning nenber, so that an excessive t rna
not exerted on the electronic conponent for constructing gi
means and the |ike. Consequently, the pOﬁélbl|lty of . causijn
the electronic conponent due to the ther shock is prevgnt
to enhance the reliability of the acceleration

and CG: ‘““~;-———;_____

(1) In the capacitor having the characferistic UJ, the
rate of variation of capacitance (AQt / Qt) ;i set tc
-0.00075, so that the required capacitance.thof the
capacitor 72 becomes §83.6 pF. |

(2) In the capacicor having-tﬁe charactefistic RH, the
rate of variation of-capacitance (AQt / Qt) is set to
-0.00022, sc that the required capacitance of thelcapacitor
72 becomes 464.3 pF.

(3) In the capacitor having the characteristics CG,
the rate of variation of capacitaﬁce (AQt / Qt) is set to
approximately zero, so that -the required capacitance Qt'cf
the capacitor 72 becomes 508.? pF. |

.'As described above, the type of capacitor 72 used is
auitably selected co find the value of the rate of variation
of capacitance of the capacitor 72, and this calue and the |
other known Qalues are substituted in the above describad.
equation (8) to find tine required capacitance Qt of the
capacitor 72. | |

Consecuently, according to the'fourth'embociment, the
rate'of Vaciation of piazoelectric_stress conatant~and the__
rate of variation of capacitance of the parallellcircuit of

" the piezoalactric element.and tha capacitor can be made
approximafaly equal_to;each other 5y only selecting the

‘capacitance of the capacitor 72 connected in parallel_to the
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sensor. Furthernore, the thermal shock is absorbed by tfhe above
descri bed cushioning nenber. Accordingly, even if a wring [p e
resistor filmis formed on the bottom surface of the abov e?&:h‘g@d%é
el ectronic conponent, it is hardly damaged_ Accordingly, |it—s—possible
to also forma wiring pattern or a resisT&p'fiIn1superior inreliability

possi bl et 0P HERE LA h e TR EohbohBnt "G dtb &t F&7ET 0441 BNBRE 1 gher

in integration density. Referring-tqo Fig. 17, the accel erati on sensor

accordi ng Consequently, even if the ambient temperature changes, the

| - amount of change in output due to the change.in |
piezbelectric stress cénstant is cahceled by the amount of
change in capacitance. As a result, an output voltage which
is not affected by the.ambient:temperature is dbtained; |
Since the asove described capacitor 72 is'provided in close
proximity. to tﬁe piezoeieqtric'element_?l, and thé.capdcitof

72 ié'always dperated at approximately the same temperaturé
as the piezoelectfic element 71, therefore, it is péssible,_
to accur;tely-ﬁake teméeratu;e compensation.

Referring now to Figs. 17_to'21.-description is made of

a fifth embodiment of'thelpresent invention. The fifth
embodiment is characterized in fhét ih an acceleration
sensor sb constructed that #n electronic.component
containing a sighal'processing circuit and the like is
arranged on a Base plate,_a cuéhioning member for absorbing
a therhal shoqk produced between the base bla:e and ché
above described electrbnic'compdnent due to the difference
in coefficienf df thermai expansion or modulus of'elasticity
is provided between the base plate and the electronic
component. The cusﬁiqning member is élSo applicable to eacn_'
of the Acceleration senzors in fhe &bove-desc;ibed.first to
fourth eﬁbodiments. In the rifth embodiment, the thermél

shock pfoduced due to the difference in'coefficienc of



to the present -enmbodi ment conprises a piezoelectric eIenertREgﬁAQﬂWQth§wF
an electric signal corresponding to acceleration and a hybrlid 1C 82
serving as an el ectronic conponent containing various typgeq o 6sijgpapos
processing - circuits for processing a signaggautputted frdmithe
pi ezoel ectric elenment 81. The piezoelectric elenment 81 hgs —astrip—Sirape,

and the hybgj d.h &) 82 Hah i dE S AMAEIuS! dFCelasticity islabsorbed by |

the above described cushioning member, $o Ehat an excessive
thermal stress is not exerted on the eléct;onic component
for constructing signai procéssing means and the iike.
-Consequently. the pbssibility of causing damages to.the
" electronic compecnent due to the thermal shock is prevented.
thereby to enhance the rcliability of thé acceleration.
-sénsor. |
Furthermore, the thermal shock is absorbed by the above
described gﬁshioning membef; Accordingiy, even if a wiring;
pattern;or.a resistor film is formed on the bottom surface
of the above describéd electronic_cdmponent, it is ha;dly
damaged._ Accordingly, it is possibie to also form a wiring
- pattern or a resistor'film.superior in reliability on the
ﬁottom surface of the elect;onic component, thereby to ﬁake
it possible to make the electrdnic component used smalier in
'size and higher in incegratidn dens;py, | |
Referring to Fig. 17, the acceleration sensor according
to the present embodimgnt comprises a piezoelectric'element'
81 outputting an electric sigqal.corresponding to
acceleration and a hybrid IC 82 serving As an élect:onic
combcnent containing various types of signal processing
circuits for pfoceésing a signal Outpptted-frém the
piezoélectfié element 81; The piezoeléétric element 81 has

a strip shape, and the hybrid IC 82 has a rectangular plate



-39- shape. The piezoelectric el enent 81 is held | mEP EWﬂWESHHﬁ
the hybrid IC 82 in a cantilevered shape. That is, a tkr.ungaicle 83---qr

9 .
nounting the piezoelectric element is forned in the centgr of the hybrild
IC 82. A fixed end 8la of the piezoelectric elenent 81 ig sgéudﬂb'p§6ar
edge of the above described through hoIe'B?? and a freq gnd 81b t hereof
IS sO arranged as to face the through hol e 83. A tli p-type el ectronid
conponent 8#38fd a wiring pattern

