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(57) ABSTRACT

An 1nertial sensor includes an oscillator, a drive unit for
oscillating the oscillator, a sensor for sensing the amount of
inertia applied to the oscillator, and a failure diagnosis unit
disposed between the oscillator and the drive unit. The drive
unit includes a reference potential supply unit for supplying
a reference potential to the oscillator, and a drnive signal
supply unit for supplying a drive signal to the oscillator
based on a monitor signal received from the oscillator. The
failure diagnosis unit includes a diagnosis unit for diagnos-
ing a failure based on the value of a current supplied by the
reference potential supply unit to the oscillator. The 1nertial
sensor having this structure can detect a failure 1n the drive
unit or the oscillator.

8 Claims, 13 Drawing Sheets
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1
INERTIAL SENSOR

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

TECHNICAL FIELD

The present invention relates to an inertial sensor used in
various electronic devices for vehicle control or car navi-
gation.

BACKGROUND ART

FIG. 14 1s a block diagram of a conventional inertial
sensor. As shown in FIG. 14, conventional inertial sensor
130 includes oscillator 131, drive unit 132, and sensing unit
133. Oscillator 131 includes monitoring electrode 131a,
driving electrodes 131¢ and 131c¢, and sensing electrodes
131b and 131d. Drive unit 132 receives a signal from
monitoring electrode 131a, and amplifies and supplies the
signal to driving electrodes 131¢ and 131c¢. Sensing unit 133
detects the amount of 1nertia applied from an external source
to oscillator 131 based on signals received from sensing
clectrodes 131b and 131d.

Sensing unit 133 includes oscillating device 1351, switch
135e, current/voltage converters 135¢ and 135d, differential
amplifier 135g, wave detecting device 135h, and failure
diagnosis unit 1357. Switch 135¢ 1s connected to oscillating
device 1351. Current/voltage converter 135c¢ 1s connected to
sensing electrode 131d and switch 133e. Current/voltage
converter 135d 1s connected to sensing electrode 131b.
Differential amplifier 135g 1s connected to current/voltage
converters 135¢ and 135d.

Wave detecting device 135h outputs the amount of inertia
applied to oscillator 131 based on a signal from differential
amplifier 135g. Failure diagnosis unit 1335; diagnoses a
failure based on a signal from wave detecting device 135h.

In 1nertial sensor 130, failures are diagnosed by making
oscillating device 1351 output an oscillation signal to switch
135¢ and by making failure diagnosis unit 135; monitor the
value of a variable DC.

The conventional inertial sensor, however, cannot diag-
nose failures that have occurred in the drive unit or the
oscillator. Moreover, the 1nertial sensor cannot detect the
amount of inertia during failure diagnosis.

An example of a conventional technique related to the
present mvention 1s shown in Patent Literature 1.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Patent Unexamined Publica-
tion No. 2002-267448

SUMMARY OF THE INVENTION

The inertial sensor of the present invention includes an
oscillator, a drive unit for oscillating the oscillator, a sensor
for sensing the amount of 1nertia applied to the oscillator
from an external source, and a failure diagnosis unit dis-
posed between the oscillator and the drive umt. The drive
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unit includes a reference potential supply unit for supplying
a reference potential to the oscillator, and a drive signal
supply unit for supplying a drive signal to the oscillator
based on a monitor signal received from the oscillator. The
failure diagnosis unit includes a diagnosis unit for diagnos-
ing a failure based on the value of a current supplied by the
reference potential supply unit to the oscillator. The 1nertial
sensor having this structure can diagnose a failure in the
drive unit or the oscillator, and also detect the amount of
inertia even during failure diagnosis.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a block diagram of an inertial sensor according,
to a first exemplary embodiment of the present invention.

FIG. 2A 1s a schematic diagram showing driving oscilla-
tion 1n a tuning fork oscillator of the inertial sensor accord-
ing to the first exemplary embodiment.

FIG. 2B 1s a schematic diagram showing detection oscil-
lation 1n the tuning fork oscillator of the inertial sensor
according to the first exemplary embodiment.

FIG. 3A 1s a schematic diagram of a multi-axis detection
oscillator of the inertial sensor according to the first exem-
plary embodiment.

