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(57) ABSTRACT

A boost converter disclosed herein may include boost cir-
cuits including: a diode including a cathode connected to a
high-potential output wiring; a switching element including
a terminal connected to an anode of the diode and a terminal
connected to a low-potential wiring; and a reactor connected
between the high-potential input wiring and the anode. A
control circuit may energize, in a first operation, a first boost
circuit when charge current is in a first range, and energize
the first and a second boost circuits when the charge current
is in a second range larger than the first range. The control
circuit may energize, in a second operation, a third boost
circuit when the charge current is in the first range, and
energize the third and a fourth boost circuits when the charge
current is in the second range. The first boost circuit is other

HO2M 3/158 (2006.01) than the third boost circuit.
10
\\
"Q‘;}_A
30 30 30 30
oo (30U) U (3B0V) V (0W) W (30X} X
C S U R
¥ ! T |
U
/32 1 d/32 |
HT (32W) | £B2X) 14 92
S0 / . by /
] i / |
/ S b fob !
AL T
T N 1212
n AV
Lo (R
P [
P 1
P i
P [
P 1
— ﬁ Lo !ﬂ Lo
P |
(/ ___.&‘__l [ E S '__<l
16 | |
34 3
(34W) {34X)




Aug. 29,2019 Sheet 1 of 4 US 2019/0267900 A1

Patent Application Publication

30

30

30

30

22 (30U) U (30V) V (B0W) W (30X) X




US 2019/0267900 A1

Aug. 29,2019 Sheet 2 of 4

Patent Application Publication

[ NN SRR [P |




Patent Application Publication

Aug. 29,2019 Sheet 3 of 4

US 2019/0267900 A1

=0 40 40 40 40
40Uy (40V) 40wy (40X
44 | | | {
\ 1 \ | \
\‘ \‘ | | \
\\ \\ \\\ \\\
{ ! !
i | \‘
| |
/ / /

\
46




Patent Application Publication  Aug. 29, 2019 Sheet 4 of 4 US 2019/0267900 A1

FIG. 4
operaton | 11| BSE e

11 < lth1 U

A thisi1<th2 | U | W
th2si1<ithd | U | WV
1th3 < 11 U i wlv]x
11 < lth1 W
thisl1<ith2 | W | U

® thast<ith3 | W | U | X
Ith3 < I1 WIlu.l X |V
11 < Ith1 vV
thisit<ith2 | Vv | X

¢ th2si1<ith3 | vV | X | U
1th3 = 1 VIiXIlulw
11 < lth1 X
thisi1<ith2 | X | V

® th2sM<ih3 | X | V | W
th3 < [1 X1V I iwlu




US 2019/0267900 A1

BOOST CONVERTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Japanese Patent
Application No. 2018-032392 filed on Feb. 26, 2018, the
contents of which are hereby incorporated by reference into
the present application.

TECHNICAL FIELD

[0002] A technology disclosed herein relates to a boost
converter.

BACKGROUND
[0003] Japanese Patent Application Publication No. 2016-

127765 describes an inverter device that includes a first
inverter and a second inverter. This inverter device changes
a number of inverters to to be energized, in accordance with
output power. In other words, the inverter device energizes
only the first inverter and does not energize the second
inverter when output power is low, and energizes both of the
first inverter and the second inverter when output power is
high. Changing the number of inverters to be energized as
such improves power conversion efficiency.

SUMMARY

[0004] The inverter device in Japanese Patent Application
Publication No. 2016-127765 constantly energizes the first
inverter, so a switching element of the first inverter bears a
heavier load, and thus the switching element of the first
inverter deteriorates earlier than a switching element of the
second inverter. Moreover, Japanese Patent Application
Publication No. 2016-127765 does not consider a boost
converter. The disclosure herein provides a technology
capable of changing a number of boost circuits to be
energized, and capable of suppressing a load from being
disproportionately imposed on a switching element in a
specific boost circuit, in a boost converter.

