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(54) LOAD DRIVE CIRCUIT

(57) Provide is a load drive circuit. The load drive
circuit includes: a power source terminal for connecting
a power source; a load terminal for connecting a load to
which a voltage is to be supplied from the power source
connected to the power source terminal; a semiconductor
switch connected between the power source terminal
and the load terminal; a control circuit that includes an
output terminal that outputs a control signal for open-
ing/closing the semiconductor switch; a freewheeling cir-
cuit that includes: a freewheeling diode connected to the
semiconductor switch, and a protection switch that
switches off and blocks flow of a current from the power
source to the semiconductor switch via the freewheeling

diode when the power source is connected in a reverse
manner; a first terminal for connecting the control circuit
to a first fixed potential; a second terminal for connecting
an anode of the freewheeling diode to a second fixed
potential via the protection switch; and a connection cir-
cuit that includes a connection switch installed in a con-
ductive path that connects the output terminal and the
first terminal, and when a rise in a potential difference
between the first terminal and the second terminal is de-
tected, the connection circuit connects the output termi-
nal and the first terminal by switching on the connection
switch.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a load drive cir-
cuit.
[0002] The present application claims priority to Japa-
nese Patent Application No. 2017-234251 filed on De-
cember 6, 2017, the disclosure of which is hereby incor-
porated in its entirety by reference.

BACKGROUND ART

[0003] A technique disclosed e.g. in Patent Document
1 has been known as a conventional technique for pro-
tecting a semiconductor switch for switching current sup-
ply from a power source to a load. Patent Document 1
describes circulating, from ground, induction energy gen-
erated by an inductance of a dielectric load such as a
motor when power supply to the load is stopped, and
thereby protecting a semiconductor switch against the
induction energy.

CITATION LIST

PATENT DOCUMENTS

[0004] Patent Document 1:JP 2010-044521A

Summary of Invention

Technical Problem

[0005] However, there has been a problem in that, if
an earth bolt is detached in a state where the ground of
a common splice load is fastened with that bolt, at the
same earth point as the ground of a load drive circuit, a
flyback current flows from the common splice load to a
freewheeling diode in the load drive circuit.
[0006] An object of the present invention is to provide
a load drive circuit that can prevent a flyback current from
a common splice load to a freewheeling diode.

Solution to Problem

[0007] A load drive circuit according to one aspect of
the present invention include: a power source terminal
for connecting a power source; a load terminal for con-
necting a load to which power is to be supplied from the
power source connected to the power source terminal;
a semiconductor switch connected between the power
source terminal and the load terminal; a freewheeling
circuit that includes: a freewheeling diode connected to
the semiconductor switch, and a protection switch that
is connected to the freewheeling diode in series, and,
when the power source is connected in a reverse manner,
switches off and blocks flow of a current from the power
source to the semiconductor switch via the freewheeling

diode; a control circuit that includes: a first control termi-
nal for outputting a signal for opening/closing the semi-
conductor switch, and a second control terminal for out-
putting a signal for opening/closing the protection switch;
a first terminal for connecting the control circuit to a first
fixed potential; a second terminal for connecting an an-
ode of the freewheeling diode to a second fixed potential
via the protection switch; and a connection circuit that
includes a connection switch installed in a conductive
path that connects the second control terminal and the
first terminal, and when a rise in a potential difference
between the first terminal and the second terminal is de-
tected, the connection circuit connects the second control
terminal and the first terminal by switching on the con-
nection switch.

Advantageous Effects of Invention

[0008] According to the foregoing description, it is pos-
sible to prevent a flyback current from a common splice
load to a freewheeling diode.

Brief Description of Drawings

[0009]

FIG. 1 is a circuit diagram showing a configuration
of a load drive circuit according to a first embodiment.
FIG. 2 is an explanatory diagram illustrating opera-
tions of the load drive circuit when a signal ground
is detached.
FIG. 3 is an explanatory diagram illustrating opera-
tions of the load drive circuit when a power ground
is detached.
FIG. 4 is an explanatory diagram illustrating opera-
tions of the load drive circuit when both the signal
ground and the power ground are detached.
FIG. 5 is a circuit diagram showing a configuration
of a load drive circuit according to a second embod-
iment.

