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(57) Abrégée/Abstract:

A phase control apparatus Is provided with a first transistor 31, 31" whose source or emitter iIs connected to one end of an
alternating current power supply 1 and whose drain or collector iIs connected to one end of a load 2, a second transistor 32, 32°
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(57) Abrege(suite)/Abstract(continued):

whose source or emitter iIs connected to the other end of the alternating current power supply 1 and whose drain or collector Is
connected to the other end of the load 2, a diode bridge 71, 71" that rectifies an alternating current voltage of the alternating current
power supply 1, and a parallel circuit of a zener diode 74, 74" and a capacitor 73, 7/3". The parallel circuit generates a high potential
relative to a potential at a negative output terminal of the diode bridge 71, or generates a low potential relative to a potential at a
positive output terminal of the diode bridge 71'. A potential at a control terminal of the first transistor 31, 31" and a potential at a
control terminal of the second transistor 32, 32" are switched between the high potential and the potential at the negative output
terminal of the diode bridge 71, or between the low potential and the potential at the positive output terminal of the diode bridge 71'.
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ABSTRACT

A phase control apparatus is provided with a first
transistor 31, 31’ whose source or emitter 1s connected to one
end of an alternating current power supply 1 and whose draln or
collector is connected to one end of a load 2, a second transistor
32, 32’ whose source or emitter is connected to the other end of

the alternating current power supply 1 and whose drain or

collector is connected to the other end of the load 2, a diode

bridge 71, 71’ that rectifies an alternating current voltage of

the alternating current power supply 1, and a parallel circuilt

of a zener diode 74, 74’ and a capacitor 73, 73". The parallel
circuit generates a high potential relative to a potential at a
negative output terminal of the diode bridge /1, or generates a

low potential relative to a potential at a positlive output

terminal of the diode bridge 71’. A potential at a control
terminal of the first transistor 31, 31’ and a potential at a
control terminal of the second transistor 32, 32’ are switched
between the high potential and the potential at the negative

F

output terminal of the diode bridge 71, or between the low

1}

potential and the potential at the positive output terminal o:

the diode bridge 71".
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PHASE CONTROL APPARATUS

FIELD OF THE INVENTION

[0001] The present i1nvention relates to a phase control
apparatus for performing phase control or reverse phase control
of power to an AC load, and more specifically to a phase control
apparatus for performing phase control or reverse phase control

of power to an AC load, using a transistor as a switching element.

BACKGROUND OF THE INVENTION

[0002] In the field of electrical devices such as electric
power tools and light fittings, phase control or reverse phase
control of power to a load such as an AC (Alternating Current)
motor or lighting load 1s widely performed. For example, JP
2009-12149A and JP 08-154392A disclose control apparatuses for
an electric power tool or an AC motor that perform phase control
of an AC motor, using a triac or an SSR (Solid State Relay) as

a switching element.

[0003] In the case where phase control or reverse phase

control of an AC load is performed in an electrical device,
electromagnetic noise arises due to the sudden change in current

at the time of switching. With an electrical device such an

electric power tool in which current flow to the AC load 1s high,

the adverse effects on surrounding electrical devices and the
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human body because of the considerable amounts of electromagnetic

noise caused by switching 1s of particular concern.

[0004] JP 11-1061346A discloses a phase control apparatus for

performing phase control or reverse phase control using two
MOSFETs (Metal-0Oxide Semiconductor Field-Effect Transistors)
connected in series 1n opposité directions. In recent years,
transistors capable of controlling high current such as MOSFETs
and IGBTs (Insulated Gate Bipolar Transistors) have become
popular in the power electronics field. Compared with triacs and
SSRs, transistors are advantageous in reducing the change 1n
current at the time of switching. Hence, even with phase control
or reverse phase control of electrical devices (e.g., electric
power tools) in which a comparatively high current flows to the
load, suppression of electromagnetic noise at the time of
switching is conceivable by using a transistor capable of
controlling high current as a switching element.

[0005] In the case where phase control or reverse phase

control using a transistor capable of controlling high current

is performed in an electrical device that operates at high current,
a comparatively high constant voltage used as a gate or base drive

voltage of the transistor needs to be generated and applilied to

the gate or base of the transistor. A phase control apparatus

shown in FIG. 2 of JP 11-161346A uses a gate power supply that

uses a transformer to obtain a gate drive voltage froman AC voltage.
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However, such a gate power supply unit is not preferable in terms
of requiring a comparatively large installation area and beilng
costly and heavy.

[0006] Also, with a phase control apparatus shown in FIG.
8 of JP 11-161346A, a series circuit of the AC power supply and
the load i1s connected between input terminals of a diode bridge,
although full-wave rectifying an AC voltage applied between these

terminals with a diode bridge does not allow a stable high DC

(Direct Current) voltage to be obtained. Hence, the
configuration of this phase control apparatus is not preferable
for phase control or reverse phase control using a transistor

capable of controlling high current.

[0007] If the gate or base drive voltage of a transistor 1s
generated from an AC voltage using half-wave rectification rather
than full-wave rectification, i1t should be possible to generate

the gate or base drive voltage using a comparatively simple

circuit configuration. However, 1n order to perform phase

control or reverse phase control stably and accurately, the gate
or base drive voltage needs to be stable. In view of this, the

gate or base drive voltage preferably is generated by full-wave

rectifying an AC voltage.

SUMMARY OF THE INVENTION

[0008] The present invention is intended to solve the above
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problems, and has as 1ts object to generate a drive voltage to
be applied to a control terminal of a transistor by performing
full-wave rectificationusing a simple circuit configuration that

1s space saving, low cost and lightweight, 1n a phase control

apparatus for performing phase control or reverse phase control
on an AC load using a transistor.

[0009] A phase control apparatus of a first aspect of the
present invention performs phase-control or reverse phase control
of power that 1s supplied to a load connected to an alternating
current power supply, and includes a first transilistor whose source
or emltter 1s connected to one end of the alternating current power
supply, and whose drain or collector 1s connected to one end of
the load, a second transistor whose source or emitter 1s connected
to the other end of the alternating current power supply, and whose
draln or collector 1s connected to the other end of the load, a
diode bridge that rectifies an alternating current voltage of the
alternating current power supply, and a parallel circuit of a
zener diode and a capacitor. The parallel circuilt generates a
high potential relative to a potential at a negative output
terminal of the diode bridge, or generates a low potential
relative to a potential at a positive output terminal of the diode

bridge, using an output of the diode bridge, and a potential at

a control terminal of the first transistor and a potential at a

control terminal of the second transistor are switched between
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the high potential and the potential at the negative output
terminal of the diode bridge or between the low potential and the
potential at the positive output terminal of the diode bridge.
[0010] Further, the phase control apparatus of the present
invention includes a resistor. One end of the resistor 1is

connected to the positive output terminal of the diode bridge,

the other end of the resistor i1s connected to a cathode of the
zener diode and one end of the capacitor, and an anode of the zener
diode and the other end of the capacilitor are connected to the
negative output terminal of the diode bridge. One input terminal
of the diode bridge 1is connectéd to a connection point of the
alternating current power supply and the first transistor, and

the other i1nput terminal of the diliode bridge 1s connected to a

connection point of the alternating current power supply and the

second transistor. Also, the potential at the control terminal

of the first transistor and the potential at the control terminal
of the second transistor are switched between a potential at a
connection point of the resistor and the parallel circuit and the

potential at the negative output terminal of the diode bridge.

[0011]. Further, the phase control apparatus of the present
invention includes a switching element. The control terminal Qf
the first transistor and the control terminal of the second

transistor are each connected to one end of the switching element

via a gate resistor, and a potential at one end of the switching
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element switches between the potential at the connection point
of the resistor and the parallel circuit and the potential at the
negative output terminal of the diode bridge, according to an

on/off state of the switching element.

O [0012] Further, the phase control apparatus of the present
invention i1ncludes a resistor. One end of the resistor is

connected to the negative output terminal of the diode bridge,

the other end of the resistor is connected to an anode of the zener
diode and one end of the capacitor, and a cathode of the zener

10 diode and the other end of the capacitor are connected to the

positive output terminal of the diode bridge. One input terminal
of the diode bridge is connected to a connection point of the
alternating current power supply and the first transistor, and
the other input terminal of the diode bridge i1s connected to a
15 connection point of the alternating current power supply and the
second transistor. Also, the potential at the control terminal
of the first transistor and the potential at the control terminal

of the second transistor are switched between a potential at the

—

connection point of the resistor and the parallel circuit and a

20 potential at the positive output terminal of the diode bridge.

