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Description

Technical Field

[0001] The present invention relates to a lighting con-
trol device for dimming an illumination load.

Background Art

[0002] A lighting control device for dimming an illumi-
nation load is known (e.g., JP 2013-149498 A).
[0003] The lighting control device described in JP
2013-149498 A includes a pair of terminals, a control
circuit, a control power supply configured to supply con-
trol electric power to the control circuit, and a dimming
manipulation section configured to set the dimming level
of the illumination load.
[0004] Between the pair of terminals, the control circuit
and the control power supply are connected in parallel
to each other. Moreover, between the pair of terminals,
a series circuit of an alternating current (AC) power sup-
ply and an illumination load is connected. The illumination
load includes a plurality of light emitting diode (LED) de-
vices and a power supply circuit configured to light the
LED devices. The power supply circuit includes a
smoothing circuit of a diode and an electrolytic capacitor.
[0005] The control circuit includes a switch which en-
ables phase control of an AC voltage to be supplied to
the illumination load, a switch driver configured to drive
the switch, and a controller configured to control the
switch driver and the control power supply.
[0006] The control power supply is connected in par-
allel to the switch. The control power supply converts the
AC voltage of the AC power supply into control electric
power. The control power supply includes an electrolytic
capacitor configured to store the control electric power.
[0007] The controller is supplied with the control elec-
tric power from the control power supply via the electro-
lytic capacitor. The controller includes a microcomputer.
The microcomputer performs reverse phase control in
accordance with a dimming level set by the dimming ma-
nipulation section to interrupt power supply to the illumi-
nation load during a time period of each of half cycles of
the AC voltage.
[0008] JP 2014 086190 A describes a lighting control
switch. The lighting control switch comprises: a control
part for controlling lighting of a lighting load on the basis
of signals from a human sensor; an illuminance setting
part for setting illuminance of the lighting load on the basis
of an operation input of a user; and a lower limit illumi-
nance setting part for setting lower limit illuminance of
the lighting load on the basis of the operation input of the
user. The illuminance setting part has a first knob for
increasing and decreasing a rotation amount within a
constant range by an operation of the user. The control
part increases or decreases the illuminance of the lighting
load together with increase/decrease of the rotation
amount of the first knob. The control part makes the illu-

minance when the rotation amount of the first knob has
a minimum value to illuminance not less than the lower
limit illuminance set by the lower limit illuminance setting
part.
[0009] EP 2 654 379 A1 is aimed at providing a dimmer
capable of preventing malfunctions due to noise contam-
ination or waveform distortion of the voltage of an AC
power source. The described dimmer has a time division
control circuit for controlling an effective voltage supplied
to a lighting load by regulating the period of time to turn
on a switching element, and further includes: a zero-
crossing detector section for detecting a zero-crossing
point and generating a zero-crossing signal whose value
changes at the zero-crossing point; an oscillator for gen-
erating an oscillating signal having a frequency equal to
that of the AC power source or an integral multiple of this
frequency; a reference point determiner section for
measuring a phase difference between the zero-crossing
signal and the oscillating signal every time the zero-
crossing signal is generated, and for determining a ref-
erence point for setting the timing of turning on or off the
switching element based on a data of the measured value
of the phase difference; and a time division control signal
generator (on/off timing calculator section and time divi-
sion control signal generator section) for sending an
on/off signal to the switching element at the timing deter-
mined on the basis of the reference point and the effective
voltage to be supplied to the lighting load.
[0010] US 8 716 957 B2 describes a circuit for powering
high-efficiency lighting devices from a thyristor-controlled
dimmer, which predicts a zero-crossing time of the AC
power line supplying the dimmer and causes a glue im-
pedance to be imposed at the output of the dimmer start-
ing at the time of the zero-crossing, so that the timer in
the dimmer will operate properly to generate the turn-on
event at the correct time. At turn-on, a lower level of im-
pedance is presented to absorb the energy associated
with the turn-on event. A higher level of impedance may
be presented after the energy is absorbed until all of the
energy needed for the cycle is transferred. Then, a high
impedance state is maintained until the next zero-cross-
ing time.; The impedance control may be provided by
non-uniform operation of a power converter that supplies
the lighting devices, or by a combination of non-uniform
power converter operation and dissipative loading.
[0011] US 2006/255745 A1 describes a two-wire dim-
mer for control of a lighting load from an alternating-cur-
rent (AC) power source, which includes a semiconductor
switch, a power supply, and a control circuit. The power
supply includes an energy storage input capacitor that is
able to charge only when the semiconductor switch is
non-conductive. The control circuit continuously moni-
tors the voltage on the input capacitor and automatically
decreases the maximum allowable conduction time of
the semiconductor switch when the voltage falls to a level
that will not guarantee proper operation of the power sup-
ply.
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Summary of Invention

[0012] It is an object of the present invention to provide
a lighting control device which is compatible with an in-
creased number of types of illumination loads.
[0013] A lighting control device according to one as-
pect of the present invention includes a pair of input ter-
minals, a bidirectional switch, an inputter, a controller,
and a corrector. The pair of input terminals is electrically
connected between an illumination load and an AC power
supply. The bidirectional switch is configured to switch
between conduction and non-conduction of a bidirection-
al current between the pair of input terminals. The inputter
is configured to receive a dimming level specifying a mag-
nitude of a light output of the illumination load. The con-
troller is configured to control the bidirectional switch so
as to retain the bidirectional switch in an ON state for an
on time having a length determined in accordance with
the dimming level within a prescribed range in each of
half periods of an AC voltage of the AC power supply.
The corrector is configured to determine, with reference
to a determination condition, whether or not a target
waveform which is a waveform of at least one of a voltage
and a current input to the pair of input terminals has an
anomaly and to correct the prescribed range so as to
narrow the prescribed range when the target waveform
has the anomaly.
[0014] The above-mentioned object is achieved by a
lighting control device according to claim 1; claims 2 and
3 refer to specifically advantageous realizations of the
lighting control device according to claim 1.

Brief Description of Drawings

[0015]

FIG. 1 is a circuit diagram schematically illustrating
a configuration of a lighting control device according
to a first embodiment;
FIG. 2 is a timing chart illustrating operation of the
lighting control device according to the first embod-
iment;
FIG. 3 is a circuit diagram schematically illustrating
a configuration of a lighting control device according
to a first variation of the first embodiment;
FIG. 4 is a circuit diagram schematically illustrating
a configuration of a power supply of a lighting control
device according to another variation of the first em-
bodiment;
FIG. 5 is a circuit diagram schematically illustrating
a configuration of a lighting control device according
to a second embodiment; and
FIG. 6 is a timing chart illustrating operation of the
lighting control device according to the second em-
bodiment.

