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(57) ABSTRACT

A power supply device includes an output circuit configured
to be supplied with electric power from a power supply, and
to output a current, a driving circuit configured to control an
output operation of the output circuit to output a current, an
overcurrent detection circuit configured to output a detection
signal to a first node when detecting an overcurrent in the
output circuit, an off-state fixing circuit configured to output
an off-state fixing signal to the driving circuit for performing
a forcible suspension of the output operation of the output
circuit based on a detection signal inputted to the first node,
regardless of whether a control signal is outputted, and a
control unit configured to receive the detection signal and to
output the control signal for controlling the output operation
to the driving circuit in order to cause the driving circuit to
control the output operation.
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POWER SUPPLY DEVICE AND METHOD OF
CONTROLLING POWER SUPPLY DEVICE

TECHNICAL FIELD

[0001] The present invention relates to a power supply
device, and a method of controlling a power supply device.

BACKGROUND ART

[0002] If, in a conventional power supply device 100A
(FIG. 9) that controls output waveforms by means of a
control unit CPU, an overcurrent detection circuit XA
detects an overcurrent in an output circuit OCA (for
example, a bridge circuit) based on an overcurrent threshold
value THO, timing (and period) for turning off the output
circuit OCA (suspending an output of a drive signal DS from
adriver circuit DCA (fixing the drive signal DCA at a “Low”
level)) is determined by a time constant circuit TA, which is
hardware, using a CR time constant (FIG. 10) (for example,
see Patent Document 1).

[0003] The conventional power supply device 100A there-
fore is likely to be affected by temperature and accuracy.
[0004] If the control unit CPU controls all operations for
turning on or off the output circuit OCA based on overcur-
rent detection results in the conventional power supply
device 100A, a problem arises in that as the switching
frequency becomes higher, the processing load of the control
unit CPU increases.

PRIOR ART DOCUMENT
Patent Document
[Patent Document 1] JP 2015-106980 A
DISCLOSURE OF THE INVENTION

Problem to be Solved by the Invention

[0005] As described above, if the control unit CPU con-
trols all operations for turning on or off the output circuit
OCA based on overcurrent detection results in the conven-
tional power supply device 100A, a problem arises in that as
the switching frequency becomes higher, the processing load
of the control unit CPU increases.

[0006] Under the circumstance, it is an object of the
present invention to provide a power supply device in which,
when an overcurrent in the output circuit is detected, a
period for turning off the output circuit is counted by a CPU,
and other processes are performed by hardware to reduce the
processing load of the control unit even if the switching
frequency is high.

Solution to Problem

[0007] A power supply device according to an embodi-
ment in an aspect of the present invention includes:

[0008] an output circuit configured to be supplied with
electric power from a power supply, and to output a current;
[0009] a driving circuit configured to control an output
operation of the output circuit for outputting the current;
[0010] an overcurrent detection circuit configured to out-
put a detection signal to a first node when detecting an
overcurrent in the output circuit;

[0011] an off-state fixing circuit configured to output,
based on the detection signal inputted to the first node, an
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off-state fixing signal for performing a forcible suspension
of the output operation of the output circuit from an output
node to the driving circuit, regardless of whether a control
signal is outputted; and

[0012] a control unit configured to receive the detection
signal, and to output the control signal for controlling the
output operation of the output circuit to the driving circuit
for controlling the output operation of the output circuit by
means of the driving circuit,

[0013] wherein, in response to the off-state fixing signal,
the driving circuit performs the forcible suspension of the
output operation of the output circuit regardless of whether
the control signal is outputted,

[0014] wherein the control unit outputs a cancellation
signal for cancelling the forcible suspension of the output
operation of the output circuit to the off-state fixing circuit
after an off period passes from time when the detection
signal is inputted, and

[0015] wherein, in response to the cancellation signal, the
off-state fixing circuit stops outputting the off-state fixing
signal to cause the driving circuit to return to a normal
operation for controlling the output operation of the output
circuit based on the control signal.

[0016] In the power supply device,
[0017] the off-state fixing circuit:
[0018] outputs the detection signal inputted to the first

node to the driving circuit as the off-state fixing signal; and
[0019] thereafter, controls a potential at the first node to
stop outputting the off-state fixing signal in response to the
cancellation signal inputted.

[0020] In the power supply device,
[0021] the control unit:
[0022] makes a feedback of the cancellation signal that is

outputted, and detects whether there is an abnormal condi-
tion in the cancellation signal in the feedback; and

[0023] controls the driving circuit by means of the control
signal to stop the output operation of the output circuit when
detecting the abnormal condition in the cancellation signal.
[0024] In the power supply device, the overcurrent detec-
tion circuit does not output the detection signal to the first
node when no overcurrent caused by the output operation of
the output circuit Is detected.

[0025] In the power supply device,

[0026] the control unit outputs the control signal for
controlling the output operation of the output circuit to the
driving circuit in order to control the output operation of the
output circuit by means of the driving circuit when the
detection signal is not inputted after the cancellation signal
is outputted.

[0027] In the power supply device,
[0028] the driving circuit includes:
[0029] a logic circuit configured to output a logic signal

obtained by performing calculation of the control signal and
a signal that is based on a potential at the first node; and
[0030] a driver configured to control, based on the logic
signal, the output operation for outputting the current from
the output circuit.

[0031] In the power supply device,

[0032] the output circuit is a bridge circuit configured to
control and output the electric power supplied from the
power supply.

[0033] In the power supply device,
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[0034] the bridge circuit includes:

[0035] a first output transistor having an end that is
connected to the power supply, and another end that is
connected to a first output terminal;

[0036] a second output transistor having an end that is
connected to the power supply, and another end that is
connected to a second output terminal;

[0037] a third output transistor having an end that is
connected to the first output terminal, and another end that
is connected to a fixed potential;

[0038] a fourth output transistor having an end that is
connected to the second output terminal, and another end
that is connected to the fixed potential;

[0039] a first detection resistor having an end that is
connected to the other end of the third output transistor, and
another end that is connected to the fixed potential; and
[0040] a second detection resistor having an end that is
connected to the other end of the fourth output transistor, and
another end that Is connected to the fixed potential,

[0041] wherein the overcurrent detection circuit detects
currents flowing through the first detection resistor and the
second detection resistor to detect the overcurrent of a
current outputted from the bridge circuit, and outputs the
detection signal depending on a detection result, and
[0042] wherein the driving circuit controls an output
operation of the bridge circuit to output electric power by
controlling operations of the first to fourth output transistors
based on the control signal during the normal operation.
[0043] In the power supply device,

[0044] the control unit sets the off period, during which the
output operation of the output circuit is forcibly suspended,
by means of software.

[0045] In the power supply device,

[0046] the output node is connected to the first node,
[0047] the off-state fixing circuit includes:

[0048] a first PNP-type bipolar transistor having an emitter

that is connected to the power supply;

[0049] a first control resistor having an end that is con-
nected to a collector of the first PNP-type bipolar transistor;

[0050] a first NPN-type bipolar transistor having a collec-
tor that is connected to another end of the first control
resistor, an emitter that is connected to a fixed potential, and
a base, to which the cancellation signal is inputted from the
control unit;

[0051] a second control resistor having an end that is
connected to the power supply, and another end that is
connected to a base of the first PNP-type bipolar transistor;
[0052] a third control resistor having an end that is con-
nected to the other end of the second control resistor, and
another end that is connected to the first node; and

[0053] a second NPN-type bipolar transistor having a
collector that is connected to the other end of the third
control resistor, an emitter that is connected to the fixed
potential, and a base that is connected to the other end of the
first control resistor, and

[0054] the off-state fixing circuit outputs a signal that is
based on the potential at the first node to the driving circuit
as the off-state fixing signal in response to the detection
signal outputted from the overcurrent detection circuit, and
stops outputting the off-state fixing signal to the driving
circuit in response to the cancellation signal outputted from
the control unit.
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[0055] In the power supply device,

[0056] the overcurrent detection circuit outputs the detec-
tion signal when the current outputted from the output
circuit is equal to or greater than an overcurrent threshold
value that is predefined, and does not output the detection
signal when the current outputted from the output circuit is
less than the overcurrent threshold value.

[0057] In the power supply device,
[0058] the driving circuit:
[0059] performs suspension of the operations of the first to

fourth output transistors in response to the off-state fixing
signal outputted from the off-state fixing circuit based on the
detection signal at the first node when the overcurrent Is
detected by the overcurrent detection circuit;

[0060] then, cancels the suspension of the operations of
the first to fourth output transistors when the output of the
off-state fixing signal based on the cancellation signal from
the off-state fixing circuit is stopped; and

[0061] then, controls the operations of the first to fourth
output transistors based on the control signal.