FIG. 3B i1s another schematic diagram of the multi-axis
detection oscillator of the inertial sensor according to the
first exemplary embodiment.

FIG. 4 1s a block diagram of a failure diagnosis umit, a
reference potential supply umit, and an oscillator of the
inertial sensor according to the first exemplary embodiment.

FIG. 5 1s a voltage wavelorm of the failure diagnosis unit
of the 1inertial sensor according to the first exemplary
embodiment.

FIG. 6 1s a block diagram of a diagnosis unit of the 1nertial
sensor according to the first exemplary embodiment.

FIG. 7 1s a block diagram of the failure diagnosis unit
having a current mirror circuit of the inertial sensor accord-
ing to the first exemplary embodiment.

FIG. 8 1s a block diagram of an inertial sensor according,
to a second exemplary embodiment of the present invention.

FIG. 9 1s a voltage wavetorm of a failure diagnosis unit
of the inertial sensor according to the second exemplary
embodiment.

FIG. 10 1s a block diagram of an 1nertial sensor according,
to a third exemplary embodiment of the present invention.

FIG. 11 1s a block diagram of a failure diagnosis unit, a
reference potential supply umit, and an oscillator of the
inertial sensor according to the third exemplary embodi-
ment.

FIG. 12 1s a block diagram of a diagnosis unit of the
inertial sensor according to the third exemplary embodi-
ment.

FIG. 13A 1s a voltage wavelorm of the failure diagnosis
umt of the inertial sensor according to the third exemplary
embodiment.

FIG. 13B shows an output signal of a full-wave rectifier
of the inertial sensor according to the third exemplary
embodiment.

FIG. 13C shows an output signal of a low-pass filter of the
inertial sensor according to the third exemplary embodi-
ment.

FIG. 14 1s a block diagram of a conventional 1nertial
SEeNsor.
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DESCRIPTION OF EMBODIMENTS

Embodiments of the present invention will be described
with reference to drawings. Note, however, that the present
invention 1s not limited to these embodiments.

First Exemplary Embodiment

FIG. 1 1s a block diagram of inertial sensor 10 according
to a first exemplary embodiment. In FIG. 1, mnertial sensor
10 includes oscillator 11, drive unit 12, sensing unit 13, and
tallure diagnosis unit 14, which 1s disposed between oscil-
lator 11 and drive unit 12. Drive unit 12 oscillates oscillator
11. Sensing unit 13 senses the amount of 1ertia applied to
oscillator 11 from an external source.

The following 1s a detailed description of each block of
inertial sensor 10. Drive unit 12 includes reference potential
supply unit 12a, and drive signal supply unit 12¢. Reference
potential supply unit 12a supplies a reference potential to
oscillator 11. Drive signal supply unit 12e supplies a drive
signal to oscillator 11 based on a monitor signal received
from oscillator 11.

Reference potential supply unit 12a includes resistors 12b
and 12c¢, and reference potential supply amplifier 12d.
Resistors 12b and 12¢ divide the power supply voltage,
thereby generating a reference potential. Reference potential
supply amplifier 12d supplies the reference potential to
oscillator 11.

Drive signal supply unit 12¢ includes I-V conversion
amplifier 121, filter 12h, output amplifier 12g, and an AGC
(Auto Gain Control) amplifier (not shown). I-V conversion
amplifier 121 converts the current value of the monitor signal
into a voltage value. The AGC amplifier makes the ampli-
tude value of the monitor signal nearly constant. Filter 12h
rejects unwanted signals. Output amplifier 12g supplies the
drive signal to oscillator 11. Drive signal supply unit 12¢
may receive the monitor signal as a positive or negative
differential signal, and also may output the drive signal as a
positive or negative diflerential signal.

Oscillator 11 includes electrodes 11a, 11b, 11c, and 11d.

