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Description
Technical Field

[0001] The presentinvention relates to magnetism de-
tecting devices that detect magnetic patterns provided in
media, such as a banknote, and to banknote identifying
apparatuses that identify banknotes on the basis of a
magnetism detection result.

Background Art

[0002] An existing typical magnetism detecting device
includes a resistive voltage divider circuit, which is a se-
ries circuit of a magnetoresistive element and a fixed re-
sistive element, and an amplifier circuit that amplifies an
output voltage of the resistive voltage divider circuit. In
such a magnetism detecting device, a challenge lies in
how to reduce an influence of an offset voltage of the
amplifier circuit.

[0003] JPHO01-38485 discloses a known device for de-
tecting a rotational angle, comprising a magnetic field
sensor, an amplifier, an integrator and a comparison cir-
cuit.

[0004] WO2012015012 discloses a magnetic sensor
for use with paper currency. The paper currency is trans-
ported through a gradient magnetic field with a region of
high magnetic field strength such that an AMR element
is provided between the paper currency and a first mag-
net.

[0005] Japanese Unexamined PatentApplication Pub-
lication No. 2010-223862 illustrates a magnetism detect-
ing device that includes an integrating circuit and a dif-
ferential amplifier circuit. The integrating circuit carries
out processing of integrating an output voltage of a re-
sistive voltage divider circuit, which is a series circuit of
a magnetoresistive element and a fixed resistive ele-
ment, so as to output an offset component signal, and
the differential amplifier circuit carries out differential am-
plification processing of the output voltage of the resistive
voltage divider circuit and the offset component signal.
[0006] Inthe magnetism detecting device illustrated in
JP 2010-223862, while the influence of the offset voltage
of the amplifier circuit is reduced by canceling out the
offset voltage of the amplifier circuit by the offset com-
ponent signal, a high gain cannot be obtained due to the
circuit configuration. Therefore, in a case in which a weak
magnetism detection signal is to be handled, the number
of stages of the amplifier circuits needs to be increased,
which leads to a problem in that the overall circuit con-
figuration becomes complex.

[0007] We have appreciated that it would be desirable
to provide a magnetism detecting device that can achieve
a high gain and can also detect magnetism without being
affected by an offset voltage, and a banknote identifying
apparatus that includes such a magnetism detecting de-
vice.
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Summary of the Invention

[0008] The invention is defined in the independent
claim 1. A banknote identifying apparatus, comprising
the magnetism detecting device of claim 1, is defined in
claim 2. A magnetism detecting device of the present
invention includes a magnetic sensor provided with a re-
sistive voltage divider circuit that includes a magnetore-
sistive element and an amplifier circuit that amplifies an
output signal of the magnetic sensor. The amplifier circuit
includes an alternating current amplifier circuit that sub-
jects the output signal of the magnetic sensor to alternat-
ing current amplification, an integrating circuit that inte-
grates an output signal of the alternating currentamplifier
circuit, and a differential amplifier circuit that subjects the
output signal of the alternating current amplifier circuit
and an output signal of the integrating circuit to differential
amplification.

[0009] Through such a configuration, a weak change
in a magnetic field can be detected without being affected
by an offset voltage of the amplifier circuit. Thus, a mag-
netic pattern or the like provided in an object to be iden-
tified can be detected with higher accuracy.

[0010] A banknote identifying apparatus of the present
invention includes the above-described magnetism de-
tecting device and a signal processing unit that recog-
nizes information on a magnetic pattern provided in a
medium on the basis of a magnetism detection result of
the magnetism detecting device.

[0011] Through such a configuration, a magnetic pat-
tern provided in a banknote can be identified with higher
accuracy.

[0012] According to the present invention, a weak
change in a magnetic field can be detected without being
affected by an offset voltage of the amplifier circuit, and
a magnetic pattern provided in an object to be identified
can be detected with higher accuracy. In addition, a mag-
netic pattern provided in a banknote can be identified
with higher accuracy.

