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(54) SENSOR DEVICE

(57) In a sensor device 1 according to the present
invention, power is supplied from a control device 10 to
a power supply terminal 7 and a ground terminal 9 of the
sensor device 1 via a power supply line Vcc and a ground
line Gnd, respectively, and a sensor output voltage is
sent from a sensor output terminal 8 to the control device
10 via a sensor output line Vout. The control device 10
has disposed therein a constant voltage source 11 that
supplies a constant voltage to the sensor device 1, and
a pull-up resistor 12 connected between the sensor out-
put line Vout and the constant voltage source 11. The

sensor device 1 comprises: a physical quantity detection
unit 2 that varies a voltage Vsen in accordance with a
measured physical quantity; a regulator 3 that generates
a low voltage from a power supply voltage supplied from
the power supply terminal 7; an open-collector operation-
al amplifier 4 that operates with the low voltage supplied
from the regulator 3 to control a voltage for the sensor
output terminal 8; and resistor elements 5, 6 that together
form a voltage divider circuit for subjecting the voltage
for the sensor output terminal 8 to voltage division.
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Description

Technical Field

[0001] The present invention relates to an in-vehicle
sensor device.

Background Art

[0002] As an example of an in-vehicle sensor device,
there is a sensor device disclosed in PTL 1.
[0003] According to PTL 1, a sensor device is driven
by receiving power supply from an external control de-
vice, and the sensor device outputs, to the control device,
a physical quantity of a fluid flowing in an intake pipe,
such as a flow rate, as an analog voltage. A voltage am-
plitude range of this analog voltage is needed to be from
substantially 0 V to a power voltage supplied from the
control device. Additionally, often used is a voltage 5 V
or 12 V as the power voltage supplied from the control
device.

Citation List

Patent Literature

[0004] PTL 1: JP 2014-25731 A

Summary of Invention

Technical Problem

[0005] A sensor device disclosed in PTL 1 uses power
from a control device without any change as power for a
signal processing circuit of the sensor device. In recent
years, a signal processing circuit provides higher per-
formance by application of a microfabrication process.
In a case of applying such a processing circuit, reduction
of a drive voltage is demanded in order to prevent heat
generation in the circuit, or the like. However, in an in-
vehicle sensor device, a signal output value to a control
device is needed to be output within a range up to a volt-
age supplied from the control device. In PTL 1, there still
is room to examine such output within the range demand-
ed as the sensor device while achieving a microfabrica-
tion process of the processing circuit.
[0006] The present invention is made in view of the
above-described situation and directed to providing a
sensor device in which a voltage of a signal processing
circuit can be lowered.

Solution to Problem

[0007] To solve the above problem, a sensor device
of the present invention includes a physical quantity de-
tection unit, an output terminal, and an operational am-
plifier adapted to receive a detection signal of the physical
quantity detection unit and output an output signal to the

output terminal, in which the operational amplifier is driv-
en with a voltage lower than the supplied voltage, and a
negative organization signal having a voltage lower than
the output signal is received.

Advantageous Effects of Invention

[0008] According to the present invention, it is possible
to provide a sensor device in which output amplitude can
be obtained up to a power voltage by using a signal
processing circuit that is operated with a low voltage
equal to or lower than the power voltage of the sensor
device.

Brief Description of Drawings

[0009]

[FIG. 1] FIG. 1 is a diagram illustrating a circuit con-
figuration of a sensor device according to a first prac-
tical example.
[FIG. 2] FIG. 2 is a graph illustrating a relation be-
tween a measured physical quantity and an output
voltage Vout of a sensor device 1.
[FIG. 3] FIG. 3 is a diagram illustrating a circuit con-
figuration of a sensor device according to a second
practical example.
[FIG. 4] FIG. 4 is a diagram illustrating a circuit con-
figuration of a sensor device according to a third
practical example.
[FIG. 5] FIG. 5 is a diagram illustrating a circuit con-
figuration of a sensor device according to a fourth
practical example.
[FIG. 6] FIG. 6 is a circuit configuration of a DA con-
verter 23.
[FIG. 7] FIG. 7 is a diagram illustrating a circuit con-
figuration of a sensor device according to a fifth prac-
tical example.
[FIG. 8] FIG. 8 is a diagram illustrating a circuit con-
figuration of a sensor device according to a sixth
practical example.