[0005] A boost converter disclosed herein may be config-
ured to boost voltage supplied from a power source. This
boost converter may comprise: a high-potential input wiring
connected to a positive electrode of the power source; a
low-potential wiring connected to a negative electrode of the
power source; a high-potential output wiring; a capacitor
connected between the high-potential output wiring and the
low-potential wiring; a plurality of boost circuits; and a
control circuit. Each of the plurality of boost circuits may
comprise: a diode, a cathode of the diode being connected to
the high-potential output wiring; a switching element com-
prising a first main terminal connected to an anode of the
diode, a second main terminal connected to the low-poten-
tial wiring, and a gate; and a reactor connected between the
high-potential input wiring and the anode of the diode. The
control circuit may be connected to the gates of the switch-
ing elements of the plurality of boost circuits. The control
circuit may be configured to be capable of performing a first
operation and a second operation. The control circuit may be
configured, in each of the first operation and the second
operation, to increase a number of the boost circuits to be
energized as charge current charging the capacitor is larger.
The control circuit may be configured, in the first operation,
to energize a first boost circuit of the plurality of boost
circuits when the charge current is in a first range, and
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energize the first boost circuit and a second boost circuit of
the plurality of boost circuits when the charge current is in
a second range, the charge current in the second range being
larger than the charge current in the first range. The control
circuit may be configured, in the second operation, to
energize a third boost circuit of the plurality of boost circuits
when the charge current is in the first range, and energize the
third boost circuit and a fourth boost circuit of the plurality
of boost circuits when the charge current is in the second
range. The first boost circuit may be one of the plurality of
boost circuits other than the third boost circuit.

[0006] In the disclosure herein, energizing a boost circuit
means allowing current to flow in a reactor, a diode, and a
switching element in the boost circuit by repeatedly switch-
ing the switching element in the boost circuit. Moreover,
“the charge current in the second range being larger than the
charge current in the first range” described above means that
alower limit of the second range is larger than an upper limit
of the first range.

[0007] This boost converter is configured to boost a poten-
tial of the high-potential input wiring, and output the boosted
potential to the high-potential output wiring. The boost
converter is configured to be capable of performing the first
operation and the second operation, and increases the num-
ber of the boost circuits to be energized as the charge current
charging the capacitor is larger, in each of the first operation
and the second operation. The boost converter can therefore
achieve highly efficient boosting in each of the first opera-
tion and the second operation.

[0008] In the first operation, current flows in the first boost
circuit irrespective of whether the charge current is in the
first range or in the second range. In other words, in the first
operation, the switching element in the first boost circuit
bears a high load. In the second operation, on the other hand,
current flows in the third boost circuit irrespective of
whether the charge current is in the first range or in the
second range. In other words, in the second operation, the
switching element in the third boost circuit bears a high load.
The first boost circuit is a circuit other than the third boost
circuit. Therefore, the switching element that bears a high
load in the first operation differs from the switching element
that bears a high load in the second operation. As such, by
making different switching elements bear a high load in the
first operation and in the second operation, a specific switch-
ing element can be suppressed from deteriorating earlier
than another switching element. Consequently, reliability of
the boost converter can be improved.

BRIEF DESCRIPTION OF DRAWINGS

[0009] FIG. 1 is a circuit diagram of a boost converter.
[0010] FIG. 2 is a circuit diagram of a boost converter.
[0011] FIG. 3 is a plan view of a power control unit.
[0012] FIG. 4 is a diagram that shows boost circuit(s) to be

energized in each operation.

DETAILED DESCRIPTION

[0013] A boost converter 10 in an embodiment shown in
FIG. 1 is mounted on a vehicle provided with a traction
motor (e.g., an electric vehicle, a hybrid vehicle, a fuel-cell
vehicle, and the like), and is configured to supply power to
the traction motor. The boost converter 10 is connected
between a power source 90 and a load circuit 92. The power
source 90 is a direct current power source such as a battery,
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a fuel cell, or the like. Although not shown, the load circuit
92 includes an inverter and the traction motor. The boost
converter 10 is configured to boost voltage supplied from the
power source 90, and supply the boosted voltage to the
inverter of the load circuit 92. The inverter converts the
direct current power supplied from the boost converter 10
into alternating current power, and supplies the alternating
current power to the traction motor.

[0014] The boost converter 10 includes a high-potential
input wiring 12, a high-potential output wiring 14, a low-
potential wiring 16, a boost circuit U, a boost circuit V, a
boost circuit W, a boost circuit X, a capacitor 20, a current
sensor 22, and a control substrate 24.