(0013} Further, the phase control apparatus of the present

|

invention includes a switching element. The control terminal of
the first transistor and the control terminal of the second

transistor are each connected to one end of the switching element
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via a gate resistor, and a potential at one end of the switching
element switches between the potential at the connection point
of the resistor and the parallel‘circuit and the potential at the

positive output terminal of the diode bridge, according to an

p—

on/off state of the switching element.

[0014] A phase control apparatus of a second aspect of the

present invention performs phase-control or reverse phase control

of power that 1s supplied to a load connected to an alternating
current power supply, using a switching means provided 1in series
with the load, and includes a diode bridge that rectifies an

alternating current voltage of the'alternating current power

supply, a first parallel circult of a first zener diode and a first
capacitor for generating a high potential relative to a potential
at a negative output terminal of the diode bridge, using an output
of the diode bridge, and a second parallel circuit of a second
zener diode and a second capacitor for generating a low potential

relative to a potential at a positive output terminal of the diode

bridge, using the output of the diode bridge. The switching means

includes a first transistor provided between the alternating

current power supply and the load, a second transistor of
different polarity to the first transistor and arranged 1in
parallel with the first transistor, a first diode connected in
series in the forward direction with respect to the first

transistor, and a second diode connected 1n series 1n the forward
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direction with respect to the second transistor. A source or an

emitter of the first transistor and a source or an emitter of the
second transistor are arranged on the alternating current power
supply side, a potential at a control terminal of the first
transistor 1s switched between the high potential and the

potential at the negative output terminal of the diode bridge,

and a potential at a control terminal of the second transistor

is switched between the low potential and the potential at the

positive output terminal of the diode bridge.

[0015] Further, the phase control apparatus of the present
invention includes a resistor. One end of the resistor is
connected to a cathode of the first zener diode and one end of

the first capacitor, the other end of the resistor is connected

to an ancde of the second zener diode and one end of the second
capacltor, an anode of the first zener diode and the other end
of the first capacitor are connected to the negative output

terminal of the diode bridge, and a cathode of the second zener
diode and the other end of the second capacitor are connected to
the positive output terminal of the diode bridge. One input

terminal of the diode bridge 1s connected to a connection point
of the alternating current power supply and the switching means,

and the other input terminal of the diode bridge i1s connected to

a connection point of the alternating current power supply and

the load. Also, the potential at the control terminal of the first
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transistor is switched between a potential at a connection point
of the resistor and the first parallel circuit and the potential
at the negative output terminal of the diode bridge, and the

potential at the control terminal of the second transistor is
swltched between a potential at a connection point of the resistor
and the second parallel circuit and the potential at the positive

output terminal of the diode bridge.

[001lo6] Further, the phase control apparatus of the present
invention includes a first switching element and a second

switching element. The control terminal of the first transistor
1s connected to one end of the first switching element via a gate
resistor, a potential at one end of the first switching element
switches between the potential at the connection point of the
resistor and the first parallel circulit and the potential at the
negative output terminal of the diode bridge, according to an

P

on/off state of the first switching element, the control terminal

F

of the second transistor i1is connected to one end of the second

switching element via a gate resistor, and a potential at one end
of the second switching element switches between the potential
at the connection point of the resistor and the second parallel
circult and the potential at thé positive output terminal of the
diode bridge, according to an on/off state of the second switching

element.

[0017] Further, the phase control apparatus of the present
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invention 1ncludes a first resistor and a second resistor. One

end of the first resistor 1s connected to a cathode of the first
zener diode and one end of the first capacitor, one end of the
second resistor 1s connected to an anode of the second zener diode

and one end of the second capacitor, the other end of second

resistor, an anode of the first zener diode and the other end of

the first capacitor are connected to the negative output terminal

of the diode bridge, and the other end of first resistor, a cathode
of the second zener diode and the other end of the second capacitor
are connected to the positive output terminal of the diode bridge.
One 1nput terminal of the diode bridge 1is connected to a connection
point of the alternating current power supply and the switching
means, and the other input terminal of the diode bridge 1is

connected to a connection point of the alternating current power
supply and the load. Also, the potential at the control terminal

of the first transistor 1s swilitched between a potential at a

connection point of the first resistor and the first parallel

circuit and the potential at the negative output terminal of the
diode bridge, and the potential at the control terminal of the
second transistor is switched between a potential at a connection
point of the second resistor and the second parallel circuit and

the potential at the positive output terminal of the diode bridge.

[0018] Further, the phase control apparatus of the present

invention includes a first switching element and a second
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switching element. The control terminal of the first transistor

1s connected to one end of the first switching element via a gate
resistor, a potential at one end of the first switching element
switches between the potential at the connection point of the
first resistor and the first parallel circuit and the potential
at the negative output terminal of the diode bridge, according
to an on/off state of the first switching element, the control
terminal of the second transistor is connected to one end of the
second switching element via a gate resistor, and a potential at
one end of the second switching element switches between the

potential at the connection point of the second resistor and the
second parallel circuit and the potential at the positive output

P

terminal of the diode bridge, according to an on/off state of the

second switching element.

[0019] In the present 1nvention, a potential applied to the

P

control terminal of two transistors used 1n phase control or

reverse phase control 1is provided using the abovementioned

circuilt configuration. Further, these transistors are arranged

such that the relationship between the potential at the source

or emitter of the two transistors and the potential at the output

terminal of the diode bridge changes according to the AC voltage.

Hence, with the present invention, full-wave rectification can

be performed using a simple circuit configuration that 1s space

saving, low cost and lightweight, and, further, by performing
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full-wave rectification using this circuit configuration, a

stable voltage required for controlling these transistors can be

provided to control terminals of the two transistors. This

circult configuration 1s space saving, low cost, lightweight and
simple( given that electrical components such as transformers are
not included.

[0020] Also, because a sufficiently high voltage can be
generated 1n the case where a commercial AC power supply is used
as the AC power supply, for example, phase control or reverse phase
control using a high current transistor as the switching element

can be readily performed in the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] FIG. 1 isacircuit diagram showing a first embodiment
of a phase control apparatus of the present invention.

(0022 ] FIG. 2 1s a circuit diagram Showing a second
embodiment of a phase control apparatus of the present invention.
[0023] FIG. 31s a circuit diagram showling a third embodiment
of a phase control apparatus of the present 1nvention.

100241 FIG. 4 1s a circult diagram showing a fourth

embodiment of a phase control apparatus of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0025] Hereinafter, the present invention will be described
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using the drawings.

FIG. 1 1s a circuit diagram showing a configuration of a phase
control apparatus serving as a first embodiment of the present
invention. The phase control apparatus 1s provided with an AC
load 2 whose power supply 1s aﬁ AC power supply 1, a switching

gar—

means 3 that switches supply power to the AC load 2 on/off, a

control means 5 that controls the operation of the switching means
3 such that a voltage 1s applied to the AC load 2 at a prescribed

phase angle or firing angle, and a constant voltage generation

means / that generates a constant voltage to be used in controlling
the switching means 3 from an AC voltage.
[0026] For example, the AC power supply 1 1s a commercial

F

AC power supply of a single-phase alternating current, and a 100

V, 50 or 60 Hz single-phase AC power supply, a 220 V, 50 Hz

single—-phase AC power supply or the like may be used. For example,
a phase control apparatus of the present inventlion 1s 1ncorporated
and used 1n a bolt tightening device, and the AC load 2 is an AC
motor that rotationally drives a socket. The socket detachably

F

engages the head of a bolt or a nut that is threaded onto a bolt.

The electrical device 1n which the phase control apparatus of the
present invention is used is not particularly limited, and the
phase control apparatus of the present l1nvention may be applied
to an electrical device other than a bolt tightening device. For

example, the phase control apparatus of the present invention may
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be used 1n order to perform phase control of a lighting load 1in
a light fitting.

