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MAGNETIC SENSOR APPARATUS AND
CURRENT SENSOR APPARATUS

[0001] The contents of the following Japanese patent
applications are incorporated herein by reference:

[0002] NO. 2015-252138 filed on Dec. 24, 2015,

[0003] NO. 2016-106367 filed on May 27, 2016, and

[0004] NO. 2016-237315 filed on Dec. 7, 2016.
BACKGROUND

[0005] 1. Technical Field

[0006] The present invention relates to a magnetic sensor

apparatus and a current sensor apparatus.
[0007] 2. Related Art
[0008] A conventional processing system 1s known that
performs various processes based on detection signals of
sensor apparatuses such as a magnetic sensor and a current
sensor, and this processing system receives an abnormality
detection signal along with the detection signals from the
sensor apparatuses and further performs processing based on
the abnormality of the detection signal, as shown in Patent
Documents 1 to 3, for example. Furthermore, a magnetic
sensor 1s known that uses a Hall device, as shown 1in
Non-Patent Document 1, for example.
[0009] Patent Document 1: US Patent Application Publi-
cation No. 2011/0199132
[0010] Patent Document 2: US Patent Application Publi-
cation No. 2013/0009678
[0011] Patent Document 3: US Patent Application Publi-
cation No. 2015/0185279
[0012] Non-Patent Document 1: R. S. Popovic et al., “Hall
Effect Devices,” Inst. of Physics Pub. Inc., May 1991
[0013] However, when there 1s variation in the receiving
timings of the detection signals and the abnormality detec-
tion signals output from the sensor apparatuses, there are
cases where the execution of a process based on the abnor-
mality detection 1s delayed even though the processing
system has detected the abnormality. For example, 1n a case
where an abnormality such as overcurrent has been detected,
the processing of the processing system should be stopped
immediately, but when there 1s a delay in the processing
aiter abnormality detection 1n this way, devices provided 1n
the processing system, devices connected to the processing
system, and the like malfunction or are damaged.

SUMMARY

[0014] Therefore, 1t 1s an object of an aspect of the
innovations herein to provide a magnetic sensor apparatus
and a current sensor apparatus, which are capable of over-
coming the above drawbacks accompanying the related art.
The above and other objects can be achieved by combina-
tions described 1n the claims. According to a first aspect of
the present invention, provided 1s a magnetic sensor appa-
ratus comprising a magnetic sensor element; an amplifying
section that amplifies and outputs an output of the magnetic
sensor element; a plurality of comparing sections that com-
pare the output of the magnetic sensor element or an output
of the amplifying section to a threshold value; and a plurality
of delaying sections that each delay and output a comparison
result output by a corresponding comparing section among,
the plurality of comparing sections.

[0015] According to a second aspect of the present inven-
tion, provided 1s a current sensor apparatus comprising a
current path through which a current serving as a measure-

Jun. 29, 2017

ment target flows; and the magnetic sensor apparatus
according to the first aspect that 1s arranged corresponding
to the current path and detects a magnetic field generated
according to the current serving as the measurement target.
[0016] The summary clause does not necessarily describe
all necessary features of the embodiments of the present
invention. The present invention may also be a sub-combi-
nation of the features described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1 shows an exemplary configuration of a
control apparatus 10 that performs a predetermined process
in response to a detection signal of a sensor apparatus 100.
[0018] FIG. 2 shows an exemplary configuration of a
magnetic sensor apparatus 200 according to the present
embodiment.

[0019] FIG. 3 shows an exemplary configuration of the
threshold value generating section 310 and the comparing
section 320 according to the present embodiment.

[0020] FIG. 4 shows a first example of an mput signal and
an output signal of the comparing section 320 according to
the present embodiment.

[0021] FIG. 5§ shows a second example of an input signal
and an output signal of the comparing section 320 according
to the present embodiment.

[0022] FIG. 6 shows a first modification of the magnetic
sensor apparatus 200 according to the present embodiment.
[0023] FIG. 7 shows a second modification of the mag-
netic sensor apparatus 200 according to the present embodi-
ment.

[0024] FIG. 8 shows a third modification of the magnetic
sensor apparatus 200 according to the present embodiment.
[0025] FIG. 9 shows an exemplary configuration of the
integral calculating section 352 according to the present
embodiment.

[0026] FIG. 10 shows a fourth modification of the mag-
netic sensor apparatus 200 according to the present embodi-
ment.

[0027] FIG. 11 shows a fifth modification of the magnetic
sensor apparatus 200 according to the present embodiment.
[0028] FIG. 12 shows a sixth modification of the magnetic
sensor apparatus 200 according to the present embodiment.
[0029] FIG. 13 shows a seventh modification of the mag-

netic sensor apparatus 200 according to the present embodi-
ment.

[0030] FIG. 14 shows an eighth modification of the mag-
netic sensor apparatus 200 according to the present embodi-
ment.

[0031] FIG. 15 shows a ninth modification of the magnetic
sensor apparatus 200 according to the present embodiment.
[0032] FIG. 16 shows a package 50 1n which the magnetic
sensor apparatus 200 1s implemented and an exemplary
configuration of a current sensor apparatus 300 includes the
package 50, according to the present embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0033] Heremnafter, some embodiments of the present
imvention will be described. The embodiments do not limait
the invention according to the claims, and all the combina-
tions of the features described 1n the embodiments are not
necessarily essential to means provided by aspects of the
mvention.
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[0034] FIG. 1 shows an exemplary configuration of a
control apparatus 10 that performs a predetermined process
in response to a detection signal of a sensor apparatus 100.
The sensor apparatus 100 may be a magnetic sensor that
detects an mput magnetic field, or may instead be a current
sensor that detects an 1nput current. The sensor apparatus
100 outputs a detection signal corresponding to the magni-
tude of the magnetic field or the current mput from the
outside.

[0035] The control apparatus 10 controls an apparatus or
the like connected to this control apparatus 10, according to
the detection signal output by the sensor apparatus 100. The
control target of the control apparatus 10 may be a motor, an
actuator, a moving stage, an engine, and the like, as long as
the apparatus 1s controlled according to the detection signal
output by the sensor apparatus 100. The present embodiment
describes an example 1n which the control apparatus 10 1s
connected to a motor and controls driving of the motor. In
this case, the sensor apparatus 100 detects the drive current
of this motor, and the control apparatus 10 performs feed-
back control corresponding to the detected drive current.
Specifically, the control apparatus 10, the motor, and the
sensor apparatus 100 form a processing system that drives
the motor. The sensor apparatus 100 includes a CPU 20 and
an overcurrent processing circuit 30.

[0036] The CPU 20 controls the driving of the motor

according to the detection signal output by the sensor
apparatus 100. For example, the CPU 20 1s connected to the
motor via an inverter circuit or the like and drives the motor
by supplying a control signal for controlling the inverter
circuit. The CPU 20 may control the driving of the motor
based on a predetermined algorithm or the like. The CPU 20
may drive the motor by performing vector control, PID
control, or the like.

[0037] The CPU 20 stops the control, suspends the con-
trol, or changes the control to protection control of the motor
and the inverter circuit, in response to the detection of an
abnormality in the detection signal by the overcurrent pro-
cessing circuit 30. For example, the overcurrent processing
circuit 30 may transmit an interrupt signal to perform these
acts on the control to the CPU 20. Furthermore, the CPU 20
may include the overcurrent processing circuit 30, 1n which
case the CPU 20 may directly receive the detection signal
output by the sensor apparatus 100 as an interrupt signal.
When the current for driving the motor has become an
overcurrent that exceeds a reference value, there are cases
where the motor heats up and causes poor operation, a
malfunction, damage, or the like. When a short circuit has
occurred 1n the drive circuit or the like, there are cases where
poor operation, a malfunction, damage, or the like occurs in
the circuit and/or the motor. Therefore, the overcurrent
processing circuit 30 detects an abnormality 1n the detection
signal based on the magnitude of the amplitude value of the
detection signal or the like.

[0038] The overcurrent processing circuit 30 may deter-
mine that the drive current of the motor 1s an overcurrent in
response to the detection signal being greater than or equal
to a first reference value. Furthermore, the overcurrent
processing circuit 30 may determine that a short circuit has
occurred 1n response to the detection signal being less than
or equal to a second reference value. The first reference
value and the second reference value may be predetermined
values, or may 1nstead be values designated from the out-
side. FIG. 1 1s used to describe an example 1n which the
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overcurrent processing circuit 30 detects an abnormality
based on the detection signal, but instead the sensor appa-
ratus 100 may detect an abnormality and the overcurrent
processing circuit 30 may receive the detection result.

[0039] Inthe processing system described above, when an
abnormality has been detected, 1t 1s preferable that the
overcurrent processing circuit 30 immediately 1ssues a con-
trol interrupt to the CPU 20 and the CPU 20 adjusts the
control of the motor and the inverter circuit in a manner to
stop the control, suspend the control, or change the control
to protection control such that excessive current does not
flow. However, there are cases where variations occur 1n the
response time needed to respond to the detection signal
received by the overcurrent processing circuit 30, due to the
length of the signal lines, the parasitic resistance, the para-
sitic capacitance, and the like. In other words, varnations
occur 1n the respective reception timings at which the CPU
20 and the overcurrent processing circuit 30 receive the
detection signal output from the sensor apparatus 100, such
that even when the overcurrent processing circuit 30 detects
an abnormality, there are cases where the CPU 20 cannot
immediately perform the stopping of the control, the sus-
pension of the control, or the change of the control to
protection control of the motor and the inverter circuat.

[0040] As an example, 1n a case where the sensor appa-
ratus 100 1s formed as a single device, 1t 1s necessary to
adjust the reception timing and the control timing of the
CPU 20 and the overcurrent processing circuit 30 inside the
control apparatus 10, and this increases the cost for design-
ing, manufacturing, operational testing, abnormality detect-
ing, upgrading, and the like. Theretfore, the sensor apparatus
according to the present embodiment outputs the detection
signal and the sensing signal for sensing an abnormality 1n
the detection signal inside the sensor apparatus with an
adjustable output timing. Such a sensor apparatus 1s
described below, first with an example of a magnetic sensor
apparatus that detects a magnetic field.

[0041] FIG. 2 shows an exemplary configuration of a
magnetic sensor apparatus 200 according to the present
embodiment. The magnetic sensor apparatus 200 outputs, as
a first output, a magnetic field detection signal correspond-
ing to the magnitude of an mmput magnetic field. Further-
more, the magnetic sensor apparatus 200 outputs, as a
second output, a sensing signal that provides notification of
an abnormality when the mput magnetic field 1s outside of
a reference range. The magnetic sensor apparatus 200
includes a magnetic sensor element 210, an amplifying
section 110, a detecting section 120, an input/output section

150, a setting section 160, and a clock generating section
170.