'The piezoelectric element 81 is held ih the.center of
the hybrid IC 82 in a cantileveréd shape. That is, a
through_hole 83 for mounting the ﬁiezoelectric element is
formed in the center of the hybrid IC 82. A fixed end 8la
of thé piezoelectric element 81 is secured to an edge of fhe
above described througﬁ hole éS?Iand a free end 8lb thereof
is so arranged as to face the through hole 83.
A tip-type elect;onic compdnent 84 and_a.wiring pattern
.(not shown) a;é secured or formed on the upper sufface of
.':thg hybrid IC 82. A cohponehc sdch as a resistor film or a
wiring pattern, an eléctrode and the.like are alSo;fdrmed on
the bottom surface of the hybrid IC 82; which are not shown.
‘The hybrid IC 82 and the ﬁiezdeléct;ié-element 81 aré-
connected to each other through a bonding_&ire 86. in
a&dition. the uppef surface of ﬁhe hybrid IC 82 is covéred
.with a -cover body 87 made of a metal, a ¢onducfive.resin or
a material obﬁained by metal-plating a Synthetic resin.
Meanwhile._if the cover body 87 and thé.wiring_pacterp |
(not shown) formed on the hybrid IC 82 are connected to é;ch
othef.by"bonding.of thé.cover body 87, it is possible to'
further enh#ﬁcé the réliability bfhthé electricﬁl
connection. A plurality of connecting terminéls for
'éonnéction to outer portions 88 are attached to one ehd of

the aybrid IC 82, and are projected sideward from the hybrid



(not shown) are secured or fornmed on the upper surféce of REP&A@&mEﬂﬂjsthT

82. A conponent such as a resistor filmor a wring pattler
"and the like are also forned on the bottom surface of the.
which are not shown. The hybrid | C 82 anddt-he piezoel ectfifc

T, arlt et-eett6

ST

connected to each ot her through a bonding wire 86. In addi

tion.__fthe upp

-

surface of ghegdybrid 1C 82 is covered with a -cover b dy

87 made of a

‘metal, a conductive resin or a naterial obtained by neta
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synt het i ¢ resin.rthe a?c@@@Pﬂthﬁ 'éh§JF3é@ﬂ@fd@ﬁ@yt%7tﬁ€dpEQ%éNﬁ” ng

pattern (not shown)

ormed on the hybrid IC 82 are connected to each

embodiment comprlses a base plate 89 made of a metal on
which thé above described hybrid IC-82 is mounted and an
'insulating.resin film 90. This iﬁsulating resin film 90
serves as a cushioning member in the preseﬁt invention.

The base piate 89 comprises a mounting stage 89a.for
mounting the hybrid IC 82 in its central part, and the
'insulatiqg resin film 90 iS affiked on the méun:ing stage
89a with, for example, epox& adhesives. ‘

A polymer_fiim such as a polyimide film having a
coefficiént.of thermal expansion of 8 X 10-8 to 17 x 10-8
/*C and having modulus of elasticity of 380 kg/mm? an& a
'pol&ethYlene terephthalate film having a COeffiéieﬁt of
thermal expénsion of 30 x 10-6 to 50x 1076, C and having
modulus of ela;ticity of 400 kg/mr_n2 are suitable as.the
- insulating resin film 90, and approximately 10 um is'
.sufficieﬁt and particulérly, approximately 30 pm is §Qitablé
for fhé'thickness thereof.

The hybrid IC 82 is affixed on the insulating resin
film 90 affixed to the mohnting sfage 89a through, for
'exampie, epoxy adhesi&es._ In order to firmly bond the base
plate 89, the.insulaﬁing'resih film 90.'and;the.hy5rid IC
82, it is'preferable that both surfaces:of the insula;ing.

resin film 80 are previously subjected to sandblasting.
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ot her by bonding of the cover body 87, it is possible to |f

the reliability of the electrical connection. A plurality ¢f gconnect]
termnals for connection to outer portions,88 are attached téfgngieﬂgﬁgf
.the hybrid IC 82, and are projected si dewar¥ v om t he hybj i

-40- |1 C 82. . :
- The area above the hybrid IC 82 positioned and fixed on

the base plate 89 is covered with a cap 91. The cap 91 is
made éf a metai or a conductive resin, and has diménsions
covering the mounting stage 89alof the base'plate_89. In
additicn. parts on the §ide of the bottom surface aﬁd one
side surface of the cap 91 are opened. The lower parts of _
the side surfaces of the caé 91 are secured to the periphery
of thé mounting sfage 89a sd'that the cap 91 is fixed bn the
Ease plate 89. Consequently; the hybrid IC 82 is covered
with the cap 91 in a state where the connecting terminéls
for connectidn to duternpo§tions 88 are p}ojected sideward_b
from the opened part bf'the cap'sl._ In addition, the cap 91
is filled with an insulating resin 92 such as siliéone resin
for the purpose of hermeticalhsealing. 'Since_the |
piezoelectric element 81 is surrounded by the cover body 87,
however, a space for vibration A of the piezoelecfric
element 81 is_ensuredf

Furthermore, the hybrid IC 82 contains various circuits
as déscribed in the first and second embod;ménts. for
example, signal processing circqits such as ﬁn impedance
converting circuit, a filter c;rguit, an amplifying circuit
and the like.

