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(57) ABSTRACT

A switch driving circuit electrically opens and closes a
switch circuit including two N-channel type semiconductor
switching elements series connected in a reverse direction,
thereby electrically opening and closing a path between a
DC power supply and an inverter circuit. The switch driving
circuit has a reference potential point in common with the
inverter circuit and supplies an opening/closing control
signal to the switch circuit. The switch driving circuit
includes a half bridge circuit including two semiconductor
switching elements series connected between a driving
power supply and the reference potential point. Two pro-
tection diodes are connected in parallel to the semiconductor
switching elements respectively. At least one current block-
ing diode is configured to block current from flowing from
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the reference potential point through the diode to the switch
circuit side when the DC power supply is connected to the
inverter circuit in reverse polarity.

4 Claims, 8 Drawing Sheets
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1
SWITCH DRIVING CIRCUIT, INVERTER
APPARATUS AND POWER STEERING
APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from the prior Japanese Patent Application No.
2011-195051 filed on Sep. 7, 2011 and the prior PCT
International Application No. PCT/JP2012/70504 filed on
Aug. 10, 2012, the entire contents of both of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate to a switch driving
circuit which supplies an opening/closing control signal to a
switch circuit electrically opening and closing an electrical
path between a DC power supply and an inverter circuit, an
inverter apparatus including the inverter circuit and the
switch driving circuit, and a power steering apparatus
including the inverter apparatus.

BACKGROUND

An electrically driven power steering apparatus includes
a steering torque sensor detecting steering input torque
supplied via a steering wheel by driver’s operation and a
control device determining a magnitude and a direction of
motor output based on an output signal of the steering torque
sensor. An electric motor is driven via an inverter circuit on
the basis of the determination of the control device. Motor
power is transmitted to a steering system, so that steering
torque is reduced.

In conventional electrically driven power steering appa-
ratuses, a switch composed of a relay is inserted between a
battery serving as a power source and an inverter circuit.
When detecting an overcurrent state or a defect of PWM
control, a control device opens the switch to cut off power
supply to the inverter circuit and the motor, thereby pre-
venting generation of undesired assisting steering force by
the motor. However, the switch configured of the relay is
required to supply to the motor a large current ranging from
several tens A to 100 A in order that steering assistance
torque may be generated. A relay which can open and close
a path along which the large current flows is large-sized. In
view of the problem, a switch circuit has been proposed for
use instead of the relay. The proposed switch circuit uses a
semiconductor switching element such as a field-effect tran-
sistor (FET).

FIG. 6 shows an example of configuration conceived in
the above-described case. An inverter circuit 1 includes six
power metal-oxide semiconductor field-effect transistors
(power MOSFETs) 2U to 2W and 2X to 27 (N channel)
configured into a three-phase bridge arrangement. The
motor 3 includes three-phase windings (not shown) con-
nected to three-phase output terminals of the inverter circuit.
The motor 3 is a brushless DC motor, for example. A vehicle
battery 4 has a positive terminal connected via a switch
circuit 5 to a positive DC bus bar of the inverter circuit and
a negative terminal (body earth) to a negative DC bus bar.

The switch circuit 5 includes two N-channel MOSFETs
6a and 65 connected via a common source to each other. The
N-channel MOSFET 6a has a drain connected to a positive
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terminal of the battery 4, and the N-channel MOSFET 65 has
a drain connected to a positive DC bus bar of the inverter
circuit 1. Both N-channel

MOSFETs have respective gates connected in common
with a resistive element 7 which is further connected
between the gates and sources of the MOSFETs.

A drive circuit 8 driving the switch circuit 5 is configured
as a peripheral circuit such as a micro control unit (MCU;
and microcomputer) which is an IC controlling the inverter
circuit 1. Electrical power is supplied from the battery 4 via
a diode 15. A circuit ground is connected to a negative DC
bus bar of the inverter circuit 1. A power generation circuit
9 generating driving power to drive the switch circuit 5 has
an output terminal. A series circuit of two N-channel MOS-
FETs 10 and 11 is connected between the output terminal of
the power generation circuit 9 and the ground. These FETs
10 and 11 have respective gates. A drive signal supplied
from the MCU is further supplied via a half-bridge (H/B)
drive circuit 12 to the gates of the FETs 10 and 11 individu-
ally. Protecting diodes 13 and 14 are connected in parallel to
the N-channel MOSFETs 10 and 11 respectively.

