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(54) DC voltage conversion circuit

(57) The invention relates to a DC voltage conversion
circuit including: a DC power supply (1); a switching de-
vice (3) which is connected to two ends of the DC power
supply (1) through an inductor (2); and a series circuit
which is connected in parallel with the switching device
(3) and which includes a diode (4) and a load (6), so that
an input voltage (Vin) supplied from the DC power supply
(1) can be converted into an output voltage (Vo) with a
predetermined magnitude by an operation of the switch-
ing device (3) and supplied to the load (6). The invention
is characterized in that the DC voltage conversion circuit
further includes: a series circuit which is connected to

two ends of the diode (4) and which includes a snubber
capacitor (103) and a snubber diode (101); and a charg-
ing circuit (e.g. a series circuit of a DC power supply (104)
and a diode (102)) which charges the snubber capacitor
(103) to a voltage lower than the input voltage (Vin) or
the output voltage (Vo) in a period of time when the switch-
ing device (3) is ON. Thus, while the charging loss of the
snubber capacitor (103) is minimized to prevent the effi-
ciency from being lowered, a surge voltage (ΔV) caused
by a parasitic inductance (A) is suppressed to protect the
switching device (3).
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a DC voltage conversion circuit which switches a semiconductor switching
device to thereby convert a DC voltage into a DC voltage having a predetermined magnitude. In particular, it relates to
an overvoltage protection technique which is designed to use a snubber circuit to absorb a surge voltage occurring due
to a parasitic inductance of a wiring to thereby protect a semiconductor switching device.

2. Description of the Background Art

[0002] Fig. 7 shows a first background-art technique of this kind of DC voltage conversion circuit.
[0003] In Fig. 7, one end of an inductor 2 is connected to a positive electrode of a DC power supply 1, and a semi-
conductor switching device 3 such as an MOSFET is connected between the other end of the inductor 2 and a negative
electrode of the DC power supply 1. A diode 4 and a capacitor 5 are connected in series to two ends (between a drain
electrode d and a source electrode s) of the switching device 3. A load 6 is connected to two ends of the capacitor 5.
Incidentally, in Fig. 7, the reference sign P designates a positive terminal of the DC voltage conversion circuit; N, a
negative terminal thereof; and A, a parasitic inductance caused by a wiring of the circuit as will be described later.
[0004] The DC voltage conversion circuit shown in Fig. 7 is a so-called step-up chopper which converts a DC input
voltage into a DC voltage higher than the DC input voltage. Operation of the circuit will be described below. Incidentally,
in the following description, assume that a forward voltage drop in a PN junction of the diode etc. is neglected.
[0005] When the switching device 3 turns ON, a current flows from the DC power supply 1 back to the DC power
supply 1 through the inductor 2 and the switching device 3. An input current Iin increases due to a voltage (input voltage)
Vi of the DC power supply 1 added to the inductor 2. When the switching device 3 turns OFF, the current flows from the
DC power supply 1 back to the DC power supply 1 through the inductor 2, the diode 4 and the capacitor 5. On this
occasion, a differential voltage between a voltage (output voltage) Vo of the capacitor 5 and the input voltage Vi is applied
to the inductor 2. Accordingly, as will be described later, Iin decreases due to Vo which is kept higher than Vi.
[0006] When a ratio of ON time to OFF time in the switching device 3 is controlled, the magnitude of the input current
Iin can be controlled desirably. When the input current Iin is controlled in accordance with the power consumption of the
load 6, the output voltage Vo can be kept at a desired value.
[0007] In addition, when the ratio of the ON time in the switching device 3 is increased, the input current Iin and further
input electric power (Vi3Iin) can be theoretically increased unlimitedly. Therefore, the output voltage Vo can be controlled
to have any value in a range higher than the input voltage Vi. When the ratio of the ON time in the switching device 3 is
0, i.e. when the switching device 3 does not turn ON at all, the output voltage Vo is substantially equal to the input voltage Vi.
[0008] Generally, an unintended parasitic inductance A is present on a wiring in an electric circuit. A parasitic inductance
A existing in a loop circuit from the switching device 3 back to the switching device 3 via the diode 4 and the capacitor
5 is shown in Fig. 7.
[0009] Fig. 8 shows voltage and current waveforms when a current flowing into the switching device 3 is commutated
to the capacitor 5 through the diode 4.
[0010] In Fig. 8, when the switching device 3 starts to turn OFF at a time instant t0, the impedance of the switching
device 3 increases and a drain-to-source voltage Vds increases accordingly. When the voltage Vds exceeds the output
voltage Vo at a time instant t1, the diode 4 in Fig. 7 conducts electricity so that a current i starts to flow from the switching
device 3 back to the switching device 3 through the diode 4, the parasitic inductance A and the capacitor 5.
[0011] On this occasion, a voltage (so-called surge voltage) in Mathematical Expression 1 proportional to a change
rate of the current i occurs in the parasitic inductance A. 