Description of Embodiments

[0010] Embodiments of the present invention will be
listed below. In addition, at least a portion of the embod-
iments described below may be suitably combined.
[0011] A load drive circuit according to one aspect of
the present invention includes: a power source terminal
for connecting a power source; a load terminal for con-
necting a load to which power is to be supplied from the
power source connected to the power source terminal;
a semiconductor switch connected between the power
source terminal and the load terminal; a freewheeling
circuit that includes: a freewheeling diode connected to
the semiconductor switch, and a protection switch that
is connected to the freewheeling diode in series, and,
when the power source is connected in a reverse manner,
switches off and blocks flow of a current from the power
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source to the semiconductor switch via the freewheeling
diode; a control circuit that includes: a first control termi-
nal for outputting a signal for opening/closing the semi-
conductor switch, and a second control terminal for out-
putting a signal for opening/closing the protection switch;
a first terminal for connecting the control circuit to a first
fixed potential; a second terminal for connecting an an-
ode of the freewheeling diode to a second fixed potential
via the protection switch; and a connection circuit that
includes a connection switch installed in a conductive
path that connects the second control terminal and the
first terminal, and when a rise in a potential difference
between the first terminal and the second terminal is de-
tected, the connection circuit connects the second control
terminal and the first terminal by switching on the con-
nection switch.
[0012] In the present invention, when a rise in the po-
tential difference between the first terminal and the sec-
ond terminal is detected, the second control terminal and
the first terminal are connected by switching on the con-
nection switch, and thus a signal for the protection switch
that is output from the control circuit is output to the out-
side of the load drive circuit via the conductive path that
connects the second control terminal and the first termi-
nal. As a result, the protection switch is switched off, and
it is possible to avoid a flyback current from a common
splice load connected at the same earth point as the sec-
ond terminal, and prevent the freewheeling diode and
the protection switch from being damaged.
[0013] In the load drive circuit according to another as-
pect of the present invention, the connection circuit de-
tects a rise in a potential difference that occurs when
connection between the second terminal and the second
fixed potential is cancelled.
[0014] In this aspect, since the connection circuit de-
tects a rise in the potential difference that occurs when
connection between the second terminal and the second
fixed potential is cancelled, it is possible to avoid a flyback
current from a common splice load connected at the
same earth point as the second terminal, and prevent
the freewheeling diode and the protection switch from
being damaged.
[0015] The load drive circuit according to another as-
pect of the present invention includes a first blocking cir-
cuit that is provided between the second control terminal
and the freewheeling circuit, and switches off the protec-
tion switch when connection between the first terminal
and the first fixed potential is cancelled.
[0016] In this aspect, it is possible to perform control
so as to switch off the protection switch of the freewheel-
ing circuit if the first terminal to which the control circuit
is connected is detached from the earth point. If the sem-
iconductor switch is switched from on to off in a state
where the protection switch is switched off, a potential
difference that occurs in the semiconductor switch due
to induced electromotive force of the load is limited to a
certain upper limit value, and thus it is possible to prevent
the voltage that the semiconductor switch can withstand

