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LIGHT-EMITTING DEVICE CONTROL 
CIRCUIT 

CROSS-REFERENCE OF THE INVENTION 

This application claims priority from Japanese Patent 
Application Nos. 2011-175882 and 2012-135578, the con 
tents of which are incorporated herein by reference in their 
entireties. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a control circuit for a light-emit 

ting device. 
2. Description of the Related Art 
In recent years, a light-emitting diode (LED) has come into 

widespread use as a light-emitting device for lighting to 
replace an incandescent electric lamp from a standpoint of 
energy saving and the like. 

FIG. 7 is a circuit diagram of a conventional control circuit 
200 for a light emitting device directed toward improving a 
power factor. The control circuit 200 includes a rectification 
circuit 50, a reference voltage generation circuit 51, a com 
parator 52, an RS flip-flop 53, a choke coil 54, a regeneration 
diode 55, a switching device 56 and a resistor R0 for current 
detection. 
When an alternating current (AC) input voltage Vin is 

applied to input terminals of the rectification circuit 50, the 
input voltage Vin is full-wave rectified by the rectification 
circuit 50. A full-wave rectified voltage Vrc is supplied to an 
anode of an LED 60 as a drive voltage. A cathode of the LED 
60 is connected to a ground through the choke coil 54, the 
switching device 56 and the resistor R0. A terminal voltage of 
the resistor R0 is applied to a non-inverting input terminal (+) 
of the comparator 52 as a comparison Voltage Vcmp. 
The reference voltage generation circuit 51 is composed of 

resistors R1 and R2 connected in series between an output 
terminal of the rectification circuit 50 and the ground, and 
generates a reference voltage Vref by dividing the full-wave 
rectified voltage Vrc. The reference voltage Vref is applied to 
an inverting input terminal (-) of the comparator 52. Wave 
forms of the AC input voltage Vin, the rectified voltage Vrc 
and the reference voltage Vrefare shown in FIG.8. 
The comparator 52 compares the comparison Voltage 

Vcmp with the reference voltage Vref. A comparison output 
voltage Vcout from the comparator 52 is at an H level when 
the comparison Voltage Vcmp is larger than the reference 
Voltage Vref, and at an L level when the comparison Voltage 
Vcmp is smaller than the reference voltage Vref. The com 
parison output Voltage Vcout is applied to a reset terminal R 
of the RS flip-flop 53. 
A trigger pulse Vitris periodically inputted to a set terminal 

Softhe RS flip-flop 53. The RS flip-flop 53 outputs a flip-flop 
output voltage V fout from its output terminal Q. The flip-flop 
output Voltage V fout is applied to a gate of an N-channel type 
MOS transistor that makes the switching device 56. 
The RS flip-flop 53 is set in response to the trigger pulse 

Vitr, and is reset in response to the comparison output Voltage 
Vcout from the comparator 52, as shown in FIG. 9. 
When the RS flip-flop 53 is set in response to the trigger 

pulse Vitr, the flip-flop output voltage V fout is turned to the H 
level and the switching device 56 is turned on. As a result, the 
LED 60 is provided with a current flowing through the choke 
coil 53, the switching device 56 and the resistor R0, and the 
LED 60 is turned on. The current flows through the resistor 
R0 at that time, and the comparison voltage Vcmp that is the 
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2 
terminal voltage of the resistor R0 is raised as a result. When 
the comparison Voltage Vcmp becomes larger than the refer 
ence Voltage Vref, the comparison output Voltage Vcout is 
turned to the H level to reset the RS flip-flop 53. At that time, 
since a change in the current flowing through the choke coil 
54 is proportional to an electric potential difference between 
both ends of the choke coil 54, there is required a certain 
period of time after the switching device 56 is turned on and 
before the comparison Voltage Vcmp becomes larger than the 
reference voltage Vref. 
When the RS flip-flop 53 is reset, the flip-flop output volt 

age V fout is turned to the L level and the switching device 56 
is turned off. As a result, the current provided to the LED 60 
through the switching device 56 is cutoff. When the switching 
device 56 is turned off, the comparison voltage Vcmp is 
lowered because no current flows through the resistor R0. 
Then, the comparison output Voltage Vcout from the com 
parator 52 returns to the L level when the comparison voltage 
Vcmp becomes smaller than the reference voltage Vref. 
The control circuit 200 can control average intensity of 

light emission of the LED 60 by controlling the current flow 
ing through the LED 60 as described above. A regeneration 
diode 55 is connected in parallel with the LED 60 and the 
choke coil 54 so that energy stored in the choke coil 54 is 
returned to the LED 60 when the switching device 56 is 
turned off. 

This kind of control circuit for the light-emitting device is 
disclosed in Japanese Patent Application Publication No. 
2010-245421. 
A voltage of AC power supply for households differs from 

area to area or country to country, and varies in a range 
between 100V and 200V. for example. As a result, there is a 
problem with the conventional control circuit 200 that when 
amplitude of the AC input voltage Vin increases from 100V to 
200V. for example, amplitude of the reference voltage Vref 
increases accordingly to increase the current provided to the 
LED 60, as shown in FIG. 10. 

That is, when the amplitude of the AC input voltage Vin is 
increased, the amplitude (peak voltage) of the reference Volt 
age Vref is also increased accordingly, since the reference 
voltage Vref is a divided voltage of the rectified voltage Vrc 
that is generated by full-wave rectifying the AC input Voltage 
Vin. 
As a result, the period of time after the switching device 56 

is turned on and before the comparison Voltage Vcmp 
becomes larger than the reference voltage Vref is increased. 
Therefore, a period of time after the RS flip-flop 53 is set by 
the trigger pulse Vtrand before the RS flip-flop 53 is reset by 
the comparison output Voltage Vcout from the comparator 52 
is also increased and a period of time during which the LED 
60 is provided with the current flowing through the switching 
device 56 is increased accordingly. (Refer to the flip-flop 
output Voltage V fout and the comparison output Voltage 
Vcout indicated by dashed lines in FIG. 9.) 