_Also.in tﬁe acéeleration sensor accordiﬁg td the
‘pfesent'émbodimenf. the_hyﬁr;d IC 82 and the base plate 89

differ from each other in coefficient of thermal expansionﬁ'"l



The accel eration sensor according to the present enbodi
base plate 89 made of a netal on which the above descrlgjg#h&@%ﬁﬁjsgﬁgg.ls

nounted and an insulating resin film90. This insulati resin film90
serves as a cushioning nenber inthe presea& i nventi on. -2 6T0Y1Lb1998
plate 89 conprises a mounting stage 89a for“ Tounting the jhybrid I C 82 i|n

its centrabpnfambdudifl toe eidsti@it Q(Eﬁélﬂo@ﬂﬂﬂdlhds ftRefman The —

nounting stage 89a with, for exanple, epoxy adhesives. A polyner

f8l Ixmlgt[JgPr?QPgngglo | ot?e”{‘% rY%&ai’d ”ﬂC382C9§f f2| « g-®fed h@r,@aioe&p-a@shﬁa of

the modulus of elasticity thereof is 1 X 104 to 3 x 104

kg/mmz, while the coefficieﬁt of thermal expansion of the
base plate made of metal is 10 X 10'5 to 30X 10’8/'C and
the'modulus of elasticity thereof is‘0.1,X 104 to 2 X 104
kg/mmz), as in'the conventional acceleration.sensor.

| Consequently, whon the temperature violently changes, a
‘thermal shock can be produoed between the hybrid IC 82 and:
the base plate 89. However, the above described insolating
'fesin filﬁ 90 is interposed therebetween, which functions
"as a cushioﬁing member to'absorb the above desoribed thermal
shock. Consequently.':here occur no dsmages such as
cracking or-ohipping and strippihg in the hybrid IC 82.

- Furthermore, the piezoelectric element 81 is mounted on
the hybrid IC 82. The hybrid IC 82 is reliably fixed on the
base plate 89 without being stripped by the function.of the
insulatiog resin film 90. Consequently, a failure making it
imposSiole to measure acceleration, that is, the stripping
of.the.piezoelectric'element 81 does_not oasily'occur;

Additionally. the thermal shock is obsorbed by tﬁei
insulating resin film 90, so that there is no possibility of
damaging the wiring pattern of the resistor fjlm_formed on_
the bottom surface of the hybrid IC 82. Similarly. the

surface of the wirihg’patfern or the resistor film is



/ C and having nodulus of elasticity of 380 kg/mR2 and a REPLACEMLﬁT SHEET
terephthalate filmhaving a coefficient of thermal expamsijon of 30 X
10[err] to 50 X 10[err]/[err] C and havi _nodul us of ela t|26td/Uloﬂ99£DO
kg/mijerr] are suitable as the insulating resin film 90 nd appr oxi mat
10 [err]mis sufficient and particularly, approxi matelyf30 [errfmis
sui tabl e

suitable  tas,die 1Y CKBESSCLBAT 891 the insdfEehXpr bdokh

g resin |xe nounti ng stagé 89a t-hrough,
For exaan%réeox ad esexectrlcaf)f#gufékiéﬁnkgtaggg Eﬁe %%%%om'

%
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-surface of the hybrid IC 82 and the b;se plate 89 is
ensured. Accordingly, if.is possible to form a wiring
pattern or a resisﬁpr film superior.in.reliability_on the
bottom surface-of the hybrid IC 82, thereby to make it
possible to make the hybrid IC 82 smaller in size and higher
in intcgfation density.

Aithaugh in the above described fifth embodimept, the

insulatiﬁg fesin filh 90 i$ used as a cushipning meﬁber, thg

| present invéntiqn'is not limited tp the same. For example,
insﬁlating édhesives used.for bonding can be also used as
the'éﬁove described cushioning_membér._ In this case, thé
insulating adhesives must be so applied as to have a
éhickness of at least approxima;ely 10 um in order to
obtain the cushioning effect.

. Furthermore, the connecting te;qinals for connection to
outer portions 88 are directly mounted on the hybrid IC 82,
and are not mounted on the basé'ﬁlate 89. Consequently, it
is possible to oﬁit complicated ydrk.such as wérk of
mounting the cqnngcting,terminals'for connection to outer
portions'sa sd as to pass through thé base plafe-as'or wo:k
of'insu;ating the connecting terminals for connection to
outer portions 88 and the b;sé plate 89 from each other.

Additionally, the above described bonding wire 86 need



plate 89, the insulating resin filma0, and the hybrid 1c| BSPLAGEMENT SHEET
preferable that both surfaces of the insulating resin fil 0 are .
previ ously subjected to sandbl asti ng. 26 JUL 199

- 41 - The area above the hybri d 4 @482 positioned an i xed on 6he
base plate 89 is covered with a cap 91. The cap 91 is de of—a Tet=t

a CondUCt'VﬁoEeﬁenneQEGSB@il9lﬁEE&IGBSas @&QV &onne dthe: hred prigizoe Lecdgd c89a of

the base plate 89. In
element 81 'and the hybrid IC 82 to each other. For example,

the plezoelectrlc element 81 and the hybrid IC 82 may be
connected to each other using solder. conductxve adhesives or
the like. |
Furthermore,.ae the piezoeleetric element 8L, a
:piezoelectric element ef a bimorph:type.,a piezoelectrie-
element of a unimorph type, nnd a.piezoeiectric eiement of a
sh-:ar mode type (shearing type) .may be used. .;n the
piezoelectric element 81 of a shear mode typef the |
piezoelectric element 81 and the hybrid IC 82 can be
eonnected to each other_without using the bonding wire 886 .
from a strnctural.point of view. |
Although in the embodiment:shown_in'Fig. 17, the
piezoelectric element 81 is fixed to the upper surfaee‘of
~ the hybrideC 82 in a can;ilevered_shape..the fifth

embodiment is not limited to the same. That is, as shown in
an.exnloded perspective view of Fig. 19, e piezoelectf;e
element 81 may be fiked to a flat upper surface'of a hybrid
IC 82 so as to support both ends of the piezpelectric |
element 81 on both sides by edges opposed to each other of a
through hole 83 in the_hybrid IC 82. In this-casen'if
-grooves for positioning the pieieelectfic element 81 and
mounting the same are provided at_both the edges of the’

through hole 83, the piezoelectric element 81 is easily



addition, parts on the side of the bottom surface and one Sﬁﬁﬁﬁéﬁﬁ@@§§§?§f

the cap 91 are opened. The |ower parts of the side surfale
91 are secured to the periphery of the mounting stage 89aj spb that the cap
91 is fixed on the base plate 89. Conseqygnt!y, the hybri C28 JUt. 1996
covered wth the cap 91 in a state where the connecting tlerjm nal s for.