[0062] In the power supply device,

[0063] the output node is connected to the first node,
[0064] the off-state fixing circuit includes:

[0065] a first control resistor having an end that is con-

nected to the power supply, and another end that is con-
nected to the first node;

[0066] a second control resistor having an end that is
connected to the power supply;

[0067] a capacitor having an end that is connected to the
first node, and another end that Is connected to a fixed
potential;

[0068] a PNP-type bipolar transistor having an emitter that
is connected to the first node, another end that is connected
to the fixed potential, and a base that is connected to another
end of the second control resistor; and

[0069] an NPN-type bipolar transistor having a collector
that is connected to the other end of the second control
resistor, an emitter that is connected to the fixed potential,
and a base to which the cancellation signal from the control
unit is Inputted,

[0070] the output node is connected to the first node, and
[0071] the off-state fixing circuit outputs a signal that is
based on the potential at the first node to the driving circuit
as the off-state fixing signal, in response to the detection
signal outputted from the overcurrent detection circuit, and
stops outputting the off-state fixing signal to the driving
circuit in response to the cancellation signal outputted from
the control unit.

[0072] In the power supply device,
[0073] the off-state fixing circuit includes:
[0074] a first control resistor having an end that is con-

nected to the power supply, and another end that is con-
nected to the output node;

[0075] a second control resistor having an end that is
connected to the power supply;

[0076] a third control resistor having an end that is con-
nected to another end of the second control resistor, and
another end that is connected to the first node;

[0077] a first capacitor having an end that is connected to
the other end of the first control resistor, and another end that
is connected to a fixed potential;

[0078] a second capacitor having an end that is connected
to the end of the second control resistor, and another end that
is connected to the fixed potential;
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[0079] a third capacitor having an end that is connected to
the other end of the second control resistor, and another end
that is connected to the fixed potential;

[0080] a fourth control resistor having an end that is
connected to the other end of the second control resistor;
[0081] an NPN-type bipolar transistor having a collector
that is connected to the other end of the second capacitor, an
emitter that is connected to the fixed potential, and a base to
which the cancellation signal from the control unit is input-
ted; and

[0082] areset circuit having an end that is connected to the
other end of the first control resistor, and another end that is
connected to the fixed potential, the reset circuit being
configured to electrically connect the end and the other end
of the first capacitor to discharge the first capacitor when a
potential at the other end of the second control resistor is less
than a reset threshold value that is predefined, and to
electrically disconnect the end and the other end of the first
capacitor when the potential at the other end of the second
control resistor is equal to or greater than the reset threshold
value, and

[0083] the off-state fixing circuit outputs a signal that Is
based on the potential at the first node to the driving circuit
as the off-state fixing signal in response to the detection
signal outputted from the overcurrent detection circuit, and
stops outputting the off-state fixing signal to the driving
circuit in response to the cancellation signal outputted from
the control unit.

[0084] A method of controlling a power supply device
according to an embodiment in an aspect of the present
Invention Is a method of controlling a power supply device
including:

[0085] an output circuit configured to be supplied with
electric power from a power supply, and to output a current;
[0086] a driving circuit configured to control an output
operation of the output circuit for outputting the current;
[0087] an overcurrent detection circuit configured to out-
put a detection signal to a first node when detecting an
overcurrent in the output circuit;

[0088] an off-state fixing circuit configured to output,
based on the detection signal inputted to the first node, an
off-state fixing signal for performing a forcible suspension
of the output operation of the output circuit from an output
node to the driving circuit, regardless of whether a control
signal Is outputted; and

[0089] a control unit configured to receive the detection
signal, and to output the control signal for controlling the
output operation of the output circuit to the driving circuit
for controlling the output operation of the output circuit by
means of the driving circuit,

[0090] the method comprising the steps of:

[0091] performing a forcible suspension of the output
operation of the output circuit in response to the off-state
fixing signal by means of the driving circuit, regardless of
whether the control signal is outputted;

[0092] outputting, from the control unit, a cancellation
signal for cancelling the forcible suspension of the output
operation of the output circuit to the off-state fixing circuit
after an off period passes from time when the detection
signal is inputted, and

[0093] in response to the cancellation signal, stopping, by
the off-state fixing circuit, outputting the off-state fixing
signal to cause the driving circuit to return to a normal
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operation for controlling the output operation of the output
circuit based on the control signal.

Effects of the Invention

[0094] A power supply device according to an aspect of
the present Invention Includes:

[0095] an output circuit configured to be supplied with
electric power from a power supply, and to output a current;
[0096] a driving circuit configured to control an output
operation of the output circuit for outputting the current;
[0097] an overcurrent detection circuit configured to out-
put a detection signal to a first node when detecting an
overcurrent in the output circuit;

[0098] an off-state fixing circuit configured to output,
based on the detection signal inputted to the first node, an
off-state fixing signal for performing a forcible suspension
of the output operation of the output circuit to the driving
circuit, regardless of whether a control signal is outputted;
and

[0099] a control unit CPU configured to receive the detec-
tion signal, and to output the control signal for controlling
the output operation of the output circuit to the driving
circuit for controlling the output operation of the output
circuit by means of the driving circuit.

[0100] Inresponse to the off-state fixing signal, the driving
circuit performs the forcible suspension of the output opera-
tion of the output circuit regardless of whether the control
signal is outputted, the control unit outputs a cancellation
signal for cancelling the forcible suspension of the output
operation of the output circuit to the off-state fixing circuit
after an off period that is predetermined passes from time
when the detection signal is inputted, and in response to the
cancellation signal, the off-state fixing circuit stops output-
ting the off-state fixing signal to cause the driving circuit to
return to a normal operation for controlling the output
operation of the output circuit based on the control signal.
[0101] Thus, in power supply device according to the
present invention, the output circuit is forcibly suspended
based on a detection result of the overcurrent detection
circuit, and is caused to return to a normal operation based
on a cancellation signal that is outputted after an off period
set by the control unit CPU passes.

[0102] Thus, the processing load of the control unit CPU
may be reduced even if the switching frequency is high by
counting, by the control unit CPU, the period during which
the output circuit is turned off when an overcurrent is caused
in the output circuit, and performing other processes by
means of hardware.

[0103] Since the period during which the output circuit is
suspended when the overcurrent is caused is set by the
control unit CPU, the operation is not affected by the
temperature and the accuracy, and the setting may be
changed easily by a communication.

BRIEF DESCRIPTION OF THE DRAWINGS

[0104] FIG. 1 is a diagram illustrating an example of a
configuration of a power supply device 100 according to a
first embodiment.

[0105] FIG. 2 is a waveform diagram showing an example
of a relationship between a current lac outputted from an
output circuit OC (bridge circuit BC) and drive signals SD1
to SD4 outputted from a driving circuit DC shown in FIG.
1.
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[0106] FIG. 3 is a diagram illustrating an example of a
circuit configuration of an off-state fixing circuit Y shown in
FIG. 1.

[0107] FIG. 4 is a waveform diagram showing an example
of a relationship among the current lac outputted from the
output circuit OC (bridge circuit BC) and the drive signals
SD1 to SD4 outputted from the driving circuit DC shown in
FIG. 1, and signals outputted from the off-state fixing circuit
Y shown in FIG. 3.

[0108] FIG. 5 is a diagram illustrating another example of
the circuit configuration of the off-state fixing circuit Y
shown in FIG. 1 according to Modification 1.

[0109] FIG. 6 is a waveform diagram showing an example
of a relationship among the current lac outputted from the
output circuit OC (bridge circuit BC) and the drive signals
SD1 to SD4 outputted from the driving circuit DC shown in
FIG. 1, and signals outputted from the off-state fixing circuit
Y shown in FIG. 5.

[0110] FIG. 7 is a diagram illustrating a further example of
the circuit configuration of the off-state fixing circuit Y
shown in FIG. 1 according to Modification 2.

[0111] FIG. 8 is a waveform diagram showing an example
of a relationship among the current lac outputted from the
output circuit OC (bridge circuit BC) and the drive signals
SD1 to SD4 outputted from the driving circuit DC shown in
FIG. 1, and signals outputted from the off-state fixing circuit
Y shown in FIG. 7.