SUMMARY OF THE INVENTION 

The invention is directed to a control circuit for a light 
emitting device. The control circuit includes a rectification 
circuit rectifying an AC Voltage to generate a rectified Volt 
age, a Switching device configured to turn on and off the light 
emitting device, a reference Voltage generation circuit gener 
ating a reference Voltage, and a first comparator comparing a 
comparison Voltage with the reference Voltage. The compari 
son Voltage corresponds to a current flowing through the 
light-emitting device in response to the rectified Voltage. The 
control circuit also includes a flip-flop configured to be set in 
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response to a trigger pulse and reset in response to a result of 
comparison by the first comparator. The flip-flop outputs an 
output Voltage and controlling the Switching device in accor 
dance with the output Voltage. The reference Voltage genera 
tion circuit is configured so that a change in amplitude of the 
reference voltage is suppressed when amplitude of the AC 
Voltage varies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a light-emitting device control 
circuit according to a first embodiment of this invention. 

FIG. 2 is a waveform diagram showing a reference Voltage 
and the like in the light-emitting device control circuit accord 
ing to the first embodiment of this invention. 

FIG.3 is a circuit diagram of a light-emitting device control 
circuit according to a second embodiment of this invention. 

FIG. 4 is a circuit diagram of a light-emitting device control 
circuit according to a third embodiment of this invention. 

FIG.5 is a circuit diagram of a light-emitting device control 
circuit according to a fourth embodiment of this invention. 

FIG. 6 is a circuit diagram of a light-emitting device control 
circuit according to a fifth embodiment of this invention. 

FIG. 7 is a circuit diagram of a conventional light-emitting 
device control circuit. 

FIG. 8 is a waveform diagram showing a reference Voltage 
and the like in the conventional light-emitting device control 
circuit. 

FIG. 9 is a timing chart showing operation of the conven 
tional light-emitting device control circuit. 

FIG. 10 is a waveform diagram showing a reference volt 
age and the like in the conventional light-emitting device 
control circuit. 

FIG. 11 shows correlation between each of first through 
third voltages V1-V3 and a duty ratio of a dimmer (triac). 

FIG. 12 is a circuit diagram of a light-emitting device 
control circuit according to a sixth embodiment of this inven 
tion. 

FIG. 13 is an operational waveform diagram of the light 
emitting device control circuit according to the sixth embodi 
ment of this invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 is a circuit diagram of a control circuit 100A for a 
light-emitting device according to a first embodiment of this 
invention. The control circuit 100A includes a rectification 
circuit 10, a reference Voltage generation circuit 20, a com 
parator 11, an RS flip-flop 12, a choke coil 13, a regeneration 
diode 14, a switching device 15 and a resistor R0 for current 
detection. 
When an alternating current (AC) input voltage Vin is 

applied to input terminals of the rectification circuit 10, the 
input voltage Vin is full-wave rectified by the rectification 
circuit 10. A full-wave rectified voltage Vrc is supplied to an 
anode of an LED 60 as a drive voltage. A cathode of the LED 
60 is connected to a ground through the choke coil 13, the 
switching device 15 and the resistor R0 that are connected in 
series. A current from the LED 60 flows through the switching 
device 15 and the resistor R0, and is detected as a terminal 
voltage of the resistor R0. The terminal voltage of the resistor 
R0 is applied to a non-inverting input terminal (+) of the 
comparator 11 as a comparison Voltage Vcmp. 
The control circuit 100A differs from the conventional 

control circuit 200 shown in FIG. 7 in a structure of the 
reference Voltage generation circuit 20 that generates a refer 
ence voltage Vref. The reference voltage generation circuit 20 
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4 
generates a first voltage V1 by dividing the full-wave rectified 
Voltage Vrc, and also generates a second Voltage V2 by divid 
ing the rectified Voltage Vrc and Smoothing (integrating) the 
divided Voltage. Then, a Subtraction circuit generates the 
reference voltage Vref that corresponds to a difference 
between the first voltage V1 and the second voltage V2. As a 
result, a change in amplitude of the reference Voltage Vrefcan 
be suppressed when amplitude of the rectified voltage Vrc is 
varied due to a variation in the AC input voltage Vin supplied 
from an AC power Supply. 
A concrete structure of the reference Voltage generation 

circuit 20 is described below. A first voltage dividing circuit is 
composed of a first resistor R1 and a second resistor R2 that 
are connected in series between an output terminal of the 
rectification circuit 10 to which the rectified voltage Vrc is 
outputted and the ground. The first voltage V1 is obtained 
from a connecting node between the first resistor R1 and the 
second resistor R2. The first voltage V1 is generated by divid 
ing the rectified Voltage Vrc, and is represented by Equation 
1: 

tion 1 V1 = Wm. sin cot. Equation 1 

where each of R1 and R2 denotes a resistance of correspond 
ing each of the first and second resistors R1 and R2. Vm 
denotes amplitude of the rectified voltage Vrc, () denotes 
angular frequency of the AC input Voltage Vin, and t denotes 
time. The first voltage V1 reaches its peak voltage Vp when 
sin (ot=1. The peak voltage Vp is represented by Equation 2: 

Equation 2 

On the other hand, a second Voltage dividing circuit is 
composed of a Zener diode 21, a third resistor R3 and a fourth 
resistor R4, that are connected in series in the order as 
described above between the output terminal of the rectifica 
tion circuit 10 to which the rectified voltage Vrc is outputted 
and the ground, and a Smoothing capacitor C1 connected 
between a connecting node between the third resistor R3 and 
the fourth resistor R4 and the ground. A cathode of the Zener 
diode 21 is connected to the output terminal of the rectifica 
tion circuit 10. The second voltage V2 is obtained from the 
connecting node between the third resistor R3 and the fourth 
resistor R4. The third resistor R3 and the smoothing capacitor 
C1 make an integrator. The second Voltage V2 is represented 
by Equation 3: 

Equation 3 

where each of R3 and R4 denotes a resistance of correspond 
ing each of the third and fourth resistors R3 and R4. 2 Vm/t 
represents an average DC value of the rectified voltage Vrc, 
and Vf denotes a Zener voltage of the Zener diode 21. That is, 
the second voltage V2 is obtained by dividing an anode volt 
age (2 Vm/t-Vf) of the Zener diode 21. 
The Subtraction circuit generating the reference Voltage 

Vrefthat corresponds to the difference between the first volt 
age V1 and the second Voltage V2 can be formed using a 
differential amplifier circuit. The first voltage V1 is inputted 
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to a non-inverting input terminal (+) of an operational ampli 
fier 22 through a resistor R5.The second voltage V2 is input 
ted to an inverting input terminal (-) of the operational ampli 
fier 22 through another resistor R5. A resistor Rf is connected 
between an output terminal of the operational amplifier 22 
and the inverting input terminal (-) as a negative feedback 
resistor. Another resistor Rf is connected between the non 
inverting input terminal (+) of the operational amplifier 22 
and the ground. 

