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(57) ABSTRACT

The present invention relates to a magnetism detection
device. First and second switch units switch a direction of a
current flown from a bias generating unit across two opposite
terminals of four terminals of a hall sensor, and switch a
direction of a voltage to be available in remaining two oppo-
site terminals in the direction orthogonal to the direction of
the current, respectively, so that in a first period, a polarity of
a hall electromotive force is a first polarity and a polarity of
the hall offset voltage alternates four times, and in a second

(30) Foreign Application Priority Data period, the polarity of the hall electromotive force is a second
polarity opposite to the first polarity and the polarity of the
May 11,2012 (JP) oo 2012-109728 hall offset voltage alternates four times.
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FIG. 3
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FIG. 8
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FIG. 11
( sTrRT )

IN THE FIRST PERIOD, THE DIRECTION OF THE CURRENT FLOWN ACROSS
TWO OPPQOSITE TERMINALS OF FOUR TERMINALS OF THE HALL SENSOR

IS SWITCHED AND THE DIRECTION OF A VOLTAGE TO BE AVAILABLE IN
REMAINING TWO OPPQOSITE TERMINALS IN THE DIRECTION ORTHOGONAL
TO THE ABOVE DIRECTION OF THE CURRENT IS SWITCHED, SO THAT

THE POLARITY OF THE HALL ELECTROMOTIVE FORCE OF THE HALL SENSOR
IS THE FIRST POLARITY AND THE POLARITY OF THE HALL OFFSET VOLTAGE
ALTERNATES FOUR TIMES.

S1

IN THE SECOND PERIOD, THE DIRECTION OF THE CURRENT FLOWN ACROSS S2

TWO OPPOSITE TERMINALS OF FOUR TERMINALS OF THE HALL SENSOR

IS SWITCHED AND THE DIRECTION THE OF THE VOLTAGE TO BE AVAILABLE
IN REMAINING TWO OPPOSITE TERMINALS IN THE DIRECTION ORTHOGONAL
TO THE ABOVE DIRECTION OF THE CURRENT IS SWITCHED, SO THAT

THE POLARITY OF THE HALL ELECTROMOTIVE FORCE OF THE HALL SENSOR
IS THE SECOND POLARITY AND THE POLARITY OF THE HALL OFFSET
VOLTAGE ALTERNATES FOUR TIMES.

S3
THE VOLTAGE MADE AVAILABLE BY THE SWITCH OPERATION IS AMPLIFIED.

THE POLARITY OF THE AMPLIFIED VOLTAGE IS REVERSED IN SYNCHRONIZATION S4

WITH THE SWITCH OPERATION BETWEEN THE FIRST PERIOD AND THE SECOND
/I?\EIBQBL!I:E(C‘;)I’\EA AMONG THE SWITCH OPERATIONS OF SWITCHING THE CURRENT

S5
THE VOLTAGE MADE AVAILABLE BY REVERSING IS INTEGRATED.

END
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MAGNETISM DETECTION DEVICE AND
MAGNETISM DETECTION METHOD

TECHNICAL FIELD

[0001] The present invention relates to magnetism detec-
tion devices and magnetism detection methods, and in par-
ticular, to a magnetism detection device and a magnetism
detection method capable of suppressing an amplification
degree of an integrator of an offset voltage of a hall sensor at
the integrator by increasing a chopper modulation frequency
of the offset voltage of the hall sensor, and capable of sup-
pressing an operation voltage range considerably at the inte-
grator.

BACKGROUND ART

[0002] In general, magnetic sensors having hall elements
are for use in proximity sensors, linear position sensors, rota-
tion angle sensors, and the like, as sensors that detect posi-
tional information of a magnet. In addition to them, magnetic
sensors having hall elements are widely used as current sen-
sors each that measure an amount of current flowing across a
current conductor in a non-contact state, by detecting the
magnetic field induced by the current flowing across the
current conductor.

[0003] Further, since the hall elements have a magnetoelec-
tric conversion function that generates a hall electromotive
force signal depending on the magnitude of the magnetic field
that has been input, they are widely used as magnetic sensors.
The hall elements, however, have an offset voltage (unbal-
anced voltage) which means that a limited voltage, which is
not zero, will be output, even if there is no magnetic field,
which is even in a non-magnetic field state.

[0004] Hence, as to a magnetic sensor having the hall ele-
ment, there are hall element driving methods generally known
as Spinning current method or Connection communication
method, for the purpose of cancelling the offset voltage of the
hall element. In such a method, the positions of a terminal pair
for causing the drive current to flow across the hall element
and the positions of another terminal pair for detecting the
hall electromotive force signal are switched periodically
according to a clock called chopper clock.

[0005] The above Spinning current method for the purpose
of cancelling the offset voltage can be configured with a
switch circuit also in a CMOS semiconductor circuit. Thus, a
hall electromotive force detection circuit for achieving a mag-
netic sensor with high accuracy is generally provided with the
switch circuit for achieving the Spinning current method.

[0006] In a magnetism detection device that utilizes a hall
sensor, since the hall element has the offset voltage, the offset
voltage is removed. As an example, Spinning current prin-
ciple described in Non-Patent Document 1 is known.

[0007] In such a magnetism detection device, however,
when the polarities of the input voltages to a differential
amplifier become different by switch operation of the switch,
the settling time of the differential amplifier is finite, and in
addition, the settling time at the rising of the input voltage and
the settling time at the falling thereof are different. This will
bring an influence on voltage waveforms of the output voltage
of the differential amplifier and the output voltage of the
switch. Since the voltage waveforms of the output voltage of
the switch are different as described above, even if an inte-
grator integrates the output voltage, there is a problem in that
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neither the offset voltage of the hall element nor the offset
voltage specific to the differential amplifier can be removed.

