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SWITCHING POWER SUPPLY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims benefit of priority to Inter-
national Patent Application No. PCT/JP2021/045424, filed
Dec. 10, 2021, and to Japanese Patent Application No.
2020-210981, filed Dec. 21, 2020, the entire contents of
each are incorporated herein by reference.

BACKGROUND

Technical Field

[0002] The present disclosure relates to a switching power
supply device including an inverter circuit and a noise
reduction circuit.

Background Art

[0003] An inverter circuit is a circuit that converts DC
input power from a DC input line to AC power by using a
switching circuit and then outputs the AC power to an AC
output line, and a potential from the DC input line is
substantially floating relative to the ground potential. Elec-
tromagnetic noise attributed to a switching operation is thus
overlapped in the DC potential portion. This causes com-
mon-mode noise, and electromagnetic interference (EMI)
comes to an issue. Accordingly, a switching power supply
device including an inverter circuit is typically provided
with a noise reduction circuit to reduce the EMI.

SUMMARY

[0004] For example, Japanese Unexamined Patent Appli-
cation Publication No. 2016-208596 discloses a power
transmission device including an anti-EMI circuit together
with an inverter circuit. A first Y capacitor of an anti-EMI
circuit of the power transmission device is not coupled to the
ground and is coupled to a power line between an AC line
and the inverter circuit. A wiring line coupled to the power
line is not coupled to the ground, and a long wiring line has
a high impedance. If there is a detection signal line for a
voltage or a current near the wiring line having the high
impedance, the signal line receives noise from the wiring
line having the high impedance and is not able to detect the
voltage or the current correctly. A measure such as changing
the designing of the inverter circuit is thus required, and
extension of the designing period comes to an issue.
[0005] However, measures against noise for the switching
power supply device are typically implemented after the
designing of the inverter circuit is completed. If the anti-
EMI circuit is adjusted to cope with noise, the adjustment
influences the operation of a feedback control circuit of the
inverter circuit. Accordingly, for example, the inverter cir-
cuit wrongly operates, and the necessity for redesigning the
inverter circuit to prevent the wrong operation arises. A new
problem such as a longer designing period thus also arises.
In addition, a measure such as adding a large anti-EMI
circuit is required, and making the switching power supply
device larger comes to an issue.

[0006] In addition, the capacitance of the Y capacitor is
required to be increased to reduce the EMI; however,
increasing the capacitance of the Y capacitor exerts a bad
effect on the feedback control of the inverter and causes a
problem of a wrong power conversion operation on occa-
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sions. In addition, increasing the capacitance of the Y
capacitor coupled to the ground leads to an increase of
leakage current, and a problem such as higher risk of an
electric shock also arises.

[0007] As described above, the switching power supply
device including the inverter circuit is required to simulta-
neously achieve the EMI reduction, power integrity (ensur-
ing a power supply quality), shortening the designing period
of the switching power supply device, and the like.

[0008] Accordingly, the present disclosure reduces the
influence of common-mode noise on a feedback control in a
switching power supply device including an inverter circuit
and a feedback control circuit.

[0009] A switching power supply device as an example of
the present disclosure includes an inverter circuit and a noise
reduction circuit. The inverter circuit is provided with a DC
input line, an AC output line, an inductor, a switching circuit
that allows switching current to flow to the inductor, an input
capacitor coupled in parallel to the DC input line, an output
capacitor coupled in parallel to the AC output line, a DC
input-voltage detection circuit that detects a voltage across
the DC input line, an AC output-voltage detection circuit
that detects a voltage across the AC output line, an AC
output-current detection circuit that detects current to the AC
output line, and a feedback control circuit a reference
potential of which is coupled to a reference potential line of
the DC input line and that performs control of the switching
circuit to cause an AC output voltage across or AC output
current to the AC output line to take on a predetermined
value based on the DC input voltage. The noise reduction
circuit includes a first half-bridge capacitor circuit coupled
to the DC input line, a second half-bridge capacitor circuit
coupled to the AC output line, a first common-mode choke
coil coupled between the first half-bridge capacitor circuit
and the second half-bridge capacitor circuit, and an electrical
path that electrically couples a middle point of the first
half-bridge capacitor circuit with a middle point of the
second half-bridge capacitor circuit and that forms a noise
balance circuit that balances common-mode noise having a
potential different from ground.

