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(57) ABSTRACT

OBJECTIVE: To reduce EMI noise of light-emitting-

diode lighting actuation circuitries.

MEANS FOR ACHIEVING THE OBJECTIVE: T
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transistor 6, which controls the current that drives LED
array 5, and LED driver circuit 7A, which controls driving
transistor 6. LED driver circuit 7A has operational
amplifier 7, which supplies driving pulses that control
driving transistor 6 according to the driving-current-based
voltage and the reference voltage, and operating-current
control circuit 2A, which controls the rise and fall times of
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WHAT IS CLAIMED IS:

CLAIM 1
A light-emitting-diode lighting actuation circuitry, comprising:

A driving transistor that controls current that drives light-emitting diodes, and

An integrated circuit that controls the aforementioned driving transistor; wherein:

The aforementioned integrated circuit is characterized by supplying the aforementioned
driving transistor with driving signals whose rise time and fall times are controllable.

CLAIM 2
The light-emitting-diode lighting activation circuitry according to Claim 1, wherein the
aforementioned integrated circuit comprises:

A comparator-amplifier circuit, which supplies the aforementioned driving signals that
control the aforementioned driving transistor according to the aforementioned driving-
current-based voltage value and the reference voltage, and

An output control circuit, which is disposed between the aforementioned comparator-
amplifier circuit and the aforementioned driving transistor so as to control the
aforementioned driving signals.

CLAIM 3

The light-emitting-diode lighting activation circuitry according to Claim 2, wherein the
aforementioned integrated circuit is provided with a circuit that controls the on/off of the
aforementioned light-emitting diodes based on PWM signals provided for the adjustment of
the brightness of the aforementioned light-emitting diodes, wherein:

The circuits that perform the aforementioned on/off control include:

A switch circuit group, one end of which is series-connected to the
aforementioned comparator-amplifier circuit, and

A control circuit provided so as to turn on and off the aforementioned switch
circuit group based on the aforementioned PWM signals;
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The aforementioned switch circuit group includes at least a first switch circuit and a
second switch circuit; and

The aforementioned output control circuit comprises:

A third switch disposed between the aforementioned driving transistor and one
end of the aforementioned first switch circuit,

A fourth switch disposed between the aforementioned driving transistor and one
end of the aforementioned second switch circuit, and

A switch control circuit, which controls the on/off of the aforementioned third
and fourth switches, thereby changing the connection between the
aforementioned switch group and the aforementioned driving transistor and thus
changing the resistance value between the aforementioned driving transistor and
the aforementioned comparator-amplifier circuit.

CLAIM 4
The light-emitting-diode lighting activation circuitry according to Claim 2, comprising:

Multiple parallel-connected resistors with different resistance values,

Multiple switches corresponding to the respective resistors, each of said multiple
switches being placed between the aforementioned comparator-amplifier circuit and the
aforementioned corresponding resistor, and

A switch control circuit that controls the on/off of each switch based on control signals
so as to change the resistance value between the aforementioned driving transistor and
the comparator-amplifier circuit.

CLAIM 5
The light-emitting-diode lighting activation circuitry according to Claim 1, wherein the
aforementioned integrated circuit comprises:

A comparator-amplifier circuit that supplies driving signals that control the
aforementioned driving transistor according to the aforementioned driving-current-
based voltage value based on and the reference voltage, and
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An operating-current control circuit provided in order to control the operating current of
the aforementioned comparator-amplifier circuit to thereby control the aforementioned
drive signals.

CLAIM 6

The light-emitting-diode lighting activation circuitry according to Claim 5, wherein the
aforementioned operating-current control circuit -- in order to supply a constant current to the
aforementioned comparator-amplifier circuit -- controls the operating current through the use
of multiple current sources, a switch that adjusts the number of current sources used to supply
the current, and a switch control circuit that controls the aforementioned switch based on
control signals.

CLAIM 7

The light-emitting-diode lighting activation circuitry according to Claim 5, wherein the
aforementioned operating-current control circuit comprises transistors provided in order to
supply a constant current to the aforementioned comparator-amplifier circuit, doing so by
adjusting the gate voltages of the aforementioned transistors to enable the adjustment of the

constant current.

CLAIM 8
The light-emitting-diode lighting activation circuitry according to Claim 7, wherein the
voltages at the gates of the aforementioned transistors are created by a resistive divider circuit.

CLAIM 9
The light-emitting-diode lighting activation circuitry according to Claim 1, wherein the
aforementioned integrated circuit comprises:

A comparator-amplifier circuit, which supplies the aforementioned driving signals that
control the aforementioned driving transistor according to the aforementioned driving-
current-based voltage value and the reference voltage, and

An output-current control circuit provided in order to control the output current of the
aforementioned comparator-amplifier circuit to thereby control the aforementioned
drive signals.
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CLAIM 10

The light-emitting-diode lighting activation circuitry according to Claim 9, wherein the
aforementioned output-current control circuit -- in order to control the output current from
the aforementioned comparator-amplifier circuit -- comprises:

A switch that adjusts the number of output buffers connected to the aforementioned
driving transistor, and

A switch control circuit that controls the on/off of the aforementioned switch based on
control signals.

CLAIM 11
The light-emitting-diode lighting activation circuitry according to any one of claims 3, 4, 6,
and 10, wherein

The aforementioned control signals are input through a control terminal provided in the
aforementioned integrated circuit, and

The aforementioned control signals represent the control values of the aforementioned
driving signals.

CLAIM 12
A light-emitting-diode lighting actuation circuitry, comprising:

A driving transistor that controls the current that drives light-emitting diodes, and

An integrated circuit that controls the aforementioned driving transistor; wherein:

The aforementioned integrated circuit comprises:
A comparator-amplifier circuit that supplies driving signals that control the
aforementioned driving transistor according to the aforementioned driving-
current-based voltage and the reference voltage, and
A filter circuit that is arranged between the aforementioned comparator-amplifier
circuit and the aforementioned driving transistor, said filter circuit being used to

adjust the rise and fall times of the aforementioned driving signals supplied by the
aforementioned comparator-amplifier circuit.
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CLAIM 13

The light-emitting-diode lighting activation circuitry according to Claim 12, wherein the
aforementioned filter circuit comprises at least either, or both, a variable resistor or/and a
variable capacitor.

CLAIM 14

The light-emitting-diode lighting activation circuitry according to any one of claims 1, 2, and
4 through 12, further comprising a switch control circuit that controls the on/off of the switch
provided between the aforementioned driving transistor and the aforementioned comparator-
amplifier circuit, doing so based on PWM signals provided for the adjustment of the brightness
of the aforementioned light-emitting diodes.

DETAILED DESCRIPTION OF THE INVENTION

TECHNOLOGICAL FIELD
[0001]

The present invention pertains to a light-emitting-diode lighting actuation circuitry
comprising a single light source consisting of a collective body of multiple light-emitting
elements, such as LEDs (light emitting diodes), said light-emitting-diode lighting actuation
circuitry being capable of controlling the lighting actuation of said light source acting as the

illuminating light to any given brightness.

BACKGROUND ART
[0002]

In conjunction with the rapid advancement in the performance of LEDs in recent years, LEDs
that emit white light (indispensable for illumination) have been developed, now offering the
ability to produce light with a sufficient luminance level for illumination purposes.