[0008] Accordingly, in order to address the drawback of
this type, for example, Patent Document 1 describes a mag-
netism detection device capable of removing the offset volt-
age of the hall element and the offset voltage specific to the
amplifier that amplifies the output of the hall element. Whatis
described in Patent Document 1 is that the switch controller
controls the switch to switch the directions of currents at
opposite two terminals of the four terminals, so that the polar-
ity of the hall offset voltage specific to the hall element having
four terminals alternates four times per cycle. The differential
amplifier amplifies the voltage of the opposite two terminals
in a direction orthogonal to the direction of the current. In the
switch operation of the switch for switching the direction of
the current, if the switch operation makes the direction of the
current opposite to the previous one, the switch controller
controls the switch in synchronization therewith to reverse
the polarity of the voltage from the differential amplifier. In
addition, in synchronization with the immediately following
switch operation of switching the direction of the current, the
switch controller controls the switch to reverse the polarity of
the voltage from the differential amplifier.

[0009] Further, for example, Patent Document 2 is related
to a magnetism detection device enabling to have high-speed
responsiveness, while excluding disturbance noises received
by the hall element or the amplifier that amplifies the signal
from the hall element.

[0010] Moreover, for example, Patent Document 3 is
related to a magnetism detection device capable of removing
the offset voltage of the magnetism detection sensor and the
offset voltage of the analog element in the analog circuit, and
detecting the magnetism of the magnetism detection sensor
with high accuracy.

[0011] FIG. 1 is a circuit configuration view illustrative of
a conventional magnetism detection device. In FIG. 1, refer-
ence numeral 1 indicates a hall sensor, reference numeral 2
indicates a bias current generating circuit, reference numeral
3 indicates a first switch circuit, reference numeral 4 indicates
a second switch circuit, reference numeral 5 indicates a dif-
ferential amplifier, reference numeral 6 indicates a third
switch circuit, reference numeral 7 indicates an integrator,
and reference numeral 8 indicates a switch control circuit.

[0012] The conventional magnetism detection device illus-
trated in FIG. 1 is provided with: the hall sensor 1 that detects
magnetism; the bias current generating circuit 2 that drives
the hall sensor 1; the first switch circuit 3 that switches the
direction of the bias current applied to the hall sensor 1; the
second switch circuit 4 that switches the direction of the
differential voltage corresponding to the magnetism detected
by the hall sensor 1; the differential amplifier 5 that amplifies
an output differential voltage V, of the second switch circuit
4; the third switch circuit 6 that switches the polarity of the
output differential voltage of the differential amplifier 5; the
integrator 7 that integrates and amplifies an output differential
voltage V,, of the third switch circuit 6; and the switch control
circuit 8 that controls a switch timing of the first to third
switch circuits.

[0013] By controlling the first switch circuit 3 and the sec-
ond switch circuit 4, the bias current is supplied between
opposite two terminals of four terminals of the hall sensor 1,
whereas the remaining opposite two terminals of the four
terminals are connected to the differential amplifier 5.
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[0014] FIG.2A to FIG. 2D are views illustrative of connec-
tion states of the hall sensor in respective chopper phases
switched by the switch circuits illustrated in FIG. 1. As illus-
trated in FIG. 2A to FIG. 2D, four phases of
0°—90°—180°—270° are periodically changed in this order
and connected. Expressions (1) to (4) represent a hall elec-
tromotive force V, ;, corresponding to the bias current and the
direction and magnitude of the detected magnetic field, and
the output differential voltage V| of the hall sensor 1 in which
an offset voltage V,, specific to the hall sensor 1 is added.

[0015] Herein, the output differential voltage V, of the hall
sensor 1 is defined by Vhp-Vhn.

T M
0°: Vl(t:nx— =+Vig +Vio

)

2T @
90°: Vl(t:nx T] =+Viu -Vio

3T 3
180°: Vl(t:nx T] =-Viu -Vio

4T “
270°: Vl(t:nx T] =-Vig +Vio

[0016] The differential amplifier 5 amplifies the output dif-
ferential voltage V, of the second switch circuit 4 and the
offset voltage V,, specific to the differential amplifier 5 at a
fixed magnification A. By controlling the third switch circuit
6, the polarity of the output differential voltage of the differ-
ential amplifier 5 is periodically switched and supplied to the
integrator 7. The output differential voltage V, of the third
switch circuit 6 is represented by expressions (5) to (8).

T (5)
0°: vz(z =nx Z) = AX(+Viy + Vio + Vao)
27 (6)
90°: Vz(l =nX T] =AX(+Vig = Vip +V20)
3T @)
180°: Vy|r=nx T] =Ax(=Vig —Vio + V20)

270% V,|r=nx = AX(=Vig = Vip + V20)

(
( 4T] (8)

[0017] FIG. 3 is a view illustrative of the polarities of the
output voltages in the respective chopper phases switched by
the switch circuits illustrated in FIG. 1. FIG. 3 indicates
polarities of the hall electromotive force V, ;;, the offset volt-
age V,, of the hall sensor 1, and the offset voltage V,, of the
differential amplifier 5, and in addition, indicates polarities of
the hall electromotive force V,;/, the offset voltage V' of the
hall sensor 1, and the offset voltage V' of the differential
amplifier 5, which are demodulated by the first switch circuit
3. While the chopper operations are being repeated “n” times
from 0° to 270°, the integrator 7 integrates and amplifies the
output differential voltage V, of the third switch circuit 6.

[0018] FIG. 4 is a view illustrative of output waveforms of
the integrator of FIG. 1. An output V; of the integrator 7 is
represented by Expression (9) and has a voltage waveform as
illustrated in FIG. 4.
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T 2T 4T ©
=nT =7 =7 =7
Vs = Z Vo =nx| Va@ + Z ValD) + Z Va(0)| = nx4AV
=0 =0 ,:,2{ ,:,3{

[0019] Herein, V,; ;v is an integrated and amplified
waveform of V| ;; component in the output V; of the integrator
7. Vi vy 1s an integrated and amplified waveform of V,,
component in the output V; of the integrator 7. V,, ,isan
integrated and amplified waveform of V,, component in the
output V; of the integrator 7. The chopper modulation is done
by the first switch circuit 3 to the third switch circuit 6, and
therefore, the offset voltage V,, of the hall sensor 1 and the
offset voltage V,, of the differential amplifier 5 are cancelled
in each of the chopper operations of 0° to 270°. Only the hall
electromotive force V| ,; can be integrated and amplified.
[0020] FIG. 5is a view illustrative of frequency character-
istics of a chopper modulation transfer function with respect
to the hall sensor noise. The chopper modulation is done by
the first switch circuit 3 to the third switch circuit 6, and
therefore, the element noises of the hall sensor 1 and the
differential amplifier 5 can be modulated to higher frequen-
cies near the frequency band of an odd multiple of the chopper
modulation frequency F 4 (=1/T). The noises can be sup-
pressed by the characteristics of the integrator 7 at the later
stage.

