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Description

Field of the Invention

[0001] The present invention relates to a drive circuit
for a reversible single-phase brushless DC motor.

Background of the Invention

[0002] A drive circuit for a single-phase brushless DC
motor includes a sensor for detecting magnetic pole po-
sitions of a rotor and a motor driving integrated circuit for
controlling a switching circuit based on the magnetic pole
positions detected by the sensor. In case where an H-
bridge is used as the switching circuit, the diagonally po-
sitioned switching devices are alternately driven to feed
bidirectional currents to a motor coil.
[0003] As a method for rotating the single-phase
brushless DC motor in forward and reverse directions,
there is known a method in which the output signal of
Hall sensor for detecting magnetic pole positions is in-
putted to a motor-driving integrated circuit through a cir-
cuit capable of inverting and non-inverting the output sig-
nal (see, e.g., Japanese Patent Laid-open Application
No. 2005-261140).
[0004] With the prior art configuration mentioned
above, however, it is difficult to generate start-up torque
when the motor is started in a forward or reverse direc-
tion. Another problem resides in that it is necessary to
decide the start-up direction.
[0005] US 6,274,992 B1 relates to a braking method
for a single-phase motor and, in particular, to a braking
method using a three-phase motor driving IC to drive a
single-phase DC brushless motor.
[0006] GB 2 149 226 A discloses a collectorless D.C.
motor with a permanent-magnet rotor magnet arrange-
ment having at least two pole pairs and a star-connected
three-conductor stator winding. The winding’s conduc-
tors are arranged non-overlapping in slots of a slotted
stator. Their currents are controlled via at least three sem-
iconductor elements by at least three magnetic-field-sen-
sitive position sensors, the latter in turn being controlled
by the rotor magnet arrangement.

Summary of the Invention

[0007] While the invention is defined in the independ-
ent claim 1, further aspects of the invention are set forth
in the dependent claims, the drawings and the following
description.
[0008] In view of the above, the present invention pro-
vides a single-phase brushless DC motor drive circuit
capable of performing a start-up operation in a reliable
manner when rotating a single-phase brushless motor in
a forward direction and in a reverse direction.
[0009] In accordance with an embodiment of the in-
vention, there is provided a motor drive circuit for driving
a single-phase brushless DC motor includes a rotatably

supported magnet rotor having magnetic poles, a stator
core provided with slots and teeth, the teeth being ar-
ranged to face the magnet rotor, and a motor coil held in
the slots, including: a plurality of magnetic pole position
detectors for outputting detection signals indicative of
magnetic pole positions of the magnet rotor; a rotation
direction instruction circuit for issuing an instruct of a ro-
tation direction of the magnet rotor; a selector circuit for,
based on the instruction from the rotation direction in-
struction circuit, selectively outputting the detection sig-
nals of the magnetic pole position detectors; a switching
circuit for driving the motor coil; and a control circuit for,
based on the selectively outputted detection signals from
the selector circuit, controlling the switching circuit to
thereby control a direction and a magnitude of current
flowing through the motor coil.
[0010] The magnetic pole position detectors may in-
clude a first magnetic pole position detector arranged at
a medial position between the teeth within a predeter-
mined range around an advance angle of about zero and
a second magnetic pole position detector arranged to
have a predetermined advance angle relative to the first
magnetic pole position detector in a forward rotation di-
rection of the magnet rotor.
[0011] At a forward rotation start-up time when the ro-
tation direction instruction circuit instructs forward rota-
tion, the selector circuit may select and output a detection
signal of the second magnetic pole position detector; and
the control circuit may cause the magnet rotor to start up
by controlling the switching circuit in response to the de-
tection signal outputted from the selector circuit such that
an electric current flows through the motor coil in such a
direction as to allow the teeth to exert a repulsive force
against facing magnetic poles of the magnet rotor.
[0012] At a reverse rotation start-up time when the ro-
tation direction instruction circuit instructs reverse rota-
tion, the selector circuit may select and output a detection
signal of the first magnetic pole position detector, and
the control circuit may cause the magnet rotor to start up
by controlling the switching circuit in response to the de-
tection signal of the first magnetic pole position detector
outputted from the selector circuit such that an electric
current flows through the motor coil in such a direction
as to allow the teeth to exert an attractive force against
the facing magnetic pole of the magnet rotor.
[0013] The single-phase DC motor drive circuit may
include a timer for outputting a signal after a specified
time period has lapsed after the motor starts up, wherein
the magnetic pole position detectors further include a
third magnetic pole position detector arranged to have
an advance angle relative to the first magnetic pole po-
sition detector in a reverse rotation direction of the mag-
net rotor, wherein the selector circuit selects one of the
plurality of magnetic pole position detectors in response
to the instruction issued from the rotation direction in-
struction circuit and the signal from the timer, and the
selector circuit selects and outputs detection signals of
the third magnetic pole position detector after the spec-
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ified time period has lapsed from the reverse rotation
start-up time of the magnet rotor.
[0014] The single-phase brushless DC motor drive cir-
cuit may further include a sensor selection circuit for en-
abling the selector circuit to select one of the magnetic
pole position detectors and an output changing circuit for
changing the motor output power, at a time when the
rotation direction instruction circuit instructs the reverse
rotation, the selector circuit selects detection signals is-
sued from the first or the third magnetic pole position
detector depending on the motor output power.
[0015] The magnetic pole position detectors may in-
clude a fourth magnetic pole position detector arranged
to have an advance angle relative to the second magnetic
pole position detector in a forward rotation direction of
the magnet rotor, and wherein, at a time when the rotation
direction instruction circuit instructs the forward rotation,
the selector circuit selects detection signals issued from
the second or the fourth magnetic pole position detector
depending on the motor output power.
[0016] Each of the teeth may have a generally T-shape
asymmetrical in a left-and-right direction when seen in
an axial direction of the motor, and wherein, during stop-
page of the magnet rotor, magnetic centers of the mag-
netic poles of the magnet rotor are shifted to forward ro-
tation side beyond the centers of the teeth.
[0017] The present invention offers an advantageous
effect in that it can provide a single-phase brushless DC
motor drive circuit simple in configuration and capable of
performing forward and reverse start-up operations in a
reliable manner.

Brief Description of the Drawings

[0018] The objects and features of the present inven-
tion will become apparent from the following description
of embodiments, given in conjunction with the accompa-
nying drawings, in which:

Fig. 1 is a schematic section view illustrating the
structure of a single-phase brushless DC motor to
which the present invention applies and the arrange-
ment of magnetic sensors;
Fig. 2 is a block diagram showing a single-phase
brushless DC motor drive circuit in accordance with
first to third embodiments of the present invention;
Fig. 3 is a circuit diagram showing the major parts
of the drive circuit in accordance with the first to third
embodiments of the present invention;
Fig. 4 is a schematic section view illustrating the rel-
ative positional relationship between teeth, a magnet
rotor and magnetic sensors of the single-phase
brushless DC motor when the motor is rotated in the
forward direction by the drive circuit of the first em-
bodiment;
Fig. 5 is a schematic section view illustrating the rel-
ative positional relationship between the teeth, the
magnet rotor and the magnetic sensors of the single-

phase brushless DC motor when the motor is rotated
in the reverse direction by the drive circuit of the first
embodiment;
Fig. 6 is a schematic section view illustrating the rel-
ative positional relationship between the teeth, the
magnet rotor and the magnetic sensors of the single-
phase brushless DC motor when the motor is rotated
in the reverse direction by the drive circuit of the sec-
ond embodiment; and
Fig. 7 is a schematic section view illustrating the rel-
ative positional relationship between the teeth, the
magnet rotor and the magnetic sensors of the single-
phase brushless DC motor when the motor is rotated
in the forward direction by the drive circuit of the third
embodiment.

Detailed Description of the Preferred Embodiments

[0019] Hereinafter, embodiments of the present inven-
tion will be described in detail with reference to the ac-
companying drawings which form a part hereof.