from being exceeded.
[0017] The load drive circuit according to another as-
pect of the present invention further includes a second
blocking circuit that is provided between the first blocking
circuit and the freewheeling circuit, and, when a decrease
in a potential difference between the power source ter-
minal and the second terminal is detected, switches off
the protection switch.
[0018] In this aspect, even if the control circuit can
transmit a signal for controlling the freewheeling circuit
to the first blocking circuit, when both the first terminal
and the second terminal are detached from the earth
points, and a decrease in the potential difference be-
tween the power source and the second terminal can be
detected, it is possible to switch off the protection switch
of the freewheeling circuit, and thus it is possible to avoid
a flyback current from the common splice load, and pre-
vent the freewheeling diode and the protection switch
from being damaged.
[0019] The load drive circuit according to another as-
pect of the present invention includes a zener diode con-
nected between the protection switch and the power
source terminal.
[0020] In this aspect, if the semiconductor switch is
switched from on to off in a state where the protection
switch of the freewheeling circuit is switched off, a po-
tential difference that occurs in the semiconductor switch
due to induced electromotive force of the load is limited
to the sum (Vzd + Vf4) of a clamp voltage Vzd of the
zener diode and a forward voltage Vf4 of the freewheeling
diode.
[0021] The present invention will be described below
in detail with reference to the drawings illustrating the
embodiments.

First Embodiment

[0022] FIG. 1 is a circuit diagram showing a configu-
ration of a load drive circuit 10 according to a first em-
bodiment. The load drive circuit 10 is provided midway
on a power supply path extending from a power source
1 to a load 2, and includes, for example, a control circuit
11, a semiconductor switch 12, a freewheeling circuit 13,
first to third monitoring circuits 14 to 16, and a zener diode
17. The power source 1 is, for example, a battery of a
vehicle, and the load 2 may be a dielectric load such as
a fan drive motor for cooling an engine.
[0023] The control circuit 11 is a microcomputer, for
example, and is configured to start in response to oper-
ating an external switch SW. The control circuit 11 con-
trols a switch operation (on/off) of the semiconductor
switch 12 using a control signal (power supply control
signal) that is output from a control terminal 11a. The
power supply control signal is a PWM signal, for example,
and the control circuit 11 controls a switch operation of
the semiconductor switch 12 by changing the duty ratio
of the power supply control signal depending on the load
2. The control circuit 11 also controls the operation of the
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freewheeling circuit 13 using a control signal (freewheel-
ing circuit control signal) that is output from a control ter-
minal 11b.
[0024] Also, the control circuit 11 includes a reset ter-
minal 11c connected to an SGND terminal (signal ground
terminal) G1 of the load drive circuit 10. The SGND ter-
minal G1 is connected to a first earth point (first fixed
potential) via an earth bolt (not illustrated). In this em-
bodiment, the first fixed potential is a ground potential,
but may also be any potential that is used as a reference
potential. When the potential at the reset terminal 11c
rises to a predetermined value as a result of detachment
of the earth bolt due to vehicle vibration or the like, the
control circuit 11 switches off the semiconductor switch
12, and resets (initializes) itself.
[0025] The semiconductor switch 12 is provided be-
tween a power source terminal T1 to which the power
source 1 is connected and a load terminal T2 to which
the load 2 is connected, and is a switch for connecting
or blocking a power supply path between the power
source 1 and the load 2 depending on a power supply
control signal that is output from the control terminal 11a
of the control circuit 11. The semiconductor switch 12
includes a FET (Field-Effect Transistor) 121 and a par-
asitic diode 122, for example. The FET 121 is an N-chan-
nel MOSFET (Metal-Oxide Semiconductor FET), for ex-
ample, and the drain of the FET 121 is connected to the
power source terminal T1 via a power source input line
L1, the gate is connected to the control terminal 11a of
the control circuit 11, and the source is connected to the
load terminal T2 via a power source output line L2.
[0026] When the power source 1 is properly connected
to the power source terminal T1, and is switched on by
a power supply control signal that is output from the con-
trol terminal 11a of the control circuit 11, the semicon-
ductor switch 12 connects the power supply path consti-
tuted by the power source input lines L1 and the power
source output line L2. Accordingly, power is supplied
from the power source 1 to the load 2. In addition, the
semiconductor switch 12 enables current flow in a direc-
tion opposite to current flow when the power source 1 is
properly connected, using the parasitic diode 122.
[0027] The freewheeling circuit 13 is connected be-
tween the source of the FET 121 that is an output end of
the semiconductor switch 12 and a PGND terminal (pow-
er ground terminal) G2 of the load drive circuit 10, and
has a function of protecting the semiconductor switch 12.
The PGND terminal G2 is connected via an earth bolt
(not illustrated) to a second earth point (second fixed po-
tential) that is different from the above-noted first earth
point. The second fixed potential is a ground potential,
in this embodiment, but may also be any potential that is
used as a reference potential.
[0028] The freewheeling circuit 13 includes a free-
wheeling diode 131 and a FET 132. The cathode of the
freewheeling diode 131 is connected to both the semi-
conductor switch 12 and the load 2, via the power source
output line L2 that connects the output end of the semi-