PRIOR ART DOCUMENTS

Patent Documents

[0021] Patent Document 1: JP 2005-283503 A

[0022] Patent Document 2: JP 2008-286695 A

[0023] Patent Document 3: JP 2011-137716 A
Non-Patent Documents

[0024] Non-Patent Document 1: A. Bakker, A. A. Belle-

kom, S. Middelhoekand, J. H. Huijsing “Low-Offset Low-
Noise 3.5 mW CMOS Spinning-Current Hall Effect Sen-
sor With Integrated Chopper Amplifier” The 13th
European Conference on Solid-State Transducers Sep.
12-15, 1999, The Hague, The Netherlands, pp. 1045-1048

SUMMARY OF THE INVENTION

Problem to be Solved

[0025] It is to be noted that, however, the amplification
degree of the integrator 7 is set such that the output voltage V;
of the integrator 7 does not to exceed the operable voltage
range while the integrator 7 is doing the chopper operation of
0°t0 270°. In this situation, if the offset voltage V, , of the hall
sensor 1 is sufficiently higher than the hall electromotive
force V,, the amplification degree of the integrator 7 is
limited by the offset voltage V,, of the hall sensor 1 and the
hall electromotive force V, ;, cannot be amplified sufficiently.
Thus, the chopper modulation frequency is set to 2F ., (=2/
T) so that the chopper operation is done “2n” times. Hence,
since the amplification degree of the integrator 7 for the offset
voltage V,,, of the hall sensor 1 in each chopper phase is
halved, the operation voltage range at the integrator 7 can be
considerably suppressed with the amplification degree and
the integration time of the integrator 7 being maintained.
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[0026] However, when the output frequency band of the
differential amplifier 5 is limited to a low frequency for the
purpose of suppressing the noises of the hall sensor 1 and the
differential amplifier 5 or preventing the folding noise of the
sampling frequency occurring in a case where a sample-hold
circuit such as a switched capacitor filter or the like is used in
the integrator 7, 2F ;5 set to the chopper modulation fre-
quency also doubles the chopper modulation frequency of the
hall electromotive force V. This causes a settling error
because the frequency band is insufficient at the differential
amplifier 5. This increases the signal loss of the hall electro-
motive force V,, at the time of demodulation at the third
switch circuit 6 and the amplification degree for the hall
electromotive force V,, in the whole system degrades,
thereby leading to a problem that S/N degrades. Besides, if
the output frequency band of the differential amplifier 5
highly depends on the temperature, the temperature variation
in the output voltage V; of the integrator 7 is also increased as
a result.

[0027] The present invention has been made in view of the
above-described problem, and has an object to provide a
magnetism detection device and a magnetism detection
method capable of suppressing the amplification degree of
the integrator of the offset voltage of the hall sensor at the
integrator and suppressing the operation voltage range at the
integrator considerably, by increasing the chopper modula-
tion frequency of the offset voltage of the hall sensor.

Solution to the Problem

[0028] The present invention has been made to achieve the
above object, and according to an aspect of the present inven-
tion, there is provided a magnetism detection device compris-
ing: a hall sensor that detects magnetism; a bias generating
unit that drives the hall sensor; a switch unit that is connected
to the hall sensor, that carries out a switch operation of switch-
ing a direction of current flown from the bias generating unit
across two opposite terminals of four terminals of the hall
sensor, and switching the direction of a voltage to be available
in remaining two opposite terminals in a direction orthogonal
to the direction of the current, so that in a first period, a
polarity of ahall electromotive force of the hall sensor is a first
polarity and a polarity of the hall offset voltage of the hall
sensor alternates four times, and in a second period, the polar-
ity of the hall electromotive force ofthe hall sensor is a second
polarity opposite to the first polarity and the polarity of the
hall offset voltage of the hall sensor alternates four times; an
amplifier that amplifies the voltage made available by the
switch operation of the switch unit; and a reversing unit that
reverses the polarity of the voltage from the amplifier in
synchronization with the switching operation between the
first period and the second period out of switching operations
of the current and the voltage switched by the switch unit.

[0029] Additionally, in the above-described magnetism
detection device, the switch unit may carry out, in the first
period: a first switch operation of connecting the bias gener-
ating unit with a first terminal of the hall sensor and a second
terminal of the hall sensor opposite to the first terminal so that
the current is to be flown from the first terminal toward the
second terminal, and also connecting a third terminal of the
hall sensor and a fourth terminal of the hall sensor opposite to
the third terminal with a positive input terminal and a negative
input terminal of the amplifier, respectively; a second switch
operation of connecting the bias generating unit with the third
terminal and the fourth terminal so that the current is to be
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flown from the third terminal toward the fourth terminal, and
also connecting the second terminal and the first terminal
with the positive input terminal and the negative input termi-
nal of the amplifier, respectively; a third switch operation of
connecting the bias generating unit with the second terminal
and the first terminal so that the current is to be flown from the
second terminal toward the first terminal, and also connecting
the fourth terminal and the third terminal with the positive
input terminal and the negative input terminal of the amplifier,
respectively; and a fourth switch operation of connecting the
bias generating unit with the fourth terminal and the third
terminal so that the current is to be flown from the fourth
terminal toward the third terminal, and also connecting the
first terminal and the second terminal with the positive input
terminal and the negative input terminal of the amplifier,
respectively, and the switch unit may carry out, in the second
period: a fifth switch operation of connecting the bias gener-
ating unit with the first terminal and the second terminal so
that the current is to be flown from the first terminal toward
the second terminal, and also connecting the fourth terminal
and the third terminal with the positive input terminal and the
negative input terminal of the amplifier, respectively; a sixth
switch operation of connecting the bias generating unit with
the third terminal and the fourth terminal so that the current is
to be flown from the third terminal toward the fourth terminal,
and also connecting the first terminal and the second terminal
with the positive input terminal and the negative input termi-
nal of the amplifier, respectively; a seventh switch operation
of connecting the bias generating unit with the second termi-
nal and the first terminal so that the current is to be flown from
the second terminal toward the first terminal, and also con-
necting the third terminal and the fourth terminal with the
positive input terminal and the negative input terminal of the
amplifier, respectively; and an eighth switch operation of
connecting the bias generating unit with the fourth terminal
and the third terminal so that the current is to be flown from
the fourth terminal toward the third terminal, and that also
connecting the second terminal and the first terminal with the
positive input terminal and the negative input terminal of the
amplifier, respectively.