First Embodiment

[0020] Fig. 1 is a schematic cross section view illus-
trating a structure of a single-phase brushless DC motor
and an arrangement of magnetic sensors (or magnetic
pole position detectors) to which a motor driving circuit
is accordance with an embodiment of the present inven-
tion may be applied. The motor structure and the sensor
arrangement is not limited to the depicted example but
can be varied appropriately.
[0021] Referring to Fig. 1, the single-phase brushless
DC motor 1 includes a rotatably supported magnet rotor
2 having a plurality of magnetic poles; a stator core 3
provided with a plurality of slots 5 and a plurality of teeth
4a and 4b, the teeth 4a and 4b being arranged to face
the magnet rotor 2; and a motor coil 6 (not shown in Fig.
1) held in the slots 5. The motor coil 6 is wound on the
teeth 4a and 4b in the opposite winding directions.
[0022] As shown in Fig. 1, magnetic pole position de-
tectors for outputting detection signals indicative of mag-
netic pole positions of the magnet rotor 2, namely a mag-
netic sensor 7 (a first magnetic pole position detector), a
magnetic sensor 8 (a second magnetic pole position de-
tector), a magnetic sensor 9 (a third magnetic pole posi-
tion detector) and a magnetic sensor 10 (a fourth mag-
netic pole position detector), are installed within the mag-
netic field range near the magnet rotor 2.
[0023] At the medial position between a tooth 4a and
its neighboring tooth 4b, the magnetic sensor 7 is ar-
ranged within a specific range around an advance angle
of zero. The magnetic sensor 8 is arranged to have a
preset advance angle relative to the position of the mag-
netic sensor 7 in the forward rotation direction of the mo-
tor. The magnetic sensor 9 is arranged to have a prede-
termined advance angle relative to the position of the
magnetic sensor 7 in the reverse rotation direction of the
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motor. The magnetic sensor 10 is arranged to have an-
other predetermined advance angle relative to the posi-
tion of the magnetic sensor 8 in the forward rotation di-
rection of the motor.
[0024] Fig. 2 is a block diagram showing a drive circuit
for driving the single-phase brushless DC motor 1. As
shown in Fig. 2, the drive circuit includes a plurality of
magnetic sensors 7, 8, 9 and 10 for outputting detection
signals indicative of the magnetic pole positions of the
magnet rotor 2; a rotation direction instruction circuit 11
for instructing the rotation direction of the magnet rotor
2; a selector circuit 12 for selectively outputting the de-
tection signals of the magnetic sensors 7 through 10
based on the instructions of the rotation direction instruc-
tion circuit 11; a switching circuit 13 for driving the motor
coil 6; and a control circuit 14 for controlling a direction
and a magnitude of current flowing through the motor coil
6 by controlling the switching circuit 13 based on the po-
sition detection signal selected by the selector circuit 12.
The rotation direction instruction circuit 11 provides, e.g.,
rotation direction instruction signal to the selector circuit
12 and the control circuit 14.
[0025] The drive circuit further includes a timer 15 for
outputting a signal after a specified time period has
lapsed from the motor start-up time, a sensor selection
circuit 16 for enabling the selector circuit 12 to select one
of the magnetic sensors 7 to 10, and an output changing
circuit 17 for changing the motor output power.
[0026] In the first embodiment, however, the magnetic
sensors 9 and 10, the timer 15, the sensor selection cir-
cuit 16sensor selection circuit 16 and the output changing
circuit 17 may be omitted.
[0027] In the switching circuit 13, an H-bridge circuit is
formed of switching elements, i.e., P-channel FETs 23a
and 23b and N-channel FETs 24a and 24b. The motor
coil 6 is connected between the junction point of the FETs
23a and 24a and the junction point of the FETs 23b and
24b.
[0028] In the switching circuit 13, the source terminals
of the FETs 23a and 23b are connected to the positive
electric potential 21 of a motor-driving power source. The
drain terminal of the FET 24a is connected to the drain
terminal of the FET 23a, while the drain terminal of the
FET 24b is connected to the drain terminal of the FET
23b. The source terminals of the FETs 24a and 24b are
connected to the negative electric potential 22 (herein-
after referred to as a ground potential 22) of the motor-
driving power source. The gate terminals of the FETs
23a, 23b, 24a and 24b are connected to the control circuit
14. Gate signals for controlling the on-and-off operations
of the FETs are respectively supplied from the control
circuit 14 to the FETs.
[0029] At the start-up time when the rotation direction
instruction circuit 11 instructs the forward rotation, the
selector circuit 12 selects and outputs the magnetic pole
position detection signal of the magnetic sensor 8. Re-
sponsive to the output of the selector circuit 12, the con-
trol circuit 14 causes the magnet rotor 2 to start up by

controlling the switching circuit 13 so that an electric cur-
rent is fed to the motor coil 6 in such a direction as to
allow the teeth 4a and 4b to exert repulsive forces on the
facing magnetic poles of the magnet rotor 2.
[0030] At the start-up time when the rotation direction
instruction circuit 11 instructs the reverse rotation, the
selector circuit 12 selects and outputs the magnetic pole
position detection signal of the magnetic sensor 7. Re-
sponsive to the output of the selector circuit 12, the con-
trol circuit 14 causes the magnet rotor 2 to start up by
controlling the switching circuit 13 so that an electric cur-
rent is fed to the motor coil 6 in such a direction as to
allow the teeth 4a and 4b to exert attractive forces on the
facing magnetic poles of the magnet rotor 2.
[0031] Fig. 3 is a circuit diagram illustrating the details
of the rotation direction instruction circuit 11, the selector
circuit 12, the timer 15 and the sensor selection circuit
16 shown in Fig. 2.
[0032] The selector circuit 12 includes diodes D1, D2,
D3 and D4 whose anodes are connected to the magnetic
sensors 10, 8, 7 and 9, respectively. The cathodes of the
diodes D1, D2, D3 and D4 are connected to one another
in a wired-off pattern so as to generate a single output
signal which in turn is fed to the control circuit 14 as a
post-selection magnetic sensor output. Electronically
controlled switches SW7, SW6, SW5 and SW4 are con-
nected at their one ends to the anodes of the diodes D1,
D2, D3 and D4 and are grounded at the other ends there-
of.
[0033] When turned on, the switches SW7, SW6, SW5
and SW4 serve to ground the outputs of the magnetic
sensors 10, 8, 7 and 9 connected to one ends thereof,
thus controlling the outputs not to be fed to the control
circuit 14. Only one of the switches SW7, SW6, SW5 and
SW4 is selected to be turned off so that the output of the
magnetic sensor connected to one end of the selected
single switch can be fed to the control circuit 14 through
one of the diodes D1, D2, D3 and D4. The rotation direc-
tion instruction circuit 11, the timer 15 and the sensor
selection circuit 16 generate control signals for turning
on or off the switches SW4 through SW7, thereby allow-
ing the selector circuit 12 to select one of the magnetic
sensors 7 through 10.
[0034] The rotation direction instruction circuit 11 in-
cludes a switch SW2 which can be manually or electron-
ically operated to instruct a desired rotation direction. The
switch SW2 can be turned on to instruct the forward ro-
tation as the rotation direction and turned off to instruct
the reverse rotation as the rotation direction. The switch
SW2 is connected at one end thereof to a control power
source 18 and grounded at the other end thereof through
a resistor R3. Therefore, the junction point between the
other end of the switch SW2 and the resistor R3 gener-
ates a forward rotation instruction signal, which is kept
in a positive electric potential when the switch SW2 is
turned on, but generates a reverse rotation instruction
signal, which is kept in a ground potential when the switch
SW2 is turned off. The forward/reverse rotation instruc-
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tion signal is supplied to the anodes of diodes D7 and
D8. Signals for controlling the switches SW4 and SW5
are respectively generated from the cathodes of the di-
odes D7 and D8.
[0035] The forward/reverse rotation signal generated
at the junction point between the other end of the switch
SW2 and the resistor R3 is also supplied to NOT circuits
NT2 and NT3. The potential of the forward/reverse rota-
tion signal is inverted by the NOT circuits NT2 and NT3
and are supplied to the anodes of diodes D9 and D10.
Signals for controlling the switches SW6 and SW7 are
respectively generated from the cathodes of the diodes
D9 and D10.
[0036] Therefore, the outputs of the magnetic sensors
7 and 9 are grounded when the switch SW2 is turned on,
and the outputs of the magnetic sensors 10 and 8 are
grounded when the switch SW2 is turned off.
[0037] The sensor selection circuit 16 includes a switch
SW3, which is manually or electronically operated. The
switch SW3 is connected at one end thereof to a voltage
of the control power source 18 and grounded at the other
end thereof through a resistor R4. Therefore, the junction
point between the other end of the switch SW3 and the
resistor R4 generates a sensor selection signal which is
kept in a positive electric potential when the switch SW3
is turned on but kept in a ground potential when the switch
SW3 is turned off. The sensor selection signal is supplied
to the anodes of NOT circuits NT4 and NT5 and the anode
of a diode D11. The output of the NOT circuit NT4 is used
as a signal for controlling a switch SW8.
[0038] A signal for controlling the switch 6 is generated
from the cathode of the diode D11. The output of the NOT
circuit NT5 is connected to the anode of a diode D12. A
signal for controlling the switch SW7 is generated from
the cathode of the diode D12.
[0039] The timer 15 includes a switch SW1, a resistor
R1, a resistor R2 and a capacitor C1. The switch SW1
is manually or electronically operated to allow the timer
15 to start counting the lapsed time. The switch SW1 is
connected at one end thereof to the voltage of the control
power source 18 and at the other end thereof to one end
of the resistor R1. The other end of the resistor R1 is
connected to one end of the resistor R2 and one end of
the capacitor C1. The other end of the resistor R2 and
the other end of the capacitor C1 is grounded. The other
end of the resistor R1 is also connected to one end of
the switch SW8, while the other end of the switch SW8
is grounded.
[0040] The control signal of the switch SW8 is the out-
put of the NOT circuit NT4 (the inverted sensor selection
signal) described in connection with the sensor selection
circuit 16. In case where the sensor selection circuit 16
does not instruct the motor 1 to generate output power,
the switch SW8 is on at all times. Therefore, the timer 15
stays inoperative, while the input of the NOT circuit NT1
and the anode of the diode D6 are kept at the ground
potential. The output of the NOT circuit NT1 is fed, as a
control signal, to the switch SW4 through a diode D5.

