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.The present invention relates to an acceleration sensor
which is built into an on-vehicle aif bag or the like.
Description of the Background Art

Fig. 2 illustrates an exemplary circuit structure of a
conventional acceleration sensor. This acceleration sénsor
comprises a piezoelectric ceramic element 1 for detecting an
action of acceleration, a signal processing circuit 2 for
processing an'output signal from the piezoelectric ceramic
element 1, and a self-diagnosing circuit 3 whiéh is connect-
ed in series with the piezoelectric ceramic element 1.
Further, tﬁe signai processing circuit 2 is formed by an
impedance converter circuit 4 for impedance-converting the
output signal from the piezdelectric ceramic element 1, a
filter circuit S5 for removing unnecessary components from
the outﬁut signal, and an amplifier circuitﬁﬁifor amplifying
only necessary components in the output signal. A tempera-
ture cémpensating capacitor 7 and a leak resistance 8 are
provided between the pieioelectric ceramic element 1 and the
iméedance converfer circuit 4 of the signal processing

circuit 2. First ends of the piezoelectric ceramic element

. -
1, the temperature compensating capacitor 7 and the leak




processing an output “sigmat—from the piezoelectric ceramc element 1, and a
sel f-di agno%ﬂgh&lﬁ%tﬂee V\/m Gh is connect- ed in series with the

plezoelectrlc ?W 1. Further, the signal processing circuit 2
is forned by onverter circuit 4 for i npedance-converting the
out-put si gnal erectric ceramic elenment 1, a filter circuit 5

for renoving unnecessary conponents fromthe output signal, and an
anplifier circuit 6 for anplifying only necessary conmponents in the output
signal . A tenpera- ture conpensating capacitor 7 and a |eak resistance 8

' ram c el enent 1 and the
are provided é@éf@@&nége ggéogggctrlc %%ference potential (hereinafter

referred to as "ground voltage"), while second ends thereof
are éonnécted in common. An external output terminal 9 is
provided on an output end of the ampiifier circuit 6 of the
5 signal processing circuit 2, so that the output signal

generated from the piezoelectric ceramic element 1 is
processed by the signal processing circuit 2 and thereafter

1 outputted to the exterior through the external output
terminal 9 as a'sensor qutput.

10 The self-diagnosing circuif 3, which is provided for
discovering a failure of this acceleration_sensor in an
early stage, is provided with an NPN transistor 11 serving
as a switching element for outputting a failure diagnosing
signal in synchronization with an externally supplied timing

15 pulse signél. This NPN transistor 11 has a collector C
which is connected to é source voltage V., of 5§ V (volts)
d.c. through voltage dividing resistances 12a and 12b, an
emitter E which is connected to the grouﬁd volfage, and a
base B which is connected to an external input-termihal 10.

20 Further, the collector C of the NPN transistor 11 is
connected to the pieioeledtric ceramic élement 1 through one

voltage dividing resistaﬁce 12a énd_a self-diagnosing.
capacitor 13.
In order to diagﬁose a failure with this self-
25 diagnosing.circuit 3, a timing pulse signal is inputted in
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| npedance converter CIrCUIt 4 of the signal processing circuit 2. First

ends of th&hi ceer ani ¢ el enent 1, the tenperature compensating
capaC|tor 7J =2- reS|stance 8 are set at a reference
potential ( erred to as "ground voltage"), while second ends

thereof are connected in common. An external output termnal 9 is provided
on an output end of the anplifier circuit 6 of the

10

15

20

25

the base B of the NPN transistor 11 through the external

input terminal 10. The NPN transistor 11 carries out an Oﬁ—
OFF control action in synchronization with the timing pulse
signal, thereby applying an output signal from the collector

C to the piezoelectric ceramic element 1 through the self-

-
,

diagnosing capacitor 13. ! The signal processing circuit 2 .
processes the failure diagnosing sighal which is supplied to
the piezoelectric ceramic element 1, and outputs the
processed signal as a sensor output through the external
output terminal 9. Thus, it is'possible to judge -
presence/absence of a failure in the acceleration sensor by
checking.change of the sensor output which is generated from
the external output terminal 9. |

In this self-diagnosing circuit 3, however, an input

line for the source voltage V. and the piezoelectric ceramic
element 1 are connected with each other through the wvoltage
dividing resistance 12b and the self-diagnosing capacitor
13.. Upon power supply, therefore, the source voltage V., of
5.V d.c. is instantaneously applied to the pfeioelectric
ceramic element 1. Consequently, tﬁe acceleration sensor is
instabilized in rise characteristic.

Further, the conventional acceleration sensor of this
type generally employs a stabilized power source. Even in
such a stabilized pow&r source, however, a noise may be

b

mixed into its output voltage such that the piezoelectric
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signal processing circuit 2, so t hat the output signal generated fromthe
pi ezoel ect r This SiRétdAE BeekRepieéd 1 1S processed by the signal processing

circuit 2 an tputted to the exterior through the externa
out put term or output. The self-diagnosing circuit 3, which
is provided for discovering a failure of this acceleration sensor in an

early stage, is provided with an NPN transistor 11 serving as a sw tching

el enment for outputting a failure diagnosing signal in synchronization with
an externally supplied timng pulse signal. This NPN transistor 11 has a

collector Loramic element 1 exhibits instable behavior by the self-
diagnosing signal which is influenced by this noise.
Consequently, the accelefétion sensor disadvantageously
causes a malfunction or a failure.
5 SUMMARY OF THE INVENTION .

