
Printed by Jouve, 75001 PARIS (FR)

(19)
E

P
3 

44
4 

93
3

A
1

TEPZZ¥4449¥¥A_T
(11) EP 3 444 933 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication: 
20.02.2019 Bulletin 2019/08

(21) Application number: 17810207.5

(22) Date of filing: 02.06.2017

(51) Int Cl.:
H02M 3/28 (2006.01)

(86) International application number: 
PCT/JP2017/020538

(87) International publication number: 
WO 2017/213029 (14.12.2017 Gazette 2017/50)

(84) Designated Contracting States: 
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB 
GR HR HU IE IS IT LI LT LU LV MC MK MT NL NO 
PL PT RO RS SE SI SK SM TR
Designated Extension States: 
BA ME
Designated Validation States: 
MA MD

(30) Priority: 06.06.2016 JP 2016112341

(71) Applicant: Murata Manufacturing Co., Ltd.
Nagaokakyo-shi, Kyoto 617-8555 (JP)

(72) Inventor: ISHIKURA Yuki
Nagaokakyo-shi
Kyoto 617-8555 (JP)

(74) Representative: Herrmann, Uwe
Lorenz Seidler Gossel 
Rechtsanwälte Patentanwälte 
Partnerschaft mbB 
Widenmayerstraße 23
80538 München (DE)

(54) SWITCHING POWER SUPPLY DEVICE

(57) The switching power supply device (1) includes
switching circuits (11, 12), a transformer (T), an LLC res-
onance circuit (10), a microcomputer (15) and a frequen-
cy regulator (16) which set switching frequencies of the
switching circuits (11, 12), and a current detection circuit
(17) which detects the current Ir. The microcomputer (15)
and the frequency regulator (16) sweep a switching fre-
quency, and set a switching frequency on the basis of
times to start the dead times of the switching elements
(Q11, Q12), the current Ir detected by the current detec-
tion circuit (17), and the threshold current Imin.
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Description

Technical Field

[0001] The present invention relates to a switching
power supply device including an LLC resonance circuit.

Background Art

[0002] In a domestic photovoltaic power generating
system where power generated by a generator such as
a solar panel is used, power is controlled by a power
conditioner. Patent Document 1 describes an example
of power conversion equipment preferably used in such
a power conditioner. The power conversion equipment
described in Patent Document 1 includes a current res-
onant converter. A switching frequency is changed to ob-
tain a switching frequency at which the highest power
conversion efficiency is achieved. By so doing, a switch-
ing frequency corresponding to the resonant frequency
of the current resonant converter is detected, and the
detected frequency is set. This decreases switching loss
and noise and improves efficiency.

Citation List

Patent Document

[0003] Patent Document 1: Japanese Unexamined
Patent
Application Publication No. 2014-217199

Summary of Invention

Technical Problem

[0004] In the power conversion equipment described
in Patent Document 1, even if the leakage inductance of
a transformer and the capacitance of a resonant capac-
itor deviate from respective design values, which causes
a resonant frequency to deviate from a design value, an
optimal switching frequency can be set. In Patent Docu-
ment 1, however, a switching frequency is set so that the
highest power conversion efficiency is achieved. Thus,
unless predetermined conditions such as controlled in-
put/output power are met, a switching frequency cannot
be set.
[0005] In view of the above, an objective of the present
invention is to provide a switching power supply device
which searches for an optimal switching frequency. So-
lution to Problem
[0006] A switching power supply device according to
the present invention includes: a first input/output port
and a second input/output port; a first switching circuit
connected to the first input/output port and having a high-
side switch element and a low-side switch element; a
second switching circuit connected to the second in-
put/output port and having a high-side switch element