Then, the reference voltage Vref obtained from the output 
terminal of the operational amplifier 22 is represented by 
Equation 4: 

R Equation 4 Vref=(V1 - v2) Equation 4 

Equation 5 is obtained by Substituting Equation 1 and 
Equation 3 into Equation 4: 

Vref= Equation 5 

{V. ( in oil is - . . + Vf R4 } Snel R. R. R. R. R3 - R4 
Rf 
R5 

A peak voltage Vref(p) of the reference voltage Vref is 
represented by Equation 6: 

Vref(p) = Equation 6 

When resistance ratios are set so that a coefficient of Vm is 
equal to Zero (that is, R2/(R1+R2)-2/1xR4/(R3+R4)=0), the 
peak voltage Vref(p) is represented by Equation 7: 

Vref(p) = Vf. Equation 7 

That is, Vref(p) does not depend on the amplitude Vm of 
the AC input Voltage Vin, and stays unchanged when the 
amplitude Vm varies. For example, when the amplitude of the 
AC input voltage Vin is increased from 100V to 200V as 
shown in FIG. 2, the amplitude of the reference voltage Vref 
in the conventional control circuit 200 is also increased 
accordingly. With the control circuit 100A according to the 
first embodiment of this invention, on the other hand, the 
increase in the reference Voltage Vref can be suppressed 
compared with the conventional control circuit 200 in which 
the reference voltage Vrefis generated by simply dividing the 
rectified voltage Vrc, and the peak voltage Vref(p) of the 
reference Voltage Vref can be made constant by setting the 
resistance ratios as described above. 

Other structures are the same as those in the conventional 
control circuit 200. The comparator 11 compares the com 
parison Voltage Vcmp that is the terminal Voltage of the 
resistor R0 with the reference voltage Vref generated by the 
reference Voltage generation circuit 20. A comparison output 
voltage Vcout from the comparator 11 is at an H level when 
the comparison Voltage Vcmp is larger than the reference 
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6 
Voltage Vref, and at an L level when the comparison Voltage 
Vcmp is smaller than the reference voltage Vref. The com 
parison output Voltage Vcout from the comparator 11 is 
applied to a reset terminal R of the RS flip-flop 12. 
A trigger pulse Vitris periodically inputted to a set terminal 

S of the RS flip-flop 12. When a frequency of the rectified 
voltage Vrc is between 100 Hz and 120 Hz, it is appropriate 
that a frequency of the trigger pulse Vitr is between 50 KHZ 
and 100 KHZ, which is sufficiently higher than the frequency 
of Vrc. 
The RS flip-flop 12 outputs a flip-flop output voltage V fout 

from its output terminal Q. The flip-flop output voltage V fout 
is applied to a gate of an N-channel type MOS transistor that 
makes the switching device 15. 
The RS flip-flop 12 is set in response to the trigger pulse 

Vitr, and is reset in response to the comparison output Voltage 
Vcout from the comparator 11, as shown in FIG.9. When the 
RS flip-flop 12 is set in response to the trigger pulse Vitr, the 
flip-flop output voltage V fout is turned to the H level and the 
switching device 15 is turned on. Then, the LED 60 is pro 
vided with a current that flows through the choke coil 13, the 
switching device 15 and the resistor R0, and the LED 60 is 
turned on. Since the current flows through the resistor R0, the 
comparison Voltage Vcmp that is the terminal Voltage of the 
resistor R0 rises at that time. When the comparison voltage 
Vcmp becomes larger than the reference voltage Vref, the 
comparison output voltage Vcout is turned to the H level to 
reset the RS flip-flop 12. 
When the RS flip-flop 12 is reset, the flip-flop output volt 

age V fout is turned to the L level and the switching device 15 
is turned off. As a result, the current provided to the LED 60 
through the switching device 15 is cutoff. The control circuit 
100A can control average intensity of light emission of the 
LED 60 by controlling the current flowing through the LED 
60, as described above. 
With the control circuit 100A, the change in the period of 

time after the switching device 15 is turned on and before the 
comparison Voltage Vcmp becomes larger than the reference 
Voltage Vref is reduced since the change in the amplitude of 
the reference voltage Vref is suppressed when the amplitude 
Vm of the rectified voltage Vrc is varied due to the variation 
in the AC input voltage Vin supplied from the AC power 
Supply. As a result, the change in the intensity of the light 
emission of the LED 60 is reduced by reducing an amount of 
the change in the current flowing through the LED 60 due to 
the change in the amplitude of the rectified voltage Vrc, while 
the power factor is improved. 

FIG. 3 is a circuit diagram of a control circuit 100B for a 
light-emitting device according to a second embodiment of 
this invention. The control circuit 100B includes a rectifica 
tion circuit 10, a reference Voltage generation circuit 30, a 
comparator 11, an RS flip-flop 12, a choke coil 13, a regen 
eration diode 14, a switching device 15 and a resistor R0 for 
current detection. 
When an alternating current (AC) input voltage Vin is 

applied to input terminals of the rectification circuit 10, the 
input voltage Vin is full-wave rectified by the rectification 
circuit 10. A full-wave rectified voltage Vrc is supplied to an 
anode of an LED 60 as a drive voltage. A cathode of the LED 
60 is connected to the ground through the choke coil 13, the 
switching device 15 and the resistor R0 that are connected in 
series. A terminal voltage of the resistor R0 is applied to a 
non-inverting input terminal (+) of the comparator 11 as a 
comparison Voltage Vcmp. 
The control circuit 100B differs from the conventional 

control circuit 200 shown in FIG. 7 in a structure of the 
reference Voltage generation circuit 30 that generates a refer 
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ence voltage Vref. The reference voltage generation circuit 30 
generates a first voltage V1 by dividing the full-wave rectified 
Voltage Vrc, and also generates a second Voltage V2 by divid 
ing the rectified Voltage Vrc and Smoothing (integrating) the 
divided voltage. 