Thus, the switch SW4 is turned on and the output of the
magnetic sensor 9 is neglected.
[0041] If the switch SW1 is turned on while the sensor
selection circuit 16 issues the sensor selection signal of
the positive potential to turn off the switch SW8, the ca-
pacitor C1 begins to be charged through the resistor R1,
thereby increasing the voltage of the capacitor C1. After
a specified time period proportional to the time constant
determined by the resistors R1 and R2 and the capacitor
C1 has lapsed, the voltage of the capacitor C1 exceeds
the threshold voltage value of the NOT circuit NT1 to
become a time lapse signal. If the time lapse signal is
outputted to the diode D6, the switch SW5 is turned on
and the output of the magnetic sensor 7 is neglected
thereafter.
[0042] Use of the timer 15 is effective in the event that
the rotation direction instruction circuit 11 instructs the
reverse rotation to thereby turn off the switches SW4 and
SW5 and turn on the switches SW6 and SW7.
[0043] Referring next to Fig. 4, description will be made
on the forward rotation operation of the single-phase
brushless DC motor 1 in accordance with the present
embodiment.
[0044] At the forward rotation start-up time of the motor
1, the positional relationship between the teeth 4a and
4b of the stator and the magnetic poles of the magnet
rotor 2 is kept as shown in step S1’ in Fig. 4. Each of the
teeth 4a and 4b has a varying thickness or shape such
as a cutout or the like so that the magnetic resistance
can be asymmetrical in the left-and-right direction. Before
being supplied with electricity, the motor 1 is stopped in
a state that the magnetic centers of the magnet rotor 2
are shifted to the forward rotation side (to the clockwise
side in Fig. 4) beyond the centers of the teeth 4a and 4b.
[0045] If the switch SW2 of the rotation direction in-
struction circuit 11 is turned on, the voltage of the control
power-source 18 is applied to the switches SW4 and SW5
through the diodes D7 and D8 to turn on the switches
SW4 and SW5. Thus, the output voltages of the magnetic
sensors 9 and 7 have the same electric potential as the
ground potential 22.
[0046] In case where the switch SW3 of the sensor
selection circuit 16 is turned off, the voltages developed
at the both ends of the resistor R4 have the same electric
potential as the ground potential 22. The positive voltage
inverted by the NOT circuit NT5 is applied to the switch
SW7 through the diode D12 so that the switch SW7 is
turned on. Thus, the output voltage of the magnetic sen-
sor 10 has the same electric potential as the ground po-
tential 22. As a result, only the output of the magnetic
sensor 8 is fed to the control circuit 14 through the diode
D2.
[0047] At step S1’, the magnetic sensor 8 detects that
magnetic pole of the magnet rotor 2 it faces is an N-pole.
Responsive to a signal generated from the magnetic sen-
sor 8 and the forward rotation instruction signal from the
rotation direction instruction circuit 11, the control circuit
14 turns on, e.g., the FETs 23a and 24b to magnetize
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the teeth 4a and 4b so that an electric current can flow
through the motor coil 6 in such a direction as to make
the teeth 4b the N-pole and the teeth 4a the S-pole. Then,
a repulsive force is generated between the teeth 4a and
4b and the magnet rotor 2 to apply torque to the magnet
rotor 2, as a result of which the magnet rotor 2 begins to
rotate in the forward direction (namely, in the clockwise
direction in Fig. 4).
[0048] At the subsequent step S2’, the magnetic sen-
sor 8 detects that the facing magnetic pole of the magnet
rotor 2 is an N-pole. Responsive to a signal generated
from the magnetic sensor 8, the control circuit 14 turns
on the FETs 23a and 24b to magnetize the teeth 4a and
4b so that an electric current can flow through the motor
coil 6 in such a direction as to make the teeth 4b the N-
pole and the teeth 4a the S-pole. Then, an attractive force
is generated between the teeth 4a and 4b and the magnet
rotor 2 to apply torque to the magnet rotor 2, as a result
of which the magnet rotor 2 continues to rotate in the
forward direction (namely, in the clockwise direction in
Fig. 4).
[0049] At the next step S3’, the magnetic sensor 8 de-
tects that the facing magnetic pole of the magnet rotor 2
has been changed to an S-pole. Responsive to a signal
generated from the magnetic sensor 8, the control circuit
14 turns off the FETs 23a and 24b and ceases to supply
an electric current to the motor coil 6, thereby stopping
magnetizing the teeth 4a and 4b. Nevertheless, the mag-
net rotor 2 continues to make forward rotation by the in-
ertial force thereof and the attractive force generated be-
tween the teeth 4a and 4b and the magnet rotor 2 under
the influence of reluctance. A circuit delay between the
timing of applying the turn-on voltage to the FETs 23a,
24b, 23b and 24a and their completely turn-on timing is
predetermined. After the FETs 23a and 24b are turned-
off, the control circuit 14 applies the turn-on voltage to
the gates of the FETs 23b and 24a such that at the time
when the magnetic centers of the magnet rotor 2 coincide
with the centers of the teeth 4a and 4b, the FETs 23b
and 24a are fully turned on to magnetize the teeth 4a and
4b so that an electric current can flow through the motor
coil 6 in such a direction as to make the teeth 4b the S-
pole and the teeth 4a the N-pole. Then, a repulsive force
is generated between the teeth 4a and 4b and the magnet
rotor 2 to apply torque to the magnet rotor 2, as a result
of which the magnet rotor 2 continues to rotate in the
forward direction (namely, in the clockwise direction in
Fig. 4).
[0050] At the subsequent step S4’, the magnetic sen-
sor 8 detects that the facing magnetic pole of the magnet
rotor 2 is an S-pole. Responsive to a signal generated
from the magnetic sensor 8, the control circuit 14 turns
on the FETs 23b and 24a to magnetize the teeth 4a and
4b so that an electric current can flow through the motor
coil 6 in such a direction as to make the teeth 4b the S-
pole and the teeth 4a the N-pole. Then, an attractive force
is generated between the teeth 4a and 4b and the magnet
rotor 2 to apply torque to the magnet rotor 2, as a result