Brief Description of Drawings

[0013] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying drawings in which:Fig. 1 is a circuit dia-
gram of a magnetism detecting device 101 according to
a first embodiment of the present invention.

Fig. 2(A) illustrates frequency characteristics of the
gain of the magnetism detecting device 101 illustrat-
ed in Fig. 1. Fig. 2(B) illustrates frequency charac-
teristics of the gain obtained when the capacitance
value of a capacitor C21 in the magnetism detecting
device 101 illustrated in Fig. 1 has been changed.

Fig. 3(A) is a waveform diagram of an input signal
to an alternating current amplifier circuit 20 in the
magnetism detecting device 101 illustrated in Fig. 1.
Fig. 3(B) is a waveform diagram of output signals of
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the alternating current amplifier circuit 20 and an in-
tegrating circuit 30 in the magnetism detecting de-
vice 101 illustrated in Fig. 1. Fig. 3(C) is a waveform
diagram of an output signal of a differential amplifier
circuit 40 in the magnetism detecting device 101 il-
lustrated in Fig. 1.

Fig. 4 is a circuit configuration diagram of a banknote
identifying apparatus 201 according to a second em-
bodiment of the present invention.

Fig. 5 is a circuit diagram of a magnetism detecting
device 102 according to a third embodiment of the
present invention.

Fig. 6(A) is a plan view illustrating an example of a
magnetic pattern provided in a medium, in which a
more densely illustrated portion indicates a portion
with more intense magnetism. Fig. 6(B) is an wave-
form diagram of an output voltage of the magnetism
detecting device 102 obtained when the medium pro-
vided with the magnetic patternillustrated in Fig. 6(A)
is moved therethrough.

Fig. 7 is a circuit diagram of a magnetism detecting
device according to a comparative example.

Fig. 8 is a waveform diagram of an output voltage of
the magnetism detecting device according to the
comparative example.

Description of Embodiments
FIRST EMBODIMENT

[0014] Fig. 1 is a circuit diagram of a magnetism de-
tecting device 101 according to a first embodiment of the
present invention. The magnetism detecting device 101
includes a magnetic sensor 1, an alternating current am-
plifier circuit 20, an integrating circuit 30, and a differential
amplifier circuit 40. The magnetic sensor 1 includes a
magnetoresistive element R1 and a fixed resistive ele-
ment R2. The magnetoresistive element R1 and the fixed
resistive element R2 form a resistive voltage divider cir-
cuit. In the magnetic sensor 1, a power supply voltage
Vcce is inputted to the resistive voltage divider circuit,
which is formed by the magnetoresistive element R1 and
the fixed resistive element R2, and a divided voltage,
serving as an output signal of the magnetic sensor 1, is
outputted to the alternating current amplifier circuit 20.
The alternating current amplifier circuit 20 subjects the
output signal of the magnetic sensor 1 to alternating cur-
rent amplification at a predetermined gain and outputs
the result to the integrating circuit 30 and the differential
amplifier circuit 40. The integrating circuit 30 integrates
the output signal of the alternating current amplifier circuit
20 at a predetermined time constant and outputs the re-
sult to one of the input units of the differential amplifier
circuit 40. The differential amplifier circuit 40 subjects the
output signal of the alternating current amplifier circuit 20
and the output signal of the integrating circuit 30 to dif-
ferential amplification at a predetermined gain. An output
of the differential amplifier circuit 40 serves as an output
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signal of the magnetism detecting device 101.

[0015] The alternating current amplifier circuit 20 in-
cludes an operational amplifier OP21. The output signal
of the magnetic sensor 1 is inputted to an inverting input
terminal of the operational amplifier OP21 through a ca-
pacitor C21 and a resistor R21. A parallel circuit formed
by a capacitor C23 and a resistor R23 is connected be-
tween an output terminal and the inverting input terminal
of the operational amplifier OP21. A reference voltage
Vroutputted from a reference voltage source 5 is inputted
to a non-inverting input terminal of the operational am-
plifier OP21 through a resistor R22. It should be noted
that a capacitor C24 serving as a bypass capacitor is
connected between a connection line of a power supply
voltage Vcc of the operational amplifier OP21 and a
ground.