[0112] FIG. 9 is a diagram illustrating an example of a
configuration of a conventional power supply device 100A.
[0113] FIG. 10 is a waveform diagram showing an
example of a relationship between a current lac outputted
from an output circuit OCA and a drive signal SD outputted
from a driving circuit DCA shown in FIG. 9.

EMBODIMENTS FOR CARRYING OUT THE
INVENTION

[0114] Embodiments of the present invention will now be
described with reference to the accompanying drawings.

First Embodiment

[0115] FIG. 1 is a diagram illustrating an example of a
configuration of a power supply device 100 according to a
first embodiment. FIG. 2 is a waveform diagram showing an
example of a relationship between a current lac outputted
from an output circuit OC (bridge circuit BC) and drive
signals SD1 to SD4 outputted from a driving circuit DC
shown in FIG. 1. FIG. 3 is a diagram [llustrating an example
of a circuit configuration of an off-state fixing circuit Y
shown in FIG. 1. FIG. 4 is a waveform diagram showing an
example of a relationship among the current lac outputted
from the output circuit OC (bridge circuit BC) and the drive
signals SD1 to SD4 outputted from the driving circuit DC
shown in FIG. 1, and signals outputted from the off-state
fixing circuit Y shown in FIG. 3. In FIGS. 2 and 4, the drive
signals SD1 to SD4 are illustrated as having a single
waveform for the sake of simplification.

[0116] The power supply device 100 according to the first
embodiment is, for example, an inverter or a converter. The
power supply device 100 includes, for example, an output
circuit OC, a driving circuit DC, an overcurrent detection
circuit X, an off-state fixing circuit Y, and a control unit
(microcomputer) CPU, as shown in FIG. 1.
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[0117] The output circuit OC is configured to be supplied
with electric power from a power supply Vcc, and output a
predetermined current lac to a first output terminal TO1 and
a second output terminal TO2.

[0118] The output circuit OC is, for example, a bridge
circuit BC that controls the electric power supplied from the
power supply Vce, and makes a controlled output, as shown
in FIG. 1.

[0119] For example, the bridge circuit BC includes a first
output transistor Trl, a second output transistor Tr2, a third
output transistor Tr3, a fourth output transistor Trd, a first
detection resistor R1, and a second detection resistor R2, as
shown in FIG. 1.

[0120] For example, as shown in FIG. 1, the first output
transistor Trl is, an NPN-type bipolar transistor having an
end (collector) that is connected to the power supply Vce,
another end (emitter) that is connected to the first output
terminal TO1, and a base to which a drive signal SD1 is
Inputted.

[0121] The second output transistor Tr2 is an NPN-type
bipolar transistor having an end (collector) that is connected
to the power supply Vcc, another end (emitter) that is
connected to the second output terminal TO2, and a base to
which a drive signal SD2 is inputted.

[0122] The third output transistor Tr3 is an NPN-type
bipolar transistor having an end (collector) that Is connected
to the first output terminal TO1, another end (emitter) that is
connected to a fixed potential (ground), and a base, to which
a drive signal SD3 is inputted.

[0123] The fourth output transistor Trd4 is an NPN-type
bipolar transistor having an end (collector) that is connected
to the second output terminal TO2, another end (emitter) that
is connected to the fixed potential (ground), and a base, to
which a drive signal SD3 is inputted.

[0124] The first detection resistor R1 has an end that is
connected to the other end (emitter) of the third output
transistor Tr3, and another end that is connected to the fixed
potential (ground).

[0125] The second detection resistor R2 has an end that is
connected to the other end (emitter) of the fourth output
transistor Tr4, and another end that is connected to the fixed
potential (ground).

[0126] The driving circuit DC shown in FIG. 1 is config-
ured to control an output operation for outputting a current
of the output circuit OC.

[0127] Forexample, as shown in FIG. 1, the driving circuit
DC Includes, a first high-side logic circuit AH1, a second
high-side logic circuit AH2, a first low-side logic circuit
AL1, a second low-side logic circuit AL.2, a high-side driver
DCH, and a low-side driver DCL.

[0128] The first high-side logic circuit AH1 is configured
to output a logic signal SH1 obtained by performing a
calculation based on a first control signal SC1 and a potential
at a first node IN1.

[0129] The second high-side logic circuit AH2 is config-
ured to output a logic signal SH2 obtained by performing a
calculation based on a second control signal SC2 and the
potential at the first node IN1.

[0130] The first low-side logic circuit AL1 is configured to
output a logic signal SL.1 obtained by performing a calcu-
lation based on a third control signal SC3 and the potential
at the first node IN1.

[0131] The second low-side logic circuit AL.2 Is config-
ured to output a logic signal SL.2 obtained by performing a
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calculation based on a fourth control signal SC4 and the
potential at the first node IN1.

[0132] The high-side driver DCH is configured to control
the output operation for outputting a current of the output
circuit OC with the drive signals SD1 and SD2 based on the
logic signals SH1 and SH2 (to control the first and second
output transistors Trl and Tr2).

[0133] The low-side driver DCL is configured to control
the output operation for outputting a current of the output
circuit OC with the drive signals SD3 and SD4 based on the
logic signals SI.1 and SL2 (to control the third and fourth
output transistors Tr3 and Trd4).

[0134] During a normal operation, the driving circuit DC
controls the operation of the first to fourth output transistors
Trl to Tr4 based on the first to fourth control signals SC1 to
SC4, thereby controlling the output operation of the bridge
circuit BC.

[0135] During the normal operation, the output circuit OC
complementarily turns on or off the first and second output
transistors Trl and Tr2 and complementarily turns on or off
the third and fourth output transistors Tr3 and Trd in
response to the drive signals SD1 to SD4 so as not to allow
a through-current to flow. Thus, as described above, the
output circuit OC outputs a predetermined current to the first
and second output terminals TO1 and TO2 based on the
electric power supplied from the power supply Vcc.
[0136] When the overcurrent detection circuit X detects an
overcurrent, the driving circuit DC suspends the operation of
the first to fourth output transistors Trl to Tr4 in response to
an off-state fixing signal OUT2 outputted from the off-state
fixing circuit Y based on a detection signal SX Inputted to
the first node IN1.

[0137] Thereafter, the driving circuit DC cancels the sus-
pension of the operation of the first to fourth output tran-
sistors Trl to Trd when the supply of the off-state fixing
signal OUT2 from the off-state fixing circuit Y is stopped in
response to a cancellation signal OUT1.

[0138] The driving circuit DC then controls the operation
of'the first to fourth output transistors Trl to Tr4 in response
to the first to fourth control signals SC1 to SC4.

[0139] The overcurrent detection circuit X shown in FIG.
1 is configured to output the detection signal SX (for
example, a “Low” level signal) to the first node IN1 when
detecting the overcurrent of the output circuit OC. The
overcurrent detection circuit X Is also configured not to
output the “Low” level detection signal SX to the first node
IN1 (namely, output a “High” level signal) when detecting
no overcurrent that is caused by the output operation of the
output circuit OC.

[0140] For example, the overcurrent detection circuit X is
configured to output the detection signal SX when the
current outputted from the output circuit OC has a value
equal to or more than an overcurrent threshold value THO
that is predetermined, and not to output the detection signal
SX when the current outputted from the output circuit OC
has a value less than the overcurrent threshold value THO.
[0141] As shown in FIG. 1, for example, the overcurrent
detection circuit X detects a current value of a current
flowing through the first detection resistor R1 and the
current value of a current flowing through the second
detection resistor R2, and based on the detection results,
detects the overcurrent of the output circuit OC.

[0142] In more detail, the overcurrent detection circuit X
detects the currents flowing through the first and second
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detection resistors R1 and R2 to detect whether a current lac
outputted from the bridge circuit BC Is in an overcurrent
state, and outputs the detection signal SX (for example, the
“Low” level signal) based on the detection result.

[0143] The off-state fixing circuit Y shown in FIG. 1 is
configured to output the off-state fixing signal OUT2 from
an output node NY to the driving circuit DC, for forcibly
suspending the output operation of the output circuit OC
regardless of whether the first to fourth control signals SC1
to SC4 are being outputted, based on the detection signal SX
inputted to the first node IN1.

[0144] The off-state fixing circuit Y includes, for example,
a first PNP-type bipolar transistor Tla, a first NPN-type
bipolar transistor Trb, a first control resistor Ra, a second
control resistor Rb, a third control resistor Re¢, and a second
NPN-type bipolar transistor Trc, as shown in FIG. 3.
[0145] In the example of FIG. 3, the output node NY Is
connected to the first node IN1.

