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(57) [DOCUMENT NAME] ABSTRACT
[ABSTRACT] The present invention is a switching

power supply including a first switch SW1 provided be-
tween nodes N21 and N31, a second switch SW2 pro-
vided between nodes N11 and N22, a capacitor C1 pro-
vided between the second switch and the node N22, a

third switch SW3 provided between nodes N21 and N12,
a delay circuit L1 that is provided between the third switch
SW3 and the node N12 and delays current for charging
the capacitor C1, and a first diode D1 provided between
nodes N13 and N22, the first diode D1 being connected
so that a cathode is located on a node N13 side.
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Description

[TECHNICAL FIELD]

[0001] The present invention relates to a switching power supply, a control circuit for controlling a switching power
supply, and a control method of switching power supply.

[BACKGROUND ART]

[0002] For example, a step-down type of DC-DC converter is used in information equipment. Such a DC-DC converter
employs a switching power supply using a switch. A buck type power supply circuit is used in a case where ground in
input and that in output are commonly used (see Non-Patent Document 1). A power supply circuit having a snubber
circuit is used in order to suppress power consumed at the time of turning on/off of a main switch (see Non-Patent
Document 1 and Non-Patent Document 2).
[Non-Patent Document 1] John G Kassakian, Principles of power electronics, ADDISON-WESLEY PUBLISHING COM-
PANY, 1992, p674-687
[Non-Patent Document 2] IEEE Transaction on Power Electronics, Vol. 11, No. 5, 1995, pp483-489

[DISCLOSURE OF THE INVENTION]

[PROBLEMS TO BE SOLVED BY THE INVENTION]

[0003] However, power consumption due to current that flows through the main switch is not sufficiently suppressed.
[0004] The present invention has been made in view of the above problem, and aims at suppressing power consumption
that flows through a main switch.

[MEANS FOR SOLVING THE PROBLEMS]

[0005] The present invention is a switching power supply characterized by including: a first switch provided between
one end of a DC power supply and one end of a load; a second switch provided between a node of the first switch
located on a load side and another end of the DC power supply; a capacitor provided between the second switch and
the another end of the DC power supply; a third switch provided between a node of the first switch located on a DC
power supply side and a node between the second switch and the capacitor; a delay circuit that is provided between
the third switch and the node between the second switch and the capacitor and delays a current for charging the capacitor;
and a first diode provided between a node between the third switch and the delay circuit and the another terminal of the
DC power supply, wherein the first diode is connected so that a cathode of the first diode is located on a node side at
which the node between the third switch and the delay circuit in a case where the one end of the DC power supply is a
positive terminal, and an anode thereof is located on a node side at which the node between the third switch and the
delay circuit is provided in a case where the one end of the DC power supply is a negative terminal.
[0006] According to the present invention, the capacitor is connected to one end of the DC power supply via the delay
circuit and the third switch. Thus, the capacitor may be charged without interposing the first switch. It is thus possible to
suppress power consumed by the first switch at the time of charging the capacitor. Since the delay circuit and the first
diode are provided, the power consumption of the third switch may be reduced.
[0007] In the above structure, there may be provided a control circuit that turns on the second switch in a period during
which the control circuit keeps the first switch off, and turns on/off the third switch in a period during which the control
circuit keeps the second switch off. With this structure, the capacitor may be discharged when the first switch is turned
off. Further, the capacitor may be charged during a period in which the second switch is kept off.
[0008] In the above structure, the control circuit may turn on/off the third switch in the period during which the control
circuit keeps the first switch off. With this structure, the capacitor may be charged without interposing the first switch.
[0009] In the above structure, there may be provided a fourth switch provided between the node of the first switch
located on the load side and the another terminal of the DC power supply, wherein the control circuit turns on the fourth
switch in the period during which the control circuit keeps the first switch off, and turns off the second switch in the period
during which the control circuit keeps the fourth switch on. With this structure, current may be supplied to the inductor
via the another terminal of the DC power supply after the discharge of the capacitor is complete.
[0010] In the above structure, the control circuit may turn on/off the third switch in the period during which the control
circuit keeps the fourth switch on. The first switch and the fourth switch may be alternately turned on/off.
[0011] In the above structure, the delay circuit may be an inductor.
[0012] In the above structure, that the period during which the third switch is turned on/off may be equal to or greater
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than  where L is an inductance value of the inductor, and C is a capacitance value of the capacitor.

[0013] In the above structure, the second switch may be a second diode, the node of the first switch on the load side
may be a cathode of the second diode in a case where the one end of the DC power supply is a positive terminal, and
the node of the first switch on the load side may be an anode of the second diode in a case where the one end of the
DC power supply is a negative terminal.
[0014] The above structure may be configured so that the first switch, the second switch and the third switches are
MOSFETs; in a case where the one end of the DC power supply is a positive terminal, a body diode of the first switch
is connected so that a cathode thereof is located on the DC power supply side, a body diode of the second switch is
connected so that an anode thereof is located on the node of the first switch on the load side, and a body diode of the
third switch is connected so that a cathode thereof is connected to a one-end side of the DC power supply; and in a
case where the one end of the DC power supply is a negative terminal, the body diode of the first switch is connected
so that an anode thereof is located on the DC power supply side, the body diode of the second switch is connected so
that a cathode thereof is located on the node of the first switch on the load side, and the body diode of the third switch
is connected so that an anode thereof is connected to the one-end side of the DC power supply.
[0015] The present invention is a method for controlling a switching power supply including: a first switch provided
between one end of a DC power supply and one end of a load; a second switch provided between a node of the first
switch on a load side and another end of the DC power supply; a capacitor provided between the second switch and
the another end of the DC power supply; a third switch provided between the node of the first switch on a DC power
supply side and a node between the second switch and the capacitor; a delay circuit that is provided between the third
switch and a node between the second switch and the capacitor and delays a current for charging the capacitor; and a
first diode between a node between the third switch and the delay circuit and the another end of the DC power supply,
wherein the first diode is connected so that a cathode of the first diode is located on a node side at which the node
between the third switch and the delay circuit is provided in a case where the one end of the DC power supply is a
positive terminal, and an anode of the first diode is located on a node side at which the node between the third switch
and the delay circuit is provided in a case where the one end of the DC power supply is a negative terminal, the method
including the steps of: turning on the second switch in a period during which the first switch is kept on; and turning on
the third switch in a period during which the second switch is kept off.
[0016] The present invention is a control circuit for controlling a switching power supply including: a first switch provided
between one end of a DC power supply and one end of a load; a second switch provided between a node of the first
switch on a load side and another end of the DC power supply; a capacitor provided between the second switch and
the another end of the DC power supply; a third switch provided between the node of the first switch on a DC power
supply side and a node between the second switch and the capacitor; a delay circuit that is provided between the third
switch and a node between the second switch and the capacitor and delays a current for charging the capacitor; and a
first diode between a node between the third switch and the delay circuit and the another end of the DC power supply,
wherein the first diode is connected so that a cathode of the first diode is located on a node side at which the node
between the third switch and the delay circuit is provided in a case where the one end of the DC power supply is a
positive terminal, and an anode of the first diode is located on a node side at which the node between the third switch
and the delay circuit is provided in a case where the one end of the DC power supply is a negative terminal, the control
circuit including: turning on the second switch in a period during which the control circuit keeps the first switch on; and
turning off the third switch in a period during which the control circuit keeps the second switch off.