[0042] The magnetic sensor element 210 outputs a detec-
tion signal corresponding to the magnitude of the magnetic
field mput to the magnetic sensor apparatus 200. For
example, the magnetic sensor element 210 1s formed on a
surface of a substrate or the like and detects the magnetic
field 1n a direction substantially perpendicular to the plane of
this surface. The magnetic sensor element 210 according to
the present embodiment 1s an example that includes a Hall
clement. Here, with the substrate surface being the XY plane
and the direction perpendicular to the XY plane being the Z
axis, the Hall element 1s an element that creates electromo-
tive force in the Y-axis direction corresponding to the
magnetic field mput 1n the Z-axis direction when current
flows 1n the X-axis direction, 1.e. an element exhibiting the
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Hall effect. The magnetic sensor element 210 may be formed
with a cross shape 1n the XY plane. The magnetic sensor
clement 210 may be formed by a semiconductor or the like.
[0043] The magnetic sensor element 210 1ncludes a first
terminal pair having a terminal 212 and a terminal 214, and
a second terminal pair having a terminal 216 and a terminal
218. The magnetic sensor element 210 includes a substrate
having the first terminal pair and the second terminal pair
formed on the surface thereof, and the magnetic sensor
clement 210 detects the magnetic field input substantially
perpendicular to the substrate, for example. In other words,
when current flows through the first terminal pair, the
magnetic sensor element 210 generates electromotive force
corresponding to the magnetic field from the second termi-
nal pair according to the mput magnetic field. Furthermore,
when current flows through the second terminal pair, the
magnetic sensor element 210 generates electromotive force
corresponding to the magnetic field from the first terminal
pair according to the input magnetic field.

[0044] There are cases where such a magnetic sensor
clement 210 outputs an output signal that includes an offset
signal unique to the element. In order to reduce such an
offset signal, the spinning current technique described in
Non-Patent Document 1 or the like may be used. The
spinning current technique includes switching the direction
of the current flowing through the Hall element and invert-
ing the polarities of the signal component caused by the
offset and the signal component corresponding to the mput
magnetic field, based on a spinning current clock that repeats
a first phase and a second phase.

[0045] For example, during the first phase, the magnetic
sensor element 210 that conducts from the terminal 212 to
the terminal 214 (set as the +X direction) 1n response to the
input magnetic field B 1n the +7 direction generates a Hall
electromotive force signal +V . from the terminal 218 (set as
the +Y-direction side), 1.e. generates a Hall electromotive
force signal -V from the terminal 216 on the -Y-direction
side, and also outputs an oflset voltage +V, 1n the +Y
direction. In this case, in the second phase, when the
magnetic sensor element 210 conducts from the terminal
218 to the terminal 216 (the —Y direction) 1n response to the
same 1put magnetic field 1n the +7 direction, the magnetic
sensor element 210 generates a Hall electromotive force
signal +V . from the terminal 214 on the +X-direction side,
1.e. generates a Hall electromotive force signal -V ¢ from the
terminal 212 on the —X-direction side, and also outputs an
oflset voltage +V , 1n the +X direction.

[0046] Accordingly, by acquiring an output voltage V,,
from the second terminal pair in the Y-axis direction of the
magnetic sensor element 210 during the first phase and
acquiring an output voltage V,, from the first terminal pair
in the X-axis direction of the magnetic sensor element 210
during the second phase, the detection signal of the magnetic
field B of the magnetic sensor element 210 1s expressed as
shown 1n the following expression. This expression shows
an example 1n which the terminal 218 and the terminal 212
are given positive signs.

Vh 1:2 V5‘|' VO
Vio==2VstV o Expression 1:
[0047] In this way, by switching the conduction direction,

as shown 1n Expression 1, 1t 1s possible to invert the sign of
the signal component of the Hall electromotive force signal
V. 1n the detection signal of the Hall element between the
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first phase and the second phase. In other words, the spin-
ning current technique includes modulating the Hall elec-
tromotive force signal with the spinning current clock to
obtain a modulated signal and outputting the oflset voltage
V, as DC signal output, and therefore 1t 1s possible to
separate this signal into two signals in the frequency domain

and, 1deally, to remove the oflset signal using a filter or the
like.

[0048] The amplifying section 110 receives the modulated
detection signal of the magnetic sensor element 210 while
switching the drive current of the magnetic sensor element
210 being supplied 1n this manner, demodulates this detec-
tion signal, and outputs the resulting signal as the first
output. Furthermore, the amplifying section 110 includes an
amplification circuit therein, to amplify and output the
output of the magnetic sensor element 210. The amplifying
section 110 includes a switching section 230, a first ampli-
fication circuit 240, a demodulating section 250, a second
amplification circuit 260, and a third amplification circuit

270.

[0049] The switching section 230 switches the terminal
pair causing the drive current to flow and the terminal pair
that senses the output of the magnetic sensor element 210,
between the first terminal pair and the second terminal pair
of the magnetic sensor element 210, according to a first
clock supplied from the outside. For example, during a first
phase of the first clock, the switching section 230 connects
the power supply potential V,,,, to the terminal 212 and
connects the reference potential V.. to the terminal 214, to
supply the drive current to the first terminal pair. In this case,
during a second phase of the first clock, the switching
section 230 connects the power supply to the terminal 218
and connects the reterence potential V . to the terminal 216,
to supply the drive current to the second terminal pair. The
reference potential V.. 1s 0 V, for example.

[0050] Furthermore, as an example, during the first phase
of the first clock, the switching section 230 sets the terminal
216 and the terminal 218 to be detection terminals and
connects these detection terminals to the first amplification
circuit 240 located downstream. In this case, during the
second phase of the first clock, the switching section 230
sets the terminal 212 and the terminal 214 to be detection
terminals and connects these detection terminals to the first
amplification circuit 240 located downstream. The switching
section 230 may set the terminal 218 and the terminal 212
to be positive detection terminals.

[0051] The first amplification circuit 240 amplifies the
output signal of the magnetic sensor element 210 supplied
from the switching section 230. The first amplification
circuit 240 may be a differential amplification circuit. Alter-
natively, the first amplification circuit 240 may be a difler-
ential transistor pair that converts voltage ito current. The
first amplification circuit 240 amplifies the output voltage
V,, from the second terminal pair shown in Expression 1
during the first phase of the first clock, and amplifies the
output voltage V,, from the first terminal pair during the
second phase of the first clock. The first amplification circuit

240 supplies the amplified signal to the demodulating sec-
tion 250.

[0052] The demodulating section 250 1nverts the positive/
negative sign of the signal input thereto, at a predetermined
timing. The demodulating section 250 may 1nvert the posi-
tive/negative sign of the signal at a timing synchronized with
the switching timing of the switching section 230. In other
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words, the demodulating section 250 may invert the posi-
tive/negative sign of the signal according to the first clock
supplied from the outside.

[0053] The demodulating section 250 receives the nput
signal as a differential signal using two signal lines from the
first amplification circuit 240, and outputs the received
signal as a differential signal using two signal lines. In this
case, the demodulating section 250 may switch between (1)
connecting one of the input signal lines to one of the output
signal lines and connecting the other input signal line to the
other output signal line and (1) connecting the one 1nput
signal line to the other output signal line and connecting the
other 1mput signal line to the one output signal line.

[0054] In this way, the output signal V_, during the first
phase and the output signal V_, during the second phase of
the demodulating section 250 are expressed as shown 1n the
following expression. In this expression, A indicates the
amplification rate of the first amplification circuit 240.

V =+AQRVAV)

[0055] By mverting the mput signal in synchronization
with the first clock, the demodulating section 250 makes the
Hall electromotive force signal V. a direct current compo-
nent and makes the offset voltage V, a modulated signal
component. The demodulating section 250 supplies the
second amplification circuit 260 with the output signal such
as shown in Expression 2.

[0056] The second amplification circuit 260 amplifies the
output signal supplied from the demodulating section 250.
The second amplification circuit 260 may be a differential
amplification circuit. Alternatively, the second amplification
circuit 260 may be a current-voltage conversion circuit. The
second amplification circuit 260 supplies the third amplifi-
cation circuit 270 with the amplified signal. Furthermore, the
second amplification circuit 260 supplies the detecting sec-
tion 120 with the amplified signal.

[0057] The third amplification circuit 270 amplifies the
output signal supplied from the second amplification circuit
260. The third amplification circuit 270 may be a bufler
amplifier. Alternatively, the third amplification circuit 270
may be a differential amplification circuit. The third ampli-
fication circuit 270 may output an analog signal. The third
amplification circuit 270 may supply the amplified signal to
the outside, as the first output of the amplifying section 110.
I1 the output signal of the second amplification circuit 260
can be output as the first output of the amplifying section
110, the third amplification circuit 270 does not need to be
included.

[0058] The amplifying section 110 according to the pres-
ent embodiment described above outputs, as the first output,
the magnetic field detection signal of the magnetic sensor
element 210 having a Hall electromotive force signal V . that
1s a direct current component and an oflset voltage V , that
1s a modulated signal component. The amplifying section
110 may further include a filter or the like, and may output
a magnetic field detection signal in which the offset voltage
V ,, has been reduced. Here, the delay amount from when the
amplifying section 110 receives the output of the magnetic
sensor element 210 to when the amplifying section 110
outputs the first output 1s a first delay amount. The first delay
amount 1s 5 us, for example.

[0059] The detecting section 120 detects an abnormality
by comparing the amplified signal received from the ampli-

Expression 2:
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tying section 110 to a threshold value. The detecting section
120 outputs the detection results as a second signal. Here,
the detecting section 120 1s able to change the delay time of
the second signal. The detecting section 120 includes a
threshold value generating section 310, a comparing section
320, and a delaying section 330.

[0060] The threshold value generating section 310 gener-
ates the threshold value for the signal input to the detecting
section 120 from the amplifying section 110. The threshold
value generating section 310 may generate the threshold
value corresponding to a designation from the outside. The
threshold value generating section 310 may generate the
threshold value corresponding to an upper limit value and a
lower limit value of the output of the magnetic sensor
clement 210. The threshold value generating section 310
supplies the comparing section 320 with the generated

threshold value.

[0061] The comparing section 320 compares the output of
the magnetic sensor element 210 or the output of the
amplifying section 110 to the threshold value generated by
the threshold value generating section 310. For example, the
comparing section 320 outputs a comparison result indicat-
ing whether the output of the amplifying section 110 exceeds
the upper limit and whether the output of the amplifying
section 110 1s below the lower limit. By using such a
comparison result, it 1s possible to detect abnormal output of
the magnetic sensor element 210 1n response to a case where
the output of the amplifying section 110 exceeds the upper
limit or a case where the output of the amplifying section
110 1s below the lower limit. Furthermore, it 1s possible to
detect that the output of the magnetic sensor element 210 1s
normal 1n a case where the output of the amplifying section
110 1s 1n a range between the upper limit and the lower limat.
The comparing section 320 may compare the output of the
magnetic sensor element 210 to the threshold value accord-
ing to a second clock that at least has a different phase than
the first clock. The comparing section 320 supplies the
delaying section 330 with this comparison result.

[0062] The delaying section 330 delays and outputs the
comparison result output by the comparing section 320. The
delaying section 330 includes a glitch filter 332 and a
variable delay circuit 334. The glitch filter 332 removes
glitches 1n the comparison result output by the comparing
section 320. The glitch filter 332 reduces the incorrect
judgments of the comparing section 320 caused by transient
noise or the like. The glitch filter 332 may be formed by a
low-pass filter, a sample/hold circuit, a flip-flop, and/or the
like. The glitch filter 332 may operate according to the
second clock, and may remove the glitches by counting the
number of glitches (counting the comparison results output
by the comparing section 320 that are outside the range
defined by the upper limit and the lower limit) according to
the second clock and judging determining whether each 1s a
glitch.