and a low-side switch element; a transformer having a
first coil and a second coil which are magnetically coupled
to each other, the first coil being connected to the first
switching circuit, the second coil being connected to the
second switching circuit; a resonance circuit including
the first coil or the second coil; a switching frequency
setting unit which sets switching frequencies of the first
switching circuit and the second switching circuit; and a
current detection unit which detects currents input to and
output from the first input/output port or the second in-
put/output port, in which the switching frequency setting
unit sweeps a switching frequency and sets a switching
frequency in accordance with a time when a dead time
starts, a result of detection by the current detection unit,
and a threshold current value, the dead time being pro-
vided for switching between the high-side switch element
and the low-side switch element of the first switching cir-
cuit or the second switching circuit.
[0007] With this configuration, switching loss can be
decreased by modifying the switching frequency in ac-
cordance with the load current. Even after the manufac-
turing of the switching power supply device, an optimal
switching frequency can be searched for, thereby de-
creasing the number of inspection processes carried out
when the products are produced in large quantities. Even
if the resonant frequency of a resonance circuit changes
due to degradation over time, an optimal switching fre-
quency can be searched for.
[0008] When times at which the high-side switch ele-
ments and the low-side switch elements of the first
switching circuit and the second switching circuit are
turned off coincide with times at which a current value
detected by the current detection unit falls below the
threshold current value, the switching frequency setting
unit may decrease a switching frequency, and when the
times do not coincide, the switching frequency setting
unit may increase the switching frequency.
[0009] With this configuration, as long as times to start
the dead times of the switch elements and the result of
the current detection can be obtained, the switching fre-
quency can be appropriately swept. Thus, high-speed
processing is not required.
[0010] The switching frequency setting unit may peri-
odically set a switching frequency.
[0011] With this configuration, high power conversion
efficiency can be maintained.
[0012] The first switching circuit or the second switch-
ing circuit may be a half bridge circuit or a full bridge
circuit.

Advantageous Effects of Invention

[0013] According to the present invention, switching
loss can be decreased by modifying a switching frequen-
cy in accordance with the load current. Even after the
manufacturing of a switching power supply device, an
optimal switching frequency can be set, thereby decreas-
ing the number of inspection processes carried out when
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the products are produced in large quantities. Even if the
resonant frequency of a resonance circuit changes due
to degradation over time, an optimal switching frequency
can be set.

Brief Description of Drawings

[0014]

[Fig. 1] Fig. 1 is a circuit diagram of a switching power
supply device according to Embodiment 1.
[Fig. 2] Fig. 2 illustrates operation waveforms of el-
ements of a frequency regulator when switching fre-
quencies exceed a resonant frequency.
[Fig. 3] Fig. 3 illustrates operation waveforms of the
elements of the frequency regulator when switching
frequencies fall below the resonant frequency.
[Fig. 4] Fig. 4 illustrates operation waveforms of the
elements of the frequency regulator when a switch-
ing frequency is an optimal switching frequency.
[Fig. 5] Fig. 5 is a circuit diagram of a switching power
supply device in another example.
[Fig. 6] Fig. 6 is a circuit diagram of a switching power
supply device in another example.
[Fig. 7] Fig. 7 is a circuit diagram of a switching power
supply device according to Embodiment 2.
[Fig. 8] Fig. 8 is a circuit diagram of a switching power
supply device in another example.

Description of Embodiments

(Embodiment 1)

[0015] Fig. 1 is a circuit diagram of a switching power
supply device 1 according to Embodiment 1.
[0016] The switching power supply device 1 is a current
resonant DC-DC converter and is used, for example, in
a photovoltaic power generating system. Hereinafter, it
is assumed that the current resonant DC-DC converter
is an insulation converter and has full bridge circuits, one
on the primary side and one on the secondary side.
[0017] The switching power supply device 1 includes
a pair of an input/output terminal IO1 and an input/output
terminal IO2 and a pair of an input/output terminal IO3
and an input/output terminal IO4. The input/output termi-
nal IO1 and the input/output terminal IO2 are connected
to a battery that stores power generated by solar panels.
The input/output terminal IO3 and the input/output termi-
nal 104 are connected to the solar panels and a power
grid.
[0018] The pair of the input/output terminal IO1 and
the input/output terminal 102 is an example of the "first
input/output port" according to the present invention. The
pair of the input/output terminal 103 and the input/output
terminal 104 is an example of the "second input/output
port" according to the present invention.
[0019] The switching power supply device 1 is a bidi-
rectional DC-DC converter. The switching power supply