Then, a Voltage division circuit generates the reference 
voltage Vref that corresponds to V1/V2 that is a ratio of the 
first Voltage V1 to the second Voltage V2. As a result, a change 
in amplitude of the reference voltage Vref can be suppressed 
when amplitude of the rectified voltage Vrc is varied due to a 
variation in the AC input voltage Vin supplied from an AC 
power Supply. 
The reference voltage generation circuit 30 is composed of 

a first Voltage dividing circuit, a second Voltage dividing 
circuit and the Voltage division circuit. Its concrete structure 
is described below. The first voltage dividing circuit is com 
posed of a first resistor R11 and a second resistor R12 that are 
connected in series between an output terminal of the rectifi 
cation circuit 10 to which the rectified voltage Vrc is output 
ted and the ground. The first voltage V1 is obtained from a 
connecting node between the first resistor R11 and the second 
resistor R12. The first voltage V1 is generated by dividing the 
rectified voltage Vrc, and is represented by Equation 8: 

R12 
R11 + R12 

Equation 8 
V1 = Wm. sincut. 

where each of R11 and R12 denotes a resistance of corre 
sponding each of the first and second resistors R11 and R12. 
Vm denotes amplitude of the rectified voltage Vrc, () denotes 
angular frequency of the AC input Voltage Vin, and t denotes 
time. 

The second Voltage dividing circuit is composed of a third 
resistor R13 and a fourth resistor R14, that are connected in 
series between the output terminal of the rectification circuit 
10 to which the rectified voltage Vrc is outputted and the 
ground, and a smoothing capacitor C1 connected between a 
connecting node between the third resistor R13 and the fourth 
resistor R14 and the ground. The second voltage V2 is 
obtained from the connecting node between the third resistor 
R13 and the fourth resistor R14. The third resistor R13 and the 
Smoothing capacitor C1 make an integrator. 
The second voltage V2 is represented by Equation 9: 

2Vm R14 
It R13 + R14 

V2 Equation 9 

where each of R13 and R14 denotes a resistance of corre 
sponding each of the third and fourth resistors R13 and R14. 
2 Vm/t represents an average DC value of the rectified volt 
age Vrc. 
The Voltage division circuit generates the reference Voltage 

Vref that corresponds to V1/V2 that is the ratio of the first 
voltage V1 to the second voltage V2, and can be formed as 
described below. 
The first voltage V1 is inputted to an inverting input termi 

nal (-) of a first operational amplifier 31 through a first MOS 
transistor 33 of N-channel type. A non-inverting input termi 
nal (+) of the first operational amplifier 31 is grounded. A 
resistor Rf is connected between an output terminal of the first 
operational amplifier 31 and the inverting input terminal (-) 
as a negative feedback resistor. 
A resistor 21 is connected between the connecting node 

between the first resistor R11 and the second resistor R12 and 
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8 
a gate of the first MOS transistor 33. That is, the first opera 
tional amplifier 31 makes an inverting amplifier circuit that 
inverts and amplifies the first voltage V1. Polarity of an output 
voltage Vout from the first operational amplifier 31 is inverted 
by an inverter 35 to generate the reference voltage Vref. 
On the other hand, the second voltage V2 is inputted to an 

inverting input terminal (-) of a second operational amplifier 
32 through a second MOS transistor 34 of N-channel type. A 
non-inverting input terminal (+) of the second operational 
amplifier 32 is grounded. A resistor 21 is connected between 
the connecting node between the third resistor R13 and the 
fourth resistor R14 and a gate of the second MOS transistor 
34. 

An output terminal of the second operational amplifier 32 
is connected to the gate of the first MOS transistor 33 through 
a resistor R22, and also connected to the gate of the second 
MOS transistor 34 through another resistor R22. A resistor 
R23 and a constant Voltage source generating a constant 
VoltageVr that is negative to the ground Voltage are connected 
in series between the inverting input terminal (-) of the sec 
ond operational amplifier 32 and the ground. 
A current 13 flowing through the resistor R23 is repre 

sented by Equation 10: 

Equation 10 

where R23 denotes a resistance of the resistor R23. 

A resistance between a source and a drain of the second 
MOS transistor 34 is denoted as rds2, and a current flowing 
between the source and drain is denoted as 12. The resistance 
rds2 is represented by Equation 11: 

Equation 11 

Above equations hold because an electric potential at the 
inverting input terminal (-) of the second operational ampli 
fier 32 becomes an electric potential at the ground (OV) by 
imaginary short-circuiting. 

Since I2=I3, the resistance rds2 is represented by Equation 
12: 

to v. 
Equation 12 

When Structures of the first MOS transistor 33 and the 
second MOS transistor 34 are identical, and the drain current 
is assumed to be independent of the voltage between the drain 
and the source in a saturation region of the MOS transistors, 
the following equation holds: 

where rds1 denotes a resistance between the source and the 
drain of the first MOS transistor 33. 

The output voltage Vout from the first operational amplifier 
31 that makes the inverting amplifier circuit is represented by 
Equation 13: 
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R tion 13 Vout = -V1 W = - Equation 13 
rds2 

Rf 
R23 

The reference voltage Vref is equal to Vout with opposite 
polarity, as represented by Equation 14: 

Wref=-Vout Equation 14 

Equation 15 is obtained by substituting V1 represented by 
Equation 8 and V2 represented by Equation 9 into equation 
13: 

Wm. sincut R12 W Equation 15 
ver-". "R.I., R12. II. 2Wm R14 R23 

R13 R14 

Equation 16 is obtained by putting Equation 15 in order: 

Equation 16 
Wref= re? 2R14. (R11 R12) sin (ot 

As understood from Equation 16, the dependence of Vref 
on the amplitude of the rectified voltage Vrc is removed by the 
voltage division circuit, so that Vref does not depend on the 
amplitude Vm of the rectified voltage Vrc and stays 
unchanged even when the amplitude Vm is varied. 

