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LED LIGHTING APPARATUS HAVING
IMPROVED FLICKER PERFORMANCE

BACKGROUND

The present invention relates, 1n general, to a lighting appa-
ratus using light-emitting diodes (LEDs) and, more particu-
larly, to an LED lighting apparatus having improved flicker
performance which 1s driven directly by a rectified voltage
without using a typical switching mode power supply
(SMPS).

Light-emitting diodes (LEDs) are electrophotonic conver-
s1ion semiconductor devices that emit light when current tflows
therethrough, and are widely used for indicators, backlights,
etc. The electrophotonic conversion efficiency of LEDs 1s
higher than that of incandescent lamps and that of fluorescent
lamps 1n response to the development of technologies, and
their range 1s expanding to general lighting systems.

Among methods of driving an LED, a plurality of methods
of dniving an LED lamp using a rectified voltage without a
typical switching mode power supply (SMPS) (heremafter
referred to as “LED direct drive methods™), including Patent
No. 10-1110380 of the 1inventor, was introduced.

Reference will now be made to conventional methods of

driving an LED using a DC voltage with reference to FIG. 1
to FIG. 4.

<Related Art 1>

Asshown in FIG. 1, a conventional LED lighting apparatus
includes an alternating current (AC) power supply 910 which
supplies an AC voltage, a rectifier circuit 940 which converts
the AC voltage mto a DC rectified voltage Vrect, an LED
block 970 which 1s a load to be driven 1n response to an output
from the rectifier circuit 940, and a current limiting device
930 which limits a current flowing through the LED block
970.

However, 1n the conventional LED lighting apparatus, no
current flows at or lower than the threshold voltage of the
LED block 970. The LED block 970 which is an electropho-
totic conversion device does not emit light in this voltage
range but emits maximum light at the maximum 1nstanta-
neous rectified voltage. Consequently, the light output 1s not
uniform and fluctuations with the time, which 1s problematic.

The problem will be described 1n detail with reference to
FIG. 2 and FIG. 3.

In FIG. 2, a current-voltage characteristic curve 950 1s a
characteristic curve of an AX2200, an AC drive LED device
available from Seoul Semiconductor Co. Ltd. Since the
AX2200 1s a device that operates with AC power, an LED
lighting apparatus using this device does not need a rectifier
circuit 940. However, since the same profile of the current-
voltage characteristic curve 1s 1dentical to that of a typical
diode characteristic curve (the current increases exponen-
tially while the voltage increases linearly), the characteristic
curve of the AX2200 1s used herein for the purpose of numeri-
cal explanation. (In FIG. 2, the horizontal axis 1s effective
voltage, and the vertical axis 1s effective current. Herein, in
the description of the concept of the present invention, the
axes are set as istantaneous voltage and instantaneous cur-
rent, respectively, for the sake of convenience of explanation.)

In FIG. 2, it 1s apparent that the threshold voltage at the
current-voltage characteristic curve 950 1s 62.5 V. Each of a
first linear model 951 and a second linear model 952 1s pro-
duced by modeling the characteristic curve 950 1nto a straight
line 1n a simple manner. The first linear model 951 1s usable
when modeling the instantaneous rectified voltage Vrect
varying in the range from 0 to 112.5 V. It 1s apparent that the

current 1s 0 mA at 62.5V and 31 mA at 112.5 V. In addition,
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2

the second linear model 952 1s usable when modeling the
instantaneous rectified voltage Vrect varying in the range
from Oto 87.5V. It 1s apparent that the current 1s O mA at 62.5
Vand 11 mA at87.5V.

FIG. 3 shows an example 1n which the first linear model
951 and the second linear model 952 are applied to a power
frequency of 50 Hz.

First, 1n the first linear model 951 in which the maximum
rectified voltage 112.5V 1s applied, the rectified voltage Vrect
1s presented with a wavelorm 951V, and the rectified current
1s presented with a wavetorm 951A. In the second linear
model 952 1n which the maximum rectified voltage 87.5V 1s
applied, the rectified voltage Vrect 1s presented with a wave-
form 952V, and the rectified current 1s presented with a wave-
form 952A.

Since only the size of an mput rectified voltage 1s changed
while the LED block 970 1s unchanged, the threshold voltage
of the LED block 1s equally 62.5V but the lighting start time
of the LED block 970 1s earlier as the eflective value of the
rectified voltage Vrect increases. For instance, at a power
frequency of 50 Hz and maximum rectified voltages 87.5V
and 112.5 V, the points of time when passing through the
threshold voltage 62.5V of the LED block 970 are calculated
2.53 ms and 1.87 ms, respectively. These points of time are
converted into rectified voltage phases 45.5° (=2.53/5x90)
and 33.7° (=1.87/5x90).

That 1s, when the maximum rectified voltage 1s supplied at
87.5 V, the rectified voltage 1s equal to or lower than the
threshold voltage of the LED block 970 before the rectified
voltage phase 45.5°. Consequently, no current flows and thus
no light 1s emitted. In addition, when the maximum rectified
voltage 1s supplied at 112.5V, the rectified voltage 1s equal to
or lower than the threshold voltage of the LED block 970
betore the rectified voltage phase 33.7°. Consequently, no
current flows and thus no light 1s emitted.

In addition, at the rectified voltage phase 90°, the maxi-
mum currents tlow, as presented with the current waveform
952 A and the current waveiform 951A.

Summarizing FIG. 3, the higher the effective value of the
rectified voltage Vrect 1s, the earlier the lighting start time of
the LED lighting module becomes. This consequently
increases the lighting time. However, since no light 1s emitted
at a voltage equal to or lower than the threshold voltage of the
LED block 970, there 1s a section where the minimum instan-
taneous light output 1s zero.

<Related Art 2>

FIG. 4 1s a view quoted from Korean Patent No.
10-1110380 of the inventor. Describing the characteristics of
FIG. 4 in relation to the present invention, 1) the conventional
LED block 970, namely the load, 1s divided 1nto a number of
sub-light emitting blocks (1.e. a first light emitting block 10, a
second light emitting block 11 and a third light emitting block
12). 2) A parallel switch block (including a first switch S11
and a second switch S12) and a controller 4 are provided,
which adjust the number of the lighted sub-light emitting
blocks by changing the path along which a load current flows
depending on the instantaneous voltage. 3) In addition, the
load current was limited using a current limiting device CS2.