conductor switch 12 and the load terminal T2, and the
anode of the freewheeling diode 131 is connected to the
source of the FET 132. In addition, the FET 132 is an N-
channel MOSFET, for example, and the source of the
FET 132 is connected to the anode of the freewheeling
diode 131, the drain is connected to the PGND terminal
G2, and the gate is connected to the third monitoring
circuit 16, which will be described later. When the load
drive circuit 10 is turned on, the FET 132 is switched on
by a bias voltage that is generated by a resistor 133 and
a resistor 134.
[0029] In the freewheeling circuit 13, when the power
source 1 is properly connected and the SGND terminal
G1 and the PGND terminal G2 are properly connected
to the respective earth points, a load current is prevented
by the freewheeling diode 131 from flowing into the free-
wheeling circuit 13. In addition, when the semiconductor
switch 12 is switched from on to off, a surge current
caused by induced electromotive force in the inductance
of the load 2 can be circulated via the freewheeling circuit
13 constituted by the freewheeling diode 131 and the
FET 132. Accordingly, the freewheeling circuit 13 can
protect the semiconductor switch 12 against the surge.
[0030] Furthermore, when the power source 1 is con-
nected in a reverse manner, the FET 132 is switched off,
and the freewheeling circuit 13 is not connected electri-
cally, and thus a current in a direction opposite to a current
when the power source 1 is properly connected flows
through the load 2 and the parasitic diode 122. At this
time, a current that depends on the resistance value of
the load 2 flows, and a large current such as a short-
circuit current does not occur in the load drive circuit 10.
Therefore, it is possible to prevent damage of the semi-
conductor switch 12 when the power source 1 is con-
nected in a reverse manner.
[0031] The first monitoring circuit 14 is provided be-
tween the SGND terminal G1 and the PGND terminal
G2, and includes a transistor 141 and a diode 142. The
transistor 141 is an NPN bipolar transistor, for example,
and the collector of the transistor 141 is connected to the
control terminal 11b of the control circuit 11, the emitter
is connected to a ground line GL1, and the base is con-
nected to a ground line GL2 via a resistor 143 and the
diode 142. In addition, a resistor 144 is connected be-
tween the base and emitter of the transistor 141.
[0032] With such a configuration, the first monitoring
circuit 14 has a function of detecting a potential difference
between the SGND terminal G1 and the PGND terminal
G2, and a function of connecting the control terminal 11b
of the control circuit 11 to the SGND terminal G1 when
a certain potential difference is detected.
[0033] The second monitoring circuit 15 is provided be-
tween the control circuit 11 and the freewheeling circuit
13, and includes two transistors 151 and 152 and a diode
153 connected between the two transistors 151 and 152.
[0034] The transistor 151 is an NPN bipolar transistor,
for example, and the collector of the transistor 151 is
connected to the other transistor 152 via the diode 153