Other structures are the same as those in the conventional 
control circuit 200. The comparator 11 compares the com 
parison Voltage Vcmp that is the terminal Voltage of the 
resistor R0 with the reference voltage Vref generated by the 
reference Voltage generation circuit 30. A comparison output 
voltage Vcout from the comparator 11 is at the H level when 
the comparison Voltage Vcmp is larger than the reference 
voltage Vref, and at the L level when the comparison voltage 
Vcmp is smaller than the reference voltage Vref. The com 
parison output Voltage Vcout from the comparator 11 is 
applied to a reset terminal R of the RS flip-flop 12. 
A trigger pulse Vitris periodically inputted to a set terminal 

S of the RS flip-flop 12. When a frequency of the AC input 
voltage Vin is between 100 Hz and 120 Hz, it is appropriate 
that a frequency of the trigger pulse Vitr is between 50 KHZ 
and 100 KHZ, which is sufficiently higher than the frequency 
of Vin. 
The RS flip-flop 12 outputs a flip-flop output voltage V fout 

from its output terminal Q. The flip-flop output voltage V fout 
is applied to a gate of an N-channel type MOS transistor that 
makes the switching device 15. 
The RS flip-flop 12 is set in response to the trigger pulse 

Vitr, and is reset in response to the comparison output Voltage 
Vcout from the comparator 11, as shown in FIG.9. When the 
RS flip-flop 12 is set in response to the trigger pulse Vitr, the 
flip-flop output voltage V fout is turned to the H level and the 
switching device 15 is turned on. Then, the LED 60 is pro 
vided with a current that flows through the choke coil 13, the 
switching device 15 and the resistor R0, and the LED 60 is 
turned on. Since the current flows through the resistor R0, the 
comparison Voltage Vcmp that is the terminal Voltage of the 
resistor R0 rises at that time. When the comparison voltage 
Vcmp becomes larger than the reference voltage Vref, the 
comparison output voltage Vcout is turned to the H level to 
reset the RS flip-flop 12. 
When the RS flip-flop 12 is reset, the flip-flop output volt 

age V fout is turned to the L level and the switching device 15 
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10 
is turned off. As a result, the current provided to the LED 60 
through the switching device 15 is cutoff. The control circuit 
100B can control average intensity of light emission of the 
LED 60 by controlling the current flowing through the LED 
60, as described above. 
With the control circuit 100B, the change in the period of 

time after the switching device 15 is turned on and before the 
comparison Voltage Vcmp becomes larger than the reference 
Voltage Vref is reduced since the change in the amplitude of 
the reference voltage Vref is suppressed when the amplitude 
Vm of the rectified voltage Vrc is varied due to the variation 
in the AC input voltage Vin supplied from the AC power 
Supply. As a result, the change in the intensity of the light 
emission of the LED 60 is reduced by reducing an amount of 
the change in the current flowing through the LED 60 due to 
the change in the amplitude of the rectified voltage Vrc, while 
the power factor is improved. 

FIG. 4 is a circuit diagram of a control circuit 100C for a 
light-emitting device according to a third embodiment of this 
invention. The control circuit 100C includes a rectification 
circuit 10, a Voltage dividing circuit 61, a smoothing circuit 
62 (integrator), a first voltage/current conversion circuit 80, a 
second Voltage/current conversion circuit 81, a current divi 
sion circuit 70, a comparator 11, an RS flip-flop 12, a choke 
coil 13, a regeneration diode 14, a switching device 15 and a 
resistor R0 for current detection. 
When an alternating current (AC) input voltage Vin is 

applied to input terminals of the rectification circuit 10, the 
input voltage Vin is full-wave rectified by the rectification 
circuit 10. A full-wave rectified voltage Vrc is supplied to an 
anode of an LED 60 as a drive voltage. A cathode of the LED 
60 is connected to the ground through the choke coil 13, the 
switching device 15 and the resistor R0 that are connected in 
series. A terminal voltage of the resistor R0 is applied to a 
non-inverting input terminal (+) of the comparator 11 as a 
comparison Voltage Vcmp. 

While the control circuit 100B according to the second 
embodiment requires the constant Voltage source that gener 
ates the negative constant voltage Vr, the control circuit 100C 
according to the third embodiment does not need the negative 
Voltage source. 
A reference Voltage generation circuit in the control circuit 

100C according to the third embodiment includes the voltage 
dividing circuit 61, the Smoothing circuit 62 (integrator), the 
first voltage/current conversion circuit 80, the second voltage/ 
current conversion circuit 81, the current division circuit 70 
and a resistor 76 (resistance R). 
The voltage dividing circuit 61 is composed of a first resis 

tor R11 and a second resistor R12 that are connected in series 
between an output terminal of the rectification circuit 10 to 
which the rectified voltage Vrc is outputted and the ground. A 
first voltage V1 is obtained from a connecting node between 
the first resistor R11 and the second resistor R12. The first 
voltage V1 is generated by dividing the rectified voltage Vrc, 
and is represented by Equation 17. 

R12 
R11 + R12 

Equation 17 
V1 = Wm. sincut. 

where each of R11 and R12 denotes a resistance of corre 
sponding each of the first and second resistors R11 and R12. 
Vm denotes amplitude of the rectified voltage Vrc, w denotes 
angular frequency of the AC input Voltage Vin, and t denotes 
time. 
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The smoothing circuit 62 is composed of a resistor R13 and 
a Smoothing capacitor C1. The Smoothing circuit 62 is 
equivalent to an integrator. A first terminal of the resistor R13 
is connected to a connecting node between the first resistor 
R11 and the second resistor R12. The smoothing capacitor C1 
is connected between a second terminal of the resistor R13 
and the ground. 
The Smoothing circuit 62 Smoothes (integrates) the first 

Voltage V1 and generates a second Voltage V2. The second 
voltage V2 is represented by Equation 18: 

2Wm. R12 Equation 18 
V2 - R11 12 

where 2 Vm/t represents an average DC value of the rectified 
Voltage Vrc. The second Voltage dividing circuit in the control 
circuit 100B according to the second embodiment, which is 
composed of the resistors R13 and R14 and the smoothing 
capacitor C1, may be used instead of the Smoothing circuit 62. 
The first voltage/current conversion circuit 80 converts the 

first voltage V1 into a first current I1 that is proportional to the 
first voltage V1. The first voltage/current conversion circuit 
80 includes a first operational amplifier 63, an N-channel type 
control transistor 65 and a resistor 74 (resistance R). The first 
Voltage V1 is applied to an inverting input terminal (-) of the 
first operational amplifier 63, while a terminal voltage of the 
resistor 74 is applied to its non-inverting input terminal (+). 
An output from the first operational amplifier 63 is applied to 
a gate of the control transistor 65. 