An object oflthe present invention is to provide an
écceleration sensor which'can preveﬁt'occurrence of a
malfunction or a failure resulting from a bad influence
exerted by Vbltage fluctuation upon power supply or a noise

10 from a power source.

The acceleration sensor according to the present
invention comprises a piezoelectric'ceramic element for
detecting acceleration, a signal processing circuit for
processing an output signal received from the piezoelectric

15 ceramic elément and outputting the same to the exterior, and
a self-diagnosing circuit which is connected in series with
the piezoelectric ceramic element. Further, the self-
diagnosing circuit comprises a switching element having a
first electrode to which a source voltage iao;pplied, a

20 second electrode which receives an externally supplied
timing pulse signal and a third electrode for outputting a
prescribed voltage in synchronization with the timing pulse
signal received from the second electrode, and a capacitor
which is provided between the third electrode of the

25 switching element and the piezoelectric ceramic element.

- 4 -



which is connected to a source voltage [err] of 5 V (volts) d.c. through

vol t age di
to the groun
i nput-termn

i

a;base B which is connected to an external
. tthe collector C of the NPN'transistor 11 is

v%%itﬂﬂem@ﬂli&ﬂ 12a and 12b, an emtter E which is connected

i

connected to the pirezoelectric ceramc elenent 1 through one voltage
dividing resistance 12a and a sel f-di agnosing capacitor 13. In order to
di agnose a failure with this self- diagnosing circuit 3, a timng pulse
signal is inputted in 4 JUL 1996
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In the aforementioned structure, the self-diagnosing
circuit is so formed thaf the souree voltage is supplied to
the piezoelectric ceramic element through the capacitor and
the switching element. Therefore, voltage fluctuation upon

power supply or a noise from a power source is cut off by

the switching element, and not directly applied to the

piezoelectric ceramic element. Thus, it is possible to
suppress the piezoelectric ceramic element from instable
behavior caused by voltage fluctuatioh upon power supply or
the like. |

~An acceleration sensor according to a restricted aspect
of the'present invention is provided with a PNP transistor
having first, second and third electrodes which are formed
by an emitter, a base and a collector respectivelf for
Serving as'a switching element of é self-diagnosing circuit.

In the acceleration sensor according to the restricted

aspect of the éresent'invention, further, the eelf-
diagnosing circuit is further provided with first and second
resistive elements between the third electrqge_of the
switching element and a reference potential source, while a
capacitor is provided between the node of the first and
second resistive elements and a piezoelectric ceramic
element.

The foregoing and other objects, features, aspects and

D
.

advantages of the p®esent invention will become more
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-3- the base B of the NPN transistor 11 through the external input terninal
10. The NPN trﬁg%hgemgs Repladed €s out an ON- OFF control action in
synchronlzatlon ! ng pul se signal, thereby applying an output

signal fromthe o t he plezoelectrlc ceram c elenent 1 through
t he self- diagn 13. The signal processing circuit 2
processes the fallure dlagn05|ng signal which is supplied to

apparent from the following detailed description of the.
present invention when taken in conjunction with the
accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS
5 Fig. 1 is a circuit diagram showing the structure of an
acceleration sensor according to an embodiment of the
present invention; and
Fig. 2 is a circuit block diagram showing the structure
of a conventional acceleration sensor.
10 DESCRIPTION OF THE PREFERRED EMBODIMENTS
~Referring to Fig. 1, an acceleration sensor according
to an embodiment of the present invention comprises a
piezoelectric'ceramic element 1 for detecting acceleration,
a signal processing circuit 2 for processing an output
15 signal recéived from the piezoelectric ceramic element 1,
and a self-diagnosing circuit 20 which is connected in
series with the piezoelectric ceramic element 1. The signal
processing circuit 2 is formed by an impedance converter
circuit 3 for impedance-converting the output-éignal
20 received from the piezoelectric ceramic element 1, a filtef
circuit 4 for removing unnecessary components from the
output signal, an amplifier circuit 5 for amplifying only
necessary components of the output signal, and a reference

voltage generation circuit 6 for generating a reference

-

1S vbltage V. on the basis of a source voltage V.
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the piezoelectric ceramc elenent 1, and outputs the processed signal as a
sensor out put t ThisShdet HasBeaRewacadl out put termnal 9. Thus, it is possible
to judge presence fallure in the accel erati on sensor by
checki ng change o utput which is generated fromthe externa
output termnal 9. I's selt-diagnosing circuit 3, however, an input
line for the source voltage Vcc and the piezoelectric ceramc elenent 1 are
connected with each other through the voltage dividing resistance 12b and

t he -sel f-di agnosi ng capacitor 13. Upon power supply, therefore, the source

voltage [err] of , .
Further, a temperature compensating capacitor 7 and a

leak resistance 8 are connected in parallel with each other
and a filter resistance 21 is connected in series between
the piezoelectric ceramic element 1 and the impedance con-

S verter circuit 3. ‘The filter resistance 21 and the tempera-
ture compeﬁsating capacitor 7 form a temperature compensat-
ing/filter circuit 22 of the piezOeIéctric ceramic element
1. The temperature compensating/filter circuit 22 is adapt-
ed to prevent the impedance converter circuit 3 from output

10 saturation or a malfunction caused by an extremely large
output signal which is generated when acceleration corre-
sponding to the resonance frequency of the piezoelectric
ceramic element 1l acts on the acceleration sensor and
inputted'in the impedance converter circuit 3. Thus, the