When the mstantaneous voltage 1s low, a small number of
light emitting blocks which are arranged 1n series 1s driven.
Then, the threshold voltage of the LED blocks, which serves
as a load, 1s lowered below that of the Conventional Method
1. Since the current flows at a relatively earlier voltage phase,
the time during which no light 1s emitted from the LED block
1s reduced.

Referring to the case 1n which one sub-light emitting block
1s lighted, no light 1s emitted at a voltage equal to or lower than
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the threshold voltage of the sub-light emitting block. There-
fore, the section where the mimimum 1nstantaneous light out-

put 1s 0 15 not removed, which 1s problematic.

PRIOR ART DOCUMENT

Patent No. 10-1110380, Patent No. 10-0942234,
Patent No. 10-0971757, Patent No. 10-0997050,
Patent No. 10-0979432

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keeping
in mind the above problems occurring in the prior art, and an
object of the present invention 1s to provide an LED lighting
apparatus having improved flicker performance in which the
difference between the maximum instantaneous light output
and the minimum 1instantaneous light output from the LED
lighting apparatus 1s decreased.

In order to accomplish the above object(s), the present
invention provides an LED lighting apparatus having
improved fhicker. The LED lighting apparatus includes: an
AC power supply which supplies a first-phase AC voltage and
a second-phase AC voltage; first and second rectifier circuits
which convert the AC voltages into DC rectified voltages; first
and second LED blocks each including one or more LEDs as
a load; first and second current limiting devices each of which
limits an amount of current; a first LED lighting block includ-
ing the first rectifier circuit which rectifies the first-phase AC
voltage, a first LED block which 1s driven by an output from
the first rectifier circuit, and the first current limiting device
which limits the amount of current of the first LED block; and
a second LED lighting block including the second rectifier
circuit which rectifies the second-phase AC voltage, a second
LED block which 1s driven by an output from the second
rectifier circuit, and the second current limiting device which
limits the amount of current of the second LED block. When
a point of time where each of the AC voltages supplied to a
corresponding LED lighting block of the first and second
LED lighting blocks passes through a zero voltage and starts
to 1ncrease 1s set to a voltage phase 0°, a current starts to be
supplied to each of the LED lighting blocks and light emis-

s10n starts before a voltage phase 10°, and a percent tlicker of

cach of the LED lighting blocks 1s 100%.

In addition, 1t 1s preferred that the LED lighting apparatus
turther 1include a third LED lighting block including an AC
power supply which supplies a third-phase AC voltage; a third
rectifier circuit which rectifies the third-phase AC voltage; a
third LED block which 1s driven by an output from the third
rectifier circuit; and a third current limiting device which
limits an amount of current of the third LED block. When a
point of time where each of the AC voltages supplied to a
corresponding LED lighting block of the first and second
LED lighting blocks passes through a zero voltage and starts
to 1ncrease 1s set to a voltage phase 0°, a current starts to be
supplied to each of the LED lighting blocks and light emis-

s10n starts before a voltage phase 40°, and a percent tlicker of

cach of the LED lighting blocks 1s 100%.

Furthermore, 1t 1s preferred that the first LED block include
a light emitting block 1n which two or more sub-LED blocks
are connected 1n series, and the first LED lighting block
turther includes a first switch block (composed of one or more
switches) which adjusts a number of the sub-LED blocks that
are lighted by changing a current tlow and a first controller
(which controls the first current limiting device and the first
switch block), that the second LED block include a light
emitting block 1 which two or more sub-LED blocks are
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4

connected 1n series, and the second LED lighting block tfur-
ther includes a second switch block (composed of one or more
switches) which adjusts a number of the sub-LED blocks that
are lighted by changing a current flow and a second controller
(which controls the second current limiting device and the

second switch block), and that the third LED block include a

light emitting block in which two or more sub-LED blocks are
connected 1n series, and the third LED lighting block further
includes a third switch block (composed of one or more
switches) which adjusts a number of the sub-LED blocks that
are lighted by changing a current flow and a third controller
(which controls the third current limiting device and the third
switch block). When a point of time where each of the AC
voltages supplied to a corresponding LED lighting block of
the LED lighting blocks passes through a zero voltage and
starts to increase 1s set to a voltage phase 0°, a current starts to
be supplied to each of the LED lighting blocks and light
emission starts before a voltage phase 30°. The first to third
controllers respectively control the first to third current lim-
iting devices with a sine wave signal (hereinafter referred to
as a “sine wave one signal”) having a same phase as the
rectified voltages.

In addition, it 1s preferred that the first to third controllers
respectively control the first to third current limiting devices
in a form of a staircase wave based on one of an instantaneous
rectified voltage or a rectified voltage phase.

Furthermore, 1t 1s preferred that the first to third controllers
generate a sine wave signal (hereinatter referred to as a ““sine
wave two signal”) that has a lower frequency than a rectified
frequency, and respectively control the first to third current
limiting devices such that a current corresponding to the sine
wave two signal 1s supplied to the load.

In addition, 1t 1s preferred that the first LED block include
a light emitting block in which two or more sub-LED blocks
are connected 1n series, and the first LED lighting block
turther includes a first switch block (composed of one or more
switches ) which adjusts a number of the sub-LED blocks that
are lighted by changing a current tlow and a first controller
(which controls the first current limiting device and the first
switch block), and that the second LED block include a light
emitting block i which two or more sub-LED blocks are
connected 1n series, and the second LED lighting block tfur-
ther includes a second switch block (composed of one or more
switches ) which adjusts a number of the sub-LED blocks that
are lighted by changing a current flow and a second controller
(which controls the second current limiting device and the
second switch block). The first and second controllers respec-
tively control the first and second current limiting devices
with a sine wave signal (hereinafter referred to as a “sine wave
one signal”) having a same phase as the rectified voltages.

Furthermore, 1t 1s preferred that the first and second con-
trollers respectively control the first and second current lim-
iting devices 1n a form of a staircase wave based on one of an
instantaneous rectified voltage or a rectified voltage phase.

In addition, it 1s preferred that the first and second control-
lers generate a sine wave signal (heremafter referred to as a
“sine wave two signal”) that has a lower frequency than a
rectified frequency, and respectively control the first and sec-
ond current limiting devices such that a current corresponding
to the sine wave two signal 1s supplied to the load.

In direct drive LED lighting apparatuses of the related art
which drive LED lamps using a rectified voltage without
using a switching-mode power supply (SMPS), percent
tlicker (hereinatter referred to as “% F”’) 1s 100%. In contrast,
the % F of the LED lighting apparatus having improved
flicker performance according to the present invention 1s
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equal to or better than the % F (40% or less) of fluorescent
lamps using a magnetic ballast.