Then, the first current I1 flows through the control transis 
tor 65 so that the terminal voltage of the resistor 74 becomes 
equal to the first voltage V1. Since the first current I1 flows 
through the resistor 74, the first current I1 is represented by 
Equation 19: 

1 = - Equation 19 

The second voltage/current conversion circuit 81 converts 
the second Voltage V2 into a second current 12 that is propor 
tional to the second voltage V2. The second voltage/current 
conversion circuit 81 includes a second operational amplifier 
64, an N-channel type control transistor 66 and a resistor 75 
(resistance R). The second voltage V2 is applied to an invert 
ing input terminal (-) of the second operational amplifier 64. 
while a terminal voltage of the resistor 75 is applied to its 
non-inverting input terminal (+). An output from the second 
operational amplifier 64 is applied to a gate of the control 
transistor 66. 

Then, the second current 12 flows through the control 
transistor 66 so that the terminal voltage of the resistor 75 
becomes equal to the second Voltage V2. Since the second 
current I2 flows through the resistor 75, the second current I2 
is represented by Equation 20: 

2 = - Equation 20 

The current division circuit 70 generates an output current 
Iout that corresponds to a ratio of the first current I1 to the 
second current I2. The first current I1 is supplied to the current 
division circuit 70 through two current mirror circuits 67 and 
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68. The second current I2 is supplied to the current division 
circuit 70 through two current mirror circuits 77 and 69. 
The current division circuit 70 includes NPN type bipolar 

transistors Q1, Q2, Q3, Q4, Q5 and Q6, constant current 
sources 71 and 78, a bias voltage source 72 that generates a 
bias voltage VBIAS and a current mirror circuit 73. It is 
configured so that the first current I1 flows through an emitter 
of the transistor Q5 and the second current I2 flows through 
the transistor Q2. 

Since a sum of base-emitter voltages VBE of the NPN type 
bipolar transistors Q1, Q2 and Q3 is equal to a Sum of base 
emitter voltages VBE of the NPN type bipolar transistors Q4. 
Q5 and Q6 in the current division circuit 70, the following 
equation regarding a collector current Ic of each of the tran 
sistors holds. 

The following equations hold when a base current of each of 
the transistors is neglected: 

where IB denotes a current supplied from the constant current 
source 71. 

Then, the following equations are derived from the equa 
tions above: 

Equation 21 is obtained by substituting Equations 17-20 
into the above equation representing Iout. 

Iout—(J/2IB) sin (ot Equation 21 

The output current Tout is provided to the output resistor 76 
through the current mirror circuit 73. As a result, the reference 
voltage Vref represented by Equation 22 is obtained as a 
terminal voltage of the output resistor 76: 

Vref=(I/2-IBR). Isin ot Equation 22 

As understood from Equation 22, the dependence of Vref 
on the amplitude Vm of the rectified voltage Vrc is removed 
by the current division circuit 70 so that Vrefdoes not depend 
on the amplitude Vm of the rectified voltage Vrc and stays 
unchanged even when the amplitude Vm is varied. As a result, 
a change in amplitude of the reference Voltage Vref can be 
suppressed when the amplitude Vm of the rectified voltage 
Vrc is varied due to a variation in the AC input voltage Vin 
supplied from an AC power supply. Other structures are the 
same as those in the control circuit 100B according to the 
second embodiment. 

FIG. 5 is a circuit diagram of a control circuit 100D for a 
light-emitting device according to a fourth embodiment of 
this invention. Since the control circuit 100A (refer to FIG.1.) 
for the light-emitting device according to the first embodi 
ment is a non-insulated type in which the LED 60 is directly 
connected to the rectification circuit 10, there is a risk of 
electric shock when one tries to replace the LED 60. 

Thus, to prevent the electric shock at the replacement of the 
LED 60, the control circuit 100D for the light-emitting device 
according to the fourth embodiment provides an LED 60 with 
a current through an insulation transformer 40. That is, a 
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primary coil of the insulation transformer 40 is connected to 
a rectification circuit 10, while its secondary coil is connected 
to the LED 60. 

Since a resistor R0 is provided with a current flowing 
through the primary coil of the insulation transformer 40 and 
the LED 60 is provided with a current corresponding to the 
current flowing through the primary coil, the same control can 
be performed by the control circuit 100D as performed by the 
control circuit 100A according to the first embodiment. 

FIG. 6 is a circuit diagram of a control circuit 100E for a 
light-emitting device according to a fifth embodiment of this 
invention. Since the control circuit 100B (refer to FIG. 3.) for 
the light-emitting device according to the second embodi 
ment is a non-insulated type in which the LED 60 is directly 
connected to the rectification circuit 10, there is a risk of 
electric shock when one tries to replace the LED 60. 

Thus, to prevent the electric shock at the replacement of the 
LED 60, the control circuit 100E for the light-emitting device 
according to the fifth embodiment provides an LED 60 with a 
current through an insulation transformer 40. That is, a pri 
mary coil of the insulation transformer 40 is connected to a 
rectification circuit 10, while its secondary coil is connected 
to the LED 60. 

Since a resistor R0 is provided with a current flowing 
through the primary coil of the insulation transformer 40 and 
the LED 60 is provided with a current corresponding to the 
current flowing through the primary coil, the same control can 
be performed by the control circuit 100E as performed by the 
control circuit 100B according to the second embodiment. 

It is noted that the insulated type structure can be also 
adopted in place of the control circuit 100C according to the 
third embodiment. 
A control circuit according to a sixth embodiment is to 

improve the light-emitting device control circuits 100B, 
100C and 100C according to the second, third and fifth 
embodiments. 
A light-emitting device control circuit generally performs 

dimming by controlling the current flowing through the LED 
60 by controlling a conduction angle of the AC input voltage 
Vin with a dimmer Such as a triac. In that case, the rectifica 
tion circuit 10 rectifies the AC input voltage Vin, the conduc 
tion angle of which is controlled by the dimmer. 
Aduty ratio of the dimmer (triac), which corresponds to the 

conduction angle of the rectified voltage Vrc, is defined. 
When off-time of the triac during a half periodT/2 of the AC 
Voltage is denoted as t1, on-time is represented as T/2-t1. 
Therefore, the duty ratio is defined by Equation 23: 

T t1 Equation 23 

Duty Ratio = 2 

It is preferable that the dimming control using the dimmer 
satisfies following features (1) and (2). 
(1) A constant current is provided to the LED 60 by suppress 

ing a change in amplitude of a reference Voltage Vrefeven 
when the AC input voltage Vin supplied from an AC power 
Supply is varied. 