[0003]

Figure 13 shows a circuit diagram that illustrates the configuration of a conventional light-
emitting-diode lighting actuation circuitry. The light-emitting-diode lighting actuation circuitry
is provided with LED array 95 with six LEDs connected in series, power supply Vdd1 for the
actuation of the lighting of LED array 95 is connected to one end of LED array 95, and constant
current circuit 91 connected to the other end of LED array 95.

[0004]
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Constant current circuit 91 is provided with the following elements:

Driving transistor 96 consisting of a power MOS transistor connected to the other end
of LED array 95, such driving transistor 96 controlling the current that drives LED array
95,

Resistor 76 connected to LED array 95 on the opposite side from driving transistor 96,
and
LED driver circuit 97 consisting of an integrated circuit that controls driving transistor
96.

[0005]

LED driver circuit 97 has various features that make it possible to control the LEDs’
brightness, drive multiple LEDs, detect the LEDs’ open circuits, detect short circuits, etc.,
among which only operational amplifier 98 (which controls the constant current flowing to
LED array 95) and PWM control circuit 78 (which controls the brightness) are shown in Figure
13.

[0006]

LED driver circuit 97 has operational amplifier 98, which supplies control pulses to driving
transistor 96 via switch circuit 77 so as to control driving transistor 96, doing so according to
reference voltage Vref and voltage VO, which is based on the driving current supplied from
driving transistor 96 to LED array 95.

[0007]

As shown in Figure 13, a constant current circuit comprises operational amplifier 98 provided
in LED driver circuit 97, driving transistor 96, and resistor 76. The lighting of LEDs
constituting LED array 95 is actuated based on the current determined by reference voltage
Vref (which is input through the Vref terminal) and the resistance value of resistor 76.

[0008]

Furthermore, LED driver circuit 97 is provided with the ability to adjust the brightness of the
LEDs based on the PWM waveform input through the terminal PWM_IN. LED driver circuit
97 has PWM control circuit 78 and pull-down transistor 79. PWM control circuit 78 controls
switch circuit 77 and pull-down transistor 79 based on the PWM waveform input through the
terminal PWM_IN.

[0009]

Specifically, PWM control circuit 78 turns on switch circuit 77 but turns off pull-down
transistor 79 when the PWM waveform input through the terminal PWM_IN is "H." In this
state, the aforementioned constant current flows into driving transistor 96, thereby causing the
LEDs to light up. When the PWM waveform is “L,” PWM control circuit 78 turns off switch
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circuit 77 but turns on pull-down transistor 79. In this state, transistor 96 is turned off, causing
the lights of the LEDs to be turned off. The brightness of the LEDs can be adjusted by
repeatedly turning on and off the LEDs as described above.

[0010]

In such an LED lighting actuation circuitry, driving transistor 96 must have a large driving
capability in order to accommodate the on/off cycles with a periodicity at which one will not
notice/feel flickers caused by such LED on/off cycles and also to prevent flickers from
occurring from the impact of fluctuations in the power supply voltage, etc.

[0011]

However, suppose that there is a significant difference between reference voltage Vref and
voltage VO (which is based on the driving current). In this case, driving transistor 96 is
significantly biased, rapidly increasing voltage VO to reference voltage Vref in order to
eliminate the voltage difference between reference voltage Vref and voltage V0. Such a steep
change in voltage VO generates EMI (Electromagnetic Interference) noise and affects other
devices.

[0012]

One way to prevent the generation of such EMI noise would be to prepare two transistors
equivalent to driving transistor 96 and keep the driving capability of one of the transistors at a
low level so that the transistor with low driving capability can be used when the voltage

fluctuates greatly upon activation of power, as disclosed in Patent Literature 1.

PRIOR ART DOCUMENT

[Patent Literature]

[0013]

[Patent Literature 1] JP, 2001-282371, A (published on October 12, 2001)

SUMMARY OF THE INVENTION

PROBLEMS TO BE RESOLVED BY THE INVENTION
[0014]

However, when LEDs are used for illumination purposes, it is necessary to supply high
voltage and large current to the LEDs; consequently, driving transistor 96 used herein must be
a transistor that is processed and thus created to be able to withstand high voltages. However,
LED driver circuit 97, which controls a large current as mentioned above, may also operate at
low voltage. Therefore, in the case that driving transistor 96 is embedded in LED driver circuit
97, the entire LED driver circuit 97 must be processed and thus created so as to be able to

withstand high voltages, which leads to higher costs. Therefore, LED driver circuit 97 and
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driving transistor 96 must be separate components. However, when LED driver circuit 97 and
driving transistor 96 are separate components, wiring is required between the two. The
occurrence of EMI noise also varies depending on the state of the wiring. Consequently, the
driving capability must be altered according to said state, thus leading to another problem, i.e.,
transistors must be selected for each LED lighting product with different wiring conditions.
[0015]

It is possible to prevent EMI noise by using transistors with different driving capabilities as
illustrated in Patent Literature 1. However, in order to use transistors with different driving
capabilities, it is necessary to prepare multiple transistors separately from LED driver circuit
97, which will increase the number of components, leading to higher costs.

[0016]
The purpose of the invention is to provide a light-emitting-diode lighting actuation circuitry

that can reduce the occurrence of EMI noise, doing so at a low cost.

MEANS FOR ACHIEVING THE OBJECTIVE
[0017]

The light-emitting-diode lighting actuation circuitry according to the present invention is
provided with a driving transistor that controls the driving current for the light-emitting diodes
and an integrated circuit that controls the aforementioned driving transistor. The
aforementioned integrated circuit is characterized by supplying the driving transistor with
driving signals whose rise time and fall times are controllable.

[0018]

This characteristic feature makes it possible to control the driving signals’ rise and fall times,
thus making it possible to reduce the differential velocity (dv/dt) of the driving signals by
controlling the driving signals’ rise and fall times to be longer. EMI noise of a circuit depends
on the dv/dt of the driving signals. Accordingly, EMI noise of the light-emitting-diode lighting
actuation circuitry can be reduced, at a low cost, by increasing the duration of the driving
signals’ rise and fall times.

[0019]
In the light-emitting-diode lighting actuation circuitry according to the present invention, the

aforementioned integrated circuit preferably has the following elements:

A comparator-amplifier circuit, which supplies the aforementioned driving signals that
control the aforementioned driving transistor according to the aforementioned driving-

current-based voltage value and the reference voltage, and
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An output control circuit, which is disposed between the aforementioned comparator-
amplifier circuit and the aforementioned driving transistor so as to control the

aforementioned driving signals.

[0020]

The above-mentioned configuration makes it possible to reduce the dv/dt of the driving
signals supplied by the comparator-amplifier circuit, doing so with a simple configuration,
thereby reducing the EMI noise of the light-emitting-diode lighting actuation circuitry at a low
cost.

In the light-emitting-diode lighting actuation circuitry according to the present invention, it
will be preferable if the aforementioned integrated circuit is provided with circuits that control
the on/off of the aforementioned light-emitting diodes based on PWM signals provided for

adjusting the brightness of the aforementioned light-emitting diodes, wherein:

The circuits that perform the aforementioned on/off control include the following

circuits:

A switch circuit group, one end of which is series-connected to the

aforementioned comparator-amplifier circuit, and

A control circuit provided so as to turn on and off the aforementioned switch

circuit group based on the aforementioned PWM signals;

The aforementioned switch circuit group comprises at least a first switch circuit and a

second switch circuit; and

Said output control circuit comprises the following elements:

A third switch disposed between the aforementioned driving transistor and one

end of the aforementioned first switch circuit,

A fourth switch disposed between the aforementioned driving transistor and one

end of the aforementioned second switch circuit, and

A switch control circuit, which controls the on/off of the aforementioned third and
fourth switches, thereby changing the connection between the aforementioned

switch group and the aforementioned driving transistor and thus changing the
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resistance value between the aforementioned driving transistor and the

aforementioned comparator-amplifier circuit.