BRIEF DESCRIPTION OF DRAWINGS

FI1G. 1 1s a view showing an LED lighting apparatus.

FI1G. 2 1s a voltage-current characteristic curve of the LED
block.

FI1G. 3 1s a current waveform of the LED block.

FI1G. 4 1s a view showing another LED lighting apparatus.

FIG. 5 1s a view showing a tlicker calculation method.

FIG. 6 shows examples of flicker calculation depending on
wavelorms.

FI1G. 7 1s a graph produced by modeling LED light outputs.

FIG. 8 1s another graph produced by modeling LED light
€miss10n.

FI1G. 9 1s a graph of rectified voltage wavetorms of a three-
phase voltage.

FIG. 10 shows a set of wavetorms produced by simulating
light outputs depending on the respective phases of the three-
phase voltage.

FIG. 11 shows another set of wavelorms produced by
simulating light outputs depending on the respective phases
of the three-phase voltage.

FI1G. 12 1s a graph produced by summing the light outputs
of the respective phases of the three-phase voltage.

FIG. 13 1s a table produced by calculating tlicker quality
indices of the three-phase voltage.

FI1G. 14 shows a set of wavetorms produced by simulating
light outputs depending on the respective phases of a two-
phase voltage.

FI1G. 15 15 a graph produced by summing the light outputs
of the respective phases of the two-phase voltage.

FIG. 16 shows another set of waveforms produced by
simulating light outputs depending on the respective phases
of the two-phase voltage.

FI1G. 17 1s a graph produced by summing the light outputs
ol the respective phases of the two-phase voltage.

FIG. 18 1s a table produced by calculating flicker quality
indices of the two-phase voltage.

DETAILED DESCRIPTION OF THE INVENTION

The present mvention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments thereof are shown. Above all,
reference should be made to the drawings, 1n which the same
reference numerals and signs are used throughout the differ-
ent drawings to designate the same or similar components.
The terminologies or words used 1n the description and the
Claims of the present ivention should not be interpreted as
being limited merely to common and dictionary meanings.
On the contrary, they should be interpreted based on the
meanings and concepts in compliance with the scope of the
present invention. In the following description of the present
invention, detailed descriptions of known features and func-
tions incorporated herein will be omitted when they may
make the subject matter of the present invention rather
unclear.

The key concept of the present invention 1s to set the
percent flicker (hereinatter referred to as “% F”) of a lighting
apparatus to be equal to or better than the % F of a conven-
tional magnetic fluorescent lamp by disposing LED lighting
blocks, the % F of which 1s 100%, at two or more phases of a
three-phase alternating current (AC) power supply.
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<Method of Calculating Flicker Quality Index>

With reference to FIG. 5 and FIG. 6, a description will
given below of a method of calculating a percent flicker
(hereinafter referred to as “% F”’) and a tlicker index (herein-
alter “FI”’) that are flicker quality indices used for 1llumina-
tion.

FIG. 5 shows a flicker calculation method quoted from
“IESNA Lighting Handbook, 9th Edition,” published by the
[Nluminating Engineering Society of North America (herein-
alter referred to as “IESNA”).

First, in FIG. 5, % F 1s calculated using the maximum
instantaneous light output and the minimum 1instantaneous
light output, as presented 1n Formula 1:

% F=(A-B)/(A+5)x100 Formula 1

When the 1instantaneous minimum value of light 1s 0, % F
1s 100%.

The tlicker quality index % F 1s indicated with a value
ranging from O to 100%, with a lower value indicating better
quality. % F 1s widely known and generally used, and is also
referred to as peak-to-peak contrast, Michelson contrast,
modulation, modulation depth, or the like.

In addition, in FIG. 5, the other flicker quality index FI 1s
calculated using light output areas, as presented 1n Formula 2:

FI=(Area 1)/(Area 1+Area 2) Formula 2

Specitying Formula 2, the numerator indicates the area of
a light output that 1s equal to or greater than the average light
output, and the denominator indicates the area of the total
light output. That 1s, Formula 2 indicates the ratio of the area
of the light output equal to or greater than the average light
output with respect to the area of the total light output. FI 1s
indicated with a value ranging from 0 to 1.0, with a lower
value indicating better quality.

FIG. 6 shows calculation examples of the flicker quality
indices % F and FI. In light output waveforms, a triangular
wave 81 indicates an FI1 01 0.25, a sine wave 82 indicates an F1
010.32, and asquare wave 83 indicates an FI1 01 0.50. Since all
of the three cases have portions where the instantaneous light
output 1s 0, % F 1s 100%.

Referring to the relationship between % F and FI, an
improvement (lowering) mn % F causes an increase in the
average value, thereby reducing Area 1, which 1s the area of
the light output that 1s equal to or greater than the average light
output. This consequently reduces the numerator of Formula
2 above, thereby improving (lowering) FI.

<Light Output Model: Triangular Wave>

FIG. 7 1s a view partially quoted from FIG. 3. Since a light
output from the LED block 970 1s proportional to the amount
of current that flows through the LED block 970, a current
waveform 951A and a current waveform 952A can be
regarded as mstantaneous light outputs.

For the sake of convenience of calculation, % F stays at
100% without a change even 11 the current wavetform 951 A 1s
calculated through approximation to a triangular current
wavelform 51A. That 1s, % F can be quickly calculated by
modeling the light outputs from the light emitting block.

It can be expected that the FI of the current wavelform 951 A
1s higher than the FI of the triangular current waveform 51A
(since the FI of the tnangular wave 1s 0.25 and the FI of the
sine wave 1s 0.32 1n FIG. 6). The current wavetform 951 A 1s
produced by approximating the current-voltage characteristic
curve 950 of the LED block 970 1n FIG. 2 to the linear model
951. In this model, the current waveform 951 A supplies more
current than the actual current.

As aresult, since a greater current was calculated from the
linear model 951 of the LED block and a smaller current was
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calculated from the light output tnangular wave model 51A,
the calculated value of light output will be similar to an actual
value due to cancellation. This will be useful for the calcula-
tion of FI. This 1s of course the same as 1n the case 1n which the
current waveform 952A 1s approximated to a triangular cur-
rent waveform S2A.