[EFFECTS OF THE INVENTION]

[0017] According to the present invention, the capacitor is connected to one end of the DC power supply via the delay
circuit and the third switch. Thus, the capacitor may be charged without interposing the first switch. It is thus possible to
suppress power consumed by the first switch at the time of charging the capacitor. Since the delay circuit and the first
diode are provided, the power consumption of the third switch may be reduced.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0018]

[FIG. 1] FIG 1 is a circuit diagram of a switching power supply in accordance with a comparative example 1.
[FIG. 2] FIG. 2 is a diagram illustrating an operation of the comparative example 1.
[FIG. 3] FIG. 3 is a diagram that illustrates power consumption of a first switch in the comparative example 1.
[FIG. 4] FIG 4 is a circuit diagram of a switching power supply in accordance with a comparative example 2.
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[FIG. 5] FIG. 5 is a diagram that illustrates an operation of the comparative example 2.
[FIG. 6] FIG 6 is a diagram that illustrates power consumption of the first switch in accordance with the comparative
example 2.
[FIG. 7] FIG 7 is a circuit diagram of a switching power supply in accordance with a comparative example 3.
[FIG 8] FIG 8 is a diagram that illustrates an operation of the comparative example 3.
[FIG. 9] FIG. 9 is a circuit diagram of a switching power supply in accordance with a comparative example 4.
[FIG 10] FIG. 10 is a circuit diagram of a switching power supply in accordance with example 1.
[FIG. 11] FIG. 11 is a diagram that illustrates currents that flow in the embodiment 1.
[FIG 12] FIG 12 is a diagram that illustrates an operation of the embodiment 1.
[FIG. 13] FIG 13 is a diagram that illustrates power consumption of a first switch before and after a turn-off period
in the embodiment 1.
[FIG 14] FIG. 14 is a diagram that compares power consumptions in the comparative examples 3 and 4 and power
consumption of the first switch.
[FIG. 15] FIG 15 is a diagram that illustrates power consumption of a comparative example 5 in which an inductor
L1 and a first diode D1 are not provided.
[FIG 16] FIG. 16 is a diagram that compares power consumptions of the comparative examples 3 and 4 and power
consumption of the embodiment 1.
[FIG 17] FIG. 17 is a diagram that compares power consumptions of the comparative examples 3 and 4 with power
consumption of a third switch.
[FIG. 18] FIG. 18 is a circuit diagram of a switching power supply in accordance with an embodiment 2.
[FIG. 19] FIG 19 is a diagram (part 1) that illustrates simulation results of the embodiment 2.
[FIG 20] FIG 20 is a diagram (part 2) that illustrates simulation results of the embodiment 2.
[FIG. 21] FIG 21 is a circuit diagram of a switching power supply in accordance with an embodiment 3.
[FIG. 22] FIG. 22 is a circuit diagram of a switching power supply in accordance with an embodiment 4.

[BEST MODES FOR CARRYING OUT THE INVENTION]