[0027] The switching means 3 includes two N-channel MOSFETs
31 and 32 connected 1n series to the AC load 2. The drain of the

MOSFET 31 1s connected to one end of the AC lcad 2, and the scurce

of the MOSFET 31 is connected to one end of the AC power supply

L}

1. The drain of the MOSFET 32 is connected to the other end of

the AC load 2, and the source of the MOSFET 32 is connected to

the other end of the AC power supply 1. A diode 41 that allows
reverse current flow 1s provided between the drain and source of
the MOSFET 31. A diode 42 that allows reverse current flow 1is
also provided between the drain and source of the MOSFET 32. The
operation of the switching means 3 will be discussed 1n detail
later.

(0028] The control means 5 includes a zero-crossing

detection circuit 51, a timer circuit 52, a CPU 53, a clock 54,

and a flip-flop circuilit 55. A series clrcult composed of a

light-emitting diode of a first photocoupler 56 and a resistor

57 1s connected between output terminals of the zero-crossing

detection circuit 51. The collector of a phototransistor of the
first photocoupler 56 1s connected to an unshown power supply,
and the emitter of this phototransistor is connected to an input
terminal of the timer circuit 52 and a reset terminal of the

flip—-flop circuit 55, as well as being grounded via a resistor
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58. The AC voltage of the AC power supply 1 is applied between

input terminals of the zero-crossing detection circuit 51. The

zero—-crossing detection circuit 51 detects a state in which the

AC voltage of the AC power supply 1 1s zero, that 1s, zero crossing
of the AC voltage, and generates a signal having short pulses
according to zero crossings of the AC voltage. The pulse interval
of the signal 1s a half cycle of the AC voltage. The generated
pulse signal 1s input to the timer circuit 52 and the flip-flop
circult 55 via the first photocoupler 56.

[0029] The timer circuit 52 starts counting time whenever
a pulse output from the zero-crossing detection cilrcuit 51 is
recelved. When a prescribed set time period has been counted,

the timer cilrcuit 52 outputs a pulse to a set termlinal of the

flip-flop circuit 55. In other words, the timer circuit 52

outputs the pulse signal output by the zero-crossing detection

circuit 51 to the flip-flop circuit 55 after delaying the pulse
signal by this set time period.

[0030] The clock 54 generates a clock signal that is used
by the timer circuit 52 in counting time. The CPU 53 sets the
above set time period, that is, the delay time period of the pulse
signal, and provides the set time period to the timer circuit 52.
For example, in the case where the phase control apparatus of the
present invention is used in a bolt tightening device, the CPU

53 determines the set time period according to a tightening torque
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setting that has been set by a user, and provides the set time
period to the timer circuit 52.

[0031] The pulse signal output by the zero-crossing
detection circuit 51 1s input to the reset terminal of the
flip-flop circuit 55, and to the set terminal of the flip-flop
circuit 55 after being delaved by the set time period. The

flip—-flop circuit 55 in FIG. 1 is reset by input of the pulse to

the reset terminal, and 1s set when the pulse 1s 1nput to the set

terminal after the set time peri1od has elapsed from input of the
pulse to the reset terminal. As a result, the flip-flop circuit
55 generates a pulse signal whose pulse 1nterval 1s a half-cycle

of the alternating current, and whose pulse width is a time period

obtained by subtracting the set time period from the half-cycle

of the alternating current. The pulse width of each pulse of this

pulse signal corresponds to the phase angle of phase control.
[0032] An output terminal of the flip-flop circuit 55 1is

grounded via a light-emitting diode 59%9a of a second photocoupler

59 and a resistor 60. The collector of a phototransistor 59b of
the second photocoupler 59 1s connected to a power supply line
that supplies the constant voltage generated by the constant

voltage generation means /. The emitter of the phototransistor

59b of the second photocoupler 59 1is connected to the respective
gates of the MOSFETs 31 and 32 via gate resistors 33 and 34.

[0033] The constant voltage generation means 7 is provided
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with a diode bridge 71 that full-wave rectifies the AC voltage.
One input terminal of the diode bridge /1 1s connected to a

connection point of the MOSFET 31 and the AC power supply 1, and
the other input terminal of the diode bridge 71 1s connected to
a connection point of the MOSFET 32 and the AC power supply 1.
A posiltive output terminal of the diode bridge 71 is connected

to a parallel circuit of a capacitor 73 and a zener diode 74 via

L}

a resistor 72. One end of the capacitor 73 and the cathode of

P

the zener diode 74 are connected to one end of the resistor 72.

The other end of the capacitor 73 and the anode of the zener diode
74 are connected to a negative output terminal of the diode bridge
71. The emitter of the phototransistor 59b of the second

—

photocoupler 59 of the control means 5 1is also connected to the

negative output terminal of the diode bridge 71 via a resistor

ol.

(0034 The diode bridge 71 of the constant voltage

generation means 7 full-wave rectifies the AC voltage of the AC

power supply 1, and the capacitor 73 smoothes the rectified DC

voltage. As a result of the zener dilode 74 providing an upper
limit on the smoothed DC voltage, a potential (hereinafter,

“supply potential”) at a connection point of the resistor 72 and

the parallel circuit of the capacitor 73 and the zener diocde 74

is substantially constant relative to a potential (hereinafter,

“reference potential”) at the negative output terminal of the
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diode bridge 71. The voltage at this connection point relative
to the negative output terminal of the diode bridge 71 i1s the
constant voltage generated by the constant voltage generation

means /.

[0035] If the pulse signal output from the flip-flop circuit

55 0f the control means 5 1s high, the phototransistor 59b of the
second photocoupler 59 1s turned on by light from the
light-emitting diode 59a of the second photocoupler 59. The
potential at the gates of the MOSFETs 31 and 32 thus changes to
the supply potential. If the pulse signal output from the
flip-flop circuit 55 1s low, the phototransistor 59b of the second
photocoupler 59 1s turned off, and the potential at the gates of
the MOSFETs 31 and 32 changes to the reference potential.
[0036] Consider the case where the phototransistor 59b of

the second photocoupler 59 1s turned on, and the potential at the
gates of the MOSFETs 31 and 32 changes to the supply potential,

under conditions where the potential at the source of the MOSFET

- 31 1s higher than the potential at the source of the MOSFET 32.

In this case, given that the potential at the source of the MOSFET
32 1is substantially the same as the reference potential (potential

at the negative output terminal of the diode bridge /1), the supply

potential of the constant voltage generation means 7 (difference

between this supply potential and the reference potential) 1is

applied to the gate of the MOSFET 32 as the gate drive voltage
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of the MOSFET 32. The MOSFET 32 1s thus turned on. As a result

of the MOSFET 32 being turned on, current flows through the diode

41, the AC load 2 and the drain and source of the MOSFET 32 (1.e.,

circult composed of the AC load 2 and the switching means 3 has

continui’:y) , lrrespective of whether the MOSFET 31 is on or off,
and power 1s supplied to the AC load 2. If a parasitic diode of
the MOSFET 31 can be utilized in place of the diode 41, the diode
41 need not be provided.

[0037] Consider the case where the phototransistor 5%b of

the second photocoupler 59 1s turned on, and the potential at the

gates of the MOSFETs 31 and 32 changes to the supply potential,

under conditions where the potential at the source of the MOSFET

32 1s higher than the potential at the source of the MOSFET 31.
In this case, given that the potential at the source of the MOSFET
31 1s substantially the same as the reference potential, the

supply potential of the constant voltage generation means 7 1s

applied to the gate of the MOSFET 31 as the gate drive voltage

of the MOSFET 31. The MOSFET 31 1s thus turned on. As a result
of the MOSFET 31 being turned on, current flows through the diode

42, the AC locad 2 and the drain and source of the MOSFET 31 (1.e.,
circulit composed of the AC load 2 and the switching means 3 has

continuity), 1lrrespective of whether the MOSFET 32 1s on or off,

and power is supplied to the AC load 2. If a parasitic diode of

the MOSFET 32 can be utilized in place of the diode 42, the diode



10

15

20

CA 02739779 2011-05-10

20

42 need not be provided.

[0038] In the case where the phototransistor 59 of the

second photocoupler 59 is turned on, and the potential at the gates

of the MOSFETs 31 and 32 changes to the supply potential, under

conditions where the potential at the source of the MOSFET 31 and

the potential at the source of the MOSFET 32 are equal or

substantially equal, the MOSFETs 31 and 32 are both turned on.

