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(57) Abstract: Provided is a control circuit capable of suppressing flickering of an LED while preventing degradation of the power
etficiency. A control circuit is configured to control electric power to an LED illumination based on a rectified drive voltage, the rec -
tified drive voltage being a drive signal rectified by a rectifier, the drive signal being an AC signal whose phase is controlled by a
dimmer including a switching device. The control circuit includes a time period detection part configured to detect a time period in
which a voltage value of the rectified drive voltage is less than or equal to a predetermined value; and a dimmer current control part
configured so that a control current to the dimmer is greater than or equal to a holding current of the switching device during the
time period detected.
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CONTROL CIRCUIT

CROSS-REFERNCE TO RELATED APPLICATION

[0000]
This application is an International Applicant of U.S. Patent Application No.
14/619,592, filed on February 11, 2015, which is incorporated by reference herein in

its entirely.

(0001}

As a control circuit configured to control electric power supplied to g
load such as an LED, there has conventionally been known, for example, an
impedance matching circuit disclosed in United States FPatent No. 7656103B2,

10 which, using a control signal from a control block, is capable of maintaining a
conducting state of a triac in a dimmer by supplying an additional current o the
triac when a load current supplied to a load is insufficient.

[0002]

incidentally, the current value of feedback current fed back to the

15 control circuit after flowing through the load is unstable. Therefore, when a
dimmer current supplied to the dimmer is controlled based on the feedback
current, if the current value of the feedback current drops, even for a moment,
below a holding current required for holding the trige of the dimmer in a
conducting state, the triac turns off so that the on-time of a signal supplying

20 electric power io the load varies per period. As a result, the LED looks like it is
flickering.

[0003]

On the other hand, in order to keep the triac in a conducting state, it
may be considered to continuously supply, other than the feedback current, a

25 current greater than or equal to the holding current to the dimmer. However,
such a method degrades the power sfficiency and thus is not adequate.

SUMMARY
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[0004]

Some aspects of the present invention have an object to provide a
control circuit capable of suppressing flickering of an LED while preventing
degradation of the power efficiency.

[0005]

According to an aspect of the present invention, a control circuit is
configured fo control electric power to a load based on a rectified drive signal;
the rectified drive signal being a drive signal rectified by a rectifier, the drive
signal being an alternating-current signal whose phase is controlled by a
dimmer comprising a switching device, and includes a time period detection part
configured to detect a time period in which an amplitude of the rectified drive
signal is less than or equal {o a predetermined level, and a dimmer current |
control part being configured so that a control current to the dimmer is greater
than or equal to a holding current of the switching device during the time period.

[0006]

According to another aspect of the present invention, a control circuit is
configured to control electric power to a load based on a rectified drive signal,
the rectified drive signal being a drive signal rectified by a rectifier, the drive
signal being an alternating-current signal whose phase is controlled by a
dimmer comprising a switching device, and includes a time period detection part
configured to output a detection signal including a pulse whose pulse width is
based on a time period in which an amplitude of the rectified drive signal is
greater than a pradetermined level; and a load current control part configured to
control a load current o the load based on a puise density of the detection
signal in a predetermined term.

10007]

in the embodiments presented herein, the terms "part”, “device” and

2
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“system” not only mean physical mechanisms, but also include realization of
functions that the “part”, “device” and “system” have, by software. The function
that one “part”, "device” or “system” has may be realized by two or more
physical mechanisms or devices. Alternatively, the two or more functions of
“part”, “device” and "system” may be realized by one physical mechanism or
device.
BRIEF DESCRIPTION OF THE DRAWINGS

[Q008]

The accompanying drawings are incorporated herein and form a part
of the specification,

FiG. 1 is a block diagram showing an example of an lllumination
system according to an embodiment of the present invention;

FiG. 2 is a circuit diagram showing a first embodiment example of a |
clamp circuit shown in FiG. 1,

FIG. 3 is a block diagram for explaining an example of an illumination
system including a virtual control circuit;

FIG. 4 i= a signal waveform diagram for explaining the operation of a
dimmer current control part shown in FiG. 3;

FIG. 5 is a signal waveform diagram for explaining the operation of a
dimmer current control part shown in FIG. 1,

FIG. 6 is a circuit diagram showing a second embodiment example of
a clamp circuit shown in FIG. 1;

FIG. 7 is a block diagram showing an example of a signal processing
gircuit shown in FIG. 1;

FIG. 8 is a block diagram showing an example of a constant current
circuit and a D/A converter circuit shown in FIG. 1;

FIG. 9 is a block diagram showing an example of a signal pmcessing

3
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circuit shown in FIG. 3;

FIG. 10 is a signal waveform diagram for explaining the operation of
the signal processing circuit shown in FIG. 8; and

FIG. 11 is a signal waveform diagram for explaining the operation of
the signal processing circuit shown in FIG. 7.

in the drawings, like reference numbers generally indicate identical or
similar elements.

DETAILED DESCRIPTION

[0009]

FIGS. 1 to 11 are diagrams for explaining an illumination system
according to an embodiment of the present invention. FIG. 1 is a block diagram
showing an example of an illumination system 100 according to the
embodiment. The illumination system 100 is an illumination system capable of
adjusting the brightness of an LED lighting equipment (hereinafter referred {o as
an "LED illumination™), for example. As shown in FIG. 1, the illumination Sysiém
100 includes, for example, a dimmer 10, a rectifier 20, a control circuit 200, &
constant current circuit 80, and an LED illumination 90.

(00107

An alternating-current (AC) voltage is supplied to the dimmer 10 from,
for example, an external AC source AS. The effective value of an AC voltage is
a value faliing within a range, for example, from about 100V to about 240V. The
dimmer 10 includes a switching device 11 such as a triac. The dimmer 10 is
configured to control the phase of a signal (waveform) of supplied AC voltage to
output a drive voltage. In other words, the dimmer 10 is a phase control type |
dimmer and controls the on-phase angle {(on-time) of the switching device 11
per half period of the AC voltage signal, thereby outputting a drive voliage which

is the AC voltage whose duty cycle has been changed.
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[0011]

For example, the dimmer 10 may include a controller configured to
control on and off the switching device 11, In this case, the controlier suppii&\é a
trigger current to a gate electrode of the switching device 11 in accordance with
dimming information, such as a value in a range, for example, from about 0% to
about 100%, thereby controlling the on-phase angle of the switching device 11
supplied with an AC voltage. Consequently, the supplied AC voltage is partially
cut so that a drive voltage being the AC voltage whose duty cycle has been
changed is culput.

[0012]

The switching device 11 once turned on remaing in a conducting siate
{on-state) regardiess of a trigger current supplied to the gate slectrode as iang
as a current of a predetermined value or more flows between its terminals. This
current of the predetermined value is called a holding current th. With a current
greater than or equal to the holding current ih flowing in the switching device 11,
the conducting state of the switching device 11 can be maintained.

[0013]

A drive voltage output from the dimmer 10 is input to the rectifier 20.
The rectifier 20 is configured to rectify the drive voltage and ouiput a rectified
drive voltage. As shown in FIG. 1, the rectifier 20 includes, for example, four
diodes 21. In this case, the four diodes 21 are bridged to carry out full-wave |
rectification of the drive voltage. Consequently, the AC drive voltage is
converted into a direct-current (DC) drive voltage.