[0019] First, a problem to be solved by the invention is described. FIG 1 is a circuit diagram of a buck type switching
power supply in accordance with a comparative example 1. Referring to FIG 1, a DC power supply 20 and a load 30
are connected to a switching power supply 10a. The DC power supply 20 is made up of a power source E and an internal
resistance R2. The load 30 is formed by a resistor R3 in equivalent circuit. A positive terminal of the DC power supply
20 is connected to a node N21, and a negative terminal thereof is connected to a node N22. The positive terminal of
the load 30 is connected to a node N31, and a negative terminal thereof is connected to a node N32. The nodes N22
and N32 are ground terminals and are directly connected to each other.
[0020] The switching power supply 10a has a first switch SW1, a fourth switch SW4, a capacitor C2, a capacitor C3
and a second inductor L2. The first switch SW1 is a main switch and is provided between the nodes N21 and N31. A
second inductor L2 is connected to a load side of the first switch SW1. A node between the first switch SW1 and the
second inductor L2 is N11. The fourth switch SW4 is a synchronous rectification switch, and is connected between the
node N11 and the node N22. The capacitor C2 is an input smoothing capacitor, and is connected between the node
N21 and the node N22. The capacitor C3 is an output smoothing capacitor, and is connected between the node N31
and the node N32.
[0021] An operation of the switching power supply in accordance with the first comparative example will now be
described with reference to FIG. 2. FIG. 2 is a diagram that illustrates an operation of the first switch SW1, an operation
of the fourth switch SW4, current that flows through the second inductor L2 (L2 current), a voltage V 11 of the node N11,
and an output voltage Vout of the node N31 with respect to the node N32 with time. The L2 current is positive in the
flow from the node N11 to the node N31.
[0022] Referring to FIG. 2, during a period T1 between time t3 and time t5, the first switch SW1 is kept on, and the
fourth switch SW4 is kept off. Thus, the node N11 has a voltage VE of the DC power supply 20. As indicated as a current
11 illustrated in FIG. 1, the current 11 flows from the node N21 to the node N31 via the first switch SW1, the node N11
and the second inductor L2. Due to the second inductor L2, the current II increases gradually.
[0023] During a period T2 between time t5 and time t3, the first switch SW1 is kept off, and the fourth switch SW4 is
kept on. Thus, the node N11 is at the ground voltage 0. As indicated as a current 12 in FIG 1, the current 12 flows from
the node N32 to the node N31 via the fourth switch SW4, the node N11 and the second inductor L2. Due to the second
inductor L2, the current 11 decreases gradually. The output voltage Vout of the node N31 is a voltage V0, which is lower
than the voltage VE of the DC power supply 20, and is almost constant.
[0024] FIG 3 is a diagram that describes power consumption that takes place in the first switch SW1 when the first
switch SW1 is turned on and is turned off in the switching power supply in accordance with the comparative example 1.
FIG. 3 is a diagram that illustrates the resistance of the first switch SW1 (SW1 resistance), current that flows through
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the first switch (SW1 voltage), power consumed by the first switch SW1 (SW1 power) with time. The SW1 current is
positive in the flow from the node N21 to the node N11.
[0025] A turn-on period Ton between time t31 and time t32 is a transitional period from the period T2 to the period T1
and a turn-off period Toff between time t51 and time t52 is a transitional period from the period T1 to the period T2.
During the period T2, the first switch SW1 is kept off and has a large SW1 resistance. The SW1 current is small, and
the SW1 voltage is high. Since the SW1 current is small, the SW1 power is small.
[0026] At time t31, the first switch SW1 is turned on. During the turn-on period Ton, the SW1 resistance decreases
gradually, and becomes almost zero at time t32. Thus, the SW1 current gradually increases from almost zero. The SW1
voltage decreases gradually, and becomes almost zero at time t32. The SW1 power has a maximum value in the turn-
on period Ton. At time t32, the first switch SW1 is turned on, and thus, the SW resistance is almost zero. The SW1
current increases gradually during the period T1 due to the aforementioned second inductor L1. The SW1 voltage is
almost zero. Although the SW1 voltage is almost zero, the SW1 current increases gradually, and accordingly, the SW1
power increases gradually.
[0027] At time t51, the first switch SW1 is turned off. During the turn-off period Toff, the SW1 resistance increases
gradually and becomes constant at time t52. The SW1 current decreases gradually and becomes almost zero at time
t52. The SW1 voltage increases gradually and becomes constant at time t52. The SW1 power has a maximum value
in the turn-on period Toff. Since the SW1 current has the maximum at time t51, the maximum value Aoff of the SW1
power in the turn-off period Toff is greater than the maximum value Aon of the SW1 power in the turn-on period Ton.
[0028] As described above, in the buck type switching power supply indicated as the comparative example 1, power
consumed by the first switch SW1 increases during the turn-off period Toff. Particularly, in a case where a semiconductor
switch such as a MOSFET is used, the switching power supply may generate heat due to power consumed by the first
switch SW1 because the turn-on period Ton and the turn-off period Toff are long. Further, the switching power supply
that operates at high frequencies has an increased number of times of turning on and off, and further generates heat.
[0029] A comparative example 2 (see page 674 of Non-Patent Document) is an example that is directed to suppressing
the SW1 power during the turn-ff period Toff and is equipped with snubber capacitor. FIG 4 is a circuit diagram of the
switching power supply in accordance with the comparative example 2. A switching power supply 10b has a snubber
capacitor C1 between the node N11 and the node N22. The other structures are the same as those of the comparative
example 1 depicted in FIG 1.
[0030] A description will be given, with reference to FIG 5, of an operation of the switching power supply in accordance
with the comparative example 2. FIG. 5 is a diagram that illustrates an operation of the first switch SW1, an operation
of the fourth switch SW4, the L2 current, the SW1 current, current that flows through the first capacitor C1 (C1 current),
and the SW4 current with time.
[0031] Referring to FIG. 5, the operations of the first switch SW1 and the fourth switch SW4 are the same as those
of the comparative example 1 illustrated in FIG 3. During the turn-on period Ton, as indicated as a current 13 in FIG. 4,
the current 13 flows so as to charge the capacitor C1. During a period T11 from time t32 to t51 in FIG. 5, the current 11
flows as in the case of the period T1 of the comparative example 1 (see FIG 4). Referring to FIG 5, during the turn-off
period Toff, as depicted as a current 14 in FIG. 4, the current 14 flows so as to discharge the capacitor C1. During a
period D21 from time t52 to time t31 in FIG 5, the current 12 flows as in the case of the period T2 in the comparative
example 1 (see FIG 4).
[0032] FIG 6 is a diagram that describes power consumption of the switching power supply in accordance with the
comparative example 2, and is similar to FIG. 3. A broken line of the SW1 power indicates the comparative example 1.
During the turn-on period Ton, the SW1 current flows as a charge current for the capacitor C1 (see B 1 in FIG. 6). Thus,
the SW1 power Bon is larger than that in the comparative example 1. During the turn-off period Toff, due to the discharge
from the capacitor C1, the voltage of the node N11 drops. Thus, the SW1 voltage rises gently to the period T21 (see B2
in FIG. 6). Thus, the rise of the SW1 power Boff is less than that in the comparative example 1. As described above,
the comparative example 1 may suppress the rise of power during the turn-off period Toff, while power during the turn-
on period increases.
[0033] A comparative example 3 (see page 676 of Non-Patent Document) is an example directed to suppressing the
SW1 power during the turn-off period Toff, and is an exemplary RCD snubber circuit. FIG. 7 is a circuit diagram of a
switching power supply in accordance with the comparative example 3. Referring to FIG. 7, as compared to FIG 4 of
the comparative example 2, a switching power supply 10c is configured so that a second diode D2 and a resistor R1
are connected in parallel between the node N11 and the snubber capacitor C1. The other structures are the same as
those of the comparative example 2 in FIG. 4 and a description thereof is omitted.
[0034] A description will now be given, with reference to FIG. 8, of an operation of a switching power supply in
accordance with the comparative example 3. FIG. 8 is a diagram that illustrates an operation of the first switch SW1, an
operation of the fourth switch SW4, the L2 current, the SW1 current, the C1 current, the SW4 current and power consumed
by the resistor R1 (R1 power) with time.
[0035] Referring to FIG. 8, the operations of the first switch SW1 and the fourth switch SW4 are the same as those
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of the comparative example 2 illustrated in FIG. 5. At time t31, the first switch SW1 is turned on, and the current 13 that
charges the capacitor C1 flows through the resistor R1. Thus, the maximum values of the SW1 current and the C1
current are reduced, and the period of time during which the current 13 flows is elongated (see C10 in FIG. 8). Thus,
the currents 11 and 13 flow in parallel. In FIG. 8, a broken line corresponds to the current 11 out of the SW1 current,
and current between the broken line and the solid line corresponds to the current 13. Thus, the first switch SW1 power
during the turn-on period To is reduced. However, as illustrated in FIG. 8, the R1 power is developed (see Con in FIG
8). There is a possibility that the charge of the capacitor C1 may not gain on if the switching cycle becomes short.
[0036] A comparative example 4 (see page 687 of Non-Patent Document) is an example directed to suppressing
power consumed by the resistor. FIG. 9 is a circuit diagram of a switching power supply in accordance with the comparative
example 4. As compared to FIG. 7 related to the comparative example 3, a switching power supply 10d is not provided
with the resistor R1. A capacitor C12 and a diode D12 are connected between the node N11 and the node N22. An
inductor L3 and a diode D13 are connected between a node N15 between a diode D1 and the capacitor C1 and a node
N16 between the capacitor C12 and the diode D12. When the first switch SW1 is turned on, the current 13 flows to
charge the capacitors C1 and C12 due to the resonance of the capacitors C1 and C12 and the inductor L3. The resonance
ends with a half cycle due to the diode D13. The charges stored in the capacitors C1 and C12 stored in the capacitors
C1 and C12 are released as currents 14a and 14b when the first switch SW 1 is turned off. In the comparative example
4, the current 13 is not consumed by the resistor, and power consumption is thus small. Since the capacitors C1 and
C12 are charged due to the resonance, the maximum value of the first switch SW1 current may be suppressed.
[0037] However, the current 13 that charges the capacitors C1 and C12 flow via the first switch SW1. Thus, power
loss is developed due to the on-state resistance of the first switch SW1. As the switching cycle becomes short, the
charge of the capacitors C1 and C12 may not gain on.
[0038] A description will now be given of embodiments that solve the problems of the comparative examples 1 through
4 with reference to the drawings.