[0063] The variable delay circuit 334 delays and outputs
the comparison result passed through the glitch filter 332.
The vaniable delay circuit 334 may delay the comparison
result according to the second clock. The variable delay
circuit 334 delays and outputs the comparison result using a
delay amount that 1s set from the outside. The variable delay
circuit 334 may be able to adjust the delay amount of the
detecting section 120 within a range that 1s approximately
equal to or greater than the first delay amount. For example,
in a case where the delay amount from when the mnput 1s
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made to the detecting section 120 to when this input reaches
the vaniable delay circuit 334 1s 1 us, the variable delay
circuit 334 can vary the delay amount in a range from O us
to 5 us. The variable delay circuit 334 may be formed by a
shift register, a counter, a flip-flop, a combination of a
plurality of delay lines and switches, and/or the like. By
forming the glitch filter 332 and the variable delay circuit
334 in this way, the delaying section 330 can make fine
adjustments to the delay time while removing unnecessary
glitches.

[0064] The input/output section 150 transfers signals to
and from the outside of the magnetic sensor apparatus 200.
For example, the mput/output section 150 receives a signal
for setting parameters or the like of internal circuits of the
magnetic sensor apparatus 200. Furthermore, the nput/
output section 150 may supply information such as the
parameters of the internal circuits to the outside, in response
to a request or the like from the outside. Yet further, the
input/output section 150 may supply the operational states or
the like of the internal circuits to the outside. The nput/
output section 150 1s connected to the external control
apparatus 10 and performs internal settings and/or operation
control of the magnetic sensor apparatus 200 according to
the control apparatus 10, for example.

[0065] The setting section 160 sets the parameters or the
like of the 1nternal circuits of the magnetic sensor apparatus
200. The setting section 160 may set the parameters or the
like of the internal circuits according to instructions from the
outside that are received by the mput/output section 150.
The setting section 160 may include a storage section 162,
and store the parameters or the like of the iternal circuits.
Furthermore, the setting section 160 may store the param-
eters or the like of the internal circuits according to a signal
from the outside. The setting section 160 may store the
parameters or the like of the internal circuits based on data
stored 1n the storage section 162.

[0066] The setting section 160 sets the delay amount of the
variable delay circuit 334 according to instructions from the
outside. Furthermore, the setting section 160 may set the
threshold value of the threshold value generating section 310
according to 1nstructions from the outside. The setting
section 160 may set the clock frequency of the clock
generating section 170 according to instructions from the
outside. The setting section 160 may set the number for
judging glitches by the glitch filter 332 or the time until
removal, according to mnstructions from the outside.

[0067] The clock generating section 170 generates the first
clock. Furthermore, the clock generating section 170 gen-
erates the second clock, which has a period that 1s an integer
multiple of the period of the first clock and a predetermined
phase difference relative to the timing of the first clock.
Specifically, the second clock has a frequency that 1s a
multiple of an integer greater than or equal to one of the first
clock. The clock generating section 170 may generate the
first clock and the second clock 1n a manner to have variable
frequencies, and 1n this case these frequencies may be set by
the setting section 160. The clock generating section 170
supplies the amplifying section 110 with the generated first
clock and supplies the detecting section 120 with the gen-
erated second clock.

[0068] The magnetic sensor apparatus 200 according to
the present embodiment described above uses the spinning
current technique to separate the magnetic detection com-
ponent and the offset component of the magnetic sensor
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clement 210 according to frequency and output these com-
ponents as the first output, while outputting the detection
signal detecting an abnormality 1in the magnetic detection
component as the second output. Furthermore, the magnetic
sensor apparatus 200 can programmably adjust the delay
amount of the second output from the outside via the
input/output section 150.

[0069] Here, the magnetic sensor apparatus 200 may set
the delay amount of the second output to be smaller than the
first delay amount of the first output. In this way, the control
apparatus 10 or the like connected to the magnetic sensor
apparatus 200 can receive the second output before receiv-
ing the first output, and in response to the second output
being a signal indicating the detection of an abnormality, the
CPU 20 can immediately cut off the output of inverter
circuit. In this way, protection of the motor, the inverter
circuit, and the like can be performed easily. In this case,
since the control apparatus 10 or the like can change the
delay amount of the second output of the magnetic sensor
apparatus 200, 1t 1s possible to reduce the number of steps
such as adjusting the timing of the internal circuits of the
control apparatus 10, and to reduce the manufacturing cost.
The following describes the comparing section 320 of such
a magnetic sensor apparatus 200.

[0070] FIG. 3 shows an exemplary configuration of the
threshold value generating section 310 and the comparing
section 320 according to the present embodiment. In FIG. 3,
components having substantially the same operation as 1n
the magnetic sensor apparatus 200 according to the present
embodiment shown 1n FIG. 2 are given the same reference
numerals and descriptions thereof are omitted.

[0071] The threshold value generating section 310 gener-
ates an upper threshold value corresponding to the upper
limit value and a lower threshold value corresponding to the
lower limit value of the output of the magnetic sensor
clement 210. FIG. 3 shows an example 1n which the thresh-
old value generating section 310 generates two threshold
values using three resistors. The threshold value generating
section 310 1includes three resistors connected in series
between the power supply voltage V,, and the reference
potential V... As an example, the resistor R1 has one end
connected to the power supply voltage V 5, the resistor R2
has one end connected to the reference potential V .., and the
resistor R3 1s connected between the resistor R1 and the
resistor R2. The resistor R1 and the resistor R3 may have
fixed resistances. The resistor R2 has a variable resistance,
and this resistance value may be capable of being set by the
setting section 160.

[0072] FIG. 3 shows an example in which the upper
threshold value 1s set as the potential between the resistor R1
and the resistor R3 and the lower threshold value is set as the
potential between the resistor R3 and the resistor R2. In
other words, by having the setting section 160 set the
resistance value of the resistor R3, the threshold wvalue
generating section 310 can generate the corresponding upper
threshold value and lower threshold value. The threshold
value generating section 310 shown in FIG. 3 1s just one
example, and the threshold value generating section 310 1s
not limited to this example. For example, at least two
resistors among the resistor R1, the resistor R2, and the
resistor R3 may have a variable resistance, and in this case
the setting section 160 sets the resistance values of the at
least two variable resistances. In this way, the setting section
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160 can independently set each of the upper threshold value
and the lower threshold value.

[0073] The comparing section 320 includes a first com-
paring circuit 322, a second comparing circuit 324, and a
logic circuit 326. The first comparing circuit 322 compares
the output signal from the second amplification circuit 260
and the upper threshold value. For example, the first com-
paring circuit 322 outputs a high potential when this output
signal 1s greater than the upper threshold value, and outputs
a low potential when this output signal 1s less than or equal
to the upper threshold value. In other words, the first
comparing circuit 322 judges whether the output of the
magnetic sensor element 210 exceeds the set upper limit
value.

[0074] The second comparing circuit 324 compares the
output signal from the second amplification circuit 260 and
the lower threshold value. For example, the second com-
paring circuit 324 outputs a high potential when this output
signal 1s less than the lower threshold value, and outputs a
low potential when this output signal 1s greater than or equal
to the lower threshold value. In other words, the second
comparing circuit 324 judges whether the output of the
magnetic sensor element 210 1s below the set lower limit
value. The first comparing circuit 322 and the second
comparing circuit 324 may be comparators.

[0075] The logic circuit 326 outputs the logical sum of the
output of the first comparing circuit 322 and the output of the
second comparing circuit 324. In other words, the logic
circuit 326 outputs a high potential in response to the output
of the magnetic sensor element 210 exceeding the upper
limit value or being below the lower limit value. Further-
more, the logic circuit 326 outputs a low potential when the
output of the magnetic sensor element 210 1s 1n a range
between the upper limit value and the lower limit value. The
following describes the operation of the threshold value
generating section 310 and the comparing section 320
described above.

[0076] FIG. 4 shows a first example of an input signal and
an output signal of the comparing section 320 according to
the present embodiment. In FIG. 4, the horizontal axis
indicates time and the vertical axis indicates the signal
voltage. FIG. 4 shows an example in which the reference
potential V.. 1s 0 V, the upper threshold voltage 1s greater
than V,,/2 and less than V,,, and the lower threshold
voltage 1s greater than V.. and less than V /2. The com-
paring section 320 outputs the output signal with a high
potential or a low potential according to the mnput signal.

[0077] For example, the comparing section 320 outputs a
high potential 1n response to the input signal exceeding the
upper threshold voltage, and also outputs a high potential in
response to the mnput signal being less than the lower
threshold voltage. Furthermore, the comparing section 320
outputs a low potential when the input signal 1s both greater
than or equal to the lower threshold voltage and less than or
equal to the upper threshold voltage. In the manner
described above, the comparing section 320 can detect an
abnormality in the output of the magnetic sensor element
210 by comparing the mput signal to the threshold values.
Furthermore, even when noise 1s mixed 1in with the mput
signal such as shown in FIG. 4, thereby causing the input
signal to temporarily exceed or fall below a threshold
voltage, since the glitch filter 332 reduces this noise, the
detecting section 120 can prevent mistaken detection of
abnormal output of the magnetic sensor element 210.
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[0078] FIG. 5 shows a second example of an mput signal
and an output signal of the comparing section 320 according
to the present embodiment. In FIG. 5, the horizontal axis
indicates time and the vertical axis indicates the signal
voltage. FIG. 5§ shows an example of an mput signal and an
output signal of the comparing section 320 in a case where
the magnetic sensor apparatus 200 performs the spinning
current technique. In other words, using the first clock
generated by the clock generating section 170 as the spin-
ning current clock, the switching section 230 modulates the
Hall electromotive force signal by switching the terminals
that cause the drive current to flow and the terminals that
sense the output of the magnetic sensor element 210. The
demodulating section 250 then demodulates the modulated
Hall electromotive force signal, according to the first clock.

[0079] When a constant electric field 1s input to the
magnetic sensor element 210, the input signal of the com-
paring section 320 ideally becomes a Hall electromotive
force signal with a constant voltage. However, when the
switching section 230 performs the switching operation,
there are cases where transient noise occurs as a spike due
to the floating capacitance elements and the like included in
the magnetic sensor element 210. Furthermore, there are
cases where transient noise occurs as a spike during the
switching operation of the demodulating section 250 as well.
Theretfore, the comparing section 320 performs the com-
parison operation using the second clock, which has a
different timing than the rising and falling timing of the first
clock.

[0080] In this way, the comparing section 320 can com-
pare the mput signal and the threshold values during a time
period when the spike noise occurring at the rising timing
and falling timing of the first clock 1s reduced, and can
therefore more accurately perform the comparison opera-
tion. Furthermore, by using the second clock with a fre-
quency that 1s at least double the frequency of the first clock,
the comparing section 320 can increase the time resolution.

[0081] FIG. 5 shows an example 1n which positive spike
noise occurs 1n the input signal at the rising timing of the first
phase of the first clock and negative spike noise occurs in the
input signal at the falling timing of the second phase of the
first clock. Furthermore, FIG. § shows an example 1n which
the comparing section 320 compares the mput signal to the
threshold values according to a second clock that has double
the frequency of the first clock and a phase difference of A¢
relative to the rising timing and the falling timing of the first
clock.