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and a resistor 157, the emitter is connected to the ground
line GL1, and the base is connected to the control termi-
nal 11b of the control circuit 11 via resistors 154 and 156.
In addition, a resistor 155 is connected between the base
and emitter of the transistor 151.
[0035] The transistor 152 is a PNP bipolar transistor,
for example, and the collector of transistor 152 is con-
nected to the third monitoring circuit 16, the emitter is
connected to the power source input line L1, and the
base is connected to the collector of the transistor 151
via the resistor 157 and the diode 153. In addition, a re-
sistor 158 is connected between the base and emitter of
the transistor 152. The diode 153 on the cathode side is
connected to the transistor 151, and the diode 153 on
the anode side is connected to the transistor 152.
[0036] The third monitoring circuit 16 is provided be-
tween the second monitoring circuit 15 and the free-
wheeling circuit 13, and includes a transistor 161, a zener
diode 162, and a diode 163.
[0037] The transistor 161 is a PNP bipolar transistor,
for example, and the emitter of the transistor 161 is con-
nected to the collector of the transistor 152 in the second
monitoring circuit 15, the collector is connected to the
gate of the FET 132 in the freewheeling circuit 13 via the
resistor 133, and the base is connected to the ground
line GL2 via a resistor 164, the zener diode 162, and the
diode 163. The cathode of the zener diode 162 is con-
nected to the base of the transistor 161 via the resistor
164, and the anode is connected to the ground line GL2
via the diode 163. In addition, the anode of the diode 163
is connected to the anode of the zener diode 162, and
the cathode is connected to the ground line GL2. In ad-
dition, a resistor 165 is connected between the base and
emitter of the transistor 161.
[0038] As described above, it is one characteristic of
the load drive circuit 10 according to this embodiment
that the SGND terminal G1 to which the control circuit 11
is connected is provided separately from the PGND ter-
minal G2 to which the freewheeling circuit 13 is connect-
ed, and that they are connected to different earth points.
[0039] In addition, the second monitoring circuit 15 and
the third monitoring circuit 16 are connected to the power
source 1 and the freewheeling circuit 13, and when they
are properly connected, supply a power source voltage
to the gate of the FET 132 of the freewheeling circuit 13
in response to a freewheeling circuit control signal that
is output from the control circuit 11. Furthermore, the first
monitoring circuit 14 is connected to the SGND terminal
G1 and the PGND terminal G2, and has a function of
detecting a rise in the potential difference between the
SGND terminal G1 and the PGND terminal G2, and
blocking supply of a power source voltage to the gate of
the FET 132 of the freewheeling circuit 13.
[0040] Furthermore, in the load drive circuit 10 accord-
ing to this embodiment, when the semiconductor switch
12 is switched from on to off in a state where the FET
132 of the freewheeling circuit 13 is switched off, a po-
tential difference V3 that occurs in the semiconductor