Oscillator 11 performs driving oscillation at a driving oscil-
lation frequency based on the reference potential received by
clectrode 11a and the drive signal received by electrode 11b.
The driving oscillation frequency depends on the shape and
other conditions of oscillator 11. The drniving oscillation
generates a momtor signal, which 1s outputted from elec-
trode 11c. Oscillator 11 also performs detection oscillation
according to the amount of inertia applied by an external
source. The detection oscillation generates a detection sig-
nal, which 1s outputted from electrode 11d. Oscillator 11
may perform driving oscillation based on the drive signal by
using any one of the following: a piezoelectric method, a
capacitance method, and an electromagnetic drive method.
Similarly, the driving oscillation may be generated from a
monitor signal, or the detection signal may be generated
from detection oscillation by using any one of the following:
a piezoelectric method, a capacitance method, and an elec-
tromagnetic drive method.

Sensing unit 13 includes I-V conversion amplifier 13a,
wave detector 13b, and low-pass filter 13c. I-V conversion
amplifier 13a converts the current value of a detection signal
into a voltage value. Wave detector 13b detects a signal
coming from I-V conversion amplifier 13a using the monitor
signal. Low-pass filter 13¢ smoothes a signal received from
wave detector 13b. Sensing unit 13 outputs a voltage value
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to output unit 10b. This voltage value corresponds to the
amount of inertia applied to oscillator 11 from an external
source.

Failure diagnosis unit 14 measures the amount of current
supplied from reference potential supply unit 12a to oscil-
lator 11, and diagnoses a failure 1n drive unit 12 or oscillator
11 based on the amount of current. The diagnosis result 1s
outputted from output unit 10a.

FIG. 2A 1s a schematic diagram showing driving oscilla-
tion 1n a tuning fork oscillator of the inertial sensor accord-
ing to the first exemplary embodiment. FIG. 2B 1s a sche-

matic diagram showing detection oscillation in the tuning
fork oscillator. FIGS. 2A and 2B shows tuning fork oscil-
lator 20, which 1s an example of oscillator 11 shown 1n FIG.
1. When tuning fork oscillator 20 1s used as oscillator 11, an
angular velocity applied by an external source to tuming fork
oscillator 20 can be detected. The following 1s a description
of a method for detecting an angular velocity using tuning
fork oscillator 20.

Tunming fork oscillator 20 generates driving oscillation 21
and detection oscillation 22 as shown 1n FIGS. 2A and 2B,
respectively.

When recerving a drive signal from drive unit 12, tuning
tork oscillator 20 generates driving oscillation 21 having a
unmique driving oscillation frequency. When receiving angu-
lar velocity 23 shown in FIG. 2B 1n this situation, tuning
fork oscillator 20 generates detection oscillation 22 1n the
direction perpendicular to the rotation axis of driving oscil-
lation 21 and angular velocity 23 by the Coriolis force.
Tuning fork oscillator 20 outputs a detection signal based on
detection oscillation 22. This detection signal has the same
frequency as driving oscillation 21, and an amplitude depen-
dent on angular velocity 23. Consequently, sensing unit 13
can detect angular velocity 23 by detecting the detection
signal using the monitor signal.

FIGS. 3A and 3B are schematic diagrams of a multi-axis
detection oscillator of the inertial sensor according to the
first exemplary embodiment. FIGS. 3A and 3B show multi-
axis detection oscillator 30, which 1s another example of
oscillator 11. When applied with driving oscillation in the X
axis, multi-axis detection oscillator 30 can detect angular
velocities around the Y and Z axes. The following 1s a
description of a method for detecting the angular velocities
around the Y and Z axes when multi-axis detection oscillator
30 1s used as oscillator 11 shown 1n FIG. 1.