Description of Embodiments

First Embodiment

(1.1) Configuration

[0016] As illustrated in FIG. 1, a lighting control device
1 of a first embodiment includes a pair of input terminals
11 and 12, a bidirectional switch 2, a phase detector 3,
an inputter 4, a power supply 5, a controller 6, a switch
driver 9, and diodes D1 and D2. The controller 6 includes
a corrector 61. The "input terminal" mentioned herein
may not have an entity as a part (terminal) to which an
electric wire or the like is to be connected, but the "input
terminal" may be, for example, a lead of an electronic
component, or a part of a conductor included in a circuit
board.
[0017] The lighting control device 1 is a two-wire light-
ing control device and is used electrically connected in
series to an illumination load (hereinafter referred to sim-
ply as "load") 7 with respect to an AC power supply 8.
The load 7 is lit when supplied with electric power. The
load 7 includes an LED device as a light source and a
lighting circuit configured to light the LED device. The AC
power supply 8 is, for example, a commercial power sup-
ply having a single phase 100 V and 60 Hz. The lighting
control device 1 is applicable to, for example, a wall
switch.
[0018] The bidirectional switch 2 includes, for example,
two devices, namely a first switching device Q1 and a
second switching device Q2 electrically connected in se-
ries between the input terminals 11 and 12. For example,
each of the switching devices Q1 and Q2 is a semicon-
ductor switching device including an enhancement n-
channel metal-oxide-semiconductor field effect transis-
tor (MOSFET).
[0019] The switching devices Q1 and Q2 are connect-
ed in a so-called anti-series connection between the input
terminals 11 and 12. That is, the sources of the switching
devices Q1 and Q2 are connected to each other. The
drain of the switching device Q1 is connected to the input
terminal 11, and the drain of the switching device Q2 is
connected to the input terminal 12. The sources of both
of the switching devices Q1 and Q2 are connected to
ground of the power supply 5. The ground of the power
supply 5 corresponds to a reference potential for an in-
ternal circuit of the lighting control device 1.
[0020] The bidirectional switch 2 is capable of switch-
ing among four states by a combination of on and off of
the switching devices Q1 and Q2. The four states include
a bidirectionally off state where both the switching devic-
es Q1 and Q2 are off, a bidirectionally on state where
both the switching devices Q1 and Q2 are on, and two
kinds of unidirectionally on states: a case where only the
switching device Q1 is on and a case where only the
switching device Q2 is on. In a unidirectionally on state,
unidirectional conduction is established between the pair
of input terminals 11 and 12, from one of the switching
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devices Q1 and Q2 which is on, through a parasitic diode
of the other of the switching devices Q1 and Q2 which is
off. For example, when the switching device Q1 is on and
the switching device Q2 is off, a first unidirectionally on
state where a current flows from the input terminal 11
toward the input terminal 12 is achieved. Alternatively,
when the switching device Q2 is on and the switching
device Q1 is off, a second unidirectionally on state where
a current flows from the input terminal 12 toward the input
terminal 11 is achieved. Thus, when an AC voltage Vac
is applied from the AC power supply 8 between the input
terminals 11 and 12, in a positive polarity of the AC volt-
age Vac, that is, in a half period in which the input terminal
11 has a high potential, the first unidirectionally on state
is a forward on state, and the second unidirectionally on
state is a reverse on state. On the other hand, in a neg-
ative polarity of the AC voltage Vac, that is, in a half period
in which the input terminal 12 has the high potential, the
second unidirectionally on state is the forward on state,
and the first unidirectionally on state is the reverse on
state.
[0021] Here, the bidirectional switch 2 is in an on state
in both the bidirectionally on state and the forward on
state, and is in an off state in both the bidirectionally off
state and the reverse on state.
[0022] The phase detector 3 detects the phase of the
AC voltage Vac applied between the input terminals 11
and 12. The "phase" mentioned herein includes a zero
crossing point of the AC voltage Vac and the polarity
(positive polarity, negative polarity) of the AC voltage
Vac. The phase detector 3 is configured to output a de-
tection signal to the controller 6 when the phase detector
3 detects the zero crossing point of the AC voltage Vac.
The phase detector 3 includes a diode D31, a first de-
tector 31, a diode D32, and a second detector 32. The
first detector 31 is electrically connected to the input ter-
minal 11 via the diode D31. The second detector 32 is
electrically connected to the input terminal 12 via the di-
ode D32. The first detector 31 detects a zero crossing
point when the AC voltage Vac transitions from a negative
half period to a positive half period. The second detector
32 detects a zero crossing point when the AC voltage
Vac transitions from the positive half period to the neg-
ative half period.
[0023] That is, the first detector 31 determines the zero
crossing point when detecting a transition from a state
where a voltage with the input terminal 11 having a high
electric potential is lower than a specified value to a state
where the voltage with the input terminal 11 having the
high electric potential is higher than or equal to the spec-
ified value. The first detector 31 outputs a first detection
signal ZC1 to the controller 6 when detecting the transi-
tion. Similarly, the second detector 32 determines the
zero crossing point when detecting a transition from a
state where a voltage with the input terminal 12 having
a high electric potential is lower than a specified value to
a state where the voltage with the input terminal 12 having
a high electric potential is higher than or equal to the

specified value. The second detector 32 outputs a sec-
ond detection signal ZC2 to the controller 6 when detect-
ing the transition. The specified value is a value (an ab-
solute value) set close to 0 V. For example, the specified
value of the first detector 31 is a value about several volts,
and the specified value of the second detector 32 is a
value about several volts. Thus, detection points at which
the zero crossing points are detected by the first detector
31 and the second detector 32 are a little later than the
zero crossing points (0 V) in a strict sense.
[0024] The inputter 4 receives a signal denoting the
dimming level from a manipulation section manipulated
by a user and outputs the signal as a dimming signal to
the controller 6. The inputter 4 may process the received
signal or does not have to process the received signal to
output the dimming signal. The dimming signal corre-
sponds to a numerical value or the like specifying the
magnitude of the light output of the load 7 and may include
an off level at which the load 7 is in a non-lighting state.
The manipulation section is only required to be config-
ured to be manipulated by a user to output a signal de-
noting the dimming level to the inputter 4. The manipu-
lation section may be, for example, a variable resistor, a
rotary switch, a touch panel, a remote controller, or a
communication terminal such as a smartphone.
[0025] The controller 6 controls the bidirectional switch
2 on the basis of the detection signals from the phase
detector 3 and the dimming signal from the inputter 4.
The controller 6 individually controls the switching devic-
es Q1 and Q2. Specifically, the controller 6 controls the
switching device Q1 by a first control signal Sb1 and con-
trols the switching device Q2 by a second control signal
Sb2.
[0026] The controller 6 includes, for example, a micro-
computer as a main configuration. The microcomputer
executes a program stored in memory of the microcom-
puter by a central processing unit (CPU) to realize a func-
tion as the controller 6. The program may be stored in
the memory of the microcomputer in advance, may be
provided as a recording medium such as a memory card
storing the program, or may be provided via an electronic
communication network. In other words, the program is
a program which causes a computer (in this embodiment
the microcomputer) to function as the controller 6.
[0027] When the controller 6 receives the dimming sig-
nal from the inputter 4, the controller 6 extracts informa-
tion corresponding to the dimming level from the dimming
signal. In this embodiment, the dimming signal includes
a numerical value or the like specifying the magnitude of
the light output of the load 7. Thus, information such as
the numerical value corresponds to the dimming level.
The memory of the controller 6 stores a table denoting a
correspondence relationship between the dimming level
and an on time. The controller 6 refers to the table to
obtain an on time corresponding to the dimming level
extracted from the dimming signal. The controller 6 con-
trols the switching devices Q1 and Q2 so as to retain the
bidirectional switch 2 in the ON state for the on time in
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every half period of the AC voltage Vac.
[0028] In the present embodiment, the on time is de-
termined within a prescribed range. Thus, there may be
a case where the on time is not determined in accordance
with the dimming level input to the inputter 4. For exam-
ple, even when a user manipulates the manipulation sec-
tion in attempt to obtain a maximum light output of the
load 7, there may be a case where the on time is not
determined in accordance with the dimming signal from
the inputter since the on time is limited within the pre-
scribed range. The on time at this time is an upper limit
value of the prescribed range. Specifically, for example,
when an on time for a dimming level of 95% is set as the
upper limit value of the prescribed range, an on time for
a dimming level of 96% or 97% is limited to or below the
upper limit value. Thus, even when the dimming level is
96% or 97%, an on time which is the same as the on time
for a dimming level of 95% is adopted.
[0029] The switch driver 9 includes a first driver 91 con-
figured to drive (perform on/off control of) the switching
device Q1 and a second driver 92 configured to drive
(perform on/off control of) the switching device Q2. The
first driver 91 receives the first control signal Sb1 from
the controller 6 to apply a gate voltage to the switching
device Q1. In this way, the first driver 91 performs the
on/off control of the switching device Q1. Similarly, the
second driver 92 receives the second control signal Sb2
from the controller 6 to apply a gate voltage to the switch-
ing device Q2. In this way, the second driver 92 performs
the on/off control of the switching device Q2. The first
driver 91 generates the gate voltage with reference to
the potential of the source of the switching device Q1.
The same applies to the second driver 92.
[0030] The power supply 5 includes a control power
supply 51 configured to generate control electric power
and a drive power supply 52 configured to generate drive
electric power. The power supply 5 further includes ca-
pacitive elements (capacitors) C1 and C2. The control
electric power is power by which the controller 6 is oper-
ated. The drive electric power is power by which the
switch driver 9 is driven. The capacitive element C1 is
electrically connected to an output terminal of the control
power supply 51 and is charged with an output current
of the control power supply 51. The capacitive element
C2 is electrically connected to an output terminal of the
drive power supply 52 and is charged with an output cur-
rent of the drive power supply 52.
[0031] The power supply 5 is electrically connected to
the input terminal 11 via the diode D1 and is electrically
connected to the input terminal 12 via the diode D2. Thus,
a diode bridge including the diodes D1 and D2 and par-
asitic diodes of the switching devices Q1 and Q2 per-
forms full-wave rectification of the AC voltage Vac applied
between the input terminals 11 and 12, and the full-wave
rectified AC voltage Vac is then supplied to the power
supply 5. Thus, when the bidirectional switch 2 is in the
off state, the full-wave rectified AC voltage Vac (a pul-
sating voltage output from the diode bridge) is to be ap-