[0015] The high-potential input wiring 12 is connected to
a positive electrode of the power source 90. The low-
potential wiring 16 is connected to a negative electrode of
the power source 90. Moreover, the low-potential wiring 16
is connected to the load circuit 92. The high-potential output
wiring 14 is connected to the load circuit 92. Each of the
boost circuits U, V, W, X is connected to the high-potential
input wiring 12, the high-potential output wiring 14, and the
low-potential wiring 16. Each of the boost circuits U, V, W,
X includes a reactor 30, a diode 32, and a switching element
34.

[0016] The boost circuits U, V, W, X are identical to one
another in their configurations, and hence the configuration
of the boost circuit U will hereinafter be described. In the
present embodiment, the switching element 34 is constituted
of'a metal oxide semiconductor field effect transistor (MOS-
FET). It should be noted that another switching element such
as an insulated gate bipolar transistor (IGBT) may be used
as the switching element 34. The switching element 34 has
its source connected to the low-potential wiring 16. The
switching element 34 has its drain connected to an anode of
the diode 32. The switching element 34 has its gate con-
nected to the control substrate 24. The diode 32 has its
cathode connected to the high-potential output wiring 14.
The reactor 30 has its one end connected to the anode of the
diode 32 and the drain of the switching element 34. The
reactor 30 has the other end connected to the high-potential
input wiring 12. In other words, the reactor 30 is connected
between the high-potential input wiring 12 and the anode of
the diode 32.

[0017] Although each of the boost circuits includes one
switching element 34 in FIG. 1, each of the boost circuits
may include a plurality of switching elements 34 connected
in parallel as shown in FIG. 2. In FIG. 2, a common signal
is inputted into the gates of the plurality of switching
elements 34 connected in parallel. In the configuration in
FIG. 2, the plurality of switching elements 34 substantially
functions as one switching element. Moreover, although
each of the boost circuits includes one diode 32 in FIG. 1,
each of the boost circuits may include a plurality of diodes
32 connected in parallel as shown in FIG. 2. In the configu-
ration in FIG. 2, the plurality of diodes 32 connected in
parallel substantially functions as one diode. The circuit in
FIG. 2 is substantially equivalent to the circuit in FIG. 1.
Therefore, the description will hereinafter be made based on
FIG. 1.

[0018] In the following description, the reactor 30, the
diode 32, and the switching element 34 in the boost circuit
U will be called a reactor 30U, a diode 32U, and a switching
element 34U, respectively; the reactor 30, the diode 32, and
the switching element 34 in the boost circuit V will be called
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a reactor 30V, a diode 32V, and a switching element 34V,
respectively; the reactor 30, the diode 32, and the switching
element 34 in the boost circuit W will be called a reactor
30W, a diode 32W, and a switching element 34 W, respec-
tively; and the reactor 30, the diode 32, and the switching
element 34 in the boost circuit X will be called a reactor
30X, a diode 32X, and a switching element 34X, respec-
tively.

[0019] The capacitor 20 is connected between the high-
potential output wiring 14 and the low-potential wiring 16.
[0020] The current sensor 22 detects current 11 that flows
from the power source 90 to the high-potential input wiring
12. A value detected by the current sensor 22 is transmitted
to the control substrate 24.

[0021] The control substrate 24 is connected to each of the
gates of the switching elements 34U, 34V, 34W, 34X. The
control substrate 24 switches the switching elements 34U,
34V, 34W, 34X by controlling potentials of their gates. The
control substrate 24 includes a microcomputer 26. The
microcomputer 26 stores a method of operating each of the
boost circuits.

[0022] FIG. 3 shows a power control unit 50. The power
control unit 50 includes a structure in which a plurality of
switching modules 40 is stacked. The switching element 34
and the diode 32 in each of the boost circuits are housed in
corresponding one of the switching modules 40. Each of the
switching modules 40 is a component in which the switching
element 34 and the diode 32 are configured integrally by
being sealed with insulating resin. A switching module 40U
houses the switching element 34U and the diode 32U. A
switching module 40V houses the switching element 34V
and the diode 32V. A switching module 40W houses the
switching element 34W and the diode 32W. A switching
module 40X houses the switching element 34X and the
diode 32X. The switching modules 40U, 40V, 40W, 40X are
arranged in line in this order. The switching modules 40U,
40V, 40W, 40X are stacked in their thickness directions.
Cooling plates 42 are disposed to be in contact with the
switching modules 40, respectively. The switching modules
40 and the cooling plates 42 are alternately stacked. Due to
this, each of the switching modules 40 is interposed between
two of the cooling plates 42. The cooling plates 42 are
connected to one another by cooling pipes 44, 46. Each of
the cooling plates 42 is internally provided with a coolant
passage. Coolant flows from the cooling pipe 44 to the
cooling pipe 46 through the coolant passage in each of the
cooling plates 42. The coolant cools each of the cooling
plates 42. The cooling plates 42 cool the switching modules
40.