device 1 transforms a DC voltage input from the input/out-
put terminal 103 and the input/output terminal 104 to a
voltage of a predetermined value and then outputs the
transformed voltage to the battery connected to the in-
put/output terminal IO1 and the input/output terminal 102
to charge the battery. When the charging voltage of the
battery is input from the input/output terminal 101 and
the input/output terminal IO2, the switching power supply
device 1 transforms the charging voltage to a voltage of
a predetermined value and supplies the voltage to the
power grid connected to the input/output terminal 103
and the input/output terminal IO4.
[0020] A capacitor C1 and a switching circuit 11 are
connected to the input/output terminal 101 and the in-
put/output terminal 102. The switching circuit 11 is a full
bridge circuit in which a series circuit of a switching ele-
ment Q11 and a switching element Q12 and a series
circuit of a switching element Q13 and a switching ele-
ment Q14 are connected in parallel. The switching ele-
ments Q11 to Q14 are, for example, MOS-FETs, and
gates thereof are connected to a driver 13.
[0021] The switching circuit 11 is an example of the
"first switching circuit" according to the present invention.
The switching element Q11 and the switching element
Q13 are examples of the "high-side switch elements" ac-
cording to the present invention. The switching element
Q12 and the switching element Q14 are examples of the
"low-side switch elements" according to the present in-
vention.
[0022] A node between the switching element Q11 and
the switching element Q12 is connected to a primary
winding N1 of a transformer T via an inductor L1. The
primary winding N1 is an example of the "first coil" ac-
cording to the present invention. The node between the
switching element Q13 and the switching element Q14
is connected to the primary winding N1 of the transformer
T via a capacitor C3. An inductor Lm, illustrated in Fig.
1, is the magnetizing inductance of the transformer T. It
should be noted that the inductor Lm may be an external
actual component. The inductor L1, the capacitor C3,
and the inductor Lm constitute an LLC resonance circuit
10.
[0023] It should be noted that the inductor L1 is not
necessarily an external actual component, but may be
leakage inductance of the transformer T. In this case, the
number of components can be decreased, thereby ena-
bling cost reduction and miniaturization.
[0024] A capacitor C2 and a switching circuit 12 are
connected to the input/output terminal IO3 and the in-
put/output terminal IO4. The switching circuit 12 is a full
bridge circuit in which a series circuit of a switching ele-
ment Q21 and a switching element Q22 and a series
circuit of a switching element Q23 and a switching ele-
ment Q24 are connected in parallel. The switching ele-
ments Q21 to Q24 are, for example, MOS-FETs, and
gates thereof are connected to a driver 14.
[0025] The switching circuit 12 is an example of the
"second switching circuit" according to the present inven-
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tion. The switching element Q21 and the switching ele-
ment Q23 are examples of the "high-side switch ele-
ments" according to the present invention. The switching
element Q22 and the switching element Q24 are exam-
ples of the "low-side switch elements" according to the
present invention.
[0026] A node between the switching element Q21 and
the switching element Q22 is connected to a secondary
winding N2 of the transformer T. A node between the
switching element Q23 and the switching element Q24
is connected to the secondary winding N2 of the trans-
former T. The secondary winding N2 is an example of
the "second coil" according to the present invention.
[0027] The driver 13 outputs control signals to the
gates of the switching elements Q11 to Q14 and performs
switching control of the switching elements Q11 to Q14
at a switching frequency set by a microcomputer 15. Spe-
cifically, the driver 13 alternately turns on and off the
switching element Q11 and the switching element Q14,
and the switching element Q12 and the switching ele-
ment Q13 with dead times being provided for switching
between the elements.
[0028] The driver 14 outputs control signals to the
gates of the switching elements Q21 to Q24 and performs
switching control of the switching elements Q21 to Q24
at a switching frequency set by the microcomputer 15.
Specifically, the driver 14 alternately turns on and off the
switching element Q21 and the switching element Q24,
and the switching element Q22 and the switching ele-
ment Q23 with dead times being provided for switching
between the elements.
[0029] The microcomputer 15 outputs a control signal
so as to switch between the switching circuit 11 and the
switching circuit 12 at a predetermined switching fre-
quency. The driver 13 and the driver 14 drive the switch-
ing elements on the basis of the control signal. The mi-
crocomputer 15 sweeps a switching frequency to search
for a switching frequency corresponding to the resonant
frequency of the LLC resonance circuit 10. The power
conversion efficiency of the switching power supply de-
vice 1 is improved by performing switching control of the
switching circuit 11 and the switching circuit 12 at a
switching frequency corresponding to the resonant fre-
quency of the LLC resonance circuit 10. The microcom-
puter 15 is an example of the "switching frequency setting
unit" according to the present invention.
[0030] In the sweeping of the switching frequency,
when a H-level signal is received from a frequency reg-
ulator 16, the microcomputer 15 decreases the switching
frequency to search for an optimal switching frequency,
meanwhile, when a L-level signal is received, the micro-
computer 15 increases the switching frequency to search
for an optimal switching frequency. The frequency regu-
lator 16 is an example of the "switching frequency setting
unit" according to the present invention.
[0031] The frequency regulator 16 includes a one-shot
multivibrator 16A, a comparator 16B, an AND gate 16C,
an AND gate 16D, an NAND gate 16E, and an OR gate