wherein the reference sign L designates an inductance value of the parasitic inductance A.
[0012] When Id designates a drain current of the switching device 3, i=Iin-Id is established. Iin may be regarded as
constant in a short period of time when the surge voltage ΔV occurs. Accordingly, (di/dt) is substantially equal to a rate
of decrease in Id, i.e. (-dId/dt). The surge voltage ΔV which is added to Vo is applied between the drain and the source
of the switching device 3. Accordingly, the drain-to-source voltage Vds is higher than the output voltage Vo in a brief
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period of time after the time instant t1, as shown in Fig. 8.
[0013] When the surge voltage ΔV is large to exceed the withstanding voltage of the switching device 3, there is a risk
that the switching device 3 may be broken down. Therefore, there has been heretofore taken a countermeasure, for
example, to contrive a circuit configuration such as a wiring length to make the inductance value L of the parasitic
inductance A as small as possible.
[0014] On the other hand, higher speed switching can be performed with recent improvement in performance of
semiconductor devices. In order to reduce a switching loss, it is desirable that switching is performed in a time as short
as possible. However, so-called high speed switching leads to the increase of (di/dt). In such a high speed switching
condition, the contrivance on the circuit configuration may have a limit on the reduction of the inductance value L.
[0015] Next, Fig. 9 shows a second background-art technique of the DC voltage conversion circuit. In Fig. 9, a different
point from the circuit shown in Fig. 7 is that a snubber capacitor 7 is connected in parallel with the diode 4. Thus, the
drain-to-source voltage Vds of the switching device 3 can be reduced.
[0016] In Fig. 9, in a period of time when the switching device 3 is ON, the snubber capacitor 7 is charged so that a
voltage Vc of the snubber capacitor 7 is substantially equal to the output voltage Vo.
[0017] Fig. 10 shows voltage and current waveforms when a current flowing into the switching device 3 is commutated
to the capacitor 5 through the diode 4.
[0018] When the switching device 3 starts to turn OFF at a time instant to and the drain-to-source voltage Vds becomes
slightly larger than 0 [V], a P-to-N voltage VPN (=Vds+Vc) exceeds Vo so that a current starts to flow from the inductor 2
to the capacitor 5 through the capacitor 7 and the parasitic inductance A. That is, commutation starts before Vds exceeds
Vo.
[0019] A surge voltage ΔV occurring in the circuit shown in Fig. 9 is equivalent to that in Fig. 7. However, since
Vds=Vo+ΔV-Vc is established in Fig. 9, the peak value of Vds in Fig. 10 is smaller than that in Fig. 8, as apparent from
comparison between Fig. 10 and Fig. 8.
[0020] A technique in which Vds is suppressed based on the same principle as that in Figs. 9 and 10 so as to protect
a switching device has been described, for example, in JP-A-10-136637 (Paragraphs [0014] to [0016], Fig. 1, etc.).

SUMMARY OF THE INVENTION

[0021] According to the circuit in Fig. 9, the surge voltage ΔV can be suppressed to be lower than that in the circuit in
Fig. 7. However, when the switching device 3 turns ON and the snubber capacitor 7 is charged up to a value equal to
the output voltage Vo, a loss (charging loss) is generated in the switching device 3 because a charging current flows
from the capacitor 5 back to the capacitor 5 through the snubber capacitor 7 and the switching device 3. This power
loss reaches (1/2)CVo

2 (the references sign C designates the capacitance value of the capacitor 7) regardless of the
resistance value of the charging circuit. Even when a charging resistor is placed in the charging circuit of the snubber
capacitor 7, the same loss is generated due to that resistor.
[0022] In addition, when the switching device 3 is operated at a frequency f, a power loss Ps expressed by Mathematical
Expression 2 occurs. 