plied to the power supply 5.
[0032] The full wave-rectified AC voltage Vac is applied
to the drive power supply 52, and the drive power supply
52 thereby generates drive electric power which is a con-
stant voltage and outputs the drive electric power to the
capacitive element C2. The drive power supply 52 sup-
plies the drive electric power to the switch driver 9 and
the control power supply 51. The drive electric power is,
for example, 10 V. The control power supply 51 steps
down the drive electric power supplied from the drive
power supply 52 to generate control electric power and
outputs the control electric power to the capacitive ele-
ment C1. The control electric power is, for example, 3 V.
The control power supply 51 may generate the control
electric power directly from the full-wave rectified AC volt-
age Vac but not via the drive power supply 52. That is,
the power supply 5 generates the control electric power
and the drive electric power from the electric power sup-
plied from the AC power supply 8.
[0033] The corrector 61 serves as one function of the
controller 6 in the present embodiment and is disposed
integrally with the controller 6. The corrector 61 deter-
mines, with reference to a determination condition,
whether or not a target waveform has an anomaly. The
corrector 61 narrows the prescribed range when the tar-
get waveform has the anomaly. In the present embodi-
ment, the target waveform is a voltage waveform input
to the pair of input terminals 11 and 12. Detailed descrip-
tion of the determination condition will be given in "(1.2.3)
Operation of Corrector". In the present embodiment, the
determination condition which the corrector 61 refers to
is that the zero crossing point of the AC voltage Vac is
regularly detected. In other words, the determination con-
dition which the corrector 61 refers to is that the detection
signal is regularly input from the phase detector 3 to the
corrector 61. The corrector 61 determines whether or not
the target waveform has an anomaly in accordance with
the detection signal from the phase detector 3. When the
detection signal is irregularly input to the corrector 61,
the corrector 61 determines that the target waveform has
the anomaly. That is, in the present embodiment, the
corrector 61 simply determines whether or not the target
waveform has an anomaly with reference to the zero
crossing point of the target waveform.
[0034] As described above, the prescribed range is de-
fined by the upper limit value and the lower limit value.
Thus, the corrector 61 changes at least one of the upper
limit value and the lower limit value to correct the pre-
scribed range. In the present embodiment, the lower limit
value is a fixed value, and the corrector 61 changes only
the upper limit value to correct the prescribed range. That
is, when the target waveform has an anomaly, the cor-
rector 61 corrects the prescribed range by changing the
upper limit value to a reduced value so as to narrow the
prescribed range. In the present embodiment, the cor-
rector 61 corrects the on time obtained by the controller
6 such that the on time falls within a prescribed range
which is corrected. In this way, direct narrowing of the
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prescribed range is achieved.
[0035] For example, it is assumed that the target wave-
form has an anomaly with the dimming level being set to
its maximum (in the present embodiment, 97%). In this
case, the corrector 61 corrects the on time such that the
on time becomes shorter than the on time corresponding
to the dimming level (here 97%) obtained by the controller
6 with reference to the table by a correction time which
is prescribed. Thus, the controller 6 controls the bidirec-
tional switch 2 by adopting the on time which is shorter
than the on time corresponding to the dimming level (in
this embodiment, 97%) by the correction time. Conse-
quently, the prescribed range is narrowed.
[0036] The lighting control device 1 of the present em-
bodiment further includes storage 62. The storage 62
stores the prescribed range. In the present embodiment,
the storage 62 serves as a function of the controller 6
and is disposed integrally with the controller 6. The stor-
age 62 stores the upper limit value and the lower limit
value which define the prescribed range. The storage 62
stores an upper limit value and a lower limit value as
default values as a factory default setting of the lighting
control device 1.
[0037] In this embodiment, the storage 62 is configured
to store a prescribed range corrected by the corrector
61. That is, when the target waveform has an anomaly,
and the corrector 61 corrects the upper limit value by
changing the upper limit value to a reduced value, the
storage 62 stores the upper limit value after the correc-
tion. In the present embodiment, the upper limit value
and the lower limit value stored in the storage 62 are
reset to the default values each time the dimming level
transitions to the OFF level. Thus, even when the target
waveform has an anomaly, and the corrector 61 corrects
the prescribed range to narrow the prescribed range, if
the load 7 thereafter enters the non-lighting state, the
upper limit value and the lower limit value stored in the
storage 62 are reset to the default values.
[0038] However, the controller 6 of the lighting control
device 1 of the present embodiment has a learning func-
tion for retaining the upper limit value and the lower limit
value stored in the storage 62 when the corrector 61 cor-
rects the prescribed range for the specified number of
times. That is, when the corrector 61 corrects the pre-
scribed range for a specified number of times, the upper
limit value and the lower limit value stored in the storage
62 are not reset to the default values, but the corrected
prescribed range (upper limit value and lower limit value)
is to be retained in the storage 62. The specified number
of times is set, for example, within a range from several
times to several tens of times, but the specified number
of times is not limited to this example. The specified
number of times may be once.
[0039] The lighting circuit of the load 7 reads a dimming
level from the waveform of the AC voltage Vac phase-
controlled by the lighting control device 1 to vary the mag-
nitude of the light output of the LED device. Here, the
lighting circuit includes, for example, a circuit for securing

a current such as a bleeder circuit. Thus, also during a
time period during which the bidirectional switch 2 of the
lighting control device 1 is non-conductive, a current is
allowed to pass through the load 7.

(1.2) Operation

(1.2.1) Activation Operation

[0040] First, activation operation when conduction of
the lighting control device 1 of the present embodiment
is started will be described.
[0041] In the lighting control device 1 having the above-
described configuration, when the AC power supply 8 is
connected between the input terminals 11 and 12 via the
load 7, the AC voltage Vac applied between the input
terminals 11 and 12 from the AC power supply 8 is rec-
tified and is then supplied to the drive power supply 52.
The drive electric power generated by the drive power
supply 52 is supplied to the switch driver 9 and the control
power supply 51. When the control electric power gen-
erated by the control power supply 51 is supplied to the
controller 6, the controller 6 is activated.
[0042] When the controller 6 is activated, the controller
6 determines the frequency of the AC power supply 8 on
the basis of a detection signal of the phase detector 3.
Then, on the basis of the frequency determined by the
controller 6, the controller 6 refers to a numerical value
table stored in memory in advance to set various types
of parameters such as a time. Here, if the dimming level
input to the inputter 4 is the off level, the controller 6
maintains the bidirectional switch 2 in the bidirectionally
off state to keep the impedance between the pair of input
terminals 11 and 12 in a high impedance state. Thus, the
load 7 keeps a non-lighting state.

(1.2.2) Dimming Operation

[0043] Next, dimming operation of the lighting control
device 1 of the present embodiment will be described
with reference to FIG. 2. FIG. 2 shows the AC voltage
Vac, the first detection signal ZC1, the second detection
signal ZC2, the first control signal Sb1, and the second
control signal Sb2.
[0044] In the present embodiment, transition of the first
detection signal ZC1 from a high level to a low level
means generation of the first detection signal ZC1. More-
over, transition of the second detection signal ZC2 from
the high level to the low level means generation of the
second detection signal ZC2. That is, the first detection
signal ZC1 and the second detection signal ZC2 are sig-
nals which transition from the high level to the low level
when the zero crossing point is detected.
[0045] First, the operation of the lighting control device
1 during a positive half period of the AC voltage Vac is
described. The lighting control device 1 detects the zero
crossing point of the AC voltage Vac by the phase de-
tector 3. The zero crossing point serves as a reference
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for phase control. The first detector 31 outputs the first
detection signal ZC1 when the AC voltage Vac reaches
a positive specified value Vzc in the course of a transition
of the AC voltage Vac from a negative half period to the
positive half period. In the present embodiment, a gen-
eration time point of the first detection signal ZC1 is de-
fined as a first time point t1, and a time period from a
starting point (zero crossing point) t0 to the first time point
t1 of the positive half period is defined as a first time
period T1. During the first time period T1 from the starting
point t0 to a first time point t1 of the half period, the con-
troller 6 retains the first control signal Sb1 and the second
control signal Sb2 as OFF signals. Thus, during the first
time period T1, both the switching devices Q1 and Q2
are off, and the bidirectional switch 2 is in the bidirection-
ally off state. At the first time point t1, the controller 6 sets
the first control signal Sb1 and the second control signal
Sb2 to ON signals.
[0046] A second time point t2 is a time point when the
on time having a length according to the dimming signal
elapses from the first time point t1. At the second time
point t2, the controller 6 keeps the second control signal
Sb2 set to the ON signal and sets the first control signal
Sb1 to an OFF signal. In this way, during a second time
period T2 from the first time point t1 to the second time
point t2, both the switching devices Q1 and Q2 are on,
and the bidirectional switch 2 is in the bidirectionally on
state. Thus, during the second time period T2, electric
power is supplied from the AC power supply 8 via the
bidirectional switch 2 to the load 7, and the load 7 there-
fore emits light.
[0047] A third time point t3 is a time point earlier than
an end time point (a zero crossing point) t4 of the half
period by a definite time (e.g., 300 ms). That is, when it
is assumed that the end time point t4 is a time point at
which a time obtained by subtracting the first time period
T1 from a time corresponding to the half period has
elapsed since the first time point t1 serving as the gen-
eration time point of the first detection signal ZC1, the
third time point t3 is a time point earlier than the end time
point t4 by a definite time period. Note that in the timing
chart of FIG. 2, the third time point t3 is illustrated to
coincide with a timing at which the AC voltage Vac reach-
es a positive specified value Vzc or a timing at which the
AC voltage Vac reaches a negative specified value -Vzc,
but the third time point t3 is determined regardless of the
timing at which the AC voltage Vac becomes equal to
the positive specified value Vzc or the negative specified
value -Vzc.
[0048] At the third time point t3, the controller 6 sets
the first control signal Sb1 and the second control signal
Sb2 to OFF signals. In this way, during a third time period
T3 from the second time point t2 to the third time point
t3, only the switching device Q1 of the switching devices
Q1 and Q2 is off, and the bidirectional switch 2 is in a
reverse on state. Thus, during the third time period T3,
supplying of electric power from the AC power supply 8
to the load 7 is interrupted.