connect on bRgg B ARES AR AOERELPLECHE SRR fonLiPATS IS
e 22 el ERD i S tnial 8 BY BRS80S R LR ORI
Since the _ _
hybfid IC 82, thgreby to make it possible to furthef enhance
_reliability andlproductiQity, |
Furthermore, as shown in an eiploded pérspectivé view
of Fig. 20, a base plate 89 dnd a cap 91 may be integratéd;
and groovés.for positioning 92 may be respectivély'forﬁed on
the inside of a pair of side su;faces opposed to eacb other
so as EQ extend in the hor%zontél direction. Ifftgg width
of the groo&és 82 is made approximately equal to the
thickness of the hybrid IC 82, it is possible to simply
moﬁnf the_rybrid IC 82. Moreover, it is.possible_ﬁb _
reliably moﬁn; the hybrid IC 82. . In addition, the_necessity
of bchdiag the base plate.89 and the cap 9! ﬁo.each'other is -
eliminated., thereby td increase the strength of the entire
package struéture, A member fof-ﬁrevanting'silicpné ;esin
or the like with which the cap 91 is filled from flowing in
is mounted on the reverse surface of a mounting hole of a
piezoelectric eledent (that is, a mounting hole:
corresponding to the through hole 83 shown in Fig. 17),
which is not-shbwn in Fig. 20. Iq addition, the hybrid IC
82 can be mounted with it beiﬁg éufned over by changing the
positidn of the groove§ for positioning 92, thch is not
shown. |

Additionally, és shown in an éxploded perspective view



pi ezoel ectric el enenii Sidd HasBsaRéppoaaded by the cover body [BZeo) ack Y €SHEER

space for vibration el ectric el ement 81 iis
Furthernore, the hy ﬂ)ai ns various circuits lag descri be “92
the first and secon for--exanple si gnal pro esﬂtndUbl tls

such as an |npedance convertlng circuity 48 tilter circuil,| an aneplifyidg
circuit | i 0 (o] PXXTa| o\ po-ToXeXe |7 to
t he prese di z{r'(rght thteheabﬁ)l‘/%r |d3%%1g’2€@&an Sﬁaégagéﬁ.p Qnﬁ% Ufy ¥

from each %égg%ér}goffflﬁl qgh?&&d??&“%rg?ggglons for posztlonlng 83
extending in the horizontal direction, and the lower surface
of the projecticn 93lmay be utilizéd as a surface for.
positioning in inserting'the hybrid IC éZ. In this case, an
insulating plaﬁe 94 ﬁaving a predetermined thickness may be

~affixed to the,reverse_surface of the hybrid IC 82 so as to

~obtain poéitidning on thé lower side of the hybrid IC 82.

- That is, the_thickhess of ﬁhe above described insulating
plate 94 may be so selected :hac the thickness of tﬁe .
insulating plate 94-and'fhe.thickness of the hybrid IC 82¢

: are'approkimately equal ts the distance between the lower
surface of the projection 93 and the bottom:surface of the_
cap 91.

Meanwhile, in the abéve descriﬁed all embodiments, it
is possible to use, as the piezoelectric element, a suitable
piezoelegtric élement such as not only a piezoelectric
élément of a bimqrph type but also a piezoelgctric element
of a unimqrph type, a piézoelécfric élement_of a shear1ﬁode
type or the like. | | |

Althoﬁgh the présent invention has been described and
iilustrated in detail, it is clearly udders;ood that thé
same is By way of iliustr;tion and ekample_only and is not .

_t§ be.taken by way of liﬁitation. the spirit and scope of

_ the present anentlon belnv limited only by the terms of the

THIS SHEET HAS BEEN |
' REPLACED




- 42 - and nodulus of elasticity (the coefficient of ther falREPEACEMBENTORHEET

of the hybrid IC82 is 2 X 10[err] to 7 X 10[err]/[err]C and -
iLe t

228 J0Egmge

of elasticity thereof is 1 x 10[err] to 3 X 10[err] kg/ m2,
10[err] to 30 X 10[err]/[err]C and the nodulus of elasticitly ithereof |s

coefficient of thermal expansion of the 4Base pl ate nade of
0.1 X 10[ ergdpdrd@d Xc 1@Lieisr.]

This Sheet Has Been Replaced

THIS SHEET HAS BEEN
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kg/mmierr]), as in the conventional acceleration sensor. ﬂ&ﬁg@ﬁﬁWNyiﬁﬁEf
when the tenperature violently changes, a thermal shock can be—preodu
between the hybrid IC 82 and the base plate 89. However, th:-abovS 1996
described insulating resin film90 is |nte£€osed t her ebet =n,2ﬁh'9h
functions as a cushioning nenber to absoirb~the above descrj
shock. Consequently, there occur no damages such as crack
and stripping in the hybrid IC 82. Furthernore, the p
element 81 is mounted on the hybrid IC 82. The hybrid ' 1C 82 is reliably
fixed on the '

g or chlpplng

* ¢ L M § *x

Thls Sheet Has Been Rep
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1. An acceleration sensor compr:.slng

(32)
an acceleratlon detectlng portlon comprlslng a
(31) ' © (31a,31b)

-plezoelectrlc element having electrodes on both its surfaces

T?HS SHEET HAS BEEN
REPLACED




base Iat@mssmw&hhbuth$wng stripped by the function of the insu utat-+hg

resin fllnqmﬂ

accel erati
not easily

PEPLA“ENEVT SHEET

tly, a failure making it inpossible to
e stripping of the piezoelectric el efeit ﬁ@ ddk <1996

Additional Iy, tHehermal shock is absdried by the

occu

|nsulat|ng re5|n film90, so that there is no possibility of amagi ng the-

W ring pattgha outbﬁ&u&ﬁgsﬁ(31gndkndannespmmﬂingetboacoaieuat

‘hybrid IC
resistor f

R O O

82. Simlarly, the surface of the wiring pattern or the
i Lbpbi%ed and a supporting base for supporting said

(31)
piezoelectric element, .
(32) |
said acceleration detecting portion being provided with