16F.
[0032] The one-shot multivibrator 16A outputs, with the
falling of a current Ir as a trigger, a H-level signal for a
certain duration. The current Ir is a resonant current input
to and output from the input/output terminal IO1. When
the current Ir is falling, an output signal (a) of the one-
shot multivibrator 16A indicates the H level. The current
Ir is detected by a current detection circuit 17 connected
to the input/output terminal IO1. The current detection
circuit 17 includes a component such as a current trans-
former or a resistor. The current detection circuit 17 is an
example of the "current detection unit" according to the
present invention.
[0033] It should be noted that the one-shot multivibra-
tor 16A can be replaced with, for example, a differentiat-
ing circuit, where appropriate, as long as it can detect
the falling of a current.
[0034] The comparator 16B compares the current Ir
detected by the current detection circuit 17 and a thresh-
old current Imin. When the current Ir falls below the
threshold current Imin, an output signal (b) of the com-
parator 16B indicates the H level. When the current Ir
exceeds the threshold current Imin, the output signal (b)
of the comparator 16B indicates the L level. The threshold
current Imin is, for example, the maximum value of the
magnetizing current of the transformer T and is appro-
priately set in accordance with the design of the trans-
former.
[0035] The OR gate 16F outputs the logical sum of a
gate signal input to the switching element Q11 and a gate
signal input to the switching element Q12. As described
above, the switching element Q11 and the switching el-
ement Q14, and the switching element Q12 and the
switching element Q13 are alternately turned on and off
with dead times being provided for switching between
the elements. That is, an output signal (f) of the OR gate
16F indicates the L level during the dead times and indi-
cates the H level at times other than the dead times.
[0036] It should be noted that the OR gate 16F may
output the logical sum of a gate signal input to the switch-
ing element Q13 and a gate signal input to the switching
element Q14.
[0037] The AND gate 16C outputs the AND of the out-
put of the one-shot multivibrator 16A and the output of
the OR gate 16F. When the current Ir is falling and when
the switching element Q11 or the switching element Q12
is on, an output signal (c) of the AND gate 16C indicates
the H level.
[0038] The AND gate 16D outputs the AND of the out-
put signal (b) of the comparator 16B and the output signal
(c) of the AND gate 16C. When the switching element
Q11 or the switching element Q12 is on, the current Ir is
falling, and when the current Ir falls below the threshold
current Imin, an output signal (d) of the AND gate 16D
indicates the H level.
[0039] The NAND gate 16E outputs the NAND of the
output signal (d) of the AND gate 16D and the output
signal (f) of the OR gate 16F. When the switching element
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Q11 or the switching element Q12 is on, the current Ir is
falling, and when the current Ir falls below the threshold
current Imin, an output signal (e) of the NAND gate 16E
indicates the L level.
[0040] Hereinafter, a case will be described in which
switching control of the switching circuit 11 and the
switching circuit 12 is performed at an optimal switching
frequency corresponding to the resonant frequency of
the LLC resonance circuit 10. The switching circuit 11
and the switching circuit 12 are preferably controlled by
a ZVS method with less switching loss.
[0041] For instance, when the switching element Q11
and the switching element Q14 are on, a resonant current
flows from the input/output terminal IO1 toward the
switching circuit 11. This direction in which the current
flows is considered a normal direction. In this state, after
the resonant current falls below the threshold current Im-
in, the switching element Q11 and the switching element
Q14 are turned off. During a dead time immediately after
the turning-off, the current flows in reverse through the
body diodes of the switching element Q12 and the switch-
ing element Q13. When the switching element Q12 and
the switching element Q13 are turned on in the reverse-
flow period, ZVS is performed. The resonant current then
starts flowing through the switching element Q12 and the
switching element Q13.
[0042] Thus, if the switching control is performed on
the switching circuit 11 and the switching circuit 12 at the
optimal switching frequency while reducing switching
loss, the switching elements should preferably not be
turned off in the resonance periods.
[0043] Fig. 2 illustrates operation waveforms of the el-
ements of the frequency regulator 16 when switching fre-
quencies exceed the resonant frequency.
[0044] In this example, the switching element Q11 and
the switching element Q12 are not turned off in the peri-
ods in which the current Ir falls below the threshold cur-
rent Imin. That is, the switching element Q11 and the
switching element Q12 are turned off in the resonance
periods. Accordingly, the switching frequencies of the
switching element Q11 and the switching element Q12
exceed the optimal switching frequency.
[0045] Here, the output signal (output signal (e) of the
NAND gate 16E) of the frequency regulator 16 always
indicates the H level. When a H-level output signal is
received from the frequency regulator 16, the microcom-
puter 15 decreases the switching frequencies to be
swept.
[0046] Fig. 3 illustrates operation waveforms of the el-
ements of the frequency regulator 16 when the switching
frequencies fall below the resonant frequency.
[0047] In this example, the switching element Q11 and
the switching element Q12 are turned off in the periods
in which the current Ir falls below the threshold current
Imin. The periods in which a reverse-flow current flows
(the periods in which the current Ir has an almost flat
value), however, are long, and the switching frequencies
of the switching element Q11 and the switching element