Description of Embodiments

[0010] In the following, an embodiment of the present
invention will be described with reference to the draw-
ings.
[0011] First, a sensor device according to a first prac-
tical example of the present invention will be described
with reference to FIGS. 1 and 2.
[0012] A sensor device 1 of the present practical ex-
ample is connected to a control device 10 via a power
source line Vcc, a ground line Gnd, and a sensor output
line Vout. The sensor device 1 has a power source ter-
minal 7 connected to the power source line Vcc, a ground
terminal 9 connected to the ground line Gnd, and a sensor
output terminal 8 connected to the sensor output line
Vout. The sensor device 1 is driven by power supplied
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from the control device 10 via the power source line Vcc
and the ground line Gnd. Then, the sensor device 1 sends
a sensor output voltage to the control device 10 from the
sensor output terminal 8 via the sensor output line Vout.
The control device 10 has: a constant voltage source 11
that supplies a constant voltage to the sensor device 1;
and a pull-up resistor 12 connected between the sensor
output line Vout and the constant voltage source 11. The
sensor device 1 includes: a physical quantity detection
unit 2 in which a voltage Vsen is changed in accordance
with a measured physical quantity, a regulator 3 in which
a power voltage supplied via the power source terminal
7 is received and a voltage lower than the power voltage
is generated; an open collector type operational amplifier
4 that is operated with the low voltage supplied from the
regulator 3 and controls a voltage of the sensor output
terminal 8; and resistance elements 5 and 6 constituting
a voltage divider that divides the voltage of the sensor
output terminal 8. Note that a pressure sensor, an accel-
eration sensor, an angular velocity sensor, an air flow
rate sensor, or the like is used as the physical quantity
detection unit 2.
[0013] Next, an output signal of the sensor device 1
and an output voltage of the regulator 3 will be described
by using FIG. 2. The sensor device 1 changes a voltage,
namely, an output signal output from the sensor output
terminal 8 in accordance with a measured physical quan-
tity measured by the physical quantity detection unit 2.
Here, an output range of the sensor device 1 is a request-
ed measurement range of a measured physical quantity
and is needed to be changed from substantially 0 V to a
voltage Vcc of the power source terminal 7. Additionally,
an output voltage Vreg supplied from the regulator 3 to
the operational amplifier 4 is a voltage lower than a max-
imum voltage of the sensor output terminal 8. Therefore,
the operational amplifier 4 is driven with the voltage Vreg
that is lower than the maximum voltage of the sensor
output terminal 8.
[0014] Next, operation of the sensor device 1 of the
present practical example will be described. The physical
quantity detection unit 2 outputs an analog voltage Vsen
in a range from 0 V to Vreg (output voltage of the regulator
3) in accordance with the measured physical quantity.
This analog voltage Vsen is connected to a non-inversion
input of the operational amplifier 4. The operational am-
plifier 4 controls an output MOS transistor to control the
voltage of the sensor output terminal 8. The sensor output
line Vout connected to the sensor output terminal 8 is
connected to the power source line Vcc via the pull-up
resistor 12. Therefore, the output voltage of the sensor
output terminal 8 can be changed from 0 V to the voltage
Vcc of the power source terminal 7 by changing ON re-
sistance of the output MOS transistor of the operational
amplifier 4. A resistance circuit formed of the resistors 5
and 6 is provided between the sensor output terminal 8
and an inversion input of the operational amplifier 4. The
voltage of the sensor output terminal 8 divided by the
resistance elements 5 and 6 is received in the inversion