[0023] Next, a boosting operation of each of the boost
circuits will be described. Since the boost circuits U, V, W,
X are identical to one another in their boosting operations,
the boosting operation of the boost circuit U will herein be
described. The switching element 34U is switched by the
control substrate 24 controlling a potential of the gate of the
switching element 34U. The switching element 34U is
turned off when the potential of the gate becomes less than
a gate threshold, and the switching element 34U is turned on
when the potential of the gate becomes equal to or greater
than the gate threshold. The control substrate 24 controls the
switching element 34U such that the switching element 34U
is periodically brought into an on state and an off state.
When the switching element 34U is turned on, current flows
from the positive electrode of the power source 90 to the
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negative electrode of the power source 90 through the
high-potential input wiring 12, the reactor 30U, the switch-
ing element 34U, and the low-potential wiring 16. After this,
when the switching element 34U is turned off, the reactor
30U generates electromotive force in a direction keeping the
current flowing, so a potential of the anode of the diode 32U
rises. Consequently, current flows from the positive elec-
trode of the power source 90 to the capacitor 20 through the
high-potential input wiring 12, the reactor 30, the diode 32U,
and the high-potential output wiring 14. The capacitor 20 is
thereby charged, and a potential of the high-potential output
wiring 14 rises. By repeatedly turning on and off the
switching element 34, the capacitor 20 is charged continu-
ously and the potential of the high-potential output wiring 14
is controlled to be a high potential.

[0024] As described above, the boosting operations of the
boost circuits V, W, X are identical to the boosting operation
of the boost circuit U. Hereinafter, allowing current to flow
in the reactor 30, the diode 32, and the switching element 34
by periodically switching the switching element 34 will be
referred to as energizing the boost circuit. The control
substrate 24 can control the boost circuits U, V, W, X
independently.

[0025] As described above, when the capacitor 20 is
charged (when current flows in the diode 32), the current 11
supplied from the power source 90 flows in the capacitor 20.
Therefore, the current 11 at the charging of the capacitor 20
is approximately equal to a charge current 12 that flows in the
capacitor 20.

[0026] The control substrate 24 can perform an operation
A, an operation B, an operation C, and an operation D. When
ignition is turned on, the control substrate 24 selects any one
of the operations A to D and starts it. The control substrate
24 keeps performing the selected operation until the ignition
is turned off. When the ignition is turned on the next time,
the control substrate 24 selects another operation out of the
operations A to D and starts it. As such, the control substrate
24 changes the operation to perform among the operations A
to D, each time the ignition is turned on. The control
substrate 24 performs the operation A, the operation B, the
operation C, and the operation D in this order one by one,
and performs the operation A again after the operation D. In
other words, the control substrate 24 performs the operation
A, the operation B, the operation C, and the operation D in
rotation. In each of the operation A, the operation B, the
operation C, and the operation D, the control substrate 24
controls the boost circuits U, V, W, X such that a number of
the boost circuits to be energized is increased as the the
current 11 detected by the current sensor 22 (i.e., the charge
current 12) is larger.

[0027] The microcomputer 26 in the control substrate 24
stores a control method shown in FIG. 4. FIG. 4 shows
details of the operation A, the operation B, the operation C,
and the operation D. The control substrate 24 controls each
of the boost circuits in accordance with the control method
shown in FIG. 4.

[0028] In the operation A, the control substrate 24 firstly
detects the current 11. The control substrate 24 then changes
the boost circuit(s) to be energized, in accordance with a
magnitude of the current I1.

[0029] If the detected current I1 is less than a threshold
Ith1, the control substrate 24 energizes the boost circuit U
and does not energize the boost circuits W, V, X. Therefore,
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only the boost circuit U performs the boosting operation, and
the capacitor 20 is charged thereby.