Q12 fall below the optimal switching frequency.
[0048] In this state, the periods in which the output sig-
nal (e) of the frequency regulator 16 indicates the L level
are long. When the periods in which the microcomputer
15 receives the L-level signal are long (or every time the
L level is reached), the microcomputer 15 increases the
switching frequencies to be swept.
[0049] Thus, the microcomputer 15 increases or de-
creases the switching frequencies in accordance with the
output signal (f) of the OR gate 16F to cause the switching
frequencies to be swept to approach the optimal switch-
ing frequency.
[0050] Fig. 4 illustrates operation waveforms of the el-
ements of the frequency regulator 16 for the optimal
switching frequency.
[0051] In this example, the switching element Q11 and
the switching element Q12 are turned off in the periods
in which the current Ir falls below the threshold current
Imin. The switching element Q11 and the switching ele-
ment Q12 are not turned off during the resonance peri-
ods. Accordingly, the switching frequencies of the switch-
ing element Q11 and the switching element Q12 are op-
timal switching frequencies. That is, the optimal switching
frequencies can be searched for by sweeping the fre-
quencies so that periods in which the output signal (e) of
the frequency regulator 16 indicates the L level are opti-
mized.
[0052] As described above, in the switching power sup-
ply device 1, switching loss can be reduced by modifying
a switching frequency in accordance with the current Ir.
As this search can be performed using a logic circuit,
equipment such as a microcomputer which performs
high-speed processing is not required. Thus, cost reduc-
tion can be achieved. Even after the manufacturing of
the switching power supply device 1, an optimal switching
frequency can be searched for, thereby decreasing the
number of inspection processes carried out when the
products are produced in large quantities. Even if the
resonant frequency of the LLC resonance circuit 10
changes due to degradation over time, the optimal
switching frequency can be searched for.
[0053] Preferably, the optimal switching frequency
should be searched for periodically. By so doing, the
switching power supply device 1 can maintain high power
conversion efficiency.
[0054] It should be noted that in the present embodi-
ment, the LLC resonance circuit 10 is provided on the
primary side of the transformer T. However, the LLC res-
onance circuit 10 may be provided on the secondary side
of the transformer T. Also, in the latter case, switching
control of the switching elements is performed in the
same manner as the former case.
[0055] In the present embodiment, the switching circuit
11 and the switching circuit 12 are described as full bridge
circuits. However, the switching circuit 11 and the switch-
ing circuit 12 are not necessarily the full bridge circuits.
[0056] Fig. 5 is a circuit diagram of a switching power
supply device 1A in another example. In this example, a
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switching circuit 11A connected to the input/output ter-
minal IO1 and the input/output terminal IO2 is a half
bridge circuit. A switching circuit 12A connected to the
input/output terminal IO3 and the input/output terminal
IO4 is a half bridge circuit.
[0057] The switching circuit 11A is a half bridge circuit
in which a series circuit of the switching element Q11 and
the switching element Q12 and a series circuit of a ca-
pacitor C41 and a capacitor C42 are connected in par-
allel.
[0058] The switching circuit 12A is a half bridge circuit
in which a series circuit of the switching element Q23 and
the switching element Q24 and a series circuit of a ca-
pacitor C51 and a capacitor C52 are connected in par-
allel.
[0059] Fig. 6 is a circuit diagram of a switching power
supply device 1B in another example. In this example,
the switching circuit 11A, which is a half bridge circuit, is
connected to the input/output terminal IO1 and the in-
put/output terminal IO2. The switching circuit 12, which
is a full bridge circuit, is connected to the input/output
terminal IO3 and the input/output terminal 104.
[0060] Even for the circuit configurations of the switch-
ing power supply device 1A and the switching power sup-
ply device 1B, an optimal switching frequency can be
searched for.
[0061] It should be noted that the current detection cir-
cuit 17 may be provided on the side where the input/out-
put terminal 103 is provided. In this case, the OR gate
16F of the frequency regulator 16 outputs the logical sum
of a gate signal input to the switching element Q21 (or
the switching element Q23) and a gate signal input to the
switching element Q22 (or the switching element Q24).
Furthermore, the current detection circuit 17 may be pro-
vided on the side where the input/output terminal IO2 is
provided, or on the side where the input/output terminal
104 is provided.