of which the magnet rotor 2 continues to rotate in the
forward direction (namely, in the clockwise direction in
Fig. 4).
[0051] At the next step S5’, the magnetic sensor 8 de-
tects that the facing magnetic pole of the magnet rotor 2
has been changed to an-N-pole. Responsive to a signal
generated from the magnetic sensor 8, the control circuit
14 turns off the FETs 23b and 24a and ceases to supply
an electric current to the motor coil 6, thereby stopping
magnetizing the teeth 4a and 4b. Nevertheless, the mag-
net rotor 2 continues to make forward rotation by the in-
ertial force thereof and the attractive force generated be-
tween the teeth 4a and 4b and the magnet rotor 2 under
the influence of reluctance. At the time when the magnetic
centers of the magnet rotor 2 coincide with the centers
of the teeth 4a and 4b, the control circuit 14 turns on the
FETs 23a and 24b to magnetizing the teeth 4a and 4b
so that an electric current can flow through the motor coil
6 in such a direction as to make the teeth 4b the N-pole
and the teeth 4a the S-pole. Then, a repulsive force is
generated between the teeth 4a and 4b and the magnet
rotor 2 to apply torque to the magnet rotor 2, as a result
of which the magnet rotor 2 continues to rotate in the
forward direction (namely, in the clockwise direction in
Fig. 4). Thereafter, steps S2’ through S5’ are repeated
to allow the magnet rotor 2 to continuously make forward
rotation.
[0052] Referring next to Fig. 5, description will be made
on the reverse operation of the single-phase brushless
DC motor 1 in accordance with the present embodiment.
[0053] At the reverse rotation start-up time of the motor
1, the positional relationship between the teeth 4a and
4b of the stator and the magnetic poles of the magnet
rotor 2 is kept as shown in step S1 in Fig. 5. Each of the
teeth 4a and 4b has a varying thickness or shape such
as a cutout or the like so that the magnetic resistance
can be asymmetrical in the left-and-right direction. Before
being supplied with electricity, the motor 1 is stopped in
a state that the magnetic centers of the magnet rotor 2
are shifted to the forward rotation side (to the clockwise
side in Fig. 5) beyond the centers of the teeth 4a and 4b.
[0054] If the switch SW2 of the rotation direction in-
struction circuit 11 is turned off, the voltage developed
at the opposite ends of the resistor R3 has the same
electric potential as the ground potential 22. The positive
voltage inverted by the NOT circuits NT2 and NT3 is ap-
plied to the switches SW6 and SW7 through the diodes
D9 and D10 so that the switches SW6 and SW7 can be
turned on. Thus, the output voltages of the magnetic sen-
sors 8 and 10 have the same electric potential as the
ground potential 22. When the switch SW3 of the sensor
selection circuit 16 is turned off, the voltages developed
at the both ends of the resistor R4 have the same electric
potential as the ground potential 22. The positive voltage
inverted by the NOT circuit NT4 is applied to the switch
SW8 so that the switch SW8 is turned on. Thus, the volt-
ages developed at the both ends of the resistor R2 have
the same electric potential as the ground potential 22.
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The positive voltage inverted by the NOT circuit NT1 is
applied to the switch SW4 through the diode D5 so that
the switch SW4 is turned on. Thus, the output voltage of
the magnetic sensor 9 has the same electric potential as
the ground potential 22. As a result, only the output of
the magnetic sensor 7 is fed to the control circuit 14
through the diode D3.
[0055] At step S1, the magnetic sensor 7 detects that
magnetic pole of the magnet rotor 2 it faces is an N-pole.
Responsive to a signal generated from the magnetic sen-
sor 7 and the reverse rotation instruction signal from the
rotation direction instruction circuit 11, the control circuit
14 turns on, e.g., the FETs 23b and 24a to magnetize
the teeth 4a and 4b so that an electric current can flow
through the motor coil 6 in such a direction as to make
the teeth 4b the S-pole and the teeth 4a the N-pole. Then,
an attractive force is generated between the teeth 4a and
4b and the magnet rotor 2 to apply torque to the magnet
rotor 2, as a result of which the magnet rotor 2 begins to
rotate in the reverse direction (namely, in the counter-
clockwise direction in Fig. 5).
[0056] At the subsequent step S2, the magnetic sensor
7 detects that the facing magnetic pole of the magnet
rotor 2 has been changed to an S-pole. Responsive to a
signal generated from the magnetic sensor 7, the control
circuit 14 turns off the FETs 23b and 24a and ceases to
supply an electric current to the motor coil 6, thereby
stopping magnetizing the teeth 4a and 4b. Nevertheless,
the magnet rotor 2 continues to make reverse rotation
by the inertial force thereof and the attractive force gen-
erated between the teeth 4a and 4b and the magnet rotor
2 under the influence of reluctance. At the time when the
magnetic centers of the magnet rotor 2 coincide with the
centers of the teeth 4a and 4b, the control circuit 14 turns
on the FETs 23a and 24b so that an electric current can
flow through the motor coil 6 in such a direction as to
make the teeth 4b the N-pole and the teeth 4a the S-pole,
thereby magnetizing the teeth 4a and 4b. Then, a repul-
sive force is generated between the teeth 4a and 4b and
the magnet rotor 2 to apply torque to the magnet rotor 2,
as a result of which the magnet rotor 2 continues to rotate
in the reverse direction (namely, in the counterclockwise
direction in Fig. 5).
[0057] At the next step S3, the magnetic sensor 7 de-
tects that the facing magnetic pole of the magnet rotor 2
is an S-pole. Responsive to a signal generated from the
magnetic sensor 7, the control circuit 14 turns on the
FETs 23a and 24b to magnetize the teeth 4a and 4b so
that an electric current can flow through the motor coil 6
in such a direction as to make the teeth 4b the N-pole
and the teeth 4a the S-pole. Then, an attractive force is
generated between the teeth 4a and 4b and the magnet
rotor 2 to apply torque to the magnet rotor 2, as a result
of which the magnet rotor 2 continues to rotate in the
reverse direction (namely, in the counterclockwise direc-
tion in Fig. 5).
[0058] At the next step S4, the magnetic sensor 7 de-
tects that the facing magnetic pole of the magnet rotor 2

has been changed to an N-pole. Responsive to a signal
generated from the magnetic sensor 7, the control circuit
14 turns off the FETs 23a and 24b and ceases to supply
an electric current to the motor coil 6, thereby stopping
magnetizing the teeth 4a and 4b. Nevertheless, the mag-
net rotor 2 continues to make reverse rotation by the in-
ertial force thereof and the attractive force generated be-
tween the teeth 4a and 4b and the magnet rotor 2 under
the influence of reluctance. At the time when the magnetic
centers of the magnet rotor 2 coincide with the centers
of the teeth 4a and 4b, the control circuit 14 turns on the
FETs 23b and 24a to magnetize the teeth 4a and 4b so
that an electric current can flow through the motor coil 6
in such a direction as to make the teeth 4b the S-pole
and the teeth 4a the N-pole. Then, a repulsive force is
generated between the teeth 4a and 4b and the magnet
rotor 2 to apply torque to the magnet rotor 2, as a result
of which the magnet rotor 2 continues to rotate in the
reverse direction (namely, in the counterclockwise direc-
tion in Fig. 5).
[0059] At the next step S5, the magnetic sensor 7 de-
tects that the facing magnetic pole of the magnet rotor 2
is an N-pole. Responsive to a signal generated from the
magnetic sensor 7, the control circuit 14 turns on the
FETs 23b and 24a to magnetize the teeth 4a and 4b so
that an electric current can flow through the motor coil 6
in such a direction as to make the teeth 4b the S-pole
and the teeth 4a the N-pole. Then, an attractive force is
generated between the teeth 4a and 4b and the magnet
rotor 2 to apply torque to the magnet rotor 2, as a result
of which the magnet rotor 2 continues to rotate in the
reverse direction (namely, in the counterclockwise direc-
tion in Fig. 5). Thereafter, steps S2 through S5 are re-
peated to allow the magnet rotor 2 to continuously make
reverse rotation.
[0060] With the first embodiment described above, it
is possible to provide a single-phase brushless motor
drive circuit simple in configuration and capable of per-
forming forward and reverse start-up operations in a re-
liable manner.

Second Embodiment

[0061] Next, description will be made on a drive circuit
for driving a single-phase brushless DC motor 1 in ac-
cordance with a second embodiment. In describing the
second embodiment, the component parts having the like
configuration and operational effect as those of the first
embodiment will be designated by like reference charac-
ters. The detailed description of the first embodiment
made in that regard will be incorporated herein by refer-
ence.
[0062] The configuration of the second embodiment
differs from that of the first embodiment in that the mag-
netic sensor 9 (the third magnetic pole position detector)
and the timer 15 are essential in the second embodiment.
Another difference lies in that the selector circuit 12 se-
lects the magnetic sensors depending on the rotation di-
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rection instruction circuit 11 and the timer 15. The mag-
netic sensor 7 (or the first magnetic pole position detec-
tor) is selected at the reverse rotation start-up time and
the magnetic sensor 9 is selected after a specified time
period has lapsed from the start-up time.
[0063] Given the afore-mentioned differences, the op-
eration of the single-phase brushless DC motor drive cir-
cuit will be described with reference to Figs. 1 through 3
and Fig. 6.
[0064] During the reverse rotation of the motor 1, the
switch SW2 of the rotation direction instruction circuit 11
remains turned off and the voltage developed at the op-
posite ends of the resistor R3 has the same electric po-
tential as the ground potential 22. The positive voltage
inverted by the NOT circuits NT2 and NT3 is applied to
the switches SW6 and SW7 through the diodes D9 and
D10 to turn on the switches SW6 and SW7. Thus, the
output voltage of the magnetic sensors 8 and 10 has the
same electric potential as the ground potential 22. If the
switch SW3 of the sensor selection circuit 16 is turned
on, the voltage of the control power source 18 is inverted
by the NOT circuit NT4 and then applied to the switch
SW8, thereby turning off the switch SW8. Subsequently,
if the switch SW1 of the timer 15 is turned on, the voltage
of the control power source 18 is coupled to the capacitor
C1 via the resistor R1. The capacitor C1 is charged with
a specified time constant determined by the resistor R1,
the resistor R2 and the capacitor C1. The term "specified
time constant" denotes the time required until the rotation
of the motor 1 becomes stable, which is equal to or great-
er than 50 msec and preferably 1 sec or more. The switch
SW1 of the timer 15 may be configured to be turned on
and off on unison with the on and off operation of the
switch SW3 of the sensor selection circuit 16.
[0065] In case where the charged voltage value of the
capacitor C1 is equal to or smaller than the threshold
voltage value of the NOT circuit NT1, the positive voltage
inverted by the NOT circuit NT1 is applied to the switch
SW4 via the diode D5 to turn on the switch SW4. Thus,
the output voltage of the magnetic sensor 9 has the same
electric potential as the ground potential 22. As a result,
only the output of the magnetic sensor 7 is fed to the
control circuit 14 through the diode D3. The reverse ro-
tation made at this time is performed by repeating steps
S2 through S5 as shown in Fig. 5 and set forth earlier in
connection with the first embodiment.
[0066] If the charged voltage value of the capacitor C1
charged with the specified time constant is greater than
the threshold voltage value of the NOT circuit NT1, the
output inverted by the NOT circuit NT1 has the same
electric potential as the ground potential 22. Likewise,
the output voltage of the diode D5 has the same electric
potential as the ground potential 22. Thus, the switch
SW4 is turned off so that the output of the magnetic sen-
sor 9 can be fed to the control circuit 14 through the diode
D4. Furthermore, the charged voltage value of the ca-
pacitor C1 is applied to the switch SW5 through the diode
D6 to turn on the switch SW5. Thus, the output voltage