[0146] The first PNP-type bipolar transistor Tra has an
emitter that is connected to the power supply Vce.

[0147] The first control resistor Ra has an end that Is
connected to a collector of the first PNP-type bipolar tran-
sistor Tra.

[0148] The first NPN-type bipolar transistor Trb has a
collector that is connected to another end of the first control
resistor Ra, an emitter that is connected to the fixed potential
(ground), and a base to which the cancellation signal OUT1
is inputted from the control unit CPU.

[0149] The second control resistor Rb has an end that is
connected to the power supply Vcc, and another end that is
connected to a base of the first PNP-type bipolar transistor
Tra.

[0150] The third control resistor Rc has an end that is
connected to the other end of the second control resistor Rb,
and another end that is connected to the first node IN1.
[0151] The second NPN-type bipolar transistor Trc has a
collector that is connected to the other end of the third
control resistor Rc, an emitter that Is connected to the fixed
potential (ground), and a base that is connected to the other
end of the first control resistor Ra.

[0152] The off-state fixing circuit Y receives the detection
signal SX (“Low” level) at the first node IN1, outputs the
detection signal SX as the off-state fixing signal OUT2 to the
driving circuit DC (latches the potential at the first node IN1
to be the “Low” level), and then controls the potential at the
first node IN1 (to be latched at the “High” level) to stop the
output of the off-state fixing signal OUT2 in response to the
input of the cancellation signal OUT1 (“High” level).
[0153] The off-state fixing circuit Y thus outputs a signal
based on the potential at the first node IN1 to the driving
circuit DC as the off-state fixing signal OUT?2 in response to
the detection signal SX outputted from the overcurrent
detection circuit X.

[0154] The off-state fixing circuit Y stops the output of the
off-state fixing signal OUT2 to the driving circuit DC in
response to the cancellation signal OUT1 outputted from the
control unit CPU.

[0155] The control unit CPU receives the detection signal
SX (via a second node IN2), and outputs the first to fourth
control signals (PWM signals) SC1 to SC4 to the driving
circuit DC for controlling the output operation of the output
circuit OC by means of the driving circuit DC, as shown in
FIG. 1, for example.
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[0156] The driving circuit DC is configured to perform a
forcible suspension of the output operation of the output
circuit OC in response to the off-state fixing signal OUT?2,
regardless of whether the first to fourth control signals SC1
to SC4 are inputted.

[0157] The control unit CPU is configured to output, to the
off-state fixing circuit Y, the cancellation signal OUT1 (for
example, “High” level) for cancelling the forcible suspen-
sion of the output operation of the output circuit OC after an
off period TGF passes from the input of the detection signal
SX.

[0158] The off-state fixing circuit Y is configured to stop
the output of the off-state fixing signal OUT2 In response to
the cancellation signal OUT1 (for example, “High” level),
so that the driving circuit DC returns to the normal operation
for controlling the output operation of the output circuit OC
in accordance with the first to fourth control signals SC1 to
SC4.

[0159] After the control unit CPU outputs the cancellation
signal OUT1, if the detection signal SX (“Low” level) is not
inputted to the second node IN2, the control unit CPU
outputs the first to fourth control signals SC1 to SC4 for
controlling the output operation of the output circuit OC to
the driving circuit DC in order to control the output opera-
tion of the output circuit OC by means of the driving circuit
DC.

[0160] As a result, the control unit CPU may be appro-
priately returned to the normal operation if no overcurrent is
detected after the cancellation signal OUT1 is outputted.
[0161] The control unit CPU performs a feedback of the
outputted cancellation signal OUT1, detects whether there is
an abnormal state in the cancellation signal (for example, the
predetermined signal is not being outputted) in the feedback,
and, if detecting an abnormal state of the cancellation signal,
controls the driving circuit DC with the first to fourth control
signals SC1 to SC4 to stop the output operation of the output
circuit OC.

[0162] If an abnormal condition (for example, the prede-
termined signal is not being outputted) occurs to the can-
cellation signal, the output operation of the output circuit OC
may be stopped to prevent an erroneous operation of the
power supply device 100 in this manner.

[0163] The control unit CPU is configured to set the off
period TGF, during which the output operation of the output
circuit OC is forcibly stopped, by, for example, software.
[0164] This may improve the degree of freedom in setting
the off period TGF during which the output operation of the
output circuit OC is forcibly suspended.

[0165] An example of the operation of the power supply
device 100 according to the first embodiment having the
above-described configuration will be described with refer-
ence to FIG. 4.

[0166] First, in the normal operation, the control unit CPU
outputs the first to fourth control signals (PWM signals) SC1
to SC4 for controlling the output operation of the output
circuit OC to the driving circuit DC to control the output
operation of the output circuit OC by means of the driving
circuit DC, as shown in FIG. 4.

[0167] During the normal operation, if the overcurrent
detection circuit X does not detect an overcurrent caused by
the output operation of the output circuit OC (if the current
outputted from the output circuit OC has a value less than
the overcurrent threshold value THO), no detection signal
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SX at the “Low” level Is outputted to the first node IN1 (a
“High” level signal is outputted).

[0168] The off-state fixing circuit Y stops the output of the
off-state fixing signal OUT2 (and outputs the “High” level
signal) to the driving circuit DC in response to the signal
(“Low” level signal) outputted from an output node Na of
the control unit CPU.

[0169] During the normal operation, the driving circuit
DC controls the operation of the first to fourth output
transistors Trl to Tr4 based on the first to fourth control
signals SC1 to SC4 to control the electric power outputting
operation of the bridge circuit BC.

[0170] Thereafter, when the overcurrent detection circuit
X detects an overcurrent caused by the output operation of
the output circuit OC (when the current lac outputted from
the output circuit OC reaches the overcurrent threshold
value THO), the overcurrent detection circuit X outputs the
detection signal SX (“Low” level signal) depending on the
detection result.

[0171] The off-state fixing circuit Y outputs the detection
signal SX received at the first node IN1 as the off-state fixing
signal OUT?2 to the driving circuit DC (latches the potential
at the first node IN1 to be at the “Low” level).

[0172] In response to the off-state fixing signal OUT2
outputted from the off-state fixing circuit Y, the driving
circuit DC stops the operation of the first to fourth output
transistors Trl to Tr4 to forcibly suspend the output opera-
tion of the output circuit OC regardless of whether the first
to fourth control signals SC1 to SC4 are being inputted.
[0173] This leads to a reduction in the current lac output-
ted from the output circuit OC.

[0174] Consequently, after the off period TGF passes after
the detection signal SX is inputted, the control unit CPU
outputs the cancellation signal OUT1 (for example, “High”
level) to the off-state fixing circuit Y for cancelling the
forcible suspension of the output operation of the output
circuit OC.

[0175] When the cancellation signal OUT1 (“High” level
signal) is inputted, the off-state fixing circuit Y controls the
potential at the first node IN1 (latching the potential to be at
the “High” level) to stop the output of the off-state fixing
signal OUT2.

[0176] When the output of the off-state fixing signal
OUT2 from the off-state fixing circuit Y is stopped, the
driving circuit DC returns to the normal operation to control
the output operation of the output circuit OC based on the
first to fourth control signals SC1 to SC4.

[0177] As described above, after the control unit CPU
outputs the cancellation signal OUT1, if the detection signal
SX (“Low” level) is not Inputted to the second node IN2, the
control unit CPU outputs the first to fourth control signals
SC1 to SC4 to the driving circuit DC for controlling the
output operation of the output circuit OC to control the
output operation of the output circuit OC by means of the
driving circuit DC.

[0178] Thus, after the cancellation signal OUT1 is output-
ted, if no overcurrent is detected, the power supply device
100 may suitably return to the normal operation.

[0179] As described above, a power supply device accord-
ing to an aspect of the present invention includes an output
circuit OC configured to be supplied with electric power
from a power supply and output a current, a driving circuit
DC configured to control an output operation for outputting
the current from the output circuit, an overcurrent detection
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circuit X configured to output a detection signal SX to a first
node IN1 when detecting an overcurrent in the output
circuit, an off-state fixing circuit Y configured to output an
off-state fixing signal OUT?2 to the driving circuit for forc-
ibly suspending the output operation of the output circuit
regardless of whether first to fourth control signals SC1 to
SC4 are outputted, based on the detection signal SX inputted
to the first node, and a control unit CPU configured to
receive the detection signal SX and output the first to fourth
control signals SC1 to SC4 to the driving circuit for con-
trolling the output operation of the output circuit in order to
control the output operation of the output circuit by means
of the driving circuit.