(Embodiment 2)

[0062] The switching power supply device according
to Embodiment 1 is a bidirectional current resonant DC-
DC converter, whereas a switching power supply device
according to Embodiment 2 is a unidirectional current
resonant DC-DC converter. Embodiment 2 differs from
Embodiment 1 in this respect. Hereinafter, only differenc-
es from Embodiment 1 will be described.
[0063] Fig. 7 is a circuit diagram of a switching power
supply device 2 according to Embodiment 2.
[0064] The switching power supply device 2 includes
a transformer T1 including a primary winding N1 and a
secondary winding N3. The primary winding N1 is con-
nected to a switching circuit 11. The first end of the sec-
ondary winding N3 is connected to an input/output ter-
minal IO3 via a diode D1. The second end of the sec-
ondary winding N3 is connected to the input/output ter-
minal IO3 via a diode D2. The secondary winding N3 has
a center tap, and the center tap is connected to an in-

put/output terminal 104.
[0065] A frequency regulator 16 of the switching power
supply device 2 has the same configuration and opera-
tions as those described in Embodiment 1.
[0066] Fig. 8 is a circuit diagram of a switching power
supply device 2A in another example. In this example, a
switching circuit 11B, connected to an input/output ter-
minal IO1 and an input/output terminal 102, is a half
bridge circuit.
[0067] The switching circuit 11B is a half bridge circuit
in which a series circuit of a capacitor C43 and a capacitor
C44 and a series circuit of a switching element Q13 and
a switching element Q14 are connected in parallel.
[0068] Even for the configurations of the switching
power supply device 2 and the switching power supply
device 2A, switching loss can be reduced by modifying
a switching frequency in accordance with a current Ir. As
this search can be performed using a logic circuit, equip-
ment such as a microcomputer which performs high-
speed processing is not required. Accordingly, the cost
reduction can be achieved. Even after the manufacturing
of the switching power supply device 2 and the switching
power supply device 2A, an optimal switching frequency
can be searched for, thereby decreasing the number of
inspection processes carried out when the products are
produced in large quantities. Furthermore, even if the
resonant frequency of the LLC resonance circuit 10
changes due to degradation over time, an optimal switch-
ing frequency can be searched for. Reference Signs List
[0069]

C1, C2, C3 capacitor
C41, C42, C43, C44 capacitor
C51, C52 capacitor
D1, D2 diode
101, IO2 input/output terminal (first input/output port)
103, IO4 input/output terminal (second input/output
port)
L1, Lm inductor
N1 primary winding (first coil)
N2, N3 secondary winding (second coil)
Q11, Q14 switching element (high-side switch ele-
ment)
Q12, Q13 switching element (low-side switch ele-
ment)
Q21, Q23 switching element (high-side switch ele-
ment)
Q22, Q24 switching element (low-side switch ele-
ment)
T, T1 transformer
1, 1A, 1B, 2, 2A switching power supply device
10 LLC resonance circuit