input of the operational amplifier 4, and negative feed-
back is applied to the operational amplifier 4. As a result,
the output analog voltage Vsen of the physical quantity
detection unit 2 is amplified with an amplification factor
corresponding to a voltage division ratio determined by
the resistance elements 5 and 6, and is output with a
characteristic illustrated in FIG. 2. At this point, the volt-
age Vreg that is a low voltage is supplied as power for
the operational amplifier 4 as illustrated in FIG. 2. There-
fore, in the present practical example, an in-phase input
range of the operational amplifier 4 is made lower than
the voltage Vreg, and the negative feedback voltage de-
termined by the resistance elements 5 and 6 is deter-
mined so as to fall within the in-phase input range of the
operational amplifier 4. In other words, even in a case
where the voltage Vout of the sensor output terminal 8
is changed from 0 V to the voltage Vcc, the negative
feedback voltage generated by voltage division in the
resistance circuit is made to fall within the in-phase input
range of the operational amplifier 4. As a result, in the
sensor device 1 of the present practical example, the
voltage of the sensor output terminal 8 can be changed
from 0 V to the voltage Vcc of the power source terminal
7 even in a case of using the operational amplifier 4 op-
erated with the low-voltage power supplied from the reg-
ulator 3.
[0015] Next, effects of the present practical example
will be described. First of all, a first effect is that a drive
voltage of the operational amplifier 4 can be lowered. As
a result, the operational amplifier 4 can be manufactured
by a microfabrication process and can be miniaturized
into a chip size. Additionally, since the high-performance
MOS transistor can be used by application of the micro-
fabrication process, the operational amplifier 4 can
achieve higher performance. Furthermore, since the op-
erational amplifier 4 can be manufactured by the micro-
fabrication process, a large-scale logic circuit can be ar-
ranged on a same semiconductor chip as the operational
amplifier 4. Therefore, the sensor device 1 can have com-
plicated functions while being formed in a small area.
Next, a second effect is that an input circuit of the oper-
ational amplifier 4 having degraded noise immunity due
to application of the microfabrication process can be eas-
ily protected. The sensor output terminal 8 is connected
to the control device 10 via the sensor output line Vout,
but the output line Vout is laid over a long distance, and
external noise is applied to the output line Vout from a
noise source existing around the output line Vout. There-
fore, in a case where no countermeasure is taken in a
state where the noise immunity is degraded due to ap-
plication of the microfabrication process, a noise voltage
is applied to the sensor output terminal 8 via the power
source line, and the sensor device 1 may be destroyed.
However, the sensor device 1 of the present practical
example reduces such a noise voltage by the voltage
divider (resistance circuit) formed of the resistance ele-
ments 5 and 6. Therefore, in the present practical exam-
ple, there are effects in that noise current is reduced by
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resistance itself of the resistance element 5 and also the
noise voltage is reduced by a time constant generated
by resistance of the resistance element 5 and a parasitic
capacitance existing in the resistance element 5. With
the effects, the input circuit of the operational amplifier 4
having the degraded noise immunity due to application
of the microfabrication process can be easily protected.
Meanwhile, resistance values of the resistance elements
5 and 6 are preferably high, more preferably, 10 kΩ or
more. Additionally, one end of the resistance element 6
is preferably connected to the ground in order to increase
the effect of reducing the noise voltage by voltage division
performed by the resistance elements 5 and 6.
[0016] In the present practical example, the open col-
lector type has been described as the operational ampli-
fier 4, but an open drain type may also be applicable.
[0017] Next, a sensor device according to a second
practical example of the present invention will be de-
scribed with reference to FIG. 3. FIG. 3 illustrates a circuit
configuration of the sensor device of the second practical
example.
[0018] The sensor device of the second practical ex-
ample has a configuration basically same as that of the
sensor device of the first practical example, but following
improvements are added. In the present practical exam-
ple, protection performance for the input circuit of the
operational amplifier 4 is improved by adding Zener di-
odes 13 and 14. The input circuit of the operational am-
plifier 4 is protected by the resistance elements 5 and 6
as described in the first practical example, but the noise
immunity is further improved by adding the Zener diodes
13 and 14. Meanwhile, current flowing when noise is ap-
plied to the Zener diodes 13 and 14 is limited by the re-
sistance elements 5 and 6, and therefore, size reduction
can be achieved.
[0019] Next, a sensor device according to a third prac-
tical example of the present invention will be described
with reference to FIG. 4. FIG. 4 illustrates a circuit con-
figuration of the sensor device of the third practical ex-
ample.
[0020] The sensor device of the third practical example
has a configuration basically same as that of the sensor
device of the first practical example, but following im-
provements are added. In the present practical example,
added are: a resistance type physical quantity detection
element 16, a resistance element 15 connecting the pow-
er source terminal 7 to the physical quantity detection
element 16; Zener diodes 17 and 18 connected to one
end of the resistance element 15 and protecting the phys-
ical quantity detection element 16 from power source
noise; and an amplifier 19 to amplify output voltage of
the physical quantity detection element 16. Note that
power for the amplifier 19 is supplied from the output
voltage Vreg of a regulator 3. Additionally, a bridge circuit
is formed with resistance elements in the resistance type
physical quantity detection element 16, and an output
voltage of the bridge circuit is changed when a resistance
value is changed in accordance with a measured physical