[0023] Accordingly, when the switching frequency f is increased, that is, when the DC voltage conversion circuit is
operated at a higher frequency, there is a problem that the aforementioned power loss Ps increases to thereby decrease
the overall efficiency of the apparatus.
[0024] Therefore, an object of the invention is to provide a DC voltage conversion circuit which is designed to suppress
a surge voltage caused by a parasitic inductance to thereby protect a semiconductor switching device while minimizing
a power loss caused by charging of a snubber capacitor to thereby prevent the lowering of the efficiency.
[0025] In order to achieve the object, a DC voltage conversion circuit according to Claim 1 is arranged as a DC voltage
conversion circuit including: a first DC power supply; a first semiconductor switching device which is connected to two
ends of the first DC power supply through an inductor; and a series circuit which is connected in parallel with the switching
device and which includes a rectifier device and a load, so that an input voltage supplied from the first DC power supply
can be converted into an output voltage with a predetermined magnitude by a switching operation of the switching device
and supplied to the load.
[0026] In addition, according to the invention, the DC voltage conversion circuit further includes: a series circuit which
is connected to two ends of the rectifier device and which includes a first snubber capacitor and a first snubber diode;
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and a charging circuit which charges the snubber capacitor to a voltage lower than the input voltage or the output voltage
in a period of time when the switching device is ON.
[0027] Here, the charging circuit for charging the first snubber capacitor may be either constituted by a series circuit
of a second DC power supply and a diode as described in Claim 2, or constituted by a series circuit of a second DC
power supply, an inductor and a diode as described in Claim 3.
[0028] In addition, as described in Claim 4, a series circuit of a plurality of inductors may be provided as the inductor
in Claim 1 so that the charging circuit for charging the first snubber capacitor can be configured in such a manner that
one of connection points among these inductors and a connection point between the first snubber capacitor and the first
snubber diode are connected through a diode.
[0029] Further, as described in Claim 5, an auxiliary winding may be provided in the inductor in Claim 1 so that the
charging circuit for charging the first snubber capacitor can be constituted in such a manner that one end of the auxiliary
winding and a connection point between the first snubber capacitor and the first snubber diode are connected through
a diode.
[0030] Moreover, as described in Claim 6, a second semiconductor switching device which is connected in series with
the first semiconductor switching device may be provided in place of the rectifier device in Claim 1 so that the rectifier
device can be replaced by a rectification function of the semiconductor switching device.
[0031] Incidentally, as described in Claim 7, the charging circuit for charging the first snubber capacitor in Claim 6
may be constituted by a series circuit of a second DC power supply and a diode, in the same manner as in Claim 2.
[0032] Further, as described in Claim 8, in the DC voltage conversion circuit described in Claim 7, a series circuit of
a second snubber capacitor and a second snubber diode may be connected in parallel with the first semiconductor
switching device, and a series circuit of a third DC power supply and a diode may be connected between a connection
point between the second snubber capacitor and the second snubber diode and one end of the load so as to serve as
a charging circuit for charging the second snubber capacitor.
[0033] According to the invention, a power loss caused by charging of a snubber capacitor can be minimized so that
the lowering of the efficiency can be prevented. In addition, a surge voltage occurring when a semiconductor switching
device is turned OFF can be suppressed so that the semiconductor switching device can be prevented from an over-
voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034]

Fig. 1 is a circuit diagram showing a first embodiment of the invention.
Fig. 2 is a graph of current and voltage waveforms when a current flowing into a semiconductor switching device is
commutated to a capacitor in Fig. 1.
Fig. 3 is a circuit diagram showing a second embodiment of the invention.
Fig. 4 is a circuit diagram showing a third embodiment of the invention.
Fig. 5 is a circuit diagram showing a fourth embodiment of the invention.
Fig. 6 is a circuit diagram showing a fifth embodiment of the invention.
Fig. 7 is a diagram showing a first background-art technique of a DC voltage conversion circuit.
Fig. 8 is a graph of current and voltage waveforms when a current flowing into a semiconductor switching device is
commutated to a capacitor in Fig. 7.
Fig. 9 is a diagram showing a second background-art technique of a DC voltage conversion circuit.
Fig. 10 is a graph of current and voltage waveforms when a current flowing into a semiconductor switching device
is commutated to a capacitor in Fig. 9.