[0021]

The above-mentioned configuration makes it possible to reduce the dv/dt of the driving
signals coming from the comparator-amplifier circuit, doing so by using a switch circuit for
brightness adjustment. This makes it possible to reduce the EMI noise of the light-emitting-
diode lighting actuation circuitry at a low cost and achieve control for the driving signals’
rise/fall times and the pulse control by the PWM control circuit at the same time.

[0022]
In the light-emitting-diode lighting actuation circuitry according to the present invention, the

aforementioned output control circuit preferably comprises the following elements:

Multiple parallel-connected resistors with different resistance values,

Multiple switches corresponding to the respective resistors, each of said multiple
switches being placed between the aforementioned comparator-amplifier circuit and the

aforementioned corresponding resistor, and

A switch control circuit that controls the on/off of each switch based on control signals
to thereby change the resistance value between the aforementioned driving transistor and

the comparator-amplifier circuit.

[0023]

The above-mentioned configuration makes it possible to reduce the dv/dt of the driving
signals coming from the comparator-amplifier circuit, doing so by providing a resistor at the
output of the comparator-amplifier circuit. This makes it possible to reduce the EMI noise of
the light-emitting-diode lighting actuation circuitry at a low cost.

[0024]
In the light-emitting-diode lighting actuation circuitry according to the present invention, the

aforementioned integrated circuit preferably has the following elements:

A comparator-amplifier circuit that supplies driving signals that control the
aforementioned driving transistor according to the aforementioned driving-current-

based voltage value and the reference voltage, and
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An operating-current control circuit provided for controlling the aforementioned drive
signals by controlling the operating current of the aforementioned comparator-amplifier

circuit.

[0025]

The above-mentioned configuration makes it possible to adjust the driving capability of the
comparator-amplifier circuit by controlling the operating current of the comparator-amplifier
circuit, thereby reducing the dv/dt of the driving signals supplied by the comparator-amplifier
circuit, thus reducing the EMI noise of the light-emitting-diode lighting actuation circuitry at a
low cost.

[0026]

In order to supply a constant current to the comparator-amplifier circuit, the aforementioned
operating-current control circuit, in the light-emitting-diode lighting actuation circuitry
according to the present invention, preferably controls the operating current through the use of
multiple current sources, a switch that adjusts the number of current sources used to supply the
current, and a switch control circuit that controls the aforementioned switch based on control
signals.

[0027]

The above-mentioned configuration makes it possible to change the number of transistors in
the constant current source, i.e., change the constant current value by changing the transistor
size, so as to change the driving capability of the comparator-amplifier circuit, thereby reducing
the dv/dt of the driving signals, thus reducing the EMI noise of the light-emitting-diode lighting
actuation circuitry at a low cost.

[0028]

In the light-emitting-diode lighting actuation circuitry according to the present invention, the
aforementioned operating-current control circuit preferably comprises transistors provided in
order to supply a constant current to the aforementioned comparator-amplifier circuit, doing so
by adjusting the gate voltages of the aforementioned transistors to enable the adjustment of the
constant current.

[0029]

The above-mentioned configuration makes it possible to change the constant current value of
the comparator-amplifier circuit based on logic signals (which are input externally) so as to
reduce the dv/dt of control pulses supplied from the comparator-amplifier circuit, thereby
reducing EMI noise in the light-emitting-diode lighting actuation circuitry at a low cost.
[0030]

In the light-emitting-diode lighting actuation circuitry according to the present invention, the
voltages at the gates of the aforementioned transistors are preferably created by a resistive

divider circuit.
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[0031]

The above-mentioned configuration allows the gate voltages to be created with a simple
configuration.
[0032]

In the light-emitting-diode lighting actuation circuitry according to the present invention, the

aforementioned integrated circuit preferably has the following elements:

A comparator-amplifier circuit that supplies the aforementioned driving signals that
control the aforementioned driving transistor according to the aforementioned driving-

current-based voltage value and the reference voltage, and

An output-current control circuit provided for controlling the aforementioned drive
signals by controlling the output current of the aforementioned comparator-amplifier

circuit.

[0033]

The above-mentioned configuration makes it possible to control the output current of the
comparator-amplifier circuit so as to increase the duration of the driving signals’ rise and fall
times.

[0034]

In order to control the output current from the comparator-amplifier circuit, the
aforementioned output-current control circuit, in the light-emitting-diode lighting actuation
circuitry according to the present invention, preferably comprises a switch that adjusts the
number of output buffers connected to the aforementioned driving transistor and a switch
control circuit that controls the on/off of the aforementioned switch based on control signals.
[0035]

The above-mentioned configuration makes it possible to control the output current of the
comparator-amplifier circuit with a simple configuration.

[0036]
In the light-emitting-diode lighting actuation circuitry according to the present invention, it

will be preferable if:

The aforementioned control signals are input through a control terminal provided in the

aforementioned integrated circuit, and

The aforementioned control signals represent the control values of the aforementioned

driving signals.
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[0037]

The above-mentioned configuration makes it possible to control the driving signals’ rise and
fall times from outside the integrated circuit.
[0038]

The light-emitting-diode lighting actuation circuitry according to the present invention is
provided with a driving transistor that controls the light-emitting-diode driving current and an
integrated circuit that controls the aforementioned driving transistor, said integrated circuit

being characterized by comprising the following elements:

A comparator-amplifier circuit that supplies driving signals that control the
aforementioned driving transistor according to the aforementioned driving-current-

based voltage and the reference voltage, and

A filter circuit that is arranged between the aforementioned comparator-amplifier circuit
and the aforementioned driving transistor, such a filter circuit being used to adjust the
rise and fall times of the driving signals supplied by the aforementioned comparator-

amplifier circuit.

[0039]

Such a characteristic feature makes it possible to adjust the rise and fall times of driving
signals supplied by the comparator-amplifier circuit, thereby making it possible to reduce the
dv/dt of the control signals by adjusting the durations of the control signals’ rise and fall times
to be longer. EMI noise of a circuit depends on the dv/dt of the control signals; accordingly,
EMI noise of the light-emitting-diode lighting actuation circuitry can be reduced, at a low cost,
by increasing the duration of the driving signals’ rise and fall times.

[0040]

In the light-emitting-diode lighting actuation circuitry according to the present invention, the
aforementioned filter circuit preferably comprises at least either, or both, a variable resistor
or/and a variable capacitor.

[0041]

The above-mentioned characteristic feature makes it possible to adjust at least either, or both,
a variable resistor or/and a variable capacitor so as to reduce the dv/dt of control pulses supplied
by the comparator-amplifier circuit, thereby reducing the EMI noise of the light-emitting-diode
lighting actuation circuitry at a low cost.

[0042]

It will be preferable if the light-emitting-diode lighting actuation circuitry according to the

present invention further comprises a switch control circuit that controls -- based on PWM

signals for the adjustment of brightness of the aforementioned light-emitting diodes -- the
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on/off of the switch provided between the aforementioned driving transistor and the

aforementioned comparator-amplifier circuit.