FIG. 8 shows an embodiment of a light output model 27L
in the case 1 which the light emitting block of the circuit
shown 1n FIG. 4 1s configured with four sub-light emitting
blocks, and the current limiting device CS2 supplies a load
current in the form of a sine wave. The horizontal axis 1s
rectified voltage phase, whereas the vertical axis 1s light out-
put. The light output 1s normalized by setting a light output
value at a rectified voltage phase 90° to be 100. (A description
of the method of supplying a load current 1n the form of a sine
wave will be omitted since 1t 1s described 1n detail in Korean
Patent No. 10-1110380 of the inventor.)

Speciiying the light output model 271, when one sub-light
emitting block 1s lighted, the instantaneous light output
ranges from O to 8. When two sub-light emitting blocks are
lighted, the instantaneous light output ranges from 17 to 28.
When three sub-light emitting blocks are lighted, the 1nstan-
taneous light output ranges from 43 to 61. When four sub-
light emitting blocks are lighted, the instantaneous light out-
put ranges from 83 to 100.

There 1s a section where the light output increases verti-
cally from 8 to 17. This 1s due to a phenomenon in which the
entire light output1s increased by the addition of one sub-light
emitting block even 11 a small amount of current 1s increased
since the load current 1s limited to the sine wave by the current
limiting device CS2.

Descriptions of the case 1n which the three sub-light emat-
ting blocks start to be lighted (1.e. the vertical increase from
28 to 43) and the case 1n which the four sub-light emitting
blocks start to be lighted (1.e. the vertical increase from 61 to
83) will be omitted for the sake of convenience of explanation
since they can be analyzed.

Describing 1n greater detail the light output model 27L
shown 1n FIG. 8, the mstantaneous light output 8 before the
two light emitting blocks were lighted was substantially
doubled to 17 right after the two light emitting blocks were
lighted. In brief, when the number of the light emitting blocks
that were lighted was increased from 1 to 2 with the current
remaining unchanged, the light output was doubled.

In addition, the nstantaneous light output 28 before the
three light emitting blocks were lighted was increased to the
instantaneous light output 43 right after the three light emat-
ting blocks were lighted. That 1s, the light output was
increased to be about 3/2. In brief, when the number of the
light emitting blocks that were lighted was increased from 2
to 3 with the current remaining unchanged, the light output
was 1ncreased to be 3/2.

In addition, the mnstantaneous light output 61 before the
four light emitting blocks were lighted was increased to the
instantaneous light output 83 right after the four light emitting
blocks were lighted. That 1s, the light output was increased to
be about 4/3. In brief, when the number of the light emitting
blocks that were lighted was increased from 3 to 4 with the
current remaining unchanged, the light output was increased
to be 4/3.

As described above, 1t can be appreciated that the light
output model 27L 1s properly set 1n the theoretical basis.

Referring to FIG. 8, it 1s apparent that the light output
model 271 1s substantially identical to a triangular model 28L
around a rectified voltage phase 0°. When the light output
model 27L 1s approximated to the triangular model 28L for
the sake of convenience of calculation, % F will stay 100%
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without a change. Therefore, 1t 1s apparent that % F can be
rapidly calculated by modeling the output of light from the

light emitting blocks into the triangular wave.

In addition, even 1f the current increases in the form of a
staircase wave (the section ranging from 17 to 28, the section
ranging from 43 to 61, and the section ranging from 83 to 100)
in FI1G. 8, it 1s of course possible to calculate % F and F1 based
on the light output triangular model.

As such, the method of calculating the quality 1indices the
% F and FI of the lighting apparatus by modeling the output
of light 1n the form of a triangular wave was described here-
inabove.

Since % F 1s calculated using the maximum instantaneous
light output and the minimum instantaneous light output, the
overall tendency does not significantly change even 1f the
light output model 1s slightly mnaccurate. FI automatically
improves (decreases) when the % F value improves (reduces)
(1.. when the average value increases). Therelfore, the follow-
ing description will be focused on % F.

First Embodiment

3-Phase AC Power

r

T'he first embodiment of the present invention 1s a specific
embodiment 1n which % F and FI are calculated when the
LED lighting apparatus (referring to the entire circuit shown
in FIG. 1 or FIG. 4) 1s provided on the respective phases of a
three-phase power supply (heremafter, the LED lighting
apparatus disposed on the respective phases of the three-
phase power supply will be referred to as the “LED lighting
block™).

The circuit configuration employed 1n the first embodiment
includes an AC power supply which supplies a first-phase AC
voltage; a first LED lighting block which 1s driven by the
first-phase AC voltage; an AC power supply which supplies a
second-phase AC voltage; a second LED lighting block
which 1s driven by the second-phase AC voltage; an AC power
supply which supplies a third-phase AC voltage; and a third
LED lighting block which 1s driven by the third-phase AC
voltage.

Describing the first LED lighting block 1n detail, the first
LED lighting block includes a first rectifier circuit which
rectifies the first-phase AC voltage; a first LED block com-
posed of one or more LEDs which are driven by an output
from the first rectifier circuit; and a first current source (here-
iafter also referred to as a “first current limiting device™)
which adjusts the amount of current supplied to the first LED
block.

Describing the second lighting block in detail, the second
LED lighting block includes a second rectifier circuit which
rectifies the second-phase AC voltage; a second LED block
composed of one or more LEDs which are driven by an output
from the second rectifier circuit; and a second current source
(hereinafter also referred to as a “second current limiting
device”) which adjusts the amount of current supplied to the
second LED block.

In addition, describing the third lighting block 1n detail, the
third LED lighting block includes a third rectifier circuit
which rectifies the third-phase AC voltage; a third LED block
composed of one or more LEDs which are driven by an output
from the third rectifier circuit; and a third current source
which adjusts the amount of current supplied to the third LED
block (heremafiter also referred to as a “third current limiting,
device”).

Here, each of the first to third LED blocks can include a
plurality of sub-LED blocks which are connected 1n series. In




US 9,271,358 B2

9

addition, each LED lighting block can include a switch block
(composed of one or more switches) which adjusts the num-
ber of the sub-LED blocks that are lighted by changing the
flow of current through the respective sub-LED blocks. Here,
it 1s preferred that each LED lighting block include a control-
ler which controls the switch block.

It 1s preferred that the controller of each LED lighting block
improve a power factor by controlling the current limiting
device such that a low load current tlows at a low 1nstanta-
neous rectified voltage and a high load current flows at a high
instantaneous rectified voltage when one cycle of rectified
voltage 1s supplied.