(34a, 34b)
a pair of detecting portions arranged so as to be brought
(31) '

into contact with said piezoelectric element and spaced

apart from each other by a predetermined discance.
(36)
signal processing means electrically connected to one

(31b) (31)
of the electrodes of said piezoelectric element and for

processing the electric signal outputted from the

(31} .
'piezoelectric element; and

(35) (34a)
signal outputting means electrically connected to one
(34a,34b)

of said pair of detecting portions SO0 as to cause a

predetermined current to flow between said detecting .
{36)
portions and connected to said Sl’nal processing means 'so as
(36)

to output to the signal prdcessing means a state signal

representing the state of the acceleration detecting

portion, (33
. (35)

said signal outputting means outputting said state

signal in conformity with the variation of the current

flowing between the detecting portions. (34a.34b)
2 The acceleration sensor according to claunl

' . (34a,34b}
wherein said pair of detecting portions is prov1ded between
(31) ' - (33)

said piezoelectric element and the supporting base.

3. The acceleration sensor according to claim 2,




physi cal | y prot eBiisslledoHastBren Reaplaeedat i ng resin  film90. Mor the
el ectrical insulaf Inm m “ e bottom surface of the hy rlRGPLAEE&/EmnngEET

the base pl at e 89 ﬂﬂj AccordlngLysolt i s possi bl e |t g-form&
Wi pattern or a resistor n tEZ ﬂ@EtOﬁl
6 1996

irc aof

| msuperior 1Tnreliability
surface of the hybrid 1C 82, thereby td3ﬁhke_|t possi bl e t
~hybrid IC 82wtséméizershmds'sngpandih'ggbese L8 cahetiahimed deng
(33a.,33b)

supoortxnr members arranged spaced apart {rom eE‘H‘U‘HE“oy
a predetermined diStance,
an electrode constituting said pair of detacting

34a,34b)
portions being formed on the upper surface of said pair of

supporting members. (33a,33b)

4. The acceleration sensor according to claim 3,

(33a,330)
wherein saxd pair of supoortznr members is arranged so as to
{31) '
supoort the - pxezoelectrzc element in both ends of the

- {31)
piezoelectric element or in the vzcznzcy thereaf.

S. The acceleration sensor according to claim 2,

(33)
wherein said supaortlng base i3 arranged so as to sunport
(3
the piezoelectric element in one end of the nlezoelectrxc

(1)
lement or in the vzcxnzty thereof

a pair of'electrodes constituting said pair of

“(34a,34b) .
detecting portzons arranged spaced apart from eecn other by

a predetermined distance being fo;med on the up;er surface

of said supporting base. (31)

6. The acceleration sensor according to claim 1,
(36)
wherein said signal proces31ng means comprises

' (37)
impedance convertxng means electrzcal‘y connected to

3L
*he pzezcelectrlc elemenc and for convert;ng the impedance

. (31)
of the signal outputted from the pxezcelectrzc element

(38) :
f;lcerzng means electrically connected to tne zmoedance

. (373 _
coaverting means and for removing an uanecessary s1gnal

"THIS SHEET HAS BEEN

[V RO 1 epuaceo




Al t hough .nJm' ed fifth embodiment, the insulla
film90 is ng nenber, the present I nventjo
H os

limited to thHe <ame. npl e, |nsulat|ng adhesi ves
can be also used as the above descri bed 8lshi oni ng nmenbe

the insulating adhesives nust be so applied as to have a

| east approximately 10 [err]min order to obtain the cus
FurthernDreCQMRQ%ﬁﬂ%ecfPﬁg termnals for connection to
are directly nounted on the hybri3l C 82, '
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nthis case
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cRmesS—of—at
ng effect.

out er

portions 88

-amplifying means electrically connected to said

(38)

filtering means and for ampllfylng a szvnal applied f;om the

(38)
filtering means.

.7. The acceleration sensor according to claimi,

. ) . . . (36),
wherein at least a part of said signal processing means-as

-(54)

constltuted by a single electronic component havzng a flat

upper surface.‘
(31)

said plezoelectrlc element being fixed to sald upper

(s4)

surface of said eleccronlc component in a- cantzlevered

shape.

8. The acceleration sensor according to claim1l,

- (72)

which further comprises a temperature compensatlnv capac1tor

(31)

arranged in close proxlmlty to_sald piezoelectric element

and connected in parallel to the piezoeiectric element.

(31

9. The acceleration sensor according to claim 1,

(36)

wherein at least a part of said signal processing means is

(54)
constituted by a single electronic component,
{52)
further comprises a base plate for supporting
(54) . (90) -

and which

said

electronxc component, a cushlonlng member for absorbing a

{(52)
thermal shock precduced between the base plate and sazd

(54)

electronic component due to the dxfference in coefficient of

thermal expansion or modulus of elastzclty being arranged

(52)

(s

4)

between the base plate and the electronlc component.

_ _Thls Sheet Has Been Replaced
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and are not nounted on the base plate 89. Consequently, itp~s-passible to

omt conplicated work such as work of nounting the connect erlecﬂMEW %HEET
for connection to outer portions 88 so as to pass through  hgbase at

89 or work of insulating the connecting termnals for conneg |221 outer
portions 88 and the base plate 89 from3ach other. . Addi t}i o P'a
above descri bed bonding wire 86 need

- Abstract

ACCELERA‘I‘IQN SENSOR

An acceleration scnsor comprising: an acccleration detecting portion (32)
comprising a plezoelectric element (31) having electrodes (31a. 31b) on
both its surfaces and outpuulng a signalcorresponding to acceleration ap-
‘plied and a supporting basc for supporting sald plczoelectric element (31),
sald acceleration detecling portion (32) being provided with a pair of de-
tecting portions (34a. 34b) arranged so as to be brought into contact with
safd piezoclectric element (31) and spaced apart from cach other by a pre-
determined distance: signal processing means (36) electrically connected
tooneofthe electrodes (31b) of satd piezoelectric element (31) and for pro-
cessing the electric signal outputted from the piezoelectric element (31);
and signal outputting means (35) electrically connected to one (34a) of sald
pairof detecting portlons (34a, 34b) so as tocausea predcicrm!ned current
to flow between Sa_ld detecting portions and connected to said signal pro-
cessing rricans (36) so as to output to the signal processing means (36) a
state signal rcpresent:in'g the state of the acceleration detecting portion