[0014]

The drive voltage rectified by the rectifier 20 (hereinafter referred {o as
a "rectified drive voltage Vrd™) is input to the control circult 200, The control

circuit 200 is configured to control electric power supplied to the LED
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ilumination 90 based on the rectified drive voltage Vrd., The configuration of the
control circuit 200 will be described later.

[0015]

The constant current cirouit 80 is configured fo supply a predetermined
current (hereinafter referred to as a "load current X"} to the LED illumination Q&
The Inad current Ix supplied to the LED illumination 80 is fed back as a
feadback current If to the control circuit 200 and the dimmer 10 via the constant
current circuit 80

[0016]

in FIG. 1, there is shown an example in which the LED ilumination 80
includes two LEDs 91, but the configuration is not limited thereto. The LED
illumination 90 may include one, or three, or more LEDs 91,

10017] |

Next, the configuration of the control circuit 200 will be described.

[0018]

The control circuit 200 includes, for example, a time period detection
part 210 and a dimmer current control part 220.

[0019]

The time period detection part 210 is configured to detect a time period
in which the magnitude, e.g., the voltage value, of the rectified drive voitage Vrd
is less than or equal to a predetermined valué. As this predetermined value, a
threshold Vaiue Vvih1 is set to a value falling within a range, for example, from
about 5V to about 10V. The time period detection part 210 includes, for |
example, a resistor 211, a resistor 212, and a comparalor 215.

[0020]

The resistors 211 and 212 are disposed between a node N1 and a

ground GND. The resistors 211 and 212 divide a voltage of the node N1, ie.
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the rectified drive voltage Vrd, by a division ratio corresponding to their
resistance values to generate a divided rectified drive voltage Vrd'.

(0021}

The comparator 215 has a non-inverting input terminal connected to a
node N2 so that the rectified drive voltage Vrd' divided by the resistors 211 and
212 is input to this non-inverting input terminal. On the other hand, the
comparator 215 has an inverting input terminal connected to a voltage source
VS1 so that a reference voltage Vr1 is supplied fo this inverting input ferminal
from the voltage source VS1.

(0022}

The comparator 215 makes a comparison between the divided
rectified drive voltage Vrd' and the reference voltage Vr1 and outputs a
detection signal Sd based on a result of the comparison. The comparator 215
outputs a detection signal Sd of a relatively high voltage level (hereinafter
referred to as "H level") when, for example, the divided rectified drive voltage
Vrd' is greater than the reference voltage Vr1. On the other hand, the
comparator 215 cutputs a detection signal Sd of a relatively low voltage level
(hereinafter referred to as "L level") when, for example, the divided rectified
drive voltage Vrd' is less than or equal to the reference voltage Vrl.

[0023]

For example, when the rectified drive voltage Vrd changes from a
value greater than the threshold value Vth1 to a value less than or equal to the
threshold vaiue Vih1, the detection signal 8d of the comparator 215 changes

rom H level to L level. Then, while the voltage value of the rectified drive
voltage Vrd is less than or equal to the threshold value Vih1, the detection
signal Sd of the comparator 215 remains at L level. Accordingly, the time

period detection part 210 can detect a time period in which the voltage value of
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the rectified drive voltage Vrd is less than or equal o the threshold vaiue Vih1,

[0024]

On the other hand, for example, when the rectified drive voltage Vrd.
changes from a value less than or equal to the threshold value Vihito a value
greater than the threshold value Vth1, the detection signal 5d of the comparator
215 changes from L level to H level. Then, while the voltage value of the
rectified drive voltage Vrd is greater than the threshold value Vih1, the detection
signal Sd of the comparator 215 remains at H level. Accordingly, the time
period detection part 210 can aiso detect a time period in which the vollage
value of the rectified drive voltage Vrd is greater than the threshold value Vih1,
Since the comparator 215 continues to output an H-level detection signal Sd
while the voltage value of the rectified drive voltage Vrd is greater than the
threshold value Vith1, rising and falling edges of an H-level pulse in the
detection signal Sd coincide with a time period in which the voltage value of the
rectified drive voltage Vrd is greater than the threshold value Vth1, Therefore,
the detection signal 8d includes an H-level pulse whose puise width is equal to
a time period in which the voltage value of the rectified drive voltage Vrd is
greater than the threshold value Viht.

[0025]

In FIG. 1, there is shown an example in which the comparator 2158
ouiputs an H-level detection signal 8d when the voltage value of the rectified .
drive voltage Vrd is greater than the threshold value Vith1, while the comparator
215 outputs a L-level detection signal Sd when the voltage value of the rectified
drive voltage Vrd is less than or equal to the threshold value Vth1. However,
the configuration is not limited thereto. For example, the comparator 215 may
be configured, by inverting its output, o output a L-level detection signal 5d '

when the voltage value of the rectified drive voltage Vrd is greater than the
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threshold value Vth1, and fo output an H-level detection signal Sd when the
voltage value of the rectified drive voltage Vrd is less than or equal to the
threshold value Vth1. Alfernatively, the time pericd detection part 210 may
include, instead of the comparator 215, an A/D converter circuit, a plurality of
comparators with different threshold values, and so on. In this case, the time
period detection part 210 can output a detection signal 8d including a plurality
of bits and, accordingly, whean the waveform (signal) of the rectified drive
voltage Vrd is gentle around the threshold value Vtht, itis possible to obtain a
stable detsction signal Sd.

[oo2e]

The dimmer current control part 220 is configured to control a current
flowing to the dimmer 10 (hereinafter referred to as a "dimmer current id"), The
dimmer current control part 220 includes, for exampie, a constant voltage circuit
230, a control current switch 235, a control current circuit 240, and a clamp
circuit 250.

10027]

in addition, the control circuit 200 further includes a load current
control part 270.

[0028]

The load current control part 270 is configured to control the load
current Ix to the LED illumination 90. The load current control part 270 controls
the load current Ix based on a puise density of the detection signal Sd ina
predetermined term. The load current control part 270 includes, for example, a
signal processing circuit 280 and a D/A converter circuit 280.

[0029]

in FIG. 1, there is shown an example in which the control circuit 200

includes both the dimmer current control part 220 and the load current control

9



10

15

20

25

WO 2016/130281 PCT/US2016/013833

part 270, but the configuration is not limited thereto. For example, the control
circuit 200 may include only one of the dimmer current control part 220 and the
load current control part 270.

[0030]

The constant voltage circuit 230 is configured to control a voltage of a
node N4 to a predetermined value or less. The constant voltage circuit 230
includes, for example, a switch 231 and an operational amplifier 232.

(0313

The switch 231 is a switching device, for example, an n-channel metal
oxide semiconductor field-effect transistor (hersinafter referred to as a
"MOSFET™. The switch 231 has a drain connected to a node N3 and a source
connected to the node N4.

[0022]

The operational amplifier 232 has a non-inverting input terminal
connected o a voltage source V82 so that a reference voltage Vr2 is supplied
i this non-inverting input terminal from the voltage source V52, The reference
voltage Vr2 of the voltage source V82 is a relatively low voltage, for example,
about 0.5V. On the other hand, the operational ampilifier 232 has an inverting
input terminal connected to the node N4, Further, the operational amplifier 232
has an output terminal connected to a gate of the swilch 231,

[0033]

The operaticnal amplifier 232 ampiifies a difference between the
reference voltage Vr2 and the voltage of the node N4 and outputs a voltage
Voal to the gate of the switch 231, On the other hand, the source of the switch
231 is connected to the inverting input terminal of the operational amplifier 232
via the node N4. Consequently, since the output of the operational amplifier

232 is negatively fed back to the inverting input terminal of the operational
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amplifier 232 via the switch 231, the voltage of the inverting input terminal of the
operational amplifier 232 is controlied to be equal to that of the norn-inverting
input terminal of the operational amplifier 232 by the operation of the
operational amplifier 232.