15 -temperaturé compensating/filter circuit 22 acts to reduce
the output signal from the piezoelectric ceramic element 1.
The filter resistance 21 may be arranged on a ground voltage
side of the piezoelectric ceramic-elément 1 or thé tempera-
ture compensating capacitor 7.. ' ¢--

20 The impedance converter circuit 3 has ah FET (field-
effect transistor) 14 fo# amplifying the output signal re-
ceived from the piezoelectric ceramic element 1. The refer-
ence voltage V, which is generated from the reference volt-
age generation circuigf6 is supplied to a source side of the

25 FET 14 through a load resistance R.

-7 -



5 Vdc. is |nstantaneousl applied to the piezoelectric ceramc el ement 1.
equentIyImsﬁcaabd&keR dcesin sensor is instabilized in rise

characterlstl conventional accel eration sensor of this type
general |y enpl

ed power source. Even in such a stabilized
power source, however, a n0|se may be mixed into its output voltage such
t hat the-piezoelectrlc -4-

The filter circuit 4 is connected to the source side of
“the FET 14 of the impedance converter circuit 3.

The amplifier circuit S_is connected to a downstream
side of the filter circuit 4, for amplifying an output

.signal received from the filter circuit 4 and outputting the

(¥

same from an external output terminal 9.

The reference voltage generation circuit 6 generates
the reference voltage V, on the basis of the source voltage

Vee, @nd supplies the same to the filter circuit 4 and the
10 amplifierlcircuit S5 as an operation reference voltage.
The self—diaghoéing circuit 20 comprises a PNP transis-
tor 23fserving as a switching element for outputting a
failure diagnosing signal which is synchronized'with a
timing pul;e signal received from the external input termi-
15 nal 10. The PNP transis;or 23 has an emitter E which is
connected to the source voltage V., a collecfor C which is
connected to é ground voltage through voltage dividing
resistances 24a and 24b, and a base B which is;connected to
the external input.terminal 10 receiving the*%iming pulse
00 Signal from the exterior. Further, a self-diagnosing capac-
itor 25 is provided between an output terminal on the col-
lector C side of the PNP tranSLStor 23 and the piezoelectric
ceramic element 1.
When the timing pul®se signal is inputted in the_base B

5 of the PNP transistor 23 from the external input terminal 10
_ _ _ 8-



ceramic element T exhibits instable behavior by the self- diagnosing signal
which is infl g&kngggﬁ peddse. Consequently, the accel eration sensor
dlsadvantageous function or a failure. SUMVARY OF THE

| NVENTI ON An Obj sent invention is to provide an accel eration
sensor which ca rence of a malfunction or a failure resulting
froma bad |nfluence exerted by voltage fluctuation upon power supply or a
noi se froma power source. The accel eration sensor according to the present

in the aforementioned structure, the PNP transistor 23
carries out an ON-OFF control action in synchronization with
the timing pulse signal, to derive the source voltage V.

from the emitter E toward the collector C. Furtheér, an

output voltage on the collector C side is adjusted to a

w

prescribed level by the voltage dividing resistances 2§a and
24b, and thereafter applied to the piezoelectric ceramic
element 1 through the self-diagnosing capacitor 25. |
Thereafter this wvoltage is odtputted from the external

10 output terminal.9 as a sensor output through the failure
diagnosing signal processing circuit 2 which is connected
with the piezoelectric ceramic element 1. Thus,
presence/ebsence of a failure in the accelefation sensor is
ljudged by detecting change of the sensor output.

15 Accoréing to this embodiment, the PNP transistor 23 for

outputting a failure diagnosing signal is interposed between

an input line for the source voltage V., and the
piezoelectric ceramic element 1. Thus, it is possible to
prevent the piezoelectric ceramic element 1 from a bad

20 influence'directly exerted by a noise in the source voltage

Vee Or a fluctuation component, which is cut off by the PNP

transistor 23.
As to the switching element, the PNP transistor 23 may

be replaced by an NPN ;fansistor having a collector which is



i nvention conprises a piezoelectric ceramc el ement for detecting
accel er at i Ofiyis hedtiHANBden REPIRESSI NG circuit for processing an output signal

received fro I[MEtric ceramc element and outputting the sanme to
t he exterior M‘Iﬁﬂmﬁm[‘iﬁagnosi ng circuit which is connected in series
with the pie mc elenent. Further, the self- diagnosing
circuit conprises a switching elenent having a first electrode to which a
source voltage is applied, a second el ectrode which receives an externally

supplied timng pulse signal and a third electrode for outputting a

prescri bed voltage in synchronization with the tim ng pul se ] )
connected to the source voltage V.., an emitter which is

connected to the ground voltage and a base B which is
connected to the external input terminal 10 respectively.
However, it is preférable to employ the PNP transistor 23,

in consideration of the fact that the failure diagnosing

(61

signal which is applied to the piezoeiectric ceramic element
1 is instabilized due to a temperatufe characteristic of an
emitter-to-base ON-state voltage in a general transistor.
Although the present invention has been described and
;0 illustrated in detail, it is clearly underétood that the
same is by way of illustration and example only and is not
to be ﬁaken by way of limitation, the spirit and scope of
the presenf'invention being limited only by the terms of the

appended claims.
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L
signal” received fromthe second el ectrode, and a capacitor which is

provide "ﬁ u rd el ectrode of the switching el enent and the

pi ezoel g“ﬂmmﬁmu l ||emant . -5- In the aforementioned structure, the
sel f-diagnoSing ctrcuit* is so forned that the source voltage is supplied to
the piezoelectric ceram c el enment through the capacitor and the sw tching

el ement. Therefore, voltage fluctuation upon

\ o

WHAT IS CLAIMED IS:

1. An acceleration sensor comprising:
(1)

a piezocelectric ceramic element for detecting

acceleration;

(8)]

a signal processing czrcuLJZLor processing an output
signal being recesived from said piezoelectric ceramic

elemené énd outputting the same to the exterior; and

, (20) .
a self-diagnosing circuit being connected in series

10 'thh said piezoelectric ceramic elemeut()
- said self-diagnosing circuiézéomprising:

a ‘'switching elemenézggving a first electrodgabeing
supplied with a source voltage, a second electrddéaégr'
receiving an externally supplied timing pulse signal, and a

15  third elecéfodéc%or outpﬁtting a2 prescribed wvoltage in
synchronization with said timing pulse signal being received
from said éecond electrod w)and

a canac1togﬁ%e1ng provided between said third electrode®

w -

of said sWitching'elemené gnd said piezoelectric ceramic

20 elemenép

2. An acceleration sensor in accordance with claim 1,
wherein said switching elemenézys formed by a PNP transistor
having said first” second and third electrodes being an

25 emltter, a base and a collector respectively.

This Sheet Has Been Replaced - -
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power supply or a noise froma power source is cut off by the swtchi ng
ele l“mmﬂ“&umu ctly applied to the piezoelectric ceramc el ement.
Thursrﬁn to suppress the piezoelectric ceranm c el enent from

i nst abil e® behavi or’- caused by vol tage fluctuation upon power supply or the .

| i ke. An accel eration sensor according to a restricted aspect of the
present invention is provided with a PNP transistor having first, second
and third el ectrodes which are forned by an emtter, a base and a coll ector

respectlvely for serving as a sw tch| ng el ement of a self-di agn03| ng
circuit.

'3. An acceleration sansor in accordancs with clzia L

or 2, whersin said ssii-diszgnosing cizcuil Is Iuzther
- ; (2¢2,240)
pravided with Zirst and second rasistive elements’cecwasn

(8]}
K
]
Fh
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"
(1]
3
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g
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ct
!D
cf
' %
m
|_.a
n
0
o4
H
9]
®

. (@) . e . . _ .
said capacitor peing provided between the node of said
. . .£24a . 24b) . L
first and second resistive elements 'and saa.c. piezgelactzic

ceramic element.
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I'n the acceleration sensor according to the restricted aspect of the
present invention, further, the self- diaghosing circuit is further

provi ded with first and second resistive el enents between the third

el ectrode of the switching el enment and a reference potential source, while
a capacitor is provided between the node of the first and second resistive
el ements and a piezoelectric ceramc elenent. The foregoi ng and ot her

obj ects, features, aspects and advantages of the present invention wll
beconme nore REPLACEMENT SHEET

ABSTRACT OF THE DISCLOSURE
ACCELERATION SENOSOR

.An acceleration sensor includes a piezoglectric ceramicg
element (1) for detscting acceleration, a signal procassing
circuit (2) for processing an output signal received from

5 = the piezoelectric ceramic element (i), and a self-diagnosing
circuit (20) which is ‘connected in series with the

piezoelectric ceramic element (1l). The self-diagnosing

circuit (20) is provided with a PNP transistor having an

emitter (E) which is connected to a source voltage Veer 3

10 base which is supplied with an externally inputted timing
pulse signal, and a collector for outputting a failure
diagnoéing signal which is synchronized with the timing
pulse signal. Further, a self-diagnbsing capacitor (25) is
provided between the collector of the PNP transistor (23)

15 ‘and the piezoelectric ceramic element (1l).

(fig.1)

B



-6- apparent fromthe followi ng detailed description of the present

I nvention when taken in conjunction w.tth the acconpanyi ng draw ngs. BRI EF.
DESCRI PTI ON OF THE DRAWNGS Fig. "1 is a circuit diagram show ng the
structure of an acceleration sensor according to an enbodi ment of the
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Fig. 2 isea.Circuit block diagram show ng the structure of a conventi onal
accel erati on sensor. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to
Fig. 1, an acceleration sensor according to an enbodi ment of the present

i nvention conprises a piezoelectric ceramc elenent 1 for detecting

accel eration, a signal processing circuit 2 for processing an output signal
recei ved from t hMUBADE MONGRAGTURING FQnLT0-ct €3perfi-186-ERGId a sel f - di agnos @y 2
circuit 20 which is connected in series with the piezoelectric ceranmc

el ement 1. The signal processing circuit 2 is formed by an inpedance
converter

z
o e .4 5 6
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circuit 3 for inpedance-converting the output signal received fronflioro s
pi ezoel ectric ceramc elenent 1, a filter circuit 4 for renoving
unnecessary conponents fromthe output signal, an anplifier circuit 5 for
anplifying only necessary conponents of the output signal, and a reference
vol tage generation circuit 6 for gengrating a reference voltage [err] on

the basis of a source voltage [err] REPLACEMNHI SHHPL ACEMENT SHEETS SG
B'Degcription : paged ... to paged .p.
TITLE OF THE INVENTION I?_fCIamg(s) : paged .n. to paged .oz
. [} Drawing(s) : paged ..... to paged......
Acceleration Sensor Lt Abstract  :paged..... to paged .....
BACKXGROUND OF THE INVENTION DATE OF RECEIPT . 47l%.......... |