The circult composed of the AC load 2 and the switching means 3

thus has continuity. Even when the MOSFET on the high potential

side is turned off following a subsequent change 1in the AC voltage,

current flows to the diode set in parallel in that MOSFET, and

the MOSFET on the low potential side 1s 1n the on-state. Hence,

F

the circuit composed of the AC load 2 and the switching means 3

continues to have continuity, and power is supplied to the AC load

[0039] Consider the case where the phototransistor 59b of

P

the second photocoupler 59 is turned off, and the gates of the

MOSFETs 31 and 32 change to the reference potential, under

conditions where the potential at the source of the MOSFET 31 1s

higher than the potential at the source of the MOSFET 32. 1In this

case, because the potential at the source of the MOSFET 32 1is

substantially the same as the reference potential, the MOSFET 32

is turned off. Because the MOSFET 32 is in the off-state and the

diode 42 provided in parallel thereto is reverse biased, the
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circuit composed of the AC load 2 and the switching means 3 does

not have continuity. Given that current does not flow from the

MOSFET 31 side to the MOSFET 32 side through the AC load 2, power

is not supplied to the AC load 2.
(0040 ] Consider the case where the phototransistor 59b of

the second photocoupler 59 is turned off, and the gates of the

MOSFETs 31 and 32 change to the reference potential, under

conditions where the potential at the source of the MOSFET 32 1s

higher than the potential at the source of the MOSFET 31. 1In this

case, because the potential at the source of the MOSFET 31 1is

substantially the same as the reference potential, the MOSFET 31

is turned off. Because the MOSFET 31 is in the off-state and the

diode 41 provided in parallel thereto is reverse biased, the

circuit composed of the AC load 2 and the switching means 3 does

not have continuity. Given that current does not flow from the

MOSFET 32 side to the MOSFET 31 side through the AC load 2, power

is not supplied to the AC locad 2. Note that the MOSFETs 31 and
32 are both also turned off and the circult composed of the AC

load 2 and the switching means 3 does not have continuilty, in the

case where the reference potential is applied to the gates of the

MOSFETs 31 and 32, under conditions where the potential at the

source of the MOSFET 31 and the potential at the source of the

MOSFET 32 are equal or substantially equal. Even when the AC

voltage subsequently changes, the circuit composed of the AC load
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2 and the switching means 3 continues to not have continuilty, and

power 1s not supplied to the AC load 2, because the MOSFET on the
low potential side remains 1n the off-state and the diode in

parallel thereto 1s reverse biliased.

[0041] As described above, phase control of the AC load 2

1s performed by the control means 5 controlling the operation of

the MOSFETs 31 and 32 of the switching means 3. In other words,

a process 1nvolving power supply to the AC load 2 being stopped

at a zero crossing of the AC voltage, and then, when a time period

corresponding to the phase angle has elapsed after power supply
has been stopped, power supply to the AC load 2 being started is
repeatedly performed. For example, in the case where the phase
control apparatus of the present invention 1s used 1n a bolt

tightening device, power to the AC load 2, or more specifically,
power to the AC motor, 1s phase-controlled, as a result of the
AC voltage being applied to the AC load 2 at a phase angle according

to a tightening torque setting that has been set by a user, such
that the tightening torgue 1s at the set wvalue.

[0042] When phase control of the AC load 2 1s performed, the
potential at the gate resistors 33 and 34 of the MOSFETs 31 and

32 repeatedly changes between the supply potential and the

reference potential of the constant voltage generation means 7.

However, as a result of the gate resistor 33 and a gate capacitance

of the MOSFET 31, which i1s the parasitic capacitance between the
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gate and source thereof, functioning as an RC delay circult, the

change in voltage at the gate of the MOSFET 31 1s gradual. Also,

as a result of the gate resistor 34 and a gate capacitance of the

MOSFET 32, which i1is the parasitic capaciltance between the gate

and source thereof, functioning as an RC delay circuit, the change

in voltage at the gate of the MOSFET 32 is gradual. The change

in current flowing between the drain and source of the MOSFET 31
or 32 is thus mitigated, and electromagnetic nolse arising with
phase control of the AC load 2 1is suppressed.

(10043] In the present embodiment, a capacitor 43 1s
connected between the negative output terminal of the diode bridge

71 and the gate of the MOSFET 31, and a capacitor 44 1s also

connected between the negative output terminal of the diode bridge

71 and the gate of the MOSFET 32. As a result of the capacitors

43 and 44, the change in voltage at these gates 1s more gradual.

In the case where the change in current of the MOSFETs 31 and 32

I}

can be su:

ficiently mitigated by appropriately providing a delay
time period with the gate resistors 33 and 34 and the gate
capacitances of the MOSFETs 31 and 32, these capacitors 43 and
44 need not be provided.

(0044 ] With the phase control apparatus of the first

ﬁ

embodiment, as a result of configuring the constant voltage

generation means 7 and devising the arrangement of the MOSFETS

31 and 32 constituting the switching means 3 as discussed above,
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a gate drive voltage to be applied to the gates of the MOSFETs

31 and 32 1s generated, by using a simple circuit configuration
that 1s space saving, low cost and lightweight and by full-wave
rectifying the AC voltage, without including electrical

components such as transformers. Further, in the case where a
general commerclal AC power supply is used as the AC power supply
1, the power supply line potential, or supply potential, of the

constant voltage generation means 7 can be increased (e.g., +12

V) relative to a reference potential to a level necessary to drive

high current MOSFETs. Hence, with the phase control apparatus
of the first embodiment, MOSFETs capable of controlling high
current can be used as the MOSFETs 31 and 32.

[0045] With the phase control apparatus of the first
embodiment, because the AC voltage is full-wave rectified, a more
stable gate drive voltage 1s generated, in comparison to the case

where the AC voltage is half-wave rectified. Hence, power

supplied to the AC load 2 every half cycle of the alternating

current by phase control is more stable, in comparison to the case
where the AC voltage 1s half-wave rectified. As a result of this
power stability, erratic vibration of the motor is suppressed in

the case where the AC load 2 is an AC motor, for example, and light

flicker 1s suppressed 1in the case where the AC load 2 is a lighting
load. Given that the supply potential of the constant voltage

generation means /7 is stable, 1in the case where a 5 V constant
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voltage, for example, is required as the gate drive voltage of

the MOSFETs 31 and 32, in the first embodiment, the 5> V constant

voltage on the power supply line of the constant voltage
generation means 7 may be used as the power supply voltage of the

CPU 53 of the control means 5 or the like.

[00406] FIG. 2 is a circuit diagram showing a configuration

of a phase control apparatus serving as a second embodiment of

the present invention. A switching means 3 arranged 1n series

relative to an AC load 2 includes a pair of MOSFETs 35 and 36 of

different polarities, that is, an N-channel MOSFET 35 and a

P-channel MOSFET 36. These MOSFETs 35 and 36 are arranged 1n

parallel, and the switching means 3 also includes a diode 37

connected in series in the forward direction with respect to the

N-channel MOSFET 35, and a diode 38 connected 1n series 1n the

forward direction with respect to the P-channel MOSFET 3o0.

T

L]

[(0047] More specifically, the drain of the N-channel MOSF!

35 and the drain of the P-channel MOSFET 36 are connected to one

end of the AC load 2 connected to an AC power supply 1. The source

of the N-channel MOSFET 35 is connected to the anode of the diode

37, and the cathode of the diode 37 is connected to one end of

the AC power supply 1. The source of the P-channel MOSFET 36 1s

connected to the cathode of the diode 38, and the anode of the

diode 38 is connected to one end of the AC power supply 1. A diode

45 that allows reverse current flow is provided between the drain
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and source of the N-channel MOSFET 35, and a similar diode 46 1is
also provided between the drain and source of the P-channel MOSFET
36. In the case where a parasitic diode of the N-channel MOSFET
35 can be utilized in place of the diode 45, the diode 45 need
not be provided. The same applies to the diode 46.