[0034]

The control current switch 235 is a field-effect transistor configured so
that a control current Ic flows as a drain current. Specifically, the control current
switch 235 is, for example, an n-channel MOSFET. The controf current icisa
current that branches off from a current, flowing between the node N1 and the
node N3, at the node N3 and flows through the switch 231 and the control
current switch 235, The control current switch 235 has a drain connected to the
noda N4 and a source connected to a node N5, Consequently, a drain voltage
of the control current switch 235 is eqgual to that of the inverting input terminal of
the operational amplifier 232 and thus is equal to the reference voltage Vid |
which is the voltage of the non-inverting input terminal of the operational
amplifier 232. The control current [c after flowing through the control current
switch 235 is supplied to the dimmer 10 via a node NE.

[0038]

The control current circuit 240 is configured to control a gate voltage of
the control current switch 235 based on the feedback current If fed back from
the constant current circuit 80. The confrol current circuit 240 includes, for
example, a resistor 241, a voltage source V83, and an operational amplifier 245.

(0036} |

The resistor 241 has one end (right end in FIG. 1) connected to the
node N6 and the other end (left end in FIG. 1) connected to a node N7. The
feedback current If fed back from the constant current circuit 80 and the control

current Ic after flowing through the control current switch 235 flow through the
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resistor 241. The current after flowing through the resistor 241 is supplied as
the dimmer current Id to the dimmer 10, In other words, the dimmer current id
that flows to the dimmer 10 includes the feedback current If and the control
currant lo. When the dimmer current Id is large, a diode with a low forward
voltage may be connected in parallel to the resistor 241 in order to clamp a
voltage across the resistor 241,

10037}

The voltage source V832 is configured to generate a voltage thatis
higher than a voltage of the node N7 by a reference voitage Vr3.

[0038]

The operational amplifier 245 has a non-inverting input terminal
connected to the voltage source VS3 so that the reference voltage Vil is
supplied to this non-inverting input terminal from the voitage source V&3, On
the other hand, the operational amplifier 245 has an inverting input terminal
connected to the node N5. The operational amplifier 245 amplifies a difference
between the reference voltage Vr3 and a voltage of the node NS and oulputs a
voltage Voa2 to the clamp circuit 250,

[0039]

FIG. 2 is a circuit diagram showing a first embodiment example of the
clamp circuit 250 shown in FIG. 1. The clamp circuit 250 is configured to clamp
the gate voltage of the control current switch 235 to a predetermined value. As
shown in FIG. 2, the clamp circuit 250 includes, for example, a transistor 251, a
transistor 252, a transistor 253, and a current source CS1.

[0040]

The transistor 251 is, for example, an n-channel MOSFET and has a
drain connected to a node N11 and a gate connected to an output terminal of

the operational amplifier 245 of the control current circuit 240 shown in FIG. 1
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so that the voltage Voa?2 is supplied to the gate.

{0041}

The transisior 252 is, for example, an n-channel MOSFET and has a
drain connected to a source of the transistor 251 and a gate connecled to an-
cutput terminal of the comparator 215 of the time period detection part 210
shown in FIG. 1 so that the detection signal Sd is input to the gate. The
transistor 252 has a source connected to a node N12,

[0042]

The fransistor 253 is, for example, an n-channel MOSFET and has é
drain and a gate both connected to a node N13 and a source connected io the
node N12. The node N12 is at the same potential as the node NS connected to
the source of the control current switch 235,

[0043]

The current source CS1 is configured to produce a constant current of
a predetermined value. The current source CS1 has one end {upper end in FIG.
2) connected to a node N24 and the other end {lower end in FIG. 2} connected
to the node N11.

[0044]

In the clamp circuit 250 thus configured, a voltage equal to that of the
nodes N11 and N13 is supplied as a switch control voltage Vsc {o a gale of the
control current switch 235 shown in FIGS. 1and 2.

[0048]

Next, a virtual control circuit 300 will be described for comparison with
the control circuit 200 shown in FIG. 1,

0046]

FiG. 3 is a block diagram showing an example of an iitlumination

systern 100 including the virtual control circuit 300. Unless otherwise stated,
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the same components as those of the illumination system 100 shown in FIG. 1
are denoted by the same reference symbols and a description thereof will be
omitted as appropriate. As shown in FIG. 3, the virtual control circuit 300
includes a time period detection part 210, a dimmer current control part 320,
and a load current control part 370,

00473

The dimmer current control part 320 includes a resistor 320, a control
current switch 235, and a control current circuit 240, In other words, the dimmer
current control part 320 differs from the dimmer current control part 220 shown
in FIG. 1 in that the dimmer current control part 320 includes the resistor 330
instead of the constant voltage circuit 230 shown in FIG. 1 and does not include
the clamp circuit 250 shown in FIG. 1.

[0048]

When a voltage value of a rectified drive voltage Vrd output from a
rectifier 20 is relatively large, sufficient electric power is supplied to a constant
current circuit 80 from the virtual controt circuit 300. Therefore, a feedback
current If fed back to the virtual control circuit 300 from the constant current
circuit 80 has a value sufficiently greater than a holding current th of a switching
device 11 of a dimmer 10.

[0049]

On the other hand, when the voltage value of the rectified drive voliage
Vird is reduced, the electric power supplied to the constant current circuit 80 is
aiso reduced. When the supplied electric power is not sufficient, electric power
stored in a capacitor {not shown) provided in the constant current circuit 80 is
supplied to an LED illumination 80. Since the electric power stored in this
capacitor may differ per period of the rectified drive voltage Vrd, the feedback

current If fed back to the virtual control circuit 300 after flowing through the LED
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Humination 80 may vary, i.e. increase and decrease.

{00501

Since the dimmer current control part 320 does not include the clamp
circuit 250 shown in FIG. 1, a voliage Voa2 output from an operational amplifier
245 of the control current circuit 240 is input o a gate of the control current
switch 235. The output of the operational amplifier 245 is negatively fed back fo
an inverting input terminal of the operational amplifier 245 via the control current
switch 235. Therafore, the voltage Voa2 of the operational amplifier 245 is
sontrolled by the operation of the operational amplifier 245 so that a voltage of
the inverting input terminal of the operational amplifier 245 becomes equal o
that of a non-inverting input terminal of the operational amplifier 2435,

(0051}

FIG. 4 is a signal waveform diagram for explaining the operation of the
virtual dimmer current control part 320 shown in FIG. 3. Since the voltage Voa2
of the operational amplifier 245 changes so that the inverting input terminal and
the non-inverting input terminal of the operational amplifier 245 have the same
voltage, if, for example, the feedback current If shown in FIG. 3 varies around
time 12 at which the rectified drive voltage Vrd drops as shown in FiG. 4, a
voltage of a node N7 shown in FIG. 3 changes due to this feedback current If.
Therefore, the voltage Voa2 supplied to the gate of the control current switch
235 shown in FIG. 3 reaches a predetermined value while fluctuating.