[0016] The integrating circuit 30 includes an operation-
al amplifier OP31. The output signal of the alternating
current amplifier circuit 20 is inputted to an inverting input
terminal of the operational amplifier OP31 through a re-
sistor R31. A parallel circuit formed by a capacitor C33
and a resistor R33 is connected between an output ter-
minal and the inverting input terminal of the operational
amplifier OP31. The reference voltage Vr outputted from
the reference voltage source 5 is inputted to a non-in-
verting input terminal of the operational amplifier OP31.
The resistor R33 is a feedback resistor.

[0017] It should be noted that a theoretical integrating
circuit does not include the resistor R33 illustrated in Fig.
1. In other words, the gain is infinite in a low frequency
band. Practically, however, the gain is finite in the low
frequency band of the operational amplifier OP31, and
thus the resistor R33 serving as a feedback resistor is
necessary. While the resistance value of the resistor R33
may be set as appropriate, as there is an influence of an
offset voltage of the operational amplifier OP31, if the
resistance value of the resistor R33 is set to a high value,
a signal amplitude becomes larger than the dynamic
range of the operational amplifier OP31 and the output
signal becomes saturated. Therefore, the resistance val-
ue of the resistor R33 is set while a cutoff frequency of
a high pass filter that is formed by the capacitor C33 and
the resistor R33 and the offset voltage of the operational
amplifier OP31 described above are taken into consid-
eration.

[0018] The differential amplifier circuit 40 includes an
operational amplifier OP41. The output signal of the al-
ternating current amplifier circuit 20 is inputted to an in-
verting input terminal of the operational amplifier OP41
through a resistor R41. A parallel circuit formed by a ca-
pacitor C43 and a resistor R43 is connected between an
output terminal and the inverting input terminal of the
operational amplifier OP41. A resistor R42 is connected
between a non-inverting input terminal of the operational
amplifier OP41 and the reference voltage source 5. In
addition, a resistor R44 is connected between the non-
inverting input terminal of the operational amplifier OP41
and an output unit of the integrating circuit 30.
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[0019] Values of the elements and voltages in the cir-
cuits illustrated Fig. 1 are, for example, as follows.

[Alternating Current Amplifier Circuit 20]
[0020]

resistor R21: 10 kQ
resistor R22: 10 kQ
resistor R23: 1 MQ
capacitor C21: 22 pF
capacitor C23: 10 pF
capacitor C24: 1 pF

[Integrating Circuit 30]
[0021]
resistor R31: 10 kQ
resistor R33: 100 kQ
capacitor C33: 22 pF
[Differential Amplifier Circuit 40]
[0022]
resistor R41: 10 kQ
resistor R42: 10 kQ
resistor R43: 10 kQ
resistor R44: 10 kQ
capacitor C43: 1 nF
[Power Supply Voltage]
[0023]

power supply voltage Vcc: 5V
reference voltage Vr: 2V

[0024] Fig. 2(A) illustrates frequency characteristics of
the gain ofthe magnetism detecting device 101 illustrated
in Fig. 1. Fig. 2(B) illustrates frequency characteristics of
the gain obtained when the capacitance value of the ca-
pacitor C21 in the magnetism detecting device 101 illus-
trated in Fig. 1 has been changed, which will be described
later. A characteristic curve Arepresents frequency char-
acteristics between the input and the output of the alter-
nating current amplifier circuit 20. A characteristic curve
| represents frequency characteristics between the input
unit of the alternating current amplifier circuit 20 (the out-
put unit of the magnetic sensor 1) and the output unit of
the integrating circuit 30, or in other words, represents
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combined frequency characteristics of the alternating
current amplifier circuit 20 and the integrating circuit 30.
A characteristic curve D represents frequency character-
istics between the input unit of the alternating current
amplifier circuit 20 (the output unit of the magnetic sensor
1) and the output unit of the differential amplifier circuit
40, or in other words, represents combined frequency
characteristics of the alternating current amplifier circuit
20, the integrating circuit 30, and the differential amplifier
circuit 40.