of the magnetic sensor 7 has the same electric potential
as the ground potential 22. As a result, only the output
of the magnetic sensor 9 is fed to the control circuit 14
through the diode D4.
[0067] At step S11 illustrated in Fig. 6, the magnetic
sensor 9 detects that the facing magnetic pole of the mag-
net rotor 2 is an S-pole. Responsive to a signal generated
from the magnetic sensor 9 and the reverse rotation in-
struction signal from the rotation direction instruction cir-
cuit 11, the control circuit 14 turns on, e.g., the FETs 23a
and 24b to magnetize the teeth 4a and 4b so that an
electric current can flow through the motor coil 6 in such
a direction as to make the teeth 4b the N-pole and the
teeth 4a the S-pole. Then, an repulsive force is generated
between the teeth 4a and 4b and the magnet rotor 2 to
apply torque to the magnet rotor 2, as a result of which
the magnet rotor 2 continues to rotate in the reverse di-
rection (namely, in the counterclockwise direction in Fig.
6).
[0068] At the subsequent step S12, the magnetic sen-
sor 7 detects that the facing magnetic pole of the magnet
rotor 2 has been changed to an N-pole. Responsive to a
signal generated from the magnetic sensor 9, the control
circuit 14 turns off the FETs 23a and 24b and ceases to
supply an electric current to the motor coil 6, thereby
stopping magnetizing the teeth 4a and 4b. Nevertheless,
the magnet rotor 2 continues to make reverse rotation
by the inertial force thereof and the attractive force gen-
erated between the teeth 4a and 4b and the magnet rotor
2 under the influence of reluctance. At the time when the
magnetic centers of the magnet rotor 2 coincide with the
centers of the teeth 4a and 4b, the FETs 23b and 24a
are fully turned on by the control circuit 14 to magnetize
the teeth 4a and 4b so that an electric current can flow
through the motor coil 6 in such a direction as to make
the teeth 4b the S-pole and the teeth 4a the N-pole. Then,
a repulsive force is generated between the teeth 4a and
4b and the magnet rotor 2 to apply torque to the magnet
rotor 2, as a result of which the magnet rotor 2 continues
to rotate in the reverse direction (namely, in the counter-
clockwise direction in Fig. 6).
[0069] At the next step S13, the magnetic sensor 9
detects that the facing magnetic pole of the magnet rotor
2 is an N-pole. Responsive to a signal generated from
the magnetic sensor 9, the control circuit 14 turns on the
FETs 23b and 24a to magnetize the teeth 4a and 4b so
that an electric current can flow through the motor coil 6
in such a direction as to make the teeth 4b the S-pole
and the teeth 4a the N-pole. Then, a repulsive force is
generated between the teeth 4a and 4b and the magnet
rotor 2 to apply torque to the magnet rotor 2, as a result
of which the magnet rotor 2 continues to rotate in the
reverse direction (namely, in the counterclockwise direc-
tion in Fig. 6).
[0070] At the next step S14, the magnetic sensor 9
detects that the facing magnetic pole of the magnet rotor
2 has been changed to an S-pole. Responsive to a signal
generated from the magnetic sensor 9, the control circuit
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14 turns off the FETs 23b and 24a and ceases to supply
an electric current to the motor oil 6, thereby stopping
magnetizing the teeth 4a and 4b. Nevertheless, the mag-
net rotor 2 continues to make reverse rotation by the in-
ertial force thereof and the attractive force generated be-
tween the teeth 4a and 4b and the magnet rotor 2 under
the influence of reluctance. At the time when the magnetic
centers of the magnet rotor 2 coincide with the centers
of the teeth 4a and 4b, the FETs 23b and 24a are fully
turned on by the control circuit 14 to magnetize the teeth
4a and 4b so that an electric current can flow through the
motor coil 6 in such a direction as to make the teeth 4b
the N-pole and the teeth 4a the S-pole. Then, a repulsive
force is generated between the teeth 4a and 4b and the
magnet rotor 2 to apply torque to the magnet rotor 2, as
a result of which the magnet rotor 2 continues to rotate
in the reverse direction (namely, in the counterclockwise
direction in Fig. 6). Thereafter, steps S11 through S14
are repeated to allow the magnet rotor 2 to continuously
make reverse rotation.
[0071] Since the magnetic sensor 9 is attached near
the tooth 4a in an angular position advanced from the
magnetic sensor 7 in the reverse rotation direction of the
magnet rotor 2, it is possible to greatly increase the motor
efficiency as compared to the first embodiment where
the motor 1 is rotated in the reverse direction using the
magnetic sensor 7.
[0072] Further, the advance angle of the magnetic sen-
sor 9 may be made to match with the high-speed reverse
rotation of the motor 1, and the switch SW3 of the sensor
selection circuit 16 may be interrelated with the output
changing instructions (e.g., a PWM (pulse width modu-
lation) signal or the like) of the output changing circuit 17
in the control circuit 14. For instance, if the switch SW3
of the sensor selection circuit 16 is configured to be
turned on when the instruction for high motor output pow-
er are fed to the control circuit 14 or, alternatively, if the
output changing circuit 17 in the control circuit 14 is con-
figured to control the motor 1 to generate the high motor
output power when the switch SW3 is turned on, it be-
comes possible to greatly enhance the motor efficiency
in case where the rotating speed (rpm) of the motor 1
grows higher together with high motor output power.
[0073] With the second embodiment described above,
a single-phase brushless DC motor 1 with high efficiency
during reverse rotation can be provided using a drive
circuit simple in configuration. In addition, it is possible
to provide a single-phase brushless DC motor 1 having
high efficiency according to the motor output during re-
verse rotation.

Third Embodiment

[0074] Referring next to Figs. 1 through 3 and Fig. 7,
description will be made on a drive circuit for driving a
single-phase brushless DC motor 1 in accordance with
a third embodiment. In describing the third embodiment,
the component parts having the same configuration and