- (32}): said signal outputting means (35) outputting said state signal in con-
formity with the variation of the current {lowing bctween thc detecting por+

~ tions (34a, 34b)

(Fig. 7)
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-44- not be necessarily used so as to connect the piezoeleciric
81 and the hybrid IC 82 to each other. For exanple, the}pRELACERENT ISHEET
el enent 81 and the hybrid IC 82 may be connected to each|othe '

_ ref—tS+g-
sol der, conductive adhesives or the |ike.

_ Furt her npr g, g e
pi ezoel ectric elenent 81, a piezoelectric element of a b nurﬁﬂgt :WQQ
pi ezoel ectric elenment of a uninorph type, and a piezoele¢tiic _elenent offa

sh ar node type (shearing type) nay'bé Tsed. In the piegoelectric elenent
81 of a shear node type, the ' '

el enent
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pi ezoel ectric elenment 81 and the hybrid 1 C 82 can be connected
ot her without using the bonding wire 86 froma structural poin
Al t hough in the enbodi ment shown in Fig. 17, the piezoelectricjel
is fixed to the upper surface of the hybrid IC 82 in a cantil eyefe
the fifth enbodinent is not limted to the sane. That is, as sho
expl oded perspective view of. Fig. 19, a piezoelectric elenent {81 _
fixed to a flat upper surface of a hybrid 1C 82 so as to suppgrt both en

of the piezoelectric -2 - \
F|G.2 PRIOR ART
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el ement 81 on both sides by edges opposed to each other of [a T
83 in the hybrid IC82. 1In this case, if grooves for pos'tﬁgﬂgﬁgﬂEQEQﬁkﬁT

pi ezoel ectric elenment 81 and nounting the sanme are provi d¢
edges of the through hole 83, the piezoelectric elenment 8
45 'positioned, and the necessity of making connection by
~is elimnated by only altering wiring on the

diat both the
{'s 28sJULy 1996

bonding wre
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hybrid I C 82, thereby to make it possi ble to further enhance

and productivity. Furt hernore, as shown in an explo
view of Fig. 20, a base plate 89 and a cap 91 may be int
grooves for positioning 92 - may be respectively forned on
pair of side surfaces opposed to each other so as to ext
hori zontal direction. |If the wwdth of the grooves 92 is

reliability

L BHME) GHEET

tihe inside of

end Ré ybe 1996
de

-~

(o

, Tt T3S possHbt

approximately equal to the thickness of the hybrid | C 82
to sinply nount the [err]ybrid IC 82. Mreover, it is p

sible to

-4 ~
..CD*Q
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, _
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TVee

FIG.5




reliabfy mount the hybrid I1C 82. |In addition, the necessity of bonding
the base plate 89 and the cap 91 to each other is elimnaf€

_ n&ﬂgi e cb_,y +6
i ncrease the strength of the entire package structure. ﬁEMBM SHEET
preventing silieone-resin or the like with which the cap pPllis tilled Tr7m

flowng in is mounted on the reverse surface of a mountinfy hol2es offy1a1904.

pi ezoel ectric elenent (that is, a nounting hole correspondipng to the

~ through hole 83 shown in Fig. 17), which is. not shown in |Fi gr—20—+n
addition, the hybrid I1C 82 can be nmounted with it being tiurned over by

changing the position of the groovesgkﬂ positioning 92, which I's not
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shown. Additionally, as s,_hown I n an expl oded perspective view
- 46- _ :
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of Fig. 21, the above described grooves for positionfng 92 may be replaced
wth |nmard projections for positioning 93 extending in the—her-zantal

direction, and the |ower surface of the projection 93 may BEPERGTW&E¢dBHEET
a surface for positioning in inserting the hybrid IC 82. |l Thirs—case;
insulating plate 94 having a predeterm ned thickness may beja E%bdﬁﬂk éb
reverse surface of the hybrid IC 82 so as to obtain positioni ﬂ

| ower side of the hybrid IC 82. That is, the thickness of |t he—abave
described insulating plate 94 may be-sb-sel ected that the |thickness of the

insulating plate 94 and the thickness of the

FiG.8
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hybrid I C 82c are approximately equal to the distance betwqde DPU FOWe f——
surface of the projection 93 and the bottom surface of the gﬁo ADEMENT SHEET
Meanwhil e, in the above described all enbodinents, it is gogsible T0 USFE,
as the pi-ezoelectric elenment, a suitable piezoelectric elg ntzgqﬂy 3594101 -
only a piezoelectric elenent of a binorph type but also a piezoelec%rlc

- el ement of a uninorph type, a piezoelectric elenent of a gh -
or the Ilike. Ai t hough the present invention has beenidescribed and

illustrated in detail, it is clearly un8lerstood that the same 1's Dby way of—
illustration and exanple only and is not to be taken

FIG.9
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by way of limitation, the spirit and scope of the present
limted only bytheterms of the appended cl ai ns. :

-47-

CLAI M5

FIG.10

35~

invention being
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| . An accel eration sensor conpri sing:

(32) an accel eration detecting porti-on conprising a
(31) (31a, 31b) piezoelectric elenment having ele
its surfaces and outputting a signal corresponding to acc
applied and a supporting base for supporting said

pi ezoel ectric el enent, _

sai d accel eration detecting portion being. provided with
(34a, 34b) a pair of detecting portilns arranged so as to

(31) into contact with said piezoelectric el ement and spaced

each other by a predeterm ned distance;
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signal processing neans electrically connected to one