[0082] The comparing section 320 uses the result obtained
by comparing the input signal to the threshold wvalues
according to the second clock as the output signal. FIG. 5
shows an example in which the comparing section 320 sets
the output signal to a high potential 1n response to the input
signal exceeding the upper threshold value at the falling
timing of the second clock. Furthermore, FIG. § shows an
example 1n which the comparing section 320 sets the output
signal to a low potential in response to the input signal being
less than or equal to the upper threshold value at the falling
timing of the second clock.

[0083] Inthis way, even when an input signal having spike
noise at the timing of the first clock 1s input, by using the
second clock that has a different phase than the first clock,
the detecting section 120 can prevent mistaken detection of
abnormal output of the magnetic sensor element 210.
Accordingly, the magnetic sensor apparatus 200 can sepa-
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rate the DC noise component and the signal component of
the magnetic sensor element 210 according to the frequency
by performing the spinming current technique, and can
accurately detect abnormal output of the magnetic sensor
clement 210. The magnetic sensor apparatus 200 then pro-
grammably delays the comparison result of the comparing
section 320, which 1s the detection result, and can therefore
perform output 1n a manner to enable setting of the timing
of the output of the magnetic sensor element 210 that has
been separated from the noise and the timing of the output
of the accurate detection result, according to instructions
from the outside.

[0084] The magnetic sensor apparatus 200 according to
the present embodiment described above 1s an example in
which there 1s one set of the comparing section 320 and the
delaying section 330, but the magnetic sensor apparatus 200
1s not limited to this. The magnetic sensor apparatus 200
may include a plurality of comparing sections 320 and
delaying sections 330. In such a case, the magnetic sensor
apparatus 200 includes a plurality of comparing sections 320
that each compare the output of the magnetic sensor element
210 or the output of the amplitying section 110 to the
threshold values and a plurality of delaying sections 330 that
cach delay and output the comparison result output by the
corresponding comparing section 320 among the plurality of
comparing sections 320. The ifollowing describes an
example of such a magnetic sensor apparatus 200.

[0085] FIG. 6 shows a first modification of the magnetic
sensor apparatus 200 according to the present embodiment.
In the magnetic sensor apparatus 200 of the first modifica-
tion, components having substantially the same operation as
components 1n the magnetic sensor apparatus 200 according
to the present embodiment shown in FIG. 2 are given the
same reference numerals and descriptions thereof are omit-
ted. The magnetic sensor apparatus 200 of the first modifi-
cation includes a plurality of comparing sections 320 and a
plurality of delaying sections 330.

[0086] Here, the plurality of delaying sections 330 each
include a variable delay circuit 334. The setting section 160
sets the delay amount of each variable delay circuit 334
according to instructions from the outside. The plurality of
delaying sections 330 may further include a plurality of
glitch filters 332 that each remove glitches 1n the comparison
result output by a corresponding comparing section 320
among the plurality of comparing sections 320. In this case,
ecach variable delay circuit 334 delays and outputs the
comparison result that has passed through the corresponding
glitch filter 332 among the plurality of glitch filters 332.

[0087] Each comparing section 320 among the plurality of
comparing sections 320 compares the output of the magnetic
sensor element 210 or the output of the amplifying section
110 to the threshold values according to the second clock.
Furthermore, each delaying section 330 among the plurality
of delaying sections 330 delays the comparison result output
by the corresponding comparing section 320, according to
the second clock. In other words, the magnetic sensor
apparatus 200 of the first modification includes a plurality of
detecting sections 120. FIG. 6 shows an example in which
the magnetic sensor apparatus 200 includes a detecting
section 120 that outputs the second output and a detecting
section 130 that outputs a third output.

[0088] The setting section 160 may be capable of setting
different values for the threshold value set for the threshold
value generating section 310 of the detecting section 120
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and the threshold value set for the threshold value generating
section 310 of the detecting section 130. For example,
among the plurality of sets of a comparing section 320 and
a delaying section 330, the comparing section 320 of a first
set compares the output of the magnetic sensor element 210
or the output of the amplifying section 110 to a first
threshold value. Furthermore, among the plurality of sets of
a comparing section 320 and a delaying section 330, the
comparing section 320 of a second set compares the output
of the magnetic sensor element 210 or the output of the
amplifying section 110 to a second threshold value differing
from the first threshold value. In FIG. 6, the detecting
section 120 1s an example of the first set of a comparing
section 320 and a delaying section 330, and the detecting
section 130 1s an example of a second set of a comparing
section 320 and a delaying section 330.

[0089] The setting section 160 sets the first threshold value
for the comparing section 320 of the detecting section 120,
and sets the second threshold value for the comparing
section 320 of the detecting section 130. Here, the first
threshold value may have a first upper threshold value and
a first lower threshold value indicating a predetermined first
output range of the magnetic sensor element 210, and the
second threshold value may have a second upper threshold
value that 1s smaller than the first upper threshold value and
a second lower threshold value that 1s larger than the first
lower threshold value indicating a predetermined second
output range of the magnetic sensor element 210.

[0090] In this way, the control apparatus 10 or the like
connected to the magnetic sensor apparatus 200 of the first
modification can be used to make the second output of the
detecting section 120 and the third output of the detecting
section 130 different. For example, the control apparatus 10
sets the threshold value of the detecting section 120 to be
approximately the rated output voltage of the first output or
approximately a range of the rated output of the first output,
and 1n response to the second output being a high potential,
the CPU 20 cuts off the output of the inverter circuit. For
example, when the rated output voltage of the first output 1s
4.5 V on the high voltage side and 0.5 V on the low voltage
side, the threshold value of the detecting section 120 may be
4.4 V on the high voltage side and 0.6 V on the low voltage
side.

[0091] As another example, in a case where the control
apparatus 10 includes a feedback circuit or the like to control
the magnitude of the magnetic field input to the magnetic
sensor element 210, the range of the threshold values of the
detecting section 130 may be set to be smaller than the range
of the threshold values of the detecting section 120. Spe-
cifically, the upper threshold voltage of the detecting section
130 1s set to be less than the upper threshold voltage of the
detecting section 120. Furthermore, the lower threshold
voltage of the detecting section 130 1s set to be larger than
the lower threshold voltage of the detecting section 120. In
this case, the control apparatus 10 may cause the feedback
circuit to operate such that the output of the magnetic sensor
clement 210 1s within a normal operating range, 1n response
to the third output becoming a high potential. In this way,
while controlling the mput magnetic field according to the
output of the magnetic sensor element 210 using the third
output, when the range of the output signal of the magnetic
sensor element 210 indicates a severe abnormality, the
control apparatus 10 can stop the operation using the second
output.
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[0092] Here, the setting section 160 may be capable of
setting different values for the delay time of the detecting
section 120 and the delay time of the detecting section 130.
Specifically, the delaying section 330 of the first set and the
delaying section 330 of the second set may have different
delay amounts. In this case, the delaying section 330 of the
first set may have a smaller delay amount than the delaying
section 330 of the second set. Instead, the delaying section
330 of the first set may have a larger delay amount than the
delaying section 330 of the second set.

[0093] As an example, the control apparatus 10 sets the
delay time of the delaying section 330 of the detecting
section 120 to be shorter than the delay time of the delaying
section 330 of the detecting section 130. In this way, the
control apparatus 10 can receive an indication of whether the
output of the magnetic sensor element 210 1s 1n a range
indicating a severe abnormality from the second output
earlier than the third output, and can immediately stop the
operation. As another example, the control apparatus 10 may
set the delay time of the detecting section 120 to be longer
than the delay time of the detecting section 130. In this way,
even when the output of the magnetic sensor element 210
changes suddenly and the comparing sections 320 of the
detecting section 120 and the detecting section 130 output a
high potential at the same time, the control apparatus 10 can
guarantee enough time to perform the protection control due
to the third output before beginning the protection control
due to the second output. In other words, by setting different
values for the delay times of the detecting section 120 and
the detecting section 130 in this way, fine control of the
control apparatus 10 can be realized.

[0094] FIG. 7 shows a second modification of the mag-
netic sensor apparatus 200 according to the present embodi-
ment. In the magnetic sensor apparatus 200 of the second
modification, components having substantially the same
operation as components 1n the magnetic sensor apparatus
200 according to the present embodiment shown in FIG. 2
are given the same reference numerals and descriptions
thereol are omitted. The magnetic sensor apparatus 200 of
the second modification further includes an integrating sec-
tion 350 and an integration notifying section 360. FIG. 7
shows an example in which the detecting section 120
includes the integrating section 350 and the integration
notifying section 360.

[0095] The integrating section 350 integrates the compari-
son result output by the comparing section 320 or the
delayed comparison result output by the delaying section
330. FIG. 7 shows an example in which the integrating
section 350 integrates the delayed comparison result output
by the delaying section 330. The integrating section 350 may
increment the count number according to a comparison
result with a high potential from the comparing section 320,
and may decrement the count number according to a com-
parison result with a low potential from the comparing
section 320. Instead, the integrating section 350 may include
a first counter that increments the count number according to
a comparison result with a high potential from the compar-
ing section 320, and a second counter that increments the
count number according to a comparison result with a low
potential from the comparing section 320.

[0096] Here, the setting section 160 may set the reference
range of the integrating section 350 according to instructions
from the outside. For example, the setting section 160 sets

Jun. 29, 2017

an upper limit count value for the high potential and the low
potential for the integrating section 350.

[0097] The integration notifying section 360 notifies the
outside that the integration result of the integrating section
350 1s outside the reference range. For example, the inte-
gration notifying section 360 outputs a notification signal
with a high potential to the outside 1n response to the number
of comparison results with a high potential output by the
comparing section 320 exceeding the designated count num-
ber. Furthermore, the integration notifying section 360 out-
puts a notification signal with a low potential to the outside
in response to the number of comparison results with a low
potential output by the comparing section 320 being below
the designated count number. In this way, when a state
indicating abnormal output of the magnetic sensor element
210 continues, for example, the magnetic sensor apparatus
200 of the second modification can supply a notification
signal to the outside.

[0098] The magnetic sensor apparatus 200 of the second
modification may also include a plurality of comparing
sections 320 and delaying sections 330, as described 1n FIG.
6. In this case, the magnetic sensor apparatus 200 includes
one or more 1ntegrating sections 350 that each integrate the
comparison result output by a corresponding comparing
section 320 among the plurality of comparing sections 320
or the delayed comparison result output by a corresponding
delaying section 330 among the plurality of delaying sec-
tions 330. Furthermore, the magnetic sensor apparatus 200
includes one or more integration notifying sections 360 that
correspond to the one or more integrating sections and each
notily the outside that the integration result of the corre-
sponding 1ntegrating section 350 1s outside the reference
range. In other words, the magnetic sensor apparatus 200
may include a plurality of detecting sections 120, and at least
one detecting section 120 among the plurality of detecting
sections 120 may include an integrating section 350 and an
integration notifying section 360.

[0099] FIG. 8 shows a third modification of the magnetic
sensor apparatus 200 according to the present embodiment.
In the magnetic sensor apparatus 200 of the third modifica-
tion, components having substantially the same operation as
components 1n the magnetic sensor apparatus 200 according
to the present embodiment shown in FIG. 2 are given the
same reference numerals and descriptions thereof are omit-
ted. The magnetic sensor apparatus 200 of the third modi-
fication includes an AD converting section 272 instead of the
third amplification circuit 270. Furthermore, the magnetic
sensor apparatus 200 further includes an integral calculating
section 352 and an integral calculation notifying section
362. FIG. 8 shows an example in which the amplifying
section 110 includes the AD converting section 272 and the
detecting section 120 includes the integral calculating sec-
tion 352 and the integral calculation notifying section 362.