quantity.
[0021] Next, operation of the sensor device of the third
practical example will be described. In the present prac-
tical example, power for the resistance type physical
quantity detection element 16 is connected from the pow-
er source terminal 7 via the resistance element 15. There-
fore, a voltage of the physical quantity detection element
16 is lowered by connecting the resistance element 15
and made to fall within an input range of the amplifier 19
that is operated with a low-voltage power of the regulator
3. Additionally, output of the physical quantity detection
element 16 is proportional to the voltage Vcc of the power
source terminal 7. Furthermore, the output of the physical
quantity detection element 16 is output to the sensor out-
put terminal 8 via the amplifier 19 and the operational
amplifier 4. Therefore, the output voltage of the sensor
output terminal 8 has a ratiometric characteristic propor-
tional to the voltage Vcc of the power source terminal 7.
The ratiometric characteristic is the characteristic often
used in an automotive sensor and the like. In other words,
in the sensor device 1 of the present practical example,
the power voltage of the internal signal processing circuit
(amplifier 19 and operational amplifier 4) can be lowered,
and the ratiometric characteristic can be obtained.
[0022] Next, effects of the present practical example
will be described. First of all, a first effect is that the power
voltage of the internal signal processing circuit (amplifier
19 and operational amplification 4) can be lowered. As
a result, the signal processing circuit (amplifier 19 and
operational amplification 4) can be manufactured by the
microfabrication process and can be miniaturized into a
chip size. Additionally, since the high performance MOS
transistor can be used by application of the microfabri-
cation process, performance of the signal processing cir-
cuit (amplifier 19 and operational amplification 4) can be
further improved. Furthermore, since the signal process-
ing circuit (amplifier 19 and operational amplification 4)
can be manufactured by the microfabrication process, it
is possible to arrange a large-scale logic circuit on a chip
same as the signal processing circuit (amplifier 19 and
operational amplification 4), and the sensor device 1 can
have complicated functions. Next, a second effect is that
an input circuit of the amplifier 19 having degraded noise
immunity due to application of the microfabrication proc-
ess can be easily protected. The power source terminal
7 is connected to the control device 10 via the power
source line Vcc, but external noise is applied to the output
line Vcc due to the facts that the output line Vcc is laid
over a long distance and a noise source exists around
the output line Vcc, and a noise voltage is generated at
the power source terminal 7 and the sensor device 1 may
be destroyed. However, in the present sensor device 1,
there are effects in that: the noise voltage is reduced by
voltage division performed by a voltage divider formed
of the resistance element 15 and the physical quantity
detecting element 16; noise current is reduced by resist-
ance itself of the resistance element 15; and also the
noise voltage is reduced by a time constant generated
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by resistance of the resistance element 15 and a parasitic
capacitance existing in the resistance element 15. With
the effects, the input circuit of the amplifier 19 having the
degraded noise immunity due to application of the micro-
fabrication process can be easily protected. Meanwhile,
a resistance value of the resistance element 15 is pref-
erably high, more preferably, 10 kΩ or more. Additionally,
the noise immunity is further improved by adding the Zen-
er diodes 17 and 18. Next, a third effect is that a ratio-
metric characteristic can be obtained. Since the ratiomet-
ric characteristic can simplify an AD conversion circuit of
the control device 10, this characteristic is often used in
an automotive sensor.
[0023] Next, a sensor device according to a fourth
practical example of the present invention will be de-
scribed with reference to FIGS. 5 and 6. FIG. 5 illustrates
a circuit configuration of the sensor device of the fourth
practical example, and FIG. 6 illustrates a circuit config-
uration of a DA converter 23.
[0024] The sensor device of the fourth practical exam-
ple has a configuration basically same as that of the sen-
sor device of the first practical example, but following
improvements are added. In the present practical exam-
ple, a signal from the physical quantity detection unit 2
is digitally processed by an arithmetic unit 24, the digital
signal is converted into an analog signal by the resistance
type DA converter 23, and a voltage of the sensor output
terminal 8 is generated via an operational amplification
4. Here, Zener diodes 20 and 21 to protect a resistance
element 22 and the DA converter 23 from power source
noise are added between the resistance type DA con-
verter 23 and the power source terminal 7. Note that pow-
er for the DA converter 23 is supplied from the output
voltage Vreg of the regulator 3.
[0025] Next, the configuration of the resistance type
DA converter 23 will be described on the basis of FIG.
6. The DA converter 23 includes: a reference power
source terminal 25; resistors 26, 27, 28, 29, 30, 31, and
32 connected between the reference power source ter-
minal 25 and the ground; a digital input terminal 33 to
receive a digital value from the arithmetic unit 24; a de-
coder 34 to decode a signal from the digital input terminal
33; and switches 35, 36, 37, 38, 39, 40, 41, and 42 con-
trolled to be turned on/off by a signal from the decoder
34 and functioning to select respective connection points
of the resistors 26, 27, 28, 29, 30, 31, and 32.
[0026] Next, operation of the sensor device of the third
practical example will be described. In the present prac-
tical example, more accurate correction can be per-
formed by digitally processing the signal from the phys-
ical quantity detection unit 2 by the arithmetic unit 24. As
a result, a temperature characteristic, non-linearity, and
the like are improved, and measurement accuracy of the
sensor device 1 is improved. Additionally, the DA con-
verter 23 is made to have a ratiometric characteristic by
connecting the DA converter 23 to the power source ter-
minal 7 via the resistance element 22. Furthermore, a
voltage applied to the DA converter 23 is lowered by con-