[0180] Inresponse to the off-state fixing signal, the driving
circuit performs a forcible suspension of the output opera-
tion of the output circuit regardless of whether the first to
fourth control signals SC1 to SC4 are inputted. After a
predetermined off period TGF passes from the input of the
detection signal SX, the control unit outputs a cancellation
signal to the off-state fixing circuit for cancelling the forcible
suspension of the output operation of the output circuit. In
response to the cancellation signal, the off-state fixing circuit
stops the output of the off-state fixing signal to cause the
driving circuit to return to the normal operation in which the
driving circuit controls the output operation of the output
circuit based on the first to fourth control signals SC1 to
SC4.

[0181] Thus, in the power supply device according to the
present invention, the output circuit is forcibly suspended
based on a detection result of the overcurrent detection
circuit, and caused to return to the normal operation based
on the cancellation signal that is outputted after an off period
TGF, which set by the control unit CPU, passes.

[0182] By counting, by means of the control unit CPU, the
period during which the output circuit is suspended when an
overcurrent is caused in the output circuit, and processing
other processes by means of hardware, the process load of
the control unit CPU may be reduced even if the switching
frequency is high.

[0183] Since the period during which the output circuit is
suspended when the overcurrent is caused is set by the
control unit CPU, the operation is not affected by the
temperature and the accuracy, and the setting may be
changed easily by a communication.

Modification 1

[0184] In the first embodiment, an example of a circuit
configuration of the off-state fixing circuit Y is described, the
off-state fixing circuit Y being configured to output, from the
output node NY to the driving circuit DC, the off-state fixing
signal OUT?2 for forcibly suspending the output operation of
the output circuit OC based on the detection signal SX
inputted to the first node IN1, regardless of whether the first
to fourth control signals SC1 to SC4 are inputted to the
driving circuit DC.

[0185] The off-state fixing circuit Y may have a different
circuit configuration if a similar function may be provided.
Modification 1 is another example of the circuit configura-
tion of the off-state fixing circuit Y.

[0186] FIG. 5 is a diagram illustrating another example of
the circuit configuration of the off-state fixing circuit Y
shown in FIG. 1 according to Modification 1. FIG. 6 is a
waveform diagram showing an example of a relationship
between the current lac outputted from the output circuit OC
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(bridge circuit BC) shown in FIG. 1, the drive signals SD1
to SD4 outputted from the driving circuit DC, and signals
outputted from the off-state fixing circuit Y shown in FIG. 5.
In the example of FIG. 6, the drive signals SD1 to SD4 are
illustrated as having a single waveform for the sake of
simplification. In FIG. 5, the reference codes that are the
same as those in FIG. 1 denote the same elements as the first
embodiment.

[0187] For example, as shown in FIG. 5, the off-state
fixing circuit Y has a first control resistor Re, a second
control resistor Rf, a capacitor C, a PNP-type bipolar
transistor Trf, and an NPN-type bipolar transistor Tre.
[0188] The first control resistor Re has an end that Is
connected to the power supply Vcc, and another end that is
connected to the first node IN1 (output node NY).

[0189] The second control resistor Rf has an end that is
connected to the power supply Vce.

[0190] The capacitor C has an end that is connected to the
first node IN1, and another end that is connected to the fixed
potential (ground).

[0191] The PNP-type bipolar transistor Trf has an emitter
that is connected to the first node IN1, collector that is
connected to the fixed potential (ground), and a base that is
connected to another end of the second control resistor Rf.
[0192] The NPN-type bipolar transistor Tre has a collector
that is connected to the other end of the second control
resistor Rf, an emitter that is connected to the fixed potential
(ground), and a base to which the cancellation signal out-
putted from the output node Na of the control unit CPU is
inputted via a third node IN3. The base of the NPN-type
bipolar transistor Tre is connected to the output node Na of
the control unit CPU via the third node IN3, as shown in
FIG. 5, for example.

[0193] The output node NY for outputting the off-state
fixing signal is connected to the first node IN1.

[0194] The off-state fixing circuit Y is configured to output
a signal based on the potential at the first node IN1 to the
driving circuit DCA as the off-state fixing signal OUT2, in
response to the detection signal SX outputted from the
overcurrent detection circuit X.

[0195] The off-state fixing circuit Y is also configured to
stop the output of the off-state fixing signal OUT2 to the
driving circuit DC in response to the cancellation signal
OUT1 outputted from the control unit CPU.

[0196] An example of the operation of the power supply
device 100 according to Modification 1 will be described
with reference to FIG. 6.

[0197] First, during a normal operation, the control unit
CPU controls the output operation of the output circuit OC
by means of the driving circuit DC by outputting the first to
fourth control signals (PWM signals) SC1 to SC4 for
controlling the output operation of the output circuit OC to
the driving circuit DC, as shown in FIG. 6, for example.
[0198] During the normal operation, the overcurrent
detection circuit X does not output the detection signal SX
at the “Low” level (therefore, outputs the “High” level
signal) to the first node IN1 if no overcurrent caused by the
output operation of the output circuit OC is detected (if the
current outputted from the output circuit OC has a value less
than the overcurrent threshold value THO).

[0199] The off-state fixing circuit Y stops the output of the
off-state fixing signal OUT2 (outputs the “High” level
signal) to the driving circuit DC in response to the signal



US 2019/0089157 Al

(“Low” level signal) outputted from the output node Na of
the control unit CPU during the normal operation.

[0200] During the normal operation, the driving circuit
DC controls the output of electric power from the bridge
circuit BC by controlling the operation of the first to fourth
output transistors Trl to Tr4 based on the first to fourth
control signals SC1 to SC4.

[0201] Thereafter, if the overcurrent detection circuit X
detects an overcurrent caused by the output operation of the
output circuit OC (if the current lac outputted from the
output circuit OC reaches the overcurrent threshold value
THO), the overcurrent detection circuit X outputs the detec-
tion signal SX (“Low” level signal) in accordance with the
detection result.

[0202] The off-state fixing circuit Y outputs the detection
signal SX Inputted to the first node IN1 as the off-state fixing
signal OUT?2 to the driving circuit DC (latches the potential
at the first node IN1 to be at the “Low” level in accordance
with the “High” level signal outputted from the output node
Na of the control unit CPU).

[0203] In response to the off-state fixing signal OUT2
outputted from the off-state fixing circuit Y, the driving
circuit DC forcibly suspends the output operation of the
output circuit OC by suspending the operation of the first to
fourth output transistors Trl to Trd, regardless of whether
the first to fourth control signals SC1 to SC4 are inputted.
[0204] This leads to a reduction in the current lac output-
ted from the output circuit OC.

[0205] Thereafter, the control unit CPU outputs the can-
cellation signal OUT1 (here, “Low” level signal) for can-
celling the forcible suspension of the output operation of the
output circuit OC to the off-state fixing circuit Y after the off
period TGF passes from the input of the detection signal SX.
[0206] In response to the input of the cancellation signal
OUT1 (“Low” level signal), the off-state fixing circuit Y
controls the potential at the first node IN1 to stop the output
of the off-state fixing signal OUT2 (to latch the signal at
“High” level).

[0207] As described above, when the output of the off-
state fixing signal OUT2 from the off-state fixing circuit Y
is stopped, the driving circuit DC returns to the normal
operation to control the output circuit OC based on the first
to fourth control signals SC1 to SC4.

[0208] As described above, after the control unit CPU
outputs the cancellation signal OUT1, if the detection signal
SX (“Low” level) is not inputted to the second node IN2, the
control unit CPU outputs the first to fourth control signals
SC1 to SC4 for controlling the output operation of the output
circuit OC to the driving circuit DC, in order to control the
output operation of the output circuit OC by means of the
driving circuit DC.

[0209] This enables the power supply device 100 to appro-
priately return to the normal operation if, after the cancel-
lation signal OUT1 is outputted, no overcurrent is detected.
[0210] Thus, also in Modification 1, in response to the
off-state fixing signal OUT?2, the driving circuit DC forcibly
suspends the output operation of the output circuit OC
regardless of whether the first to fourth control signals SC1
to SC4 are inputted, the control unit CPU outputs the
cancellation signal OUT1 for cancelling the forcible sus-
pension of the output operation of the output circuit OC to
the off-state fixing circuit Y after the predetermined off
period TGF passes from the input of the detection signal SX,
and in response to the cancellation signal OUT1, the off-
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state fixing circuit Y stops the output of the off-state fixing
signal OUT2 so that the driving circuit DC returns to the
normal operation to control the output circuit OC based on
the first to fourth control signals SC1 to SC4.