[0100] The AD converting section 272 converts the output
signal supplied from the second amplification circuit 260
into a digital signal. Specifically, the amplitying section 110
of the third modification amplifies the output of the magnetic
sensor element 210, converts the amplified output into a
digital signal, and outputs this digital signal as the first
output. The AD converting section 272 may output the
converted digital signal from the input/output section 150.

[0101] The integral calculating section 352 calculates the
integral of the amplified output of the magnetic sensor
clement 210, in response to the comparison result output by
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the comparing section 320 or the delayed comparison result
output by the delaying section 330 being a predetermined
logical value. FIG. 8 shows an example 1n which the integral
calculating section 352 calculates the integral of the delayed
comparison result output by the delaying section 330. The
integral calculating section 352 calculates the integral of the
output from the AD converting section 272 in response to the
comparison result of the comparing section 320 being a high
potential. By calculating the integral of the output signal of
the AD converting section 272, the integral calculating
section 352 can calculate the total current amount flowing
through a motor or the like generating the magnetic field
incident to the magnetic sensor element 210, the amount of
power or the like input to this motor, or the like. Further-
more, the integral calculating section 352 may calculate the
square integral of the output signal of the AD converting
section 272, and 1n this case as well the integral calculating
section 352 can calculate the amount of power 1nput to the
motor or the like.

[0102] Here, the setting section 160 may set the reference
range of the integral calculating section 352 according to
instructions from the outside. For example, the setting
section 160 sets the total current amount of the integral
calculating section 352, an upper limit value for the output
power, and/or the like.

[0103] The integral calculation notifying section 362 noti-
fies the outside that the integral calculation result of the
integral calculating section 352 1s outside the reference
range. For example, the integral calculation notifying sec-
tion 362 outputs a notification signal with a high potential to
the outside 1n response to the output of the AD converting
section 272 exceeding the designated total current amount.
Furthermore, the integration notifying section 360 outputs a
notification signal with a low potential to the outside in
response to the AD converting section 272 outputting a first
output that 1s less than the designated total current amount.
In this way, when a state indicating abnormal output of the
magnetic sensor element 210 continues, for example, the
magnetic sensor apparatus 200 of the third modification can
supply a notification signal to the outside.

[0104] There are many cases where the timing at which
the AD converting section 272 outputs the first output and
the timing at which the comparing section 320 or the
delaying section 330 outputs the comparison result are
different. For example, 1n a case where the update rate with
which the AD converting section 272 outputs the first output
1s 12.5 us and the update rate of the delaying section 330 1s
2 us, the output of the AD converting section 272 to be
integrated over 10.5 us results in an insuilicient integral
calculation amount.

[0105] Therefore, when integral calculation 1s begun, the
integral calculating section 352 may add to the integral value
a value obtained by multiplying the output value V ,(t,) at
the time t, when the output of the AD converting section 272
1s first updated after the comparison result becomes a high
potential by the difference between the update rate of the AD
converting section 272 and the update rate of the delaying
section 330. The following describes such an integral cal-
culating section 352.

[0106] FIG. 9 shows an exemplary configuration of the
integral calculating section 352 according to the present
embodiment. The integral calculating section 352 includes a
counting section 410, a multiplying section 420, a calculat-
ing section 430, and a comparing section 440. The counting
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section 410 receives the comparison result of the comparing
section 320 that has been delayed and supplied from the
delaying section 330. The counting section 410 begins
counting from when the comparison result of the comparing
section 320 becomes a high potential, and measures the
clapsed time from when this comparison result becomes a
high potential.

[0107] The multiplying section 420 acquires the output
V () of the AD converting section 272 (t=t,, t,, t,, . . . )
from when the comparison result becomes a high potential
to each time at which the output of the AD converting
section 272 1s updated from the time t, and onward. The
multiplying section 420 multiplies the output value V ,(1,)
at the time t, when the output of the AD converting section
272 1s updated by the time t_ . counted by the counting
section 410 from when the comparison result becomes a
high potential to when the output of the AD converting
section 272 1s updated. The multiplication result t_ -V ,(t;)
of the multiplying section 420 substantially matches the
output of the AD converting section 272 to be integrated
over the time during which the AD converting section 272
updates the first output.

[0108] The calculating section 430 calculates a value
obtained by multiplying the output V  ,(t,) of the AD
converting section 272 from the timing t, and onward by the
sampling 1nterval At of the AD converting section 272, and
adds to this multiplication result the multiplication result
t. -V, »(t;) of the multiplying section 420. The calculation
result S of the calculating section 430 1s shown in the
following expression. The integral calculating section 352
sets the calculation result S as the integral calculation result.

ST e Vaplo)+2ZV 4 p(t3) At

[0109] The comparing section 440 compares the calcula-
tion result S to the upper limit value received from the
setting section 160. In this way, the comparing section 440
can compare the calculation result S, in which the output of
the AD converting section 272 to be integrated has been
added, to the upper limit value, and can more accurately
perform the comparison.

[0110] The magnetic sensor apparatus 200 of the third
modification may also include a plurality of comparing
sections 320 and delaying sections 330, as described 1n FIG.
6. In this case, the magnetic sensor apparatus 200 includes
one or more integral calculating sections 352 that each
calculate the integral of the amplified output of the magnetic
sensor element 210, in response to the comparison result
output by a corresponding comparing section 320 among the
plurality of comparing sections 320 or the delayed compari-
son result output by a corresponding delaying section 330
among the plurality of delaying sections 330 being a pre-
determined logic value. Furthermore, the magnetic sensor
apparatus 200 includes one or more integral calculation
notifying sections 362 that correspond to the one or more
integral calculating sections 352 and each notify the outside
that the integral calculation result of the corresponding
integral calculating section 352 1s outside the reference
range. In other words, the magnetic sensor apparatus 200
may include a plurality of detecting sections 120, and at least
one detecting section 120 among the plurality of detecting
sections 120 may include an integral calculating section 352
and an 1ntegral calculation notifying section 362.

[0111] FIG. 10 shows a fourth modification of the mag-
netic sensor apparatus 200 according to the present embodi-

Expression 3:



US 2017/0184688 Al

ment. In the magnetic sensor apparatus 200 of the fourth
modification, components having substantially the same
operation as components 1n the magnetic sensor apparatus
200 according to the present embodiment shown 1n FIG. 2
or FIG. 8 are given the same reference numerals and
descriptions thereof are omitted. The magnetic sensor appa-
ratus 200 of the fourth modification includes a first mal-
function judging section 370 to judge 1ts own malfunction-
ing. Furthermore, the magnetic sensor apparatus 200
includes the AD converting section 272 instead of the third
amplification circuit 270. FIG. 10 shows an example 1n
which the amplifying section 110 includes the AD convert-
ing section 272, and the detecting section 120 includes the
first malfunction judging section 370.

[0112] The first malfunction judging section 370 judges
that there 1s a malfunction in response to the digital signal
not being the value corresponding to the logical value of the
comparison result output by the comparing section 320 or
the delayed comparison result output by the delaying section
330. FIG. 10 shows an example in which the first malfunc-
tion judging section 370 acquires the delayed comparison
result output by the delaying section 330 and judges whether
this comparison result corresponds to the digital signal from
the AD converting section 272.

[0113] Here, the setting section 160 may supply the first
malfunction judging section 370 with the digital value of the
threshold value corresponding to the threshold value set in
the threshold value generating section 310. The first mal-
function judging section 370 compares the digital value of
this threshold value to the output of the AD converting
section 272. The first malfunction judging section 370
judges that the magnetic sensor apparatus 200 has malfunc-
tioned i 1ts own comparison result does not match the
comparison result of the comparing section 320. The first
malfunction judging section 370 may notily the outside
about the judgment result when 1t 1s judged that there 1s a
malfunction.

[0114] If the output timing of the AD converting section
272 1s different from the output timing of the comparison
result of the comparing section 320 or the delaying section
330, the first malfunction judging section 370 may continue
making the malfunction judgment until a time greater than
or equal to the time corresponding to the timing diflerence
has elapsed. While the malfunction judgment continues, the
first malfunction judging section 370 may judge the mag-
netic sensor apparatus 200 to be malfunctioning 1t 1ts own
comparison result does not correspond to the comparison
result of the comparing section 320. In the manner described
above, the magnetic sensor apparatus 200 of the fourth
modification can judge whether there 1s a malfunction inside
an apparatus.

[0115] The magnetic sensor apparatus 200 of the fourth
modification may also include a plurality of comparing
sections 320 and delaying sections 330, as described 1n FIG.
6. In this case, the magnetic sensor apparatus 200 includes
one or more first malfunction judging sections 370 that each
judge whether there 1s a malfunction in response to the
digital signal output by the amplifying section 110 not being
the value corresponding to the logical value of the compari-
son result output by a corresponding comparing section 320
among the plurality of comparing sections 320 or the
delayed comparison result output by a corresponding delay-
ing section 330 among the plurality of delaying sections 330.
In other words, the magnetic sensor apparatus 200 may
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include a plurality of detecting sections 120, and at least one
detecting section 120 among the plurality of detecting

sections 120 may include a first malfunction judging section
370.

[0116] FIG. 11 shows a fifth modification of the magnetic
sensor apparatus 200 according to the present embodiment.
In the magnetic sensor apparatus 200 of the fifth modifica-
tion, components having substantially the same operation as
components 1n the magnetic sensor apparatus 200 according
to the present embodiment shown 1n FIG. 2 or FIG. 6 are
given the same reference numerals and descriptions thereof
are omitted. The magnetic sensor apparatus 200 of the fifth
modification 1includes a plurality of detecting sections and a
second malfunction judging section 380, to judge its own
malfunctioning. Furthermore, the magnetic sensor apparatus
200 1ncludes the AD converting section 272 instead of the
third amplification circuit 270. FIG. 11 shows an example in
which the magnetic sensor apparatus 200 1includes the
detecting section 120 that outputs the second output and the
detecting section 130 that outputs the third output, and the
amplifying section 110 includes the AD converting section

272.

[0117] The second malfunction judging section 380 judges
whether there 1s a maltunction according to a result obtained
by comparing the comparison result output by the compar-
ing section 320 or the delayed comparison result output by
the delaying section 330 1n a first set of a comparing section
320 and a delaying section 330 to the comparison result
output by the comparing section 320 or the delayed com-
parison result output by the delaying section 330 1n a second
set of a comparing section 320 and a delaying section 330.
FIG. 11 shows an example 1n which the second malfunction
judging section 380 compares the delayed comparison result
output by the delaying section 330 of the detecting section
120 to the delayed comparison result output by the delaying
section 330 of the detecting section 130.

[0118] Here, as one example, the upper threshold voltage
of the detecting section 120 1s smaller than the upper
threshold voltage of the detecting section 130. Furthermore,
the lower threshold voltage of the detecting section 120 1s
larger than the lower threshold voltage of the detecting
section 130. Yet further, the delay amount of the detecting
section 120 1s less than the delay amount of the detecting
section 130. In this case, 1t 1s impossible for the third output
of the detecting section 130 to become a high potential
earlier 1n time than the second output of the detecting section
120. Furthermore, it 1s 1impossible for the second output of
the detecting section 120 to become a low potential earlier
in time than the third output of the detecting section 130.