11, 11A, 11B switching circuit (first switching circuit)
12, 12A switching circuit (second switching circuit)
13, 14 driver
15 microcomputer (switching frequency setting unit)
16 frequency regulator (switching frequency setting
unit)
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16A one-shot multivibrator
16B comparator
16C AND gate
16D AND gate
16E NAND gate
16F OR gate
17 current detection circuit (current detection unit)

Claims

1. A switching power supply device, comprising:

a first input/output port and a second input/out-
put port;
a first switching circuit connected to the first in-
put/output port and having a high-side switch
element and a low-side switch element;
a second switching circuit connected to the sec-
ond input/output port and having a high-side
switch element and a low-side switch element;
a transformer having a first coil and a second
coil which are magnetically coupled to each oth-
er, the first coil being connected to the first
switching circuit, the second coil being connect-
ed to the second switching circuit;
a resonance circuit including the first coil or the
second coil;
a switching frequency setting unit which sets
switching frequencies of the first switching cir-
cuit and the second switching circuit; and
a current detection unit which detects currents
input to and output from the first input/output port
or the second input/output port, wherein
the switching frequency setting unit sweeps a
switching frequency and sets a switching fre-
quency in accordance with a time when a dead
time starts, a result of detection by the current
detection unit, and a threshold current value, the
dead time being provided for switching between
the high-side switch element and the low-side
switch element of the first switching circuit or the
second switching circuit.

2. The switching power supply device according to
claim 1, wherein
when times at which the high-side switch elements
and the low-side switch elements of the first switch-
ing circuit and the second switching circuit are turned
off coincide with times at which a current value de-
tected by the current detection unit falls below the
threshold current value, the switching frequency set-
ting unit decreases a switching frequency, and
when the times do not coincide, the switching fre-
quency setting unit increases the switching frequen-
cy.

3. The switching power supply device according to

claim 1 or claim 2, wherein
the switching frequency setting unit periodically sets
a switching frequency.

4. The switching power supply device according to any
one of claims 1 to 3, wherein
the first switching circuit or the second switching cir-
cuit is a half bridge circuit or a full bridge circuit.

11 12 



EP 3 444 933 A1

8



EP 3 444 933 A1

9



EP 3 444 933 A1

10



EP 3 444 933 A1

11



EP 3 444 933 A1

12



EP 3 444 933 A1

13



EP 3 444 933 A1

14



EP 3 444 933 A1

15



EP 3 444 933 A1

16

5

10

15

20

25

30

35

40

45

50

55



EP 3 444 933 A1

17

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2014217199 A [0003]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