[0211] Thus, in the power supply device according to
Modification 1, like that of the first embodiment, the opera-
tion of the output circuit is forcibly suspended based on the
detection result of the overcurrent detection circuit, and in
response to the cancellation signal that is outputted after the
off period TGF set by the control unit CPU passes, the output
circuit is caused to return to the normal operation.

[0212] Thus, the processing load of the control unit CPU
may be reduced even if the switching frequency is high by
counting, by the control unit CPU, the period during which
the output circuit is turned off when an overcurrent is caused
in the output circuit, and performing other processes by
means of hardware.

Modification 2

[0213] Another example of the circuit configuration of the
off-state fixing circuit Y will be described as Modification 2
below.

[0214] FIG. 7 is a diagram illustrating a further example of
the circuit configuration of the off-state fixing circuit Y
shown in FIG. 1 according to Modification 2. FIG. 8 is a
waveform diagram showing an example of a relationship
among the current lac outputted from the output circuit OC
(bridge circuit BC) and the drive signals SD1 to SD4
outputted from the driving circuit DC shown in FIG. 1, and
signals outputted from the off-state fixing circuit Y shown in
FIG. 7. In the example of FIG. 8, the drive signals SD1 to
SD4 are illustrated as having a single waveform for the sake
of simplification. In FIG. 7, the reference codes that are the
same as those in FIG. 1 denote the same elements as the first
embodiment. The configuration of the power supply device
100 according to Modification 2 is the same as that accord-
ing to the first embodiment except for the off-state fixing
circuit Y.

[0215] For example, as shown in FIG. 7, the off-state
fixing circuit Y Includes a first control resistor Rg, a second
control resistor Rh, a third control resistor Ri, a first capaci-
tor Cg, a second capacitor Ch, a third capacitor Ci, a fourth
control resistor Rj, an NPN-type bipolar transistor Trg, and
a reset circuit Z.

[0216] The first control resistor Rg has an end that Is
connected to the power supply Vcc, and another end that is
connected to the output node NY.

[0217] The second control resistor Rh has an end that is
connected to the power supply Vce.

[0218] The third control resistor Ri has an end that is
connected to another end of the second control resistor Rh,
and another end that is connected to the first node IN1.
[0219] The first capacitor Cg has an end that is connected
to the other end of the first control resistor Rg, and another
end that is connected to the fixed potential (ground).
[0220] The second capacitor Ch has an end that is con-
nected to the end of the second control resistor Rh, and
another end that is connected to the fixed potential (ground).
[0221] The third capacitor Ci has an end that is connected
to the other end of the second control resistor Rh, and
another end that is connected to the fixed potential (ground).
[0222] The fourth control resistor Rj has an end that is
connected to the other end of the second control resistor Rh.
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[0223] The NPN-type bipolar transistor Trg has a collector
that is connected to another end of the fourth control resistor
Rj, an emitter that is connected to the fixed potential
(ground), and a base to which the cancellation signal OUT1
from the control unit CPU is inputted. As shown in FIG. 7,
for example, the base of the NPN-type bipolar transistor Trg
is connected to the output node Na of the control unit CPU
via the third node IN3.

[0224] The reset circuit Z has an end that is connected to
the other end of the first control resistor Rg, and another end
that is connected to the fixed potential (ground).

[0225] For example, the reset circuit Z Is configured to
electrically connect the end and the other end of the first
capacitor Cg to discharge the first capacitor Cg when the
potential at the other end of the second control resistor Rh
is less than a reset threshold value that is predetermined (if
the NPN-type bipolar transistor Trg is turned on in response
to the “High” level signal outputted from the control unit
CPU).

[0226] This causes the off-state fixing circuit Y to output
the detection signal SX inputted to the first node IN1 to the
driving circuit DC as the off-state fixing signal OUT2
(latches the potential at the first node IN1 to be at the “Low”
level).

[0227] The reset circuit Z is also configured to electrically
disconnect the end and the other end of the first capacitor Cg
after a predetermined retention time TK passes from time
when the potential at the other end of the second control
resistor Rh becomes equal to or greater than the reset
threshold value (when the NPN-type bipolar transistor Trg is
turned off in response to the “Low” level signal outputted
from the control unit CPU).

[0228] As aresult, the off-state fixing circuit Y controls the
potential at the first node IN1 (so as to be latched at the
“High” level) in order to stop the output of the off-state
fixing signal OUT2 in response to the input of the cancel-
lation signal OUT1 (“High” level signal).

[0229] Thus, the off-state fixing circuit Y outputs the
signal based on the potential at the first node IN1 to the
driving circuit DC as the off-state fixing signal OUT2 in
response to the detection signal X outputted from the
overcurrent detection circuit X.

[0230] The off-state fixing circuit Y is also configured to
stop the output of the off-state fixing signal OUT2 to the
driving circuit DC In response to the cancellation signal
OUT1 outputted from the control unit CPU.

[0231] An example of the operation of the power supply
device 100 according to Modification 2 having the above-
described configuration will be described with reference to
FIG. 8.

[0232] First, during a normal operation, for example, the
control unit CPU outputs the first to fourth control signals
(PWM signals) SC1 to SC4 for controlling the output
operation of the output circuit OC to the driving circuit DC,
as shown in FIG. 8, so as to control the output circuit OC by
means of the driving circuit DC.

[0233] During the normal operation, when the overcurrent
detection circuit X does not detect an overcurrent caused by
the output operation of the output circuit OC (when the
current outputted from the output circuit OC has a value less
than an overcurrent threshold value THO), the overcurrent
detection circuit X does not output the detection signal SX
at the “Low” level to the first node IN1 (therefore, outputs
the “High” level signal).
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[0234] The off-state fixing circuit Y stops the output of the
off-state fixing signal OUT2 to the driving circuit DC
(therefore outputs the “High” level signal) In response to the
signal outputted from the output node Na (“Low” level
signal) of the control unit CPU.

[0235] During the normal operation, the driving circuit
DC controls the operation of the first to fourth output
transistors Trl to Tr4 based on the first to fourth control
signals SC1 to SC4 to control the output operation of the
bridge circuit BC to output electric power.

[0236] The reset circuit Z electrically disconnects the end
and the other end of the first capacitor Cg after a predeter-
mined retention period TK passes from time when the
potential at the other end of the second control resistor Rh
becomes equal to or greater than the reset threshold value
(when the NPN-type bipolar transistor Trg is turned off in
response to the “Low” level signal outputted from the
control unit CPU).

[0237] Thus, the off-state fixing circuit Y controls the
potential at the first node IN1 (to be latched at the “High”
level) to stop the output of the off-state fixing signal OUT2
in response to the input of the cancellation signal OUT1 (at
the “Low” level signal here).

[0238] Thereafter, when the overcurrent detection circuit
X detects an overcurrent caused by the output operation of
the output circuit OC (when the current lac outputted from
the output circuit OC reaches the overcurrent threshold
value THO), the overcurrent detection circuit X outputs the
detection signal SX (“Low” level signal) in response to the
detection result.

[0239] When the potential at the other end of the second
control resistor Rh is less than the reset threshold value that
is preset (when the NPN-type bipolar transistor Trg is turned
on in response to the “High” level signal outputted from the
control unit CPU according to the detection signal SX), the
reset circuit Z electrically connects the end and the other end
of the first capacitor Cg to discharge the first capacitor Cg.
[0240] As a result, the off-state fixing circuit Y outputs the
detection signal SX inputted to the first node IN1 to the
driving circuit DC as the off-state fixing signal OUT2
(latches the potential at the first node IN1 to be at the “Low”
level).

[0241] In response to the off-state fixing signal OUT2
outputted from the off-state fixing circuit Y, the driving
circuit DC stops the operation of the first to fourth output
transistors Trl to Tr4 to forcibly suspend the output opera-
tion of the output circuit OC regardless of whether the first
to fourth control signals SC1 to SC4 are inputted.

[0242] This leads to a reduction in the current lac output-
ted from the output circuit OC.