[00562]

While the voltage VoaZ is unstable around time 12, a dimmer current id
including a control current fe flowing through the control current switch 235
shown in FIG. 3 and the feedback current If may fall below the holding current
ih. In this case, the switching device 11 of the dimmer 10 shown in FIG. 3is

turned off at a timing different from that contrelied by a controlier of the dimmer
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10. Therefore, as shown in FIG. 4, in the rectified drive voltage Vrd, for
example, its on-time Ton2 from time t3 to time 4 differs from ite on-time Tont
from time 11 to time 12 (TonZs=Tont).

[0053]

As a result, as shown in FIG. 4, in a detection signal Sd of a
comparator 215 of the time period detection part 210, so-called jitter ocours in
which the time period of H level varies per period so that the level changes from
H level to L level at an earlier timing or at a delayed timing. If the on-time of the
rectified drive voltage Vrd varies as described above, light of the LED
llumination 80 shown in FIG. 3 looks like flickering.

[0054]

On the other hand, as shawn in FIG. 1, the control circuit 200 includes
the time period detection part 210 configured to detect a time period in which
the voltage value of the rectified drive voltage Vrd is less than or equal to the
predetermined value. Herein, when the voltage value of the reclified drive
voltage Vrd is less than or equal to the predetermined value, lectric power
stored in an electricity storage means such as a capacitor is supplied to the
LED illumination 90. Therefore, the feedback current if fed back to the dimmer
10 from the LED illumination 90 may vary largely so that the dimmer current id
flowing to the dimmer 10 becomes unstable. Accordingly, using the time pericd
detection part 210 to detect a time period in which the voltage value of the
rectified drive voltage Vrd is less than or equal to the threshold value Vih1, itis
possible to detect a time period in which the feedback current If varies largely,
Le. is unsiable.

[0055]

The control current circuit 240 shown in FIG. 1 is configured {o control

the gate voltage of the control current switch 235 based on the feedback current
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if while the voltage value of the rectified drive voltage Vrd is greater than the
predetermined value, Consequently, the control current Ic based on the
feadback current if can be supplied to the dimmer 10 other than in the time
period in which the feedback current If is unstable.

[0056]

Specifically, when the voltage value of the rectified drive voltage Vrd
output from the rectifier 20 is relatively large, the detection signal Sd of the
somparator 215 of the time period detection part 210 is H lavel so that the
transistor 252 shown in FIG. 2 is turned on. In this event, the feedback current
if fed back to the control circuit 200 from the constant current circuit 80 has a
value sufficiently greater than the holding current Ih of the switching device 11
of the dimmer 10,

[0057]

When the voltage value of the rectified drive voltage Vrd starts to
decrease, while the detection signal Sd of the comparator 215 remains at H
level, the feadback current if fed back to the control circuit 200 decreases. The
sutput of the operational amplifier 245 shown in FIG. 1 is negatively fed back to
the inverting input terminal of the operational amplifier 245 via the transistor 251,
the transistor 252, and the node NS shown in FIG. 2. Therefore, the voltage
Voa2 of the operational amplifier 245 is controlled by the operation of the
operational amplifier 245 so that the valtage of the inverting input terminal of the
operationat amplifier 245 becomes equal fo that of the non-inverting input
terminal of the operational amplifier 245.

[00568]

FI3. B is a signal waveform diagram for explaining the operation of the
dimmer current control part 220 shown in FIG. 1. Since the voltage Voa2 of the

operational amplifier 245 changes so that the inverting input terminal and the
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non-inverting input terminal of the operational amplifier 245 have the same
voltage, the switch control voltage Vsc supplied to the gate of the control current
switch 235 gradually increases, for example, at time 112 and time 115 as shown
in FIG. 5. Consequently, the control current lc is supplied, in addition to the
feedback current if, o the dimmer 10 shown in FIG, 1,

{00591
Example 1

For example, when the holding current ih of the switching device 11 of
the dimmer 10 shown in FIG. 1 is 50méA, the resistance value of the resistor 241
shown in FIG. 1 is set to 40 and the reference voltage Vi3 of the voltage source
VS3 shown in FIG. 1is set to 0.2V, In this case, since a current that flows
through the resistor 241 is 50mA by the operation of the control current circuit
240, it is possible to supply a dimmer current Id of 50mA or more to the dimmer
10.

00607

The dimmer current control part 220 shown in FIG. 1 is configured so
that while the voltage value of the rectified drive voltage Vrd is less than or
equal to the threshold value Vih1, the control current o to the dimmer 10 shown
in FIG. 1 is greater than or equal to the holding current th of the switching
device 11 of the dimmer 10, Consegquently, even when the feedback current if
is unstable, the control current Ic greater than or equal to the holding current th
is supplied to the dimmer 10 shown in FIG. 1 so that the switching device 11 of
the dimmer 10 is maintained in a conducting state. Therefore, variation in on-
time per period of the rectified drive voltage Vrd, L.e. variation in pulse width per
period of the rectified drive voltage Vrd, becomes small.

{0061}

In other words, as the result that the conducting state of the swilching
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device 11 of the dimmer 10 shown in FIG. 1 is maintained, for example, an on-
time Ton3 from time t11 to time 113 and an on-time Tond from time {14 1o time
16 in the rectified drive voltage Vrd become equal or substantially equal to
gach other as shown in FIG. 5.

[0062]

Specifically, when the voltage value of the rectified drive voltage Vrd'is
reduced to less than or equal to the threshold value Vih1, the detection signal
Sd of the comparator 215 of the time period detection part 210 shown in FIG. 1
hecomes L level. In this event, the transisior 252 shown in FIG. 2 changes from
on to off so that a current does not flow through the transistors 251 and 252 -
shown in FIG. 2 regardless of the voltage Voa2 of the operational amplifier 245,
Consequently, while the voltage value of the rectified drive voltage Vrd is less
than or equal fo the threshold value Vih1, the control of the control current ic by
the contro! current circuit 240 shown in FIG. 1 is stopped.

0063}

In this event, the switch control voltage Vsc shown in FIG. 21is
clamped to a predetermined value corresponding to a current of the current
source CS1. As shown in FIG. 5, for example, the switch control voitage Vsc is
maintained at a predetermined value between time t13 and time 114, Since the
clamp circuit 250 shown in FIG. 1 clamps the switch control voltage Vsc as a
gate voltage of the control current switch 235 to the predetermined value while
the voltage value of the rectified drive voltage Vrd is less than or equal to the
threshold value Vth1, the control current i as a drain current of the control
current switch 235 shown in FIG. 1 is fixed to a predetermined value.

10064]

The constant voltage circuit 230 shown in FIG. 1 is configured so that

the voltage of the node N4, Le. the drain voltage of the control current switch
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245 shown in FIG. 1, becomes less than or equal to the reference voltage Vr2
of the voltage source V2. Consequently, compared to a voltage of the node
N3 shown in FIG. 1 to which the rectified drive voltage Vrd that can be
instantaneously several hundred volts is applied, the drain voltage of the control
currant switch 235 shown in FIG. 1 can be reduced fo a relatively low value.

[0085]

Since the drain voltage of the controf current switch 235 shown in Fi(_Br
1 san be reduced to the relatively low value by the constant voltage circutt 230
shown in FIG. 1, a low-voltage control current switch can be used as the control
current switch 235. In this case, the controf current switch 235 can respond {0 a
foad change at high speed and can be driven with low electric power, and
therefore, it is possible to reduce the power consumption. Further, the low-
voltage control current switch 235 can be easily formed in an 1C chip.