necting the resistance element 22 to the DA converter
23 such that operation can be performed with the low-
voltage power of the regulator 3 and also the voltage is
made to fall within an input range of the operational am-
plifier 4 operated with the low-voltage power of the reg-
ulator 3.
[0027] Next, effects of the present practical example
will be described. First of all, a first effect is that the power
voltage of the internal signal processing circuit (arithmetic
unit 24, DA converter 23, and operational amplification
4) can be lowered. As a result, the signal processing cir-
cuit can be manufactured by the microfabrication process
and can be miniaturized into a chip size. Additionally,
since the high performance MOS transistor can be used
by application of microfabrication process, performance
of the signal processing circuit can be further improved.
Next, a second effect is that the DA converter 23 having
degraded noise immunity due to application of the micro-
fabrication process can be easily protected. As described
above, external noise is applied to the power source ter-
minal 7 and may destroy the sensor device 1. However,
in the present sensor device 1, there are effects in that:
the noise voltage is reduced by voltage division per-
formed by a voltage divider formed of the resistance el-
ement 22 and the DA converter 23; noise current is re-
duced by resistance itself of the resistance element 22;
and also the noise voltage is reduced by a time constant
generated by resistance of the resistance element 22
and a parasitic capacitance existing in the resistance el-
ement 22. With the effects, the DA converter 23 having
the degraded noise immunity due to application of the
microfabrication process can be easily protected. Addi-
tionally, the noise immunity is further improved by adding
the Zener diodes 20 and 21. Next, a third effect is that a
ratiometric characteristic can be obtained.
[0028] Next, a sensor device according to a fifth prac-
tical example of the present invention will be described
with reference to FIG. 7. FIG. 7 illustrates a circuit con-
figuration of the sensor device of the fifth practical exam-
ple.
[0029] The sensor device of the fifth practical example
has a configuration basically same as that of the sensor
device of the fourth practical example, but following im-
provements are added. In the present practical example,
the operational amplifier 4 is used as inverting amplifica-
tion. Therefore, a resistor 44 is disposed between an out-
put of the DA converter 23 and the operational amplifier
4, a resistor 45 is disposed between an inversion input
of the operational amplification 4 and a connection point
for the resistance elements 5 and 6, resistance elements
46 and 47 are disposed between the ground and a con-
nection point for the resistance element 22 and the DA
converter 23, and a connection point for the resistance
elements 46 and 47 is connected to a non-inversion input
of the operational amplifier 4.
[0030] In the present practical example, the operation-
al amplification 4 is used as an inverting amplifier. There-
fore, voltage change at the inversion input and the non-
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inversion input of the operational amplifier 4 can be re-
duced. The lower the power voltage is, the narrower the
in-phase input range of the operational amplifier 4 be-
comes. Therefore, in order to further lower the power
voltage of the operational amplifier 4, it is more excellent
to use the operational amplifier 4 as the inverting amplifier
that is operated even in a case where the in-phase input
range is narrow. In other words, in the present practical
example, the power voltage of the operational amplifier
4 can be further lowered by using the operational ampli-
fier 4 as the inverting amplifier, and further microfabrica-
tion process can be achieved.
[0031] Next, a sensor device according to a sixth prac-
tical example of the present invention will be described
with reference to FIG. 8. Note that FIG. 8 illustrates a
circuit configuration of the sensor device of the sixth prac-
tical example.
[0032] The sensor device of the sixth practical example
has a configuration basically same as that of the sensor
device of the fifth practical example, but following im-
provements are added. In the present practical example,
resistance elements 44 and 45 are utilized in using the
operational amplifier 4 as the inverting amplifier, but in
the present practical example, a switched capacitor cir-
cuit is formed. Therefore, switches 48 and 50 and a ca-
pacitor 49 are disposed instead of the resistor 44, switch-
es 51 and 53 and a capacitor 52 are disposed instead of
the resistor 45, and a capacitor 54 is disposed between
the inversion input of the operational amplification 4 and
the sensor output terminal 8 in order to stabilize a system.
In the fifth practical example, non-linearity is generated
in a characteristic of the sensor output terminal 8 by mu-
tual influence between the resistance elements 5, 6, and
45. In order to reduce such non-linear, the resistor 45 is
needed to be formed large enough for the resistors 5 and
6, but a resistance ratio inside an integrated circuit is
limited. To solve such a problem, the switched capacitor
circuit is used in the present practical example instead
of the resistance elements. The switched capacitor circuit
can easily form a high equivalent resistance. Therefore,
in the present practical example, the non-linearity of the
sensor output terminal 8 can be remarkably reduced.