switch 12 due to induced electromotive force of the load
2 is limited to the sum (Vzd + Vf4) of the clamp voltage
Vzd of the zener diode 17 and the forward voltage Vf4
of the freewheeling diode 131.
[0041] Operations of the load drive circuit 10 will be
described below.
[0042] FIG. 2 is an explanatory diagram illustrating op-
erations of the load drive circuit 10 when the signal
ground is detached. FIG. 2 shows a state where the
SGND terminal G1 is detached from the earth point. In
this case, as a result of the ground potential rising ac-
cording to an internal impedance of the control circuit 11,
the control circuit 11 is reset. In this case, the control
circuit 11 does not output a freewheeling circuit control
signal, and thus the two transistors 151 and 152 of the
second monitoring circuit 15 and the transistor 161 of the
third monitoring circuit 16 are all switched off. As a result,
a power source voltage is not supplied to the freewheel-
ing circuit 13, and thus the FET 132 of the freewheeling
circuit 13 is switched off.
[0043] In a conventional load drive circuit, if a ground
terminal is detached when the semiconductor switch is
in an on-state, a ground potential rises according to an
impedance in the control circuit, and the circuit is reset,
thereby switching off the semiconductor switch. At this
time, the freewheeling diode of the freewheeling circuit
is not connected to earth via a FET, and thus a negative
voltage that is generated in the power source output line
when the semiconductor switch is turned off cannot be
limited to the forward voltage of the freewheeling diode,
and a negative voltage due to the induced electromotive
force of the load occurs in the power source output line.
Accordingly, there is a concern that a voltage that is ap-
plied between the drain and source of the semiconductor
switch will exceed the voltage that the semiconductor
switch can withstand.
[0044] In addition, since the semiconductor switch is
in an off-state, the potential on the power source output
line changes to an earth potential via the load, but the
ground potentials of the load drive circuit and the control
circuit are determined by the freewheeling circuit and the
load, and there is the possibility that the semiconductor
switch will be switched on again. In this case, the voltage
in the power source output line rises to the power source
voltage (for example, 12 V), and thus the control circuit
is reset again as the ground potential rises. There is the
possibility that, as a result of repeating such an operation,
the load drive circuit will enter an oscillating state and a
potential difference due to induced electromotive force
of the load will continuously occur in the power source
output line, thereby damaging the semiconductor switch.
[0045] However, in the load drive circuit 10 according
to this embodiment, if the SGND terminal G1 to which
the control circuit 11 is connected is detached from the
earth point, it is possible to switch off the FET 132 of the
freewheeling circuit 13. If the semiconductor switch 12
is switched from on to off in a state where the FET 132
of the freewheeling circuit 13 is switched off, a potential
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difference that occurs in the semiconductor switch 12
due to induced electromotive force of the load 2 is limited
to the sum Vzd + Vf4 of the clamp voltage Vzd of the
zener diode 17 and the forward voltage Vf4 of the free-
wheeling diode 131, and thus the above-mentioned os-
cillating state can be prevented.
[0046] FIG. 3 is an explanatory diagram illustrating op-
erations of the load drive circuit 10 when the power
ground is detached. FIG. 3 shows a state where the
PGND terminal G2 is detached from the earth point in a
state where a common splice load 22 is fastened at the
same earth point (second earth point) as the PGND ter-
minal G2 using a earth bolt. In this case, the potential at
the PGND terminal G2 rises depending on the resistance
ratio of the common splice load 22 to the load 2.
[0047] The first monitoring circuit 14 is configured to
detect the potential difference between the SGND termi-
nal G1 and the PGND terminal G2 and switch on the
transistor 141, and thus, when the potential at the PGND
terminal G2 rises, a freewheeling circuit control signal
that is output from the control circuit 11 through the con-
trol terminal 11b is output to the outside of the load drive
circuit 10 through the transistor 141 and the SGND ter-
minal G1, and is not transmitted to the second monitoring
circuit 15. As a result, the two transistors 151 and 152 of
the second monitoring circuit 15 and the transistor 161
of the third monitoring circuit 16 are all switched off, and
a power source voltage is not supplied to the freewheel-
ing circuit 13, and thus the FET 132 of the freewheeling
circuit 13 is switched off.
[0048] When the PGND terminal G2 is detached from
the earth point in a state where the common splice load
22 is fastened at the same earth point as the PGND ter-
minal G2 using an earth bolt, there is the possibility that
a flyback current from the common splice load 22 to the
load 2 via the freewheeling circuit 13 will cause damage
in the freewheeling diode 131 (or the FET 132).
[0049] However, in the load drive circuit 10 according
to this embodiment, a rise in the potential that occurs
when the PGND terminal G2 is detached from the earth
point is detected and control is performed so as to switch
off the FET 132 of the freewheeling circuit 13, and thus
it is possible to avoid the above-mentioned flyback cur-
rent from the common splice load 22 to the load 2, and
prevent the freewheeling diode 131 (or the FET 132) from
being damaged.
[0050] FIG. 4 is an explanatory diagram illustrating op-
erations of a load drive circuit when both a signal ground
and a power ground are detached. FIG. 4 shows a state
where the SGND terminal G1 is detached from the earth
point in a state where a common splice load 21 is fastened
at the same earth point (the first earth point) as the SGND
terminal G1 using an earth bolt, and the PGND terminal
G2 is detached from the earth point in a state where the
common splice load 22 is fastened at the same earth
point (second earth point) as the PGND terminal G2 using
an earth bolt. A case is envisioned in which, at this time,
the potential at the SGND terminal G1 rose to an extent