In FIG. 3A, an angular velocity around the Z axis 1s
detected. Multi-axis detection oscillator 30 includes four
weights 31, four arms 32, and support body 33. Weights 31
are connected to support body 33 via respective arms 32.
The following 1s a description of the operation of multi-axis
detection oscillator 30 used as oscillator 11 shown 1n FIG. 1.
When receiving a drive signal from drive unit 12, multi-axis
detection oscillator 30 generates driving oscillation 34 hav-
ing a unique driving oscillation frequency in the X-axis
direction. When receiving angular velocity 35 around the Z
axis 1n this situation, multi-axis detection oscillator 30
generates detection oscillation 36 in the Y-axis direction.
The Y-axis direction i1s perpendicular to driving oscillation
34 1n the X-axis direction and angular velocity 35 in the Z
axis direction by the Coriolis force. Multi-axis detection
oscillator 30 outputs a detection signal based on detection
oscillation 36. This detection signal has the same frequency
as driving oscillation 34, and an amplitude dependent on
angular velocity 35. Consequently, sensing unit 13 can
detect angular velocity 35 by detecting the detection signal
using the monitor signal.
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In FIG. 3B, an angular velocity around the Y axis 1s
detected. In this case, when receiving angular velocity 37
around the Y axis, multi-axis detection oscillator 30 gener-
ates detection oscillation 38 1n the Z-axis direction. The
Z-axi1s direction 1s perpendicular to driving oscillation 34 1n
the X-axis direction and angular velocity 37 in the Y-axis
direction by the Coriolis force. Multi-axis detection oscil-
lator 30 outputs a detection signal based on detection
oscillation 38. This detection signal has the same frequency
as driving oscillation 34, and an amplitude dependent on
angular velocity 37. Consequently, sensing umt 13 can
detect angular velocity 37 by detecting the detection signal
using the monitor signal.

FIG. 4 1s a block diagram of failure diagnosis unit 14,
reference potential supply unit 12a, and oscillator 11 of the
inertial sensor according to the first exemplary embodiment.
Failure diagnosis unit 14 includes resistors 44a, 44b, and
d4c, operational amplifier 44d (amplifier 44d), and diagnosis
unit 44¢. Failure diagnosis unit 14 measures a voltage drop
across resistor 44a, which 1s disposed between reference
potential supply unit 12a and oscillator 11. As a result,
tallure diagnosis unit 14 measures the amount of current
supplied from reference potential supply unit 12a to oscil-
lator 11. In order to measure the voltage drop across resistor
d4a, resistor 44a 1s connected at 1ts mput to an 1nverting
terminal via resistor 44b. Resistor 44a 1s connected as its
output to operational amplifier 44d via a non-inverting
terminal. Resistor 44¢ 1s connected between the output
terminal of operational amplifier 44d and the inverting
terminal. Diagnosis unit 44¢ diagnoses a failure based on a
voltage received from operational amplifier 44d.

Diagnosis unit 44¢ 1s configured to output a failure signal
when an AC voltage outputted from operational amplifier
44d 1s outside a predetermined voltage range. Diagnosis unit
d4¢ detects a faillure mode where a constant oflset 1s added
to the amount of current tlowing through resistor 44a.

The following 1s a description of how failure diagnosis
unit 14 diagnoses a failure 1 drive unit 12 or oscillator 11.

FIG. 35 1s a voltage wavetorm of the failure diagnosis unit
of the 1inertial sensor according to the first exemplary
embodiment. The voltage wavetform in FIG. § 1s generated
by the diagnosis unit. In FIG. 5, the horizontal and vertical
axes represent voltage and time, respectively. A signal
received by diagnosis unit 44¢ generates voltage waveform
50. The current flowing through resistor 44a 1s AC because
drive unit 12 wave-shapes an AC momtor signal generated
by driving oscillation of oscillator 11, and provides an AC
drive signal to oscillator 11. Therefore, voltage wavetorm 50
of the signal received by diagnosis unit 44e 1s an AC
wavelorm as shown i FIG. 5.

Voltage wavetorm 50 includes voltage waveform 50a
betfore a time t1 and voltage waveform 50b after the time t1.
Voltage wavetorm 50a indicates that drive unit 12 or oscil-
lator 11 1s operating normally. Voltage waveform 50b 1ndi-
cates that drive unit 12 or oscillator 11 has broken down.

If, for example, internal circuits of drive unit 12 are short
circuited, a leak current 1s generated, and hence a constant
oflset 1s added to the amount of current flowing through
resistor 44a. This failure mode can be detected by comparing
voltage waveform 50 with an upper threshold TH1 and a
lower threshold TH2 of a normal voltage.