[0025] The gain of the alternating current amplifier cir-
cuit 20 is determined by a ratio of the resistance value
of the resistor R23 to the resistance value of the resistor
R21. As illustrated in Fig. 2(A), the gain of the alternating
current amplifier circuit 20 is set to 100 (40 dB). The al-
ternating current amplifier circuit 20 has band transmis-
sion characteristics, and a low pass side corner frequen-
cy (a cutoff frequency of a high pass filter) is determined
by the product (time constant) of the capacitance value
of the capacitor C21 and the resistance value of the re-
sistor R21. A high pass side corner frequency (a cutoff
frequency of a low pass filter) is determined by the prod-
uct (time constant) of the capacitance value of the ca-
pacitor C23 and the resistance value of the resistor R23.
[0026] The gain of the integrating circuit 30 is deter-
mined by a ratio of the resistance value of the resistor
R33 to the resistance value of the resistor R31. As illus-
trated in Fig. 2(A), the gain of the integrating circuit 30 is
set to 10 (20 dB). The integrating circuit 30 has low band
transmission characteristics, and a corner frequency (a
cutoff frequency) is determined by the product (time con-
stant) of the capacitance value of the capacitor C33 and
the resistance value of the resistor R33.

[0027] The differential amplifier circuit 40 subjects the
output signal of the alternating current amplifier circuit 20
and the output signal of the integrating circuit 30 to dif-
ferential amplification, and the gain thereof is determined
by a ratio of the resistance value of the resistor R43 to
the resistance value of the resistor R41. It should be not-
ed that the capacitor C43 is provided so as to remove
high frequency noise.

[0028] In the example illustrated in Fig. 2(A), the re-
sistance value of the resistor R21 is equal to the resist-
ance value of the resistor R31, which in turn is equal to
10 kQ, and the capacitance value of the capacitor C21
is equal to the capacitance value of the capacitor C33,
which in turn is equal to 22 wF. Thus, the time constant
for determining the low pass side corner frequency of the
alternating current amplifier circuit 20 matches the time
constant for determining the corner frequency of the in-
tegrating circuit 30. Therefore, the frequency character-
istics of the magnetism detecting device 101 as a whole
are flat in a broad band ranging from 0.1 Hz to 10 kHz,
as indicated by the characteristic curve D.

[0029] In the example illustrated in Fig. 2(B), the re-
sistance value of the resistor R21 is equal to the resist-
ance value of the resistor R31, which in turn is equal to
10 kQ; the capacitance value of the capacitor C21 is
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equal to 2.2 pF; and the capacitance value of the capac-
itor C23 is equal to 22 wF. Thus, the low pass side corner
frequency of the alternating current amplifier circuit 20
does not match the corner frequency of the integrating
circuit 30, and the frequency characteristics of the mag-
netism detecting device 101 as a whole meander as in-
dicated by the characteristic curve D. As will be described
later, when the low pass side corner frequency of the
alternating current amplifier circuit 20 matches the corner
frequency of the integrating circuit 30, the output voltage
of the integrating circuit 30 matches the offset voltage
generated in the alternating current amplifier circuit 20.
Therefore, by amplifying a differential voltage between
the output voltage of the alternating current amplifier cir-
cuit 20 and the output voltage of the integrating circuit 30
in the differential amplifier circuit 40, a magnetism detec-
tion signal without an offset voltage can be obtained.
[0030] Fig. 3(A)is a waveform diagram of an input sig-
nal to the alternating current amplifier circuit 20 in the
magnetism detecting device 101 illustrated in Fig. 1. Fig.
3(B) is a waveform diagram of output signals of the al-
ternating current amplifier circuit 20 and the integrating
circuit 30 in the magnetism detecting device 101 illustrat-
edinFig. 1. Fig. 3(C) is a waveform diagram of an output
signal of the differential amplifier circuit 40 in the mag-
netism detecting device 101 illustrated in Fig. 1.