(2) The current flowing through the LED 60 linearly increases 
as the duty ratio of the dimmer (triac) increases, and the 
current flowing through the LED reaches its maximum 
when the duty ratio is 100%. 
Although the light-emitting device control circuits 100B, 

100C and 100E according to the second, third and fifth 
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14 
embodiments satisfy the feature (1) because they perform the 
arithmetic operation (V1/V2) with the division circuit, they 
do not satisfy the feature (2). 
The reason why they do not satisfy the feature (2) is 

explained referring to FIG. 11. FIG. 11 shows changes in the 
first voltage V1, the second voltage V2 and the third voltage 
V3 over time during the half periodT/2 of the AC voltage for 
each of the duty ratios 50%, 70% and 100% of the dimmer 
(triac). 
The first voltage V1 is generated by dividing the rectified 

Voltage Vrc, and the second Voltage V2 is generated by divid 
ing and integrating the rectified Voltage Vrc. The third Voltage 
V3 corresponds to V1/V2, and is used as the reference voltage 
Vref. The second voltage V2 decreases as the duty ratio 
decreases. As a result, the third voltage V3 (reference volt 
age Vref) is increased. Since the third voltage V3 varies as 
described above, the current does not linearly increase with 
respect to the duty ratio. 
A circuit structure in which the third voltage V3 is clamped 

to a certain value when the duty ratio decreases a certain 
degree is conceivable. In that case, however, the current flow 
ing through the LED 60 decreases when the duty ratio 
increases to a certain degree and there remains a problem that 
the current flowing through the LED 60 does not reach the 
maximum when the duty ratio is 100%. 

In the control circuit according to the sixth embodiment, a 
Voltage corresponding to a product of a third Voltage V3 and 
a Voltage corresponding to a duty ratio of a triac 100 is made 
to be the reference voltage Vref so that a change in the refer 
ence voltage Vref due to the duty ratio is cancelled out to 
satisfy the above-mentioned features (1) and (2). 

FIG. 12 is a circuit diagram of the control circuit 100F for 
a light-emitting device according to the sixth embodiment. 
FIG. 13 is a waveform diagram of the rectified voltage Vrc, 
the first voltage V1, the third voltage V3 and a fifth voltage V5 
in the control circuit 100F. 

In the control circuit 100F, the rectification circuit 10 gen 
erates the rectified voltage Vrc by full-wave rectifying the AC 
input Voltage Vin, the conduction angle of which is controlled 
through the triac 100. 
As described above, the first voltage V1 is generated by 

dividing the rectified voltage Vrc, and the second voltage V2 
is generated by dividing and integrating the rectified Voltage 
Vrc. The third voltage V3 corresponds to V1/V2 as a result of 
arithmetic operation performed by a division circuit 90. The 
division circuit 90 is practically the same as the division 
circuit in the control circuit according to each of the second, 
third and fifth embodiments. 

In addition to the division circuit 90, the control circuit 
100F is provided with a duty ratio detection circuit 91 detect 
ing a fourth Voltage V4 corresponding to the duty ratio of the 
triac 100 and a multiplication circuit 93 generating the fifth 
voltage V5 (reference voltage Vref) by multiplying the third 
voltage V3 outputted from the division circuit 90 and the 
fourth voltage V4. 
The duty ratio detection circuit 91 is provided with a com 

parator 92 and an integrator composed of a resistor R16 and a 
capacitor C2. The comparator 92 compares a Voltage corre 
sponding to the rectified Voltage Vrc outputted from a con 
necting node between a resistor R14 and a resistor R15 that 
are connected in series between an output terminal to which 
the rectified voltage Vrc is outputted and the ground with a 
predetermined voltage Vdc. The predetermined voltage Vdc 
is sufficiently smaller than amplitude Vm of the rectified 
voltage Vrc so that the duty ratio of the triac 100 is appropri 
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ately detected. The voltage V4 corresponding to the duty ratio 
of the triac 100 is outputted from the integrator in the duty 
ratio detection circuit 91. 

It should be noted that the control circuit 100F shown in 
FIG. 12 in which the LED 60 is provided with the current 
through an insulation transformer 40 is only an example and 
that similar characteristics can be obtained with a non-insu 
lated type control circuit that does not use the insulation 
transformer 40. 

With each of the light-emitting device control circuits 
according to the embodiments of this invention, it is made 
possible that the change in the amount of the current flowing 
through the light-emitting device is reduced while the power 
factor is improved, since the change in the amplitude of the 
reference voltage is suppressed when the amplitude of the AC 
input voltage is varied. 
What is claimed is: 
1. A control circuit for a light-emitting device, comprising: 
a rectification circuit rectifying an AC Voltage to generate a 

rectified Voltage; 
a Switching device configured to turn on and off the light 

emitting device; 
a reference Voltage generation circuit generating a refer 

ence Voltage; 
a first comparator comparing a comparison Voltage with 

the reference Voltage, the comparison Voltage corre 
sponding to a current flowing through the light-emitting 
device in response to the rectified Voltage; and 

a flip-flop configured to be set in response to a trigger pulse 
and reset in response to a result of comparison by the first 
comparator, the flip-flop outputting an output Voltage 
and controlling the Switching device in accordance with 
the output Voltage, wherein the reference Voltage gen 
eration circuit is configured so that a change in ampli 
tude of the reference Voltage is Suppressed when ampli 
tude of the AC voltage varies. 

2. The control circuit of claim 1, wherein the reference 
Voltage generation circuit comprises a first detection circuit 
detecting the rectified Voltage, a second detection circuit con 
Verting the rectified Voltage into a DC voltage and detecting 
the DC voltage, and a Subtraction circuit generating a value 
corresponding to a difference between a value detected by the 
first detection circuit and a value detected by the second 
detection circuit, and the reference voltage is obtained based 
on the value corresponding the difference. 

3. The control circuit of claim 2, wherein the first detection 
circuit comprises a first resistor and a second resistor con 
nected in series between an output terminal of the rectifica 
tion circuit and a ground and outputs a first Voltage from a 
connecting node between the first and second resistors, the 
second detection circuit comprises a Zener diode, a third 
resistor, a fourth resistor and a Smoothing capacitor and out 
puts a second Voltage, the Zener diode, the third resistor and 
the fourth resistor being connected in series in the order as 
described above between the output terminal of the rectifica 
tion circuit and the ground, the Smoothing capacitor being 
connected between a connecting node between the third and 
fourth resistors and the ground, the second Voltage being 
outputted from a connecting node between the third and 
fourth resistors, and the Subtraction circuit comprises a dif 
ferential amplifier circuit amplifying a difference between the 
first Voltage and the second Voltage. 