operational effect as those of the first embodiment will
be designated by like reference characters. The detailed
description of the first embodiment made in that regard
will be incorporated herein by reference.
[0075] The configuration of the third embodiment dif-
fers from that of the first embodiment in that the magnetic
sensor 10 (the fourth magnetic pole position detector),
the sensor selection circuit 16 and the output changing
circuit 17 are essential in the third embodiment. Another
difference lies in that the selector circuit 12 selects the
magnetic sensors under the control of the rotation direc-
tion instruction circuit 11 and the sensor selection circuit
16. The magnetic sensor 8 (the second magnetic pole
position detector) is selected at the forward rotation start-
up time and the magnetic sensor 10 is selected after the
switch SW3 of the sensor selection circuit 16 is turned on.
[0076] During the forward rotation of the motor 1, the
switch SW2 of the rotation direction instruction circuit 11
remains turned on and the voltage of the control power
source 18 is applied to the switches SW4 and SW5
through the diodes D7 and D8 to turn on the switches
SW4 and SW5. Thus, the output voltages of the magnetic
sensors 9 and 7 have the same electric potential as the
ground potential 22. In case where the switch SW3 of
the sensor selection circuit 16 is turned off, the voltages
developed at the both ends of the resistor R4 have the
same electric potential as the ground potential 22. The
positive voltage inverted by the NOT circuit NT5 is applied
to the switch SW7 via the diode D12 to turn on the switch
SW7. Thus, the output voltage of the magnetic sensor
10 has the same electric potential as the ground potential
22. As a result, only the output of the magnetic sensor 8
is fed to the control circuit 14 via the diode D2. The for-
ward rotation made at this time is performed by repeating
steps S2’ through S5’ as shown in Fig. 4 and set forth
earlier in connection with the first embodiment.
[0077] If the switch SW3 of the sensor selection circuit
16 is turned on, the voltage of the control power source
18 is applied to the switch SW6 through the diode D11
to turn on the switch SW6. Thus, the output power of the
magnetic sensor 8 has the same electric potential as the
ground potential 22. In addition, the voltage of the control
power source 18 is inverted by the NOT circuit NT5, the
output of which has the same electric potential as the
ground potential 22. Likewise, the output voltage of the
diode D12 has the same electric potential as the ground
potential 22. Thus, the switch SW7 is turned off so that
only the output of the magnetic sensor 10 can be fed to
the control circuit 14 through the diode D1.
[0078] At step S11’ shown in Fig. 7, the magnetic sen-
sor 10 detects that the facing magnetic pole of the magnet
rotor 2 is an N-pole. Responsive to a signal generated
from the magnetic sensor 10 and the forward rotation
instruction signal from the rotation direction instruction
circuit 11, the control circuit 14 turns on, e.g., the FETs
23a and 24b to magnetize the teeth 4a and 4b so that an
electric current can flow through the motor coil 6 in such
a direction as to make the teeth 4b the N-pole and the
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teeth 4a the S-pole. Then, a repulsive force is generated
between the teeth 4a and 4b and the magnet rotor 2 to
apply torque to the magnet rotor 2, as a result of which
the magnet rotor 2 begins to rotate in the forward direction
(namely, in the clockwise direction in Fig. 7).
[0079] At the subsequent step S12’, the magnetic sen-
sor 10 detects that the facing magnetic pole of the magnet
rotor 2 has been changed to an S-pole. Responsive to a
signal generated from the magnetic sensor 10, the con-
trol circuit 14 turns off the FETs 23a and 24b and ceases
to supply an electric current to the motor coil 6, thereby
stopping magnetizing the teeth 4a and 4b. Nevertheless,
the magnet rotor 2 continues to make forward rotation
by the inertial force thereof and the attractive force gen-
erated between the teeth 4a and 4b and the magnet rotor
2 under the influence of reluctance. At the time when the
magnetic centers of the magnet rotor 2 coincide with the
centers of the teeth 4a and 4b, the FETs 23b and 24a
are fully turned on by the control circuit 14 to magnetize
the teeth 4a and 4b so that an electric current can flow
through the motor coil 6 in such a direction as to make
the teeth 4b the S-pole and the teeth 4a the N-pole. Then,
a repulsive force is generated between the teeth 4a and
4b and the magnet rotor 2 to apply torque to the magnet
rotor 2, as a result of which the magnet rotor 2 continues
to rotate in the forward direction (namely, in the clockwise
direction in Fig. 7).
[0080] In the next step S13’, the magnetic sensor 10
detects the fact that the facing magnetic pole of the mag-
net rotor 2 is an S-pole. Responsive to a signal generated
from the magnetic sensor 10, the control circuit 14 turns
on the FETs 23b and 24a to magnetize the teeth 4a and
4b so that an electric current can flow through the motor
coil 6 in such a direction as to make the teeth 4b the S-
pole and the teeth 4a the N-pole. Then, a repulsive force
is generated between the teeth 4a and 4b and the magnet
rotor 2 to apply torque to the magnet rotor 2, as a result
of which the magnet rotor 2 continues to rotate in the
forward direction (namely, in the clockwise direction in
Fig. 7).
[0081] In the next step S14’, the magnetic sensor 10
detects that the facing magnetic pole of the magnet rotor
2 has been changed to an N-pole. Responsive to a signal
generated from the magnetic sensor 10, the control cir-
cuit 14 turns off the FETs 23b and 24a and ceases to
supply an electric current to the motor coil 6, thereby
stopping magnetizing the teeth 4a and 4b. Nevertheless,
the magnet rotor 2 continues to make forward rotation
by the inertial force thereof and the attractive force gen-
erated between the teeth 4a and 4b and the magnet rotor
2 under the influence of reluctance. At the time when the
magnetic centers of the magnet rotor 2 coincide with the
centers of the teeth 4a and 4b, the FETs 23a and 24b
are fully turned on by the control circuit 14 to magnetize
the teeth 4a and 4b so that an electric current can flow
through the motor coil 6 in such a direction as to make
the teeth 4b the N-pole and the teeth 4a the S-pole. Then,
a repulsive force is generated between the teeth 4a and

4b and the magnet rotor 2 to apply torque to the magnet
rotor 2, as a result of which the magnet rotor 2 continues
to rotate in the forward direction (namely, in the clockwise
direction in Fig. 7). Thereafter, steps S11’ through S14’
are repeated to allow the magnet rotor 2 to continuously
make forward rotation.
[0082] Further, the advance angle of the magnetic sen-
sor 10 may be made to with the high-speed forward ro-
tation of the motor 1, and the switch SW3 of the sensor
selection circuit 16 may be interrelated with the output
changing instructions (e.g., a PWM (pulse width modu-
lation) signal or the like) of the output changing circuit 17
in the control circuit 14. For instance, if the switch SW3
of the sensor selection circuit 16 is configured to be
turned on when the instruction for high motor output pow-
er are fed to the control circuit 14, or, alternatively, if the
output changing circuit 17 in the control circuit 14 is con-
figured to control the motor 1 to generate the high motor
output power when the switch SW3 is turned on it be-
comes possible to greatly enhance the motor efficiency
in case where the rotation speed (rpm) of the motor 1
grows higher together with high motor output power.
[0083] With the third embodiment described above, a
single-phase brushless DC motor 1 with high efficiency
according to the motor output during forward rotation can
be provided using a drive circuit simple in configuration.
[0084] Although the magnetic sensor 9 or 10 for exclu-
sive use in high speed rotation is selected with respect
to the switch SW3 of the sensor selection circuit 16, the
motor efficiency can be optimized depending on the dif-
ferent motor output power by increasing the number of
switches and the number of magnetic sensors corre-
sponding thereto.
[0085] While certain preferred embodiments have
been described hereinabove, the present invention is not
limited thereto. For example, although the drive circuit
for driving a single-phase brushless DC motor 1 in ac-
cordance with the preferred embodiments employs FETs
as the switching elements of the switching circuit 13, it
is equally possible to realize a simple circuit configuration
by using NPN-type or PNP-type bipolar transistors or IG-
BTs.
[0086] Furthermore, the switches employed in the
foregoing embodiments may be formed of transistors,
FETs, relays or the like.
[0087] Although the timer used in the foregoing em-
bodiments is formed of a time constant circuit including
a capacitor and a resistor, it may be possible to realize
the timer by using the instructions issued from a dedicat-
ed timer IC or a microcomputer.

Claims

1. A motor drive circuit for driving a single-phase brush-
less DC motor (1) including a rotatably supported
magnet rotor (2) having magnetic poles, a stator core
(3) provided with slots (5) and teeth (4a, 4b), the
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teeth (4a, 4b) being arranged to face the magnet
rotor (2), and a motor coil (6) held in the slots (5),
comprising:

a plurality of the magnetic pole position detec-
tors (7, 8, 9, 10) for outputting detection signals
indicative of magnetic pole positions of the mag-
net rotor (2);
a rotation direction instruction circuit (11) for is-
suing an instruct of a rotation direction of the
magnet rotor (2);
a selector circuit (12) for, based on the instruc-
tion from the rotation direction instruction circuit
(11), selectively outputting the detection signals
of the magnetic pole position detectors (7, 8, 9,
10);
a switching circuit (13) for driving the motor coil
(6); and
a control circuit (14) for, based on the selectively
outputted detection signals from the selector cir-
cuit (12), controlling the switching circuit (13) to
thereby control a direction and magnitude of cur-
rent flowing through the motor coil (6),
characterized in that the teeth (4a, 4b) include
a first tooth (4a) and a second tooth (4b) adjacent
to the first tooth (4a), the second tooth (4b) being
arranged to have a preset advance angle rela-
tive to a position of the first tooth (4a) in a forward
rotation direction of the motor (1), and the mag-
netic pole position detectors (7, 8, 9, 10) include
a first to a fourth magnetic pole position detector
(7, 8, 9, 10), the first to the fourth magnetic pole
position detector (7, 8, 9, 10) being arranged
between the first tooth (4a) and the second tooth
(4b);
the first magnetic pole position detector (7) is
arranged at a medial position between the first
tooth (4a) and the second tooth (4b) within a
predetermined range around an advance angle
of about zero and the second magnetic pole po-
sition detector (8) is arranged in a slot on a side
of the second tooth to have a predetermined ad-
vance angle relative to the first magnetic pole
position detector (7) in the forward rotation di-
rection of the magnet rotor (2);
the third magnetic pole position detector (9) is
arranged in a slot on a side of the first tooth (4a)
to have an advance angle relative to the first
magnetic pole position detector (7) in a reverse
rotation direction of the magnet rotor (2);
the fourth magnetic pole position detector (10)
is arranged in the slot on the side of the second
tooth (4b) to have an advance angle relative to
the second magnetic pole position detector (8)
in a forward rotation direction of the magnet rotor
(2),
wherein, at a forward rotation start-up time when
the rotation direction instruction circuit (11) in-

structs forward rotation, the selector circuit (12)
selects and outputs a detection signal of the sec-
ond magnetic pole position detector (8), and the
control circuit (14) causes the magnet rotor (2)
to start up by controlling the switching circuit (13)
in response to the detection signal outputted
from the selector circuit (12) such that an electric
current flows through the motor coil (6) in such
a direction as to allow the teeth (4a, 4b) to exert
a repulsive force against facing magnetic poles
of the magnet rotor (2),
wherein, at a reverse rotation start-up time when
the rotation direction instruction circuit (11) in-
structs reverse rotation, the selector circuit (12)
selects and outputs a detection signal of the first
magnetic pole position detector (7), and the con-
trol circuit (14) causes the magnet rotor (2) to
start up by controlling the switching circuit (13)
in response to the detection signal of the first
magnetic pole position detector (7) outputted
from the selector circuit (12) such that an electric
current flows through the motor coil (6) in such
a direction as to allow the teeth (4a, 4b) to exert
an attractive force against the facing magnetic
poles of the magnet rotor (2), and
wherein each of the teeth has a generally T-
shape asymmetrical in a left-and-right-direction
when seen in an axial direction of the motor (1).