Field of the Invention
The present invention relates to an acceleration senscr
which is built into an on-vehicle,gir bag or the like.
Description of the Background Art
Fig. 2 illustrates an exemplary circuit structure of a_

conventional acceleration sensor. This acceleratioh sensor
comprises a piezoelectric.ceramic element 1 for detecting an
éctipn of acceleration, a signal processing circuit 2 for
procésSing an output signal from the piezoelectric ceramic
element 1, and a self-diagnosing circuit 3 which is connect-
ed in series with the piezoelectric ceramic element 1.
Further, tﬂe signal processing circuit 2 is formed by an

. impedance converter circuit 4 for impedance-converting the
output signal from the piezoelectric ceramic element 1, a
filter circuit S5 for removing unnecessary components from
the outéut signal; énd'an amplifier circuit<6.for amplifying
only necessary components in the output signal. A tempera-
ture compensating capacitor 7 and a leak resistance 8 are
provided between the piezoélectric ceramic element 1 and the
impedance converter circuit 4 of the signal processing
circuit 2. First ends of the piezoelectric ceramic element

1, the temperature compensating capacitor 7 and the leak

REPLACZMENT SHEET
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-7- Further, a tenperature conpensating capacitor 7 and a | eak resistance 8
are connected in parallel wth.each other and a filter resistance 21 is .
connected in series between the piezoelectric ceramic elenment 1 and the

i npedance con- verter circuit 3. Theyfilter resistance 21 and the tenpera-
ture conpensating capacitor 7 forma tenperature conpensat- ing/filter
circuit 22 of the piezoelectric ceramc elenment 1. The tenperature
conpensating/filter circuit 22 is adapt- ed to prevent the inpedance
converter circuit 3 fromoutput saturation or a nmal function caused by an

&L dem o, n

extrenely tesgstance 8 are set at a reference potential (hereinafterx
referred to as "ground voltage"), while second ends thereof
are connected in common. An external output terminal 9 is
provided on an output end of the amplifier circuit 6 of the
signal processing circuit 2, so that the output signal
generated from the éiezoelectric ceramic element 1 is
processed by the signal processing circuit 2 and thereafter
outputted to the exterior through the external output
terminal 9 as a sensor output.

The self-diagnosing circuit 3, which is provided for
discovering a failure of this acceleration sensor in an
early stage, is provided with an NPN transistor 11 serving
as a switching element for outputting a failure diagnosing
signal in synchronization with an externally supplied timing
pulse signél. This NPN transistor 1l has a collector C
which is connected to a source voltage V., of 5 V (volts)
d.c. through voltage dividing resistances 12a and 12b, an
emitter E which is connected to the ground voltage, and a
base B which is connected to an external input-terminal 10.
Further, the collector C of the NPN'transistor 11 is
connected to the piezoelectric ceramic element 1 through one
voltage dividing resistance 12a and a self-diagnosing
capacitor 13.

In order to diaghnose a failure with this self-

diagnosing circuit 3, a timing pulse signal is inputted in

REPLACEMENT SHEET
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T

out put si gnal mhlch i s generated when acceleration corre- sponding to the
resonance frequency of the plezoelectrlc ceramc elenent 1 acts on the
accel eration sensor and inputted in the i npedance converter circuit 3.

Thus, the tenperature conpensatlng/§|lter circuit 22 acts to reduce the

out put signal fromthe piezoelectric ceramc elenent 1. The filter

resi stance 21 may be arranged on a ground voltage side of the piezoelectric
ceramc element 1 or the tenpera- ture conpensating capacitor 7. The

| npedance gonverter CUIt as_an FET (field- effect_transjistor) 14 for
anpl i fyi n&ﬁ'l eb%%ﬁ p%t Eﬁﬁ' %FQ ans:.stog': lei rougef'x the extern J).

input terminal 10. The_NPN transistor 11 carfies out an ON-
OFF control action in synchronization with the ulmlng pulse
signal, thereby applying an output signal frdm the col ector
C to the piezoelectric ceramic element 1 through the self-
diagnosing capacitor 13. The signal processing circuit 2
processes the failure diagnosing sighal which is supplied to
the piezoelectric ceramic element 1, and outputs the
processed signal as a sensor output through the external
output terminal 9. Thus,.it is possible to judge
preégnce/absence of a failure in the acceleration sensor by
checking change of tﬁe sensor output which is generated from
the external output terminal 9.

In this self-diagnosing circuit 3, however, an input

line for the source voltage V.. and the piezoelectric ceramic
element 1 are cqnﬁected with each other through the wvoltage
dividing resistance 12b and the self-diagnosing capacitor
.l3f Upon power supply, therefore, the source voltage V. of
S V d.c. is instantaneously applied to the pfezbelectric
ceramic element 1. Consequently, the acceleration sensor is
instabilized in rise characteristic.
Further, the conveﬁtional acceleration sensor of this

type generally empioys a stabilized power socurce. Even in
such a stabilized powér source, however, a noise may be

mixed into its output voltage such that the plezoelectrlc
REPLACEMENT SHEE
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ceived fromthe piezoelectric ceramc elenent 1. The refer- ence voltage
[err] which is generated fromthe reference volt- age generation circuit 6
is supplied to a source side of the FET 14 through a | oad resistance R 04
JUL 1996 -8- The filter circuit 4 i connected to the source side of the
FET 14 of the inpedance converter circuit 3.

ceramic element 1 exhibits instable behavior by the self-
diagnesing signal which is influenced by this noise.
Consequently, the acceleration sensor disadvantageously
causes a malfunction or a failure.