EFFECTS OF THE INVENTION
[0043]

The light-emitting-diode lighting actuation circuitry according to the present invention can
reduce the differential velocity (dv/dt) of control pulses supplied by the comparator-amplifier
circuit because it is provided with a control means for controlling the rise time and fall time of
the control pulses. Because the EMI noise of a circuit depends on the dv/dt of the control pulse,
the EMI noise of the light-emitting-diode lighting actuation circuitry can be reduced, at a low

cost, by increasing the duration of the driving pulse’s rise and fall times.

BRIEF EXPLANATION OF THE DRAWINGS
[0044]
Figure 1 shows a circuit diagram that illustrates the basic principle of the light-emitting-diode

lighting actuation circuitry according to an embodiment.

Figure 2 shows a circuit diagram that illustrates the basic concept of the light-emitting-diode

lighting actuation circuitry according to Embodiment 1.

Figure 3 shows a circuit diagram that illustrates a configuration of the light-emitting-diode

lighting actuation circuitry according to Embodiment 1.

Figure 4 illustrates the truth table used in the operation of the above-mentioned light-

emitting-diode lighting actuation circuitry.

Figure 5 shows a circuit diagram that illustrates another configuration of the light-emitting-

diode lighting actuation circuitry according to Embodiment 1.

Figure 6 shows a circuit diagram that illustrates a configuration of the light-emitting-diode

lighting actuation circuitry according to Embodiment 2.

Figure 7 shows a circuit diagram that illustrates a configuration of the light-emitting-diode

lighting actuation circuitry according to Embodiment 3.

Figure 8 shows a circuit diagram that illustrates another configuration of the light-emitting-

diode lighting actuation circuitry according to Embodiment 3.
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Figure 9 shows a circuit diagram that illustrates yet another configuration of the light-

emitting-diode lighting actuation circuitry according to Embodiment 3.

Figure 10 shows a circuit diagram that illustrates yet another configuration of the light-

emitting-diode lighting actuation circuitry according to Embodiment 3.

Figure 11 shows a circuit diagram that illustrates a configuration of the light-emitting-diode

lighting actuation circuitry according to Embodiment 4.

Figure 12 shows a circuit diagram that illustrates another configuration of the light-emitting-

diode lighting actuation circuitry according to Embodiment 4.

Figure 13 shows a circuit diagram that illustrates the configuration of a conventional light-

emitting diode lighting actuation circuitry.

EMBODIMENT OF THE INVENTION
[0045]

The following is an explanation of one embodiment of the light-emitting-diode lighting
actuation circuitry according to the present invention with reference to figures 1 to 13:

[0046]

(Basic Principle of the Present Invention)

Figure 1 shows a circuit diagram that illustrates the basic principle of the light-emitting-diode
lighting actuation circuitry according to an embodiment. The light-emitting-diode lighting
actuation circuitry is provided with LED array 5 with six LEDs connected in series, power
supply Vdd1 connected to one end of LED array 5 so as to activate the lighting of LED array
5, and constant current circuit 1 connected to the other end of LED array 5.

[0047]

Constant current circuit 1 is provided with the following elements:

Driving transistor 6 consisting of a power MOS transistor connected to the other end of

LED array 5, such driving transistor 6 controlling the current that drives LED array 5,

Resistor 26 connected to LED array 5 on the opposite side from driving transistor 6, and

LED driver circuit 7 consisting of an integrated circuit that controls driving transistor 6.

[0048]
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LED driver circuit 7 is equipped with various features that make it possible to control the
LEDs’ brightness, drive multiple LEDs, detect the LEDs’ open circuits, detect short circuits,
etc., among which only operational amplifier 8 (which controls the constant current flowing to
LED array 5) and PWM control circuit 28 (which controls the brightness) are shown in Figure
1.

[0049]

LED driver circuit 7 has operational amplifier 8. Operational amplifier 8 supplies control
pulses to driving transistor 6 via switch circuit 27 so as to control driving transistor 6, doing so
according to reference voltage Vref and voltage VO which is based on the driving current
supplied from driving transistor 6 to LED array 5.

[0050]

As shown in Figure 1, a constant current circuit comprises operational amplifier 8 (which is
provided in LED driver circuit 7), driving transistor 6, and resistor 26. The LEDs constituting
LED array 5 are turned on based on the current determined by reference voltage Vref (which
is input through the Vref terminal) and the resistance value of resistor 26.

[0051]

Furthermore, LED driver circuit 7 is provided with the ability to adjust the brightness of the
LEDs based on PWM waveform input through the terminal PWM_IN. LED driver circuit 7
has PWM control circuit 28 and pull-down transistor 29. PWM control circuit 28 controls
switch circuit 27 and pull-down transistor 29 based on the PWM waveform input through the
terminal PWM_IN.

[0052]

Specifically, PWM control circuit 28 turns on switch circuit 27 but turns off pull-down
transistor 29 when the PWM waveform input through the terminal PWM_IN is "H." In this
state, the aforementioned constant current flows into driving transistor 6, thereby activating the
lighting of the LEDs. When the PWM waveform is “L,” PWM control circuit 78 turns off
switch circuit 27 but turns on pull-down transistor 29. In this state, driving transistor 6 is turned
off, and the lighting of the LEDs is deactivated. The brightness of the LEDs can be adjusted by
repeatedly turning on and off the LEDs as described above.

[0053]

Constant current circuit 1 shown in Figure 1 differs from the conventional constant current
circuit 91 shown in Figure 13 above. Control terminal 12 has been added to LED driver circuit
7. The rise (fall) time (dv/dt) of control pulses VoP that drive transistor 6 (which controls the
LED lighting-activation current) can be controlled by controlling the control signals input
through said control terminal 12.

[0054]
EMI (Electromagnetic Interference) noise is generated upon a sudden rise in control pulses

VoP that drives LED array 5. Because EMI noise depends on the dv/dt, the duration of control
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pulses’ rise and fall times can be extended by dampening the control pulses’ rise and fall times,
thereby preventing the occurrence of EMI noise.
[0055]

In the circuitry shown in Figure 1, power supply Vddl and constant current circuit 1 are
connected to LED array 5 in order to activate the lighting of LED array 5, which consists of
six LEDs connected in series. For example, suppose that the forward voltage drop VF is 3.6V
(typ.), and the LED array consists of light-emitting diodes that emit white light. In this case,
the voltage drop in LED array 5 is 21.6V, which is the sum of the forward voltage drops VFs
of the LEDs. If the voltage value of power supply Vddl1 is 30V, the voltage at the LED-array-
5 side of driving transistor 6 would be 8.4V.

[0056]

If the forward voltage drop VF is 2.1V (typ.) and the LED array consists of light-emitting
diodes that emit orange light, the voltage drop at LED array 5 is 12.6V, which is the sum of the
forward voltage drops VF of the LEDs. Similarly, if the voltage value of power supply Vddl
is 30V, the voltage at the LED-array-5 side of driving transistor 6 would be 17.4V.