[0010] With this configuration, the noise balance circuit
reduces the influence of the common-mode noise on the
feedback control circuit.

[0011] According to the present disclosure, in the switch-
ing power supply device including the inverter circuit and
the feedback control circuit, the influence of the common-
mode noise on the feedback control can be reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] FIG. 1 is a circuit diagram of a switching power
supply device according to a first embodiment;

[0013] FIG. 2 is a circuit diagram of switching power
supply devices according to a second embodiment;

[0014] FIG. 3 is a circuit diagram of further different
switching power supply devices according to the second
embodiment;

[0015] FIG. 4 is a circuit diagram of a switching power
supply device according to a third embodiment;

[0016] FIG. 5 is a circuit diagram of a switching power
supply device according to a fourth embodiment;

[0017] FIG. 6 is a circuit diagram of a switching power
supply device according to a fifth embodiment; and

[0018] FIG. 7 is a circuit diagram of a switching power
supply device according to a sixth embodiment.
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DETAILED DESCRIPTION

[0019] Hereinafter, a plurality of embodiments for imple-
menting the present disclosure will be described by taking
some specific examples with reference to the drawings. The
same components are denoted by the same reference numer-
als throughout the drawings. For convenience of explanation
and in consideration for easy explanation or understanding
of the gist, an embodiment is divided into the plurality of
embodiments in the description; however, configurations
described in the respective different embodiments may be
partially replaced or combined with each other. In the
embodiments on and after a second embodiment, description
of matters common to those in a first embodiment is omitted,
and only different points are described. In particular, the
same actions and effects of the same configuration are not
referred to one by one in each embodiment.

First Embodiment

[0020] FIG. 1 is a circuit diagram of a switching power
supply device 101 according to a first embodiment. The
switching power supply device 101 is coupled between a DC
power supply Vin and a load circuit RL.. A commercial
power system may be coupled to the load circuit RL. The
switching power supply device 101 includes an inverter
circuit 10 and a noise reduction circuit.

[0021] The inverter circuit 10 is provided with a DC input
line DCin, an AC output line ACout, inductors [.1 and 1.2,
a switching circuit 12 that allows switching current to flow
to the inductors [.1 and L2, an input capacitor Ci coupled in
parallel to the DC input line DCin, an output capacitor Co
coupled in parallel to the AC output line ACout, a DC
input-voltage detection circuit 13 that detects a voltage
across the DC input line DCin, an AC output-voltage detec-
tion circuit 15 that detects a voltage across the AC output
line ACout, an AC output-current detection circuit 16 that
detects current to the AC output line ACout, and a feedback
control circuit 14. The feedback control circuit 14 is formed
from a digital circuit such as an analog circuit, a micro
controller unit (MCU), or a digital signal processor (DSP).

[0022] The feedback control circuit 14 has a reference
potential coupled to a line having the reference potential of
the DC input line DCin and performs control of the switch-
ing circuit 12 to cause an AC output voltage from or AC
output current to the AC output line ACout to take on a
predetermined value based on the DC input voltage.

[0023] The noise reduction circuit includes a first half-
bridge capacitor circuit 21 coupled to the DC input line
DCin, a second half-bridge capacitor circuit 22 coupled to
the AC output line ACout, a first common-mode choke coil
31 coupled between the first half-bridge capacitor circuit 21
and the second half-bridge capacitor circuit 22, and an
electrical path 1 that electrically couples the middle point of
the first half-bridge capacitor circuit 21 with the middle
point of the second half-bridge capacitor circuit 22. The first
common-mode choke coil 31 includes coils L11 and [.12
that are mutually magnetically coupled. The first half-bridge
capacitor circuit 21, the second half-bridge capacitor circuit
22, and the electrical path 1 form a noise balance circuit that
balances common-mode noise having a potential different
from the ground. In other words, the noise reduction circuit
includes the noise balance circuit and the first common-
mode choke coil 31.
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[0024] The noise balance circuit above reduces the influ-
ence of the common-mode noise on the feedback control
circuit 14. The middle point of the first half-bridge capacitor
circuit 21 has the midpoint potential of the DC input line
DCin, and the middle point of the second half-bridge capaci-
tor circuit 22 has the midpoint potential of the AC output line
ACout. Common connection between the midpoint potential
portions is performed with the electrical path 1 interposed
therebetween, and current having a common-mode noise
component generated in the switching circuit 12 thereby
flows between the DC input line Dcin and the AC output line
ACout via the electrical path 1. The common-mode noise
has a relatively high frequency and does not have aligned
phases. Accordingly, the common-mode noises flow through
the electrical path 1 and thereby cancel each other. The
common-mode noises having a potential different from the
ground are thereby balanced.