(0048] A constant voltage generation means 7 of the second

embodiment 1s characterized by generating a constant voltage that

isused 1n control of the N-channel MOSFET 35 and a constant voltage
that 1s used in control of the P-channel MOSFET 36 from an AC
voltage. One input terminal of a diode bridge 75 included in the
constant voltage generation means 7 of the second embodiment 1is
connected to a connection point of the AC power supply 1 and the
switching means 3. The other input terminal of the diode bridge
75 1s connected to a connection point of the AC power supply 1

and the AC locad 2. A first parallel circuit 1n which a first zener

diode 76 and a first capacitor 77 are arranged 1in parallel and
a second parallel circuit 1n which a second zener diode 78 and
a second capacitor 79 are arranged in parallel are connected in
series between the output terminals of the diode bridge 75, via
a resistor 80. The anode of the first zener diode 76 and one end

of the first capacitor 77 are connected to a negative output

terminal of the diode bridge 75. The cathode of the first zener

diode 76 and the other end of the first capacitor 77 are connected

to one end of the resistor 80. The anode of the second zener diode
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78 and one end of the second capacitor 79 are connected to the

other end of the resistor 80. The cathode of the second zener
diode 78 and the other end of the second capacitor 79 are connected

to a positive output terminal of the diode bridge 7o.

[0049] The diode bridge 75 rectifies the AC voltage, and the

full-wave rectified DC voltage is applied between the output

terminals of the diode bridge 75. As a result of the first zener

diode 76 restricting the voltage to be applied to the first

capacitor 77, and the first capacitor 77 smoothing the voltage,

the potential (hereinafter, “first supply potential”) at the

F

connection point of the first parallel circuit and the resistor

80 is substantially constant relative to the potential

(hereinafter, “first reference potential”) at the negative output

terminal of the diode bridge 75. As a result of the second zener
diode 78 restricting the voltage to be applied to the second

capacitor 79, and the second capacitor 79 smoothing the voltage,

the potential (hereinafter, “second supply potential”) at the
connection point of the second parallel circuit and the resistor

80 is substantially constant relative to the potential

(hereinafter, “second reference potential”) at the positive

output terminal of the diode bridge 75. The first supply

potential is higher than the first reference potential (e.g., +12

V relative to the first reference potential), and the second

supply potential is lower than the second reference potential
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(e.g., —12 V relative to the second reference potential).
[0050] The anode of a light-emitting diode 62a of a third

photocoupler 62 is connected to an output terminal of a flip-flop

circuit 55 of a control means 5 of the second embodiment, 1n

o

addition to the anode of a light-emitting diode 59a of a second

photocoupler 59. The cathode of this light-emitting diode 6Z2a

is grounded via a resistor 63. Apart from this point, the control

means 5 of the second embodiment has a similar configuration to

the control means 5 of the first embodiment, and thus description

thereof will be omitted.

(00517 The collector of a phototransistor 59b of the second

photocoupler 59 is connected to the connection point of the first

parallel circuit and the resistor 80. A potential at this

collector will be at the first supply potential. The emitter of

the phototransistor 59b is connected to a negative output terminal

of the diode bridge 75 via a resistor 64, and to the gate of the
N-channel MOSFET 35 via a gate resistor 39. The emitter of a

phototransistor 62b of the second photocoupler 62 is connected

to the connection point of the second parallel circult and the

resistor 80. A potential at this emitter is at the second supply

potential. The collector of the phototransistor 62b 1s connected

to a positive output terminal of the diode bridge 75 via a resistor
65, and to the gate of the P-channel MOSFET 36 via a gate resistor

40.
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[0052] As described in the first embodiment, when the pulse

signal output from the flip-flop circuit 55 1s high, the

phototransistor 59b of the second photocoupler 59 and the

phototransistor 62b of the second photocoupler 62 are both turned

on, the gate of the N-channel MOSFET 35 changes to the first supply
potential, and the gate of the P-channel MOSFET 36 changes to the

second supply potential. Also, when the pulse signal output from

the flip-flop circuit 55 is low, the phototransistors 59b and 6Zb

I

are turned off, the gate of the N-channel MOSFET 35 changes to

the first reference potential, and the gate of the P-channel

MOSFET 36 changes to the second reference potential.

[0053] Consider the case where the gate of the N-channel

MOSFET 35 changes to the first supply potential, and the gate of
the P-channel MOSFET 36 changes to the second supply potential,
under circumstances where a potential of a line (herelnafter,
“upper line”) connecting the AC power supply 1 and the switching

means 3 is higher than a potential of a line (hereilnafter, “lower

line”) connecting the AC power'supply 1 and the AC load 2. In

this case, the potential at the source of the P-channel MOSFET

36 will be substantially the same as the potential at the positive

output terminal of the diode bridge 75, that 1s, the second

reference potential. Hence, the second supply potential

(difference between the second supply potential and the second

reference potential; e.g., —-12 V) functions as the gate drive
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voltage of the P-channel MOSFET 36, and the P-channel MOSFET 36
is turned on. When the P-channel MOSFET 36 is turned on, current

flows from the upper line side to the lower line side through the

diode 38, the drain and source of the P-channel MOSFET 36 and the

AC load 2 (1.e., circuit composed of the AC load 2 and the switching

means 3 has continuity), irrespective of the state of the
N-channel MOSFET 35. As a result, power is supplied to the AC
load 2.

[0054] Consider the case where the gate of the N-channel
MOSFET 35 changes to the first supply potential, and the gate of
the P-channel MOSFET 36 changes_ to the second supply potential,
under conditions where the potential of the lower line is higher
than the potential of the upper line. 1In this case, the potential
at the source of the N-channel MOSFET 35 will be substantially
the same as the potential at the negative output terminal of the

diode bridge 75, that 1is, the first reference potential. Hence,

the first supply potential (difference between the first supply
potential and the first reference potential; e.g., +12 V)
functions as the gate drive voltage of the N-channel MOSFET 35,

and the N-channel MOSFET 35 1s turned on. When the N-channel

MOSFET 35 1s turned on, current flows from the lower line side
to the upper line side through the AC load 2, the drain and source
of the N-channel MOSFET 35 and the diode 37 (1.e., circult composed

of the AC load 2 and the switching means 3 has continuity),
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irrespective of the state of the P-channel MOSFET 36. As aresult,

power is supplied to the AC load 2.

[0055] Consider the case where the gate of the N-channel

MOSFET 35 changes to the first supply potential, and the gate of

the P-channel MOSFET 36 changes to the second supply potential,

under conditions where the potential of the upper line and the

potential of the lower line are the same or substantially the same.

In this case, the two MOSFETs 35 and 36 are both turned on, and
the circuit composed of the AC load 2 and the switching means 3

has continuity. Subsequently, the P-channel MOSFET 36 remalns

in the on-state even when the potential of the upper line 1ncreases
relative to the potential of the lower line, and the N-channel

MOSFET 35 remains in the on-state even when the potential of the

lJower line increases relative to the potential of the upper line.

Hence, the circuit composed of the AC load 2 and the switching

means 3 continues to have continuity.

[(0056] Consider the case where the gate of the N-channel

MOSFET 35 is at the first reference potential, and the gate of

the P-channel MOSFET 36 is at the second reference potential,
under conditions where the potential of the upper line is higher
than the potential of the lower line. In this case, because the
potential at the source of the P-channel MOSFET 36 will be

substantially the same as the second reference potential, the

P—channel MOSFET 36 is turned off. Because the diode 37 1is
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provided, the circuit composed of the AC load 2 and the switching

means 3 does not have continuity when the P-channel MOSFET 36 1s

P

turned off, irrespective of the state of the N-channel MOSFET 35,

and current does not flow from the upper line side to the lower
O line side. As a result, power is not supplied to the AC load 2.

(0057 ] Consider the case where the gate of the N-channel

MOSFET 35 is at the first reference potential, and the gate of

the P-channel MOSFET 36 1s at the second reference potential,

under conditions where the potential of the lower line 1s higher

10 than the potential of the upper line. In this case, because the

potential at the source of the N-channel MOSFET 35 will be

substantially the same as the first reference potential, the

N-channel MOSFET 35 is turned off. Because the diode 38 1s

provided, the circuit composed of the AC load 2 and the switching

15 means 3 does not have continuity when the N-channel MOSFET 35 1s

turned off, irrespective of the state of the P-channel MOSFET 36,

and current does not flow from the lower line side to the upper

line side. As a result, power is not supplied to the AC load 2.