[0086]

While there is shown an example in which the control cirouit 200
shown in FIG. 1 includes the clamp circuit 250 shown in FiG. 2, the
configuration is not limited thereto. The clamp circuit 250 is satisfactory if it is
sonfigured to clamp the gate voltage of the control current switch 235 shown in
FIG. 1 to a predetermined value while the voltage value of the ractified drive
voltage Vrd is less than or equal to the threshold value Vih1.

[0067]

FIG. 8 is a circult diagram showing a second embodiment example of
the clamp circuit 250 shown in FIG. 1. As shown in Fi(3. 6, the clamp circuit
250 includes, for example, a transistor 251, a transistor 252, a transistor 256, a
transistor 254, a transistor 255, a current source C32, a current source C83, .
and a current source C54.

[0068]
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The transistor 251 is, for example, an n-channel MOSFET and has a
drain connected to a node N11 and a gate connected to an output terminal of
the operational amplifier 245 of the control current cireuit 240 shown in FIG. 1
z0 that the voltage Voa?Z is supplied to the gale.

[0069]

The transistar 252 s, for example, an n-channel MOSFET and has a
drain connected to a source of the transista% 251 and a gate connected (o an
output terminal of the comparator 215 of the time period detection part 210
shown in FIG. 1 so that the detection signal Sd is input io the gate. The
tfransistor 252 has a source connected to a node N12.

[0070]

The transistor 258 is, for example, an n-channe! MOSFET and has a
drain and a gate both connected to a node N16 and a source connected to the
node N12.

[0071]

The transistor 254 is, for exampile, an n-channel MOSFET and has a
drain connected to a node N14, a gate connected to a node N15, and a source
connacted to the node N16.

(00723

The current source C82 is configured to produce a predetermined
constant current. The current source CS2 has one end (upper end in FIG. §)
connected to a node N24 and the other end (lower end in FIG. 8) connected to
the node N14 and the node N15.

[0073]

The transistor 255 is, for example, an n-channe!l MOSFET and has a
gate connected to the node N15 and a source connected to the node N1t

[0074]
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The current source 083 is configured to produce a predetermined
constant current. The current source CS3 has one end {upper end in FIG. 8)
connected o the node N24 and the other end (lower end in FIG. 8) connected
to a drain of the transistor 255.

[0075]

The current source CS4 is configured to produce a predetermined
constant current. The current source CS4 has one end (upper end in FIG. 6)
connected o a node N13 and the other end (lower end in FIG. 8) connected to
a node N17.

[0076]

in the clamp circuit 250 thus configured, a voltage equal to that of the
nodes N11 and N13 is supplied as a switch control voltage Vsc to a gate of the
control current switch 235 shown in FIGS. 1 and 6.

[0077]

Next, the load current control part 270 of the control circuit 200 will be
described.

10078]

FIG. 7 is a block diagram showing an example of the signal processing
circuit 280 shown in FIG. 1. As shown in FIG. 7, the signal processing circuit
280 is configured to calculate a pulse density of the detection signal Sd output
from the time period detection part 210 shown in FIG. 1,

10078}

The signal processing circuit 280 can be configured using, for example,
a decimation filter. As the decimation filter, it is possible to use an n-order (nis
a positive integer) sine filter, a FIR (Finite Impulse Response) filter, or the like.

[0080]

The signal processing circuit 280 includes, for example, a sampling
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circuit 281, an integration circuit 282, a scaling shifter circuit 283, and a register
284.

(0081}

The detection signal 3d of the comparator 215 shown in FIG. 1and a
clock signal Sck1 of a predetermined frequency from a clock circuit CLK are
input to the sampling circuit 281, Per period of the clock signal Scki, the
sampling circuit 281 samples the detection signal &d and oulputs a signal 51,
Herein, the detection signal Sd output from the time period detection part 210
shown in FIG. 1 rapresents discrate values obtained by A/D conversion of
voltage values, as continuous values, of the rectified drive voltage Vrd. The
time pericd detection part 210 uses, for example, a one-bit cutput comparator,
thereby carrying out A/D conversion. Accordingly, the sampling circuit 281
outputs one-bit signals S1 whose sampling frequency is the predetermined
frequency of the clock signal Sckt,

0082}

The signal $1 of the sampling circuit 281 is input to the integration
circuit 282. The integration circuit 282 is, for example, an integration circuit of
{M+N) bits (M and N are positive integers) and integrates the values of the
signals $1 in a predetermined term. Herein, when the detection signal 8d
represents, for example, one-bit discrete values, it is possible to use a counter
circuit as an integration circuit for integration, Le. counting. For example, given
that H-level signal 81 is "1" and that L-level signal §1is "0", the integration
circuit 282 integrates the number of "1". Further, the clock signal Sck1 and a
clock signal Sck2 are input from the clock circuit CLK to the intagration circuit
282. The clock signal Sck? is a signal produced by dividing the clock signal
Sek1 and has a 12N frequency with respect to the frequency of the clock

signal Sck1. Per period of the clock signal Sck2, the integration circuit 282
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outputs an integrated value as a signal 82 and resets the integrated value.
Consequently, H-leve! signals S1 are integrated in each period of the clock
signal Sck2 so that an (M+N)-bit signal 52 indicating an integrated value is
output.

10083]

The signal S2 of the integration circuit 282 is input to the scaling shifter
circuit 283. The scaling shifter circuit 283 outputs a signal 83 which is the
(M+N)-bit signal 52 shifted to the right by M bits. Consequently, an N-bit signal
83 obtained by normalizing the numerical scale of the signal 52 is oulput.

[0084]

The signal S3 of the scaling shifter circuit 283 and the clock signal
Sck? from the clock circuit CLK are input o the register 284, The register 284
holds the input signal 83 and outputs the signal 53 as N-bit phase angle data
Dpa per period of the clock signal Sck2.

[0085]

The signal processing circuit 280 shown in FIG. 7 is an example of the
simplest circuit equivalent to a primary sinc filter. Generally, a transfer function
H of a sinc filter is given by H = {{1-Z"™/(1-27H}" (m and n are positive
integers). For increasing the response speed of the signal processing cirouit
280, a high-order sinc filter with smaller m and n greater than or equal to 2 may
be used.

[0088]

FIG. 8 is a block diagram showing an example of the constant current
circuit 80 and the DVA converter circuit 290 shown in FIG. 1. As shown in FIG. 8,
the constant current circuit 80 includes, for example, a diode 81, a capacitor 82,
a resistor 83, and a DC-DC converter 85.

F0087]
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The dicde 81 has an ancde connectad to the node N3 shown in FIGS.
1 and 8 and a cathode connected to a node N31. The capacitor 82 has one -
end (upper end in FIG. 8) connected 1o the node N31 and the other end (lower
end in FIG. 8) connected to a ground GND. The resistor 83 has one end (upper
end in FIG. 8) connectad fo a node N32 and the other end (lower end in FIG. 8}
connected to a ground GND.

[0088]

The DC-DC converter 85 is configured o supply a predetermined
constant current o the LED illumination 80 shown in FIGS. 1 and 8. The
rectified drive voltage Vrd of the node N3 is input to the DC-DC converter 85 via
the diode 81 and the capacitor 82. The DC-DC converter 85 increases or
reduces this voltage to a predetermined voltage value to produce a constant
voltage. For example, when the DC-DC converter 85 is of a step-down type, it
can be configurad by inciuding a switch, a choke coll, and a smoothing
capacitor. Switching of the switch is controlled based on a iater-descrived
control signal Sct1. When the switch is on, a current flows through the choke
coil by the voltage input to the DC-DC converter 85 so that this voltage is output.
Further, energy is stored in the choke coil, while electric charges are stored in
the smoothing capacitor. On the other hand, when the switch is switched from
on to off, the choke coil generates an electromotive force to maintain the current
and releases the stored energy to output a current. Further, the smoothing
capacitor smoothes the voltage by the stored electric charges, Consequenily, a
predetermined voltage based on the switching is output and supplied to the LED
Humination 90 so that an LED current becomes a predetermined constant
current.