[0025] The electrical path 1 is preferably formed from a
metal plate. This reduces a voltage drop due to the electrical
path 1 and thus leads to a smaller potential difference
between the middle point of the first half-bridge capacitor
circuit 21 and the middle point of the second half-bridge
capacitor circuit 22. The balancing of the common-mode
noise above thus acts more effectively.

[0026] The first common-mode choke coil 31 is coupled
between the first half-bridge capacitor circuit 21 and the
second half-bridge capacitor circuit 22. The first common-
mode choke coil 31 makes low the current having the
common-mode noise component generated in the switching
circuit 12 and reduces the influence of the common-mode
noise on the feedback control circuit 14.

[0027] For a measure against EMI, the capacitances of
capacitors C11, C12, C21, and C22 are required to be
optimized. Adjusting (changing) the capacitor capacities
influences the feedback control circuit 14 in the related art.
In this case, the feedback control circuit 14 is required to be
redesigned, and the designing period is made longer.
According to this embodiment, due to such an action that
current having the common-mode noise component gener-
ated in the switching circuit 12 flows between the input DC
line and the output AC line via the electrical path 1 and
becomes low, the feedback control circuit 14 has a low
impact.

[0028] As described above, the designing period can be
shorted, the safety can be ensured, and a small and inex-
pensive switching power supply device can be provided.
That is, the switching power supply device 101 including the
inverter circuit and the feedback control circuit can reduce
the influence of the common-mode noise on the feedback
control and also exert the following actions and effects. In
the case where the capacitances of the capacitors included in
the anti-EMI circuit are adjusted (optimized), the switching
power supply device 101 can lead to a shorter designing
period and ensure safety in such a manner as to achieve the
power conversion operation without increasing leakage cur-
rent. Further, the switching power supply device 101 can
achieve a small and inexpensive configuration.

Second Embodiment

[0029] For a second embodiment, a switching power sup-
ply device having impedance elements coupled to the elec-
trical path 1 will be exemplified.

[0030] FIG. 2 is a circuit diagram of switching power
supply devices 102A and 102B according to the second
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embodiment. The switching power supply devices 102A and
102B each include the inverter circuit 10, the first half-
bridge capacitor circuit 21, the second half-bridge capacitor
circuit 22, and the first common-mode choke coil 31. The
switching power supply devices 102A and 102B each also
include the electrical path 1 electrically coupling the middle
point of the first half-bridge capacitor circuit 21 with the
middle point of the second half-bridge capacitor circuit 22.
[0031] To the electrical path 1 of the switching power
supply device 102A, an impedance element 71 is coupled in
series. The impedance element Z1 has at least an inductance
component or a resistance component.

[0032] An impedance element Z2 is coupled between the
electrical path 1 of the switching power supply device 102B
and the ground. The impedance element Z2 has at least a
capacitance component, an inductance component, or resis-
tance component. The “ground” is the earth or the fame
ground.

[0033] Like the switching power supply device 102A, if
the impedance element Z1 is coupled in series to the
electrical path 1, but if the common-mode noise reduction
effect exerted by the first common-mode choke coil 31 is not
sufficient, the impedance element Z1 supplements the com-
mon-mode noise reduction. That is, the impedance element
71 attenuates the vibration of high-frequency common-
mode current flowing through the electrical path 1, and thus
the common-mode noise is reduced.

[0034] In the switching power supply device 102B, the
impedance element Z2 is coupled between the electrical path
1 and the ground. The impedance element Z2 has at least a
capacitance component, an inductance component, or a
resistance component.