[0057]

As such, even if the same power supply, Vddl, is used to activate the lighting of the LEDs,
there will be a difference in the voltage applied to driving transistor 6 depending on the number
of LEDs whose lights are turned on as well as the number of LEDs to be connected. Also, once
the circuitry is converted into commercial lighting products, wiring, etc., are arranged between
LED array 5 and driving transistor 6 — such wiring, etc., having different lengths from one
product to another. Consequently, driving transistor 6 is affected by different parasitic elements
depending on the product. As such, various changes in situations as described above cause
differences in how the current flows when driving transistor 6 is turned on.

[0058]

To accommodate these situations, LED driver circuit 7 shown in Figure 1 is configured to
control the control signals input through control terminal 12 so as to control the rise (fall) times
(dv/dt) of control pulses VoP that drive driving transistor 6.

This allows lighting equipment provided with LED driver circuit 7 to be adjusted, making it
possible to prevent the generation of EMI noise for each product.

[0059]
The following is an explanation of an example of a specific circuit that controls the dv/dt of

control pulses VoP in order to drive LED array 5.

[0060]
Embodiment 1

(Basic Concept)
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Figure 2 shows a circuit diagram that illustrates the basic concept of the light-emitting-diode
lighting actuation circuitry according to Embodiment 1. The same reference codes are assigned
to any constituent elements identical to those previously mentioned; accordingly, the detailed
description thereof is not repeated hereafter.

[0061]

The light-emitting-diode lighting actuation circuitry is provided with constant current circuit
1A. Constant current circuit 1A has LED driver circuit 7A. Operational amplifier 8A in LED
driver circuit 7A is provided with operating-current control circuit 2A. The illustration of the
constant current source that supplies the current to differential part 138 of operational amplifier
8A is omitted from the figure in order to schematically illustrate operating-current control
circuit 2A. Operating-current control circuit 2A has four transistors, 9a, 9b, 9c, and 9d, that are
arranged in parallel with respect to each other so as to supply constant current. The gates of
transistors 9a, 9b, 9c, and 9d are respectively coupled to control terminal 12.

[0062]

Figure 2 shows the concept of controlling the operating current of operational amplifier 8A
so as to change the driving capability. Operational amplifier 8A comprises a constant current
functionality in operating-current control circuit 2A, whereby it determines the current that can
flow through the entire circuit. A low constant current also slows down the charging of the
capacitive load, which is tied to the output of operational amplifier 8A, thus resulting in a lower
driving capability of operational amplifier 8A. Conversely, the higher the constant current, the
faster the capacitive load is charged, leading to a higher driving capability.

[0063]

LED driver circuit 7A, shown in Figure 2, changes the constant current supplied to differential
part 138 of operational amplifier 8A by means of changing the number of transistors. The
number of transistors of the constant current source is altered according to the value of the
control voltage input through control terminal 12, thus changing the driving capability. In other
words, the constant current value supplied to differential part 138 of operational amplifier 8A
can be changed by changing the transistor size. This makes it possible to change the driving
capability of operational amplifier 8A.

[0064]

As mentioned above, the change in the driving capability of operational amplifier 8 A and the
charging speed of the capacitive load have the aforementioned relationship. In other words,
when the driving capability is lowered, the charging speed and, thus, the change in output slows
down, thus decelerating the rise and fall times. Conversely, if the driving capability is enhanced,
the charging speed will be faster, thus accelerating the rise and fall times. As such, the rise (fall)
time (dv/dt) of control pulses VoP that drive transistor 6 (which controls the LED lighting
current) can be controlled by changing the driving capability of operational amplifier 8A.
[0065]
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(Light-Emitting-Diode Lighting Actuation Circuitry According to Embodiment 1)

Figure 3 shows a circuit diagram that illustrates a configuration of the light-emitting-diode
lighting actuation circuitry according to Embodiment 1. The same reference codes are assigned
to any constituent elements identical to those previously mentioned; accordingly, the detailed
description thereof is not repeated hereafter. Figure 3 shows an example provided with a
circuitry that uses a common differential amplifier circuit to change the constant current.
[0066]

The light-emitting-diode lighting actuation circuitry is provided with constant current circuit
1B. And constant current circuit 1B has LED driver circuit 7B. LED driver circuit 7B comprises
operational amplifier 8B. Differential part 138 in operational amplifier 8B is provided with
four transistors 9a, 9b, 9c, and 9d that are arranged in parallel with respect to each other in
order to supply a constant current, as shown in Figure 3. The gates of transistors 9a, 9b, 9¢, and
9d are respectively coupled to bias circuit 34.

[0067]

Switch 10a is provided between transistor 9a and differential part 138. Transistor 10b is
provided between transistor 9b and differential part 138. Transistor 10c is provided between
transistor 9c and differential part 138.

[0068]

Transistor 35 is provided between differential part 138 and driving transistor 6. The gate of
the transistor 35 is connected to differential part 138. The drain of transistor 35 is connected to
the gate of driving transistor 6.

[0069]

The gate of driving transistor 6 is provided with four transistors, 30a, 30b, 30c, and 30d, which
are arranged in parallel with respect to each other. The gates of transistors 30a, 30b, 30c, and
30d are respectively coupled to bias circuit 34.

[0070]

Transistor 31a is disposed between transistor 30a and the gate of driving transistor 6.
Transistor 31b is provided between transistor 30b and the gate of driving transistor 6. Transistor
31c is provided between transistor 30c and the gate of driving transistor 6.

[0071]

LED driver circuit 7B is provided with switch control circuit 11 that controls the on/off of
transistors 10a, 10b, and 10c as well as transistors 31a, 31b, and 31c based on the control signals
input through control terminals 12A and 12B. Switch control circuit 11 has selector 32 and
logic elements 33a and 33b.

[0072]

Figure 4 illustrates the truth table used in the operation of the above-mentioned light-emitting-
diode lighting actuation circuitry. Selector 32 receives inputs A and B through control terminals
12A and 12B, respectively, and supplies outputs Q1, Q2, Q3, and Q4 according to the truth
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table shown in Figure 4. Logic element 33a supplies control signal Q6 to transistors 10b and
31b based on outputs Q1 and Q2, doing so according to the truth table shown in Figure 4.
Output Q1 is supplied, in the as-is state but as control signal Q5, to transistors 10a and 31a and
thus controls the on/off operation. Logic element 33a supplies control signal Q7 to transistors
10c and 31c based on output Q4, doing so according to the truth table shown in Figure 4.
[0073]

The constant current created by bias circuit 34 is transmitted to transistors 9a through 9d and
30a through 30d. Then, the same constant current as that is created by bias circuit 34 flows
through transistors 9a through 9d and 30a through 30d.

[0074]

Transistors 9a through 9d provide a constant current to the differential stage (operational
amplifier 8). The constant currents flowing through transistors 9a through 9d are selectively
applied to the differential stage through the use of transistors 10a through 10c.

[0075]

In other words, if transistors 10a through 10c are all on, the constant current applied to the
differential stage will be the sum of the currents flowing through transistors 9a through 9d.
When this state is referred to as “1,” three-quarters (3/4) of the constant current is applied to
the differential stage when transistor 10a is turned off; three-quarters (2/4 or 1/2) of the constant
current is applied to the differential stage when transistor 10a and 10b are turned off; and a
quarter (1/4) of the constant current is applied to the differential stage when transistor 10a, 10b,
and 10c are turned off.

[0076]

Transistors 30a through 30d provide a constant current to the output stage. Similarly to the
above-mentioned example, the size of the current can be altered by switching transistors 31a
through 31c on and off.