[First Embodiment]

[0039] FIG. 10 is a circuit diagram of a switching power supply in accordance with an embodiment 1. As compared
to the switching power supply 10b of the comparative example 2 in FIG. 4, a second switch SW2 is provided between
the capacitor C1 and the node N11. A third switch SW3 and the inductor L1 are provided between a node N12 between
the second switch SW2 and the capacitor C1 and the node N21. The first diode D1 is connected between a node N13
between the third switch SW3 and the inductor L1 and the node N22. There is provided a control circuit 40 that controls
the switching operations of the switches SW1 through SW4. The other structures are the same as those of the embodiment
2 in FIG. 4 and a description thereof is omitted.
[0040] A description will now be given, with reference to FIGs. 11 and 12, of an operation of the switching power
supply in accordance with the embodiment 1. FIG. 11 is a circuit diagram that indicates currents that flow in the switching
power supply 10 in accordance with the embodiment 1, and FIG. 12 is a diagram that illustrates operations and currents
of the first switch SW1 through the fourth switch SW4, and the L2 current with time. The SW2 current that flows from
the node N12 to the node N11 is positive, and the SW3 current that flows from the node N31 to the node N13 is positive.
The directions of the other currents are the same as those of the comparative examples 1 through 4.
[0041] Referring to FIG. 12, at time t0, the switches SW1 through SW4 are kept off, and the SW1 current through the
SW4 currents and the L2 current are zero. At time t1, the third switch SW3 is turned on. As in the case of the current
13 in FIG. 13, the current 13 flows from the node N21 to the capacitor C1 through the third switch SW3 and the inductor
L1, and the capacitor C1 is thus charged. As illustrated in FIG 12, the SW3 current increases gradually due to the inductor
L1. At time t2, the third switch SW3 is turned off. At time t3, the first switch SW1 is turned on, and the current 11 flows,
as illustrated in FIG. 11. The second switch SW2 is turned on at an arbitrary time t4 in the period T1 during which the
first switch SW1 is kept on. Since the capacitor C1 is charged beforehand, the nodes N11 and N12 have the power
supply voltage VE of the DC power supply 20, and the SW2 current does not flow.
[0042] Referring to FIG 12, at time t5, the first switch SW1 is turned off and the fourth switch SW4 is turned on. The
voltage of the node N11 decreases, and the current 14 flows from the capacitor C1 via the second switch SW2. The
capacitor C1 is thus charged. Referring to FIG. 12, the current rises in the same gradient as that of the current 11 when
the discharge current from the capacitor C1 flows. When the discharge of the capacitor C1 is complete or at time t6 that
follows the completion of the discharge, the second switch SW2 is turned off. Then, the current 12 flows as in the case
of FIG. 11. At time t7, the fourth switch SW4 is turned off. The L2 current is the sum of the SW1 current, the SW2 current
and the SW4 current.
[0043] As indicated by a broken line in FIG 12, the third switch SW3 may be kept on when the fourth switch SW4 is
kept on while the first switch SW1 and the second switch SW2 are kept off. The periods T1 and T2 may be alternately
provided by turning on the third switch SW3 within the period when the fourth switch SW4 is kept on. That is, the first
switch SW1 and the fourth switch SW4 may be alternately turned on/off. It is thus possible to reduce the switching cycle.
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[0044] The control circuit is a circuit that operates the switches SW1 through SW4 as illustrated in FIG 12, and may
be formed by a logic IC in which gate allocation is programmable. Timing generation as illustrated in FIG 12 may be
implemented by a delay circuit using a clock or another delay circuit using CR.
[0045] FIG. 13 is a diagram that indicates the SW1 current, the voltage V1 across the first switch SW1 (SW1 voltage),
and power consumed by the first switch SW1 (SW1 power) before and after the turn-off period Toff. The SW1 voltage
V 1 after then first switch SW 1 is turned off is described by equation 1: 