[0049] During a fourth time period T4 from the third
time point t3 to the end time point (zero crossing point)
t4 of the half period, both the switching devices Q1 and
Q2 are off, and the bidirectional switch 2 is in the bidirec-
tionally off state.
[0050] Moreover, the operation of the lighting control
device 1 during the negative half period of the AC voltage
Vac is substantially the same as that during the positive
half period.
[0051] In the negative half period, when the AC voltage
Vac reaches the negative specified value -Vzc, the sec-
ond detector 32 outputs the second detection signal ZC2.
In the present embodiment, a first time period T1 is a
time period from a starting point t0 (t4) of the negative
half period to a first time point t1 which is a generation
time point of the second detection signal ZC2. Moreover,
the second time point t2 is a time point when the on time
having a length according to the dimming signal elapses
from the first time point t1. The third time point t3 is a time
earlier than the end time point t4 (t0) of the half period
by a definite time period (e.g., 300 ms).
[0052] During the first time period T1, the controller 6
controls such that the first control signal Sb1 and the
second control signal Sb2 are OFF signals. Thus, the
bidirectional switch 2 is in the bidirectionally off state dur-
ing the first time period T1. Then, at the first time point
t1, the controller 6 sets the first control signal Sb1 and
second control signal Sb2 to the ON signals. In this way,
during a second time period T2 from the first time point
t1 to the second time point t2, both the switching devices
Q1 and Q2 are on, and the bidirectional switch 2 is in the
bidirectionally on state. Thus, during the second time pe-
riod T2, electric power is supplied from the AC power
supply 8 via the bidirectional switch 2 to the load 7, and
the load 7 therefore emits light.
[0053] At the second time point t2, the controller 6
keeps the first control signal Sb1 set to the ON signal
and sets the second control signal Sb2 to an OFF signal.
At the third time point t3, the controller 6 sets the first
control signal Sb1 and the second control signal Sb2 to
OFF signals. In this way, during a third time period T3
from the second time point t2 to a third time point t3, only
the switching device Q2 of the switching devices Q1 and
Q2 is off, and the bidirectional switch 2 is in the reverse
on state. Thus, during the third time period T3, supplying
of electric power from the AC power supply 8 to the load
7 is interrupted. During the fourth time period T4 from the
third time point t3 to the end time point t4 of the half
period, both the switching devices Q1 and Q2 are OFF,
and the bidirectional switch 2 is in the bidirectionally off
state.
[0054] The lighting control device 1 of the present em-
bodiment alternately repeats the operation during the
positive half period and the operation during the negative
half period in every half period of the AC voltage Vac
which are described above to dim the load 7. In the
present embodiment, since the bidirectionally on state is
the on state, and the reverse on state is the off state, a
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time point at which the bidirectional switch 2 is switched
from the bidirectionally on state to the reverse on state,
that is, the second time point t2 corresponds to the switch-
ing time point. Since the time (the on time) from the first
time point t1 to the switching time point (the second time
point t2) is a time according to the dimming level input to
the inputter 4, a time when the input terminals 11 and 12
are conductive during the half period is to be determined
in accordance with the dimming level. Moreover, when
the positive specified value Vzc and the negative speci-
fied value -Vzc are fixed values, a time from the starting
point t0 to the first time point (the generation time point
of the first detection signal ZC1 or the second detection
signal ZC2) t1 of the half period has a substantially fixed
length.
[0055] Thus, a variable time, which is defined as a time
from the starting point t0 to the switching time point (the
second time point t2) of the half period, that is, a sum of
the first time period T1 and the on time (the second time
period T2) having a length which is variable according to
the dimming level, has a length that varies in accordance
with the dimming level. In other words, the variable time
is a time having a variable length, and the phase of the
AC voltage Vac at the switching time point (the second
time point t2) varies in accordance with the dimming level.
That is, in order to achieve a small light output of the load
7, the variable time is set short, whereas in order to
achieve a large light output of the load 7, the variable
time is set long. Thus, it is possible to vary the magnitude
of the light output of the load 7 in accordance with the
dimming level input to the inputter 4.
[0056] Moreover, during the latter part of the half period
of the AC voltage Vac, specifically, during the time peri-
ods (the third time period T3 and the fourth time period
T4) from the switching time point (the second time point
t2) to the end time point t4 of the half period, the bidirec-
tional switch 2 is in the off state (in the reverse on state
or in the bidirectionally off state). In the present embod-
iment, a time period which is a sum of the third time period
T3 and the fourth time period T4 corresponds to the off-
time period. The lighting control device 1 can secure sup-
plying electric power from the AC power supply 8 to the
power supply 5 during the off-time period. Moreover, the
bidirectional switch 2 is in the off state also during a time
period from the starting point (zero crossing point) t0 to
the first time point t1 of the half period. Thus, when at-
tention is focused on two consecutive half periods, the
bidirectional switch 2 is in the off state from the second
time point t2 of the first half period to the first time point
t1 of the next half period (i.e., the second half period).
[0057] In this embodiment, the expression "from a time
point A" includes the time point A. For example, "from a
first time point" includes the first time point. On the other
hand, the expression "to a time point A" excludes the
time point A and means "until immediately before the
time point A". For example, "to an end time point of a half
period" excludes the end time point of the half period and
means "until immediately before the end time point of the

half period".

(1.2.3) Operation of Corrector

[0058] Next, operation of the corrector 61 will be de-
scribed with reference to FIG. 2. In this embodiment, the
dimming level is set to its maximum (in the present em-
bodiment, 97%).
[0059] In the present embodiment, the corrector 61 de-
termines that the target waveform has an anomaly when
the zero crossing point of the AC voltage Vac is not reg-
ularly detected, and the corrector 61 corrects the pre-
scribed range to narrow the prescribed range. In the ex-
ample shown in FIG. 2, while the zero crossing point is
regularly detected, that is, while the first detection signal
ZC1 and the second detection signal ZC2 are input to
the controller 6 regularly (every half period), the upper
limit value of the on time is Ton1. Thus, the controller 6
retains the bidirectional switch 2 in the ON state from the
first time point t1 for an on time of Ton1.
[0060] On the other hand, when the zero crossing point
is no longer regularly detected, that is, the first detection
signal ZC1 and the second detection signal ZC2 are no
longer input to the controller 6 regularly (every half peri-
od), the corrector 61 determines that the target waveform
includes an anomaly. In this case, the corrector 61 chang-
es the upper limit value of the on time from Ton1 to Ton2.
Ton2 is smaller than Ton1 (Ton1 > Ton2). That is, when
and after it is determined that the target waveform has
an anomaly, the upper limit value of the on time is Ton2.
Thus, the controller 6 controls the bidirectional switch 2
to retain the bidirectional switch 2 in the ON state from
the first time point t1 for an on time of Ton2. Thus, even
when the dimming level remains its maximum (in the
present embodiment, 97%), the on time is reduced, and
therefore, the light output of the load 7 is reduced, and
the dimming level is apparently reduced.
[0061] In FIG. 2, the symbol "3" added to the first de-
tection signal ZC1 denotes that the zero crossing point
is not detected.

(1.3) Advantages

[0062] The lighting control device 1 of the present em-
bodiment includes the corrector 61, and thus, when the
target waveform has an anomaly, the corrector 61 cor-
rects the prescribed range so as to narrow the prescribed
range, which enables the load 7 to continuously emit light.
In some types of loads 7, for example, when the on time
is set to the upper limit value, the power supply 5 cannot
ensure the control electric power, and supplying of elec-
tric power from the power supply 5 to the controller 6 can
no longer be maintained, which may cause an anomalous
operation, for example, blinking or flickering of the loads
7. In some types of loads 7, for example, when the on
time is set to the lower limit value, electric power is not
supplied to the loads 7, which may cause an anomalous
operation, for example, blinking or flickering of the loads
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7. When such an anomalous operation of the load 7 oc-
curs, any anomaly of the target waveform is observed in
many cases. Thus, the corrector 61 detects such an
anomaly to narrow the prescribed range. In this way, the
lighting control device 1 of the present embodiment can
reduce anomalous operations such as blinking and flick-
ering of the load 7 which occur when the on time is set
to the upper limit value or the lower limit value. Thus, the
lighting control device 1 of the present embodiment be-
comes compatible with an increased number of types of
loads.
[0063] Moreover, examples of a control method of the
lighting control device include a normal phase control
method (leading edge method) in addition to a reverse
phase control method (trailing edge method). The normal
phase control method establishes conduction between
the pair of input terminals 11 and 12 during a time period
from a time point during the half period of the AC voltage
Vac to the zero crossing point. In the reverse phase con-
trol method, the load 7 including an LED element serving
as a light source is started to be supplied with electric
power from the zero crossing point, and therefore, it is
possible to reduce current waveform distortion at the start
of the electric power supply. Thus, the number of loads
7 (lamps) connectable to the lighting control device in-
creases, and the generation of a howling sound can be
reduced.
[0064] While the lighting control device 1 of the present
embodiment basically adopts the reverse phase control
method, the load 7 is started to be supplied with electric
power at the first time point (the generation time point of
the first detection signal ZC1 or the second detection
signal ZC2) t1 slightly later than the starting point (zero
crossing point) t0 of the half period. Thus, the current
waveform distortion may be larger than that in the reverse
phase control method in which the load 7 is started to be
supplied with electric power at the zero crossing point.
However, the absolute value of the AC voltage Vac at
the first time point t1 is not very large, and therefore, the
influence of the current waveform distortion is negligibly
small.
[0065] Moreover, as described in the present embod-
iment, the lighting control device 1 preferably further in-
cludes the storage 62 configured to store the prescribed
range, and the corrector 61 is preferably configured to
store the corrected prescribed range in the storage 62.
With this configuration, the prescribed range corrected
by the corrector 61 is stored in the storage 62, and thus,
once the corrector 61 corrects the prescribed range, it is
possible to continuously adopt the corrected prescribed
range. Thus, with the lighting control device 1, it is pos-
sible to continuously reduce anomalous operations such
as blinking and flickering of the load 7. Note that the stor-
age 62 is not an essential component of the lighting con-
trol device 1, and thus, the storage 62 may accordingly
be omitted.
[0066] Moreover, as described in the present embod-
iment, the prescribed range is preferably defined by the