SUMMARY OF THE INVENTION

An object of-thé present invention is to provide an
acceleration sensor which can prevenf occurrence ¢f a
malfunction or a faiiure resulting from a bad influence
exerted by wvoltage f;uctuation upon power supply or a noise
from a power source.

The acceleration sensor according to the present
invention comprises a piezoelectric céramic element for
detecting aéceleration, a signal processing circuit for
processing an output signal received from the éiezoelectric
ceramic elément and outputting_the same to the exterior, and
a self-diagnosing circuit which is connected in series with
the piezoelectric ceramic element. Further, the self-
diagnosing circuit comprises a switching element having a .
first electrode to which a source voltage iS#;pplied, a
-second'electrode which receives an externally supplied
timing pulse signal and a third electrode for outputting a
prescribed wvoltage in synchronizatiqn with the timing pulse
signal received from the second electrode, and a capacitor
which is provided between the third electrode of the

switching element and the piezoelectric ceramic element.
FREPLACEMENT SHEET|
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The anplifier circuit 5 is connected to a downstream side of the filter
circuit 4, for anplifying an output signal received fromthe filter circuit
4 and outputting the same froman external output term nal 9. The reference
vol tage generation circuit 6 generates the reference voltage [err] on the
basis of the source voltage [err] and supplies the sane to the filter
circuit 4 and the anplifier circuit 5 as an operation reference voltage.
The sel f-diagnosing circuit 20 conprises a PNP transis- tor 23 serving as a
swi t chi ng el enenf?f §heoafpEemensieed IS HifostR %%@ aFLABNEALRS

synchroni zed with a, o . ) .
circuit is so formed that the source voltage is supplied to

the piezoelectric ceramic element through the capacitor and
the switching elementf Therefore, voltage fluctuation upon
power supply or a noise from a power source is cut ofI by
the switching element, and not directly applied to the
piezoelectric ceramic element. Thus, it is possible to
suppress the piezoelectric ceramic element from instable
behavior caused by voltage fluctuation upon power supply or
the like; |
~An acceleration sensor according to a restricted aspect

of the present invenéion is provided with a PNP transistor
havihg first,_secondgand third electrodes which are formed
by an emitter, a base and a collector respectively for
serving as a switching element of a self-diagnosing circuit.

In the acceleration sensor according to the restricted
aspeét of the presenp invention, further, the self-
diagnosing circuit ié further provided with first and second
resistive elements between the third electrqgé.of the
switching element éhd a reference potential source, while a
capacitor is provided between the node of the first and
second resistive elements and a piezoelectric ceramic

' element.
The foregoing and other objects, features, aspects and

advantages of the present invention will become more
REPLACEMENT SHEET
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timng pul se signal received fromthe external input term - nal 10. The PNP
transistor 23 has an emtter E which is connected to the source voltage
[err] a collector C which is connected to a ground vol tage through voltage
di vi di ng resistances 24a and 24b, and g base B which is connected to the
external input termnal 10 receiving the timng pul se signal fromthe
exterior. Further, a self-diagnosing capac- itor 25 is provided between an
output termnal _on the col- lector C side of the PNP transistor 23 and the

piezoelectr?epﬁﬁFﬁﬁigrPWbﬁQﬁ PLIRGENG e %3Sty IRFSETBFYMAIOF s*Rfput t ed

in the base_ B - . : . . . .
present invention when taken in conjunction with the

accompanying drawings.
SRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a-circuit diagram shcwing the strzucture 0f an
acceleration sensor according to an embodiment o§ the
present invention; and |

Fig. 2 is a circuit block diagram showing the structure
of a conventional écceleraticn sensor.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

_ Referring to Fig; 1, an acceleration sensor according

to.an embodiment of_the present invention comprises a
piezoelectric ;eramiq element 1 for detecting acceleration,
a signal processing circuit 2 for processing an ocutput
signal recéived from the piezoelectric ceramic element 1,
and a self-diagnosing circuit 20 which is connected in
series with the piezoelectric ceramic element 1. The signal
processing circuit 2 is forﬁed by an impedance converter
circuit 3 for impedance-converting the output—%ignal
received from the piezoelectric ceramic element 1, a filter
circuit 4 for removing unnecessary components from the
output signal, an amplifier circuit 5 for amglifying only
necessary compeonents of the output signal, and a2 reference

voltage generation circuit 6 for generating a reference

voltage V;, on the basis of a source voltage V.
(REPLACEMENT SHEET
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of the PNP transistor 23 fromthe external input termnal 10 -9- in the
af orenentioned structure, the PNP transistor 23 carries out an ON- OFF
control action in synchronization with the timng pul se signal, to derive
the source voltage [err] fromthe emtter,E toward the collector C
Further, an output voltage on the collector C side i.s adjusted to a
prescribed | evel by the voltage dividing resistances 24a and

Further, a temﬁerature compensating capacitor 7 and a
leak resistance 8 are cconnected in parallel with each other
and a filter resistance 21 is connected in seriss between
the piezoelectric ceramic element 1 and the impedance con-
verter circuit 3. The filter Zesistance 21 and the tempera-
ture compensating capacitor 7 form a temperature compensat-
ing/filter circuitjéz of the piezoeiectric ceramic element
1. The temperature compensating/filter circuit 22 is adapt-~
ed to prevent the impedance converter circuit 3 from output
saturation or a malfunction caused by an extremely large -
output signal which is generated when acceleration corre-
sponding to the resonance frequency of the piezoelectric
ceramic element 1 écts on the acceleration sensor and
inputted in the impedance converter circuit 3. Thus, the
temperaturé compensating/filter circuit 22 acts to reduce
the output signal from the piezoelectric ceramic element 1.