2. The single-phase brushless DC motor drive circuit
of claim 1, further comprising a timer (15), for out-
putting a signal after a specified time period has
lapsed after the motor (1) starts up,
wherein the selector circuit (12) selects one of the
plurality of magnetic pole position detectors (7, 8, 9,
10) in response to the instruction issued from the
rotation direction instruction circuit (11) and the sig-
nal from the timer (15), and the selector circuit (12)
selects and outputs detection signals of the third
magnetic pole position detector (9) after the specified
time period has lapsed from the reverse rotation
start-up time of the magnet rotor (2).

3. The motor drive circuit of claim 1 or 2, further com-
prising a sensor selection circuit (16) for enabling
the selector circuit (12) to select one of the magnetic
pole position detectors (7, 8, 9, 10) and an output
changing circuit (17) for changing the motor output
power,
wherein at a time when the rotation direction instruc-
tion circuit (11) instructs the reverse rotation, the se-
lector circuit (12) selects detection signals issued
from the first or the third magnetic pole position de-
tector (7, 9) depending on the motor output power.

4. The motor drive circuit of any one of claims 1 to 3,
wherein, at a time when the rotation direction instruc-
tion circuit (11) instructs the forward rotation, the se-
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lector circuit (12) selects detection signal issued from
the second or the fourth magnetic pole position de-
tector (8, 10) depending on the motor output power.

5. The single-phase brushless DC motor drive circuit
of any one of claims 1 to 4, wherein, during stoppage
of the magnet rotor (2), magnetic centers of the mag-
netic poles of the magnet rotors (2) are shifted to
forward rotation side beyond the centers of the teeth
(4a, 4b).

Patentansprüche

1. Motorantriebsschaltung zum Antreiben eines ein-
phasigen bürstenlosen Gleichstrommotors (1), der
einen rotierbar gelagerten Magnetrotor (2) umfasst,
der magnetische Pole aufweist, einen Statorkern (3),
der mit Schlitzen (5) und Zähnen versehen ist (4a,
4b), wobei die Zähne (4a, 4b) angeordnet sind, um
dem Magnetrotor (2) gegenüberzuliegen, und eine
Motorspule (6), die in den Schlitzen (5) gehalten
wird, welche umfasst:

eine Vielzahl der Magnetpolpositionsdetektoren
(7, 8, 9, 10) zum Ausgeben von Detektionssi-
gnalen, die Magnetpolpositionen des Magnetro-
tors (2) angeben;
eine Rotationsrichtungsanweisungsschaltung
(11) zum Ausgeben einer Anweisung einer Ro-
tationsrichtung des Magnetrotors (2);
eine Auswahlschaltung (12) zum, auf der
Grundlage der Anweisung von der Rotations-
richtungsanweisungsschaltung (11), wahlwei-
sen Ausgeben der Detektionssignale der Ma-
gnetpolpositionsdetektoren (7, 8, 9, 10);
eine Schaltschaltung (13) zum Antreiben der
Motorspule (6); und
eine Steuerschaltung (14) zum, auf der Grund-
lage der wahlweise ausgegebenen Detektions-
signale von der Auswahlschaltung (12), Steuern
der Schaltschaltung (13), um dadurch eine
Richtung und eine Größe von Strom, der durch
die Motorspule (6) fließt, zu steuern,
dadurch gekennzeichnet, dass die Zähne
(4a, 4b) einen ersten Zahn (4a) und einen zwei-
ten Zahn (4b) benachbart zum ersten Zahn (4a)
umfassen, wobei der zweite Zahn (4b) ausge-
legt ist, um einen vorgegebenen Voreilwinkel re-
lativ zu einer Position des ersten Zahns (4a) in
einer Vorwärtsrotationsrichtung des Motors (1)
aufzuweisen, und die Magnetpolpositionsdetek-
toren (7, 8, 9, 10) einen ersten bis vierten Ma-
gnetpolpositionsdetektor (7, 8, 9, 10) umfassen,
wobei der erste bis vierte Magnetpolpositions-
detektor (7, 8, 9, 10) zwischen dem ersten Zahn
(4a) und dem zweiten Zahn (4b) angeordnet
sind;

der erste Magnetpolpositionsdetektor (7) an ei-
ner Mittelposition zwischen dem ersten Zahn
(4a) und dem zweiten Zahn (4b) innerhalb eines
vorbestimmten Bereichs um einen Voreilwinkel
von ungefähr Null angeordnet ist und der zweite
Magnetpolpositionsdetektor (8) in einem Schlitz
auf einer Seite des zweiten Zahns angeordnet
ist, um einen vorgegebenen Vorwärtswinkel re-
lativ zum ersten Magnetpolpositionsdetektor (7)
in der Vorwärtsrotationsrichtung des Magnetro-
tors (2) aufzuweisen;
der dritte Magnetpolpositionsdetektor (9) in ei-
nem Schlitz auf einer Seite des ersten Zahns
(4a) angeordnet ist, um einen Voreilwinkel rela-
tiv zum ersten Magnetpolpositionsdetektor (7)
in einer Rückwärtsrotationsrichtung des Magne-
trotors (2) aufzuweisen;
der vierte Magnetpolpositionsdetektor (10) in
dem Schlitz auf der Seite des zweiten Zahns
(4b) angeordnet ist, um einen Voreilwinkel rela-
tiv zum zweiten Magnetpolpositionsdetektor (8)
in einer Vorwärtsrotationsrichtung des Magne-
trotors (2) aufzuweisen,
wobei, bei einer Vorwärtsrotationsstartzeit,
wenn die Rotationsrichtungsanweisungsschal-
tung (11) eine Vorwärtsrotation anweist, die
Auswahlschaltung (12) ein Detektionssignal
des zweiten Magnetpolpositionsdetektors (8)
auswählt und ausgibt, und die Steuerschaltung
(14) den Magnetrotor (2) veranlasst, durch Steu-
ern der Schaltschaltung (13) in Reaktion auf das
Detektionssignal, das von der Auswahlschal-
tung (12) ausgegeben wird, zu starten, so dass
ein elektrischer Strom durch die Motorspule (6)
in einer derartigen Richtung fließt, um den Zäh-
nen (4a, 4b) zu erlauben, eine Abstoßungskraft
gegen gegenüberliegende Magnetpole des Ma-
gnetrotors (2) auszuüben,
wobei, bei einer Rückwärtsrotationsstartzeit,
wenn die Rotationsrichtungsanweisungsschal-
tung (11) eine Rückwärtsrotation anweist, die
Auswahlschaltung (12) ein Detektionssignal
des ersten Magnetpolpositionsdetektors (7)
auswählt und ausgibt, und die Steuerschaltung
(14) den Magnetrotor (2) veranlasst, durch Steu-
ern der Schaltungsschaltung (13) in Reaktion
auf das Detektionssignal des ersten Magnetpol-
positionsdetektors (7) zu starten, das von der
Auswahlschaltung (12) ausgegeben wird, so
dass ein elektrischer Strom durch die Motorspu-
le (6) in einer derartigen Richtung fließt, um den
Zähnen (4a, 4b) zu erlauben, eine Abstoßungs-
kraft gegen die gegenüberliegenden Magnetpo-
le des Magnetrotors (2) auszuüben,
wobei jeder der Zähne im Grundsätzlichen eine
T-Form aufweist, die asymmetrisch in einer
Links- und Rechtsrichtung ist, wenn in einer
axialen Richtung des Motors (1) betrachtet.
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2. Einphasige bürstenlose Gleichstrommotorantriebs-
schaltung gemäß Anspruch 1, die ferner einen Zeit-
geber (15) umfasst zum Ausgeben eines Signals,
nachdem eine bestimmte Zeitdauer verstrichen ist,
nachdem der Motor (1) startet,
wobei die Auswahlschaltung (12) einen aus der Viel-
zahl von Magnetpolpositionsdetektoren (7, 8, 9, 10)
in Reaktion auf die Anweisung, die von der Rotati-
onsrichtungsanweisungsschaltung (11) und dem Si-
gnal des Zeitgebers (15) ausgegeben wird, aus-
wählt, und die Auswahlschaltung (12) Detektionssi-
gnale des dritten Magnetpolpositionsdetektors (9)
auswählt und ausgibt, nachdem die festgelegte Zeit-
dauer von der Rückwärtsrotationsstartzeit des Ma-
gnetrotors (2) verstrichen ist.