upper limit value and the lower limit value, and the cor-
rector 61 is preferably configured to change at least one
of the upper limit value and the lower limit value to correct
the prescribed range. This configuration enables the cor-
rector 61 to correct the prescribed range by a relatively
simple process of changing at least one of the upper limit
value and the lower limit value. Note that defining the
prescribed range by the upper limit value and the lower
limit value is not an essential configuration of the lighting
control device 1. For example, the prescribed range may
be defined by a range from the lower limit value to the
upper limit value and the upper limit value.
[0067] Moreover, as described in the present embod-
iment, the lighting control device 1 preferably further in-
cludes the phase detector 3 configured to output a de-
tection signal to the corrector 61 when the phase detector
3 detects a zero crossing point of the AC voltage Vac.
The target waveform is preferably a voltage waveform.
In this case, a determination condition is preferably that
the detection signal is regularly input from the phase de-
tector 3 to the corrector 61, and the corrector 61 is pref-
erably configured to determine that the target waveform
has the anomaly when the detection signal is irregularly
input to the corrector 61. With this configuration, anom-
alous operations such as blinking and flickering of the
load 7 can be simply and accurately determined in ac-
cordance with the zero crossing point of the AC voltage
Vac. Note that it is not an essential configuration of the
lighting control device 1 that the target waveform is the
voltage waveform. For example, the target waveform
may be a current waveform. Moreover, also when the
target waveform is the voltage waveform, the corrector
61 may determine whether or not the target waveform
has an anomaly in accordance with, for example, a wave-
form analysis, instead of the zero crossing point of the
AC voltage Vac.

(1.4) Variation

(1.4.1) First Variation

[0068] As illustrated in FIG. 3, a bidirectional switch 2A
of a lighting control device 1A according to a first variation
of the first embodiment is different from the bidirectional
switch 2 of the lighting control device 1 of the first em-
bodiment. Components similar to those in the first em-
bodiment are hereinafter denoted by the same reference
signs as those in the first embodiment, and the descrip-
tion thereof will be omitted accordingly.
[0069] In the present variation, the bidirectional switch
2A includes a switching device Q3 having a double gate
structure. The switching device Q3 is a semiconductor
element having a double gate (dual gate) structure in-
cluding a semiconductor material of a wide band gap
such as gallium nitride (GaN). Moreover, the bidirectional
switch 2A includes a pair of diodes D3 and D4 connected
to each other in a so-called anti-series connection be-
tween input terminals 11 and 12. The cathode of the diode
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D3 is connected to the input terminal 11, and the cathode
of the diode D4 is connected to the input terminal 12. The
anodes of both the diodes D3 and D4 are electrically
connected to ground of a power supply 5. In the present
variation, the pair of diodes D3 and D4 and a pair of di-
odes D1 and D2 together form a diode bridge.
[0070] According to the configuration of the present
variation, the bidirectional switch 2A can reduce the con-
duction loss more than the bidirectional switch 2.

(1.4.2) Other Variations

[0071] Variations of the first embodiment other than
the above-described first variation will be mentioned be-
low.
[0072] The lighting control device of each of the first
embodiment and the first variation is applicable not only
to the load 7 using an LED device as a light source but
also to a light source including a capacitor input-type cir-
cuit, having a high impedance, and being lit with a small
current. Examples of such a light source include an or-
ganic electroluminescence (EL) element. Moreover, the
lighting control device is applicable to loads 7 of various
light sources such as a discharge lamp.
[0073] The bidirectional switch 2 can be controlled so
as to be in a forward ON state instead of the bidirectionally
ON state, or the bidirectional switch 2 can be controlled
so as to be in the bidirectionally ON state instead of the
forward ON state. Moreover, the bidirectional switch 2
can be controlled so as to be in the reverse ON state
instead of the bidirectionally OFF state, or the bidirec-
tional switch 2 can be controlled so as to be in the bidi-
rectionally OFF state instead of the reverse ON state.
That is, it is only required that the ON state or the OFF
state of the bidirectional switch 2 is not changed from the
states described in the above description.
[0074] Moreover, a control method of the bidirectional
switch 2 by the controller 6 is not limited to the above-
described examples and may be, for example, a method
for alternately setting the first control signal and the sec-
ond control signal to the ON signal at the same cycle as
the AC voltage Vac. In this case, the bidirectional switch
2 is conductive during a time period during which one of
the switching devices Q1 and Q2 corresponding to a high-
potential side of the AC voltage Vac is on. That is, this
variation realizes so-called reverse phase control for es-
tablishing conduction between the pair of input terminals
11 and 12 during a time period from the zero crossing
point of the AC voltage Vac to a time point during the half
period. In this case, a phase difference between the first
control signal and the AC voltage Vac and a phase dif-
ference between the second control signal and the AC
voltage Vac are controlled to adjust the on time of the
bidirectional switch 2.
[0075] Moreover, the control method of the bidirection-
al switch 2 is not limited to the reverse phase control
method (trailing edge method) but may be a normal
phase control method (leading edge method).