Here, 1t 1s preferred that the controller of each LED lighting,

block control the current limiting device such that a staircase
current 1s supplied to the load based on the instantaneous
rectified voltage.
In addition, 1t 1s preferred that the controller of each LED
lighting block control the current limiting device such that a
staircase current 1s supplied to the load based on the rectified
voltage phase.

Furthermore, as described 1n Korean Patent No.
10-1110380 of the inventor, the controller of each LED light-
ing block further has the function of generating a sine wave
signal (hereinafter referred to as a “sine wave one signal™”) that
has the same phase as the rectified voltage of each LED
lighting block, and preferably controls the current limiting
device such that a current (heremafter referred to as a “sine
wave one current”) corresponding to the sine wave one signal
1s supplied to the load.

The controller of each LED lighting block generates the
sine wave one signal that has the same phase as the rectified
voltage 1n order to improve the power factor since the AC
current supplied from the AC power supply of each LED
lighting block has the same phase as the AC voltage and 1s 1n
the form of a sine wave. In addition, the load current flowing,
through the load 1s of course produced by rectifying the AC
current.

In addition, the controller of each LED lighting block
generates a sine wave signal (hereinafter referred to as a “sine
wave two signal”) that has a lower frequency than a rectified
frequency (twice the frequency of the AC power), and pret-
erably controls the current limiting device such that a current
(hereinafter referred to as a “sine wave two current™) corre-
sponding to the sine wave two signal 1s supplied to the load.
Here, 1t 1s preferred that the maximum instantaneous voltage
of the sine wave two signal occur at each rectified voltage
phase 90°,

This 1s because the LED lighting apparatus can provide
brighter light although the harmonic wave content of the
supply current 1s higher than that of the sine wave one current.
For instance, the Republic of Korea regulates that the har-
monic wave content of the supply current of low-power LED
lighting apparatuses (using, for example, 25 W or less) be
30% or less. In contrast, according to the sine wave one
current, the harmonic wave content of the supply current 1s
theoretically 0% 1n the case of a typical resistance load, and
can be 1% or lower 1n the case of the LED lighting apparatus.
Therefore, 1t1s desirable to improve the brightness of the LED
lighting apparatus even though 1ts power factor i1s slightly
lowered since the harmonic wave content of the supply cur-
rent 1s mnsigmificantly increased (so as not to exceed the regu-
lated value of 30%).

Here, 1t 1s desirable to control the current limiting device of
cach lighting block 1n order to supply the staircase current to
the load based on the sine wave two signal.

As described above, there 1s a number of methods for
supplying the current to the load. Since these methods do not
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form the key concept of the present invention, in order to
avold repeated descriptions, the modeling of light outputs
with a triangular wave when the sine wave one current 1s

supplied to the load will be representatively described.
It 1s preferred that each of the first to third LED blocks

include one or more LEDs, or a plurality of LEDs which are
arranged 1n series or parallel in each LED block. Since the
LED blocks can be formed using the well-known technolo-
gies, detailed descriptions thereof will be omitted for the sake
of convemence of explanation.

The method of controlling the switch block such that a
number of LED blocks are connected 1in series, the number of
LED blocks being suitable for the instantaneous rectified
voltage, the method of supplying the staircase current based
on the instantaneous rectified voltage to the load, the method
ol supplying the staircase current based on the instantaneous
rectified voltage phase to the load, and the method of supply-
ing the sine wave one current to the load can be embodied

based on the well-known technologies, including Korean
Patent Nos. 10-1110380 and 10-1043333 of the inventor.

Therefore, detailed descriptions thereol will be omitted
herein for the sake of convenience of explanation.

Reterence will now be made of the first embodiment of the
present invention in conjunction with FIG. 9 and FIG. 10.

First, those shown in FIG. 9 are produced by rectifying a
three-phase AC voltage. Specifically, a first-phase rectified
voltage 301 starting at a voltage phase 0° has the maximum
instantaneous rectified voltage at a voltage phase 90°. Fol-
lowing a second-phase rectified voltage 302 starting at a
voltage phase 120°, the maximum instantaneous rectified
voltage occurs at a voltage phase 30°. In addition, a third-
phase rectified voltage 303 starting at a voltage phase 240°
has the maximum 1nstantaneous rectified voltage at a voltage
phase 150°. Thus, the maximum instantaneous rectified volt-
ages ol the respective phases occur at 30, 90 and 150°.

A description will be given below of boundary conditions
(a light emission start phase) where % F 1s 100% using a
triangular model with reference to FIG. 10.

A light output triangular wave model 311 of the first light-
ing block will be described first. The first-phase rectified
voltage 301 starts at the voltage phase 0° and has the maxi-
mum instantaneous rectified voltage at the voltage phase 90°.
According to the light output triangular wave model 311, the
output of light1s 0 in the range from the voltage phase 0° to the
voltage phase 60°. Light starts to be emitted at the voltage
phase 60°, and the output of light linearly increases so as to be
the maximum at the voltage phase 90° where the maximum
instantaneous rectified voltage of the first-phase rectified
voltage 301 occurs. After the voltage phase 90°, the output of
light decreases at the same inclination having the opposite
sign. The output of light then becomes 0, which remains
unchanged before the start of the next rectified voltage cycle.
In briet, the light output triangular wave model 311 1s a model
that starts to emit light at 60° after the phase of the first-phase
rectified voltage 301, has the maximum light output at the
maximum instantaneous rectified voltage, stops emitting
light at the phase that 1s 60° before the rectified voltage phase.
In addition, the % F of the light output triangular wave model
311 1s 100%.

A light output trnangular wave model 312 of the second
LED lighting block and a light output triangular wave model
313 of the third LED lighting block are embodied based on
the same principle as that of the light output triangular wave
model 311 of the first LED lighting block, and thus descrip-
tions thereof will be omitted for the sake of convenience of
explanation.
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When % F and FI are calculated by summing the instanta-
neous light outputs of the light output triangular wave models
311 to 313, % F 15 100% and FI 1s 0.233. This explains that
light emission must start before the rectified voltage phase
60° of each phase 1n order to improve (reduce) % F.

A description will be given below of an example in which
% F 1s improved using a triangular model.

Referring to FIG. 11, a light output triangular wave model
321 1s amodel that starts to emit light at 45° after the phase of
the first-phase rectified voltage 301, has the maximum light
output at the maximum instantaneous rectified voltage, stops
emitting light at the phase that 1s 45° before the rectified
voltage phase. In addition, the % F of the light output trian-
gular wave model 321 1s 100%.