[0035] As described above, if the impedance element 72
is coupled between the electrical path 1 and the ground, but
if the common-mode noise reduction effect exerted by the
first common-mode choke coil 31 is not sufficient, the
impedance element Z2 supplements the common-mode
noise reduction. That is, the common-mode current flowing
through the electrical path 1 to balance the first half-bridge
capacitor circuit 21 and the second half-bridge capacitor
circuit 22 flows to the ground via the impedance element Z2.
If a line bypass capacitor circuit is provided, the aforemen-
tioned current (leakage current) is less than current leaking
from the line bypass capacitor circuit to the ground. Accord-
ingly, the leakage current can be reduced, and the common-
mode noise can also be reduced.

[0036] FIG. 3 is a circuit diagram of further different
switching power supply devices 102C, 102D, and 102E
according to the second embodiment. In each of the switch-
ing power supply devices 102C, 102D, and 102E, the
impedance element Z2 is coupled between the electrical path
1 and the ground.

[0037] In the switching power supply device 102C, the
impedance element Z1 is coupled in series between the point
of coupling of the impedance element Z2 with the electrical
path 1 and the middle point of the second half-bridge
capacitor circuit 22. In the switching power supply device
102D, an impedance element 7Z3 is also coupled in series
between the point of coupling of the impedance element 72
with the electrical path 1 and the middle point of the first
half-bridge capacitor circuit 21. In the switching power
supply device 102E, the impedance element Z1 is coupled in
series between the point of coupling of the impedance
element 72 with the electrical path 1 and the middle point of
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the second half-bridge capacitor circuit 22, and the imped-
ance element Z3 is coupled in series between the point of
coupling of the impedance element Z2 with the electrical
path 1 and the middle point of the first half-bridge capacitor
circuit 21.

[0038] In the switching power supply devices 102C,
102D, and 102E illustrated FIG. 3, if the impedance ele-
ments Z1 and Z3 are resistors or inductors, and if the
impedance element 72 is a capacitor, these impedance
elements form a low pass filter. If the impedance elements
71 and 73 are capacitors, and if the impedance element 72
is a resistor or an inductor, these impedance elements form
a high pass filter.

[0039] As described above, if a frequency filter is coupled
to the electrical path 1, the feedback responsibility to the
common-mode voltage of the DC input line DCin in
response to the fluctuation of the common-mode voltage
output to the AC output line ACout can be specified appro-
priately.

Third Embodiment

[0040] For a third embodiment, a switching power supply
device 103 including a second common-mode choke coil 32
will be exemplified.

[0041] FIG. 4 is a circuit diagram of the switching power
supply device 103 according to the third embodiment. The
switching power supply device 103 is coupled between the
DC power supply Vin and the load circuit RL. The switching
power supply device 103 also includes the inverter circuit 10
and the noise reduction circuit. In FIG. 4, circuits other than
the inverter circuit 10 form the noise reduction circuit.
[0042] The switching power supply device 103 according
to the third embodiment includes the second common-mode
choke coil 32 coupled on the load side of the second
half-bridge capacitor circuit 22. The configuration other than
this is the same as that of the switching power supply device
101 illustrated in FIG. 1.

[0043] The second common-mode choke coil 32 is com-
posed of coils [.21 and [.22 that are mutually magnetically
coupled. The second common-mode choke coil 32 reduces
common-mode noise overlapped in the AC output line
ACout of the inverter circuit 10.

Fourth Embodiment

[0044] For a fourth embodiment, a switching power sup-
ply device to which a capacitor for a filter is coupled will be
exemplified, the capacitor being coupled to the AC output
line.

[0045] FIG. 5 is a circuit diagram of a switching power
supply device 104 according to the fourth embodiment. The
switching power supply device 104 is coupled between the
DC power supply Vin and the load circuit RL. The switching
power supply device 104 also includes the inverter circuit 10
and the noise reduction circuit. In FIG. 5, circuits other than
the inverter circuit 10 form the noise reduction circuit.