[0030] Further, in the above-described magnetism detec-
tion device, the switch unit may repeat the switch operation in
the first period n times, where n is an integer equal to or
greater than 2, and repeats the switch operation in the second
period n times, and the reversing unit may reverse the polarity
of the voltage from the amplifier in synchronization with the
switching operation between the first period and the second
period.

[0031] According to another aspect of the present inven-
tion, there is provided a magnetism detection device compris-
ing: a hall sensor that detects magnetism; a bias generating
unit that drives the hall sensor; a switch unit that carries out a
switch operation of switching a direction of a current flown
from the bias generating unit across two opposite terminals of
four terminals of the hall sensor, and that carries out a switch
operation of switching a direction of a voltage to be available
in remaining two opposite terminals in a direction orthogonal
to the direction of the current, respectively; an amplifier that
amplifies the voltage made available by the switch operation
of'the switch unit; and a reversing unit that reverses a polarity
of'voltage from the amplifier, wherein an operation frequency
when a polarity of a hall offset voltage of the hall sensor
alternates is 2n times the operation frequency when a polarity
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of a hall electromotive force of the hall sensor alternates,
where n is an integer equal to or greater than 1.

[0032] According to yet another aspect of the present
invention, there is provided a magnetism detection method in
a magnetism detection device comprising a hall sensor that
detects magnetism and a bias generating unit that drives the
hall sensor, the magnetism detection method comprising:
carrying out, by a switch unit connected to the hall sensor, a
switch operation of switching a direction of a current flown
across two opposite terminals of four terminals of the hall
sensor, and switching a direction of a voltage to be available
in remaining two opposite terminals in a direction orthogonal
to the direction of the current, respectively, so that in a first
period, a polarity of a hall electromotive force of the hall
sensor is a first polarity and a polarity of a hall offset voltage
of the hall sensor alternates four times; carrying out, by the
switch unit connected to the hall sensor, a switch operation of
switching the direction of the current flown across the two
opposite terminals ofthe four terminals of the hall sensor, and
switching the direction of the voltage to be available in the
remaining two opposite terminals in the direction orthogonal
to the direction of the current, so that in a second period, the
polarity of the hall electromotive force of the hall sensor is a
second polarity opposite to the first polarity and the polarity
of'the hall offset voltage alternates four times; amplifying, by
an amplifier, the voltage made available by the switch opera-
tion of the switch unit; and reversing, by a reversing unit, a
polarity of the amplified voltage in synchronization with the
switch operation between the first period and the second
period out of the switch operations of switching the current
and the voltage by the switch unit.

Advantageous Effects of the Invention

[0033] According to the present invention, it is possible to
provide a magnetism detection device and a magnetism
detection method capable of suppressing the amplification
degree of the integrator of the offset voltage of the hall sensor
at the integrator and suppressing the operation voltage range
at the integrator considerably, by increasing the chopper
modulation frequency of the offset voltage of the hall sensor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] FIG. 1 is a circuit configuration view illustrative of
a conventional magnetism detection device;

[0035] FIG.2Ato FIG. 2D are views illustrative of connec-
tion states of a hall sensor in respective chopper phases
switched by switch circuits illustrated in FIG. 1;

[0036] FIG. 3 is a view illustrative of polarities of output
voltages in respective chopper phases switched by the switch
circuits illustrated in FIG. 1;

[0037] FIG. 4 is a view illustrative of output waveforms of
an integrator in FIG. 1;

[0038] FIG. 5 is a view illustrative of frequency character-
istics of a chopper modulation transfer function with respect
to a hall sensor noise;

[0039] FIG. 6 is a circuit configuration view illustrative of
an embodiment of the magnetism detection device according
to the present embodiment;

[0040] FIG.7A to FIG. 7H are views illustrative of connec-
tion states of the hall sensor in the respective chopper phases
switched by the switch units in the magnetism detection
device illustrated in FIG. 6, according to the present inven-
tion;
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[0041] FIG. 8 is a view illustrative of polarities of input/
output voltages in respective blocks of the switch units in the
magnetism detection device illustrated in FIG. 6, according to
the present invention;

[0042] FIG. 9 is a view illustrative of output waveforms of
an integrator in the magnetism detection device illustrated in
FIG. 6, according to the present invention;

[0043] FIG. 10 is a view illustrative of frequency charac-
teristics of chopper modulation transfer functions with
respect to the noise of the hall sensor according to the present
invention; and

[0044] FIG. 11 is a flowchart illustrative of a magnetism
detection method according to the present invention.

DESCRIPTION OF EMBODIMENTS

[0045] Hereinafter, embodiments of the present invention
will be described with reference to the drawings.

[0046] FIG. 6 is a circuit configuration view illustrative of
a magnetism detection device according to the present
embodiment. In the drawings, reference numeral 11 is a hall
sensor, reference numeral 12 is a bias generating unit, refer-
ence numeral 13 is a first switch unit, reference numeral 14 is
a second switch unit, reference numeral 15 is a differential
amplifier, reference numeral 16 is a reversing unit (third
switch unit), reference numeral 17 is an integrator, and refer-
ence numeral 18 is a switch control unit.