(31b) (31) of the el ectrodes of saildRPPIACEMENTtSHEET

el enent and for processing the electric signal outputte
(31) piezoelectric elenent; and

(34a) signal outputting nmeans electrically connecte
(34a, 34b) of said pair of detecting portions so. as to
predetermned current to fl ow between said detecting

a

flromThe '
t‘gﬁ}?@m 1996

(36) portions and connected to said sigrd -processi hg nmearrs—sou—as
(36) to output to the signal processing neans a state signal representing

the state of the accel erati on detecting portion, (32)

FIGI2
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(35) sai d signal _
out putting neans outputting said state REPLACEMENT SHEET
26 JUL W%
-12 -
FI1G,14 PRIOR ART
61 | 83 |
r“S ————————————— oy
l | L S
i 1 | —_—
}fr ., [IMPEDANCE[ VOLTAGE[
l CONVERTER|_ILJAMPLIFIER
I W 'y | = — ©
] . . .
L______;_,{;____;_______ll "60
71 72 . 71; 79°
r'-——- — — o — — — — . — —.'— —_ —_—— )
= 17 g
- : v
' I
(; ) _\_:- | MPEDANCE f V()L'I'AGE____o
W [~ |CONVERTERLAMPLIFERL o
. & | |
_______ N



signal in conformty with the variation of the current f

anLng__heLmean___

the detecting portions. (34a,34b) 2. The accelerat|¢mP§§@EMENT SHEET
according to claim1, Aer—345Y
wherein said pair of detecting portions is provided betweg _
(31) (33) said piezoelectric elenent a thgfédgbdp?ﬁng
base. 3. The accel eration sensor according to clai
(33) wherein said supporting base is constituted by a paijr of _
(33a,33b) supporting nenbers arranged spaced apart from each—ether—by &
predet erm ned di st ance, an el ectrode ea@sstituting said pair of
det ecting 34a, 34b)
RATE OF
VARIATION
'f _ AQs
Adst
O > d31
- E .
20 TEMPERA}'LJRE
| C)

d31=P|EZOELECTRIC STRESS CONSTANT AT

REFERENCE TEMPERATURE(20C IN THIS CASE)

Qs =CAPACITANCE OF PIEZOELECTRIC ELEMENT AT

REFERENCE TEMPERATURE




portions being formed on the upper surface of said pair supporting

menbers. (33a, 33b) _ 4. The accel eration sensor accqr girpg, Giak 3
(33a, 33b) wherein said pair of supporting nenbers is arrgnged @gﬁﬁﬁhﬁhghﬁ

(31) support the piezoelectric elenent in both ends of thg

(31) piezoelectric element or in the vicinity thereof. 265JUlTH896
accel eration sensor according to claila 2, _ . (33
wherein said supporting base is arranged so as to support

(31) the plezoelec in one end of the plezoeleélllﬁ (31)
el ement or in the y Iéw?ﬂ?eof _ :

3




-49 - a pair of electrodes constituting said pair
(34a, . 34b) detecting portions arranged spaced apart fro

a predeterm ned di stance being forned on the upper surface
supporting base. (33) : . 6. The accel eration sensor
claim1l, ' '

of
each._other hy

RERYACSHIENT SHEET

e
accor-arng-tro

26 JUL 1996




(36) wherein said signaT processi ng nmeans conpri ses

(37) . i npedance converting nmeans el ectrically conngcBERLACEMENT SHEET

(31) the piezoelectric elenment and for converting the ifgpegdance
(31) of the signal outputted fromthe piezoelectric el efqent, L 1996
(38) filtering nmeans electrically connected to the irme%gh%g :

converting neans and for renoving an‘Gﬁneeessary si gnal
(39) anplifying means electrically connected to saijd

(381 filtering neans-and for anplifying a signal applied fFromrte

(38) f.ilter.i ng means: F/G2O




o . e Geong)-
. 7. The accel eration sensor according to claim]l, ’P _ _ , /
(36):“wherein at |least a part of said signal processing neans is

(54) constituted by a single electronic conponent having & ﬁ&ﬂ% EMEH?@HEET
surface. (31) sai d pi etoglectiic—elerent

being fixed to sai d upper _ _ surfac
of said electronic conponent in a cantilevered. shape. 04-AHG‘W98

19

-46 -

of Fig. 21, t:l:;e above described grooves fo'r positioning 92 may.
be replaced with inward prcj ectxons for pcs:.t::.cn:.ng 93 extend:.ng
in the hor:.zontal direction, and the lower surface of the
project:l.on 93 may be utilized as a. surface for positioning in
' :.neert:.ng the hybrid IC 82. In this cas_le. an insulating plate
- 94 _haf'ing a predetemined thickness may be affixed to the reverse
' surface of the hybrid IC 82 so as co ‘obtain pcs'iticni'_ng on the
lower side of the hybrid-'Ic 82.. That is, the thichess of the
above de’scribed insulat:irng _plate 94 may be so selecte& that the
t:hick:.;ess' of the insulating plate 94 and the thickness of the _
hyh:r:;'.d IC 82¢c are approximately equai to the distance between the
lcﬁer surface of the projection 93 and the bottem surface -cf the
cap S1. . _ | |
Meanwhile, in the abcve described all embodiments, it
is possible to use, as the piezcelectric element, a suitable
piezcelectric element such as not only ; piezoelectric element
of a bimcr_ph type but also a pieaoelectric element of a unimo}:ph.
type, a piezoelectric element of a shear mode type or the like.
Although the present invention has been dgscribed and
illustrated in detail, it is clearly understood that the same is
by way of illustration and example only aﬁd is not to . be taken
by way of inmi-tation, ‘the epirit and - scope of the present

invention being limited only by the terms of the appended claims.