[0077]

Selector 32 and logic circuits 33a and 33b control the on/off of transistors 10a through 10c
and 31a through 31c.
[0078]

Transistors 10a through 10c and 31a through 31c are switches that conduct current when the
control signal is "1.” They consist, for example, of Nch transistors. Figure 4 shows the truth
table that shows the values in that state. LED driver circuit 7B is provided with control
terminals 12A and 12B, through which inputs A and B are supplied.

[0079]

The combination of the two values (0 and 1) of inputs A and B results in one of selector 32's
outputs Q1 through Q4 being “1.” The logic determines the state of control signals Q5 through
Q7 that control transistors 10a through 10c and 31a through 31c according to the values shown

in the truth table in Figure 4.
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[0080]

This makes it possible to alter the size of the constant current flowing through operational
amplifier 8 according to inputs A and B. Specifically, if (A, B) = (0, 0), then all the constant
currents thus created are used in the circuit in operational amplifier 8. When the value of the
constant current in this state is “1,” then the transistors 10a and 31a will be turned off if (A, B)
= (0, 1); therefore, the constant current will be 3/4. If (A, B) = (1,0), then transistors 10a, 31a
and transistors 10b, 31b will be turned off; therefore, the constant current will be 2/4 (1/2). If
(A, B) =(1,1), then transistors 10a through 10c and transistors 31a through 31¢ will be turned
off; therefore, the constant current will be 1/4.

[0081]

As described above, it is possible to adjust the driving capability by changing the size of the
constant current for operational amplifier 8B based on the value input through control terminals
12A and 12B.

[0082]

(Another Light-Emitting-Diode Lighting Actuation Circuitry According to Embodiment
1)

Figure 5 shows a circuit diagram that illustrates another configuration of the light-emitting-
diode lighting actuation circuitry according to Embodiment 1. The same reference codes are
assigned to any constituent elements identical to those previously mentioned; accordingly, the
detailed description thereof is not repeated hereafter. Figure 5 shows another example circuit
that changes the size of the constant current in operational amplifier 8.

[0083]

The light-emitting-diode lighting actuation circuitry is provided with constant current circuit
1C. And constant current circuit 1C has LED driver circuit 7C. LED driver circuit 7C comprises
operational amplifier 8C. Operational amplifier 8C has transistor 36a (which is provided to
supply constant current to differential part 138) and transistor 36b (which is connected to the
gate of driving transistor 6). LED driver circuit 7C is provided with operational amplifier 37
for a voltage follower, which provides the gates of transistors 36a and 36b with control voltages
adjusted by resistive divider circuit 13 and thus input through control terminals 12. Transistor
36A supplies a constant current to differential part 138 based on the control voltage, which has
been adjusted by resistive divider circuit 13 and thus is input through control terminals 12.
[0084]

In the example shown in Figure 5, a fixed resistor and a variable resistor constitute resistive
divider circuit 13 that adjusts the voltage value input through input terminals 12.

[0085]

As described above, the constant current can be controlled through the adjustment of the

voltage value applied to control terminals 12, thereby changing the driving capability of

operational amplifier 8C.
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[0086]

Embodiment 2

(Light-Emitting-Diode Lighting Actuation Circuitry According to Embodiment 2)

Figure 6 shows a circuit diagram that illustrates a configuration of the light-emitting-diode
lighting actuation circuitry according to Embodiment 2. The same reference codes are assigned
to any constituent elements identical to those previously mentioned; accordingly, the detailed
description thereof is not repeated hereafter. Figure 6 shows an example circuit that changes
the current in the output stage of operational amplifier 8.

[0087]

The light-emitting-diode lighting actuation circuitry is provided with constant current circuit
1D. And, constant current circuit 1D has LED driver circuit 7D. LED driver circuit 7D has
operational amplifier 8D and output-current control circuit 3D, which controls the output
current that is output from operational amplifier 8D. Output-current control circuit 3D is
configured in such a way that the number of transistors in the output stage of operational
amplifier 8D can be altered. In Figure 6, four transistors, 14a, 14b, 14c, and 14d, are arranged
in parallel with respect to each other for driving transistor 6. The gates of transistors 14a, 14b,
l4c, and 14d are respectively coupled to bias circuit 34. Transistor 10a is disposed between
transistor 14a and the gate of driving transistor 6. Transistor 10b is provided between transistor
14b and the gate of driving transistor 6. Transistor 10c is provided between transistor 14c and
the gate of driving transistor 6.

[0088]

Output-current control circuit 3D comprises switch control circuit 11 that controls the on/off
of transistors 10a, 10b, and 10c based on the control signals input through control terminals
12A and 12B. Output-current control circuit 3D is provided with transistors (output buffers)
38a, 38b, 38c, and 38d. Transistor 38a is connected to transistor 14a and coupled to the gate of
driving transistor 6 via transistor 10a. The gate of transistor 38a is coupled to the output of
differential part 138. Transistor 38b is connected to transistor 14b and coupled to the gate of
driving transistor 6 via transistor 10b. The gate of transistor 38b is coupled to the output of
differential part 138. Transistor 38c is connected to transistor 14c and coupled to the gate of
driving transistor 6 via transistor 10c. The gate of transistor 38c is coupled to the output of
differential part 138. Transistor 38d is connected to transistor 14d and coupled to the gate of
driving transistor 6. And the gate of transistor 38d is coupled to the output of differential part
138.

[0089]

LED driver circuit 7D is provided with switch control circuit 11 (the same as that shown in

Figure 3) to control the on/off of transistors 10a, 10b, and 10c as well as transistors 31a, 31b,

and 31c based on control signals input through control terminals 12A and 12B.
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[0090]

Switch control circuit 11 supplies control signal Q6 to transistor 10b so as to control the on/off
operation, doing so according to the truth table shown in Figure 4. Output Q1 is supplied, in
the as-is state but as control signal Q5, to transistor 10a for the control of the on/off operation.
Based on output Q4, logic element 33b supplies control signal Q7 to transistor 10c according
to the truth table shown in Figure 4.

The constant current created by bias circuit 34 is transmitted to transistors 14a through 14d.
Then, a constant current (which is the same as the constant current created by bias circuit 34)
flows through transistors 14a through 14d.

[0091]

Transistors 14a through 14d apply a constant current to the output stage (driving transistor 6).
The constant currents flowing through transistors 14a through 14d are selectively applied to
the output stage through the use of transistors 10a through 10c.

[0092]

As shown in Figure 6, four stages of transistors 14a, 14b, 14c, and 14d are provided for the
output stages. The connections of said transistors 14a, 14b, 14c, and 14d with the gate of driving
transistor 6 are changed from four stages to one stage through the use of the same selector 32
as that shown in Figure 3. This makes it possible to create the same effect as in the case of
changing the transistor size for the output stage from 1 to 1/4 to change the driving capability
of operational amplifier 8.

[0093]

Incidentally, while PWM control circuit 28 is provided in the embodiments described above
in reference to figures 1 to 3, 5, and 6, the present invention is not limited thereto. The above-
mentioned embodiments are configured to control an operational amplifier and, therefore, can

be implemented even in the absence of a PWM control circuit.