[0119] Accordingly, the second malfunction judging sec-
tion 380 judges that the magnetic sensor apparatus 200 has
malfunctioned in response to the third output of the detect-
ing section 130 becoming a high potential earlier in time
than the second output of the detecting section 120 and/or
the second output of the detecting section 120 becoming a
low potential earlier in time than the third output of the
detecting section 130. The second malfunction judging
section 380 may notify the outside about the judgment result
when 1t 1s judged that there 1s a malfunction.

[0120] The setting section 160 may supply the second
malfunction judging section 380 with the digital values of
the threshold values corresponding to the threshold values
set 1n the threshold value generating sections 310 of the
detecting section 120 and the detecting section 130. The
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second malfunction judging section 380 compares the digital
values of these threshold values to the output of the AD
converting section 272. The second malfunction judging
section 380 judges that the magnetic sensor apparatus 200
has malfunctioned 1f 1ts own comparison result does not
correspond to the comparison results of the comparing
sections 320 of the detecting section 120 and the detecting
section 130. The second malfunction judging section 380
may notify the outside about the judgment result when 1t 1s
judged that there 1s a malfunction.

[0121] If the output timing of the AD converting section
272 1s different from the output timing of the comparison
result of the comparing sections 320 or the delaying sections
330 1n the detecting section 120 and the detecting section
130, the second malfunction judging section 380 may con-
tinue making the malfunction judgment until a time greater
than or equal to the time corresponding to the timing
difference has elapsed, as described in FIG. 10. In the
manner described above, the magnetic sensor apparatus 200
of the fifth modification can judge whether there 1s a
malfunction inside an apparatus.

[0122] The magnetic sensor apparatus 200 according to
the present embodiment described above 1s an example in
which the comparison result output by the comparing sec-
tion 320 1s delayed and output by the delaying section 330.
In addition to this, the magnetic sensor apparatus 200 may
delay the signal input to the comparing section 320. The
following describes an example of such a magnetic sensor
apparatus 200.

[0123] FIG. 12 shows a sixth modification of the magnetic
sensor apparatus 200 according to the present embodiment.
In the magnetic sensor apparatus 200 of the sixth modifi-
cation, components having substantially the same operation
as components 1n the magnetic sensor apparatus 200 accord-
ing to the present embodiment shown 1n FIG. 6 are given the
same reference numerals and descriptions thereof are omit-
ted. The magnetic sensor apparatus 200 of the sixth modi-
fication 1s an example further including a delay circuit 510.

[0124] The delay circuit 510 delays the output of the
magnetic sensor element 210. The delay circuit 510 may be
a delay circuit 1n which the delay amount 1s fixed, or may
instead be a delay circuit 1n which the delay amount 1s
variable. The delay circuit 510 may include a bufler ampli-
fier, a delay line, and/or the like.

[0125] The delay circuit 510 may include a filter that
reduces noise. In this case, the filter may form a low-pass
filter and may be used to remove ripples or the like.
Furthermore, the delay circuit 510 may include an anti-alias
filter, a band-pass filter, a notch filter, and/or the like. The
delay circuit 510 may include a resistor with a fixed resis-
tance value and/or a variable resistor with a resistance value
that can be changed. The delay circuit 510 may include a
capacitor with a fixed capacitance and/or a variable capaci-
tor 1n which the capacitance can be changed.

[0126] FIG. 12 shows an example in which the delay
circuit 510 1s provided 1n the amplifying section 110. Fur-
thermore, FIG. 12 shows an example in which the delay
circuit 310 1s provided between the second amplification
circuit 260 and the third amplification circuit 270. Among a
plurality of sets of a comparing section 320 and a delaying
section 330, the comparing section 320 of a first set com-
pares the mput of the delay circuit 510 to a first threshold
value. Among the plurality of sets of a comparing section
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320 and a delaying section 330, the comparing section 320
of a second set compares the output of the delay circuit 510
to a second threshold value.

[0127] Specifically, FIG. 12 shows an example in which

the comparing section 320 of the detecting section 120
compares the output of the second amplification circuit 260
to the first threshold value, and the comparing section 320 of
the detecting section 130 compares the output of the delay
circuit 510 to the second threshold value. In this way, the
detecting section 130 receives the amplified signal from the
amplifying section 110 at a timing delayed by the delay time
of the delay circuit 510 relative to the timing at which the
detecting section 120 receives the amplified signal from the
amplifying section 110.

[0128] In this way, the magnetic sensor apparatus 200 of
the sixth modification can adjust the timings at which the
threshold value comparison operations are performed 1n the
detecting section 120 and the detecting section 130. Fur-
thermore, by including the filter or the like 1n the delay
circuit 510, the magnetic sensor apparatus 200 can reduce
the noise along with delaying the signal. Accordingly, since
the magnetic sensor apparatus 200 uses the output of the
second amplification circuit 260 for control that i1s to be
processed at high speed, the magnetic sensor apparatus 200
can perform the comparison operation of the comparing
section 320 at high speed. Furthermore, since the magnetic
sensor apparatus 200 uses the signal with reduced noise that
has passed through the delay circuit 510 for control in which
the processing 1s delayed, the magnetic sensor apparatus 200
can accurately perform the comparison operation of the
comparing section 320.

[0129] For example, according to the magnetic field of the
current serving as a measurement target, the magnetic sensor
apparatus 200 performs the operation of judging the range of
the output signal indicating a severe abnormality such as
overcurrent at high speed using the comparing section 320
of the detecting section 120. In this way, the magnetic sensor
apparatus 200 can more quickly perform the operation of
detecting a severe abnormality and prevent damage, dete-
rioration, and the like. Furthermore, when performing feed-
back control 1n a manner to cause the output of the magnetic
sensor element 210 to be 1n a normal operating range, the
magnetic sensor apparatus 200 can use the signal with
reduced noise that has passed through the delay circuit 510,
and can therefore use a more accurate comparison operation.

[0130] Furthermore, the magnetic sensor apparatus 200 of
the sixth modification can adjust the output timings of the
second output that 1s output by the detecting section 120 and
the third output that 1s output by the detecting section 130,
using the delay time of the delay circuit 510. Accordingly,
the magnetic sensor apparatus 200 of the sixth modification
can adjust the output timings of the second output and the
third output within a time range that 1s larger than the
difference between the delay times that can be set by the
delaying section 330 of the detecting section 120 and the
delaying section 330 of the detecting section 130. Further-
more, since the delay circuit 510 1s provided 1n the ampli-
tying section 110, the magnetic sensor apparatus 200 of the
sixth modification can output the first output with reduced
noise from the amplitying section 110.

[0131] FIG. 13 shows a seventh modification of the mag-
netic sensor apparatus 200 according to the present embodi-
ment. In the magnetic sensor apparatus 200 of the seventh
modification, components having substantially the same
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operation as components 1n the magnetic sensor apparatus
200 according to the present embodiment shown 1n FIG. 12
are given the same reference numerals and descriptions
thereof are omitted. The magnetic sensor apparatus 200 of
the seventh modification 1s an example 1n which the delay
circuit 510 1s provided in the detecting section 130.

[0132] FIG. 13 shows an example 1n which the delay
circuit 510 1s provided between the second amplification
circuit 260 and the comparing section 320 of the detecting
section 130. In this case as well, among a plurality of sets of
a comparing section 320 and a delaying section 330, the
comparing section 320 of a first set compares the input of the
delay circuit 510 to a first threshold value and the comparing
section 320 of a second set compares the output of the delay
circuit 510 to a second threshold value.

[0133] Accordingly, the magnetic sensor apparatus 200 of
the seventh modification can adjust the timings of the
threshold value comparison operations in the detecting sec-
tion 120 and the detecting section 130, 1n the same manner
as the magnetic sensor apparatus 200 of the sixth modifi-
cation. Furthermore, since the delay circuit 510 1s provided
in the detecting section 130, the magnetic sensor apparatus
200 of the seventh modification can output the first output
from the amplifying section 110 without causing a delay 1n
the first output. Yet further, by including a filter or the like
in the delay circuit 510, the magnetic sensor apparatus 200
can accurately perform the comparison operation of the
comparing section 320 in the second set.

[0134] FIG. 14 shows an eighth modification of the mag-
netic sensor apparatus 200 according to the present embodi-
ment. In the magnetic sensor apparatus 200 of the eighth
modification, components having substantially the same
operation as components 1n the magnetic sensor apparatus
200 according to the present embodiment shown 1n FIG. 11
or FIG. 12 are given the same reference numerals and
descriptions thereof are omitted. The magnetic sensor appa-
ratus 200 of the eighth modification 1s an example that
includes the delay circuit 510 and the second malfunction
judging section 380.

[0135] The delay circuit 510 adjusts the timings of the
threshold value comparison operations in the detecting sec-
tion 120 and the detecting section 130, as described 1n FIG.
12. The delay circuit 510 may be provided 1n the amplifying
section 110 as shown in the example of FIG. 14, or may
instead be provided 1n the detecting section 130. If the delay
circuit 510 1s provided in the detecting section 130, the delay
circuit 510 may be provided in front of the comparing
section 320.

[0136] The second malfunction judging section 380
judges whether there 1s a malfunction, according to the result
of a comparison between the second output of the detecting
section 120 and the third output of the detecting section 130,
as described 1n FIG. 11. The second malfunction judging
section 380 can easily judge whether the magnetic sensor
apparatus 200 1s malfunctioning, by detecting the timings at
which the second output and the third output are output as
a high potential or a low potential.

[0137] FIG. 15 shows a ninth modification of the magnetic
sensor apparatus 200 according to the present embodiment.
In the magnetic sensor apparatus 200 of the ninth modifi-
cation, components having substantially the same operation
as components 1n the magnetic sensor apparatus 200 accord-
ing to the present embodiment shown in FIG. 11 or FIG. 12
are given the same reference numerals and descriptions
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thereol are omitted. The magnetic sensor apparatus 200 of
the ninth modification 1s an example including the delay
circuit 510 and the second malfunction judging section 380.

[0138] Furthermore, the magnetic sensor apparatus 200 of
the ninth modification includes the AD converting section
272 1nstead of the third amplification circuit 270. The AD
converting section 272 converts the output of the delay
circuit 510 into a digital signal and outputs this digital
signal.

[0139] The delay circuit 510 adjusts the timings of the
threshold value comparison operations in the detecting sec-
tion 120 and the detecting section 130, as described 1n FIG.
12. The delay circuit 510 may be provided in the amplifying
section 110 as shown in the example of FIG. 14, or may
instead be provided 1n the detecting section 130. If the delay
circuit 510 1s provided in the detecting section 130, the delay
circuit 510 may be provided in front of the comparing
section 320.

[0140] The second malfunction judging section 380
judges whether there 1s a malfunction, according to the result
of a comparison between the second output of the detecting
section 120 and the third output of the detecting section 130,
as described 1n FIG. 11. The second malfunction judging
section 380 can easily judge whether the magnetic sensor
apparatus 200 1s maltunctioning, by detecting the timings at
which the second output and the third output are output as
a high potential or a low potential.