[0088]

The D/A converter circuit 280 is configurad fo produce the control
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signal Sct1 described above. The N-bit phase angle data Dpa of the signal
processing circuit 280 shown in FIG. 7 is input to the D/A converter circuit 280
The D/A converter circuit 280 produces, for example, a pulse width modulation
(PWM) signal based on the phase angle data Dpa and cutputs this signal as ihe
control signal Sct1. More specifically, the D/A converter circuit 280 outputs the
contro! signal Sct1 having a pulse whose pulse width is changed according to
the value of the phase angle data Dpa without changing the pulse period. In
other words, the control signal Sct1 becomes a signal whose duly cycle differs
according to the value of the phase angle data Dpa.

[0090]

The DC-DC converter 85 controls the switching according to the pulse
width, L.e. the duty cycle, of a pulse included in the control signal Sct1, thereby
changing the value of constant current supplied to the LED fllumination 80. |
Consequently, the brightness of the LED illumination 80 is adjusted by the
phase angle data Dpa.

{0081}

While there is shown an example in which the D/A converter cireuit
290 shown in FIG. 8 produces the control signal Sct1 directly from the phase
angle data Dpa, the configuration is not limited thereto. Depending on a
combination of the dimmer 10 and the LED iflumination 80, the phase angle
data Dipa may not have a linsar relationship with the brighiness of the LED
ilumination 80. In this case, the DJ/A converter circuit 280 may have a
conversion table and, using this conversion table, may carry out linear
conversion of the phase angle data Dpa to obtain a linear-converted value,
thereby producing the control signal Sci1 from this linear-converted value.

[0092]

Next, the load current control part 370 of the virtual control circuit 300
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shown in FIG. 3 will be described for comparison with the load current control
part 270 of the control circuit 200 shown in FIG. 1.

10093]

As shown in FIG. 3, the load current control part 370 includes a signal
processing circuit 380 and a D/A converter circuit 200, In other words, the load
current control part 370 differs from the load current control part 270 shown in
F1G. 1 in that the load current control part 370 includes the signal processing
circult 380 instead of the signal processing circuit 280 shown in FIG. 7.

[0084]

FiG3. 9 is a block diagram showing an example of the signal processing
circuit 380 shown in FIG. 3. As shown in FIG. 8, the signal processing circuit
380 includes an AND circuit 381, a counter 382, and a register 384,

[0085]

The detection signal Sd of the comparator 215 shown in FIG. 3 and a
clock signal Sck1' of a predetermined frequency from a clock circuit CLK are
input to the AND circuit 381, The AND circuit 381 performs a logical product
operation of the detection signal Sd and the clock signal Sck1 and outputs a
signal $11. In other words, the signal 811 of the AN circuit 381 becomes H
ievel when both the detection signal Sd and the clock signal Sck1' are H level,
while it becomes L level when at least one of the detaction signal Sd and the
clock signal Sckt' is L level,

[0098]

The signal $11 of the AND circuit 381 is input to the counter 382, The
sounter 387 is, for exampie, an N-bit counter and counts the number of H-level
signals $11 in a predetermined term. Further, a clock signal 8ck2' is input from

the clock circuit CLK' to the counter 382. Per period of the clock signal Scka',

the counter 382 outputs a count value as a signal 812 and resets the count
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value. Consequently, H-level signais S11 are counted in each period of the
clock signal Sck2' so that an N-bit signal 812 indicating a count value is output.

[0097] '

The signal $12 of the counter 382 and the clock signal Sck2' from the
clock circuit CLK are input fo the register 384. The register 384 holds the input
signal $12 and outputs the signal $12 as phase angle data Dpa’ per period of
the clock signal Sck2'.

{0098}

FIG. 10 is a signal waveform diagram for explaining the operation of
the signal processing circuit 380 shown in FIG. 9. In FIG. 10, count values of
the counter 382 are shown by way of example in the lowermost row. As shown
in FiG. 10, while the voltage value of the rectified drive voltage Vrd is grea‘ier'
than the threshold value Vih1, the detaction signal Sd of the comparator 215
shown in FIG. 3 is H level and the signal $11 of the AND circuit 381 shown in
FIG. 9 becomes H level per period of the clock signal Sck1'. The counter 382
shown in FIG. § counts the number of H-level pulses of the signals 811 and
outputs a count value as the signal $12 per period T2' of the clock signal Sck2',
The phase angle data Dpa' of the register 384 is N-bit data indicating the count
value.

{0099}

Comparative Exampie 1

For example, when the frequency of the clock signal Sck1' is 20kHz
and the frequency of the clock signal Sck2' is a frequency of an AC source AS
shown in FIG. 3, for example, 50Hz, a maximum value of the count value is 400
(=20k/50) and the period T2' per which the count value of the counter 382 is .
output and the phase angle data Dpa' is output is 20ms (=1/50). For example,

when the on-phase angle of the switching device 11 controlied by the controlier
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of the dimmer 10 shown in FIG. 3 is 80 degrees, since the voltage value of the
rectified drive voltage Vrd is greater than the threshold value Vth1 in a time
period half the period of the rectified drive voltage Vrd, a theoretical count value
{theoretical value) ought to be 200 (=400/2).

[0100]

However, the rectified drive voltage Vrd may be affected by noise. As
shown in FIG. 10, for example, if noise with a voltage value greater than the
threshold value Vth1 ocours in the rectified drive voltage Vrd at time 122, the
counter 382 shown in FIG. 9 counts the number of H-level pulses of the ségna_ts
511 during this time period so that this count value is reflected on the value of
the phase angle data Dpa'. In this case, the value of the phase angle data Dpa’
output at time 123 becomes, for example, 210.

[0101]

Further, a time period in which the voltage value of the rectified drive
voltage Vrd is greater than the threshold value Vth1, Le. the on-time of the
rectified drive voltage Vrd, may vary due to offset variation of the rectifier 20
shown in FIG. 3, or the like. Although the on-phase angle of the switching
device 11 of the dimmer 10 shown in FIG. 3 is not changed and remains at 9(}
degrees, as saen, for example, between time 123 and time 24, an on-time Tond
and an on-time Ton8 of the rectified drive voltage Vrd may differ from each
other due to offset variation of the rectifier 20 shown in FIG. 3 (TonS#Tong).
The counier 382 shown in FIG. 9 counts the numbers of H-level pulses cf the
signals 511 respectively corresponding to the on-time Tond and the on-fime
Ton6 so that these count values are reflected on the value of the phase angle
data Dpa'. In this case, the value of the phase angle data Dpa'’ output at time
124 becomes, for example, 180,

[0102)
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As described above, since the signal processing circuit 380 shown in
FIG. 8 counts the on-time of the rectified drive voitage Vrd and ouiputs the |
phase angle data Dpa’ per period of the rectified drive voltage Vrd, the value of
the phase angle data Dpa’ tends to be affected by variation in each period of
the rectified drive voltage Vrd.