FIG. 6 1s a block diagram of the diagnosis umt of the
inertial sensor according to the first exemplary embodiment.
FIG. 6 1s a block diagram of diagnosis unit 44¢. Diagnosis
unit 44e includes maximum value calculator 61, minimum
value calculator 62, comparators 63, 64, and failure signal
output unit 65. Maximum value calculator 61 holds the
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upper limit of the amplitude of an input signal. Minimum
value calculator 62 holds the lower limit of the amplitude of
the input signal. Comparator 63 outputs a high signal when
the output value of maximum value calculator 61 1s larger
than the upper threshold TH1. Comparator 64 outputs a high
signal when the output value of minmimum value calculator
62 1s smaller than the lower threshold TH2. Failure signal
output unit 65 outputs a high signal as a signal indicating a
tallure when one of comparators 63 and 64 outputs a high
signal. Thus, diagnosis unit 44e can detect the failure mode
where the constant offset 1s added to the amount of current
flowing through resistor 44a.

As described above, according to inertial sensor 10,
failure diagnosis unit 14 diagnoses a failure in drive unit 12
or oscillator 11. In addition, reference potential supply unit
12a supplies a reference potential to oscillator 11 even
during failure diagnosis. Therefore, the amount of inertia
applied to oscillator 11 from an external source can be
detected even during failure diagnosis.

According to the present exemplary embodiment, as
shown in FIG. 4, the amount of current supplied from
reference potential supply unit 12a to oscillator 11 1s mea-
sured by voltage drop across resistor 44a. It 1s possible,
however, to employ other methods to measure the amount of
current supplied from reference potential supply unit 12a to
oscillator 11.

FIG. 7 1s a block diagram of the failure diagnosis unit,
which has a current mirror circuit, of the inertial sensor
according to the first exemplary embodiment. Operational
amplifier 70 shown 1n FIG. 7 1s an example of operational
amplifier 44d, and has the current mirror circuit. Operational
amplifier 70 includes current mirror transistor 71 and output
driver transistor 72 connected in parallel with each other.
Assume that the mirror ratio 1s set to 10:1. The mirror ratio
1s the ratio between the amplification factor of output driver
transistor 72 and the amplification factor of current mirror
transistor 71. In thus case, the current flowing through
current mirror transistor 71 can be one-tenth of the current
flowing through output driver transistor 72. Measuring the
amount ol current supplied to current mirror transistor 71
can prevent an excessive 1ncrease in consumption current
due to current measurement. Operational amplifier 70 fur-
ther includes monitor resistor 73, bufler amplifier 74, and
output terminal 75. A monitoring current flowing through
current mirror transistor 71 flows through monitor resistor
73 where the monitoring current 1s converted into a voltage.
This voltage tlows through bufler amplifier 74 and output
terminal 75 from which the voltage 1s outputted as a current
monitor output. This structure prevents a decrease in the
dynamic range of the amplifier output due to a voltage drop
caused when resistor 44a shown 1n FIG. 4 1s used. In FIG.
7, operational amplifier 70 includes a sink-current output
stage having a constant current source and an n-channel
output driver transistor. Operational amplifier 70 may alter-
natively include a source-current output stage having a
constant current source and a p-channel output driver tran-
sistor. Operational amplifier 70 may alternatively include a
push-pull output stage having a p-channel driver transistor
and an n-channel driver transistor. In a push-pull amplifier,
a source current and a sink current can be monitored by
using a current mirror circuit of an n-channel driver tran-
sistor, and a current mirror circuit of a p-channel dniver
transistor.

Measuring the amount of current supplied from output
amplifier 12g to oscillator 11 can also diagnose a failure 1n
drive unit 12 or oscillator 11, and detect the amount of inertia
even during failure diagnosis.
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Second Exemplary Embodiment

FIG. 8 1s a block diagram of an inertial sensor according
to a second exemplary embodiment of the present invention.
The following 1s a description of differences between the
first and second exemplary embodiments so as to define the
teatures of the second exemplary embodiment. Inertial sen-
sor 80 shown 1n FIG. 8 measures the amount of current
supplied from output amplifier 12g to oscillator 11. Inertial
sensor 80 includes two failure diagnosis units 81, two output
amplifiers 12g, and two electrodes 11b. Each failure diag-
nosis unit 81 1s disposed between one of output amplifiers
12¢g and one of electrodes 11b. Inertial sensor 80 further
includes failure signal output unit 82, which outputs a failure
signal to output unit 10a when one of failure diagnosis units
81 outputs a failure signal.