[0076] When the control method of the bidirectional
switch 2 is a normal phase control method, the controller
6 turns on the bidirectional switch 2 at a time point when
the OFF time having a length according to the dimming
signal elapses from the starting point (zero crossing
point) of the half period during the half period of the AC
voltage Vac. Moreover, the controller 6 turns off the bi-
directional switch 2 at a time point when a time obtained
by subtracting a definite time period from the time of the
half period elapses from the starting point of the half pe-
riod. That is, in the normal phase control method, the
bidirectional switch 2 is in the on state from a time point
when the OFF time corresponding to the dimming signal
elapses from the starting point of the half period of the
AC voltage Vac until immediately before the end time
point (zero crossing point) of the half period. In other
words, the bidirectional switch 2 is in the off state during
a time period from a point immediately before the zero
crossing point of the AC voltage Vac to a time point when
a time obtained by adding a definite time period to the
OFF time having a length according to the dimming signal
elapses.
[0077] Moreover, it is only required that the prescribed
range is eventually narrowed, and therefore, the config-
uration of the corrector 61 is not limited to a configuration
of correcting the on time to directly narrow the prescribed
range but may be, for example, a configuration of cor-
recting the dimming level to indirectly narrow the pre-
scribed range. In this case, the corrector 61 converts the
upper limit value of the prescribed range into an upper
limit value (hereinafter referred to "converted upper limit
value") of the dimming level. For example, the corrector
61 obtains a value corresponding to the dimming level
from the dimming signal input from the inputter 4 to the
controller 6, and when this value exceeds the converted
upper limit value, the corrector 61 corrects the dimming
level to the converted upper limit value so as to indirectly
reduce the upper limit value of the prescribed range.
[0078] Alternatively, the corrector 61 may be config-
ured, for example, to change the correspondence be-
tween the dimming level and the on time so as to indirectly
narrow the prescribed range. In this case, for example,
the corrector 61 selects, from a plurality of tables includ-
ing different upper limit values of the on time, a table to
which the corrector 61 refers to obtain the on time from
the dimming level in accordance with the upper limit value
of the prescribed range. That is, each table has a different
upper limit value of the on time, and the corrector 61
switches between the tables to be used, thereby indirect-
ly changing the upper limit value of the prescribed range.
[0079] Moreover, as long as the corrector 61 corrects
at least one of the upper limit value and the lower limit
value which define the prescribed range, the configura-
tion of the corrector 61 is not limited to the configuration
of the first embodiment in which only the upper limit value
is corrected. That is, the corrector 61 may be configured
to correct only the lower limit value or may be configured
to correct both the upper limit value and the lower limit
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value.
[0080] Moreover, a timing at which the upper limit value
and the lower limit value of the storage 62 are reset to
the default values is not limited to a timing at which the
dimming level transitions to the OFF level. The timing at
which the upper limit value and the lower limit value of
the storage 62 are reset to the default values may be, for
example, a time point when a predetermined time elaps-
es from the correction of the prescribed range by the
corrector 61. In this case, when the corrector 61 corrects
the prescribed range, the corrected prescribed range is
adopted until the predetermined time elapses, and when
and after the predetermined time elapses, the prescribed
range before the correction is adopted.
[0081] Moreover, according to the configuration of the
first embodiment, when the target waveform has an
anomaly, the prescribed range of the on time is narrowed,
thereby reducing an adjustable range of the light output
of the load 7 and a range in which the dimming level is
selectable is also narrowed apparently. Thus, for the ma-
nipulation section manipulated by a user, a configuration
including neither upper limit nor lower limit of the movable
range as in the case of, for example, a rotary encoder is
preferred to a configuration including the upper limit and
the lower limit of the movable range as in the case of a
variable resistor. In this case, a user manipulates the
manipulation section without taking the upper limit and
the lower limit of the dimming level into consideration.
Thus, even when the range in which the dimming level
is selectable is narrowed, apparent feeling that some-
thing is different is less likely to be aroused.
[0082] Moreover, the switch driver 9 is not an essential
configuration of the lighting control device 1 and may thus
accordingly be omitted. When the switch driver 9 is omit-
ted, the controller 6 directly drives the bidirectional switch
2. When the switch driver 9 is omitted, the drive power
supply 52 is omitted.
[0083] Moreover, each of the switching devices Q1 and
Q2 included in the bidirectional switch 2 is not limited to
an enhancement n-channel MOSFET but may be, for
example, an insulated gate bipolar transistor (IGBT).
Moreover, in the bidirectional switch 2, rectifier elements
(the diodes) for realizing the unidirectionally on state are
not limited to the parasitic diodes of the switching devices
Q1 and Q2 but may be external diodes such as those
described in the first variation. The diode may be accom-
modated in an identical package with each of the switch-
ing devices Q1 and Q2.
[0084] Moreover, the first time point t1 is not limited to
the generation time point of the first detection signal ZC1
or the second detection signal ZC2 but may be a time
point when a defined delay time (e.g., 300 ms) elapses
from the generation time point of the first detection signal
ZC1 or the second detection signal ZC2. The delay time
is not limited to 300 ms but may be accordingly deter-
mined within a range from 0 ms to 500 ms.
[0085] Moreover, the third time point t3 is required only
to be earlier than the end time point (zero crossing point)

t4 of the half period, and the length from the third time
point t3 to the end time point t4 of the half period can be
accordingly determined. For example, when the time
length from the first time point t1 to the third time point
t3 is shorter than the half period by a certain specified
time, the specified time is not limited to 300 ms but may
be accordingly set to a value within a range from 100 ms
to 500 ms.
[0086] FIG. 4 shows an example of a configuration con-
figured to halt generation of the control electric power by
the power supply 5. In the example shown in FIG. 4, the
drive power supply 52 forms a constant voltage circuit
including a Zener diode ZD1 and a transistor Q10. In FIG.
4, the drive power supply 52 includes the Zener diode
ZD1, the transistor Q10, a resistor R1 (first resistor R1),
a resistor R2 (second resistor R2), and a diode D5. The
drive power supply 52 further includes a resistor R3 (third
resistor R3), a fourth resistor R4, a third switching device
Q11, and a fourth switching device Q12. In FIG. 4, the
right and left sides of FIG. 1 are reversed, and the drive
power supply 52 is located on the left of the control power
supply 51.
[0087] Specifically, the resistor R1, the transistor Q10,
the resistor R3, the diode D5, and the capacitive element
C2 are electrically connected in series between the pow-
er supply input terminal (the connection point of the pair
of diodes D1 and D2) and ground. The resistor R2 and
the Zener diode ZD1 are electrically connected in series
between the power supply input terminal and ground.
Each of the transistor Q10 and the switching device Q12
includes, for example, an enhancement n-channel MOS-
FET. The switching device Q11 includes, for example,
an npn-bipolar transistor.
[0088] The transistor Q10 has a gate electrically con-
nected to the cathode of the Zener diode ZD1. The Zener
diode ZD1 has an anode electrically connected to
ground. The switching device Q11 is electrically connect-
ed between the source and the gate of the transistor Q10.
The switching device Q11 has an emitter electrically con-
nected to the source of the transistor Q10 via the resistor
R3. The switching device Q11 has a base electrically
connected to the source of the transistor Q10 via the
resistor R4. The switching device Q12 is electrically con-
nected between the gate of the transistor Q10 and the
ground. The switching device Q12 has a gate electrically
connected to the controller 6. The switching device Q12
receives an interruption signal Ss1 output from the con-
troller 6 to be turned on and off.
[0089] With this configuration, while the interruption
signal Ss1 from the controller 6 is the OFF signal (e.g.,
a low level), the drive power supply 52 is supplied with
electric power from the AC power supply 8 to charge the
capacitive element C2 with a constant voltage based on
the Zener voltage (breakdown voltage) of the Zener diode
ZD1. A voltage between the gate of the transistor Q10
and the ground is clamped to the Zener voltage of the
Zener diode ZD1. In this embodiment, when the value of
a current (drain current) flowing through the transistor
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Q10 becomes larger than or equal to a specified value,
a voltage across the resistor R3 turns on the switching
device Q11, thereby turning off the transistor Q10. At this
time, the charging path of the capacitive element C2 is
interrupted, so that the power supply 5 stops generating
the control electric power. That is, when the charging
path of the capacitive element C2 is interrupted, the volt-
age of the capacitive element C2 only decreases, and
therefore, the voltage of the capacitive element C2 de-
creases below a voltage at which the control power sup-
ply 51 can operate, so that the control power supply 51
stops generating the control electric power.
[0090] On the other hand, when the interruption signal
Ss1 from the controller 6 transitions to the ON signal (e.g.,
a high level), the switching device Q12 is turned on, there-
by turning off the transistor Q10. At this time, the charging
path of the capacitive element C2 is interrupted. Note
that when the bidirectional switch 2 is in the OFF state,
the interruption signal Ss1 is the OFF signal, and the
drive power supply 52 charges the capacitive element
C2.
[0091] The diodes D1 and D2 in the first embodiment
are not essential components of the lighting control de-
vice 1, and the diodes D1 and D2 may thus accordingly
be omitted.
[0092] Moreover, in comparison between two values,
for example, in relation to the on time and the lower limit
value, "larger than or equal to" includes both a case
where the two values are equal to each other and a case
where one of the two values is larger than the other of
the two values. However, the meaning of the "larger
(higher) than or equal to" mentioned herein is not limited
to the above definition but "larger (higher) than or equal
to" mentioned herein may be a synonym of "larger (high-
er) than" which includes only a case where one of the
two values is larger than the other of the two values. That
is, whether or not a case where the two values are equal
to each other is included can be arbitrarily changed de-
pending on the setting of the lower limit value and the
like, and therefore, there is no technical difference be-
tween "larger (higher) than or equal to" and "larger (high-
er) than". Similarly, "lower than" may be a synonym of
"lower than or equal to".

Second Embodiment

[0093] As illustrated in FIGS. 5 and 6, a lighting control
device 1B of a second embodiment is different from the
lighting control device 1 of the first embodiment in that a
controller 6B is configured to estimate a zero crossing
point of an AC voltage Vac of at least one half period
ahead in future in accordance with a detection signal of
a zero crossing point for one time. The circuit configura-
tion of the lighting control device 1B is the same as that
of the lighting control device 1 of the first embodiment.
Components similar to the components of the first em-
bodiment will be hereinafter denoted by the same refer-
ence signs as those in the first embodiment, and the de-