[0243] Thereafter, the control unit CPU outputs the can-
cellation signal OUT1 (“Low” level signal here) for cancel-
ling the forcible suspension of the output operation of the
output circuit OC to the off-state fixing circuit Y after the off
period TGF passes from the input of the detection signal SX.
[0244] In response to the input of the cancellation signal
OUT1 (“Low” level signal), the off-state fixing circuit Y
controls the potential at the first node IN1 to stop the output
of the off-state fixing signal OUT2 (latches the potential at
the first node IN1 to be at the “High” level).

[0245] When the output of the off-state fixing signal
OUT2 from the off-state fixing circuit Y is stopped, the
driving circuit DC returns to the normal operation for
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controlling the output operation of the output circuit OC
based on the first to fourth control signals SC1 to SC4.
[0246] As described above, if the detection signal SX
(“Low” level) is not Inputted to the second node IN2 after
the control unit CPU outputs the cancellation signal OUT1,
the control unit CPU outputs the first to fourth control
signals SC1 to SC4 for controlling the output operation of
the output circuit OC to the driving circuit DC, in order to
control the output operation of the output circuit OC by
means of the driving circuit DC.

[0247] Thus, if no overcurrent is detected after the output
of the cancellation signal OUT1, the power supply device
100 may appropriately return to the normal operation.
[0248] As described above, also in Modification 2, the
driving circuit DC forcibly suspends the output operation of
output circuit OC in response to the off-state fixing signal
OUT?2, regardless of whether the first to fourth control
signals SC1 to SC4 are inputted, the control unit CPU
outputs the cancellation signal OUT1 for cancelling the
forcible suspension of the output operation of the output
circuit OC to the off-state fixing circuit Y after the off period
TGF passes from the input of the detection signal SX, the
off-state fixing circuit Y stops the output of the off-state
fixing signal OUT2 in response to the cancellation signal
OUT1 to cause the driving circuit DC to return to the normal
operation for controlling the output operation of the output
circuit OC based on the first to fourth control signals SC1 to
SC4.

[0249] Thus, in the power supply device according to
Modification 2, like that according to the first embodiment,
the output circuit is forcibly turned off based on the detection
result of the overcurrent detection circuit, and then caused to
return to the normal operation based on the cancellation
signal that is outputted after the off period TGF, which is
determined by the control unit CPU, passes.

[0250] By counting, by means of the control unit CPU, the
period during which the output circuit is suspended when an
overcurrent is caused in the output circuit, and processing
other processes by means of hardware, the process load of
the control unit CPU may be reduced even if the switching
frequency is high.

[0251] While certain embodiments have been described,
these embodiments have been presented by way of example
only, and are not intended to limit the scope of the inven-
tions. The embodiments may be embodied in a variety of
other forms. Furthermore, various omissions, substitutions
and changes in the form of the methods and systems
described herein may be made without departing from the
spirit of the inventions. The embodiments and their modi-
fications are included in the scope and the subject matter of
the Invention, and at the same time Included in the scope of
the claimed inventions and their equivalents.

EXPLANATION OF REFERENCES

[0252] 100: power supply device

[0253] OC: output circuit

[0254] DC: driving circuit

[0255] X: overcurrent detection circuit
[0256] Y: off-state fixing circuit

[0257] CPU: control unit (microcomputer)
[0258] BC: bridge circuit

[0259] Trl: first output transistor

[0260] Tr2: second output transistor
[0261] Tr3: third output transistor
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[0262] Tr4: fourth output transistor

[0263] R1: first detection resistor

[0264] R2: second detection resistor
[0265] AH1: first high-side logic circuit
[0266] AH2: second high-side logic circuit
[0267] AL1: first low-side logic circuit
[0268] AL2: second low-side logic circuit
[0269] DCH: high-side driver

[0270] DCL: low-side driver

1. A power supply device, comprising:
an output circuit configured to be supplied with electric
power from a power supply, and to output a current;
a driving circuit configured to control an output operation
of the output circuit for outputting the current;
an overcurrent detection circuit configured to output a
detection signal to a first node when detecting an
overcurrent in the output circuit;
an off-state fixing circuit configured to output, based on
the detection signal inputted to the first node, an
off-state fixing signal for performing a forcible suspen-
sion of the output operation of the output circuit from
an output node to the driving circuit, regardless of
whether a control signal is outputted; and
a control unit configured to receive the detection signal,
and to output the control signal for controlling the
output operation of the output circuit to the driving
circuit for controlling the output operation of the output
circuit by means of the driving circuit,
wherein, in response to the off-state fixing signal, the
driving circuit performs the forcible suspension of the
output operation of the output circuit regardless of
whether the control signal is outputted,
wherein the control unit outputs a cancellation signal for
cancelling the forcible suspension of the output opera-
tion of the output circuit to the off-state fixing circuit
after an off period passes from time when the detection
signal is inputted,
wherein, in response to the cancellation signal, the off-
state fixing circuit stops outputting the off-state fixing
signal to cause the driving circuit to return to a normal
operation for controlling the output operation of the
output circuit based on the control signal,
wherein the off-state fixing circuit:
outputs the detection signal inputted to the first node to
the driving circuit as the off-state fixing signal, and
thereafter, controls a potential at the first node to stop
outputting the off-state fixing signal in response to
the cancellation signal inputted,
wherein the overcurrent detection circuit does not output
the detection signal to the first node when no overcur-
rent caused by the output operation of the output circuit
is detected,
wherein the control unit outputs the control signal for
controlling the output operation of the output circuit to
the driving circuit in order to control the output opera-
tion of the output circuit by means of the driving circuit
when the detection signal is not inputted after the
cancellation signal is outputted,
wherein the output node is connected to the first node,
wherein the off-state fixing circuit includes:
a first control resistor having an end that is connected
to the power supply, and another end that is con-
nected to the first node,



US 2019/0089157 Al

a second control resistor having an end that is con-
nected to the power supply,

a capacitor having an end that is connected to the first
node, and another end that is connected to a fixed
potential,

a PNP-type bipolar transistor having an emitter that is
connected to the first node, another end that is
connected to the fixed potential, and a base that is
connected to another end of the second control
resistor, and

an NPN-type bipolar transistor having a collector that
is connected to the other end of the second control
resistor, an emitter that is connected to the fixed
potential, and a base to which the cancellation signal
from the control unit is inputted, and

wherein the off-state fixing circuit outputs a signal that is
based on the potential at the first node to the driving
circuit as the off-state fixing signal, in response to the
detection signal outputted from the overcurrent detec-
tion circuit, and stops outputting the off-state fixing
signal to the driving circuit in response to the cancel-
lation signal outputted from the control unit.

2. (canceled)

3. The power supply device according to claim 1, wherein

the control unit:

makes a feedback of the cancellation signal that is out-
putted, and detects whether there is an abnormal con-
dition in the cancellation signal in the feedback; and

controls the driving circuit by means of the control signal
to stop the output operation of the output circuit when
detecting the abnormal condition in the cancellation
signal.

4.-5. (canceled)

6. The power supply device according to claim 1, wherein

the driving circuit includes:

a logic circuit configured to output a logic signal obtained
by performing calculation of the control signal and a
signal that is based on a potential at the first node; and

a driver configured to control, based on the logic signal,
the output operation for outputting the current from the
output circuit.

7. The power supply device according to claim 1, wherein
the output circuit is a bridge circuit configured to control and
output the electric power supplied from the power supply.

8. The power supply device according to claim 7, wherein
the bridge circuit includes:

a first output transistor having an end that is connected to

the power supply, and another end that is connected to

a first output terminal;

a second output transistor having an end that is connected
to the power supply, and another end that is connected
to a second output terminal;

a third output transistor having an end that is connected to
the first output terminal, and another end that is con-
nected to a fixed potential;

a fourth output transistor having an end that is connected
to the second output terminal, and another end that is
connected to the fixed potential;

a first detection resistor having an end that is connected to
the other end of the third output transistor, and another
end that is connected to the fixed potential; and

a second detection resistor having an end that is connected
to the other end of the fourth output transistor, and
another end that is connected to the fixed potential,
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wherein the overcurrent detection circuit detects currents
flowing through the first detection resistor and the
second detection resistor to detect the overcurrent of a
current outputted from the bridge circuit, and outputs
the detection signal depending on a detection result,
and

wherein the driving circuit controls an output operation of
the bridge circuit to output electric power by control-
ling operations of the first to fourth output transistors
based on the control signal during the normal opera-
tion.

9. The power supply device according to claim 1, wherein
the control unit sets the off period, during which the output
operation of the output circuit is forcibly suspended, by
means of software.