[0094]

Embodiment 3

(Light-Emitting-Diode Lighting Actuation Circuitry According to Embodiment 3)

Figure 7 shows a circuit diagram that illustrates a configuration of the light-emitting-diode
lighting actuation circuitry according to Embodiment 3. The same reference codes are assigned
to any constituent elements identical to those previously mentioned; accordingly, the detailed
description thereof is not repeated hereafter.
[0095]

The light-emitting-diode lighting actuation circuitry is provided with constant current circuit
1E. And constant current circuit 1E has LED driver circuit 7E. LED driver circuit 7E is

provided with filter circuit 4E that is disposed between operational amplifier 98 and driving
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transistor 6, so as to adjust the rise and fall times of the control pulses supplied from operational

amplifier 98. Filter circuit 4E has the following elements:

Capacitor 39, which is connected to the gate of driving transistor 6 on one end while

being grounded on the other end,

Variable resistor 24, which is connected to the gate of driving transistor 6 and capacitor
39 on one end and to transistor 35 on the other end, said variable resistor 24 being

externally connected to control terminals 12A and 12B.

[0096]

Operational amplifier 98 is similar to the conventional operational amplifier 98 shown in
Figure 13. Figure 7 shows an example internal circuit of operational amplifier 98 used herein.
Figure 7 does not show switch circuit 77, PWM control circuit 78, and pull-down transistor 79
shown in Figure 13. The working example shown in Figure 7 is presented herein to merely
illustrate that it can be implemented even if there is no PWM control circuit, meaning that it
may be provided with a PWM control circuit, etc. The same is true for the examples shown in
figures 8 to 12 described in later sections.

[0097]

As such, filter circuit 4E with externally connected variable resistor 24 and internal capacitor
39 is provided in order to change/adjust the resistance value of said externally connected
variable resistor 24 so as to change the characteristics of the filter and thereby adjust the dv/dt
of the output of operational amplifier 8.

[0098]

(Another Light-Emitting-Diode Lighting Actuation Circuitry According to Embodiment
3)

Figure 8 shows a circuit diagram that illustrates another configuration of the light-emitting-
diode lighting actuation circuitry according to Embodiment 3. The same reference codes are
assigned to any constituent elements identical to those previously mentioned; accordingly, the
detailed description thereof is not repeated hereafter.

[0099]

The light-emitting-diode lighting actuation circuitry is provided with constant current circuit
1F. And constant current circuit 1F has LED driver circuit 7F. LED driver circuit 7F is provided
with filter circuit 4F that is disposed between operational amplifier 98 and driving transistor 6,
so as to adjust the rise and fall times of the control pulses supplied from operational amplifier
8. Filter circuit 4F has the following elements:
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Capacitor 39A, which is connected to the gate of driving transistor 6 on one end while

being grounded on the other end,

Variable resistor 24, which is connected to the gate of driving transistor 6 and capacitor
39 on one end and to transistor 35 on the other end, said variable resistor 24 being

externally connected to control terminals 12A and 12B, and

Capacitor 39B, which is connected to the other end of variable resistor 24 while being

grounded on the other end.

[0100]

As such, filter circuit 4F with externally connected variable resistor 24 and two internal
capacitors 39A and 39B is provided in order to change/adjust the resistance value of said
externally connected variable resistor 24 so as to change the characteristics of the filter and
thereby adjust the dv/dt of the output of operational amplifier 8.

[0101]

(Yet Another Light-Emitting-Diode Lighting Actuation Circuitry According to
Embodiment 3)

Figure 9 shows a circuit diagram that illustrates yet another configuration of the light-
emitting-diode lighting actuation circuitry according to Embodiment 3. The light-emitting-
diode lighting actuation circuitry is provided with constant current circuit 1G. And constant
current circuit 1G has LED driver circuit 7G. LED driver circuit 7G is provided with filter
circuit 4G that is disposed between operational amplifier 8 and driving transistor 6, so as to
adjust the rise and fall times of the control pulses supplied from operational amplifier 98. Filter

circuit 4G has the following elements:

Resistor 40A, which is connected to the gate of driving transistor 6 on one end while

being grounded on the other end,
Variable capacitor 25, which is connected to the gate of driving transistor 6 and resistor

40A on one end and to transistor 35 on the other end, said variable capacitor 25 being

externally connected to control terminals 12A and 12B, and

Resistor 40B, which is connected to the other end of variable capacitor 25 while being

grounded on the other end.

[0102]
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As such, filter circuit 4G with externally connected variable capacitor 25 and two internal
resistors 40A and 40B is provided in order to change/adjust the capacitance value of said
externally connected variable capacitor 25 so as to change the characteristics of the filter and
thereby adjust the dv/dt of the output of operational amplifier 8.

[0103]

Figure 10 shows a circuit diagram that illustrates yet another configuration of the light-
emitting-diode lighting actuation circuitry according to Embodiment 3. The light-emitting-
diode lighting actuation circuitry is provided with constant current circuit 1H. And constant
current circuit 1H has LED driver circuit 7H. LED driver circuit 7H is provided with filter
circuit 4H that is provided to adjust the rise and fall times of the control pulses supplied from
operational amplifier 98. Filter circuit 4H comprises externally connected variable capacitor
25, which is connected to control terminals 12 on one end and grounded on the other end.
Control terminal 12 is coupled to the gate of driving transistor 6 and transistor 35.

[0104]

As such, filter circuit 4H with externally connected variable capacitor 25 is provided in order
to change/adjust the capacitance value of said externally connected variable capacitor 25 so as
to change the characteristics of the filter and thereby adjust the dv/dt of the output of operational
amplifier 98.

[0105]

Embodiment 4

(Light-Emitting-Diode Lighting Actuation Circuitry According to Embodiment 4)

Figure 11 shows a circuit diagram that illustrates a configuration of the light-emitting-diode
lighting actuation circuitry according to Embodiment 4. The same reference codes are assigned
to any constituent elements identical to those previously mentioned. Accordingly, the detailed
description of these constituent elements is not repeated hereafter.

While an example of adjusting the dv/dt of operational amplifier 98’s outputs by changing the
characteristics of a filter through the adjustment of the value of an externally connected
electronic component is used to illustrate Embodiment 3 above, the present invention is not
limited thereto. As previously illustrated with reference to figures 3 and 6, electronic
components constituting a filter may be arranged and thus provided in parallel, so that the
characteristics of the filter can be altered by means of inputting binary data through a control
terminal and thereby changing the number of components, doing so using a selector, to thereby
adjust the dv/dt of operational amplifier 8’s outputs. Figure 11 shows an example thereof.

Figure 11 shows an example in which the output of operational amplifier 98 is provided with
a resistor to change the dv/dt of the output.

[0106]
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The light-emitting-diode lighting actuation circuitry is provided with constant current circuit
11. And constant current circuit 11 has LED driver circuit 71. LED driver circuit 71 is provided
with output control circuit 31 that is disposed between operational amplifier 98 and driving
transistor 6 so as to control the control pulse output from operational amplifier 98.

[0107]
Output control circuit 31 is connected to the gate of driving transistor 6. It comprises the

following elements:

Four resistor units 17a, 17b, 17c, and 17d having different resistance values, said resistor

units 17a, 17b, 17¢c, and 17d being arranged in parallel with respect to each other,

Four transistors 18a, 18b, 18c, and 18d corresponding to resistor units 17a, 17b, 17c, and
17d, said transistors 18a, 18b, 18c, and 18d being provided between the respective

resistor units and operational amplifier 98, and

Selector 32, which controls the on/off of each of transistors 18a, 18b, 18c, and 18d.