DETAILED DESCRIPTION OF THE INVENTION

[0035] Embodiments of the invention will be described below in accordance with the drawings.
[0036] Fig. 1 is a circuit diagram showing a first embodiment of the invention. The same devices as those devices in
Figs. 7 and 9 are referred to by the same reference signs correspondingly. In the first embodiment, a step-up chopper
is also configured in the same manner so that an output voltage Vo which is obtained by increasing an input voltage Vi
due to a switching operation of a semiconductor switching device 3 is supplied to a load 6.
[0037] In Fig. 1, a connection state of a first DC power supply 1, an inductor 2, the semiconductor switching device 3
such as an MOSFET, a diode 4, a capacitor 5 and the load 6 is the same as that in Fig. 7 or 9. The embodiment is
characterized in the point that a series circuit of a snubber diode 101 and a snubber capacitor 103 is connected in parallel
with the diode 4 so as to form a snubber circuit, and a diode 102 and a second DC power supply 104 are connected in
series between a connection point between the snubber diode 101 and the snubber capacitor 103 and a negative terminal



EP 2 779 392 A1

5

5

10

15

20

25

30

35

40

45

50

55

N so as to serve as a charging circuit for charging the snubber capacitor 103.
[0038] Operation of the embodiment will be described below.
[0039] When the switching device 3 is ON, a current flows from the DC power supply 104 back to the DC power supply
104 through the diode 102, the snubber capacitor 103 and the switching device 3. Accordingly, the snubber capacitor
103 is charged so that a voltage Vc of the snubber capacitor 103 is equal to a voltage of the DC power supply 104. Here,
for example, assume that an input voltage Vi supplied from the first DC power supply 1 is set at 200 [V], an output voltage
Vo is set at 400 [V], and the voltage of the second DC power supply 104 is set at 100 [V].
[0040] Fig. 2 is a graph of current and voltage waveforms when a current flowing into the switching device 3 is
commutated to the capacitor 5 in Fig. 1.
[0041] When the switching device 3 starts to turn OFF at a time instant to so that the impedance of the switching
device 3 increases, a drain-to-source voltage Vds of the switching device 3 starts to increase. However, differently from
in Fig. 9, in the embodiment, the current does not flow into the snubber diode 101 and the snubber capacitor 103 unless
a value (Vds+Vc) exceeds Vo (=400 [V]), that is, unless Vds exceeds (Vo-Vc)=300 [V]. Incidentally, since Vc is equal to
the voltage of the DC power supply 104 as described above, Vc is 100 [V].
[0042] When the value (Vds+Vc) exceeds Vo, a discharging current of the snubber capacitor 103 flows from the inductor
2 to the capacitor 5 through the snubber capacitor 103, the snubber diode 101 and a parasitic inductance A. On this
occasion, a surge voltage ΔV occurs in the parasitic inductance A. However, as apparent from Fig. 1, since Vds=ΔV+Vo-Vc
is established, Vds is kept lower than ΔV+Vo unless the snubber capacitor 103 ceases to discharge electricity.
[0043] That is, the snubber circuit including the snubber diode 101 and the snubber capacitor 103 operates only around
a timing when the surge voltage ΔV occurs. In a period of time before that, the snubber circuit does not discharge
electricity unnecessarily. Therefore, even when the charging voltage Vc of the snubber capacitor 103 is low, the surge
voltage ΔV can be suppressed effectively.
[0044] In the aforementioned circuit in Fig. 9, the snubber capacitor 7 is charged so that the voltage Vc of the snubber
capacitor 7 is substantially equal to the output voltage Vo. Accordingly, Vc=400 [V]. On the other hand, according to the
circuit in Fig. 1, the voltage Vc of the snubber capacitor 103 is equal to the voltage of the second DC power supply 104,
i.e. 100 [V]. That is, the voltage Vc in Fig. 1 is 1/4 as high as that in Fig. 9. Accordingly, when a capacitance value C of
the snubber capacitor 103 is equal to that of the snubber capacitor 7 in Fig. 9, (1/2)CVc

2 as a charging loss is the square
of 1/4, i.e. 1/16. Even when the capacitance value of the snubber capacitor 103 is made several times as large as that
of the snubber capacitor 7 in Fig. 9, the charging loss is smaller than that of the circuit in Fig. 9. Accordingly, a surge
suppression effect can be improved in comparison with the background art.
[0045] Next, Fig. 3 is a circuit diagram showing a second embodiment of the invention. In the embodiment, an inductor
105 is inserted between the diode 102 and the second DC power supply 104 in Fig. 1. The embodiment is aimed at
further reducing the charging loss of the snubber capacitor 103.
[0046] In the circuit in Fig. 1, the voltage Vc per se of the snubber capacitor 103 is reduced but (1/2)CVc

2 as the
charging loss still occurs in principle.
[0047] On the other hand, according to the circuit in Fig. 3, some loss occurs in the diode 102, the inductor 105 and
the switching device 3 but the value of the loss is smaller than (1/2) CVc