Reference Signs List

[0033]

1 Sensor device
2 Physical quantity detection unit
3 Regulator
4 Operational amplifier
5 Resistance element
6 Resistance element
7 Power source terminal
8 Sensor output terminal
9 Ground terminal
10 Control device
11 Constant voltage source

12 Pull-up resistor
13 Zener diode
14 Zener diode
15 Resistance element
16 Physical quantity detecting element
17 Zener diode
18 Zener diode
19 Amplifier
20 Zener diode
21 Zener diode
22 Resistance element
23 DA converter
24 Arithmetic unit
25 Reference power source terminal
26 Resistor
27 Resistor
28 Resistor
29 Resistor
30 Resistor
31 Resistor
32 Resistor
33 Digital input terminal
34 Decoder
35 Switch
36 Switch
37 Switch
38 Switch
39 Switch
40 Switch
41 Switch
42 Switch
43 Output terminal
44 Resistance element
45 Resistance element
46 Resistance element
47 Resistance element
48 Switch
49 Capacitor
50 Switch
51 Switch
52 Capacitor
53 Switch
54 Capacitor

Claims

1. A sensor device connected to an in-vehicle device
and driven by power supplied from the in-vehicle de-
vice, comprising:

a physical quantity detection unit; an output ter-
minal; and an operational amplifier configured
to receive a detection signal of the physical
quantity detection unit and output an output sig-
nal to the output terminal,
wherein
the operational amplifier is driven with a voltage
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lower than the supplied voltage, and
a negative organization signal having a voltage
lower than the output signal is received.

2. A sensor device comprising a regulator and a resist-
ance circuit having a plurality of resistors,
wherein
the regulator receives the supplied voltage and out-
puts a voltage lower than the voltage,
the resistance circuit receives the output signal and
outputs a voltage lower than the output signal,
the operational amplifier is driven with the voltage
output from the regulator, and changes a voltage out-
put from the resistance circuit into a negative organ-
ization signal.

3. The sensor device according to claim 2, wherein a
protection diode is connected between the resist-
ance circuit and the operational amplifier.

4. The sensor device according to claim 1, wherein
the physical quantity detection unit is a resistance
type detection element, and
includes a resistance element between a power
source terminal and the detection element.

5. The sensor device according to claim 1, further com-
prising:

a resistance type DA converter configured to
convert a digital signal based on a signal detect-
ed by the physical quantity detection unit into an
analog signal; and
a resistance element configured to connect the
DA converter to a power source terminal.

6. The sensor device according to claim 5, wherein a
protection diode is connected between the DA con-
verter and the resistance element.

7. The sensor device according to any one of claims 1
to 6, wherein the operational amplifier is an inverting
type amplifier circuit.

8. The sensor device according to claim 7, wherein the
operational amplifier has a switched capacitor cir-
cuit.
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