10103]

On the other hand, as shown in FIG. 1, the contral circuit 200 includes
the time period detection part 210 configured to output the detection signal &d
including a pulse whose pulse width is based on a time period in which the
voltage value of the rectified drive voltage Vrd is greater than the predetermined
value, and the load current control part 270 configured to control the load |
current Ix to the LED illumination 80 based on the pulse density of the detection
signal Sd in the predetermined term. Herein, the time period in which the
voltage vaiue of the rectified drive voltage Vrd is greater than the predetermined
value is determined based on the on-phase angle of the switching device 11 of
the dimmer 10. However, the time period in which the voltage value of the
rectified drive voltage Vrd is greater than the predetermined vailue may vary per
period due to the influence of noise, offset variation of the rectifier 20, or the like.
On the other hand, even if the time period in which the voltage value of the
rectified drive voltage Vrd is greater than the predetermined value varies per |
period, variation per period of the rectified drive voltage Vrd is canceled or
reduced in terms of the rate or ratio of pulses of the detection signal Sd included
in the predetermined term, Le. the pulse density of the detection signal &d in the
predetermined term. Therefore, since the load current control part 270 controls
the load current Ix to the LED illumination 80 based on the pulse density of the
detection signal Sd, the load current Ix is not easily affected by noise or pulse

width variation of the rectified drive voltage Vrd so that the load current Ix based
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on the on-phase angle of the switching device 11 can be supplied to the LED
iflumination 84Q.

[0104]

The signal processing circuit 280 shown in FIGS. 1 and 7 s configured
to caloulate a pulse density of the detection signal 8d in the predetermined term
based on the detection signal 8d. Accordingly, it is possible to use, for exampie,
a decimation filter that up-samples the detection signal Sd at a relatively high
sampling frequency, then integrates sampled signals, then down-samples |
integrated signals at a relatively low sampling frequency, and then normalizes
the numerical scale for conversion into a low-speed multi-bit signal.

10105]

FIG. 11 is a signal waveform diagram for explaining the operation of
the signal processing circuit 280 shown in FIG. 7. in FIG. 11, integrated values
of the integration circuit 282 are shown by way of example in the second row
from bottom and values of the phase angle data Dpa are shown by way of
example in the lowermost row. As shown in FIG. 11, while the voltage value of
the rectified drive voltage Vrd is greater than the threshold value Vih1, the
detection signal Sd of the comparator 215 shown in FIG. 1is H level and the
sampling circuit 281 shown in FIG. 7 samples a value, i.e. H level, of the
detection signal Sd per period of the clock signal Sckt and outputs it as the
signal §1. The integration circuit 282 shown in FIG. 7 integrates the signal &1
per period of the clock signal Sck1 and outpuis an integrated value as the signal
S2 per period T2 of the clock signal 8ck2. The scaling shifter circuit 283 shown
in FIG. 7 right-shifts the signal 82 of the integration circuit 282 by M bits and
outputs the signal $3. The phase angle data Dpa of the register 284 shown Etj
FIG. 7 is holding data as the signal 3. In this manner, the phase angle data

Dpa indicating a pulse density of the detection signal Sd is calculated per period
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T2 of the clock signal Sck2.

101086}

Example 2

For example, N=8, M=4, and the frequency of the clock signal Sck1 is
20kHz, the frequency of the clock signal Sek2 is 2.44Hz (=20kHz/2M™
=20kHz/2"%). Further, a maximum value of the integrated value of the
integration circuit 282 shown in FIG. 7 is 8192 (=20 =2") and a maximum
value of the phase angle data Dpais 512 (=" =2%). Further, a period per which
the integrated value of the integration circuit 282 shown in FIG. 7 is output and
the phase angle data Dpa is output is 408.6ms (=2M"M/20kHz =27%20kHz).

[0107]

The period T2 of the clock signal Sck2 is 409.6ms (=2M/20KkHz
=2"%20kHz) and thus is set longer than a period, such as 1/50 seconds or 1/60
seconds, of the AC source AS shown in FIG. 1. Consequently, since the pulse
density of the detection signal Sd is calculated in the term longer than the
period of the rectified drive voltage Vrd, it is possible to reduce the influence of
variation that occurs per period or half period of the rectified drive voltage Vrd.

[0108]

Herein, when the on-phase angle of the switching device 11 controfied
by the controlier of the dimmer 10 shown in FIG. 1 is 90 degrees as in
Comparative Exarmple 1, since the voltage value of the rectified drive voltage
Vid is greater than the threshold value Vih1 in a time period half the period of
the rectified drive voltage Vrd, the integrated value is 4096 (=8182/Z). In
consideration that, in Example 2, the period of the integration, {.e. the period T2
of the clock signal Sck2, is 20.48 (=409.6ms/20ms) times the period T2' of the
clock signal Sck2' of Comparative Example 1, 20.48 times the theoretical count

value (theoretical vaiue) of Comparative Example 1 is calculated io 4086
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(=200%20.48) which is the same as the integrated value described above,

[0109]

As shown in FIG. 11, if, as seen, for example, between time {31 and-
time 132, noise with a voltage value greater than the threshold value Vi1
occurs in the rectified drive voltage Vrd or an on-time Ton5 and an on-lime
Tond of the rectified drive voltage Vrd differ from each other, this influence is
reflected on the integrated value of the integration circuit 282 shown in FIG. 7.
However, since the signal processing circuit 280 shown in FIGS. Tand 7 |
outputs the signal 82 per period T2 of the clock signal SckZ and outputs the
phase angle data Dpa by multiplying the integrated value of the signal 52 by
1716 (=1/2% =1/2%), the influence of variation of the rectified drive voltage Vrd is
canceled or reduced. Therafore, the signal 82 of the integration circuit 282
output per period T2 of the clock signal Sck2 becomes, for example, the
theoratical value of 4098 and the phase angle data Dpa becomes, for example,
2586,

[0110]

Since the load current control part 270 shown in FIG. 1 controls the |
load current Ix to the LED illumination 90 shown in FIG. 1 based on the puise
density of the detection signal Sd, when the on-phase angle of the switching
device 11 is changed by the controlier of the dimmer 10 shown in FIG. 1, &
response delay cccurs. Therefore, while this response delay oceurs, for
example, at the startup of the illumination system 100 shown in FIG. 1, the
value of M described above may be set to a different valus.

(o111

Further, when the on-phase angle of the switching device 11 controlied
by the controfler of the dimmer 10 shown in FIG. 1 is less than or equalfoa |

pradetermined value, for example, less than or equal to about 20 degrees, the
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control circuit 200 shown in FIG. 1 may control so that the LED illumination 80 is
turned off.

[0112]

As described above, according to the controf circuit 200 of this
embodiment, there is provided the time period detection part 210 configured to
detect a time period in which the voltage value of the rectified drive voltage Vrd
is less than or equal to the predetermined value. Herein, when the voltage
value of the rectified drive voltage Vrd is less than or equal to the pr‘edetermihed
value, electric power stored in an electricity storage means such as a capacitor
is supplied to the LED illumination 90, Therefore, the feedback current if to the
dimmer 10 from the LED #llumination 90 may vary largely so that the dimmer
current Id flowing to the dimmer 10 becomes unstable. Accordingly, using the
time period detection part 210 to detect a time period in which the voltage value
of the rectified drive voltage Vrd is less than or equal to the threshold value Vihi,
it is possible to detect a time period in which the feedback current If varies
largely, Le. is unstable. Further, the control cirouit 200 includes the dimmer
current cantrol part 220 configured so that while the voltage value of the
ractified drive voltage Vrd is less than or equal to the threshold value Vih1, the
control current Ic to the dimmer 10 is greater than or equal to the holding
current Ih of the switching device 11 of the dimmer 10. Consequently, even
when the feedback current If is unstable, the control current fc greater than or
aqual to the holding current th is supplied to the dimmer 10 so that the switching
device 11 of the dimmer 10 is maintained in a conducting state. Therefore,
variation in on-time per period of the rectified drive voltage Vrd, L.e. variation in
pulse width per period of the rectified drive voltage Vrd, becomes small. Thus,
it is possible to reduce jitter due to variation in pulse width of the rectified drive

voltage Vrd to thereby suppress flickering of the LED Hlumination 90 and further
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it is possible to prevent degradation of the power efficiency.