where VE is the voltage of the power source E, R is the sum of the resistance value of the internal resistance R2 and
the on-state resistance of the first switch SW1, and C is the capacitance value of the capacitor C1.
[0046] The SW1 voltage rises quickly as the capacitance value C of the first capacitor C1 is small, and rises slowly
as the capacitance value C is large. Thus, the greater the capacitance value C, the more effectively the SW1 power is
suppressed.
[0047] FIG 14 is a diagram of power consumed in the switching power supply 10 in accordance with the embodiment
I , as compared to the comparative examples 3 and 4. There are illustrated the SW1 resistance, the SW1 current, the
SW1 voltage and the SW1 power with time. Broken lines indicate the comparative examples 3 and 4, and solid lines
indicate the embodiment 1. In the comparative examples 3 and 4, the capacitor C1 is charged by the current through
the first switch SW1. Thus, the current that charges the capacitor C1 flows as the SW1 current during the period T1 that
follows the Ton period (see the broken line in FIG. 14). Thus, the SW1 power increases. In accordance with the embod-
iment 1, the current 13 does not flow through the first switch SW1, and the SW1 current is smaller than that in the
comparative examples 3 and 4. Thus, the SW1 power of the embodiment 1 is less than that in the comparative examples
3 and 4 by P1 in FIG. 14.
[0048] A case will be considered as a comparative example 5 in which the inductor L1 and the first diode D1 in FIG.
10 of the embodiment 1 are omitted. FIG. 15 is a diagram of a third switch SW3 current that flows through the third
switch SW3, and power consumption thereof with time. At time t11, the third switch SW3 is turned on, and the capacitor
C1 is rapidly charged. Thus, the SW3 current flows abruptly between time t11 and time t12 (see D1 in FIG. 15). Thus,
the SW3 power Don increases as illustrated in FIG. 15. At time t2, when the third switch SW3 is turned off, the SW3
power Doff is hardly generated.
[0049] FIG. 16 is a diagram that illustrates the SW3 resistance, the SW3 current, current that flows through the first
diode D1 (D1 current), current that flows through the inductor 11 (L1 current), the C1 voltage and the SW3 power with
time The D1 current that flows from the node N22 to the node N13 is positive, and the L1 current that flows from the
node N13 to the node N12 is positive. A broken line of the SW3 power indicates SW3 power of the comparative example
5 that does not have the inductor L1 and the first diode D1.
[0050] At time t11, the third switch SW3 is turned on, and the L1 current and the SW3 current increase gradually due
to the inductor L1. Thus, as compared to the comparative example 5 in FIG 15, it is possible to suppress the SW3 power
Eon. At time t21, the third switch SW3 is turned off, the energy stored in the inductor L1 generates the current through
the first diode D1, and is released. Thus, the current that flows through the inductor L1 and the first diode D1 decreases
gradually. At time t23, the current that flows through the inductor L and the first diode D1 becomes zero, and the C1
voltage becomes twice the C1 voltage obtained when the third switch SW3 is turned off. The period during which the
current flows through the inductor L1 is twice the period T3, that is, 2·T3. The SW3 current that flows when the third
switch SW3 is turned off is smaller than the SW3 current that flows when the third switch SW3 of the comparative
example 5 is turned on. Thus, the SW3 power Eoff is small. The SW3 current that flows when the third switch SW3 is
turned on does not have the charge current for the capacitor C1 indicated as I1 in FIG. 15, and the SW3 power Eon is
also small. Thus, as compared to the comparative example 5 that does not have the first diode D1 and the inductor L1,
the sum of the SW3 power Eon and SW3 power Eoff can be reduced.
[0051] A description will now be given of an appropriate value of the period T3 (see FIG. 12) during which the third
switch SW3 is kept on. In FIG 11, the current 13 flows through a series circuit of the inductor L1, the capacitor C1 and
the DC power supply 20. In this case, the circuit equation is described by equation 2: 

where t is the time in which t is zero when the third switch SW3 is turned on, L is the inductance value of the inductor
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L1, C is the capacitance value of the capacitor C1, I is the current value of the current 13, and VE is the voltage value
of the current source E.
[0052] The voltage Vc across the capacitor C1 is obtained as equation 3 by solving the eauation 2: 

[0053] When the third switch SW3 is turned off at t=T3, a capacitor C1 voltage Vc(2·T3) is described as equation 4: 

[0054] Thus, 

[0055] Time t necessary for the capacitor C1 voltage Vc(2·T3) to become equal to VE of the DC power supply 20 is
described as equation 6: 

[0056] Thus, the period T3 during which the third switch SW3 is kept on is defined by equation 6. However, in practice,
loss due to resistance takes place, and the period T3 during which the third switch SW3 is kept on is equal to or greater