[0047] The magnetism detection device illustrated in FIG.
6 according to the present embodiment is provided with the
hall sensor 11 that detects magnetism; and the bias generating
unit 12 that drives the hall sensor 11. In addition, the first
switch unit 13 and the second switch unit 14 switch the
direction of a current flown from the bias generating unit 12
across two opposite terminals of four terminals of the hall
sensor 11, and switch the direction of a voltage to be available
in remaining two opposite terminals in the direction orthogo-
nal to the above direction of the current, so that in the first
period, the polarity of the hall electromotive force of the hall
sensor 11 is a first polarity and the polarity of the hall offset
voltage alternates four times, and in the second period, the
polarity of the hall electromotive force of the hall sensor 11 is
a second polarity opposite to the first polarity and the polarity
of the hall offset voltage alternates four times.

[0048] Further, the differential amplifier 15 amplifies the
voltage made available by the switch operations of the first
switch unit 13 and the second switch unit 14. Moreover, the
reversing unit 16 reverses the polarity of the voltage from the
differential amplifier 15 in synchronization with the switch
operation between the first period and the second period out
of the switch operations of the first switch unit 13 and the
second switch unit 14 switching the current and voltage.
Furthermore, the integrator 17 integrates the voltage made
available by the reversing unit 16 reversing the polarity.
[0049] FIG. 7A to FIG. 7H are views illustrative of connec-
tion states of the hall sensor in the respective chopper phases
switched by the switch units in the magnetism detection
device illustrated in FIG. 6, according to the present embodi-
ment.

[0050] FIG. 7A illustrates a first switch operation, in the
first period, where the first switch unit 13 and the second
switch unit 14 connects the bias generating unit 12 with a first
terminal of the hall sensor 11 and a second terminal thereof
opposite to the first terminal so that a current is to be flown
from the first terminal toward the second terminal, and also
connects a third terminal of the hall sensor 11 and a fourth
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terminal thereof opposite to the third terminal with a positive
input terminal and a negative input terminal of the differential
amplifier 15, respectively. F1G. 7B illustrates a second switch
operation, in the first period, where the first switch unit 13 and
the second switch unit 14 connects the bias generating unit 12
with the third terminal and the fourth terminal so that a current
is to be flown from the third terminal toward the fourth ter-
minal, and also connects the second terminal and the first
terminal with the positive input terminal and the negative
input terminal of the differential amplifier 15, respectively.
FIG. 7C illustrates a third switch operation, in the first period,
where the first switch unit 13 and the second switch unit 14
connects the bias generating unit 12 with the second terminal
and the first terminal so that a current is to be flown from the
second terminal toward the first terminal, and also connects
the fourth terminal and the third terminal with the positive
input terminal and the negative input terminal of the differ-
ential amplifier 15, respectively. FIG. 7D illustrates a fourth
switch operation, in the first period, where the first switch unit
13 and the second switch unit 14 connects the bias generating
unit 12 with the fourth terminal and the third terminal so that
a current is to be flown from the fourth terminal toward the
third terminal, and also connects the first terminal and the
second terminal with the positive input terminal and the nega-
tive input terminal of the differential amplifier 15, respec-
tively.

[0051] Additionally, FIG. 7E illustrates a fifth switch
operation, in the second period, where the first switch unit 13
and the second switch unit 14 connects the bias generating
unit 12 with the first terminal and the second terminal so that
a current is to be flown from the first terminal toward the
second terminal, and also connects the fourth terminal and the
third terminal with the positive input terminal and the nega-
tive input terminal of the differential amplifier 15, respec-
tively. FIG. 7F illustrates a sixth switch operation, in the
second period, where the first switch unit 13 and the second
switch unit 14 connects the bias generating unit 12 with the
third terminal and the fourth terminal so that a current is to be
flown from the third terminal toward the fourth terminal, and
also connects the first terminal and the second terminal with
the positive input terminal and the negative input terminal of
the differential amplifier 15, respectively. FIG. 7G illustrates
a seventh switch operation, in the second period, where the
first switch unit 13 and the second switch unit 14 connects the
bias generating unit 12 with the second terminal and the first
terminal so that a current is to be flown from the second
terminal toward the first terminal, and also connects the third
terminal and the fourth terminal with the positive input ter-
minal and the negative input terminal of the differential
amplifier 15, respectively. FIG. 7H, in the second period,
illustrates an eighth switch operation where the first switch
unit 13 and the second switch unit 14 connects the bias gen-
erating unit 12 with the fourth terminal and the third terminal
so that a current is to be flown from the fourth terminal toward
the third terminal, and also connects the second terminal and
the first terminal with the positive input terminal and the
negative input terminal of the differential amplifier 15,
respectively.

[0052] In this manner, the control operations of the first
switch unit 13 and the second switch unit 14 are changed so
that the first terminal to the fourth terminal of the hall sensor
11 are periodically shifted in eight phases of
0°—90°—=180°'—270°"—=0°"—=90°"—180°—270° and con-
nected, as illustrated in FIG. 7A to FIG. 7H.
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[0053] Expressions (10)to (17) represent the output difter-
ential voltage V, of the second switch unit 14 calculated by
adding the hall electromotive force V| ; and the offset voltage
V,, of the hall sensor 11. The connect status at phases 0°',
90°', 180, and 270" are status having the same bias current
directions with those of 0°, 90°, 180°, and 270° where the
output terminals are inverted, respectively.

. T (10)
0°: Vl(t:nx §) =+Vig+Vio

2T (11
90°: Vl(t nXx ?) =+Viy-Vio

, 3T a2
180%: Vl(t:nx ?] =—(=Viy = Vio)
4T (13)
270°: Vl(t =nX ?] =—(=Vig +Vio)

o 5T (14)
0’ Vl(t:nx?):—(+V1H+V10)

, 6T (15
90°": Vl(t: nX ?] =—(+Viy = Vio)

T (16)
180°: vl(z= nx ?) = Vi -Vio

8T (17
270°: V1(1‘= nx ?] =-Vig+Vipo

[0054] The differential amplifier 15 amplifies the output
differential voltage V, of the second switch unit 14 and an
offset voltage V,, specific to the differential amplifier 15, at a
fixed magnification A. The reversing unit (third switch unit)
16 is controlled to demodulate the output differential voltage
of the differential amplifier 15 and supply the demodulated
output differential voltage to the integrator 17. Expressions
(18) to (25) represent the output differential voltage V, of the
reversing unit (third switch unit) 16.