[0141] Furthermore, the setting section 160 may supply
the second malfunction judging section 380 with the digital
values corresponding respectively to the first threshold value
and the second threshold value set 1n each threshold value
generating section 310 of the detecting section 120 and the
detecting section 130. The second malfunction judging
section 380 compares the digital values of these threshold
values to the output of the AD converting section 272. The
second malfunction judging section 380 then judges that the
magnetic sensor apparatus 200 has malfunctioned 11 1ts own
comparison result does not correspond to the comparison
results of the comparing sections 320 of the detecting
section 120 and the detecting section 130. The second
malfunction judging section 380 may notily the outside
about the judgment result when 1t 1s judged that there 1s a
malfunction.

[0142] If the output timing of the AD converting section
272 1s different from the output timing of the comparison
result of the comparing section 320 or the delaying section
330 of the detecting section 120 and the detecting section
130, as described 1n FIG. 10, the second malfunction judging
section 380 may continue making the malfunction judgment
until a time greater than or equal to the time corresponding
to the timing difference has elapsed. In the manner described
above, the magnetic sensor apparatus 200 of the ninth
modification can judge whether there 1s a malfunction inside
an apparatus.

[0143] The magnetic sensor apparatus 200 according to
the present embodiment described above 1s an example 1n
which the comparing section 320 compares the output of the
amplifying section 110 to a threshold value. Here, the
comparing section 320 may compare the output of any other
component inside the amplifying section 110 to the thresh-
old value, as long as the comparing section 320 1s able to
detect abnormal output of the magnetic sensor element 210.
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Furthermore, the comparing section 320 may compare the
output of the magnetic sensor element 210 to the threshold
value.

[0144] FIG. 16 shows a package 50 in which the magnetic
sensor apparatus 200 1s implemented and an exemplary
configuration of a current sensor apparatus 300 that includes
the package 50, according to the present embodiment. The
control apparatus 10 connected to the current sensor appa-
ratus 300 according to the present embodiment performs
substantially the same operation as the control apparatus 10
connected to the sensor apparatus 100 according to the
embodiment shown 1n FIG. 1, and 1s therefore given the
same reference numeral and a description thereof 1s omitted.

[0145] The package 50 has the magnetic sensor apparatus
200 implemented therein. The package 50 includes a first
output terminal 52 that outputs the output signal of the
amplifying section and a second output terminal 54 that
outputs the output signal of the delaying section 330. Fur-
thermore, 11 the magnetic sensor apparatus 200 implemented
in the package 50 includes a plurality of detecting sections
120, the package 50 may include a plurality of the second
output terminals 54 corresponding to the plurality of detect-
ing sections 120. In other words, the package 50 includes
one or more second output terminals 54. These one or more
second output terminals 54 each output the output signal of
a corresponding delaying section 330 among the plurality of
delaying sections 330. Furthermore, the package 50 may
include an input/output terminal 56 corresponding to the
input/output section 150. The package 50 may further
include a power supply terminal that 1s connected to the
power supply voltage V ,,, and a reference potential terminal
that 1s connected to the reference potential V..

[0146] In thus way, the control apparatus 10 can supply a
signal designating the settings of the packaged magnetic
sensor apparatus 200 and can receive the first output, the
second output, and the like output by the magnetic sensor
apparatus 200 1n response to this designation. Furthermore,
by being implemented in the package 50, the magnetic
sensor apparatus 200 can be easily mounted 1n an external
apparatus or the like, as a small and light-weight magnetic
SEensor.

[0147] The package 50 may be connected to a current path
through which a current serving as a measurement target
flows. FIG. 16 shows an example 1n which the package 50
1s connected between the current path 40 and the current
path 42. Specifically, the magnetic sensor apparatus 200 1s
arranged corresponding to the current path 40 and the
current path 42, and detects the magnetic field generated
according to the current serving as the measurement target.
In this way, the current path 40, the current path 42, and the
magnetic sensor apparatus 200 can form a current sensor
apparatus 300.

[0148] Accordingly, when the control apparatus 10 drives
a motor or the like, by providing the current sensor apparatus
300 in the current path through which the drive current is
supplied to the motor, the current sensor apparatus 300 can
detect fluctuation of the drive current. Furthermore, the
current sensor apparatus 300 can notify the control apparatus
10 that the drive current 1s an overcurrent or an undercurrent.
The control apparatus 10 can stably control the motor drive
based on the detection results indicating variation of the
drive current, an overcurrent, or an undercurrent.

[0149] In the description of the embodiments provided
above, the glitch filter 332 and the vanable delay circuit 334
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are described separately, but the function of the glitch filter
332 may be included in the variable delay circuit 334. In this
case as well, the number of judgments until removal or the
time until removal when the vanable delay circuit 334
removes the glitches may be set according to instructions
from the outside.

[0150] In the description of the embodiments provided
above, the comparing section 320, the glitch filter 332, and
the variable delay circuit 334 are described as operating
according to the second clock, but 1nstead, the glitch filter
332 and the variable delay circuit 334 may be provided with
a third clock differing from the second clock in order to
operate. The third clock may be a clock having a different
phase than the second clock. Instead of or 1n addition to this,
the third clock may have a frequency that 1s a multiple of an
integer greater than or equal to two of the second clock. In
this way, the delay of the delaying section 330 can be more
finely adjusted.

[0151] For example, 1n a case where the second clock 1s 1
MHz and the third clock 1s 10 MHz, the judgment by the
comparing section can be performed at intervals of 1 us and
the delay by the delaying section 330 can be adjusted with
a time resolution of 100 ns. Furthermore, the comparing
section 320 may operate constantly regardless of the second
clock and the delaying section 330 may operate according to
the second clock. In this case, the comparing section 320
constantly performs the comparison operation. In this case,
the comparing section 320 outputs a judgment result with
spike noise, but it 1s possible to reduce the spike noise as a
result of the glitch filter 332 removing the portion of time
including the noise. Also 1n this case, the second clock does
not need to have a different phase than the first clock.

[0152] The sixth to ninth modifications (FIGS. 12, 13, 14,

and 15) of the embodiments described above are examples
in which the delay circuit 510 1s provided 1n the amplitying
section 110 or in the detecting section 130, but the present
invention 1s not limited to this, and the delay circuit 510 may
be provided in front of the comparing section 320 of the
detecting section 120 and the comparing section 320 of the
detecting section 130. In this way, by including a filter or the
like 1n the delay circuit 510, the magnetic sensor apparatus
200 can accurately perform the comparison operations of the
comparing sections 320 1n the first set and the second set.

[0153] If the delay circuit 510 1s provided 1n front of the
comparing section 320 of the detecting section 120 and the
detecting section 130, the delaying sections 330 do not need
to be provided. In this case as well, by setting different
values for the respective delay amounts of the delay circuits,
for example, 1t 1s possible to realize fine control of the
control apparatus 10.

[0154] In the second to fifth, eighth, and ninth modifica-
tions (FIGS. 7, 8, 10, 11, 14, and 15) of the embodiments
described above, the magnetic sensor apparatus 200 may
output the notification signal to the outside from the input/
output section 150. Alternatively, the magnetic sensor appa-
ratus 200 may supply the outside with an output value of the
notification signal that 1s outside of the rated output range of
the first output. For example, 1n the second modification, 1f
the rated output voltages are 4.5 V and 0.5 V, the magnetic
sensor apparatus 200 may supply the outside with voltages
01 4.9V and 0.1 V, for example. Furthermore, 1n the third to
fifth and ninth modifications, the magnetic sensor apparatus
200 may supply the outside with a digital value other than
the digital values of the rated output range. In this way, the
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magnetic sensor apparatus 200 can superimpose the notifi-
cation signal on another signal when communicating with
the outside, and can transmit the notification signal without
increasing the number of signal lines.

[0155] As described in the second to fifth, eighth, and
ninth modifications (FIGS. 7, 8, 10, 11, 14, and 15) of the
embodiments described above, a diagnostic of the abnormal
state of the output of the magnetic sensor element 210 and
a malfunction diagnostic of an apparatus are usetul 1n
situations where there 1s a strict demand for safety, such as
in vehicles. In particular, these diagnostics are useful in the
construction of systems that conform to functional safety
standards such as IS026262, and as described in the
embodiments, 1t 1s possible to provide a magnetic sensor
apparatus 200 that 1s suitable for use 1n vehicles and the like.
[0156] While the embodiments of the present invention
have been described, the technical scope of the invention 1s
not limited to the above described embodiments. It 1s
apparent to persons skilled in the art that various alterations
and 1mprovements can be added to the above-described
embodiments. It 1s also apparent from the scope of the
claims that the embodiments added with such alterations or
improvements can be included 1n the technical scope of the
invention.

[0157] The operations, procedures, steps, and stages of
each process performed by an apparatus, system, program,
and method shown in the claims, embodiments, or diagrams
can be performed 1n any order as long as the order 1s not
indicated by “prior to,” “betfore,” or the like and as long as
the output from a previous process 1s not used in a later
process. Even 1f the process flow 1s described using phrases
such as “first” or “next” 1n the claims, embodiments, or
diagrams, 1t does not necessarily mean that the process must
be performed 1n this order. According to the present appli-
cation, the following configurations are also disclosed.

[0158] (Item 1) A magnetic sensor apparatus comprising:
[0159] a magnetic sensor element;
[0160] an amplifying section that amplifies and outputs an

output of the magnetic sensor element;

[0161] acomparing section that compares the output of the

magnetic sensor element or an output of the amplifying

section to a threshold value; and

[0162] a delaying section that delays and outputs a com-

parison result output by the comparing section.

[0163] (Item 2) The magnetic sensor apparatus according
to Item 1, wherein

[0164] the delaying section includes a variable delay cir-
cuit, and
[0165] the magnetic sensor apparatus further comprises a

setting section that sets a delay amount of the vaniable delay

circuit, according to instructions from outside.

[0166] (Item 3) The magnetic sensor apparatus according
to Item 2, wherein the delaying section further includes a
glitch filter that removes a glitch 1n the comparison result
output by the comparing section, and

[0167] the variable delay circuit delays and outputs the

comparison result that has passed through the glitch filter.

[0168] (Item 4) The magnetic sensor apparatus according
to any one of Items 1 to 3, wherein

[0169] the magnetic sensor element 1s a Hall element that

has a first terminal pair and a second terminal pair, and

[0170] the amplifying section includes a switching section

that switches a terminal pair causing a drive current to flow

and a terminal pair that senses the output of the magnetic
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sensor element, between the first terminal pair and the

second terminal pair of the magnetic sensor element, accord-

ing to a first clock supplied from outside.

[0171] (Item 5) The magnetic sensor apparatus according
to Item 4, further comprising:

[0172] a clock generating section that generates a second

clock, which has a frequency that 1s an integer multiple of

a frequency of the first clock and a predetermined phase

difference relative to a timing of the first clock.

[0173] (Item 6) The magnetic sensor apparatus according
to Item 5, wherein

[0174] the comparing section compares the output of the

magnetic sensor element or the output of the amplifying

section to the threshold value according to the second clock.

[0175] (Item 7) The magnetic sensor apparatus according
to Item S5 or 6, wherein

[0176] the delaying section delays the comparison result

according to the second clock.