A light output tnangular wave model 322 of the second
LED lighting block and a light output triangular wave model
323 of the third LED lighting block are embodied based on
the same principle as that of the light output triangular wave
model 321 of the first LED lighting block, and thus descrip-
tions thereof will be omitted for the sake of convenience of
explanation.

Referring to FIG. 12, an average instantaneous light wave-
torm 320 1s produced by averaging a total of the instantaneous
light outputs of the light output triangular wave models 321 to
323. When % F and FI are calculated using the average
instantaneous light waveform 320, % F 1s 20% and FI 1s
0.063. A linear waveform 325q represents an average light
output between the voltage phase 0 and 180°.

As such, with reterence to FIG. 11 and FIG. 12, the fore-
going description was given of the example 1n which the % F
of the LED lighting block 1s 100% at the single-phase power
and 1s improved to 20% when the LED lighting block 1s
applied to the three-phase power.

FIG. 13 1s a table presenting results produced by calculat-
ing various values of light emission start phases based on the
principle applied to FIG. 10 to FIG. 12. In this table, a column
“Ang3” represents voltage phases at which a lighting block of
cach phase starts to emit light, a column “% Flicker” repre-
sents results produced by calculating values of % F, and a
column “Flicker Index™ represents results produced by cal-
culating values of FI.

Referring to several numerical values, it can be appreciated
that % F 1s 20% at a light emission start phase 45°, 11.1% at
a light emission start phase 40°, and 4.8% at a light emission
start phase 35°. Unusually, % F and Fl are 0 at a light emission
start phase 30°. The earlier than 30° the light emission start
phase 1s, the worse % F becomes. % F 1s 10.2% at a light
emission start phase 5°.

Considering the accuracy of the light output model
employed in the present invention and the difference 1n the
brightness between LEDs, 1t 1s desirable to start light emuis-
s10n before a rectified voltage phase 40° 1n order to realize the
% F o111.1% or less. It 1s also desirable to start light emission
betfore a rectified voltage phase 30° since % F 1s 0% when
light emission starts at the light emission start phase 30°.

As such, the modeling of light outputs with a triangular
wave when the sine wave one current 1s supplied to the load
was representatively described hereinabove. When the stair-
case current based on the instantaneous rectified voltage, the
staircase current based on the rectified voltage phase and the

sine wave two current are supplied to the load, the output of
light 1s modeled with the triangular wave model and % F 1s
calculated without departing from the concept of the present
invention.
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Second Embodiment

Two Phase

The second embodiment of the present invention 1s a spe-
cific embodiment in which % F and F1 are calculated when the
LED lighting apparatus (referring to the entire circuit shown
in FI1G. 1 or FIG. 4) 1s provided on two phases of a three-phase
power supply (hereinafter, the LED lighting apparatus dis-
posed on the two phases of the three-phase power supply will
be referred to as the “LED lighting block™).

The circuit configuration employed 1n the second embodi-
ment includes an AC power supply which supplies a first-
phase AC voltage; a first LED lighting block which 1s driven
by the first-phase AC voltage; an AC power supply which
supplies a second-phase AC voltage; and a second LED light-
ing block which 1s driven by the second-phase AC voltage.

Describing the first LED lighting block 1n detail, the first
LED lighting block includes a first rectifier circuit which
rectifies the first-phase AC voltage; a first LED block com-
posed of one or more LEDs which are driven by an output
from the first rectifier circuit; and a first current source (here-
inafter also referred to as a “first current limiting device”)
which adjusts the amount of current supplied to the first LED
block.

Describing the second LED lighting block in detail, the
second LED lighting block includes a second rectifier circuit
which rectifies the second-phase AC voltage; a second LED
block composed of one or more LEDs which are driven by an
output from the second rectifier circuit; and a second current
source (hereinafter also referred to as a “second current lim-
iting device”) which adjusts the amount of current supplied to
the second LED block.

Here, each of the first and second LED blocks can include
a plurality of sub-LED blocks which are connected 1n series.
In addition, each LED lighting block can include a switch
block (composed of one or more switches) which adjusts the
number of the sub-LED blocks that are lighted by changing
the tlow of current. Here, it 1s preferred that each LED lighting
block include a controller which controls the switch block.

It1s preterred that the controller of each LED lighting block
improve a power factor by controlling the current limiting
device such that a low load current tlows at a low 1nstanta-
neous rectified voltage and a high load current flows at a high
instantaneous rectified voltage when one cycle of rectified
voltage 1s supplied.

Here, 1t 1s preferred that the controller of each LED lighting
block control the current limiting device such that a staircase
current 1s supplied to the load based on the instantaneous
rectified voltage.

In addition, it 1s preferred that the controller of each LED
lighting block control the current limiting device such that a
staircase current 1s supplied to the load based on the rectified
voltage phase.

Furthermore, as described 1n Korean Patent No.
10-1110380 of the inventor, the controller of each LED light-
ing block further has the function of generating a sine wave
signal (hereinatter referred to as a ““sine wave one signal”) that
has the same phase as the rectified voltage of each LED
lighting block, and preferably controls the current limiting
device such that a current (heremafter referred to as a “sine
wave one current”) corresponding to the sine wave one signal
1s supplied to the load.

The controller of each LED lighting block generates the
sine wave one signal that has the same phase as the rectified
voltage 1n order to improve the power factor since the AC
current supplied from the AC power supply of each LED
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lighting block has the same phase as the AC voltage and 1s 1n
the form of a sine wave. In addition, the load current flowing
through the load 1s of course produced by rectifying the AC
current.

In addition, the controller of each LED lighting block
generates a sine wave signal (hereinafter referred to as a “sine
wave two signal”) that has a lower frequency than a rectified
frequency (twice the frequency of the AC power), and pret-
erably controls the current limiting device such that a current
(heremaftter referred to as a “sine wave two current”) corre-
sponding to the sine wave two signal 1s supplied to the load.
Here, 1t 1s preferred that the maximum instantaneous voltage
of the sine wave two signal occur at each rectified voltage
phase 90°.

This 1s because the LED lighting apparatus can provide
brighter light although the harmonic wave content of the
supply current 1s higher than that of the sine wave one current.
For instance, the Republic of Korea regulates that the har-
monic wave content of the supply current of low-power LED
lighting apparatuses (using, for example, 25 W or less) be
30% or less. In contrast, according to the sine wave one
current, the harmonic wave content of the supply current is
theoretically 0% 1n the case of a typical resistance load, and
can be 1% or lower 1n the case of the LED lighting apparatus.
Therefore, 1t 1s desirable to improve the brightness of the LED
lighting apparatus even though 1ts power factor 1s slightly
lowered since the harmonic wave content of the supply cur-
rent 1s insignificantly increased (so as not to exceed the regu-
lated value of 30%).

