
TITLE OF THE INVENTION Acceleration Sensor BACKGROUND OF THE INVENTION
DATE O Field of the Invention The present invention relates to an
acceleration sensor which is built into an on-vehicle air bag or the like.
Description of the Background Art Fig. 2 illustrates an exemplary circuit
structure of a conventional acceleration sensor. This acceleration sensor
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 which is connect- ed in series with the
piezoelectric ceramic element 1. Further, the 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 5
for removing unnecessary components from the output signal, and 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 piezoelectric 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    -2- resistance 8 are set at a reference
potential (hereinafter 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
piezoelectric 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 signal. This NPN transistor 11 has a
collector C 



which is connected to a source voltage [err] 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
diagnose a failure with this self- diagnosing circuit 3, a timing pulse
signal is inputted in 4 JUL 1996 



-3- the base B of the NPN transistor 11 through the external input terminal
10. The NPN transistor 11 carries out an ON- 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 signal 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 Vcc and the piezoelectric ceramic element 1 are
connected with each other through the voltage dividing resistance 12b and
the self-diagnosing capacitor 13. Upon power supply, therefore, the source
voltage [err] of 



5 V d.c. is instantaneously applied to the piezoelectric ceramic element 1.
Consequently, the 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
power source, however, a noise may be mixed into its output voltage such
that the piezoelectric    -4- 



ceramic element 1 exhibits instable behavior by the self- diagnosing 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 the present invention is to provide an acceleration
sensor which can prevent occurrence of a malfunction or a failure resulting
from a bad influence exerted by voltage fluctuation upon power supply or a
noise 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 ceramic element 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 applied, a 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 switching element and the
piezoelectric ceramic element.    -5- In the aforementioned structure, the
self-diagnosing circuit is so formed that the source 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 fluctuation 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
respectively for serving as a switching element of a self-diagnosing
circuit. 



In the acceleration sensor according to the restricted aspect of the
present invention, further, the self- diagnosing circuit is further
provided with first and second resistive elements between the third
electrode 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 advantages of the present invention will
become more REPLACEMENT SHEET 



-6- apparent from the following detailed description of the present
invention when taken in conjunction with the accompanying drawings. BRIEF
DESCRIPTION OF THE DRAWINGS 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. 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 signal
received 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 signal received from the
piezoelectric ceramic element 1, a filter 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 voltage [err] on
the basis of a source voltage [err] REPLACEMET SHEET    



-7- 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- verter circuit 3. The filter resistance 21 and the tempera-
ture compensating capacitor 7 form a temperature compensat- ing/filter
circuit 22 of the piezoelectric 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 acts on the
acceleration sensor and inputted in the impedance converter circuit 3.
Thus, the temperature 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 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 piezoelectric ceramic element 1. The refer- ence voltage
[err] 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. 04
JUL 1996    -8- The filter circuit 4 is connected to the source side of the
FET 14 of the impedance converter circuit 3. 



The amplifier circuit 5 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 [err] on the
basis of the source voltage [err] and supplies the same to the filter
circuit 4 and the amplifier circuit 5 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 pulse signal received from the external input termi- nal 10. The PNP
transistor 23 has an emitter E which is connected to the source voltage
[err] a 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
external input terminal 10 receiving the timing pulse 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 transistor 23 and the
piezoelectric ceramic element 1. When the timing pulse signal is inputted
in the base B 



of the PNP transistor 23 from the external input terminal 10    -9- 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 [err] from the emitter E toward the collector C.
Further, an output voltage on the collector C side is adjusted to a
prescribed level by the voltage dividing resistances 24a 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.
According to this embodiment, the PNP transistor 23 for outputting a
failure diagnosing signal is interposed between an input line for the
source voltage [err] and the 



piezoelectric ceramic element 1, Thus, it is possible to prevent the
piezoelectric ceramic element 1 from a bad influence directly exerted by a
noise in the source voltage [err] 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 Transistor having a collector which
is    - 10 - 



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
terminal 10 respectively. However, it is preferable to employ the PNP
transistor 23, in consideration of the fact that the failure diagnosing
signal which is applied to the piezoelectric ceramic element 1 is
instabilized due to a temperature 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 taken by way of limitation, the spirit and scope of the present
invention being limited only by the terms of the appended claims. RLACEMENT
SHEET    1111111    11111 1111111             0 Desc:iption paged.to paged.
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(1), said self-diagnosing
circuit (20) comprising: a switching element (23) having a first electrode
(E) being supplied with a source voltage, a second electrode (B) for
receiving 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 between said
third electrode (C) of said switching element (23) and said piezoelectric
ceramic element (1). 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. 2 9 NOV 1997   



-12 - 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 (1). 2 2 SEP 1998