where the control circuit 11 is not reset and the transistor
141 of the first monitoring circuit 14 is not switched on
due to the potential difference between the SGND termi-
nal G1 and the PGND terminal G2.
[0051] In this case, the conductive path between the
control terminal 11b and the SGND terminal G1 of the
control circuit 11 is blocked by the transistor 141, and
thus a freewheeling circuit control signal that is output
from the control terminal 11b is transmitted to the second
monitoring circuit 15. The two transistors 151 and 152 of
the second monitoring circuit 15 are switched on accord-
ing to the freewheeling circuit control signal, and a power
source voltage is transmitted to the third monitoring cir-
cuit 16. Note that the third monitoring circuit 16 detects
a decrease in the potential difference between the power
source 1 and the PGND terminal G2, and switches off
the transistor 161. As a result, the power source voltage
is not supplied from the third monitoring circuit 16 to the
freewheeling circuit 13, and the FET 132 of the freewheel-
ing circuit 13 is switched off.
[0052] Note that the third monitoring circuit 16 detects
the potential difference between the power source 1 and
the PGND terminal G2, and thus, also when the ground
is connected properly, if the potential difference between
the power source 1 and the PGND terminal G2 falls below
a blocking threshold value due to a decrease in the power
source voltage, there is the possibility that a blocking
operation will be performed. Thus, the blocking threshold
value of the third monitoring circuit 16 is preferably set
in consideration of specifications related to the range of
a power source voltage that is applied to the load drive
circuit 10.
[0053] In the load drive circuit 10 according to this em-
bodiment, even when the control circuit 11 can transmit
a freewheeling circuit control signal to the second mon-
itoring circuit 15, if both the SGND terminal G1 and the
PGND terminal G2 are detached from earth, and a de-
crease in the potential difference between the power
source 1 and the PGND terminal G2 can be detected,
the FET 132 of the freewheeling circuit 13 can be
switched off, and thus it is possible to avoid a flyback
current from the common splice load 22 to the load 2,
and prevent the freewheeling diode 131 (or the FET 132)
from being damaged.
[0054] As described above, in the load drive circuit 10
according to this embodiment, even if a ground terminal
(the SGND terminal G1, the PGND terminal G2) is de-
tached from the earth point, it is possible to prevent the
semiconductor switch 12 from deteriorating or being
damaged due to induced electromotive force caused by
the load 2. In addition, it is possible to prevent the free-
wheeling diode 131 from deteriorating and being dam-
aged due to flyback from the common splice loads 21
and 22.
[0055] In addition, it is possible to eliminate the above-
mentioned concern about flyback resulting from com-
monly splicing a large number of load grounds at an earth
point, and thus it is possible to contribute to integration
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of splices (reduction in earth points).
[0056] Furthermore, the zener diode 17 can also be
used as a conventional positive surge protection element
(for example, an element in a vehicle system used for
measures against load dump), and it is possible to con-
tribute to both merchantability and robustness while pre-
venting an increase in the cost for measures against
ground detachment.