_ fhe filter resistance 21 may be arranged on a ground voltage
side of the piezoelectric ceramic element 1 or the tempera-
ture compensating capacitor 7.

The impedance converter circuit 3 has an FET (field-
effect transistor) 14 for amplifying the output signal re-
ceived from the pieioélectric ceramic element 1. The fefer-
ence voltage V, which is generated from the reference volt-

age generation circuit 6 is supplied to a source side of the

FET 14 through a load resistance R.
REPLACEMENT SRERT|
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24b, and thereafter applied to the piezoelectric ceramc elenent 1 through
t he sel f-diagnosi ng capacitor 25. Thereafter this voltage is outputted from
the external output termnal 9 as a sensor output through the failure

di agnosing signal processing circuit 2 which is connected with the

pi ezoel ectric ceramc elenent 1. Thug,-presence/ absence of a failure in
the accel eration sensor is judged by detecting change of the sensor output.
According to this enbodinment, the PNP transistor 23 for outputting

a
sour 66 vol 1 age Tor A ERY (qr el €' EORE IRhAZRA e R ollee Yede'S:
the FET 14 cf the impedance converter circuist 3.

The amplifier c;rcuit S is connected to a downstozam
side of the filter circuit 4, for amplifying an output
signal received from the filter circuit 4 and outputting the
same from an external output terminal 9.

The reference voltage generatioh circuit 6 generatss
the reference voltage V, on the basis of the source voltage

Vee, a@nd supplies the same to the filter circuit 4 and the _
amplifier circuit S as an operation reference voltage.

The self-diagnosing circuit 20 comprises a PNP transis-
tor 23-serving as a switching element for outputting a
failure diagnosing signal which is synchronized with a
timing pul§e signal received from the external input termi-
nal 10. The PNP transistor 23 has an emitter E which is
connected to the source voltage V.., @ collector C which is
.connected to a ground voltage through voltage dividing
resistances 24a and 24b, and a base B which is connected to
the extérnal input terminal 10 receiving the’%iming pulse
signal from the exterior.l Further, a self-diagnosing capac-
itor 25 is provided between an output terminal on the col-
lector C side of the_PNé transistor 23 and the.piezoelect:;c
ceramic element 1.

When the timing pulSe signal is inputted in the base B

of the PNP transxstor 23 f*om the external input terminal 10

| REPLACEMENT. SHEET}: " -
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pi ezoel ectric ceramic elenent 1, Thus, it is possible to prevent the
pi ezoelectric ceramic-elenent 1 froma bad influence directly exerted by a
noi se in the source voltage [err] or a fluctuation conponent, which is cut
off by the PNP transistor 23. As to ¢he switching el enent, the PNP
transi stor 23 may be replaced by an NPN Transi stor having a collector which
S - 10 -

in the aforementioned structure, the PNP transistor 23

carries out an ON-OFF control action in synchronization with

the timing pulse signal, to derive the source voltage V.
from the emitter E toward the collector C. Further, an
output voltage on the collector C side is adjusted to a
preécribed level Ey the voltage dividing resistances Zga and
24b, and thereafter applied to the piezoelectric ceramic
element 1 through the self-diagnosing capacitor 25.
Thereafter this voltage is outputted from the external
output terminal 9 as a sensor output through the failure
diagnosing'signal.processing circuit 2 which is connected
with the piezoelectric ceramic element 1. Thus,
presence/absence of a failure in the acceleration sensor is
judged by detecting change of the sensor output.

Accor&ing to this embodiment, the PNP transistor 23 for

outputting a failure diagnosing signal is interposed between

~an input line for the source yoltage Ve and the
piezoelectric ceramic element 1. Thus, it is ?ossible to
prevent the piezoelectric ceramic element 1 from a bad
influence directly exerted by a noise in the source voltage
Ve or a fluctuation component, which is cut off by the PNP
transistor 23. |
As to the switching element, the PNP transistor 23 may

be replaced by an NPN tran51stor having a collector whizch is

04 JUL 1996




connected to the source voltage [err] an emitter which is connected to the
ground voltage and a base B which is connected to the external input
‘termnal 10 respectively. However, it is preferable to enploy the PNP
‘transi stor 23, in consideration of the fact that the failure diagnosing
signal which is applied to the piezoet@btfic ceramc element 1 is
.instabilized due to a tenperature characteristic of an emtter-to-base
ON-state voltage in a general transistor. Al though the present invention
has been described and illustrated in detail, it is clearly understood that
t he sane | cdpinhaeyeditol thet satroe sodtegenple @l \emmindtes winich is

connected to the ground voltage and a base B which is
connected to the external input terminal 10 respectively.
However, it is preferable to employ the PNP transistor 23,
in consideration of the fact that the failure dizgnosing
signal which is applied to the piezoelectric ceramic element
1 is instabilized due to a temperatufe characteristic of an
emitter-to-base ON-state voltage in a general transistor.
Although the present invention has been described and
. illustrated in detail, it is clearly understood that the
same is by way of illustration and example only and is not
to be faken by way of limitation, the spirit and scope of
the present invention being limited only by the terms of the

appended claims.
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“T'ffnifation the spirit and scope of the present