2 and can be reduced close to 0 ideally. Incidentally,
the snubber capacitor 103 and the inductor 105 incurs LC resonance when the switching device 3 turns ON in the circuit
in Fig. 3. As a result, the voltage Vc of the snubber capacitor 103 is charged to be about twice as high as the voltage of
the DC power supply 104. Therefore, it is desirable that the voltage of the DC power supply 104 is set at 1/2 of that in
Fig. 1 (the voltage of the DC power supply 104 is set at 50 [V] when the capacitor 103 is intended to be charged to 100 [V]).
[0048] Incidentally, in the aforementioned first or second embodiment, an exclusive power supply may be provided
as the second DC power supply 104 forming the charging circuit for charging the snubber capacitor 103. Another method
may be also conceived. For example, a part of a control power supply may be used, or a part of a serial capacitor may
be used when the load 6 is a multilevel converter. However, when an appropriate power supply cannot be prepared, a
method shown in a third embodiment in Fig. 4 may be used.
[0049] That is, as shown in Fig. 4, a second inductor 106 is connected between one end of a first inductor 2 on the
opposite side to the first DC power supply 1 and an anode of the diode 4, and the diode 102 is connected between a
connection point between the inductors 2 and 106 and an anode of the snubber diode 101 by an illustrated polarity.
[0050] In the embodiment, when the switching device 3 turns ON, the voltage of the DC power supply 1 is divided by
a series circuit of the inductors 2 and 106.
[0051] The divided voltage is applied to the snubber capacitor 103 through the diode 102 so as to charge the snubber
capacitor 103. The snubber capacitor 103 is charged to be twice as large as an electromotive force due to LC resonance
incurred by the inductor 106 and the snubber capacitor 103 in the same manner as in the circuit in Fig. 3. Accordingly,
it is necessary to take this point into consideration in advance so as to set a voltage division ratio by the inductors 2 and 106.
[0052] Next, Fig. 5 is a circuit diagram showing a fourth embodiment of the invention.
[0053] In the embodiment, an auxiliary winding 2a is provided in the inductor 2 so that a voltage lower than the input
voltage Vi is generated from the auxiliary winding 2a by a transformer operation of the inductor 2 to thereby charge the
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snubber capacitor 103 through the diode 102. In this case, a series circuit consisting of a leakage inductance between
the inductor 2 and the auxiliary winding 2a and the snubber capacitor 103 incurs LC resonance. Thus, the voltage of
the snubber capacitor 103 is higher than an electromotive force generated based on a ratio between the number of turns
of the inductor 2 and the number of turns of the auxiliary winding 2a. Accordingly, it is necessary to take this point into
consideration to set the ratio between the number of turns of the inductor 2 and the number of turns of the auxiliary
winding 2a.
[0054] Incidentally, when the voltage Vi of the DC power supply 1 is always sufficiently lower than the output voltage
Vo (when a step-up ratio as the step-up chopper is higher), it is a matter of course that the first DC power supply 1 per
se can be used as the second DC power supply 104 in Fig. 1 or Fig. 3.
[0055] Next, Fig. 6 is a circuit diagram showing a fifth embodiment of the invention.
[0056] In the embodiment, the diode 4 in Fig. 1 is replaced by a rectification function of a second semiconductor
switching device 4a such as an MOSFET. Further, a second snubber capacitor 203 and a second snubber diode 201
are connected in series between a drain electrode d and a source electrode s of a first semiconductor switching device
3. A diode 202 and a third DC power supply 204 are connected in series between a connection point between the snubber
capacitor 203 and the snubber diode 201 and a positive terminal P.
[0057] Normally, an MOSFET has a property in which the MOSFET conducts electricity in a direction (a direction from
the source electrode s toward the drain electrode d) reverse to a flowing direction of an output current. The second
semiconductor switching element 4a in Fig. 6 has the same rectification function as that of the diode 4 in Fig. 1. In
addition, an electricity regeneration operation from the load 6 to the DC power supply 1 may be performed by switching
the second semiconductor switching device 4a.
[0058] In Fig. 6, when the second switching device 4a is turned ON, a current flows from the load 6 back to the load
6 through the switching device 4a, the inductor 2 and the DC power supply 1 so that the current of the inductor 2 increases.
When the switching device 4a is turned OFF, the current flows from the inductor 2 to the first switching device 3 through
the DC power supply 1 so that the current of the inductor 2 decreases. Therefore, when a ratio of ON time in the second
switching device 4a is controlled, the current of the inductor 2 can be controlled desirably. This circuit operation has
been well known as a step-down chopper.
[0059] In the operation, the current flowing into a parasitic inductance A decreases due to the OFF of the switching
device 4a so that a surge voltage ΔV occurs.
[0060] In Fig. 6, the series circuit of the snubber diode 201 and the snubber capacitor 203 is provided as a snubber
circuit for controlling the surge voltage ΔV, and the series circuit of the diode 202 and the third DC power supply 204 is
provided as a charging circuit for charging the snubber capacitor 203.
[0061] In a period of time when the switching device 4a is ON, the current flows from the DC power supply 204 back
to the DC power supply 204 through the switching device 4a, the snubber capacitor 203 and the diode 202 so that the
voltage Vc of the snubber capacitor 203 is charged up to the voltage of the DC power supply 204. When the switching
device 4a turns OFF so that a drain-to-source voltage Vds of the switching device 4a reaches (Vo-Vc), the snubber diode
201 turns ON. Accordingly, the drain-to-source voltage Vds of the switching device 4a takes a value in which Vc has
been subtracted from a P-to-N voltage, i.e. (Vo+ΔV), so as to be kept lower than the P-to-N voltage. Thus, an overvoltage
can be prevented from being applied between the drain and the source of the switching device 4a.
[0062] Incidentally, the configuration and operation principle of the series circuit of the first and second switching
devices 3 and 4a in the circuit shown in Fig. 6 are the same as those in a one-phase part of a bridge inverter. Accordingly,
a snubber circuit including a snubber diode 101 or 201, a snubber capacitor 103 or 203, etc. can be applied also to a
single-phase inverter or a three-phase inverter.