[0031] Inthe example illustrated in Fig. 3(A), the input
signal to the alternating current amplifier circuit 20 is a 2
V to 2.002 V rectangular wave. In Fig. 3(B), a waveform
A represents an output voltage waveform of the alternat-
ing current amplifier circuit 20, and a waveform | repre-
sents an output voltage waveform of the integrating cir-
cuit 30. While the waveform A, which is the output voltage
waveform of the alternating current amplifier circuit 20,
is initially a 2 V to 1.8 V rectangular wave (center voltage
thereof is 1.9 V), the center voltage gradually rises due
to an influence of the capacitor C21 provided at the input
unit. In other words, the charging voltage of the capacitor
C21 is 0 V at the beginning, and the capacitor C21 is
gradually charged. Thus, the center voltage of the wave-
form A, which is the output voltage waveform of the al-
ternating current amplifier circuit 20, rises as the charging
of the capacitor C21 progresses, and the voltage of the
inverting input terminal of the operational amplifier OP21
approaches the reference voltage Vr (2 V). In other
words, the offset voltage to be superimposed on the out-
put voltage of the alternating current amplifier circuit 20
changes gradually from 0.1 Vto 0O V.

[0032] In the meantime, the waveform |, which is the
output voltage waveform of the integrating circuit 30, is
obtained by integrating the output voltage of the alternat-
ing current amplifier circuit 20 with the reference voltage
Vr (2 V) serving as the center voltage. Thus, the output
voltage waveform | of the integrating circuit 30 takes a
waveform that represents a voltage corresponding to the
offset voltage to be superimposed on the output voltage
of the alternating current amplifier circuit 20. In other
words, the stated voltage starts from 2 V and gradually
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approaches 2.1 V.

[0033] The differential amplifier circuit 40 subjects the
output signal of the alternating current amplifier circuit 20
and the output signal of the integrating circuit 30 to dif-
ferential amplification at a predetermined gain, and thus
the waveform of the output signal of the differential am-
plifier circuit 40 becomes a2 Vt0 2.2V rectangular wave,
as illustrated in Fig. 3 (C). In other words, the offset volt-
age generated through a change in the charging voltage
of the capacitor C21 is canceled out, and thus a stable
magnetism detection signal can be obtained constantly.
[0034] If the capacitor C21 at the input unit of the al-
ternating current amplifier circuit 20 is removed to form
a direct current amplifier circuit and the amplifier circuit
of the magnetism detecting device is constituted only by
the aforementioned direct current amplifier circuit, an off-
set voltage due to a capacitoris not generated. However,
as the output voltage of the magnetic sensor 1 has been
subjected to a direct current voltage bias, the amplifier
circuit is operated so as not to exceed the dynamic range
of the amplifier circuit by the operational amplifier, and
thus a high gain cannot be obtained. In addition, a tem-
perature drift is also amplified, and thus good tempera-
ture characteristics cannot be obtained.

SECOND EMBODIMENT

[0035] Fig. 4is acircuit configuration diagram of a ban-
knote identifying apparatus 201 according to a second
embodiment of the presentinvention. The banknote iden-
tifying apparatus 201 includes a magnetism detecting de-
vice 101A, an AD converter 31, and a signal processing
unit 32. The magnetism detecting device 101A includes
plurality of magnetic sensors (not illustrated) that are ar-
rayed in columns, and the banknote identifying apparatus
201 amplifies an output of each of the magnetic sensors
to thus output a magnetism detection result. The mag-
netism detecting device 101A includes a plural groups
of the magnetism detecting devices 101 described in the
first embodiment. The AD converter 31 coverts an output
signal of the magnetism detecting device 101A to digital
data, and the signal processing unit 32 successively
reads the digital data in chronological order so as to rec-
ognize information on a magnetic pattern provided in a
medium.