-:q10nly by the terns of the RLACEMENT
#11 1111111 ﬂr il i w!to paged.
nsor conprising : a plezoeles enment (1)

1. PAn| aQcgUBLa1996N |s
ti on,;
| THIS SHEET HAS BEEN |
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for Hefecting accel e
1 An acceleration sensor comprising:

a pi oe‘ectrlc carzmic elemené éo* datscTing

- 11 -

(g

acceleration;
a signal processing circ ézfo* processing an output

signal being received from said piezoelectric ceramic

element Lnd outputting the same €O *he exterior; and
(20)
a self-diagnosing circuit being connected in series
(1) '

WLth said piezoelectric ceramic e’emeut
- said self-diagnosing circuié éomprising:

a switching elemenézggving a first electrodgabeing
supplied with a source voltage,'a second electrédéaéor
receiving an externally supplied timing pulse signal, and a
third elecérodéc%gr'outpﬁtting a prescribed voltags in
synchronization with said timing pulse signal being received
from said second electrode@)and

a capacitoéz%eing provided between said third elect:odem)

-

of said switching elemenézgnd said piezoelectric ceramic

elemenép

2. An acceleration sensor in accordance with claim 1,
wherein said switching elemenézas formed by a PNP transistor
having said first, second and third electrodes being an

emitter, a base and a collector respectively.
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a signal processing cireui+—(2) for processing an output signal

sane to the e

being

| f-diagnosing circuit (20) being connected in

recei ved frontﬂaid |ezoelectr|c ceramc elenent (1) and outputting the
-l

series with

* ceramic elenment (1), said
circuit (20) conprisi ng a svm tching el emggt_(23) havi ng THIS iSHEET HASCBERNIp
(E) being supplied with a source voltage, a second el ec rode BEHACED

receiving an externally supplied timng pul se signal, and a thnitTdetectrole

(C for outputting a prescribed voltage in synchronlzation with said timng

ul se signal being receivedq from
p g 4! g A

a&cceleration sanscr in accordancs with claim 1
(7)

cr 2, wherein said salf-diagncsing circuit =

further

' prcvided with first and ssccnd rasistive eleme&%ghgg%ween

said third electradgnof said switching alamenéZgnd a

raferance potential scurce,

o~

. . (e5)
Said czpacitor seing provided betwesn the no

éa ¢

saleé

L 24a.24h)
first and seccnd rssistive e’emeu%g’zza‘said Plezeelactric

Qﬂ

caramic elsment.
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Sﬁfadsecond el ectrode (B), and a capacitor (2¢ | ded bet&gzﬁwgg?d
third e aid switching el enent ' ec '
cer ani c||mmvﬁﬂﬁllfﬂ|lﬂﬂlm An accel eration sensprHjDesarptimtamged Wit gy m 1.
wherein 3aid sw t"ching*el enent (23) is forned Cain) t r:3agd 10%o lé@@{
said first, second and third el ectrodes being| & Drawirgey),: paghfise (2 g &
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1. An acceleration sensor comprising :

a piezoelectric ceramic element (1) for detecting
acceleration;

a signal processing circuit (2) for processing an output
signal being received from said piezoelectric ceramic element (1)
and outputting the same to the exterior; and

a self-diagnosing circuit (20) being connected in series
with said piezoelectric ceramic element(1l),

said self-diagnosing circuit ngl;%omprisingz

a switching element (23) having a first electrode_igl_being
supplied with a source voltage, a second electrode (B) for
teceiving an externally supplied timing pulse signal, and a third
electrode (C) for outputting a prescribed voltage in
synchronization with said timing pulse signal being received from
said second electrode (B), and

a'capacitor (25) being provided Setween said third
electréde_ggl_of said switching element (23) and said
piezoelectric ceramic element_i}l:

2. An acceleration sensor in accordance with claim 1,
wherein said switching element (23) is formed by a PNP transistor
having said-first, second and third electrodes being an emitter,

a base and a collector respectively.
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-léw; 5 An accel eration sensor in accordance with claim1 or 2, wherein
said self it (20) is further provided with first and second
resisti vemlmlml“ﬂumi“ ﬂub) bet ween sai d t hix-d—-el-ect+ode—LO—pf said
switching €l efrent (23)° afd a reference potent iTHIS SHEET HASSRERN Capaci t or

(25) being provided between the node of said]firstREMACERcoNnd fesistive
el ements (24a,24b) and said piezoel ectgpic ceramTerement (1) 2 2 SEP 1998

3. An acceleration sensor in accordance with claim 1 or
2, wherein said self diagnosing circuit (20) is further provided
with first and second resistive elements (24a,24b) between said

third electrode (C) of said switching element (23) and a

reference potential source,
said capacitor (25) being provided between the node of said
first and second resistive elements (24a,24b) and said

piezoelectric ceramic element (25).
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3. An acceleration sensor in accordance with claim 1 or
2,' wherein said self diaénosing circuit (20) is further providéd
with first and second resistive elements (24a,24b) between said
third electrode (C) of said switching element (23) and a
reference potential source,

said capacitor (25) being provided between the node of said
first and second resistive elements (24a,24b). and said

piezoelectric ceramic element (1).
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