. T (18)
0°: vz(z=nx§)=Ax(+v1H +Vio + Vao)

27 (19
90°: Vz([= X ?] =AX(+Vig + Vip + V)

, 3T (20)

180°": Vz(t =nX ?) = AX(—(=Viy = Vip) + Vao)
AT @21

270%: Vz([ =nX ?] =AX (_(_VIH + VIO) + Vzo)
, ST 22)

0°': v2(1= nx ?) = CAX(=(+ Vi + Vio) + Vao)
, 6T 23)

90°": Vz(t =nX ?) = —AX(=(+Viy = Vip)+ Vo)
T (24)

180°: vz(z= nx ?) = —AX(=Viy = Vio + Vo)

(25)

8T
270°: Vz(t =nXx ?] =-AX(=Viy +Vip + Vo)

[0055] FIG. 8 is a view illustrative of polarities of input/
output voltages in respective blocks of the switch units in the
magnetism detection device illustrated in FIG. 6, according to
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the present embodiment. FIG. 8 illustrates the polarities of the
hall electromotive force V ;, the hall offset voltage V, ,, and
the offset voltage V,, of the differential amplifier 15, and also
illustrates the polarities of the hall electromotive force V ./,
the hall offset voltage V', and the offset voltage V' of the
differential amplifier 15, which are demodulated by the
reversing unit 16.

[0056] Itis understood from FIG. 8 that the chopper modu-
lation frequency of the offset voltage V, ; of the hall sensor 11
is two times higher, with the chopper modulation frequency
F 47 of the hall electromotive force V ;; being maintained.

[0057] FIG. 9 is a view illustrative of output waveforms of
an integrator in the magnetism detection device illustrated in
FIG. 6, according to the present embodiment. While the inte-
grator 17 is repeating the chopper operation “n” times, the
output differential voltage of the third switch unit 16 is inte-
grated and amplified.

[0058] The output voltage V; of the integrator 17 is repre-
sented by Expression (26), and has a voltage waveform as
illustrated in FIG. 9.

r:Zn%- (26)

Vi= ) V=

=0

=0

=27 _ _AT

=% =% 1=
0+ Y a0+ y a0+ Y 0+

T or 3T

=3 =% =

nX =
5T 6T

T 8T

3 K =g =g
Do+ Y a0+ Y e+ y Vo

_AT T _6T _IT

=g =7 =g =g

_3T

nx4AV iy

[0059] That is, the first switch unit 13 and the second switch
unit 14 repeats the switch operation “n” times (where n is an
integer equal to or greater than 2) in the first period, and
repeats the switch operation “n” times in the second period,
and the reversing unit 16 reverses the polarity of the voltage
from the differential amplifier 15 in synchronization with the
switch operation between the first period and the second
period.

[0060] According to another embodiment of the present
invention, the magnetism detection device is provided with:
the hall sensor 11 that detects the magnetism; the bias gener-
ating unit 12 that drives the hall sensor 11; the first switch unit
13 and the second switch unit 14 that switch the direction of
a current flown from the bias generating unit 12 across two
opposite terminals of the four terminals of the hall sensor 11,
and switch the direction of a voltage to be available in remain-
ing two opposite terminals in the direction orthogonal to the
above direction of the current; the differential amplifier 15
that amplifies the voltage made available by the switch opera-
tions of the first switch unit 13 and the second switch unit 14;
the reversing unit 16 that reverses the polarity of the voltage
from the differential amplifier 15; and the integrator 17 that
integrates the voltage made available by reversing the polarity
by the reversing unit 16, wherein the operation frequency of
alternating the polarity of the hall offset voltage of the hall
sensor 11 is “2n” times (where n is an integer equal to or
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greater than 1) the operation frequency of alternating the
polarity of the hall electromotive force of the hall sensor 11.
[0061] As described above, as the V,, v, waveform of
FIG. 4 and that of FIG. 9 can be compared, the amplification
degree of the integrator 17 of the offset voltage V, , of the hall
sensor 11 at the integrator 17 can be suppressed to half by
doubling the chopper modulation frequency F -, of the oft-
set voltage V, , ofthe hall sensor 11. This enables suppression
of'the output operation voltage range of the integrator 17, and
the amplification degree at the integrator 17 can be made
larger by such a suppressed degree. In addition, since the
chopper modulation frequency of the hall electromotive force
V. is maintained at F 5, it is possible to overcome the
disadvantage of the settling error of the hall electromotive
force V, at the differential amplifier 15. Accordingly, this
produces the effect of not causing an S/N degradation or an
increase in the temperature variation degree of the output
voltage V, of the integrator 17.

[0062] FIG. 10 is a view illustrative of frequency charac-
teristics of chopper modulation transfer functions with
respect to the noise of the hall sensor, according to the present
invention. By increasing the chopper modulation frequency
of the hall sensor 11, the frequency characteristics of the
chopper modulation transfer functions with respect to the
noise of the hall sensor are modulated to a higher band. It is
therefore possible to improve the noise suppression effect due
to the low-pass filer characteristics at the integrator at the
latter stage. Further, when the element noise of the hall sensor
11 is dominant over the whole system noise, the whole system
noise can be suppressed small according to the present inven-
tion.

[0063] Even in other combinations than the above-de-
scribed one, the same effect is obtainable by combining the
phase states of 0°, 90°, 180°, and 270° and those of 0*', 90°',
180", and 270°" having the same bias current direction and
inverted output terminal, in one cycle demodulated at the
reversing unit 16. For example, a combination of
0°—270°—-90°"—=180°"—0*'—=270°—180°—=90°" is con-
ceivable.