Here, 1t 1s desirable to control the current limiting device of
cach lighting block 1n order to supply the staircase current to
the load based on the sine wave two signal.

As described above, there 1s a number of methods for
supplying the current to the load. Since these methods do not
form the key concept of the present imvention, 1n order to
avold repeated descriptions, the modeling of light outputs
with a triangular wave when the sine wave one current 1s
supplied to the load will be representatively described.

It 1s preferred that each of the first and second LED blocks
include one or more LEDs, or a plurality of LEDs which are
arranged 1n series or parallel in each LED block. Since the
LED blocks can be formed using the well-known technolo-
gies, detailled descriptions thereotf will be omitted for the sake
ol convenience of explanation.

The method of controlling the switch block such that a
number of LED blocks are connected 1n series, the number of
LED blocks being suitable for the instantaneous rectified
voltage, the method of supplying the staircase current based
on the instantaneous rectified voltage to the load, the method
of supplying the staircase current based on the instantaneous
rectified voltage phase to the load, and the method of supply-
ing the sine wave one current to the load can be embodied
based on the well-known technologies, including Korean
Patent Nos. 10-1110380 and 10-10433533 of the inventor.
Therefore, detailed descriptions thereof will be omitted
herein for sake of convenience of explanation.

Reference will now be made of the second embodiment of
the present invention in conjunction with FIG. 9 and FIG. 14.

First, a description will be given of boundary conditions (a
light emission start phase) where % F 1s 100% using a trian-
gular model with reference to FI1G. 14.

A light output triangular wave model 201 of the first light-
ing block will be described first. The first-phase rectified
voltage 301 starts at the voltage phase 0° and has the maxi-
mum instantaneous rectified voltage at the voltage phase 90°.
According to the light output triangular wave model 201, the
output of light 1s 0 1n the range from the voltage phase 0° to the
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voltage phase 30°. Light starts to be emitted at the voltage
phase 30°, and the output of light linearly increases so as to be
the maximum at the voltage phase 90° where the maximum
instantaneous rectified voltage of the first-phase rectified
voltage 301 occurs. After the voltage phase 90°, the output of
light decreases at the same inclination having the opposite
sign. The output of light then becomes 0, which remains
unchanged betore the start of the next rectified voltage cycle.

In brief, the light output trnangular wave model 201 1s a
model that starts to emit light at 30° aiter the phase of the
first-phase rectified voltage 301, has the maximum light out-
put at the maximum 1instantaneous rectified voltage, stops
emitting light at the phase that 1s 30° before the rectified
voltage phase. In addition, the % F of the light output trian-
gular wave model 201 1s 100%.

A light output triangular wave model 202 of the second
LED lighting block 1s embodied based on the same principle
as that of the light output triangular wave model 201, and thus
a description thereof will be omitted for the sake of conve-
nience of explanation.

Referring to FI1G. 15, an average instantaneous light wave-

form 200 1s a wavetorm produced by averaging a total of the
instantaneous light outputs of the light output triangular wave
models 201 and 202. When % F and FI are calculated using
the average instantaneous light wavetorm 200, % F 1s 100%
and FI 1s 0.222. A linear wavelorm 205a represents an aver-
age light output between the voltage phase 0 and 180°.

This explains that light emission must start before the
rectified voltage phase 30° of each phase 1n order to improve
(reduce) % F.

A description will be given below of an example 1n which
% F 1s improved using the triangular model.

Referring to FIG. 16, a light output triangular wave model
211 1s a model that starts to emit light at 10° after the phase of
the first-phase rectified voltage 301, has the maximum light
output at the maximum instantaneous rectified voltage, stops
emitting light at the phase that 1s 10° before the rectified
voltage phase. In addition, the % F of the light output trian-
gular wave model 211 1s 100%.

A light output trnangular wave model 212 of the second
LED lighting block 1s embodied based on the same principle
as that of the light output triangular wave model 211 of the
first LED lighting block, and thus a description thereof will be
omitted for the sake of convenience of explanation.

Referring to FI1G. 17, an average instantaneous light wave-
form 210 1s a wavetorm produced by averaging a total of the
instantaneous light outputs of the light output triangular wave
models 211 and 212. When % F and FI are calculated using
the average instantaneous light waveform 210, % F 15 42.9%
and FI 1s 0.168. A linear wavelform 215a represents an aver-
age light output between the voltage phase 0 and 180°.

As such, with reference to FIG. 16 and FIG. 17, the fore-
going description was given of the example 1n which the % F
of the LED lighting block 1s 100% at the single-phase power
and 1s 1improved to 42.9% when the LED lighting block 1s
applied to the two-phase power.

FIG. 18 1s a table presenting results produced by calculat-
ing various values of light emission start phases based on the
principle applied to FIG. 14 to FIG. 16. In this table, a column
“Ang2” represents voltage phases at which a lighting block of
cach phase starts to emit light, a column “% Flicker” repre-
sents results produced by calculating values of % F, and a
column “Flicker Index™ represents results produced by cal-
culating values of FI.

Referring to several numerical values, 1t can be appreciated
that % F 1s 60% at a light emission start phase 20°, 50% at a
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light emission start phase 15°, 42.9% at a light emission start
phase 10°, and 37.5% at a light emission start phase 5°.

Considering that the % F of a fluorescent lamp having a
magnetic ballast ranges from 235 to 40%, 1t 1s desirable to start
light emission before a rectified voltage phase 10°.

As such, the modeling of light outputs with a triangular
wave when the sine wave current 1s supplied to the load was
representatively described hereinabove. When the staircase
current based on the instantaneous rectified voltage, the stair-
case current based on the rectified voltage phase and the sine
wave two current are supplied to the load, the output of light
1s modeled with the trnangular wave model and % F 1s calcu-
lated without departing from the concept of the present inven-
tion.

Although the exemplary embodiments of the present
invention have been disclosed for 1llustrative purposes, a per-
son skilled 1n the art will appreciate that various modified
embodiments can be made therefrom. Theretore, the certain
embodiments of the present invention disclosed in the
description and the drawings are provided for better under-
standing of the description of the present invention and shall
be interpreted as illustrative only but not as limitative of the
scope of the present invention.