4. The control circuit of claim 1, wherein the reference 
Voltage generation circuit comprises a first detection circuit 
detecting the rectified Voltage, a second detection circuit con 
Verting the rectified Voltage into a DC voltage and detecting 
the DC voltage, and a division circuit dividing a value 
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detected by the first detection circuit by a value detected by 
the second detection circuit, and the reference Voltage is 
obtained from the division circuit. 

5. The control circuit of claim 4, wherein the first detection 
circuit comprises a first resistor and a second resistor and 
outputs a first Voltage, the first and second resistors being 
connected in series between an output terminal of the rectifi 
cation circuit and a ground, the first voltage being outputted 
from a connecting node between the first and second resistors, 
the second detection circuit comprises a third resistor, a fourth 
resistor and a smoothing capacitor and outputs a second Volt 
age, the third resistor and the fourth resistor being connected 
in series in the order as described above between the output 
terminal of the rectification circuit and the ground, the 
Smoothing capacitor being connected to a connecting node 
between the third and fourth resistors, the second voltage 
being outputted from a connecting node between the third and 
fourth resistors, and the division circuit comprises a first 
operational amplifier, a second operational amplifier, a resis 
tor and a constant Voltage source, a non-inverting inputter 
minal of the first operational amplifier being grounded, the 
first Voltage being inputted to an inverting input terminal of 
the first operational amplifier through a first MOS transistor, 
a feedback resistor being connected between an output ter 
minal and the inverting input terminal of the first operational 
amplifier, a non-inverting input terminal of the second opera 
tional amplifier being grounded, the second Voltage being 
inputted to an inverting input terminal of the second opera 
tional amplifier through a second MOS transistor, an output 
terminal of the second operational amplifier being connected 
to a gate of each of the first and second MOS transistors, the 
resistor and the constant Voltage source being connected in 
series between the inverting input terminal of the second 
operational amplifier and the ground. 

6. The control circuit of claim 1, wherein the reference 
Voltage generation circuit comprises a first detection circuit 
detecting the rectified Voltage, a second detection circuit con 
Verting the rectified Voltage into a DC voltage and detecting 
the DC voltage, a first conversion circuit converting a value 
detected by the first detection circuit into a first current pro 
portional to the value detected by the first detection circuit, a 
second conversion circuit converting a value detected by the 
second detecting circuit into a second current proportional to 
the value detected by the second detection circuit, a division 
circuit generating an output current corresponding to a ratio 
of the first current to the second current, and a current/voltage 
conversion circuit converting the output current into the ref 
erence Voltage. 

7. The control circuit of claim 1, wherein a conduction 
angle of the AC Voltage is controlled through a dimmer, and 
the reference Voltage generation circuit comprises a first 
detection circuit detecting the rectified Voltage, a second 
detection circuit converting the rectified voltage into a DC 
Voltage and detecting the DC voltage, a division circuit out 
putting a Voltage corresponding to a ratio of a value detected 
by the first detection circuit to a value detected by the second 
detection circuit, a duty ratio detection circuit detecting a 
Voltage corresponding to a duty ratio of the dimmer, and a 
multiplication circuit generating the reference Voltage by 
multiplying the Voltage outputted from the division circuit 
and the Voltage corresponding to the duty ratio. 

8. The control circuit of claim 7, wherein the duty ratio 
detection circuit comprises a second comparator comparing 
the rectified Voltage with a predetermined Voltage and an 
integrator converting an output voltage from the second com 
parator into a DC voltage. 
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9. A method for controlling a light-emitting device, com 
prising: 

generating rectified Voltage at a first node; 
generating a first Voltage at a second node from the rectified 

Voltage at the first node; 
generating a second Voltage at a third node from the recti 

fied voltage at the first node: 
generating a reference Voltage in response to the first Volt 

age at the second node and the second Voltage at the third 
node: 

generating a control Voltage in response to the reference 
Voltage; and 

using the rectified Voltage at the first node and the control 
Voltage to control the light-emitting device. 

10. The method of claim 9, further including smoothing the 
second Voltage at the third node. 

11. The method of claim 9, wherein generating the first 
Voltage at the second node includes Voltage dividing the rec 
tified Voltage at the first node and generating the second 
Voltage at the third node includes Voltage dividing the recti 
fied voltage at the first node. 

12. The method of claim 9, wherein generating the refer 
ence Voltage in response to the first Voltage at the second node 
and the second Voltage at the third node includes taking a 
difference between the first voltage at the second node and the 
second Voltage at the third node. 

13. The method of claim 9, wherein generating the refer 
ence Voltage includes generating the reference Voltage to be 
independent of an amplitude of an AC input Voltage. 

14. The method of 9, further including using the control 
Voltage to open or close a Switch. 
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15. The method of claim 14, wherein using the control 

Voltage to open or close the Switch includes using the control 
Voltage to close the Switch whereina current flows in response 
to the switch being closed. 

16. The method of claim 9, wherein generating the refer 
ence Voltage in response to the first Voltage at the second node 
and the second Voltage at the third node includes dividing the 
first Voltage by the second Voltage. 

17. The method of claim 9, wherein generating the refer 
ence Voltage in response to the first Voltage at the second node 
and the second Voltage at the third node includes: 

generating a first current in response to the first Voltage; 
generating a second current in response to the second Volt 

age. 
generating a third current in response to the first current and 

the second current; and 
using the third current to generate the reference Voltage. 
18. The method of claim 17, wherein generating the first 

current includes generating the first current to be proportional 
to the first Voltage and generating the second current to be 
proportional to the second Voltage. 

19. The method of claim 9, wherein using the rectified 
voltage at the first node and the control voltage to control the 
light-emitting device includes coupling the rectified Voltage 
to the light-emitting device through an insulation transformer. 

20. The method of claim 9, wherein generating the refer 
ence Voltage in response to the first Voltage at the second node 
and the second voltage at the third node further includes 
generating a third Voltage in response to a ratio of the first 
Voltage and the second Voltage, detecting a fourth Voltage in 
response to a duty ratio of a triac, and generating the reference 
Voltage in response to multiplying the third Voltage and the 
fourth Voltage. 