[0046] The switching power supply device 104 according
to the fourth embodiment includes two capacitors C31 and
C32 coupled in series. This circuit is coupled to the AC
output line ACout, and the middle point of the circuit is
coupled to the ground. The configuration other than this is
the same as that of the switching power supply device 103
illustrated in FIG. 4.
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[0047] The circuit composed of the capacitors C31 and
C32 reduces common-mode noise overlapped in the AC
output line ACout of the inverter circuit 10.

Fifth Embodiment

[0048] For a fifth embodiment, a switching power supply
device including a capacitor C4 coupled between the refer-
ence potential of the feedback control circuit 14 and the
electrical path 1 will be exemplified.

[0049] FIG. 6 is a circuit diagram of a switching power
supply device 105 according to the fifth embodiment. The
switching power supply device 105 is coupled between the
DC power supply Vin and the load circuit RL. The switching
power supply device 105 also includes the inverter circuit 10
and the noise reduction circuit. In FIG. 6, circuits other than
the inverter circuit 10 form the noise reduction circuit.

[0050] The switching power supply device 105 according
to the fifth embodiment includes the capacitor C4 coupled
between the reference potential of the feedback control
circuit 14 and the electrical path 1. The configuration other
than this is the same as that of the switching power supply
device 104 illustrated in FIG. 5.

[0051] The capacitor C4 is coupled between the reference
potential of the feedback control circuit 14 and the electrical
path 1, and thereby the potential of the electrical path 1 is
stabilized. The common-mode noise can be reduced, and the
influence of the electrical path 1 on the detection signal line
for a voltage or current can also be reduced.

Sixth Embodiment

[0052] For a sixth embodiment, a switching power supply
device including a capacitor C5 coupled between the refer-
ence potential of the feedback control circuit 14 and the
ground will be exemplified.

[0053] FIG. 7 is a circuit diagram of a switching power
supply device 106 according to the sixth embodiment. The
switching power supply device 106 is coupled between the
DC power supply Vin and the load circuit RL. The switching
power supply device 106 also includes the inverter circuit 10
and the noise reduction circuit. In FIG. 7, circuits other than
the inverter circuit 10 form the noise reduction circuit.

[0054] The switching power supply device 106 according
to the sixth embodiment includes the capacitor C5 coupled
between the reference potential of the feedback control
circuit 14 and the ground. The configuration other than this
is the same as that of the switching power supply device 104
illustrated in FIG. 5.

[0055] The capacitor C5 is coupled between the reference
potential of the feedback control circuit 14 and the ground,
and thereby the potential of the electrical path 1 is stabilized.
The common-mode noise can be reduced, and the influence
of the electrical path 1 on the detection signal line for a
voltage or current can also be reduced.

[0056] Lastly, the present disclosure is not limited to the
embodiments described above. Modifications and changes
may be made appropriately by those skilled in the art. The
scope of the present disclosure is defined by the scope of
claims, not by the embodiments above. Further, the scope of
the present disclosure includes a modification and a change
made from the embodiments in the scope equivalent to the
scope of claims.
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What is claimed is:

1. A switching power supply device comprising:
an inverter circuit and a noise reduction circuit,
wherein

the inverter circuit includes

a DC input line,

an AC output line,

an inductor,

a switching circuit configured to allow switching cur-
rent to flow to the inductor,

an input capacitor coupled in parallel to the DC input
line,

an output capacitor coupled in parallel to the AC output
line,

a DC input-voltage detection circuit configured to
detect a voltage across the DC input line,

an AC output-voltage detection circuit configured to
detect a voltage across the AC output line,

an AC output-current detection circuit configured to
detect current to the AC output line, and

a feedback control circuit a reference potential of which
is coupled to a reference potential line of the DC
input line and is configured to control the switching
circuit to cause an AC output voltage across or AC
output current to the AC output line to take on a
predetermined value based on the voltage across the
DC input line, and

the noise reduction circuit includes

a first half-bridge capacitor circuit coupled to the DC
input line,

a second half-bridge capacitor circuit coupled to the AC
output line,

a first common-mode choke coil coupled between the
first half-bridge capacitor circuit and the second
half-bridge capacitor circuit, and

an electrical path that electrically couples a middle
point of the first half-bridge capacitor circuit with a
middle point of the second half-bridge capacitor
circuit and that configures a noise balance circuit that
balances common-mode noise having a potential
different from ground.