[0030] Ifthe detected current I1 is equal to or greater than
the threshold Ith1 and less than a threshold Ith2, the control
substrate 24 energizes the boost circuits U, W and does not
energize the boost circuits V, X. Therefore, the boost circuits
U, W perform the boosting operations, and the capacitor 20
is charged thereby. At this occasion, switching periodicity
and phase may be the same or different between the switch-
ing elements 34U, 34W. For example, the switching element
34U and the switching element 34W may be switched with
the same periodicity and in reverse phases.

[0031] Ifthe detected current I1 is equal to or greater than
the threshold 1th2 and less than a threshold Ith3, the control
substrate 24 energizes the boost circuits U, W, V and does
not energize the boost circuit X. Therefore, the boost circuits
U, W, V perform the boosting operations, and the capacitor
20 is charged thereby. At this occasion, switching periodicity
and phase may be the same or different among the switching
elements 34U, 34W, 34V.

[0032] Ifthe detected current I1 is equal to or greater than
the threshold Ith3, the control substrate 24 energizes all of
the boost circuits U, W, V, X. Therefore, the boost circuits
U, W, V, X perform the boosting operations, and the capaci-
tor 20 is charged thereby. At this occasion, switching peri-
odicity and phase may be the same or different among the
switching elements 34U, 34W, 34V, 34X.

[0033] In the operation A, the control substrate 24 repeat-
edly perform, with a constant periodicity, detection of the
current I1 and energization of the boost circuit(s) in accor-
dance with the detected current I1. Therefore, an appropriate
number of the boost circuits in accordance with the current
11 perform the boosting operation(s).

[0034] As described above, in the operation A, the number
of the boost circuits to be energized is increased as the
current 11 becomes larger. Therefore, when the current I1 is
large, the current I1 is distributed to the plurality of boost
circuits and flows therethrough such that current that flows
in each of the boost circuits is controlled not to exceed its
allowable current. This prevents excessive temperature rise
in a specific boost circuit. Moreover, when current flows in
the reactor 30, a certain degree of loss is generated even in
a case where a value of the current is small. Therefore, when
the current I1 is small, decreasing the number of the boost
circuits to be energized (i.e., the number of the reactors 30
in which current flows), as in the operation A mentioned
above, can reduce loss to be generated. As described above,
by increasing the number of the boost circuits to be ener-
gized as the current I1 (i.e., the current 12) is larger,
excessive temperature rise can be prevented in each of the
boost circuits, while loss to be generated therein is reduced.
[0035] Inthe operation B as well, each of the boost circuits
U, V, W, X is controlled such that the number of the boost
circuits to be energized is increased as the current I1
becomes larger. In the operation B, the boost circuit W is
energized when current is low (I1<Ith1), the boost circuits
W, U are energized when current is relatively low
(Ith1=[1=Ith2), the boost circuits W, U, X are energized
when current is relatively high (Ith2<[1<Ith3), and the boost
circuits W, U, X, V are energized when current is high
(Tth3<I1).

[0036] Inthe operation C as well, each of the boost circuits
U, V, W, X is controlled such that the number of the boost
circuits to be energized is increased as the current I1
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becomes larger. In the operation C, the boost circuit V is
energized when current is low (I11<Ith1), the boost circuits V,
X are energized when current is relatively low
(Ith1=[1<Ith2), the boost circuits V, X, U are energized when
current is relatively high (Ith2<I1<Ith3), and the boost
circuits V, X, U, W are energized when current is high
(Tth3<I1).

[0037] In the operation D as well, each of the boost
circuits U, V, W, X is controlled such that the number of the
boost circuits to be energized is increased as the current 11
becomes larger. In the operation D, the boost circuit X is
energized when current is low (I1<Ith1), the boost circuits
X, V are energized when current is relatively low
(Ith1=[1<Ith2), the boost circuits X, V, W are energized
when current is relatively high (Ith2<I1<Ith3), and the boost
circuits X, V, W, U are energized when current is high
(Tth3<I1).

[0038] As described above, in the operation B, the opera-
tion C, and the operation D as well, the number of the boost
circuits to be energized is increased as the current I1
becomes larger, so excessive temperature rise in each of the
boost circuits can be prevented while loss to be generated
therein is reduced.