Note that, similarly, in the case where the gate of the N-channel

20 MOSFET 35 is at the first reference potential, and the gate of

the P-channel MOSFET 36 is at the second reference potential,
under conditions where the potential at the source of the upper

line and the potential at the lower line are the same oOr

substantially the same, the two MOSFETs 35 and 36 are both turned
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off, and the circuit composed of the AC load 2 and the switching

means 3 does not have continuity. Subsequently, the P-channel

'

MOSFET 36 remains in the off-state even when the potential of the
upper line increases relative to the potential of the lower line,
and the N-channel MOSFET 35 remains 1n the off-state even when

the potential of the lower line increases relative to the

potential of the upper line. As a result, the circuit composed
of the AC load 2 and the switching means 3 continues to not have
continuity, and power is not supplied to the AC load 2.

(0058} In the second embodiment, similarly to the first

embodiment, phase control of the AC load 2 1s performed by the
control means 5 controlling the operations of the MOSFETs 35 and

36, as described above. When phase control of the AC load 2 1is

performed, the voltage applied to the gate resistor 39 of the

N-channel MOSFET 35 repeatedly changes between the first supply

F

potential and the first reference potential of the constant

voltage generation means 7. However, as a result of the gate

resistor 39 and a gate capacitance of the MOSFET 35, which 1s the

parasitic capacitance between the gate and source thereof,

functioning as an RC delay circuit, the change in voltage at the
gate of the MOSFET 35 is gradual. The voltage applied to the gate
resistor 40 of the MOSFET 36 repeatedly changes between the second
supply potential and the second reference potential of the

constant voltage generation means 7. However, as a result of the
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36, which 1s the parasitic capaclitance between the gate and source

P

thereof, functioning as an RC delay circuit, the change in voltage

at the gate of the

MOSFET 36

1s gradual. The change 1n current

flowing between the drain and source of the MOSFET 35 or 36 1s

thus mitigated, and electromagnetic noise arising with phase

control of the AC load 2 1s suppressed.

[0059] In the second embodiment, a capacitor 47 1s connected

between the negative output terminal of the diode bridge 75 and

the gate of the N-channel MOSFET 35. A capacitor 48 1s also

connected between the positive output terminal of the diode bridge

75 and the gate of the P-channel MOSFET 36. In the case where

the change in current of the MOSFETs 35 and 36 can be sufficiently

mitigated by appropriately providing a delay time period with the

gate resistors 39 and 40 and the gate capacitances of the MOSFETs

35 and 36, these capacitors 47 and 48 need not be provided.

[0060] Again,

in the second embodiment, as a result of

configuring the constant voltage generation means 7 and devising

- the MOSF,

the arrangement o:

FTs 35 and 36 constituting the

switching means 3 as discussed above, a gate drive voltage to be

applied to the gates of the

using a simple con

MOSFETs 35> and 36 1s generated, by

figuration that is low cost, space saving and

lightweight and by full-wave rectifying the AC voltage, without

including electrical components such as transformers. In the



10

15

20

CA 02739779 2011-05-10

39

case where a general commercial AC power supply 1s used as the
AC power supply 1, the gate drive voltage can be increased or
decreased (e.qg., t12 Vor -12 V) relative to a reference potential
to a level necessary to drive high current MOSFETs. Hence, in

the second embodiment, MOSFETs capable of controlling high

current can be used as the MOSFETs 35 and 36. Again, 1n the second

embodlment, because the AC voltage is full-wave rectified, a more
stable gate drive voltage is generated, 1n comparison to the case

where the AC voltage 1s half-wave rectified.

(0061 ] In the first embodiment shown in FIG. 1, the N-channel

MOSFETs 31 and 32 are used 1n the switching means 3, but P-channel

MOSFETs may be used. In a third embodiment of the present
invention shown 1n FIG. 3, the switchling means 3 i1ncludes

P-channel MOSFETs 31’ and 32’ respectively corresponding to the

N-channel MOSFETs 31 and 32 of the first embodiment. Diodes 41’

and 42’ that allow reverse current flow are respectively provided

between the drain and source of the MOSFETs 31’ and 327. In the

case where a parasitic diode of the MOSFET 31’ can be utilized

F

1n place of the diode 41’, the diode 41’ need not be provided.

The same also applies to the diode 427.

N

[0062] The two input terminals of a diode bridge 71’ of a

constant voltage generation means 7 of the third embodiment are,

similarly to the first embodiment, respectively connected to a

connection point of the MOSFET 31’ and an AC power supply 1, and
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to a connection point of the MOSFET 32’ and the AC power supply
1. Apositive output terminal of the diode bridge 71’ is connected
to a parallel circuit of a capacitor 73’ and a zener diode 74'.

P

One end of the capacitor 73’7 and the cathode of the zener diode

g

O 74’ are connected to the positive output terminal of the diode

bridge 71’. The other end of the capacitor 73’ and the anode of

the zener diode 74’ are connected to a negative output terminal

P

of the diode bridge 71’ via a resistor 727.

0063 ] In the third embodiment, a potential (hereinafter,
10 “supply potential”) at a connection point of the resistor 72’ and
the parallel circuit of the capacitor 73’ and the zener diode 74’

1s a substantially constant negative value relative to apotential

(hereinafter, “reference potential”) at the positive output
terminal of the diode bridge 71’. For example, the supply

15 potential is -12 V relative to the reference potential.

100064 ] The collector of a phototransistor 59b of a second

F

photocoupler 59 of a control means 5 1s connected to the positiVe

output terminal of the diode bridge 71’ via a resistor 61’. The

collector of the phototransistor 59b of the second photocoupler

20 59 is connected to respective gates of the MOSFETs 31’ and 32’
via gate resistors 33’ and 34’. Capacitors 43’ and 44’ are

respectively connected between the positive output terminal of

the diode bridge 71’ and the gates of the MOSFETs 31’ and 32'.

As described above in the first embodiment, 1n the case where the
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gate capacitances of the MOSFETs 31’ and 32’ suffice, these

capacitors 43’ and 44’ need not be provided. The emitter of the
phototransistor 59 of the second photocoupler 59 is connected
to a connection point of the resistor 72’ and the parallel circuit
of the capacitor 73’ and the zener diode 747.

[0065] The control means 5 of the third embodiment has a

simllar configuration to the first embodiment. In the case where

a pulse signal output from a flip-flop circuit 55 is high, the

phototransistor 59b of the second photocoupler 59 1s turned on.

The potential at the gates of the MOSFET 31’ and 32’ thereby changes

to the supply potential. In the case where the pulse signal output

from the flip-flop circuilt 55 1s low, the phototransistor 59b of

the second photocoupler 59 is turned off, and the potential at
the gates of the MOSFETs 31’ and 32’ changes to the reference
potential.

[0060] For example, consider the case where the

phototransistor 59b of the second photocoupler 59 1s turned on,

and the potential at the gate of the MOSFET 31’ changes to the

supply potential, under circumstances where a potential at the

source of the MOSFET 31’ is higher than a potential at the source

of the MOSFET 327. n this case, given that the potential at the
source of the MOSFET 31’ i1s substantially the same as the reference

potential (potential at the positive output terminal of the diode

bridge 71), a negative voltage (—-12 V in the previous example)
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that is the difference between the supply potential and the

-

reference potential of the constant voltage generation means 7/

is applied to the gate o:

O

F
—

the MOSFET 317, and the MOSFET

- the MOSFET 31’ as a gate drive voltage

317’ 1s turned on. As a result

of the MOSFET 31’ being turned on, current flows through the drain

and source of the MOSFET 31’, an AC load Z and a diode 42’ (1.e.,

clrcult composed O:

continuity), irrespective of whether the MOSFET 32’ 1s on or off,

F

- the AC load 2 and the switching means 3 has

"
)

and power 1s supplied to the AC load 2. In the case where the

phototransistor 59b o:

- the second photocoupler 59 1s turned off,

and the potential at the gate of the MOSFET 31’ changes to the

reference potential, under conditions where the potential at the

source of the MOSE'

O

l—

=T 317 1s higher than the potential at the source

the MOSFET 32’, the MOSFET 31’ i1s turned off because the

P

potential at the source of the MOSFET 31’ is substantially the

same as the reference potential.

O

N

When the MOSFET 317 1s 1n the

f-state, the circuilt composed o:

- the AC load 2 and the switching

means 3 does not have continulty, given that current also does

not flow to the diode 41’ , and power 1s not supplied to the AC

load 2.