3. Motorantriebssteuerung gemäß Anspruch 1 oder 2,
welche ferner eine Sensorauswahlschaltung (16)
umfasst, um der Auswahlschaltung (12) zu ermög-
lichen, einen der Magnetpolpositionsdetektoren (7,
8, 9, 10) auszuwählen, und eine Ausgangsände-
rungsschaltung (17) zum Ändern der Motoraus-
gangsleistung,
wobei zu einem Zeitpunkt, wenn die Rotationsrich-
tungsanweisungsschaltung (11) die Rückwärtsrota-
tion anweist, die Auswahlschaltung (12) Detektions-
signale auswählt, die vom ersten oder dritten Ma-
gnetpolpositionsdetektor (7, 9) abhängig von der
Motorausgangsleistung ausgegeben werden.

4. Motorantriebssteuerung gemäß einem der Ansprü-
che 1 bis 3, wobei, zu einem Zeitpunkt, wenn die
Rotationsrichtungsanweisungsschaltung (11) die
Vorwärtsrotation anweist, die Auswahlschaltung
(12) ein Detektionssignal auswählt, das vom zweiten
oder dem vierten Magnetpolpositionsdetektor (8, 10)
abhängig von der Motorausgangsleistung ausgege-
ben wird.

5. Einphasige bürstenlose Gleichstrommotorantriebs-
schaltung gemäß einem der Ansprüche 1 bis 4, wo-
bei, während eines Stoppens des Magnetrotors (2)
magnetische Zentren der Magnetpole der Magne-
trotoren (2) zu einer Vorwärtsrotationsseite jenseits
der Zentren der Zähne (4a, 4b) verschoben werden.

Revendications

1. Circuit de commande de moteur destiné à comman-
der un moteur à courant continu sans balai mono-
phasé (1) qui comprend un rotor à aimants (2) sup-
porté en rotation, qui présente des pôles magnéti-
ques, un noyau de stator (3) doté de fentes (5) et de
dents (4a, 4b), les dents (4a, 4b) étant disposées de
manière à faire face au rotor à aimants (2), et un
bobinage de moteur (6) maintenu dans les fentes
(5), comprenant :

a une pluralité de détecteurs de position des
pôles magnétiques (7, 8, 9, 10) destinés à déli-
vrer en sortie des signaux de détection indicatifs
des positions des pôles magnétiques du rotor à
aimants (2) ;
a un circuit d’instruction de direction de rotation
(11) destiné à fournir une instruction de direction
de rotation du rotor à aimants (2) ;
a un circuit de sélection (12) destiné à délivrer
en sortie de manière sélective, sur la base de
l’instruction en provenance du circuit d’instruc-
tion de direction de rotation (11), les signaux de
détection des détecteurs de position des pôles
magnétiques (7, 8, 9, 10) ;
a un circuit de commutation (13) destiné à com-
mander le bobinage de moteur (6) ; et
a un circuit de commande (14) destiné à com-
mander, sur la base des signaux de détection
délivrés en sortie de manière sélective par le
circuit de sélection (12), le circuit de commuta-
tion (13) de façon à commander de ce fait la
direction et la grandeur du courant qui circule à
travers le bobinage de moteur (6) ;
caractérisé en ce que les dents (4a, 4b) com-
prennent une première dent (4a) et une deuxiè-
me dent (4b) adjacente à la première dent (4a),
la deuxième dent (4b) étant disposée de façon
à présenter un angle d’avance préréglé par rap-
port à la position de la première dent (4a) dans
la direction d’une rotation vers l’avant du moteur
(1), et les détecteurs de position des pôles ma-
gnétiques (7, 8, 9, 10) comprennent quatre dé-
tecteurs de position des pôles magnétiques (7,
8, 9, 10), les quatre détecteurs de position des
pôles magnétiques (7, 8, 9, 10) étant disposés
entre la première dent (4a) et la deuxième dent
(4b) ;
a le premier détecteur de position des pôles
magnétiques (7) est disposé au niveau d’une
position médiane entre la première dent (4a) et
la deuxième dent (4b) à l’intérieur d’une plage
prédéterminée autour d’un angle d’avance ap-
proximativement égal à zéro, et le deuxième dé-
tecteur de position des pôles magnétiques (8)
est disposé dans une fente sur un côté de la
deuxième dent de façon à présenter un angle
d’avance prédéterminé par rapport au premier
détecteur de position des pôles magnétiques (7)
dans la direction d’une rotation vers l’avant du
rotor à aimants (2) ;
a le troisième détecteur de position des pôles
magnétiques (9) est disposé dans une fente sur
un côté de la première dent (4a) de façon à pré-
senter un angle d’avance par rapport au premier
détecteur de position des pôles magnétiques (7)
dans la direction d’une rotation inverse du rotor
à aimants (2) ;
a le quatrième détecteur de position des pôles
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magnétiques (10) est disposé dans la fente sur
le côté de la deuxième dent (4b) de façon à pré-
senter un angle d’avance par rapport au deuxiè-
me détecteur de position des pôles magnéti-
ques (8) dans la direction d’une rotation vers
l’avant du rotor à aimants (2) ;
dans lequel, au moment du démarrage d’une
rotation vers l’avant lorsque le circuit d’instruc-
tion de direction de rotation (11) instruit une ro-
tation vers l’avant, le circuit de sélection (12) sé-
lectionne et
délivre en sortie un signal de détection du
deuxième détecteur de position des pôles ma-
gnétiques (8), et le circuit de commande (14)
provoque le démarrage du rotor à aimants (2)
en commandant le circuit de commutation (13)
en réponse au signal de détection délivré en sor-
tie par le circuit de sélection (12) de telle sorte
qu’un courant électrique circule à travers le bo-
binage de moteur (6) dans une direction qui per-
met aux dents (4a, 4b) d’exercer une force de
répulsion vis-à-vis des pôles magnétiques qui
font face du rotor à aimants (2) ;
dans lequel, au moment du démarrage d’une
rotation inverse lorsque le circuit d’instruction de
direction de rotation (11) instruit une rotation in-
verse, le circuit de sélection (12) sélectionne et
délivre en sortie un signal de détection du pre-
mier détecteur de position des pôles magnéti-
ques (7), et le circuit de commande (14) provo-
que le démarrage du rotor à aimants (2) en com-
mandant le circuit de commutation (13) en ré-
ponse au signal de détection du premier détec-
teur de position des pôles magnétiques (7) dé-
livré en sortie par le circuit de sélection (12) de
telle sorte qu’un courant électrique circule à tra-
vers le bobinage de moteur (6) dans une direc-
tion qui permet aux dents (4a, 4b) d’exercer une
force d’attraction vis-à-vis des pôles magnéti-
ques qui font face du rotor à aimants (2) ; et
dans lequel chacune des dents présente en gé-
néral une forme en T asymétrique dans une di-
rection gauche et droite en regardant dans une
direction axiale du moteur (1).

2. Circuit de commande d’un moteur à courant continu
sans balai monophasé selon la revendication 1,
comprenant en outre un temporisateur (15) destiné
à délivrer en sortie un signal après qu’une période
de temps spécifiée s’est écoulée après le démarrage
du moteur (1), dans lequel le circuit de sélection (12)
sélectionne l’un de la pluralité de détecteurs de po-
sition des pôles magnétiques (7, 8, 9, 10) en réponse
à l’instruction fournie par le circuit d’instruction de
direction de rotation (11) et au signal en provenance
du temporisateur (15), et le circuit de sélection (12)
sélectionne et délivre en sortie les signaux de dé-
tection du troisième détecteur de position des pôles

magnétiques (9) après que la période de temps spé-
cifiée s’est écoulée à partir de l’instant de démarrage
de la rotation inverse du rotor à aimants (2).

3. Circuit de commande de moteur selon la revendica-
tion 1 ou la revendication 2, comprenant en outre un
circuit de sélection de détecteur (16) destiné à per-
mettre au circuit de sélection (12) de sélectionner
l’un des détecteurs de position des pôles magnéti-
ques (7, 8, 9, 10) et un circuit de modification de
sortie (17) destiné à modifier la puissance de sortie
du moteur ; dans lequel au moment où le circuit d’ins-
truction de direction de rotation (11) instruit la rota-
tion inverse, le circuit de sélection (12) sélectionne
les signaux de détection fournis par le premier ou
par le troisième détecteur de position des pôles ma-
gnétiques (7, 9) en fonction de la puissance de sortie
du moteur.

4. Circuit de commande de moteur selon l’une quel-
conque des revendications 1 à 3, dans lequel au
moment où le circuit d’instruction de direction de ro-
tation (11) instruit la rotation vers l’avant, le circuit
de sélection (12) sélectionne les signaux de détec-
tion fournis par le deuxième ou par le quatrième dé-
tecteur de position des pôles magnétiques (8, 10)
en fonction de la puissance de sortie du moteur.

5. Circuit de commande d’un moteur à courant continu
sans balai monophasé selon l’une quelconque des
revendications 1 à 4, dans lequel, au cours de l’arrêt
du rotor à aimants (2), les centres magnétiques des
pôles magnétiques des rotors à aimants (2) sont dé-
calés du côté de la rotation vers l’avant au-delà des
centres des dents (4a, 4b).
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