[0036] It should be noted that in order for a plurality of
magnetism detecting devices to share an AD converter,
amultiplexer may be provided atan input unit of the single
AD converter, and an output of each of the magnetism
detecting devices may be inputted to the AD converter
at time division through the multiplexer.

[0037] Through such signal processing, a unique pat-
tern of a change in the detection signal generated while
amedium provided with a magnetic pattern by a magnetic
ink or the like is transported is detected; thus, the type
of a banknote is determined, and the genuineness of the
banknote is verified.
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THIRD EMBODIMENT

[0038] Fig. 5 is a circuit diagram of a magnetism de-
tecting device 102 according to a third embodiment of
the present invention. The magnetism detecting device
102 includes a magnetic sensor 1, alternating current
amplifier circuits 20A and 20B, integrating circuits 30A
and 30B, and differential amplifier circuits 40A and 40B.
The magnetism detecting device 102 is formed by con-
necting two stages of the circuit configuration of the mag-
netism detecting device 101 according to the first em-
bodiment. It should be noted that the resistance value of
a resistor R23 in the alternating current amplifier circuit
20B of the second stage is 330 kQ2, and the gain of the
alternating current amplifier circuit 20B is 33. In addition,
the resistance value of a resistor R43 in the differential
amplifier circuit 40B of the second stage is 22 kQ, and
the gain of the differential amplifier circuit 40B is 2.2. It
should be noted that, in the differential amplifier circuit
40B ofthe second stage, the resistance value of a resistor
R42 is 22 kQ; the resistance value of a resistor R44 is
33 kQ; and the capacitance value of a capacitor C43 is
470 pF. In addition, the differential amplifier circuit 40B
of the second stage is configured such that an interme-
diate voltage Vo (2.5 V) is applied to an inverting input
terminal of an operational amplifier OP41 through a re-
sistor R45.

[0039] Fig. 6(A) is a plan view illustrating an example
of a magnetic pattern provided in a medium, in which a
more densely illustrated portion indicates a portion with
more intense magnetism. Fig. 6(B) is a waveform dia-
gram of an output voltage of the magnetism detecting
device 102 obtained when the medium provided with the
magnetic pattern illustrated in Fig. 6(A) is moved there-
through. In Fig. 6(B), pulses occurring at times 30 ms,
50-60 ms, and 80 ms correspond to portions with steep
changes in the density of the magnetic ink at the leading
end, at the middle, and at the trailing end of the magnetic
pattern.

[0040] In this manner, a voltage signal corresponding
to the magnetism (magnetic charge) of the magnetic pat-
tern can be outputted.

[0041] Here, as a comparative example, a magnetism
detecting device of an existing technique is prepared. A
circuit diagram and a waveform diagram are illustrated.
Fig. 7 is acircuit diagram of a magnetism detecting device
according to the comparative example. As illustrated in
Fig. 7, the magnetism detecting device according to the
comparative example is constituted only by the magnetic
sensor 1 and the alternating current amplifier circuit 20
provided in the magnetism detecting device 101 accord-
ing to the first embodiment. Fig. 8 is a waveform diagram
of an output voltage of the magnetism detecting device
according to the comparative example. Specifically, Fig.
8 illustrates a waveform diagram of an output voltage of
the magnetism detecting device according to the com-
parative example obtained when a medium provided with
a magnetic pattern identical to the example of the mag-
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netic pattern illustrated in Fig. 6(A) is moved there-
through.

[0042] Inthismanner,ina caseinwhichthe magnetism
detecting device is constituted only by the magnetic sen-
sor 1 and the alternating current amplifier circuit 20, the
offset voltage varies as the capacitor C21 is charged, as
indicated by arrows pointing up to the right in Fig. 8. On
the other hand, according to the present invention, as
illustrated in Fig. 6(B), a stable magnetism detection sig-
nal that stays free from an influence of the offset voltage
can be obtained constantly.