[0039] Moreover, in the operation A, the boost circuit U
and the boost circuit W are energized when Ith1<I1<[th2. In
other words, current flows in the switching module 40U and
the switching module 40W shown in FIG. 3. Between the
switching module 40U and the switching module 40W, the
switching module 40V in which no current flows exists.
Therefore, heat is generated in a distributed manner in the
power control unit 50, and the generated heat is easily
dissipated. Due to this, temperature rise in the switching
elements 34U, 34W is suppressed. In the operation B, the
operation C, and the operation D as well, as shown in FIG.
4, current does not flow in the adjacent switching modules
40 when Ithl=<I1<Ith2. Therefore, in the operation B, the
operation C, and the operation D as well, temperature rise in
the switching elements 34 is suppressed when Ith1<I1<Ith2.
[0040] Next, an energizing frequency of each of the boost
circuits U, V, W, X will be described. In the operation A, as
shown in FIG. 4, the boost circuit U is constantly energized,
and thus it has a highest energizing frequency. In the
operation B, the boost circuit U is energized when Ith1<I1,
and thus it has a second highest energizing frequency. In the
operation C, the boost circuit U is energized when Ith2<I1,
and thus it has a third highest energizing frequency. In the
operation D, the boost circuit U is energized only when
1th3<I1, and thus it has a lowest energizing frequency. As
such, in the operations A to D, the boost circuit U has
different energizing frequencies, respectively. Similarly, the
energizing frequency of the boost circuit V is the highest in
the operation C, the second highest in the operation D, the
third highest in the operation A, and the lowest in the
operation B. The energizing frequency of the boost circuit W
is the highest in the operation B, the second highest in the
operation A, the third highest in the operation D, and the
lowest in the operation C. The energizing frequency of the
boost circuit X is the highest in the operation D, the second
highest in the operation C, the third highest in the operation
B, and the lowest in the operation A. As described above, the
control substrate 24 performs the operations A to D in
rotation. Therefore, the energizing frequencies of the boost
circuits U, V, W, X are averaged. The energizing frequency
of a specific boost circuit can thereby be prevented from
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becoming outstandingly higher than the energizing frequen-
cies of the other boost circuits. In other words, the energiz-
ing frequency of the specific switching element 34 can be
prevented from becoming outstandingly higher than the
energizing frequencies of the other switching elements 34.
The load is averaged among the switching elements 34U,
34V, 34W, 34X. Due to this, the specific switching element
34 can be suppressed from deteriorating extremely earlier
than the other switching elements 34. Lifetime of the boost
converter 10, as a whole, can thereby be prolonged.
[0041] In the embodiment described above, as shown in
FIG. 4, the energizing frequencies of the boost circuits U, V,
W, X are approximately uniformized among the operations
A to D. However, at least as long as a certain boost circuit
does not have the highest energizing frequency more than
once throughout the operations A to D, the certain boost
circuit may have the second highest energizing frequency,
the third highest energizing frequency, or the lowest ener-
gizing frequency more than once throughout the operations
Ato D.

[0042] Moreover, although the boost converter includes
the four boost circuits in the embodiment described above,
the number of the boost circuits may be larger or smaller
than four.

[0043] Moreover, although any one of the operations A to
D is selected when the ignition is turned on and performed
in the embodiment described above, the operation to be
performed may be changed among the operations A to D at
another timing.

[0044] In the embodiment described above, the current I1
that flows in the high-potential input wiring 12 is detected,
and the number of the boosts circuits to be energized is
changed based on the detected current I11. However, the
current 12 that flows in the capacitor 20 may be detected, and
the number of the boost circuits to be energized may be
changed based on the detected current 12. Moreover, the
number of the boost circuits to be energized may be changed
in accordance with current in another portion (current cor-
related with the current 12).

[0045] Relationships between the constituent elements in
the embodiment and constituent elements in the claims will
hereinafter be described. The operation A in the embodiment
is an example of a first operation in the claims. The operation
D in the embodiment is an example of a second operation in
the claims. The operation B in the embodiment is an
example of a third operation in the claims. The boost circuit
U in the embodiment is an example of a first boost circuit,
an eighth boost circuit, and a tenth boost circuit in the
claims. The boost circuit W in the embodiment is an
example of a second boost circuit, a sixth boost circuit, and
a ninth boost circuit in the claims. The boost circuit V in the
embodiment is an example of a fourth boost circuit and a
fifth boost circuit in the claims. The boost circuit X in the
embodiment is an example of a third boost circuit and a
seventh boost circuit in the claims. The control substrate 24
in the embodiment is an example of a control circuit in the
claims.

[0046] Some of the technical features disclosed herein will
be listed below. It should be noted that the respective
technical elements are independent of one another, and are
useful solely or in combinations.