[0177] (Item 8) The magnetic sensor apparatus according
to any one of Items 1 to 7, further comprising;:

[0178] an integrating section that integrates the compari-
son result output by the comparing section or the delayed
comparison result output by the delaying section; and an
integration notifying section that notifies to outside that an
integration result of the integrating section 1s outside a
reference range.

[0179] (Item 9) The magnetic sensor apparatus according
to any one of Items 1 to 7, further comprising;:

[0180] an integral calculating section that calculates an
integral of the amplified output of the magnetic sensor
clement, 1n response to the comparison result output by the
comparing section or the delayed comparison result output
by the delaying section being a predetermined logic value;
and

[0181] an integral calculation notifying section that noti-
fles to outside that an integral calculation result of the
integral calculating section 1s outside a reference range.

[0182] (Item 10) The magnetic sensor apparatus according
to any one of Items 1 to 9, wherein

[0183] the amplifying section amplifies the output of the
magnetic sensor element, converts the amplified output into
a digital signal, and outputs the digital signal, and

[0184] the magnetic sensor apparatus further comprises a
first malfunction judging section that determines there 1s a
malfunction 1n response to the digital signal not being a
value corresponding to a logical value of the comparison
result output by the comparing section or the delayed
comparison result output by the delaying section.

[0185] (Item 11) The magnetic sensor apparatus according
to any one of Items 1 to 10, further comprising;:

[0186] a plurality of sets that each include the comparing
section and the delaying section.

[0187] (Item 12) The magnetic sensor apparatus according
to Item 11, wherein

[0188] among the plurality of sets that each include the
comparing section and the delaying section, the comparing
section of a first set compares the output of the magnetic
sensor element to a first threshold value, and

[0189] among the plurality of sets that each include the
comparing section and the delaying section, the comparing
section of a second set compares the output of the magnetic
sensor element to a second threshold value that differs from

the first threshold value.
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[0190] (Item 13) The magnetic sensor apparatus according
to Item 12, wherein
[0191] the first threshold value includes a first upper
threshold value and a first lower threshold value indicating
a predetermined first output range of the magnetic sensor
element, and
[0192] the second threshold value includes a second upper
threshold value that 1s smaller than the first upper threshold
value and a second lower threshold value that 1s larger than
the first lower threshold value indicating a predetermined
second output range of the magnetic sensor element.
[0193] (Item 14) The magnetic sensor apparatus according
to Item 12 or 13, wherein
[0194] the delaying section of the first set has a different
delay amount than the delaying section of the second set.
[0195] (Item 15) The magnetic sensor apparatus according
to Item 14, wherein
[0196] the delaying section of the first set has a smaller
delay amount than the delaying section of the second set.
[0197] (Item 16) The magnetic sensor apparatus according
to any one of Items 12 to 15, further comprising;:
[0198] a delay circuit that delays the output of the mag-
netic sensor element, wherein
[0199] the comparing section of the second set compares
an output of the delay circuit to the second threshold value.

[0200] (Item 17) The magnetic sensor apparatus according
to Item 16, wherein

[0201] the delay circuit includes a filter that reduces noise.

[0202] (Item 18) The magnetic sensor apparatus according
to any one of Items 12 to 17, further comprising;:
[0203] a second malfunction judging section that judges
whether there 1s a malfunction according to a result obtained
by comparing the comparison result output by the compar-
ing section or the delayed comparison result output by the
delaying section 1n the first set of the comparing section and
the delaying section to the comparison result output by the
comparing section or the delayed comparison result output
by the delaying section 1n the second set of the comparing
section and the delaying section.
[0204] (Item 19) The magnetic sensor apparatus according
to any one of Items 1 to 18, wherein
[0205] the magnetic sensor apparatus 1s implemented 1n a
package that includes a first output terminal outputting an
output signal of the amplifying section and a second output
terminal outputting an output signal of the delaying section.

[0206] (Item 20) A magnetic sensor apparatus comprising:
[0207] a magnetic sensor element;
[0208] an amplifying section that amplifies and outputs an

output of the magnetic sensor element;

[0209] acomparing section that compares the output of the
magnetic sensor element to a threshold value;

[0210] an integral calculating section that calculates an
integral of the amplified output of the magnetic sensor
clement, in response to a comparison result output by the
comparing section being a predetermined logic value; and

[0211] an integral calculation notifying section that noti-
fles to outside that an integral calculation result of the
integral calculating section 1s outside a reference range.

[0212] (Item 21) A current sensor apparatus comprising:

[0213] a current path through which a current serving as a
measurement target flows; and

[0214] the magnetic sensor apparatus according to any one
of Items 1 to 20 that 1s arranged corresponding to the current
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path and detects a magnetic field generated according to the
current serving as the measurement target.

What 1s claimed 1s:

1. A magnetic sensor apparatus comprising:

a magnetic sensor element;

an amplitying section that amplifies and outputs an output
of the magnetic sensor element;

a plurality of comparing sections that compare the output
of the magnetic sensor element or an output of the
amplifying section to a threshold value; and

a plurality of delaying sections that each delay and output
a comparison result output by a corresponding com-
paring section among the plurality of comparing sec-
tions.

2. The magnetic sensor apparatus according to claim 1,

wherein

the plurality of delaying sections each include a variable
delay circuit, and

the magnetic sensor apparatus further comprises a setting
section that sets a delay amount of each of the plurality
of variable delay circuits, according to instructions
from outside.

3. The magnetic sensor apparatus according to claim 2,

wherein

the plurality of delaying sections further include a plu-
rality of glitch filters that each remove a glitch 1n the
comparison result output by a corresponding compar-
ing section among the plurality of comparing sections,
and

each variable delay circuit delays and outputs the com-
parison result that has passed through a corresponding
glitch filter among the plurality of glitch filters.

4. The magnetic sensor apparatus according to claim 1,

wherein

the magnetic sensor element 1s a Hall element that has a
first terminal pair and a second terminal pair, and

the amplifying section includes a switching section that
switches a terminal pair causing a drive current to flow
and a terminal pair that senses the output of the
magnetic sensor element, between the first terminal
pair and the second terminal pair of the magnetic sensor
element, according to a first clock supplied from out-
side.

5. The magnetic sensor apparatus according to claim 4,

further comprising:

a clock generating section that generates a second clock,
which has a frequency that i1s an integer multiple of a
frequency of the first clock and a predetermined phase
difference relative to a timing of the first clock.

6. The magnetic sensor apparatus according to claim 3,

wherein

cach of the plurality of comparing sections compares the
output of the magnetic sensor element or the output of
the amplifying section to the threshold value, according
to the second clock.

7. The magnetic sensor apparatus according to claim 5,
wherein
cach of the plurality of delaying sections delays the
comparison result output by the corresponding com-
paring section, according to the second clock.
8. The magnetic sensor apparatus according to claim 1,
further comprising:
one or more integrating sections that each integrate the
comparison result output by a corresponding compar-
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ing section among the plurality of comparing sections
or the delayed comparison result output by a corre-
sponding delaying section among the plurality of delay-
ing sections; and
one or more integration notitying sections that correspond
to the one or more 1ntegrating sections and each notify
to outside that an integration result of the correspond-
ing integrating section 1s outside a reference range.
9. The magnetic sensor apparatus according to claim 1,
turther comprising:
one or more integral calculating sections that each calcu-
late an integral of the amplified output of the magnetic
sensor element, 1n response to the comparison result
output by a corresponding comparing section among
the plurality of comparing sections or the delayed
comparison result output by a corresponding delaying
section among the plurality of delaying sections being
a predetermined logic value; and
one or more integral calculation notifying sections that
correspond to the one or more integral calculating
sections and each notity to outside that an integral
calculation result of the corresponding integral calcu-
lating section 1s outside a reference range.
10. The magnetic sensor apparatus according to claim 1,
wherein
the amplifying section amplifies the output of the mag-
netic sensor element, converts the amplified output 1nto
a digital signal, and outputs the digital signal, and
the magnetic sensor apparatus further comprises one or
more first malfunction judging sections that each deter-
mine there 1s a malfunction 1n response to the digital
signal not being a value corresponding to a logical
value of the comparison result output by a correspond-
ing comparing section among the plurality of compar-
ing sections or the delayed comparison result output by
a corresponding delaying section among the plurality of
delaying sections.
11. The magnetic sensor apparatus according to claim 1,
wherein
among sets that each have a corresponding comparing
section and delaying section in the plurality of the
comparing sections and the plurality of delaying sec-
tions, the comparing section of a first set compares the
output of the magnetic sensor element or the output of
the amplifying section to a first threshold value, and
among sets that each have a corresponding comparing
section and delaying section, the comparing section of
a second set compares the output of the magnetic
sensor element or the output of the amplifying section
to a second threshold value that differs from the first
threshold value.
12. The magnetic sensor apparatus according to claim 11,
wherein
the first threshold value includes a first upper threshold
value and a first lower threshold value indicating a
predetermined first output range of the magnetic sensor
element, and
the second threshold value includes a second upper
threshold value that 1s smaller than the first upper
threshold value and a second lower threshold value that
1s larger than the first lower threshold value indicating
a predetermined second output range of the magnetic
sensor element.

16
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13. The magnetic sensor apparatus according to claim 11,

wherein

the delaying section of the first set has a different delay
amount than the delaying section of the second set.

14. The magnetic sensor apparatus according to claim 13,

wherein

the delaying section of the first set has a smaller delay
amount than the delaying section of the second set.

15. The magnetic sensor apparatus according to claim 11,

wherein

the amplifying section further includes a delay circuit that
delays the output of the magnetic sensor element, and

the comparing section of the second set compares an
output of the delay circuit to the second threshold
value.

16. The magnetic sensor apparatus according to claim 15,

wherein

the delay circuit includes a filter that reduces noise.

17. The magnetic sensor apparatus according to claim 11,

further comprising;:

a second malfunction judging section that judges whether
there 1s a malfunction according to a result obtained by
comparing the comparison result output by the com-
paring section or the delayed comparison result output
by the delaying section 1n the first set to the comparison
result output by the comparing section or the delayed
comparison result output by the delaying section 1n the
second set.

18. The magnetic sensor apparatus according to claim 1,

wherein

the magnetic sensor apparatus 1s implemented 1n a pack-
age that includes a first output terminal outputting an
output signal of the amplifying section and one or more
second output terminals that each output an output
signal of a corresponding delaying section among the
plurality of delaying sections.

19. A magnetic sensor apparatus comprising;:

a magnetic sensor element;

an amplifying section that amplifies and outputs an output
of the magnetic sensor element;

a plurality of comparing sections that compare the output
of the magnetic sensor element or the output of the
amplifying section to a threshold value;

one or more 1ntegral calculating sections that each calcu-

late an 1ntegral of the amplified output of the magnetic
sensor element, in response to the comparison result
output by a corresponding comparing section among
the plurality of comparing sections being a predeter-
mined logic value; and

one or more integral calculation notifying sections that
correspond to the one or more integral calculating
sections and each notily to outside that an integral
calculation result of the corresponding integral calcu-
lating section 1s outside a reference range.

20. A current sensor apparatus comprising:

a current path through which a current serving as a
measurement target flows; and

the magnetic sensor apparatus according to claim 1 that 1s
arranged corresponding to the current path and detects
a magnetic field generated according to the current
serving as the measurement target.
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