In the newly-growing LED lighting industry, the power
supply that drives LEDs 1s divided 1nto two types. The first
type 1s the AC-DC converter type which supplies DC power.
The AC-DC converter type has a superior light quality index,
1.€. 1its % F 15 40% or less. However, a high-power LED lamp
1s expensive since 1t requires an additional circuit, such as a
power lactor improvement circuit. In an mexpensive low-
power LED lamp, a power factor or power quality index 1s
low. In addition, since an electrolyte capacitor which contains
liquid 1s used, the longevity of the LED lamp 1s limited by the
longevity of a power supply.

The second type 1s the AC drive type using AC power,
which does not require a power factor improvement circuit.
Thus, the price competitiveness of the AC drive type 1s better
than the AC-DC converter type. However, the AC drive type
has a poor light quality index, 1.¢. 1ts % F 1s 100%.

The AC drive technology according to the present mven-
tion enables key components of the newly-growing LED
lighting industry to have superior light quality (% F 0140% or
less) without a power factor improvement circuit. Thus, the
present invention has price competitiveness and has high
industrial applicability.

The mvention claimed 1s:
1. An LED lighting apparatus having improved flicker,
comprising;
an AC power supply which supplies a first-phase AC volt-
age and a second-phase AC voltage;
first and second rectifier circuits which convert the AC
voltages into DC rectified voltages;
first and second LED blocks each including one or more
LEDs as a load;
first and second current limiting devices each of which
limits an amount of current;
a first LED lighting block comprising the first rectifier
circuit which rectifies the first-phase AC voltage, a first
LED block which 1s driven by an output from the first

rectifier circuit, and the first current limiting device
which limits the amount of current of the first LED

block; and

a second LED lighting block comprising the second recti-
fier circuit which rectifies the second-phase AC voltage,
a second LED block which 1s driven by an output from
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the second rectifier circuit, and the second current lim-
iting device which limits the amount of current of the
second LED block,

wherein, when a point of time where each of the AC volt-
ages supplied to a corresponding LED lighting block of
the LED lighting blocks passes through a zero voltage
and starts to increase 1s set to a voltage phase 0°, a
current starts to be supplied to each of the LED lighting
blocks and light emission starts before a voltage phage
10°, and a percent flicker of each of the LED lighting
blocks 1s 100%.

2. The LED lighting apparatus according to claim 1, further

comprising:

a third LED lighting block comprising an AC power supply
which supplies a third-phase AC voltage;

a third rectifier circuit which rectifies the third-phase AC
voltage;

a third LED block which is driven by an output from the
third rectifier circuit; and a third current limiting device
which limits an amount of current of the third LED
block,

wherein, when a point of time where each of the AC volt-
ages supplied to a corresponding LED lighting block of
the LED lighting blocks passes through a zero voltage
and starts to increase 1s set to a voltage phase 0°, a
current starts to be supplied to each of the LED lighting,
blocks and light emission starts before a voltage phage
40°, and a percent tlicker of each of the LED lighting
blocks 1s 100%.

3. The LED lighting apparatus accordmg to claim 2,

wherein the first LED block comprises a light emitting
block 1n which two or more sub-LED blocks are con-
nected 1n series, and the first LED lighting block further
includes a first switch block (composed of one or more
switches) which adjusts a number of the sub-LED

blocks that are lighted by changing a current flow and a

first controller (which controls the first current limiting

device and the first switch block),

wherein the second LED block comprises a light emitting
block 1n which two or more sub-LED blocks are con-
nected 1n series, and the second LED lighting block
further includes a second switch block (composed of one
or more switches) which adjusts a number of the sub-

LED blocks that are lighted by changing a current tlow
and a second controller (which controls the second cur-
rent limiting device and the second switch block),

wherein the third LED block comprises a light emitting
block 1n which two or more sub-LED blocks are con-
nected in series, and the third LED lighting block further
includes a third switch block (composed of one or more
switches) which adjusts a number of the sub-LED

blocks that are lighted by changing a current flow and a

third controller (which controls the third current limiting

device and the third switch block),

wherein, when a point of time where each of the AC volt-
ages supplied to a corresponding LED lighting block of
the LED lighting blocks passes through a zero voltage

and starts to increase 1s set to a voltage phase 0°, a

current starts to be supplied to each of the LED lighting

blocks and light emission starts before a voltage phage
30°, and

wherein the first to third controllers respectively control the
first to third current limiting devices with a sine wave
signal (hereinafter referred to as a “sine wave one sig-
nal”) having a same phase as the rectified voltages.

4. The LED lighting apparatus according to claim 3,

wherein the first to third controllers respectively control the
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first to third current limiting devices 1n a form of a staircase
wave based on one of an mstantaneous rectified voltage or a
rectified voltage phase.

5. The LED lighting apparatus according to claim 3,
wherein the first to third controllers generate a sine wave
signal (heremafter referred to as a “sine wave two signal™)
that has a lower frequency than a rectified frequency, and
respectively control the first to third current limiting devices

such that a current corresponding to the sine wave two signal
1s supplied to the load.

6. The LED lighting apparatus according to claim 1,
wherein the first LED block comprises a light emitting block
in which two or more sub-LED blocks are connected 1n series,
and the first LED lighting block further includes a first switch
block (composed of one or more switches) which adjusts a
number of the sub-LED blocks that are lighted by changing a
current flow and a first controller (which controls the first
current limiting device and the first switch block), wherein
the second LED block comprises a light emitting block in
which two or more sub-LED blocks are connected 1n series,
and the second LED lighting block further includes a second

10
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switch block (composed of one or more switches) which
adjusts a number of the sub-LED blocks that are lighted by
changing a current flow and a second controller (which con-
trols the second current limiting device and the second switch
block), and wherein the first and second controllers respec-
tively control the first and second current limiting devices
with a sine wave signal (hereinafter referred to as a “sine wave
one signal”) having a same phase as the rectified voltages.

7. The LED lighting apparatus according to claim 6,
wherein the first and second controllers respectively control
the first and second current limiting devices in a form of a
staircase wave based on one of an instantaneous rectified
voltage or a rectified voltage phase.

8. The LED lighting apparatus according to claim 6,
wherein the first and second controllers generate a sine wave
signal (hereinafter referred to as a “sine wave two signal™)
that has a lower frequency than a rectified frequency, and
respectively control the first and second current limiting
devices such that a current corresponding to the sine wave two

20 signal 1s supplied to the load.
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