[00067]

In the case where the phototransistor 59 of the

second photocoupler 59 is turned on, and the potential at the gates

of the MOSFETs 31’ and 32’ changes to the supply potential of the

constant voltage generation means 7, under conditions where the
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potential at the source of the MOSFET 31’ and the potential at
the source of the MOSFET 32’ are equal or substantially equal,
the MOSFETs 31’ and 32’ are both turned on, and the circuit composed
of the AC load 2 and the switchling means 3 has continuity. Even
when the MOSFET on the low potential side is turned off following
a subsequent change in the AC voltage, current flows through the

diode set in parallel in that MOSFET, and the MOSFET on the high

potential side remains in the on-state, so the circuit composed
of the AC load 2 and the switching means 3 continues to have

continuity, and power 1s supplied to the AC load 2.

[0068] From the above description relating to the operations
of the MOSFETs 31’ and 32’ and the earlier description relating
to the operations of the MOSFETs 31 and 32 of the first embodiment,
it should be readily understood that, again, in the third

embodiment, phase control of the AC load 2 1s performed by the

control means 5 controlling the operations of the MOSFETs 31’ and

32’ of the switching means 3.

[0069] FIG. 4 is a circult -diagram showing a configuration

of a phase control apparatus serving as a fourth embodiment of

the present invention. In the fourth embodiment, a first resistor
81 and a second resistor 82 are provided 1in place of the resistor

80 in the second embodiment. One end of the first resistor 81

is connected to the cathode of a first zener diode 76 and one end

of a first capacitor 77. One end of the second resistor 82 1s
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connected to the anode of a second zener diode 78 and one end of

a second capacitor 79. The other end of the second resistor 82

is connected to a negative output terminal of a diode bridge 75.

The other end of the first resistor 81 is connected to a positive

output terminal of the diode bridge /5.

[0070] Apart from the changes relating to the first resistor

81 and the second resistor 82, the fourth embodiment 1is configured
similarly to the second embodiment. Fromthe earlier description

relating to the second embodiment, it should be readily understood

that, again, in the fourth embodiment, phase control of the AC

load 2 is performed by a control means 5 controlling the operations

of the MOSFETs 35 and 36 of a switching means 3.
[0071] The phase control apparatuses of the first to fourth

embodiments operate with positive logic, but may be changed so

as to operate with negative logic. In the case where the first

embodiment shown in FIG. 1 is changed to operate with negative

logic, the resistor 61 shown in FIG. 1 (and the capacitors 43 and

44) moves to the collector side of the phototransistor 59b of the

second photocoupler 59, and the gates of the MOSFETs 31 and 32

are connected to the collector of the phototransistor 59b via the

gate resistors 33 and 34. In other words, the gates of the MOSFETs

31 and 32 are connected to the collector of the phototransistor

59b, as with the gates of the MOSFETs 31’ and 32’ in the third

embodiment of FIG. 3. Further, the control means 5 of the first
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embodiment is changed so as to operate with negative logic. For

example, the first photocoupler 56 1s turned on, and when the

zero—-crossing detection circuit 51 detects a zero crossing of the

AC voltage of the AC power supply 1, the first photocoupler 56

PP

is briefly turned off. In the case where the third embodiment

shown in FIG. 3 is changed so as to operate with negative logic,

the gates of the MOSFETs 31’ and 32’ are connected to the emitter

of the phototransistor 59b, as with the gates of the MOSFETs 31

and 32 in the first embodiment of FIG. 1, and the control means

5 is changed so as to operate with negative logic.

[0072] In the case where the second embodiment shown 1n FIG.

2 and the fourth embodiment shown 1in FIG. 4 are changed so as to

operate with negative logic, the resistor 64 (and the capacitor

47) moves to the collector side of the phototransistor 59b of the

second photocoupler 59, and the gate of the MOSFET 35 1s connected

to the collector of the phototransistor 59b via the gate resistor

39. Further, the resistor 65 (and the capacitor 48) moves to the

emitter side of the phototransistor 62b of the third photocoupler

J

62, and the gate of the MOSFET 36 is connected to the emitter of

the phototransistor 62b via the gate resistor 40. Further, the

control means 5 is changed so as to operate with negative logic.
[0073] With the phase control apparatuses of the first to

fourth embodiments, power to the AC load 2 is phase-controlled,

but the phase control apparatuses of the first to fourth
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embodiments can be readily changed such that reverse phase control

of power to the AC load 2 is performed. In the first embodiment,
in the case where power to the AC load 2 is reverse phase-controlled,

an inverter can be arranged between the output terminal of the

flip-flop circuit 55 and the second photocoupler 59, for example
(the same also applies to the third embodiment). In the second
embodiment, in the case where power to the AC load 2 1s reverse

phase-controlled, an inverter can be arranged between the output

terminal of the flip-flop circuit 55 and the second and third

photocouplers 59 and 62, for example (the same also applies to

the fourth embodiment). Note that reverse phase control may also

be performed by making changes to accommodate negative logic such

as mentioned above, in the first to fourth embodiments, without

adding an 1nverter.

(0074 ] The N-channel MOSFETs 31 and 32 are used in the
switching means 3 of the first embodiment, and the P-channel
MOSFETs 31’ and 32’ are used in the switching means 3 of the third

embodiment, but transistors such as IGBTs or bipolar transistors

may be used in place of these MOSFETs. For example, 1n the case

where the MOSFETs 31 and 32 of the first embodiment are both

P

replaced by IGBTs, the collectors of these IGBTs are connected

to the AC load 2, and the emitters of these IGBTs are connected

to the AC power supply 1. In the case where the MOSFETs 31 and

32 of the first embodiment are both replaced by bipolar
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transistors, the collectors of these bipolar transistors are
connected to the AC load 2, the emitters of these bilpolar
transistors are connected to the AC power supply 1, and the bases

of these bipolar transistors are connected to the emitter of the

phototransistor 59 of the second photocoupler 59 wvia the

resistors 33 and 34. Also, in the second and fourth embodiments,

the N-channel MOSFET 35 and the P-channel MOSFET 36 are used 1n

the switching means 3, but an N-channel IGBT and a P-channel IGBT

or an NPN transistor and an PNP transistor may be used 1n place

of these MOSFETs.

(0075] In the first to fourth embodiments, the second
photocoupler 59 and also the third photocoupler 62 are used 1n

the control means 5, and the phototransistors 59b and 62b

functioning as switching elements are used on the light-receiving
side of these photocouplers 59 and 62, but switching elements such
as photothyristors or photo MOSFETs may be used on the

light-receiving side of the photocouplers 59 and 62. Also, a

switching element such as a normal bipolar transistor or MOSEFET

may be used in place of the second photocoupler 59 or the third

photocoupler 62, and this switching element may be directly driven

with an output signal of the flip-flop circult o505.

[00706] The foregoing description of the embodiments 1s
intended to illustrate the present invention, and should not be

construed as limiting the invention defined in the claims or as
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restricting the scope of the invention. The configuration of each

part of the invention is not limited to the foregoing embodiments,

and modifications are possible within the scope of the invention

defined in the claims.
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WHAT IS CLAIMED IS:

1. A phase control apparatus for performing phase control or

P

reverse phase control of power that is supplied to a load (2)

connected to an alternating current power supply (1),
O characterized in that the phase control apparatus comprises:
a first transistor (31, 31’) whose source or emlitter 1s
connected to one end of the alternating current power supply (1),
and whose drain or collector 1s connected to one end of the load
(2)
10 a second transistor (32, 32’) whose source or emitter is
connected to the other end of the alternating current power supply
(1), and whose drailn or collector 1s connected to the other end
of the load (2);
a diode bridge (71, 71’) that rectifies an alternating
15 current voltage of the alternating current power supply (1l); and

a parallel circuit of a zener diode (74, 74" ) and a capacitor

wherein the parallel circuit generates a high potential
relative to a potential at a negatilive output terminal of the diode
20 bridge (71), or generates a low potential relative to a potential

at a positive output terminal of the diode bridge (71’), using

an output of the diode bridge (71, 71’), and

a potential at a control terminal of the first transistor

(31, 31’) and a potential at a control terminal of the second
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transistor (32, 32’) are switched between the high potential and
the potential at the negative output terminal of the diode bridge
(71) or between the low potential and the potential at the positive

output terminal of the diode bridge (717).