[0064] Inaddition, it is made possible to increase the chop-
per modulation frequency of the offset voltage V', , specific to
the hall sensor up to “2a” times with respect to the chopper
modulation frequency F ., of the hall electromotive force
V. by repeating the operation of 0°'—=90°'—=180°—=270°
“a” times after the operation of 0°—=90°—180°'—270" is
repeated “a” times. Thus, the above-described effect can be
further improved.

[0065] In this manner, it is possible to achieve the magne-
tism detection device capable of suppressing the amplifica-
tion degree of the integrator of the offset voltage of the hall
sensor at the integrator and suppressing the operation voltage
range at the integrator considerably, by increasing the chop-
per modulation frequency of the offset voltage of the hall
sensor.

[0066] Itis to be noted that in the above-described embodi-
ments of the present invention, the integrator 17 integrates the
voltage made available by reversing the polarity at the revers-
ing unit 16. The present invention, however, is not limited to
this. After the integrator 17 integrates the voltage from the
differential amplifier 15, the reversing unit 16 may reverse the
polarity of the voltage.

[0067] Further, in the above-described embodiments of the
present invention, the bias generating unit 12 drives the hall
sensor 11 through the current. The present invention, how-
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ever, is not limited to this. A bias voltage generator may drive
the hall sensor 11 through the voltage.

[0068] FIG. 11 is a view illustrative of a flowchart of a
magnetism detection method according to the present
embodiment. In the magnetism detection method according
to the present invention, firstly, in the first period, the direc-
tion of the current flown across two opposite terminals of four
terminals ofthe hall sensor 11 is switched and the direction of
a voltage to be available in remaining two opposite terminals
in the direction orthogonal to the above direction of the cur-
rent is switched, so that the polarity of the hall electromotive
force of the hall sensor 11 is the first polarity and the polarity
of the hall offset voltage alternates four times (step S1).
[0069] Next, in the second period, the direction of the cur-
rent flown across two opposite terminals of four terminals of
the hall sensor 11 is switched and the direction the of the
voltage to be available in remaining two opposite terminals in
the direction orthogonal to the above direction of the current
is switched, so that the polarity of the hall electromotive force
of'the hall sensor 11 is the second polarity opposite to the first
polarity and the polarity of the hall offset voltage alternates
four times (step S2).

[0070] Then, the voltage made available by the switch
operation is amplified (step S3). After that, the polarity of the
amplified voltage is reversed in synchronization with the
switch operation between the first period and the second
period, from among the switch operations of switching the
current and voltage (step S4). Subsequently, the voltage made
available by reversing is integrated (step S5).

[0071] In this manner, it is made possible to achieve the
magnetism detection device capable of suppressing the
amplification degree of the integrator of the offset voltage of
the hall sensor at the integrator and suppressing the operation
voltage range at the integrator considerably, by increasing the
chopper modulation frequency of the offset voltage of the hall
sensor.

[0072] In the above-described magnetism detection device
of Patent Document 1, the settling time of the differential
amplifier is finite, and each chopper phase is shifted in the
order of 0°—=90°—180°—270° in the case where the settling
time at the rising of the input voltage and the settling time at
the falling thereof are different. Thus, the offset voltage of the
hall sensor and the offset voltage of the differential amplifier
are removed with high accuracy. However, in the above-
described magnetism detection device of Patent Document 1,
the phase states of 0°, 90°, 180°, and 270° in one chopper
cycle and the phase states of 0%, 90°', 180", and 270°' having
the same bias current directions and inverted output terminals
are not combined periodically as in the present invention. The
effect of considerably suppressing the operating voltage
range at the integrator is not obtainable without incurring a
signal loss of the hall electromotive force even the chopper
modulation frequency of the offset voltage is increased.
[0073] Additionally, in the above-described magnetism
detection device of Patent Document 2, the order of shifting
the two states such as the chopper phases (0°, 270°) is
changed at random and the disturbance noise received by the
amplifier or the like is subjected to the spread spectrum so as
to enable the high-speed responsiveness while removing the
noise effectively. However, in the above-described magne-
tism detection device of Patent Document 2, the phase states
0f'0°, 90°, 180°, and 270° in one chopper cycle and the phase
states of 0%, 90°, 180, and 270° having the same bias
current directions and inverted output terminals are not com-
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bined periodically as in the present invention. The effect of
considerably suppressing the operating voltage range at the
integrator is not obtainable without incurring a signal loss of
the hall electromotive force even the chopper modulation
frequency of the offset voltage is increased.

[0074] Further, in the above-described magnetism detec-
tion device of Patent Document 3, the integration type A/D
converter having a circuit of adding or subtracting the refer-
ence voltage Vref'is used in synchronization with the outputs
from the hall sensor chopper modulated by shifting in the
order of 0°—=90°—180°—270°. Hence, the offset voltages of
the hall sensor and the analog element can be removed with
high accuracy and the hall electromotive force can be
detected with high accuracy. However, in the above-described
magnetism detection device of Patent Document 3, the phase
states of 0°, 90°, 180°, and 270° in one chopper cycle and the
phase states of 0°', 90°', 180", and 270°' having the same bias
current directions and inverted output terminals are not com-
bined periodically as in the present invention. The effect of
considerably suppressing the operating voltage range at the
integrator without incurring a signal loss of the hall electro-
motive force even the chopper modulation frequency of the
offset voltage is increased is not obtainable.