The MOSFETs 10 and 11 have common connection
points (source and drain) connected to the gates of the
N-channel MOSFETs 6a and 65 respectively. When the
switch circuit 5 is turned on according to a drive signal from
the MCU, the H/B drive circuit 12 turns on the N-channel
MOSFET 10 and turns off the N-channel MOSFET 11,
thereby turning gate potentials of the N-channel MOSFETs
6a and 6b to a high level. Furthermore, when the switch
circuit 5 is turned off, the N-channel MOSFET 10 is turned
off and the N-channel MOSFET 11 is turned on, so that the
gate potentials of the N-channel MOSFETs 6a and 65 are
turned to a low level.

Thus, with respect to a device mounted on a vehicle and
supplied with power from the battery 4, it needs to be
considered whether or not the circuit is protected when the
battery 4 is connected in the reverse direction. Assume now
the case where the battery 4 is connected in the reverse
direction in the configuration shown in FIG. 6. The follow-
ing problem arises in this case. As shown in FIG. 7, since the
electric potential at the negative DC bus bar of the inverter
circuit 1 rises, voltage is applied via the following path:

the positive terminal of the battery 4—the negative DC
bus bar—the diode 14 (or the body diode of FET 11)—the
switch circuit 5 (the gate-drain of FET 6a)—the negative
terminal of the battery 4.

As a result, potential difference exceeding a threshold is
applied to the path between the gate and the source of the
FET 6 of the switch circuit 5, so that the switch circuit 5 is
turned on thereby to cause electric current to flow along the
above-mentioned voltage application path. Simultaneously,
when the FET 6b side is turned on, current also flows
through body diodes of the FETs 2U and 2X composing the
inverter circuit 1. In this case, there is a possibility that the
elements constituting the path may be broken by a short-
circuit current flowing through the battery 4.

It is considered that the switch circuit 5 is connected with
a P-channel MOSFET 16 being used as one of switching
elements so that parasitic diodes have a common anode, as
shown in FIG. 8. This connecting manner does not result in
aproblem of the above-described reverse flow. However, the
P-channel MOSFET has a larger element size as compared
with an N-channel MOSFET. Furthermore, the FETs need to
be supplied with gate signals with different levels for pur-
pose of control. Accordingly, the switch circuit is generally
configured of two N-channel FETs. This necessitates the
overcoming of the above-described problem.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a circuit diagram showing an internal configu-
ration of the switch driving circuit in accordance with a first
embodiment;

FIG. 2 is a functional block diagram showing an internal
configuration of a motor drive control;

FIG. 3 is a schematic illustration of an entire power
steering apparatus;

FIG. 4 is a view similar to FIG. 1, showing a second
embodiment;

FIG. 5 is a view similar to FIG. 1, showing a third
embodiment;

FIG. 6 is a view similar to FIG. 1, showing a related art;

FIG. 7 is a view similar to FIG. 6, showing the case where
the battery is connected so as to have a reverse polarity; and

FIG. 8 is a view similar to FIG. 6, showing the case where
the switch is composed of P-channel MOSFETs.

DETAILED DESCRIPTION

In general, according to one embodiment, a switch driving
circuit electrically opens and closes a switch circuit includ-
ing two N-channel type semiconductor switching elements
series connected in opposite directions, thereby electrically
opening and closing an electrical path between a DC power
supply and an inverter circuit. The switch driving circuit has
a reference potential point in common with the inverter
circuit and supplying an opening/closing control signal to
the switch circuit. The switch driving circuit includes a half
bridge circuit including two semiconductor switching ele-
ments series connected between a driving power supply and
the reference potential point. Two protection diodes are
connected in parallel to the semiconductor switching ele-
ments respectively. At least one current blocking diode is
configured to block current from flowing from the reference
potential point therethrough to the switch circuit side when
the DC power supply is connected to the inverter circuit in
reverse polarity.

A first embodiment will be described with reference to
FIGS. 1 to 3. Identical or similar parts in FIGS. 1 to 3 are
labeled by the same reference symbols as those in FIG. 6.
The description of these identical parts will be eliminated
and only the differences will be described.

Referring first to FIG. 3, an entire construction of a power
steering apparatus 100 is schematically shown. A steering
shaft 22 has one end fixed to a steering handle 21 provided
in passenger’s compartment of a vehicle. A rotative force of
the steering shaft 21 is transmitted by a rack and pinion
mechanism 23 as a force changing a direction of wheels 25
mounted via coupling mechanisms on both ends of a rack
shaft respectively. A three-phase brushless DC motor 3
assisting the rotative force is provided on the steering shaft
22. The motor 3 and the steering shaft 22 are coupled with
each other via a reduction gear mechanism 26.