In 1nertial sensor 80 having this structure, 1t 1s possible to
detect not only the failure mode where the constant oflset 1s
added to the amount of current shown in FIG. 5, but also a
faillure mode where the amplitude of the current has
increased.

Each failure diagnosis unit 81 can have a similar structure
to failure diagnosis unit 14. Each failure diagnosis unit 81
has a diagnosis unit, which can have a similar structure to
diagnosis unit 44¢.

FIG. 9 1s a voltage wavetorm of the failure diagnosis unit
of the inertial sensor according to the second exemplary
embodiment. The voltage wavetform of FIG. 9 shows the
faillure mode where the amplitude of the voltage has
increased. Voltage wavelorm 90 includes voltage wave-
forms 90a and 90b. Voltage wavetform 90a 1s generated
immediately after the occurrence of disconnection. Voltage
wavelorm 90b, which 1s generated after the time t1, shows
an increase in the amplitude of the voltage.

Such a failure mode occurs, for example, when one of two
output amplifiers 12g breaks down or when the wire
between one output amplifier 12g and one electrode 11b
breaks. In this case, the drive signal 1s supplied only by the
remaining output amplifier 12g. This temporarily reduces
the amount of current of the drive signal supplied to oscil-
lator 11, and the amount of current of the monitor signal. In
this case, however, an AGC amplifier (not shown) of drive
signal supply unit 12¢ keeps constant the amount of current
of the monitor signal. This increases the amount of current
outputted from the remaining output amplifier 12g. As a
result, voltage waveform 90a 1s changed to voltage wave-
tform 90b. The failure mode can be detected by comparing

upper threshold TH1 and lower threshold TH2.

Third Exemplary Embodiment

FIG. 10 1s a block diagram of an inertial sensor according,

to a third exemplary embodiment.
FIG. 11 1s a block diagram of a failure diagnosis unit, a
reference potential supply unit, and an oscillator of the
inertial sensor. FIG. 12 1s a block diagram of a diagnosis unit
of the 1inertial sensor. The following 1s a description of
differences between the first and third exemplary embodi-
ments so as to define the features of the third exemplary
embodiment.

FI1G. 11 shows failure diagnosis unit 104, reference poten-
tial supply unit 12a, and oscillator 11. As shown 1n FIG. 11,
fallure diagnosis unit 104 includes diagnosis unit 104¢
instead of diagnosis umt 44e shown 1n FIG. 4.

Diagnosis unit 104e 1s configured to output a failure
signal when the amplitude value of the AC voltage outputted
from operational amplifier 44d 1s equal to or less than a
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predetermined value. Diagnosis unit 104¢ detects a failure
mode where the amount of current supplied to resistor 44a
1s nearly zero.

FIG. 12 1s a block diagram of diagnosis unit 104e.
Diagnosis unit 104e includes full-wave rectifier 121, low-
pass filter 122, and comparator 123. Full-wave rectifier 121
tull-wave rectifies a received AC voltage. Low-pass {filter
122 smoothes the output signal of full-wave rectifier 121.

Comparator 123 outputs a high signal when the output value
of low-pass filter 122 1s smaller than a threshold TH3. Thus,
diagnosis unit 104e detects the faillure mode where the
amount of current supplied to resistor 44a 1s nearly zero.

The following 1s a description of how failure diagnosis
unmit 104 diagnoses a failure 1in drive unit 12 or oscillator 11.

FIG. 13A 1s a voltage wavelorm of the failure diagnosis
unit of the nertial sensor according to the third exemplary
embodiment. The voltage wavetorm 1 FIG. 13A 15 gener-
ated by diagnosis unit 104e¢. In FIG. 13 A, the horizontal and
vertical axes represent voltage and time, respectively. A
signal recetved by diagnosis umit 104e generates voltage
wavelorm 110.