than 

[0057] In order to suppress power consumed by the third switch SW3, it is preferable to increase the inductance L of
the inductor L1 and lengthen the charge time for the capacitor C1. In the embodiment 1, after the second switch SW2
is turned off, the capacitor C1 may be charged anytime. It is thus possible to suppress the power consumed by the third
switch SW3 by increasing the inductance L.
[0058] FIG 17 is a diagram that illustrates effects of suppression of power consumption by the third switch SW3 in
accordance with the embodiment 1, and illustrates an operation of the first switch SW1, the C1 voltage in the embodiment
1, and the C I voltage in the comparative examples 3 and 4. In the comparative examples 3 and 4, the capacitor C1 is
charged during only the period T1 when the first switch SW1 is kept on. When the first switch SW1 has a small duty
ratio, the capacitor C1 may be charged quickly. Thus, power consumed by the first switch SW1 increases. In contrast,
according to the embodiment 1, the aforementioned second switch SW2 is turned off, so that the capacitor C1 is charged
except the excessive period around time t5 when the first switch SW1 is turned off. It is thus possible to charge the
capacitor C1 during almost the periods T1 and T2. Thus, even in a case where the first switch SW1 has a small duty
ratio, the capacitor C1 may be charged for a long time, and power consumed by the first switch SW1 may be suppressed.
[0059] According to the embodiment 1, as illustrated in FIG. 10, the switch SW1 is provided between the node N1
that is one end of the DC power supply 20 and the node N31 that is one end of the load 30. The second switch SW2 is
provided between the node N11 located on the load 30 side of the first switch SW1 and the node N22 that is the other
end of the DC power supply 20. The third switch SW3 is provided between the node N21 located on the DC power
supply 20 side of the first switch SW1 and the node N12. The capacitor C1 is provided between the second switch SW2
and the node N22. The inductor L1 is provided between the third switch SW3 and the node N12 between the second
switch SW2 and the capacitor C1 so that the node N13 side is provided as the cathode.
[0060] The capacitor C1 is connected to the node N31 via the inductor L1 and the third switch SW3. Thus, as illustrated
in FIG. 14, the capacitor C1 maybe charged without interposing the first switch SW1. Thus, it is possible to avoid the
power consumption by the first switch SW1 at the time of charging the capacitor C1. Since the inductor L1 and the first
diode D1 are provided, as illustrated in FIG. 16, it is possible to reduce the power consumed by the third switch SW3.
Since the second switch SW2 is provided, as illustrated in FIG 17, it is possible to charge the capacitor C for a longer
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time. Thus, even when the first switch SW1 has a small duty ratio, it is possible to suppress power consumed by the
first switch SW1.
[0061] In the embodiment 1, as illustrated in FIG. 16, the inductor L1 may be a delay circuit that delays the C1 current
for charging the capacitor C1. For example, the delay circuit may be formed by a resistor. However, the use of resistor
for the delay circuit may lose power. Thus, it is preferable that the delay circuit may be an inductor as in the case of the
embodiment 1.
[0062] As illustrated in FIG. 12, the control circuit 40 turns on the second switch SW2 in the period during which the
control circuit 40 keeps the first switch SW1 on. Thus, when the first switch SW1 is turned off, the charge stored in the
capacitor C1 may be released. The control circuit 40 turns on the third switch SW3 in the period during which the control
circuit 40 keeps the second switch SW2 off. Thus, the capacitor C1 may be discharged between the period during which
the nodes N12 and N11 are cut off.
[0063] As illustrated in FIG. 12, the control circuit 40 turns on/off the third switch SW3 during the period T2 during
which the control circuit 40 keeps the first switch SW1 off. Thus, the capacitor C1 may be charged without interposing
the first switch SW1.
[0064] As illustrated in FIG. 10, the fourth switch is provided between the nodes N11 and N22. As illustrated in FIG.
12, the control circuit 40 turns on the fourth switch SW4 in the period during which the control circuit 40 keeps the first
switch SW1 off. Thus, the current 12 in FIG. 11 is allowed to flow. As illustrated in FIG. 12, the second switch SW2 is
turned off in the period T2 during which the fourth switch SW4 is kept on. Thus, after the discharge of the capacitor C1
is complete, the current 12 depicted in FIG. 11 may be supplied to the inductor L2.
[0065] As illustrated in FIG. 12, the control circuit 40 turns on/off the third switch SW3 in the period T2 during which
the control circuit 40 keeps the fourth switch SW4 on. It is thus possible to alternately turn on and off the first switch
SW1 and the fourth switch SW4.

[Embodiment 2]

[0066] An embodiment 2 is an exemplary configuration in which the switches SW1 through SW4 are formed by
MOSFETs. FIG. 18 is a circuit diagram of the embodiment 2. Referring to FIG. 18, a switching power supply 10e in
accordance with the embodiment 2 uses MOSFETs to form the switches SW1 through SW4. The other structures are
the same as those of the embodiment 1, and a description thereof is omitted. In the embodiment 2, the node N21 is
connected to the positive terminal of the DC power supply 20, and the node N22 is connected to the negative terminal
of the DC power supply 20. That is, one end of the DC power supply 20 is the positive terminal. In this case, a body
diode BD1 of the first switch SW1 is connected so that the cathode is located on the DC power supply 20 side, and a
body diode BD2 of the second switch SW2 is connected so that the anode is located on the node N11 side. A body
diode BD3 of the third switch SW3 is connected so that the cathode is located on the node N21 side, and a body diode
BD4 of the fourth switch SW4 is connected so that the cathode is located on the node N11 side. Thus, the switches
SW1 through SW4 may reliably cut off the currents 11 through 14.
[0067] Preferably, the control circuit 40 and the switches SW1 through SW4 are integrated.
[0068] In the embodiment 2, power consumption was simulated. The simulator was Simetrix5.3, and the switching
frequency was set to 1000 kHz. In simulation of the embodiment 2, the first switch SW1 through SW3 were IRFU3711Z,
and the fourth switch SW4 was IRF9410. The diodes D1 and D2 were MBR20100. The capacitors C1, C2 and C3 had
capacitance values of 50 nF, 560 PF and 560 PF, respectively, and the inductors L1 and L2 had inductance values of
1 PH and 50 nH, respectively.
[0069] In the simulation of the comparative example 1, the first switch SW1 and the fourth switch SW4 was IRFU3711Z,
and the diode was MBR20100. The capacitors C2 and C3 had capacitance values of 560 PF, and the inductor L2 had
an inductance of 50 nH.
[0070] FIG. 19 is a diagram that illustrates the sum of the MOSFETs that form the switch SW1 through SW4 with
respect to the output current in the comparative example 1 and the embodiment 2. Filled circles are simulation results
of the comparative example 1, and open circles are those of the embodiment 2. A broken line and a solid line are lines
obtained by connecting the simulation results of the comparative example 1 and the embodiment 2, respectively. Referring
to FIG 19, the embodiment 2 may suppress power consumed by the MOSFETs, as compared to the comparative example
1.
[0071] FIG 20 is a diagram that illustrates circuit efficiency of the switching power supply with respect to the output
current in the comparative example 1 and the embodiment 2. Filled circles are simulation results of the comparative
example 1, and open circles are those of the embodiment 2. A broken line and a solid line are lines obtained by connecting
the simulation results of the comparative example 1 and the embodiment 2, respectively. Referring to FIG 20, the
embodiment 2 may improve the circuit efficiency by 3% to 5%, as compared to the comparative example 1.
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[Embodiment 3]