Power supply voltage of a battery 4 is supplied through
wirings 27a and 27b to a motor drive control 28 which is
provided so as to be adjacent or adherent to vicinity of the
motor 3. The motor drive control 28 controls energization of
the motor 3 in a pulse-width-modulation (PWM) manner.
Battery voltage as a control power supply is supplied via a
wiring 27 to the motor drive control 28. To the motor drive
control 28 are connected a signal line 30 of a torque sensor
29 detecting torque applied to the steering shaft 22 and a
signal line 32 of a resolver 31 detecting a rotation position
of the motor 3.
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FIG. 2 is a functional block diagram showing an internal
configuration of the motor drive control 28. A current
detector 33 (a resistive element, for example) is connected
between a negative terminal (a reference potential point) of
the battery 4 and a negative DC bus bar of an inverter circuit
1. A current signal obtained by the current detector 33 is
supplied to an A/D conversion circuit 34. The current
detector 33 may include a current probe which detects
magnetic field generated by current thereby to detect current.
The A/D conversion circuit 34 executes an analog-to-digital
conversion of the current signal supplied thereto, supplying
obtained data to the MCU 35.

An input interface (I/F) circuit 36 is supplied with a
steering angle signal from the torque sensor 29 and a
steering angle signal from the resolver 31. The input I/F
circuit 36 supplies voltage signals according to the respec-
tive input signals to the MCU 35. The MCU 35 is configured
of'a microcomputer or the like and generates gate signals for
control of the FETs 2 constituting the inverter circuit 1
according to the input signals, supplying the gate signals to
a bridge gate drive circuit 37. The MCU 35 also supplies a
drive signal via a switch drive signal 38 to the switch circuit
5. Power is supplied from the battery 4 to the above-
described circuits when a vehicle ignition switch (not
shown) is turned on.

When supplied with power, the MCU 35 firstly supplies
a cutoff command (OFF) signal to the switch circuit 5. Upon
completion of an initialization process therefor, the MCU 35
then supplies a closing (ON) signal to the switch circuit 5.
As a result, power of the battery 4 is supplied to the inverter
circuit 1. The MCU 35 fetches a steering torque signal and
a steering rotating speed to determine whether or not a
steering assisting force (torque) needs to be supplied from
the motor 3. When the steering assisting force needs to be
supplied, the MCU 35 obtains a rotation direction of the
motor 3 and a steering assisting force to be supplied from the
motor 3 based on the steering speed. The MCU 35 generates
and supplies a gate drive control signal based on the
obtained rotation direction and the steering assisting force.
The MCU 35 further supplies a cutoff command signal to the
switch circuit 5 when the current value detected by the
current detector 33 exceeds an overcurrent value.

The bridge gate drive circuit 37 includes a booster circuit
which generates a gate supply voltage to control the FETs
2U to 2W at an upper arm side constituting the inverter
circuit 1 so that the FETs 2U to 2W are turned into a
conductive state. The bridge gate drive circuit 37 also
includes a plurality of level shift circuits (none of them being
shown). The gate drive circuit 37 supplies gate voltage
signals to gates of the FETs 2U to 2W based on a gate drive
control signal supplied thereto from the MCU 35. The MCU
35 monitors current flowing in the inverter circuit 1 based on
current signals. When the current flowing in the inverter
circuit 1 exceeds a previously set allowable current, the
NCU 35 stops drive of the motor 3 and cuts off energization
of the switch circuit 5 thereby to cut off power supply to the
inverter circuit 1.

FIG. 1 is a view similar to FIG. 6, showing an internal
configuration of the switch driving circuit 38. A ground of
the circuit 8 as shown in FIG. 6 is directly connected to the
negative DC bus bar of the inverter circuit 1. In the switch
driving circuit 38 of the embodiment, however, a forward-
biased diode 39 (a current clement diode) is inserted
between the circuit 38 and the circuit ground thereof.
Consequently, an overcurrent can be prevented from flowing
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through the parasitic diodes of the FETs 2U-2W and 2X-27
even when the battery 4 is connected in reverse polarity as
shown in FIG. 7.

According to the above-described embodiment, the
switch driving circuit 38 electrically opens and closes the
switch circuit 5 including two N-channel MOSFETs 6a and
65 (N-channel type semiconductor switching elements)
series connected in opposite directions, thereby electrically
opening and closing an electrical path between the battery 4
and the inverter circuit 1. The switch driving circuit has the
reference potential point in common with the inverter circuit
1 and supplies the opening/closing control signal to the
switch circuit 5. The switch driving circuit 38 includes the
half bridge circuit including two N-channel MOSFETs 10
and 11 (semiconductor switching elements) series connected
between the power supply generation circuit 9 and the
reference potential point. Two protection diodes 13 and 14
are connected in parallel to the FETs 10 and 11 respectively.
The switch driving circuit 38 includes the diode 39 which is
configured to block current from flowing from the reference
potential point therethrough to the switching circuit 5 side
when the battery 4 is connected to the inverter circuit 1 in
reverse polarity.