[0043] It should be noted that the magnetoresistive el-
ement R1 is provided at a high side of the magnetic sen-
sor 1 and the fixed resistive element R2 is provided at a
low side in the example illustrated in Fig. 1 and so on.
Alternatively, a fixed resistive element may be provided
at a high side, and a magnetoresistive element may be
provided at alow side. In addition, while the fixed resistive
element may simply be a resistive element, the use of a
magnetoresistive element with a small change in the re-
sistance value in response to a magnetic change as a
fixed resistive element makes it possible to substantially
eliminate the temperature dependence of the magnetic
sensor.

Reference Signs List
[0044]

OP21, OP31, OP41 OPERATIONAL AMPLIFIERS
R1 MAGNETORESISTIVE ELEMENT

R2 FIXED RESISTIVE ELEMENT

1 MAGNETIC SENSOR

5 REFERENCE VOLTAGE SOURCE

20, 20A, 20B ALTERNATING CURRENT AMPLIFI-
ER CIRCUITS

30, 30A, 30B INTEGRATING CIRCUITS

31 AD CONVERTER

32 SIGNAL PROCESSING UNIT

40, 40A, 40B DIFFERENTIAL AMPLIFIER CIR-
CUITS

101, 101A, 102 MAGNETISM DETECTING DEVIC-
ES

201 BANKNOTE IDENTIFYING APPARATUS

Claims

1. A magnetism detecting device that includes a mag-
netic sensor (1) provided with a resistive voltage di-
vider circuit (R1, R2) that includes a magnetoresis-
tive element (R1), and an amplifier circuit (20, 30,
40) configured to amplify an output signal of the mag-
netic sensor, wherein the amplifier circuit includes
an alternating current amplifier circuit (20) config-
ured to subject the output signal of the magnetic sen-
sortoalternating current amplification, an integrating
circuit (30) configured to integrate an output signal



11 EP 2 835 660 B1 12

of the alternating current amplifier circuit, and a dif-
ferential amplifier circuit (40) configured to subject
the output signal of the alternating current amplifier
circuit and an output signal of the integrating circuit
to differential amplification device, thereby cancel-
ling an offset voltage of the amplifier circuit,

the magnetism detecting device being character-
ised in that:

the time constant of the alternating current am-
plifier circuit (20) is configured to match the time
constant of the integrating circuit (30),

wherein the time constant of the alternating cur-
rentamplifier circuit (20) corresponds to the time
constant for determining the low pass side cor-
ner frequency of the alternating current amplifier
circuit (20), and

the time constant of the integrating circuit (30)
corresponds to the time constant for determining
the corner frequency of the integrating circuit
(30).

A banknote identifying apparatus (201) comprising
the magnetism detecting device according to claim
1, the banknote identifying apparatus further com-
prising:

a signal processing unit (32) configured to rec-
ognise information on a magnetic pattern pro-
vided in a medium on the basis of a magnetism
detection result of the magnetism detecting de-
vice.

Patentanspriiche

1.

Magnetismusdetektionsvorrichtung, die Folgendes
umfasst: einen Magnetsensor (1), der mit einer re-
sistiven Spannungsteilerschaltung (R1, R2) ausge-
stattet ist, die ein magnetoresistives Element (R1)
beinhaltet, und eine Verstarkerschaltung (20, 30,
40), konfiguriert zum Verstarken eines Ausgangssi-
gnals des Magnetsensors,

wobei die Verstarkerschaltung Folgendes umfasst:
eine Wechselstromverstarkerschaltung (20), konfi-
guriert zum Unterziehen des Ausgangssignals des
Magnetsensors einer Wechselstromverstarkung, ei-
ne Integratorschaltung (30), konfiguriert zum Inte-
grieren eines Ausgangssignals der Wechselstrom-
verstarkerschaltung, und eine Differentialverstarker-
schaltung (40), konfiguriert zum Aussetzen des Aus-
gangssignals der Wechselstromverstarkerschal-
tung und eines Ausgangssignals der Integrator-
schaltung einer differentialen Verstarkungsvorrich-
tung, um dadurch eine Versatzspannung der Ver-
starkerschaltung aufzuheben,