2. A switching power supply device comprising:
an inverter circuit and a noise reduction circuit,
wherein

the inverter circuit includes

a DC input line,

an AC output line,

an inductor,

a switching circuit configured to allow switching cur-
rent to flow to the inductor,

an input capacitor coupled in parallel to the DC input
line,

an output capacitor coupled in parallel to the AC output
line,

a DC input-voltage detection circuit configured to
detect a voltage across the DC input line,

an AC output-voltage detection circuit configured to
detect a voltage across the AC output line,

an AC output-current detection circuit configured to
detect current to the AC output line, and

a feedback control circuit a reference potential of which
is coupled to a reference potential line of the DC
input line and is configured to control the switching
circuit to cause an AC output voltage across or AC
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output current to the AC output line to take on a
predetermined value based on the voltage across the
DC input line,

the noise reduction circuit includes

a first half-bridge capacitor circuit coupled to the DC
input line,

a second half-bridge capacitor circuit coupled to the AC
output line,

a first common-mode choke coil coupled between the
first half-bridge capacitor circuit and the second
half-bridge capacitor circuit, and

an electrical path that electrically couples a middle
point of the first half-bridge capacitor circuit with a
middle point of the second half-bridge capacitor
circuit and that configures a noise balance circuit that
balances common-mode noise having a potential
different from ground, and

the noise balance circuit is configured to reduce influence
of the common-mode noise on the feedback control
circuit.
3. The switching power supply device according to claim
1, further comprising:
an impedance element coupled in series to the electrical
path and having an inductance component or a resis-
tance component.
4. The switching power supply device according to claim
1, further comprising:
an impedance element coupled between the electrical path
and the ground and having a capacitance component,
an inductance component, or a resistance component.
5. The switching power supply device according to claim
1, further comprising:
a second common-mode choke coil coupled on a load side
of the second half-bridge capacitor circuit.
6. The switching power supply device according to claim
1, further comprising:
two capacitors coupled in series,
wherein the two capacitors are coupled to the AC output
line and have a middle point coupled to the ground.
7. The switching power supply device according to claim
1, comprising:
a capacitor coupled between a reference potential of the
feedback control circuit and the electrical path.
8. The switching power supply device according to claim
1, further comprising:
a capacitor coupled between the reference potential of the
feedback control circuit and the ground.
9. The switching power supply device according to claim
2, further comprising:
an impedance element coupled in series to the electrical
path and having an inductance component or a resis-
tance component.
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10. The switching power supply device according to claim
2, further comprising:
an impedance element coupled between the electrical path
and the ground and having a capacitance component,
an inductance component, or a resistance component.
11. The switching power supply device according to claim
3, further comprising:
an impedance element coupled between the electrical path
and the ground and having a capacitance component,
an inductance component, or a resistance component.
12. The switching power supply device according to claim
2, further comprising:
a second common-mode choke coil coupled on a load side
of the second half-bridge capacitor circuit.
13. The switching power supply device according to claim
3, further comprising:
a second common-mode choke coil coupled on a load side
of the second half-bridge capacitor circuit.
14. The switching power supply device according to claim
4, further comprising:
a second common-mode choke coil coupled on a load side
of the second half-bridge capacitor circuit.
15. The switching power supply device according to claim
2, further comprising:
two capacitors coupled in series,
wherein the two capacitors are coupled to the AC output
line and have a middle point coupled to the ground.
16. The switching power supply device according to claim
3, further comprising:
two capacitors coupled in series,
wherein the two capacitors are coupled to the AC output
line and have a middle point coupled to the ground.
17. The switching power supply device according to claim
2, comprising:
a capacitor coupled between a reference potential of the
feedback control circuit and the electrical path.
18. The switching power supply device according to claim
3, comprising:
a capacitor coupled between a reference potential of the
feedback control circuit and the electrical path.
19. The switching power supply device according to claim
2, further comprising:
a capacitor coupled between the reference potential of the
feedback control circuit and the ground.
20. The switching power supply device according to claim
3, further comprising:
a capacitor coupled between the reference potential of the
feedback control circuit and the ground.
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