REFERENCE SIGNS LIST

[0075] 1, 11 hall sensor

[0076] 2 bias current generating circuit
[0077] 3 first switch circuit

[0078] 4 second switch circuit

[0079] 5 differential amplifier

[0080] 6 third switch circuit

[0081] 7 integrator

[0082] 8 switch control circuit

[0083] 12 bias generating unit

[0084] 13 first switch unit

[0085] 14 second switch unit

[0086] 15 differential amplifier

[0087] 16 reversing unit (third switch unit)
[0088] 17 integrator

[0089] 18 switch control unit

1. A magnetism detection device comprising:

a hall sensor that detects magnetism;

a bias generating unit that drives the hall sensor;

a switch unit that is connected to the hall sensor, that carries
out a switch operation of switching a direction of current
flown from the bias generating unit across two opposite
terminals of four terminals of the hall sensor, and switch-
ing the direction of a voltage to be available in remaining
two opposite terminals in a direction orthogonal to the
direction ofthe current, so that in a first period, a polarity
of a hall electromotive force of the hall sensor is a first
polarity and a polarity of the hall offset voltage of the
hall sensor alternates four times, and in a second period,
the polarity of the hall electromotive force of the hall
sensor is a second polarity opposite to the first polarity
and the polarity of the hall offset voltage of the hall
sensor alternates four times;

an amplifier that amplifies the voltage made available by
the switch operation of the switch unit; and

a reversing unit that reverses the polarity of the voltage
from the amplifier in synchronization with the switching
operation between the first period and the second period
out of switching operations of the current and the voltage
switched by the switch unit.
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2. The magnetism detection device according to claim 1,
wherein the switch unit carries out, in the first period:

a first switch operation of connecting the bias generating
unit with a first terminal of the hall sensor and a second
terminal of the hall sensor opposite to the first terminal
so that the current is to be flown from the first terminal
toward the second terminal, and also connecting a third
terminal of the hall sensor and a fourth terminal of the
hall sensor opposite to the third terminal with a positive
input terminal and a negative input terminal of the
amplifier, respectively;

a second switch operation of connecting the bias generat-
ing unit with the third terminal and the fourth terminal so
that the current is to be flown from the third terminal
toward the fourth terminal, and also connecting the sec-
ond terminal and the first terminal with the positive input
terminal and the negative input terminal of the amplifier,
respectively;

a third switch operation of connecting the bias generating
unit with the second terminal and the first terminal so
that the current is to be flown from the second terminal
toward the first terminal, and also connecting the fourth
terminal and the third terminal with the positive input
terminal and the negative input terminal of the amplifier,
respectively; and

a fourth switch operation of connecting the bias generating
unit with the fourth terminal and the third terminal so
that the current is to be flown from the fourth terminal
toward the third terminal, and also connecting the first
terminal and the second terminal with the positive input
terminal and the negative input terminal of the amplifier,
respectively, and

wherein the switch unit carries out, in the second period:

a fifth switch operation of connecting the bias generating
unit with the first terminal and the second terminal so
that the current is to be flown from the first terminal
toward the second terminal, and also connecting the
fourth terminal and the third terminal with the positive
input terminal and the negative input terminal of the
amplifier, respectively;

a sixth switch operation of connecting the bias generating
unit with the third terminal and the fourth terminal so
that the current is to be flown from the third terminal
toward the fourth terminal, and also connecting the first
terminal and the second terminal with the positive input
terminal and the negative input terminal of the amplifier,
respectively;

a seventh switch operation of connecting the bias generat-
ing unit with the second terminal and the first terminal so
that the current is to be flown from the second terminal
toward the first terminal, and also connecting the third
terminal and the fourth terminal with the positive input
terminal and the negative input terminal of the amplifier,
respectively; and

an eighth switch operation of connecting the bias generat-
ing unit with the fourth terminal and the third terminal so
that the current is to be flown from the fourth terminal
toward the third terminal, and that also connecting the
second terminal and the first terminal with the positive
input terminal and the negative input terminal of the
amplifier, respectively.
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3. The magnetism detection device according to claim 1,

wherein the switch unit repeats the switch operation in the
first period n times, where n is an integer equal to or
greater than 2, and repeats the switch operation in the
second period n times, and

wherein the reversing unit reverses the polarity of the volt-
age from the amplifier in synchronization with the
switching operation between the first period and the
second period.

4. A magnetism detection device comprising:

a hall sensor that detects magnetism;

a bias generating unit that drives the hall sensor;

a switch unit that carries out a switch operation of switch-
ing a direction of a current flown from the bias generat-
ing unit across two opposite terminals of four terminals
of the hall sensor, and that carries out a switch operation
of switching a direction of a voltage to be available in
remaining two opposite terminals in a direction orthogo-
nal to the direction of the current, respectively;

an amplifier that amplifies the voltage made available by
the switch operation of the switch unit; and

a reversing unit that reverses a polarity of voltage from the
amplifier,

wherein an operation frequency when a polarity of a hall
offset voltage of the hall sensor alternates is 2n times the
operation frequency when a polarity of a hall electromo-
tive force of the hall sensor alternates, where n is an
integer equal to or greater than 1.

5. A magnetism detection method ina magnetism detection

device comprising a hall sensor that detects magnetism and a
bias generating unit that drives the hall sensor, the magnetism
detection method comprising:

carrying out, by a switch unit connected to the hall sensor,
a switch operation of switching a direction of a current
flown across two opposite terminals of four terminals of
the hall sensor, and switching a direction of a voltage to
be available in remaining two opposite terminals in a
direction orthogonal to the direction of the current,
respectively, so that in a first period, a polarity of a hall
electromotive force of the hall sensor is a first polarity
and a polarity of a hall offset voltage of the hall sensor
alternates four times;

carrying out, by the switch unit connected to the hall sen-
sor, a switch operation of switching the direction of the
current flown across the two opposite terminals of the
fourterminals ofthe hall sensor, and switching the direc-
tion of the voltage to be available in the remaining two
opposite terminals in the direction orthogonal to the
direction of the current, so that in a second period, the
polarity of the hall electromotive force of the hall sensor
is a second polarity opposite to the first polarity and the
polarity of the hall offset voltage alternates four times;

amplifying, by an amplifier, the voltage made available by
the switch operation of the switch unit; and

reversing, by a reversing unit, a polarity of the amplified
voltage in synchronization with the switch operation
between the first period and the second period out of the
switch operations of switching the current and the volt-
age by the switch unit.

6. The magnetism detection device according to claim 2,

wherein the switch unit repeats the switch operation in the
first period n times, where n is an integer equal to or
greater than 2, and repeats the switch operation in the
second period n times, and
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wherein the reversing unit reverses the polarity of the volt-
age from the amplifier in synchronization with the
switching operation between the first period and the
second period.