scription thereof will be omitted.
[0094] A phase detector 3 is configured to output a
detection signal to a corrector 61B and the controller 6B
when the phase detector 3 detects the zero crossing point
of the AC voltage Vac. The corrector 61B and storage
62B of the present embodiment respectively correspond
to the corrector 61 and the storage 62 of the first embod-
iment.
[0095] In the present embodiment, the controller 6B
estimates, based on the frequency of the AC voltage Vac,
a zero crossing point of the AC voltage Vac of at least
half period ahead in future as a virtual zero crossing point
each time the controller 6B receives the detection signal
from the phase detector 3, and the controller 6B gener-
ates a virtual signal at the timing of the virtual zero cross-
ing point. Specifically, as illustrated in FIG. 6, the con-
troller 6B generates a first virtual signal Si1 at a time point
when a stand-by time Tzc corresponding to one period
of the AC voltage Vac elapses from a time at which the
controller 6B receives a first detection signal ZC1. Sim-
ilarly, the controller 6B generates a second virtual signal
Si2 at a time point when the stand-by time Tzc corre-
sponding to the one period of the AC voltage Vac elapses
from a time point at which the controller 6B receives a
second detection signal ZC2. FIG. 6 shows the AC volt-
age Vac, the first detection signal ZC1, the second de-
tection signal ZC2, a first control signal Sbl, and a second
control signal Sb2 which are similar to those of FIG. 2.
FIG. 6 further shows the first virtual signal Si1 and the
second virtual signal Si2.
[0096] In this embodiment, to prevent generation of the
first virtual signal Si1 earlier than a next first detection
signal ZC1, the stand-by time Tzc is set slightly longer
than the one period of the AC voltage Vac. Moreover, to
prevent generation of the second virtual signal Si2 earlier
than a next second detection signal ZC2, the stand-by
time Tzc is set a little longer than the one period of the
AC voltage Vac.
[0097] The controller 6B uses the logical disjunction of
the first detection signal ZC1 and the first virtual signal
Si1 as a trigger signal for determining a timing for con-
trolling a bidirectional switch 2. Similarly, the controller
6B uses the logical disjunction of the second detection
signal ZC2 and the second virtual signal Si2 as a trigger
signal for determining a timing for controlling the bidirec-
tional switch 2. Thus, even when the phase detector 3
fails to detect the zero crossing point, the controller 6B
can determine a timing for controlling the bidirectional
switch 2 by using the virtual signal generated at the virtual
zero crossing point as the trigger signal instead of the
detection signal from the phase detector 3.
[0098] Moreover, in the present embodiment, the cor-
rector 61B determines whether or not the zero crossing
point of the AC voltage Vac is regularly detected based
on both the zero crossing point detected by the phase
detector 3 and the zero crossing point (virtual zero cross-
ing point) estimated by the controller 6B. That is, a de-
termination condition which the corrector 61B refers to
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is that at least one of the detection signal from the phase
detector 3 and the virtual signal from the controller 6B is
regularly input to the corrector 61B. The corrector 61B is
configured to determine that the target waveform has an
anomaly when either one of the detection signal and the
virtual signal is irregularly input to the corrector 61B.
Thus, when at least one of the detection signal and the
virtual signal is generated, the corrector 61B determines
that the zero crossing point is detected. Thus, as illus-
trated in FIG. 6, when the phase detector 3 fails to detect
the zero crossing point, the corrector 61B does not im-
mediately determine that the target waveform has an
anomaly, but the upper limit value of the on time remains
Ton1. Note that when the detection signal is not input but
only the virtual signal is input in succession for a specified
number of times, the corrector 61B may determine that
the target waveform has an anomaly.
[0099] The controller 6B may be configured to estimate
the virtual zero crossing point for two or more times in
response to the detection signal of the zero crossing point
for one time. In this case, the controller 6B generates a
virtual signal every lapse of the stand-by time Tzc from
a time point at which the controller 6B receives the de-
tection signal.
[0100] Moreover, the stand-by time Tzc for generating
the virtual signal is at least determined with reference to
the half period of the AC voltage Vac. The stand-by time
Tzc may be determined with reference to the half period,
three times the half period, four times the half period, or
more times other than the one time period. Three times
the half period equals 1.5 periods, and four times the half
period equals 2 periods. When the stand-by time Tzc is
determined with reference to a period of an odd multiple
of the half period, the controller 6B generates the second
virtual signal Si2 at a time point when the stand-by time
Tzc elapses based on the first detection signal ZC1.
Moreover, in this case, the controller 6B generates the
first virtual signal Si1 at a time point when the stand-by
time Tzc based on the second detection signal ZC2
elapses. Thus, the controller 6B may be configured to
generate the first virtual signal Si1 and the second virtual
signal Si2 based on only one of the first detection signal
ZC1 and the second detection signal ZC2.
[0101] The lighting control device 1B of the present
embodiment includes the phase detector 3 configured to
output a detection signal to the corrector 61B and the
controller 6B when the phase detector 3 detects a zero
crossing point of the AC voltage Vac. The controller 6B
is configured to estimate a zero crossing point of the AC
voltage Vac of at least the half period ahead in future
based on the detection signal for one time to obtain a
virtual zero crossing point, and to generate a virtual signal
at the virtual zero crossing point. Moreover, the determi-
nation condition is that at least one of the detection signal
and the virtual signal is regularly input to the corrector
61B, and the corrector 61B is configured to determine
that the target waveform has the anomaly when either
one of the detection signal and the virtual signal is irreg-

ularly input to the corrector 61B. Thus, even when the
phase detector 3 cannot detect a zero crossing point due
to the influence of accidental noise and the like, or even
when the zero crossing point is shifted due to an instan-
taneous drop of the AC voltage Vac or the like, the con-
troller 6B stably performs reverse phase control in syn-
chrony with the period of the AC voltage Vac. Moreover,
even when the phase detector 3 fails to detect the zero
crossing point, the corrector 61B does not immediately
determine that the target waveform has an anomaly, but
it becomes possible to reduce frequent corrections of the
prescribed range.

Other aspects

[0102] In each of the first embodiment (including the
variations) and the second embodiment, supplying elec-
tric power from the AC power supply 8 to the power supply
5 is secured (during the third time period T3 and the fourth
time period T4) before the start time point (zero crossing
point) t0 of the half period of the AC voltage Vac, but the
above-described embodiments are not limited to this con-
figuration.
[0103] Supplying electric power from the AC power
supply 8 to the power supply 5 may be secured for a
definite time (during the first time period T1) after the start
time point (zero crossing point) t0 of the half time period
of the AC voltage Vac. During periods (the first time pe-
riod T1, the third time period T3, and the fourth time period
T4) before and after the starting point (zero crossing
point) t0 of the half period of the AC voltage Vac, supply-
ing electric power from the AC power supply 8 to the
power supply 5 may be secured for a definite time. That
is, supplying electric power from the AC power supply 8
to the power supply 5 can be secured during any of the
first time period T1, the third time period T3, and the fourth
time period T4. Note that when a user manipulates the
manipulation section so as to maximize the light output
of the load 7, priority is given to securing the first time
period T1, the third period T3, and the fourth time period
T4, and the second time period T2 may be controlled to
be a time period shorter than a length at which the light
output is maximized.
[0104] Determining the definite time so as to sufficient-
ly supply electric power from the AC power supply 8 to
the power supply 5 enables the controller 6 to stably op-
erate while waveform distortion is reduced.
[0105] Each of FIG. 1 to FIG. 6 does not necessarily
show each feature of the independent claim, which de-
fines the scope of the present invention.

Reference Signs List

[0106]

1, 1A, 1B Lighting Control Device

2, 2A Bidirectional Switch
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3 Phase Detector

4 Inputter

6, 6B Controller

7 Load (Illumination Load)

8 AC Power Supply

11 Input Terminal

12 Input Terminal

61, 61B Corrector

62, 62B Storage

Si1 First Virtual Signal

Si2 Second Virtual Signal

T0 Starting Point (Zero Crossing Point) of Half
Period

T4 End Time Point (Zero Crossing Point) of
Half Period

Vac AC Voltage

ZC1 First Detection Signal

ZC2 Second Detection Signal

Claims

1. A lighting control device (1, 1A, 1B), comprising:

a pair of input terminals (11, 12) configured to
be electrically connected between a series cir-
cuit of an illumination load (7) and an AC power
supply (8);
a bidirectional switch (2, 2A) configured to switch
between conduction and non-conduction of a bi-
directional current between the pair of input ter-
minals (11, 12);
an inputter (4) configured to receive a dimming
level specifying a magnitude of a light output of
the illumination load (7);
a controller (6, 6B) configured to control the bi-
directional switch (2, 2A) so as to retain the bi-
directional switch (2, 2A) in an ON state for an
on time having a length determined in accord-
ance with the dimming level within a prescribed
range in each of half periods of an AC voltage
(Vac) of the AC power supply (8);

characterized in that:

the controller (6, 6B) comprises a corrector (61,
61B) configured

to determine, with reference to a determi-
nation condition, whether or not a target
waveform which is a voltage waveform input
to the pair of input terminals (11, 12) has an
anomaly and
to correct the prescribed range so as to nar-
row the prescribed range when the target
waveform has the anomaly; and

the lighting control device (1, 1A, 1B) further
comprises a phase detector (3) configured to
output a detection signal to the corrector (61,
61B) when the phase detector (3) detects a zero
crossing point (t0, t4) of the AC voltage (Vac),
wherein:

the controller (6, 6B) is conngured
to estimate a zero crossing point (t0, t4) of
the AC voltage (Vac) of at least a half period
ahead in future based on the detection sig-
nal for one time to obtain a virtual zero cross-
ing point and
to generate a virtual signal at the virtual zero
crossing point, and

the corrector (61, 61B) is configured to deter-
mine that the target waveform has the anomaly,

(i) when the detection signal is irregularly
input to the corrector (61, 61B), the deter-
mination condition being that the detection
signal is regularly input from the phase de-
tector (3) to the corrector (61, 61B) every
half period; or
(ii) when either one of the detection signal
and the virtual signal is irregularly input to
the corrector (61, 61B), the determination
condition being that at least one of the de-
tection signal and the virtual signal is regu-
larly input to the corrector (61, 61B) every
half period.