[0047] In an example of boost converter disclosed herein,
the second boost circuit may be one of the plurality of boost
circuits other than the fourth boost circuit.
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[0048] According to this configuration, the load on each of
the switching elements can be more effectively distributed.
[0049] In an example of boost converter disclosed herein,
the control circuit may be configured, in the first operation,
to energize the first boost circuit, the second boost circuit,
and a fifth boost circuit of the plurality of boost circuits
when the charge current is in a third range, and the charge
current in the third range may be larger than the charge
current in the second range. The control circuit may be
configured, in the second operation, to energize the third
boost circuit, the fourth boost circuit, and a sixth boost
circuit of the plurality of boost circuits when the charge
current is in the third range. The fifth boost circuit may be
one of the plurality of boost circuits other than the sixth
boost circuit. It should be noted that “the charge current in
the third range may be larger than the charge current in the
second range” means that a lower limit of the third range is
larger than an upper limit of the second range.

[0050] According to this configuration, boosting by three
or more boost circuits can be achieved while the load on
each of the switching elements is distributed.

[0051] In an example of boost converter disclosed herein,
the switching elements of the boost circuits may be arranged
in line. In the line of the switching elements, one of the
switching elements other than a first switching element of
the first boost circuit and a second switching element of the
second boost circuit may be located between the first switch-
ing element and the second switching element. In the line of
the switching elements, one of the switching elements other
than a third switching element of the third boost circuit and
a fourth switching element of the fourth boost circuit may be
located between the third switching element and the fourth
switching element.

[0052] According to this configuration, when the charge
current is in the second range in the first operation, current
flows in the switching element in the first boost circuit and
the switching element in the second boost circuit which are
disposed with spacing therebetween. In other words, the
current can be prevented from flowing in the switching
elements adjacent to each other. Due to this, temperature rise
in the switching elements can be suppressed. Similarly,
when the charge current is in the second range in the second
operation, current flows in the switching element in the third
boost circuit and the switching element in the fourth boost
circuit which are disposed with spacing therebetween. Due
to this, temperature rise in the switching elements can be
suppressed.

[0053] In an example of boost converter disclosed herein,
the control circuit may be configured, in the first operation,
to energize the first boost circuit, the second boost circuit,
the fifth boost circuit, and a seventh boost circuit of the
plurality of boost circuits when the charge current is in a
fourth range, and the charge current in the fourth range may
be larger than the charge current in the third range. The
control circuit may be configured, in the second operation,
to energize the third boost circuit, the fourth boost circuit,
the sixth boost circuit, and an eighth boost circuit of the
plurality of boost circuits when the charge current is in the
fourth range. The seventh boost circuit may be one of the
plurality of boost circuits other than the eighth boost circuit.
It should be noted that “the charge current in the fourth range
may be larger than the charge current in the third range”
means that a lower limit of the fourth range is larger than an
upper limit of the third range.
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[0054] According to this configuration, boosting by four
or more boost circuits can be achieved while the load on
each of the switching elements is distributed.

[0055] In an example of boost converter disclosed herein,
a total number of the plurality of boost circuits may be four.
The first boost circuit may be the eighth boost circuit, the
second boost circuit may be the sixth boost circuit, the fifth
boost circuit may be the fourth boost circuit, and the seventh
boost circuit may be the third boost circuit.

[0056] According to this configuration, the load on each of
the switching elements can be more effectively distributed.
[0057] In an example of boost converter disclosed herein,
the control circuit may be configured to be capable of
performing a third operation. The control circuit may be
configured, in the third operation, to energize a ninth boost
circuit of the plurality of boost circuits when the charge
current is in the first range and energize the ninth boost
circuit and a tenth boost circuit of the plurality of boost
circuits when the charge current is in the second range. The
ninth boost circuit may be one of the plurality of boost
circuits other than the first boost circuit and the third boost
circuit.

[0058] According to this configuration, by performing the
first to third operations, the load on each of the switching
elements can further be distributed.

[0059] While specific examples of the present disclosure
have been described above in detail, these examples are
merely illustrative and place no limitation on the scope of
the present disclosure. The technology described in the
present disclosure also encompasses various changes and
modifications to the specific examples described above. The
technical elements explained in the present description or
drawings provide technical utility either independently or
through various combinations. The present disclosure is not
limited to the combinations described at the time the present
disclosure are filed. Further, the purpose of the examples
illustrated by the present description or drawings is to satisfy
multiple objectives simultaneously, and satisfying any one
of those objectives gives technical utility to the present
disclosure.