2. The phase control apparatus according to claim 1, further

comprising a resistor (72),

wherein one end of the resistor (72) 1s connected to the
positive output terminal of the diode bridge (71), the other end

of the resistor (72) is connected to a cathode of the zener diode

(74) and one end of the capacitor (73), and an anode of the zener

diode (74) and the other end of the capacitor (/3) are connected
to the negative output terminal of the diode bridge (71),
one input terminal of the diode bridge (71) 1s connected

to a connection point of the alternating current power supply (1)

and the first transistor (31), and the other input terminal of

the diode bridge (71) is connected to a connection point of the

alternating current power supply (1) and the second transistor

(32), and

the potential at the control terminal of the first
transistor (31) and the potential at the control terminal of the

second transistor (32) are switched between a potential at a

connection point of the resistor (72) and the parallel circuilt

and the potential at the negative output terminal of the diode
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bridge (71).

3. The phase control apparatus according to claim 2, further

comprising a switching element (5%9b),

wherein the control terminal of the first transistor (31)

and the control terminal of the second transistor (32) are each
connected to one end of the switching element (59b) via a gate

resistor (33, 34), and

a potential at one end of the switching element (59b)

f—

switches between the potential at the connection point of the

resistor (72) and the parallel circuit and the potential at the

negative output terminal of the diode bridge (71), according to

n

gr—— ke

an on/off state of the switching element (59Db).

4 . The phase control apparatus according to claim 1, further
comprising a resistor (727),

wherein one end of the resistor (72’) 1is connected to the
negatifre output terminal of the diode bridge (71’), the other end
of the resistor (72’) is connected to an anode of the zener diode

P

(747 ) and one end of the capacitor (73"), and a cathode of the

zener diode (74) and the other end of the capacitor (73") are
connected to the positive output terminal of the diode bridge

(717,

one input terminal of the diode bridge (71’) is connected
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to a connection point of the alternating current power supply (1)

and the first transistor (31"), and the other input terminal of
the diode bridge (71') 1s connected to a connection point of the
alternating current power supply (1) and the second transistor

(327), and

the potential at the control terminal of the first
transistor (31') and the potential at the control terminal of the

second transistor (32’) are switched between a potential at the

connection point of the resistor (72’) and the parallel circuit

and a potential at the positive output terminal of the diode bridge

(717).

5. The phase control apparatus according to claim 4, further
comprising a switching element (59b),
wherein the control terminal of the first transistor (317)

and the control terminal of the second transistor (32’) are each

connected to one end of the switching element (59b) via a gate

reslistor (337, 347), and

a potential at one end of the switching element (59b)

switches between the potential at the connection point of the
resistor (72’) and the parallel circuilt and the potential at the
positive output terminal of the diode bridge (717), according to

an on/off state of the switching element (59b).
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6. A phase control apparatus for performing phase control or
reverse phase control of power that 1is supplied to a load (2)
connected to an alternating current power supply (1), using a
switching means (3) provided 1n series with the load (2),
characterlized 1n that the phase control apparatus comprises:
a diode bridge (75) that rectifies an alternating current

voltage of the alternating current power supply (1):;

a first parallel circuit of a first zener diode (76) and

a first capacitor (77) for generating a high potential relative

to a potential at a negative output terminal of the diode bridge

—

(75), using an output of the diode bridge (75); and

a second parallel circuit of a second zener diode (78) and

a second capacitor (79) for generating a low potential relative
to a potential at a positive output terminal of the diode bridge
(75), using the output of the diode bridge (75),

wherein the switching means (3) 1ncludes:

a first transistor (35) provided between the alternating

current power supply (1) and the load (2):

a second transistor (36) of different polarity to the first
transistor (35) and arranged in parallel with the first transistor
(33) 7

a first diode (37) connected 1n series 1in the forward

direction with respect to the first transistor (35); and

a second diode (38) connected in series 1n the forward
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direction with respect to the second transistor (36),

a source or an emitter of the first transistor (35) and a
source or an emitter of the second transistor (36) are arranged
on the alternating current power supply (1) side, and

a potential at a control terminal of the first transistor
(35) 1s switched between the high potential and the potential at

the negative output terminal of the diode bridge (75), and a

potential at a control terminal of the second transistor (36) 1s

switched between the low potential and the potential at the

- positive output terminal of the diode bridge (795).

7. The phase control apparatus according to claim 6, further
comprising a resistor (80),
whereln one end of the resistor (80) 1s connected to a

cathode of the first zener diode (76) and one end of the first
capacitor (77), the other end of the resistor (80) 1s connected
to an anode of the second zener diode (78) and one end of the second
capacitor (79), an anode of the first zener diode (76) and the
other end of the first capacitor (77) are connected to the negative
output terminal of the diode bridge (75), and a cathode of the
second zener diode (78) and the other end of the second capacitor
(79) are connected to the positive output terminal of the diode
bridge (73),

one input terminal of the diode bridge (75) 1s connected
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to a connection point of the alternating current power supply (1)

and the switching means (3), and the other input terminal of the

diode bridge (75) 1s connected to a connection poilnt of the
alternating current power supply (1) and the load (2), and
the potential at the control terminal of the first

transistor (35) 1s switched between a potential at a connection

point of the resistor (80) and the first parallel circult and the

potential at the negative output terminal of the diode bridge (75),

and the potential at the control terminal of the second transistor

(36) 1s switched between a potential at a connection point of the

resistor (80) and the second parallel circuit and the potential

at the positive output terminal of the diode bridge (75).

8 . The phase control apparatus according to claim 7, further

comprising a first switching element (59b) and a second switching

element (62b),

wherein the control terminal of the first transistor (35)

is connected to one end of the first switching element (59b) via

a gate resistor (39),

a potential at one end of the first switching element (59b)

gt

switches between the potential at the connection point of the

resistor (80) and the first parallel circuit and the potential

F

at the negative output terminal of the diode bridge (79),

according to an on/off state of the first switching element (59b),
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the control terminal of the second transistor (36) 1S
connected to one end of the second switching element (62b) via

a gate resistor (40), and

a potential at one end of the second switching element (oZb)
switches between the potential‘at the connection point of the
resistor (80) and the second parallel circuit and the potential
at the positive output terminal of the diode bridge (795),
according to an on/off state of the second switching element

(62b) .

0. The phase control apparatus according to claim 6, further

comprising a first resistor (81l) and a second resistor (82),

wherein one end of the first resistor (81l) 1s connected to

a2 cathode of the first zener diode (76) and one end of the first

capacitor (77), one end of the second resistor (82) 1s connected

to an anode of the second zener diode (78) and one end of the second

capacitor (79), the other end of second resistor (82), an anode

—

of the first zener diode (76) and the other end of the first

capacitor (77) are connected to the negative output terminal of

the diode bridge (75), and the other end of first resistor (381),

a cathode of the second zener diode (78) and the other end of the

second capacitor (79) are connected to the positive output

terminal of the diode bridge (75),

F

one input terminal of the diode bridge (75) is connected
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to a connection point of the alternating current power supply (1)
and the switching means (3), and the other input terminal of the
diode bridge (75) is connected to a connection point of the
alternating current power supply (1) and the load (2), and

5 the potential at the control terminal of the first
transistor (35) 1s switched between a potential at a connection
point of the first resistor (81l) and the first parallel circuit

P

and the potential at the negative output terminal of the diode

bridge (75), and the potential at the control terminal of the
10 second transistor (36) 1s switched between a potential at a.

connection point of the second resistor (82) and the second

parallel circuit and the potential at the positive output terminal

of the diode bridge (75).

15 10. The phase control apparatus according to claim 9, further

comprising a first switching element (59b) and a second switching

element (62b),

wherein the control terminal of the first transistor (35)

1s connected to one end of the first switching element (59b) via

20 a gate resistor (39),

a potential at one end of the first switching element (59b)
switches between the potential at the connection point of the

first resistor (81l) and the first parallel circuit and the

potential at the negative output terminal of the diode bridge (75),
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according to an on/off state of the first switching element (59b),
the control terminal of the second transistor (36) 1s
connected to one end of the second switching element (62b) via

a gate resistor (40), and

O a potential at one end of the second switching element (62b)

P

switches between the potential at the connection point of the

second resistor (82) and the second parallel circuilt and the

potential at the positive output-terminal of the diode bridge (73),

N

—~ ~—

f state of the second switching element

according to an on/o:

10 (62b) .
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