2. The lighting control device (1, 1A, 1B) according to
claim 1, further comprising:

storage (62, 62B) configured to store the pre-
scribed range, wherein
the storage (62, 62B) stores a prescribed range
corrected by the corrector (61, 61B).

3. The lighting control device (1, 1A, 1B) according to
claim 1 or 2, wherein
the prescribed range is defined by an upper limit val-
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ue and a lower limit value, and
the corrector (61, 61B) is configured to change at
least one of the upper limit value and the lower limit
value to correct the prescribed range.

Patentansprüche

1. Beleuchtungssteuervorrichtung (1, 1A, 1B), umfas-
send:

ein Paar Eingangsanschlüsse (11, 12), die kon-
figuriert sind, um elektrisch zwischen eine Rei-
henschaltung einer Beleuchtungslast (7) und ei-
ne Wechselstromversorgung (8) geschaltet zu
werden;
einen bidirektionalen Schalter (2, 2A), der kon-
figuriert ist, um zwischen Leitung und Nichtlei-
tung eines bidirektionalen Stroms zwischen
dem Paar von Eingangsanschlüssen (11, 12)
umzuschalten;
einen Eingang (4), der konfiguriert ist, um einen
Dimmpegel zu empfangen, der eine Größe einer
Lichtausgabe der Beleuchtungslast (7) spezifi-
ziert;
eine Steuerung (6, 6B), die konfiguriert ist, um
den bidirektionalen Schalter (2, 2A) zu steuern,
um den bidirektionalen Schalter (2, 2A) in einem
EIN-Zustand für eine Einschaltdauer mit einer
Länge, die gemäß dem Dimmpegel innerhalb
von einem vorgeschriebenen Bereich in jeder
der Halbperioden einer Wechselspannung
(Vac) der Wechselstromversorgung (8) be-
stimmt ist, zu halten;
dadurch gekennzeichnet, dass:

die Steuerung (6, 6B) einen Korrektor (61,
61B) umfasst, der konfiguriert ist,
um unter Bezugnahme auf eine Bestim-
mungsbedingung zu bestimmen, ob eine
Zielwellenform, die eine Spannungswellen-
form ist, die in das Eingabeanschlusspaar
(11, 12) eingegeben wird, eine Anomalie
aufweist oder nicht, und
um den vorgeschriebenen Bereich zu kor-
rigieren, um so den vorgeschriebenen Be-
reich zu verengen, wenn die Zielwellenform
die Anomalie aufweist; und
die Beleuchtungssteuervorrichtung (1, 1A,
1B) ferner einen Phasendetektor (3) um-
fasst, der konfiguriert ist, um ein Erfas-
sungssignal an den Korrektor (61, 61B)
auszugeben, wenn der Phasendetektor (3)
einen Nulldurchgangspunkt (t0, t4) der
Wechselspannung (Vac) erfasst,
wobei:

die Steuerung (6, 6B) konfiguriert ist,

einen Nulldurchgangspunkt (t0, t4) der
Wechselspannung (Vac) von wenigs-
tens einer zukünftigen Halbperiode ba-
sierend auf dem Erfassungssignal ein-
mal zu schätzen, um einen virtuellen
Nulldurchgangspunkt zu erhalten, und
ein virtuelles Signal am virtuellen Null-
durchgangspunkt zu erzeugen, und
der Korrektor (61, 61B) konfiguriert ist
zu bestimmen, dass die Zielwellenform
die Anomalie aufweist,

(i) wenn das Erfassungssignal un-
regelmäßig in den Korrektor (61,
61B) eingegeben wird, wobei die
Bestimmungsbedingung darin be-
steht, dass das Erfassungssignal
regelmäßig jede Halbperiode vom
Phasendetektor (3) in den Korrek-
tor (61, 61B) eingegeben wird;
oder
(ii) wenn entweder das Erfas-
sungssignal oder das virtuelle Sig-
nal unregelmäßig in den Korrektor
(61, 61B) eingegeben wird, wobei
die Bestimmungsbedingung darin
besteht, dass das Erfassungssig-
nal und/oder das virtuelle Signal
regelmäßig in den Korrektor (61,
61B) jede Halbperiode eingege-
ben wird.

2. Beleuchtungssteuervorrichtung (1, 1A, 1B) nach An-
spruch 1, ferner umfassend:

einen Speicher (62, 62B), der konfiguriert ist,
um den vorgeschriebenen Bereich zu spei-
chern, wobei
der Speicher (62, 62B) einen vorgeschriebenen
Bereich, der durch den Korrektor (61, 61B) kor-
rigiert wurde, speichert.

3. Beleuchtungssteuervorrichtung (1, 1A, 1B) nach An-
spruch 1 oder 2, wobei
der vorgeschriebene Bereich durch einen oberen
Grenzwert und einen unteren Grenzwert definiert
wird, und
der Korrektor (61, 61B) konfiguriert ist, um wenigs-
tens einen von dem oberen Grenzwert und dem un-
teren Grenzwert zu ändern, um den vorgeschriebe-
nen Bereich zu korrigieren.

Revendications

1. Dispositif de commande d’éclairage (1, 1A, 1B),
comprenant :
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une paire de bornes d’entrée (11, 12) configu-
rées de manière à être connectées électrique-
ment entre un circuit en série d’une charge
d’éclairage (7) et une alimentation en courant
alternatif (8) ;
un commutateur bidirectionnel (2, 2A) configuré
de manière à commuter entre conduction et non-
conduction d’un courant bidirectionnel entre les
bornes de la paire de bornes d’entrée (11, 12);
un module d’application en entrée (4) configuré
de manière à recevoir un niveau de gradation
spécifiant une grandeur d’une sortie de lumière
de la charge d’éclairage (7) ;
un contrôleur (6, 6B) configuré de manière à
commander le commutateur bidirectionnel (2,
2A) de manière à maintenir le commutateur bi-
directionnel (2, 2A) dans un état de MARCHE
pendant un temps dont la durée est déterminée
conformément au niveau de gradation dans une
plage prescrite, dans chacune parmi des demi-
périodes d’une tension alternative (Vac) de l’ali-
mentation en courant alternatif (8) ;

caractérisé en ce que :

l e contrôleur (6, 6B) comprend un correcteur
(61, 61B) configuré de manière à :

déterminer, en référence à une condition de
détermination, si une forme d’onde cible,
qui correspond à une forme d’onde de ten-
sion appliquée en entrée à la paire de bor-
nes d’entrée (11, 12), présente ou non une
anomalie ; et
corriger la plage prescrite de manière à ré-
duire la plage prescrite lorsque la forme
d’onde cible présente l’anomalie ; et

l e dispositif de commande d’éclairage (1, 1A,
1B) comprend en outre un détecteur de phase
(3) configuré de manière à fournir en sortie un
signal de détection au correcteur (61, 61B) lors-
que le détecteur de phase (3) détecte un point
de passage par zéro (t0, t4) de la tension alter-
native (Vac), dans lequel :

le correcteur (6, 6B) est configuré de ma-
nière à :

estimer à l’avance un point de passage
par zéro (t0, t4) de la tension alternative
(Vac) d’au moins une demi-période
dans le futur, sur la base du signal de
détection, pour une occurrence, afin
d’obtenir un point de passage par zéro
virtuel ; et
générer un signal virtuel au point de
passage par zéro virtuel ; et

le correcteur (61, 61B) est configuré de ma-
nière à déterminer que la forme d’onde cible
présente l’anomalie ;

(i) lorsque le signal de détection est ir-
régulièrement appliqué en entrée au
correcteur (61, 61B), la condition de dé-
termination étant que le signal de dé-
tection soit régulièrement appliqué en
entrée du détecteur de phase (3) au
correcteur (61, 61B) à chaque demi-
période ; ou
(ii) lorsque l’un ou l’autre parmi le signal
de détection et le signal virtuel est irré-
gulièrement appliqué en entrée au cor-
recteur (61, 61B), la condition de déter-
mination étant qu’au moins l’un parmi
le signal de détection et le signal virtuel
soit régulièrement appliqué en entrée
au correcteur (61, 61B) à chaque demi-
période.

2. Dispositif de commande d’éclairage (1, 1A, 1B) selon
la revendication 1, comprenant en outre :

une mémoire (62, 62B) configurée de manière
à stocker la plage prescrite, dans laquelle
la mémoire (62, 62B) stocke une plage prescrite
corrigée par le correcteur (61, 61B).

3. Dispositif de commande d’éclairage (1, 1A, 1B) selon
la revendication 1 ou 2, dans lequel :

la plage prescrite est définie par une valeur limite
supérieure et une valeur limite inférieure ; et
le correcteur (61, 61B) est configuré de manière
à modifier au moins l’une parmi la valeur limite
supérieure et la valeur limite inférieure, afin de
corriger la plage prescrite.
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