What is claimed is:

1. A boost converter configured to boost voltage supplied

from a power source, the boost converter comprising:

a high-potential input wiring connected to a positive
electrode of the power source;

a low-potential wiring connected to a negative electrode
of the power source;

a high-potential output wiring;

a capacitor connected between the high-potential output
wiring and the low-potential wiring;

a plurality of boost circuits; and

a control circuit,

wherein

each of the plurality of boost circuits comprises:

a diode, a cathode of the diode being connected to the
high-potential output wiring;

a switching element comprising a first main terminal
connected to an anode of the diode, a second main
terminal connected to the low-potential wiring, and a
gate; and

a reactor connected between the high-potential input
wiring and the anode of the diode:

the control circuit is connected to the gates of the switch-
ing elements of the plurality of boost circuits,
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the control circuit is configured to be capable of perform-

ing a first operation and a second operation,

the control circuit is configured, in each of the first

operation and the second operation, to increase a num-
ber of the boost circuits to be energized as charge
current charging the capacitor is larger,

the control circuit is configured, in the first operation, to

energize a first boost circuit of the plurality of boost
circuits when the charge current is in a first range, and
energize the first boost circuit and a second boost
circuit of the plurality of boost circuits when the charge
current is in a second range, the charge current in the
second range being larger than the charge current in the
first range,

the control circuit is configured, in the second operation,

to energize a third boost circuit of the plurality of boost
circuits when the charge current is in the first range, and
energize the third boost circuit and a fourth boost
circuit of the plurality of boost circuits when the charge
current is in the second range, and

the first boost circuit is one of the plurality of boost

circuits other than the third boost circuit.

2. The boost converter of claim 1, wherein the second
boost circuit is one of the plurality of boost circuits other
than the fourth boost circuit.

3. The boost converter of claim 1, wherein

the control circuit is configured, in the first operation, to

energize the first boost circuit, the second boost circuit,
and a fifth boost circuit of the plurality of boost circuits
when the charge current is in a third range, the charge
current in the third range being larger than the charge
current in the second range,

the control circuit is configured, in the second operation,

to energize the third boost circuit, the fourth boost
circuit, and a sixth boost circuit of the plurality of boost
circuits when the charge current is in the third range,
and

the fifth boost circuit is one of the plurality of boost

circuits other than the sixth boost circuit.

4. The boost converter of claim 3, wherein

the switching elements of the boost circuits are arranged

in line,
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in the line of the switching elements, one of the switching
elements other than a first switching element of the first
boost circuit and a second switching element of the
second boost circuit is located between the first switch-
ing element and the second switching element, and

in the line of the switching elements, one of the switching
elements other than a third switching element of the
third boost circuit and a fourth switching element of the
fourth boost circuit is located between the third switch-
ing element and the fourth switching element.

5. The boost converter of claim 3, wherein

the control circuit is configured, in the first operation, to
energize the first boost circuit, the second boost circuit,
the fifth boost circuit, and a seventh boost circuit of the
plurality of boost circuits when the charge current is in
a fourth range, the charge current in the fourth range
being larger than the charge current in the third range,

the control circuit is configured, in the second operation,
to energize the third boost circuit, the fourth boost
circuit, the sixth boost circuit, and an eighth boost
circuit of the plurality of boost circuits when the charge
current is in the fourth range, and

the seventh boost circuit is one of the plurality of boost
circuits other than the eighth boost circuit.

6. The boost converter of claim 5, wherein

a total number of the plurality of boost circuits is four,

the first boost circuit is the eighth boost circuit,

the second boost circuit is the sixth boost circuit,

the fifth boost circuit is the fourth boost circuit, and

the seventh boost circuit is the third boost circuit.

7. The boost converter of claim 1, wherein

the control circuit is configured to be capable of perform-
ing a third operation,

the control circuit is configured, in the third operation, to
energize a ninth boost circuit of the plurality of boost
circuits when the charge current is in the first range and
energize the ninth boost circuit and a tenth boost circuit
of the plurality of boost circuits when the charge
current is in the second range,

the ninth boost circuit is one of the plurality of boost
circuits other than the first boost circuit and the third
boost circuit.