Claims

1. A DC voltage conversion circuit comprising: a first DC power supply (1); a first semiconductor switching device (3)
which is connected to two ends of the first DC power supply (1) through an inductor (2); and a series circuit which
is connected in parallel with the switching device and which includes a rectifier device (4) and a load (6), so that an
input voltage (Vi) supplied from the DC power supply (1) can be converted into an output voltage (Vo) with a
predetermined magnitude by a switching operation of the switching device (3) and supplied to the load (6); char-
acterized in that the DC voltage conversion circuit further comprises:

a series circuit which is connected to two ends of the rectifier device (4) and which includes a first snubber
capacitor (103) and a first snubber diode (101); and
a charging circuit which charges the first snubber capacitor (103) to a voltage (Vc) lower than the input voltage
(Vo) or the output voltage in a period of time when the switching device (3) is ON.
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2. A DC voltage conversion circuit according to Claim 1, wherein:

the charging circuit is constituted by a series circuit of a second DC power supply (104) and a diode (102).

3. A DC voltage conversion circuit according to Claim 1, wherein:

the charging circuit is constituted by a series circuit of a second DC power supply (104), an inductor (105) and
a diode (102).

4. A DC voltage conversion circuit according to Claim 1, wherein:

a plurality of series-connected inductors (2, 106) are provided as the inductor so that the charging circuit is
configured in such a manner that one of connection points among these inductors and a connection point
between the first snubber capacitor (103) and the first snubber diode (101) are connected through a diode (102).

5. A DC voltage conversion circuit according to Claim 1, wherein:

an auxiliary winding (2a) is provided in the inductor (2) so that the charging circuit is constituted in such a manner
that one end of the auxiliary winding (2a) and a connection point between the first snubber capacitor (103) and
the first snubber diode (101) are connected through a diode (102).

6. A DC voltage conversion circuit according to Claim 1, wherein:

a second semiconductor switching device (4a) which is connected in series with the first semiconductor switching
device (3) is provided in place of the rectifier device (4) so that the rectifier device (4) is replaced by a rectification
function of the second semiconductor switching device (4a).

7. A DC voltage conversion circuit according to Claim 6, wherein:

the charging circuit is constituted by a series circuit of a second DC power supply (104) and a diode (102).

8. A DC voltage conversion circuit according to Claim 7, wherein:

a series circuit of a second snubber capacitor (203) and a second snubber diode (201) is connected in parallel
with the first semiconductor switching device (3); and a series circuit of a third DC power supply (204) and a
diode (202) is connected between a connection point between the second snubber capacitor (203) and the
second snubber diode (201) and one end of the load (6) so as to serve as a charging circuit for charging the
second snubber capacitor (203).
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