Voltage wavetorm 110 includes voltage wavetorm 110a
before a time t1 and voltage waveform 110b after the time
tl. Voltage wavetorm 110a indicates that drive unit 12 or
oscillator 11 1s operating normally. Voltage wavetform 110b
indicates that drive unit 12 or oscillator 11 has broken down.

Assume, for example, that oscillator 11 stops oscillation
due to an abnormality of drive unit 12, or that the wire
between drive unit 12 and oscillator 11 1s broken. In this
case, the amount of current supplied to resistor 44a 1s nearly
zero. Diagnosis unit 44e cannot detect this failure mode
because the voltage of voltage waveform 110b 1s between
upper threshold TH1 and lower threshold TH2 as shown in
FIG. 13A. It 1s possible, however, to diagnose a failure by
determining whether or not the amplitude value of voltage
wavelorm 110 1s equal to or less than the predetermined
value.

FIG. 13B shows an output signal of the full-wave rectifier
of the mertial sensor according to the third exemplary
embodiment. FIG. 13B shows output signal 111 of full-wave
rectifier 121 1n diagnosis unit 104e. Output signal 111 has a
normal waveform until a time tl, and has a waveform
indicating the presence of a failure from time t1 onward.

FIG. 13C shows an output signal of the low-pass filter of
the 1nertial sensor according to the third exemplary embodi-
ment. FIG. 13C shows output signal 112 of low-pass filter
122. Output signal 112 has a normal waveform until a time
t1, and has a wavetorm indicating the presence of a failure
from time t1 onward. At a time t2 when a predetermined
time has passed since the time t1, output signal 112 has a
voltage value smaller than the threshold TH3 due to the
delay time caused by low-pass filter 122. As a result,
diagnosis unit 104¢ outputs the failure signal at the time (2.

Failure diagnosis unit 104 may alternatively be disposed
between output amplifier 12g and oscillator 11. In this case,
fallure diagnosis unit 104 can detect a failure mode where
the amplitude of the current outputted from output amplifier
12¢ to oscillator 11 1s equal to or less than a predetermined
value. In the case where two output amplifiers 12g output
differential outputs, two failure diagnosis units 104 may be
disposed at the outputs of two output amplifiers 12g as 1n
failure diagnosis units 81 shown 1n FIG. 8. In this case,
failure diagnosis unit 104 can detect the failure mode where
the amplitude of the current outputted from one of output
amplifiers 12g 1s equal to or less than the predetermined
value.
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The inertial sensor of the present invention can diagnose
a failure 1n the drive unit or the oscillator, and can also detect
the amount of 1nertia even during failure diagnosis. For this 53
reason, the inertial sensor 1s useful as a sensor used in
various electronic devices, especially for vehicle control or

car navigation.

REFERENCE MARKS IN THE DRAWINGS 10

10, 80, 100 1nertial sensor

10a, 10b output unit

11 oscillator

11a, 11b, 11c, 11d electrode

12 drive unit

12a reference potential supply unit
12b, 12c¢ resistor

12d reference potential supply amplifier
12¢ drive signal supply unit

121 I-V conversion amplifier

12¢ output amplifier

12h filter

13 sensor

13a I-V conversion amplifier
13b wave detector

13c low-pass filter

14, 81, 104 failure diagnosis unit
20 tuning fork oscillator

21, 34 dniving oscillation

22, 36, 38 detection oscillation
23, 35, 37 angular velocity

30 multi-axis detection oscillator
31 weight

32 arm

33 support body

44a, 44b, 44c resistor

44d, 70 operational amplifier (amplifier)
d4e, 104¢ diagnosis unit

50, 50a, 50b voltage wavetorm
90, 90a, 90b voltage wavetorm
110, 110a, 110b voltage wavetorm
61 maximum value calculator