[0072] An embodiment 3 is an exemplary configuration in which the polarity of the DC power supply used in the
embodiment 2 is inverted. FIG. 21 is a circuit diagram of the embodiment 2. Referring to FIG 21, a switching power
supply 10f in accordance with the third embodiment is configured so that the directions of the body diodes BD1 through
BD4 of the switches SW1 through SW4 and the first diode D1 are opposite to those in the embodiment 2 in FIG 18. The
other structures are the same as those of the embodiment 1 in FIG. 10 and a description there of is omitted. In the
embodiment 3, the node 21 is connected to the negative terminal of the DC power supply 20, and the node N22 is
connected to the positive terminal of the DC power supply 20. That is, one end of the DC power supply 20 is the negative
terminal. In this case, the body diode BD 1 of the first switch SW1 is connected so that the anode is located on the DC
power supply 20 side, and the body diode BD2 of the second switch SW2 is connected so that the cathode is located
on the node N11 side. The body diode BD3 of the third switch SW3 is connected so that the anode is located on the
node N21 side, and the body diode BD4 of the fourth switch SW4 is connected so that the anode is located on the node
N11 side. The first diode D1 is connected so that the anode is locate on the node N13 side.
[0073] As in the case of the embodiment 3, by inverting the polarity of the DC power supply, the currents 11 through
14 flow in the directions opposite to those illustrated in FIG. 11. Thus, the embodiment 3 is configured by inverting the
directions of the body diodes BD1 through BD4 of the switches SW1 through SW4 and the first diode D1 of the embodiment
2 illustrated in FIG. 18.

[Embodiment 4]

[0074] An embodiment 4 is an exemplary configuration in which a diode is used as the second switch SW2. FIG 22
is a circuit diagram of the embodiment 4. Referring to FIG. 22, a switching power supply 10g in accordance with the
embodiment 4 is configured so that the second switch SW2 used in the embodiment 1 in FIG. 11 is formed by a second
diode D2. The cathode of the second diode D2 is located on the node N11 side, and the anode thereof is located on the
node N12 side.
[0075] Thus, the second diode D2 functions as the second switch that allows the current 13 to flow when the node
N11 has a negative voltage with respect to the node N12 and cuts off the current 13 when the node N11 has a positive
voltage with respect to the node N12. Thus, the third switch SW3 is turned on in the period T1 in which the first switch
SW1 is kept on so that the capacitor C1 is charged. When the first switch SW1 is turned off, current flows from the
capacitor C1 to the inductor L2 via the second diode D2, so that the capacitor C1 is discharged. When the period T1
has a length enough to charge the capacitor C1, the second diode D2 may be used as the second switch SW2. Thus,
the configuration of the control circuit 40 may be simplified.
[0076] In a case where the node N21 is connected to the negative terminal of the DC power supply 20, the second
diode D2 is connected so that the anode is located on the node N11 side, and the cathode is located on the node N12 side.
[0077] Although some preferred embodiments have been described, the present invention is not limited to the specific
embodiments but may be varied or changed within the scope of the present invention described in the claims.

Claims

1. A switching power supply characterized by comprising:

a first switch provided between one end of a DC power supply and one end of a load;
a second switch provided between a node of the first switch located on a load side and another end of the DC
power supply;
a capacitor provided between the second switch and the another end of the DC power supply;
a third switch provided between a node of the first switch located on a DC power supply side and a node between
the second switch and the capacitor;
a delay circuit that is provided between the third switch and the node between the second switch and the
capacitor and delays a current for charging the capacitor; and
a first diode provided between a node between the third switch and the delay circuit and the another terminal
of the DC power supply,
wherein the first diode is connected so that a cathode of the first diode is located on a node side at which the
node between the third switch and the delay circuit in a case where the one end of the DC power supply is a
positive terminal, and an anode thereof is located on a node side at which the node between the third switch
and the delay circuit is provided in a case where the one end of the DC power supply is a negative terminal.
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2. The switching power supply according to claim 1, characterized by comprising a control circuit that turns on the
second switch in a period during which the control circuit keeps the first switch off, and
turns on/off the third switch in a period during which the control circuit keeps the second switch off.

3. The switching power supply according to claim 2, characterized in that the control circuit turns on/off the third
switch in the period during which the control circuit keeps the first switch off.

4. The switching power supply according to claim 2, characterized by comprising a fourth switch provided between
the node of the first switch located on the load side and the another terminal of the DC power supply,
wherein the control circuit turns on the fourth switch in the period during which the control circuit keeps the first
switch off, and turns off the second switch in the period during which the control circuit keeps the fourth switch on.

5. The switching power supply according to claim 4, characterized in that the control circuit turns on/off the third
switch in the period during which the control circuit keeps the fourth switch on.

6. The switching power supply according to any of claims 1 to 5, characterized in that the delay circuit is an inductor.

7. The switching power supply according to claim 6, characterized in that the period during which the third switch is

turned on/off is equal to or greater than  where L is an inductance value of the inductor, and C is

a capacitance value of the capacitor.

8. The switching power supply according to claim 1, characterized in that the second switch is a second diode and
that the node of the first switch on the load side is a cathode of the second diode in a case where the one end of
the DC power supply is a positive terminal and the node of the first switch on the load side is an anode of the second
diode in a case where the one end of the DC power supply is a negative terminal.

9. The switching power supply according to any one of claims 1 to 7, characterized in that the first switch, the second
switch and the third switches are MOSFETs:

in a case where the one end of the DC power supply is a positive terminal, a body diode of the first switch is
connected so that a cathode thereof is located on the DC power supply side, a body diode of the second switch
is connected so that an anode thereof is located on the node of the first switch on the load side, and a body
diode of the third switch is connected so that a cathode thereof is connected to a one-end side of the DC power
supply; and
in a case where the one end of the DC power supply is a negative terminal, the body diode of the first switch
is connected so that an anode thereof is located on the DC power supply side, the body diode of the second
switch is connected so that a cathode thereof is located on the node of the first switch on the load side, and the
body diode of the third switch is connected so that an anode thereof is connected to the one-end side of the
DC power supply.