(0113}

Further, according to the control circuit 200 of this embodiment, there
are provided the time period detection part 210 configured to output the
detection signal 8d including a pulse whose pulse width is based on a time
period in which the voltage value of the rectified drive voltage Vrd is greater
than the predetermined value, and the load current control part 270 configured
to control the load current Ix to the LED illumination 90 based on the pulse
density of the detection signal Sd in the predetermined term. Herein, the time
pericd in which the voltage value of the rectified drive voltage Vrd is greater
than the predetermined value is determined based on the on-phase angle of the
switching device 11 of the dimmer 10. However, the time period in which the
voltage value of the rectified drive voltage Vrd is greater than the predetermined
value may vary per period due to the influence of noise, offset variation of the
rectifier 20, or the like. On the other hand, even if the time period in which the
voltage value of the rectified drive voltage Vrd is greater than the predetermined
value varies per period, variation per period of the rectified drive voltage Vrd is
cancelad or reduced in terms of the rate or ratio of pulses of the detection signal
Sd included in the predetermined term, L.e. the pulse density of the detection
signal 8d in the predetermined term, Therefore, since the load current control
part 270 controls the load current bx to the LED illumination 80 based on the
pulse density of the detection signal Sd, the load current Ix is not easily affected
by noise or pulse width variation of the rectified drive voltage Vrd so that the
ioad current Ix based on the on-phase angle of the switching device 11 can be
supplied to the LED illumination 80. Consequently, it is possible to suppress
flickering of the LED illumination 80 due to variation in a time period in which the

voltage value of the rectified drive voltage Vrd s greater than the predetermined
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value and further it is possible to prevent degradation of the power efficiency.
Conclusion

[0114]

t is to be appreciated that the Detailed Description section, and not the
Summary and Abstract sections, is intended to be used {o interpret the claims.
The Summary and Abstract sections may set forth one or more but not all
sxamplary embodiments of the invention as contemplated by the inventor(s),
and thus, are not intended 1o limit the invention or the appended claims in any
way.

(01158]

While the invention has been described herein with reference to
sxemplary embodiments for exemplary fields and applications, it shouid be
undersiood that the ‘mventian is not limited thereto. Other embodiments and
modifications therato are possible, and are within the scope and spirit of the
invention. For example, and without limiting the generality of this paragraph,
embodiments are not limited o the‘sa‘ftwa—are, hardware, firmware, and/or entities
iHustrated in the figures and/or described herein. Further, embodiments
(whether or not explicitly described herein) have significant utility to fields and
applications beyond the examples described herein.

[0116]

Embodiments have been described herein with the aid of functional
building blocks iiustrating the implementation of specified functions and
relationships thereof. The boundaries of these functional building blocks have
been arbitrarily defined herein for the convenience of the description. Alternate
houndaries can be defined as long as the specified functions and relationships
(or equivalents thereof) are appropriately performed. Also, alternative

embodiments may perform functional blocks, steps, operations, methods, elc.
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using orderings different than those described herein.
(01171

LU

References herein {o “one embodiment,” "an embodiment,” “an
example embodiment,” or similar phrases, indicate that the embodiment
described may include a particular feature, structure, or characteristic, but every
embodiment may not necessarily include the particular feature, structure, or '
characteristic. Moreover, such phrases are not necassarily referring to the
same embodiment. Further, when a particular feature, structure, or
characteristic is described in connection with an embodiment, it would be within
the knowledge of persons skilled in the reievaht art(s) to incorporate such
feature, structure, or characteristic into other embodiments whether or not
expliciily mentioned or described herein.

(0118}

The breadth and scope of the invention should not be limited by any of

the above-described exemplary embodiments, but should be defined only in

accordance with the following claims and their equivalents.
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WHAT IS CLAIMED IS

1. A control circuit configured to control electric power to a load based én
a rectified drive signal, the rectified drive signal being a drive signal rectified by
a rectifier, the drive signal being an alternating-current signal whose phase is
sontrolled by a dimmer comprising a switching device, the control circuit
comprising:

a time period detection part configured to detect a time period in which
an amplitude of the rectified drive signal is less than orequalfo a
predetermined level, and

a dimmer current conirol part being configured so that a control current
to the dimmer is greater than or equal to a holding current of the switching |

device during the time period.

2. The control circuit of claim 1, wherein the dimmer current control part
comprises:

a field-effect transistor configured such that the control current flows as
a drain current of the field-effect transistor, and

a clamp circuit configured to clamp a gate voltage of the field-effect

fransistor o a predetermined value during the time pericd.

3. The control circuit of claim 2, wherein the dimmer current control part

further comprises:
a constant voltage circuit configured such that a drain voltage of the

fisld-effect transistor becomes less than or equal to a predetermined value,

4, The control circuit of claim 3, wherein the field-effect transistor is a low-
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voitage field-effect transistor.

5. The control circuit of claim 2, wherein the dimmer current confrof part
further comprises!

a control current circuit configured to control the gate voltage based on
a feedback current from the load to the dimmer while the amplitude of the

rectified drive signal is greater than the predetaermined lavel.

g. The control circuit of claim 1, wherein the time period detection part is
sonfigured o output a detection signal including a pulse having a pulse width
that is based on a time period in which the amplitude of the rectified drive signal

is greater than the predetermined level.

7. The control circuit of claim 8, further comprising:
a load current control part configured fo control a load current to the

load based on a pulse density of the detection signal in a predetermined term.

8. A control circuit configured to control electric power o a load based on
a rectified drive signal, the rectified drive signal being a drive signal rectified by
a rectifier, the drive signal being an alternating-current signal whose phase is
controlled by a dimmer comprising a switching device, the control circuit
comprising:

a time period detection part configured to output a detection signal
including a pulse whose pulse width is based on a time period in which an
amplitude of the rectified drive signal is greater than a predetermined level; and

a load current control part configured to control a load current {o the

load based on a pulse density of the detection signal in a predetermined term.
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8. The conirol circuit of claim 8, wherein the load current conirol part
comprises:
a signal processing circuit configured to calculate the pulse density

based on the detection signai.

10. The control circuit of claim 8, wherein the predetermined term is longer

than a peried of the alternating-current signal.

1. A circuit comprising:

a dimmer, comprising a switching device, and configured to control a
phase of an alternating-current signal, wherain the phase controlled alternating-
current signal is a drive signal;

a rectifier configured to rectify the drive signal;

a time period detection part configured to detect a time period in which

an amplitude of the rectified drive signal is less than or equal to a

predetermined level, and

a dimmer current control part configured such that a control current fo
the dimmer is greater than or equal to a holding current of the switching device

during the time period.
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