62 minimum value calculator

63, 64, 123 comparator

65, 82 failure signal output unit
71 current mirror transistor

72 output driver transistor

73 momnitor resistor

74 bufler amplifier

75 output terminal

111 output signal

112 output signal

121 tull-wave rectifier

122 low-pass filter

The 1nvention claimed 1s:
1. An 1nertial sensor comprising:
an oscillator;

a drive umt for oscillating the oscillator;
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a sensor for sensing an amount of angular velocity applied so

to the oscillator; and

a Tailure diagnosis unit disposed between the oscillator

and the drive unit, wherein
the drive unit includes:

a reference potential supply [unit] amplifier for sup- 65
plying a reference potential to an electrode of the

oscillator; and

10

a drive signal supply unit for supplying a drive signal
to the oscillator based on a monitor signal received
from the oscillator, and

wherein the failure diagnosis unit measures the reference
potential and includes:

a diagnosis unit for diagnosing a failure [based on a
value of a current supplied by the reference potential
supply unit to the oscillator] in the drive unit or the
oscillator based on the reference potential, and
being disposed between the reference potential sup-
ply amplifier and the electrode of the oscillator.

2. The 1nertial sensor of claim 1, wherein

the diagnosis unit diagnosis the failure in the drive unit
based on a value of a current supplied by the reference
potential supply amplifier to the electrode of the oscil-
lator

the diagnosis unit includes:

a maximum value calculator for outputting a maximum
value of the current;

a minimum value calculator for outputting a minimum
value of the current;

a first comparator for outputting a failure signal when
the maximum value 1s larger than a predetermined
upper threshold;

a second comparator for outputting a failure signal
when the minimum value 1s smaller than a predeter-
mined lower threshold; and

a failure signal output unit for outputting a failure
signal when one of the first comparator and the
second comparator outputs a failure signal.

3. The inertial sensor of claim 2, [wherein] further com-

prising:

a second failure diagnosis unit disposed between the
oscillator and the drive unit, for diagnosing a failure in
the drive unit or the oscillator; and

[the failure signal output unit outputs different failure
signals depending on whether] a second failure signal
output unit that outputs a failure signal when the failure
signal output unit receives a failure signal from the
[first comparator or from the second comparator] diag-

nosis unit or the second diagnosis unit.
4. The 1nertial sensor of claim 1, wherein
the diagnosis unit includes:

a full-wave rectifier for full-wave rectifying [the] a
voltage value of the reference potential,

a low-pass filter for smoothing an output signal from
the full-wave rectifier; and

a comparator for outputting a failure signal when an
output signal from the low-pass filter 1s smaller than
a predetermined threshold.

5. The 1nertial sensor of claim 1, wherein
the failure diagnosis unit includes:

a resistor connected in series between the reference
potential supply [unit] amplifier and the electrode of
the oscillator; and

an amplifier for amplifying a voltage difference
between both ends of the [register] resistor, wherein

the diagnosis unit diagnoses a failure based on a voltage
value recerved from the amplifier.

6. The 1nertial sensor of claim 5, wherein

the diagnosis unit includes:

a maximum value calculator for outputting a maximum
value of the current;

a minimum value calculator for outputting a minimum
value of the current;
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a first comparator for outputting a failure signal when
the maximum value 1s larger than a predetermined
upper threshold;

a second comparator for outputting a failure signal
when the minimum value 1s smaller than a predeter-
mined lower threshold; and

a failure signal output unit for outputting a failure
signal when one of the first comparator and the
second comparator outputs a failure signal.

7. The 1nertial sensor of claim 5, wherein
the diagnosis unit includes:

a full-wave rectifier for full-wave rectifying [the] a
voltage value of the reference potential,

a low-pass filter for smoothing an output signal from
the full-wave rectifier; and

a comparator for outputting a failure signal when an
output signal from the low-pass filter 1s smaller than
a predetermined threshold.
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8. An inertial sensor comprising:

an oscillator;

a drive unit for oscillating the oscillator;

a sensorv for semsing an amount of angular velocity
applied to the oscillator; and

a failure diagnosis unit for diagnosing a failure in the
drive unit or the oscillator,

wherein the drive unit includes.:

a reference potential supply amplifier for supplving a
reference potential to an electrode of the oscillator,
and

a drive signal supply unit for supplying a drive signal
to the oscillator based on a monitor signal rveceived
from the oscillator, and

wherein the failure diagnosis unit receives the rveference
potential, and diagnoses the failure by measuring the
reference potential.
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