[0108]

Resistor unit 17a consists of resistor R1. Resistor unit 17b has resistors R2 and R3. Resistor
unit 17¢ has resistors R4, R5, and R6. Resistor unit 17d has resistors R7, R8, R9, and R10.
Capacitor C1 is connected between the gate of driving transistor 6 and the ground.

[0109]

The dv/dt of output from operational amplifier 98 varies depending on the time constant
determined by the resistance and capacitance. The dv/dt of output is changed by increasing the
time constant by one to four times, doing so by increasing the resistance by one to four times,
as shown in Figure 12.

[0110]

Selector 32 is similar to the selectors shown in figures 3 and 6, that is:

When input A, input B =0, 0, only output Q1 is "1";

When input A, input B =0, 1, only output Q2 is "1";

When input A, input B =1, 0, only output Q3 is "1"; and

When input A, input B =1, 1, only output Q4 is "1."
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Transistors 18a to 18d turn on when outputs Q1 to Q4 are "1." When transistor 18a turns on,
the output waveform is determined by resistor R1 and capacitor C1. When transistor 18b turns
on, the output waveform is determined by resistor R2 + resistor R3 and capacitor C1. When
transistor 18c turns on, the output waveform is determined by resistor R4 + resistor RS +
resistor R6 and capacitor C1. When transistor 18d turns on, the output waveform is determined
by resistor R7 + resistor 85 + resistors R9 + R10 and capacitor C1.

[0111]

If resistors R1 through R10 have the same resistance values, the time constant is multiplied
by one to four times, thereby changing the dv/dt of the output from operational amplifier 8.
[0112]

The description of PWM control circuit 28 shown in Figure 1 (which is provided for the
brightness adjustment based on PWM waveforms) is omitted from the description above.
However, the resistors shown in Figure 11 may also be used as switch circuits 27a to 27d and
vice versa, as described below.

[0113]

(Another Light-Emitting-Diode Lighting Actuation Circuitry According to Embodiment
4)

Figure 12 shows a circuit diagram that illustrates another configuration of the light-emitting-
diode lighting actuation circuitry according to Embodiment 4. The same reference codes are
assigned to any constituent elements identical to those previously mentioned. Accordingly, the
detailed description of these constituent elements is not repeated hereafter. Figure 12 shows an
example in which brightness-adjustment switch circuits 27a to 27d also act as resistor units 17a
to 17d shown in Figure 11.

[0114]

The light-emitting-diode lighting actuation circuitry is provided with constant current circuit
1J. And constant current circuit 1J has LED driver circuit 7J. LED driver circuit 7J is provided
with output control circuit 3I that is disposed between operational amplifier 98 and driving
transistor 6, so as to control the output current of outputs from operational amplifier 98.
[0115]

Output control circuit 3J has four switch circuits, 27A, 27b, 27¢c, and 27d that are coupled in
series. One end of switch circuit 27a is connected to transistor 35. The other end of switch
circuit 27a is coupled to one end of switch circuit 27b. The other end of switch circuit 27b is
coupled to one end of switch circuit 27c¢, and the other end of switch circuit 27c¢ is coupled to
one end of switch circuit 27d.

[0116]

Transistor 18a is provided between the other end of switch circuit 27a and the gate of driving

transistor 6. Transistor 18b is provided between the other end of switch circuit 27b and the gate

of driving transistor 6. Transistor 18c is provided between the other end of switch circuit 27¢
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and the gate of driving transistor 6. Transistor 18d is provided between the other end of switch
circuit 27d and the gate of driving transistor 6.
[0117]

Output control circuit 3J has selector 32. Selector 32 controls the on/off of each of transistors
18a, 18b, 18c, and 18d based on control signals input through control terminals 12A and 12B.
[0118]

Transistors 18a to 18d are switches that conduct current when the control signal is “1.” For
example, they consist of analog switches that connect Nch and Pch transistors in parallel.
[0119]

While PWM control circuit 28 handles the switching of switch circuits 27a through 27d,
selector 32 handles the selection of the signal output from switch circuit 27a, the signal output
through switch circuit 27a and switch circuit 27b, the signal output through switch circuit 27a
to 27c, and the signal output through switch circuit 27a to 27d. This allows switch circuits 27a
through 27d to demonstrate the same effect as that of resistor units 17a through 17d shown in
Figure 11.

[0120]

As described above, embodiment 1 to 4 are configured so as to make it possible to adjust the
dv/dt of operational amplifier 8's output pulses externally via control terminals 12, thus
enabling on-chip adjustment for each lighting module created overseas or by users with
different EMI regulations.

[0121]

Additionally, a snubber circuit is installed as an exterior part in order to inhibit EMI noise;
however, by providing a light-emitting-diode lighting actuation circuitry (countermeasure
circuit) according to the present embodiment in a built-in fashion, it becomes possible to
remove said exterior part, thus reducing the number of exterior parts.

[0122]

Now, the integrated circuit for driving LEDs is provided with multiple driver circuits to
activate the lighting of LEDs of multiple colors. Such LEDs of multiple colors are used for
applications such as actuating the switchover between daylight white and incandescent color
or for multi-color illumination with the three primary colors, i.e., RGB lighting. The reference
code "CH" refers to the output of each driver circuit (the output that controls the gate of the
driving transistor). As described in the PROBLEMS TO BE RESOLVED BY THE
INVENTION section, LED driver circuit 97 and driving transistor 96 are separate components,
and there is a wiring between LED driver circuit 97 and driving transistor 96. For example,
suppose that, in a light bulb for multi-color illumination, the driving transistor for the R LED
and the driving transistors for the G and B LEDs must be mounted apart from each other on
the substrate, on which the wiring between the integrated driver circuit and the driving
transistor for the R LED is long but the wirings for G and B LED are short. In this case, it
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becomes possible to make adjustments in such a way that R's CH (driving output) of the
integrated driver circuit reduces the amount of output-waveform delay in the light-emitting-
diode lighting actuation circuitry (countermeasure circuit) according to the present
embodiment while the R and B’s CHs reduce the amount of the output-waveform delay in the
light-emitting-diode lighting actuation circuitry (countermeasure circuit). This makes it
possible to adjust the timing to drive each LED.
[0123]

The present invention is not limited to the embodiments mentioned above. Various
modifications are possible within the scope indicated in the claims, and embodiments
comprising appropriate combinations of the technical means disclosed in each embodiment are

also included in the technical scope of the present invention.

INDUSTRIAL APPLICABILITY
[0124]

The present invention can be applied to a light-emitting-diode lighting actuation circuitry
comprising a single light source consisting of a collective body of multiple light-emitting
elements such as LEDs, said lighting actuation circuitry being capable of controlling the

lighting of said light source acting as the illuminating light to any given brightness.

EXPLANATION OF REFERENCE CODING

[0125]
1 Constant current circuit (light-emitting-diode lighting actuation circuitry)
2A Operating-current control circuit
3D Output-current control circuit
4E Filter circuit
5 LED array (light emitting diodes)
6 Transistor
7 LED driver circuit (driving transistor)
8 Operational amplifier (comparator-amplifier circuit)
9ato 9d Transistors
10a to 10d Switches
11 Switch control circuit
12 Control terminal
13 Resistive divider circuit

14a to 14d Transistors
17ato 17d Resistor unit

18ato 18d Transistors (switches)
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Variable resistor
Variable capacitor
Switch circuit
Differential part
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Figure 4
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