wobei die Magnetismusdetektionsvorrichtung da-
durch gekennzeichnet ist, dass:
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die Zeitkonstante der Wechselstromverstarker-
schaltung (20) so konfiguriert ist, dass sie zur
Zeitkonstante der Integratorschaltung (30)
passt,

wobei die Zeitkonstante der Wechselstromver-
starkerschaltung (20) der Zeitkonstante zum
Bestimmen der tiefpassseitigen Eckfrequenz
der Wechselstromverstarkerschaltung (20) ent-
spricht, und

die Zeitkonstante der Integratorschaltung (30)
der Zeitkonstante zum Bestimmen der Eckfre-
quenz der Integratorschaltung (30) entspricht.

Banknotenidentifizierungsvorrichtung (201), die die
Magnetismusdetektionsvorrichtung nach Anspruch
1 umfasst, wobei die Banknotenidentifizierungsvor-
richtung ferner Folgendes umfasst:

eine Signalverarbeitungseinheit (32), konfigu-
riert zum Erkennen von Informationen lber ein
Magnetmuster, bereitgestellt in einem Medium
auf der Basis eines Magnetismusdetektionser-
gebnisses der Magnetismusdetektionsvorrich-
tung.

Revendications

Dispositif de détection de magnétisme qui comprend
un capteur magnétique (1) pourvu d’un circuit divi-
seur de tension résistif (R1, R2) qui comprend un
élément magnétorésistif (R1) et un circuit amplifica-
teur (20, 30, 40) configuré pour amplifier un signal
de sortie du capteur magnétique,

dans lequel le circuit amplificateur comprend un cir-
cuit amplificateur de courant alternatif (20) configuré
pour soumettre le signal de sortie du capteur ma-
gnétique a une amplification de courant alternatif, un
circuit intégrateur (30) configuré pour intégrer un si-
gnal de sortie du circuit amplificateur de courant al-
ternatif, et un circuit amplificateur différentiel (40)
configuré pour soumettre le signal de sortie du circuit
amplificateur de courant alternatif et un signal de sor-
tie du circuit intégrateur au dispositif amplificateur
différentiel, annulant ainsi une tension offset du cir-
cuit amplificateur,

le dispositif de détection de magnétisme étant ca-
ractérisé en ce que :

la constante de temps du circuit amplificateur
de courant alternatif (20) est configurée pour
correspondre a la constante de temps du circuit
intégrateur (30),

dans lequel la constante de temps du circuitam-
plificateur de courant alternatif (20) correspond
a la constante de temps pour déterminer la fré-
quence de coupure cbté passe-bas du circuit
amplificateur de courant alternatif (20), et
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la constante de temps du circuit intégrateur (30)
correspond a la constante de temps pour déter-
miner la fréquence de coupure du circuit inté-
grateur (30).

Appareil d’identification de billets de banque (201)
comprenant le dispositif de détection de magnétisme
selon larevendication 1, I'appareil d’identification de
billets de banque comprenant en outre :

une unité de traitement de signaux (32) confi-
gurée pour reconnaitre des informations sur un
motif magnétique fourni dans un support sur la
base d’un résultat de détection de magnétisme
du dispositif de détection de magnétisme.
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FIG. 2

EP 2 835 660 B1

(A)
C T T T T ..‘ -'.l. T T T 1
g O.UVO.M 0.1 1 10 100-. 1000 10000 100000 1000000
-20
~40
-60
Frequency[Hz]
(B)
60
40 ==
D N / \
»f
20 P g
—_ '4“_. ‘u_..’..,
< e ﬁ A e | \\
\E 0 ‘-‘.“‘l 7T T T ‘.‘-.‘.\ T T T 1
‘® 0.001 +“ 0.01 01 1 10 100*.,‘ 1000 10000 100000 1000000
© “.'p.“ "“".
=20 /
-40
-60
Frequency[Hz]

10



FIG. 3
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FIG. 4
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FIG. 6
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FIG. 7
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FIG. 8
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