10. A method for controlling a switching power supply including:

a first switch provided between one end of a DC power supply and one end of a load;
a second switch provided between a node of the first switch on a load side and another end of the DC power
supply;
a capacitor provided between the second switch and the another end of the DC power supply;
a third switch provided between the node of the first switch on a DC power supply side and a node between
the second switch and the capacitor;
a delay circuit that is provided between the third switch and a node between the second switch and the capacitor
and delays a current for charging the capacitor; and
a first diode between a node between the third switch and the delay circuit and the another end of the DC power
supply,
wherein the first diode is connected so that a cathode of the first diode is located on a node side at which the
node between the third switch and the delay circuit is provided in a case where the one end of the DC power
supply is a positive terminal, and an anode of the first diode is located on a node side at which the node between
the third switch and the delay circuit is provided in a case where the one end of the DC power supply is a
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negative terminal, the method comprising the steps of:

turning on the second switch in a period during which the first switch is kept on; and
turning on the third switch in a period during which the second switch is kept off.

11. A control circuit for controlling a switching power supply including:

a first switch provided between one end of a DC power supply and one end of a load;
a second switch provided between a node of the first switch on a load side and another end of the DC power
supply;
a capacitor provided between the second switch and the another end of the DC power supply;
a third switch provided between the node of the first switch on a DC power supply side and a node between
the second switch and the capacitor;
a delay circuit that is provided between the third switch and a node between the second switch and the capacitor
and delays a current for charging the capacitor; and
a first diode between a node between the third switch and the delay circuit and the another end of the DC power
supply,
wherein the first diode is connected so that a cathode of the first diode is located on a node side at which the
node between the third switch and the delay circuit is provided in a case where the one end of the DC power
supply is a positive terminal, and an anode of the first diode is located on a node side at which the node between
the third switch and the delay circuit is provided in a case where the one end of the DC power supply is a
negative terminal, the control circuit comprising:

turning on the second switch in a period during which the control circuit keeps the first switch on; and
turning off the third switch in a period during which the control circuit keeps the second switch off.

Amended claims under Art. 19.1 PCT

1. (Amended) A switching power supply characterized by comprising:

a first switch provided between one end of a DC power supply and one end of a load;
a second switch provided between a node of the first switch located on a load side and another end of the DC
power supply;
a capacitor provided between the second switch and the another end of the DC power supply;
a third switch provided between a node of the first switch located on a DC power supply side and a node between
the second switch and the capacitor; and
a delay circuit that is provided between the third switch and the node between the second switch and the
capacitor and delays a current for charging the capacitor,
wherein the second switch is turned on in a period during which the first switch is kept on.

2. (Amended) The switching power supply according to claim 1, characterized by comprising a control circuit that
turns on the second switch in a period during which the control circuit keeps the first switch on, and
turns on/off the third switch in a period during which the control circuit keeps the second switch off.

3. The switching power supply according to claim 2, characterized in that the control circuit turns on/off the third
switch in the period during which the control circuit keeps the first switch off.

4. The switching power supply according to claim 2, characterized by comprising a fourth switch provided between
the node of the first switch located on the load side and the another terminal of the DC power supply,
wherein the control circuit turns on the fourth switch in the period during which the control circuit keeps the first
switch off, and turns off the second switch in the period during which the control circuit keeps the fourth switch on.

5. The switching power supply according to claim 4, characterized in that the control circuit turns on/off the third
switch in the period during which the control circuit keeps the fourth switch on.

6. (Amended) The switching power supply according to any of claims 1 to 5, characterized by comprising a first diode
provided between a node between the third switch and the delay circuit and the another terminal of the DC power
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supply,
wherein the first diode is connected so that a cathode of the first diode is located on a node side at which the node
between the third switch and the delay circuit in a case where the one end of the DC power supply is a positive
terminal, and an anode thereof is located on a node side at which the node between the third switch and the delay
circuit is provided in a case where the one end of the DC power supply is a negative terminal..

7. The switching power supply according to claim 6, characterized in that the period during which the third switch is

turned on/off is equal to or greater than  where L is an inductance value of the inductor, and C is

a capacitance value of the capacitor.

8. The switching power supply according to claim 1, characterized in that the second switch is a second diode and
that the node of the first switch on the load side is a cathode of the second diode in a case where the one end of
the DC power supply is a positive terminal and the node of the first switch on the load side is an anode of the second
diode in a case where the one end of the DC power supply is a negative terminal.

9. The switching power supply according to any one of claims 1 to 7, characterized in that the first switch, the second
switch and the third switches are MOSFETs;
in a case where the one end of the DC power supply is a positive terminal, a body diode of the first switch is connected
so that a cathode thereof is located on the DC power supply side, a body diode of the second switch is connected
so that an anode thereof is located on the node of the first switch on the load side, and a body diode of the third
switch is connected so that a cathode thereof is connected to a one-end side of the DC power supply; and
in a case where the one end of the DC power supply is a negative terminal, the body diode of the first switch is
connected so that an anode thereof is located on the DC power supply side, the body diode of the second switch
is connected so that a cathode
thereof is located on the node of the first switch on the load side, and the body diode of the third switch is connected
so that an anode thereof is connected to the one-end side of the DC power supply.

10. (Amended) A method for controlling a switching power supply including:

a first switch provided between one end of a DC power supply and one end of a load;
a second switch provided between a node of the first switch on a load side and another end of the DC power
supply;
a capacitor provided between the second switch and the another end of the DC power supply; and
a third switch provided between the node of the first switch on a DC power supply side and a node between
the second switch and the capacitor;
a delay circuit that is provided between the third switch and a node between the second switch and the capacitor
and delays a current for charging the capacitor,
wherein the second switch is turned on in a period during which the first switch is kept on, the method comprising
the steps of:

turning on the second switch in a period during which the first switch is kept on; and
turning on the third switch in a period during which the second switch is kept off.

11. (Amended) A control circuit for controlling a switching power supply including:

a first switch provided between one end of a DC power supply and one end of a load;
a second switch provided between a node of the first switch on a load side and another end of the DC power
supply;
a capacitor provided between the second switch and the another end of the DC power supply; and
a third switch provided between the node of the first switch on a DC power supply side and a node between
the second switch and the capacitor;
a delay circuit that is provided between the third switch and a node between the second switch and the capacitor
and delays a current for charging the capacitor,
wherein the second switch is turned on in a period during which the first switch is kept on,, the control circuit
comprising:
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turning on the second switch in a period during which the control circuit keeps the first switch on; and
turning off the third switch in a period during which the control circuit keeps the second switch off.
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