10. The power supply device according to claim 1,

wherein the output node is connected to the first node,

wherein the off-state fixing circuit includes:

a first PNP-type bipolar transistor having an emitter that

is connected to the power supply;

a first control resistor having an end that is connected to
a collector of the first PNP-type bipolar transistor;

a first NPN-type bipolar transistor having a collector that
is connected to another end of the first control resistor,
an emitter that is connected to a fixed potential, and a
base, to which the cancellation signal is inputted from
the control unit;

a second control resistor having an end that is connected
to the power supply, and another end that is connected
to a base of the first PNP-type bipolar transistor;

a third control resistor having an end that is connected to
the other end of the second control resistor, and another
end that is connected to the first node; and

a second NPN-type bipolar transistor having a collector
that is connected to the other end of the third control
resistor, an emitter that is connected to the fixed poten-
tial, and a base that is connected to the other end of the
first control resistor, and

wherein the off-state fixing circuit outputs a signal that is
based on the potential at the first node to the driving
circuit as the off-state fixing signal in response to the
detection signal outputted from the overcurrent detec-
tion circuit, and stops outputting the off-state fixing
signal to the driving circuit in response to the cancel-
lation signal outputted from the control unit.

11. The power supply device according to claim 1,
wherein the overcurrent detection circuit outputs the detec-
tion signal when the current outputted from the output
circuit is equal to or greater than an overcurrent threshold
value that is predefined, and does not output the detection
signal when the current outputted from the output circuit is
less than the overcurrent threshold value.

12. The power supply device according to claim 8,
wherein the driving circuit:

performs suspension of the operations of the first to fourth
output transistors in response to the off-state fixing
signal outputted from the off-state fixing circuit based
on the detection signal at the first node when the
overcurrent is detected by the overcurrent detection
circuit;

then, cancels the suspension of the operations of the first
to fourth output transistors when the output of the
off-state fixing signal based on the cancellation signal
from the off-state fixing circuit is stopped; and
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then, controls the operations of the first to fourth output
transistors based on the control signal.

13. (canceled)

14. A power supply device, comprising:

an output circuit configured to be supplied with electric
power from a power supply, and to output a current;

a driving circuit configured to control an output operation
of the output circuit for outputting the current;

an overcurrent detection circuit configured to output a
detection signal to a first node when detecting an
overcurrent in the output circuit;

an off-state fixing circuit configured to output, based on
the detection signal inputted to the first node, an
off-state fixing signal for performing a forcible suspen-
sion of the output operation of the output circuit from
an output node to the driving circuit, regardless of
whether a control signal is outputted; and

a control unit configured to receive the detection signal,
and to output the control signal for controlling the
output operation of the output circuit to the driving
circuit for controlling the output operation of the output
circuit by means of the driving circuit,

wherein, in response to the off-state fixing signal, the
driving circuit performs the forcible suspension of the
output operation of the output circuit regardless of
whether the control signal is outputted,

wherein the control unit outputs a cancellation signal for
cancelling the forcible suspension of the output opera-
tion of the output circuit to the off-state fixing circuit
after an off period passes from time when the detection
signal is inputted,

wherein, in response to the cancellation signal, the off-
state fixing circuit stops outputting the off-state fixing
signal to cause the driving circuit to return to a normal
operation for controlling the output operation of the
output circuit based on the control signal,

wherein the off-state fixing circuit:

outputs the detection signal inputted to the first node to
the driving circuit as the off-state fixing signal, and

thereafter, controls a potential at the first node to stop
outputting the off-state fixing signal in response to
the cancellation signal inputted,

wherein the overcurrent detection circuit does not output
the detection signal to the first node when no overcur-
rent caused by the output operation of the output circuit
is detected,

wherein the control unit outputs the control signal for
controlling the output operation of the output circuit to
the driving circuit in order to control the output opera-
tion of the output circuit by means of the driving circuit
when the detection signal is not inputted after the
cancellation signal is outputted,

wherein the off-state fixing circuit includes:

a first control resistor having an end that is connected
to the power supply, and another end that is con-
nected to the output node,

a second control resistor having an end that is con-
nected to the power supply,

a third control resistor having an end that is connected
to another end of the second control resistor, and
another end that is connected to the first node,

a first capacitor having an end that is connected to the
other end of the first control resistor, and another end
that is connected to a fixed potential,

Mar. 21, 2019

a second capacitor having an end that is connected to
the end of the second control resistor, and another
end that is connected to the fixed potential,

a third capacitor having an end that is connected to the
other end of the second control resistor, and another
end that is connected to the fixed potential,

a fourth control resistor having an end that is connected
to the other end of the second control resistor,

an NPN-type bipolar transistor having a collector that
is connected to the other end of the second capacitor,
an emitter that is connected to the fixed potential, and
a base to which the cancellation signal from the
control unit is inputted, and

a reset circuit having an end that is connected to the
other end of the first control resistor, and another end
that is connected to the fixed potential, the reset
circuit being configured to electrically connect the
end and the other end of the first capacitor to
discharge the first capacitor when a potential at the
other end of the second control resistor is less than a
reset threshold value that is predefined, and to elec-
trically disconnect the end and the other end of the
first capacitor when the potential at the other end of
the second control resistor is equal to or greater than
the reset threshold value, and

wherein the off-state fixing circuit outputs a signal that is
based on the potential at the first node to the driving
circuit as the off-state fixing signal in response to the
detection signal outputted from the overcurrent detec-
tion circuit, and stops outputting the off-state fixing
signal to the driving circuit in response to the cancel-
lation signal outputted from the control unit.

15. A method of controlling a power supply device

including:

an output circuit configured to be supplied with electric
power from a power supply, and to output a current; a
driving circuit configured to control an output operation
of the output circuit for outputting the current; an
overcurrent detection circuit configured to output a
detection signal to a first node when detecting an
overcurrent in the output circuit; an off-state fixing
circuit configured to output, based on the detection
signal inputted to the first node, an off-state fixing
signal for performing a forcible suspension of the
output operation of the output circuit from an output
node to the driving circuit, regardless of whether a
control signal is outputted; and a control unit config-
ured to receive the detection signal, and to output the
control signal for controlling the output operation of the
output circuit to the driving circuit for controlling the
output operation of the output circuit by means of the
driving circuit,

the method comprising the steps of:

performing a forcible suspension of the output operation
of the output circuit in response to the off-state fixing
signal by means of the driving circuit, regardless of
whether the control signal is outputted:

outputting, from the control unit, a cancellation signal for
cancelling the forcible suspension of the output opera-
tion of the output circuit to the off-state fixing circuit
after an off period passes from time when the detection
signal is inputted; and

in response to the cancellation signal, stopping, by the
off-state fixing circuit, outputting the off-state fixing
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signal to cause the driving circuit to return to a normal
operation for controlling the output operation of the
output circuit based on the control signal,
wherein the off-state fixing circuit:
outputs the detection signal inputted to the first node to
the driving circuit as the off-state fixing signal; and
thereafter, controls a potential at the first node to stop
outputting the off-state fixing signal in response to
the cancellation signal inputted,
wherein the overcurrent detection circuit does not output
the detection signal to the first node when no overcur-
rent caused by the output operation of the output circuit
is detected,
wherein the control unit outputs the control signal for
controlling the output operation of the output circuit to
the driving circuit in order to control the output opera-
tion of the output circuit by means of the driving circuit
when the detection signal is not inputted after the
cancellation signal is outputted,
wherein the output node is connected to the first node,
wherein the off-state fixing circuit includes:
a first control resistor having an end that is connected
to the power supply, and another end that is con-
nected to the first node,
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a second control resistor having an end that is con-
nected to the power supply,

a capacitor having an end that is connected to the first
node, and another end that is connected to a fixed
potential,

a PNP-type bipolar transistor having an emitter that is
connected to the first node, another end that is
connected to the fixed potential, and a base that is
connected to another end of the second control
resistor, and

an NPN-type bipolar transistor having a collector that
is connected to the other end of the second control
resistor, an emitter that is connected to the fixed
potential, and a base to which the cancellation signal
from the control unit is inputted, and

wherein the off-state fixing circuit outputs a signal that is
based on the potential at the first node to the driving
circuit as the off-state fixing signal, in response to the
detection signal outputted from the overcurrent detec-
tion circuit, and stops outputting the off-state fixing
signal to the driving circuit in response to the cancel-
lation signal outputted from the control unit.

#* #* #* #* #*