Accordingly, the switch circuit 5 can be rendered smaller
in size as compared with high-power relays with the result
that size reduction can be achieved in the power steering
apparatus 100. Furthermore, even when the battery 4 is
connected in reverse polarity, the parasitic diodes of the
FETs 2U-2W and 2X-27 and the protection diode 14 in the
switch driving circuit 38 can prevent reverse current from
flowing thereby to protect the inverter circuit 1 and the
motor 3, with the result that short-circuit fault can be
prevented.

FIG. 4 illustrates a second embodiment. In the second
embodiment, identical or similar parts to those of the first
embodiment are labeled by the same reference symbols as
those in the first embodiment and the description of these
parts will be eliminated. Only the differences will be
described in the following. The switch driving circuit 41
according to the second embodiment includes two current
blocking diodes 42 and 43 connected between a source of
the N-channel MOSFET 11 and the circuit ground and
between an anode of the protection diode 14 and the circuit
ground respectively, instead of the diode 39. This configu-
ration of the second embodiment can also achieve the same
advantageous effect as the first embodiment.

FIG. 5 illustrates a third embodiment. The differences
between the second and third embodiments will be
described. The switch driving circuit 41' according to the
third embodiment includes the current blocking diodes 42
and 43 employed in the second embodiment. In the third
embodiment, the diodes 42 and 43 are connected between
the source of the N-channel MOSFET 10 and a drain of the
N-channel MOSFET 11 and between an anode of the pro-
tection diode 13 and a cathode of the protection diode 14.
This configuration of the third embodiment can also achieve
the same advantageous effect as the first and second embodi-
ments.

In a modified form, a P-channel MOSFET may be used in
each foregoing embodiment, instead of the N-channel MOS-
FET 10. Furthermore, P-channel MOSFETs may be used for
an upper arm of the inverter circuit 1 in each foregoing
embodiment.

The switch driving circuit should not be limited to the use
with the power steering apparatus but may be applied to any
electrical equipment including a switch circuit configured of
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an N-channel type semiconductor switching element
between the DC power supply and the inverter circuit.

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 invention.
Indeed, the novel embodiments described herein maybe
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the invention. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the invention.

What is claimed is:

1. A switch driving circuit which electrically opens and
closes a switch circuit including two N-channel type semi-
conductor switching elements series connected in opposite
directions, thereby electrically opening and closing an elec-
trical path between a DC power supply and an inverter
circuit, the switch driving circuit having a reference poten-
tial point in common with the inverter circuit and supplying
an opening/closing control signal to the switch circuit, the
switch driving circuit comprising:

a half bridge circuit including two semiconductor switch-
ing elements series connected between a driving power
supply and the reference potential point;

two protection diodes connected in parallel to the semi-
conductor switching elements respectively; and

two current blocking diodes connected between a signal
output terminal of the half bridge circuit and one of the
semiconductor switching elements at the reference
potential side and between the signal output terminal of
the half bridge circuit and one of the protection diodes
connected in parallel to the one semiconductor switch-
ing element respectively.

2. A power steering apparatus comprising:

an electric motor generating an assistant steering force
assisting a steering force of a vehicle steering; and

the inverter apparatus claimed in claim 1 and controlling
the motor.

3. An inverter apparatus comprising:

an inverter circuit supplied with a DC power supply;

a switch circuit electrically opening and closing an elec-
trical path between the DC power supply and the
inverter circuit; and

a switch driving circuit having a reference potential point
in common with the inverter circuit and supplying a
signal controlling opening and closing of the switch
circuit, wherein:

the switch circuit includes two N-channel type semicon-
ductor switching elements series connected in a reverse
direction;

the switch driving circuit includes a half bridge circuit
including two semiconductor switching elements series
connected between a driving power supply and the
reference potential point; and further comprising

two current blocking diodes connected between a signal
output terminal of the half bridge circuit and one of the
semiconductor switching elements at the reference
potential side and between the signal output terminal of
the half bridge circuit and a protection diode connected
in parallel to the one semiconductor switching element
respectively.

4. A power steering apparatus comprising:

an electric motor generating an assistant steering force
assisting a steering force of a vehicle steering; and
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the inverter apparatus claimed in claim 3 and controlling
the motor.