-50 - 8. The accel eration sensor according to claim1,
(72) “which further conprises a tenperature conpensatin I_tor
arranged in .close proxinmty to said piezoelectric el ene tﬁf?ﬂACEMgﬁ

connected in parallel to the piezoelectric elenment. (31 :
accel eration sensor according to claima1,

(36)

-47-

CLAIMS

1. An acceleration sensor comprising:

(32)
an acceleration detecting portion comprising a
(31) {31a,31b)

Piezoelectric element having electrodes on both its surfaces

and outputting a signal corresponding to acceleratlon.

applied and a supporting base for supporting said

(31)
plezoelectrlc element,
(32)

said acceleration detecting portion being provided with
(34a, 34b)

a pair of detecting portions arranged so as to be brought
(31)

into contact with sazd pxezoelectrzc element and spaced

"apart- - from each other by a predetermlned distance;
(36)
szgnal processzng means electrically connected to one
© (31b) ' (31) -
of the electrodes of said piezoelectric element and for

processzng the electric signal outputted from the

(31)

piezoelectric element; and :
.(35) . - {34a)

signal outputting means electrically connected to one
(34a,34b)

of said pair of detecting portlons S0. as to cause a

predetermzned current to flow between said detecting
(36)
portions and connected to said s;rnal processing means so as
{36)

to output to the signal processing means a state signal

representing the state of the acceleration deCecting

portion, (32)

R O N



wherein at |east a part- of said signal processing nmeans is
(54) constituted by a single electronic conponent, and wh \

(52) further, conmprises a base plate for supporting said QﬂPLACHWENTSHEET
(54) (90) el ectronic conponent, a cushio
absorbing a ' (.
produced between the base plate and said

i ng nmenber for
2) OreAUE 19980k
5

) el ectronic

conponent due to the difference in coefficient of ther expansi on or
nodul us of elasticity being arranged e 52).
(54) between the base plate and the el ectronic conponent.
-48 -
(35)

said signal outputting means outputting said state
signal in conformity with the variation of the current
flowing between the dececﬁing portions. (342,34b)

2. The acceleration sensor according to claiml,

. . . . (34a,34b) _
wherein said pair of detecting portions is provided between

o . (31)- o (33)
said piezoelectric element and the supporting base.

3. The acceleration sensor according to claim 2,

(33)
wherein said supporting base is constituted by a pair of
(33a,33b) . :

supporting members arranged spaced apart from each other by
a predetermined distance,
-an electrode constituting said pair of detecting
34a,34b) . ' '
- portions being formed on the upper surface of said pair of

supporting members. (33a,33b)

4. The acceleration sensor according to claim 3,

{33a,33b)
wherein said pair of supporting members is arranged so as to
. (31) :
Support the piezoelectric element in both ends of the
(31) ’

Piezoelectric element or in the vicinity thereof.

3- The acceleration sensor according to claim 2,
(33)
wherein said supporting base is arranged so as to support

' . : ) (31) .
the piezoelectric element in one end of the piezoelectric

(31)
element or in the vicinity thereof,

* € L M s *
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- 49 -

a pair of electrodes constituting said pair of

(34a,34Db)
detecting portions arranged spaced apart from each other by

2 predetermined distance being formed on the upper surface

"~ of said supporting base. (33)

6. The acceleration sensor according to claim 1,
, (36)
wherein said signal processing means compcises

- . (37) . -
impedance converting means electrically connected to

: (31)
the piezcelectric ‘element and for convertlng the impedance
(31

of the signal outputted from the piezoelectric element,

(38)
f;lterlng means electrically connected to the impedance

7 Ve ]
converting meagg,and for removxng,an uanecessary signal

component, and
o (39) )
amplifying means electrically connected to said

. L (38 - | . -
fllterlng-meags and for'amplifying a signal applied from the

.(38)
filtering means.

.7. The acceleration sensor according to claimtil ’

. ' . . . 36),
wherein at least a part of said signal processing meaéé is

(s4)
constituted by a single electronic component having a flat
upper surface,

(31)
said plezoelectrlc element being fixed to sald upper

: (54)
surface of said electroaic component in a canCLlevered

shape.

O M A
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8. The acceleration sensor according to claim1,
v ' 72
hich further comprises a temperature compensating capacxtgr)

arranged in close proximity to said piezoelectric element (31

and connected in parallel to the piezoelectric element. (31}

9. The acceleration sensor according to claim 1,
wherein at least a part of said signal processing meagf)ls
(54)
constituted by a single electronlc component, and which
(52)

further comprises a base plate for supportlng said
(54) (90)

electronzc component, a cushioning member for absorbing a
52
thermal shock precduced between the base plaée’and said

(54)
electronzc component due to the difference in coefficient of

thermal expanszon or modulus of elastzczty belng arranged

b {52) (54)
etween the base plate and the electronic component.

-

) A



| REPLACEMENT SHEET

04 AUG 1998

- 8} -

Abstract

ACCELERATION SENSOR

An acceleratfon scnsor comprising: an acccleratlon detecting portion (32)
comprising a piezoclectric clement (31) having clectrodes (31a. 31b) on
both i{ts surfaces and outpulling a signalcorresponding to accelerationap-
plied and a supporting basc for supporting sald plczoclectric element (3 1),
sald acceleration detecting portion (32) being provided with a palr of de-
tecting portions (34a. 34b) arranged so as to be brought into contact with
sald plezoclectric clement (31) and spaced apart {rom each other by a pre-
d'ctermlncd distance: signal processing means (36) electrically connected
to one of the electrodes (31b) of sald piezoelectric element (31) and for pro-
cessing the electric signal outputted [rom the plezoelectric element (31):
and signal outputting means (35) electrically connected to one (34a) of sald

_ palrof detqcung portions (34a. 34b) so astocausea predetermined c_urrent
to flow between said detecting port!cﬁs and connected to said signal pro-
cessing means (36) so as to output to the signal processing means (36) a
state é!ggal'representing the state of the acceleration detecting portion
(32): said signal outputting means (35) outputting sald state signal in con-
l’ormity with the variat ionof the current flowing between the detecting pory
tions (34a. 34b). )

(Fig. 7}