Second Embodiment

[0057] FIG. 5 is a circuit diagram showing a configu-
ration of a load drive circuit 10 according to a second
embodiment. The load drive circuit 10 according to the
second embodiment has a circuit configuration of the
load drive circuit 10 described in the first embodiment
without the second monitoring circuit 15, and includes e.
g. a control circuit 11, a semiconductor switch 12, a free-
wheeling circuit 13, a first monitoring circuit 14, a third
monitoring circuit 16, a zener diode 17. Note that the
collector of a transistor 141 of the first monitoring circuit
14 is connected to a power source input line L1 via a
diode 145 and a resistor 146.
[0058] In the circuit configuration shown in FIG. 5 as
well, it is possible to prevent a freewheeling diode 131
from deteriorating and being damaged due to the flyback
current from common splice loads 21 and 22.
[0059] For example, the first monitoring circuit 14 can
detect a rise in the potential that occurs when a PGND
terminal G2 is detached from an earth point, and switch
off a FET 132 of the freewheeling circuit 13, and thus it
is possible to avoid the flyback current from the common
splice load 22 to a load 2 that has been described in the
first embodiment, and prevent the freewheeling diode
131 (or the FET 132) from being damaged.
[0060] In addition, when both the SGND terminal G1
and the PGND terminal G2 are detached from earth
points, if the third monitoring circuit 16 can detect a de-
crease in the potential difference between a power
source 1 and the PGND terminal G2, the FET 132 of the
freewheeling circuit 13 can be switched off, and thus it
is possible to avoid the flyback current from the common
splice load 22 to the load 2, and prevent the freewheeling
diode 131 (or the FET 132) from being damaged.
[0061] The disclosed embodiments are to be consid-
ered as illustrative and non-limiting in all aspects. The
scope of the present invention is indicated not by the
above-stated meanings but by the scope of claims, and
is intended to include all modifications that are within the
meanings and the scope that are equivalent to those of
the scope of claims.

List of Reference Numerals

[0062]

10 Load drive circuit
11 Control circuit

11a Control terminal (first control terminal)
11b Control terminal (second control terminal)
11c Reset terminal
12 Semiconductor switch
13 Freewheeling circuit
131 Freewheeling diode
132 FET (protection switch)
14 First monitoring circuit (connection circuit)
15 Second monitoring circuit (first blocking circuit)
16 Third monitoring circuit (second blocking circuit)
T1 Power source terminal
T2 Load terminal
G1 Signal ground terminal (first terminal)
G2 Power ground terminal (second terminal)

Claims

1. A load drive circuit comprising:

a power source terminal for connecting a power
source;
a load terminal for connecting a load to which
power is to be supplied from the power source
connected to the power source terminal;
a semiconductor switch connected between the
power source terminal and the load terminal;
a freewheeling circuit that includes:

a freewheeling diode connected to the sem-
iconductor switch, and
a protection switch that is connected to the
freewheeling diode in series, and, when the
power source is connected in a reverse
manner, switches off and blocks flow of a
current from the power source to the semi-
conductor switch via the freewheeling di-
ode;

a control circuit that includes:

a first control terminal for outputting a signal
for opening/closing the semiconductor
switch, and
a second control terminal for outputting a
signal for opening/closing the protection
switch;

a first terminal for connecting the control circuit
to a first fixed potential;
a second terminal for connecting an anode of
the freewheeling diode to a second fixed poten-
tial via the protection switch; and
a connection circuit that includes a connection
switch installed in a conductive path that con-
nects the second control terminal and the first
terminal,
wherein, when a rise in a potential difference
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between the first terminal and the second termi-
nal is detected, the connection circuit connects
the second control terminal and the first terminal
by switching on the connection switch.

2. The load drive circuit according to claim 1,
wherein the connection circuit detects a rise in a po-
tential difference that occurs when connection be-
tween the second terminal and the second fixed po-
tential is cancelled.

3. The load drive circuit according to claim 1 or 2, com-
prising
a first blocking circuit that is provided between the
second control terminal and the freewheeling circuit,
and switches off the protection switch when connec-
tion between the first terminal and the first fixed po-
tential is cancelled.

4. The load drive circuit according to claim 3, further
comprising
a second blocking circuit that is provided between
the first blocking circuit and the freewheeling circuit,
and, when a decrease in a potential difference be-
tween the power source terminal and the second ter-
minal is detected, switches off the protection switch.

5. The load drive circuit according to any one of claims
1 to 4, comprising
a zener diode connected between the protection
switch and the power source terminal.
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