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DIMMABLE AC DRIVEN LED
ILLUMINATING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the benefit
of Korean Patent Application No. 10-2013-0118823, filed on
Oct. 4,2013, which is hereby incorporated by reference forall
purposes as if fully set forth herein.

BACKGROUND

[0002] 1. Field

[0003] The present invention relates to a dimmable alter-
nating current (AC) driven light emitting diode (LED) illu-
minating apparatus, and more particularly, to an AC driven
light emitting diode (LED) illuminating apparatus capable of
displaying an appropriate dimming level over an entire sec-
tion of the dimming level using a TRIAC dimmer configured
to perform dimming control via phase control.

[0004] 2. Discussion of the Background

[0005] Generally, a diode device for light emission such as
a light emitting diode (LED) has been driven only by direct
current (DC) power due to diode characteristics. Therefore, a
light emitting apparatus using an LED according to the
related art has been restrictively used, and should include a
separate circuit such as a switching mode power supply
(SMPS) in order to be driven by alternating current (AC)
power of 220V that is currently used at home. Therefore, a
circuit of the light emitting apparatus has become compli-
cated, and a cost required for manufacturing the light emitting
apparatus has increased.

[0006] In order to solve these problems, research into an
LED that may be driven even by AC power by connecting a
plurality of light emitting cells in series with or parallel with
each other has been actively conducted.

[0007] In order to solve the problems in the related art as
described above, a sequential driving scheme of LEDs using
AC power has been suggested. According to the sequential
driving scheme, when an illuminating apparatus including
three LED groups is assumed, in a situation in which an input
voltage is increased over time, a first LED group first starts to
emit light at Vfl, a second LED group connected in series
with the first LED group starts to emit light at V{2 higher than
Vfl, and a third LED group connected in series with the
second LED group and the first LED group starts to emit light
at V13 higher than V{2. In addition, in a situation in which the
input voltage is decreased over time, the third LED group
stops emitting the light at V13, the second LED group stops
emitting the light at V12, and the first LED group finally stops
emitting the light at Vf1, such that an LED driving current is
designed so as to be approximate to the input voltage.
[0008] Meanwhile, a dimming control of the LED indicates
that a luminescent flux or an illumination (Lux) of an LED
illuminating apparatus, that is, generally, a brightness of a
light source is changed depending on an applied supplying
voltage, and a dimmable light source means an apparatus
performing the above-mentioned illumination control func-
tion in the illuminating apparatus. This LED dimmable sys-
tem is included in the LED illuminating apparatus in order to
decrease power consumption of the LED illuminating appa-
ratus and efficiently operate the LED illuminating apparatus.
Particularly, heat generated due to a continuous light emitting
operation of the LED is a factor of decreasing quality and
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efficiency of an illuminating operation. Therefore, in order to
reflect a demand by a user and decrease power consumption,
a dimming function has been generally added to the LED
illuminating apparatus. Among the LED illuminating appa-
ratuses to which the dimming function is added, the LED
illuminating apparatus using the DC power as described
above is driven by converting the AC power into the DC
power using the SMPS. Therefore, dimming is relatively
easy, such that dimming control characteristics may be
expected to some degree.

[0009] However, in the case of the AC driven LED illumi-
nating apparatus as described above, the LED is driven only
by a voltage generated by rectifying the AC power, such that
it is not easy to implement a dimming function and it is
difficult to secure linearity in a dimming control. Particularly,
in the case of an AC driven LED illuminating apparatus using
the sequential driving scheme, since a driving voltage fluctu-
ates due to a phenomenon that a power supply voltage tem-
porally descends or ascends simultaneously with turning
on/off the LEDs at the next step due to internal impedances of
an AC power supplying line and a dimmer at a point in time in
which the number of LED groups light-emitted depending on
a magnitude of the driving voltage is changed (for example, a
change point in time from 1-stage driving to 2-stage driving,
achange point in time from 2-stage driving to 3-stage driving,
orthe like), that is, a change point in time in which the driving
voltage divided into two stages or more is exceeded, such that
anunstable phenomenon may occur. That is, in the case of the
AC driven LED illuminating apparatus having the dimming
function according to the related art, ideal illumination
change characteristics do not appear over an entire section of
adimming level, and a phenomenon that a luminescent flux is
irregularly changed in a portion of a dimming control section
occurs.

BRIEF SUMMARY OF THE INVENTION

[0010] The present invention is to solve the problems in the
related art as described above.

[0011] An object of the present invention is to provide an
alternating current (AC) driven light emitting diode (LED)
illuminating apparatus capable of having improved dimming
characteristics over an entire section of a dimming level.
[0012] Another object of the present invention is to provide
an AC driven LED illuminating apparatus capable of display-
ing very excellent dimming characteristics by interworking
with a TRIAC dimmer configured to perform a dimming
control using a phase control.

[0013] Still another object of the present invention is to
provide an AC driven LED illuminating apparatus capable of
overcoming a fluctuation phenomenon that LED groups are
repeatedly turned on and turned off at the time of being
sequentially driven.

[0014] Yet still another object of the present invention is to
provide an AC driven LED illuminating apparatus capable of
more efficiently performing a dimming control by changing
an LED driving current associated with a driving voltage
phase-controlled depending on a dimming level.

[0015] Yet still another object of the present invention is to
provide an AC driven LED illuminating apparatus capable of
removing a phenomenon that a brightness irregularly fluctu-
ates even though a first dimming level of a dimmer is exces-
sively low due to a limitation function of maintaining an LED
driving current for 1-stage driving as a predetermined value
even at a minimum dimming level.
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[0016] Characteristic configurations of the present inven-
tion for accomplishing the objects of the present invention as
described above and unique effects of the present invention to
be described will be described below.

[0017] According to an exemplary embodiment of the
present invention, there is provided a dimmable AC driven
LED illuminating apparatus including: a dimmer receiving
AC power and controlling the received AC power depending
on a selected dimming level to generate and output the con-
trolled AC power; a rectifying unit receiving the controlled
AC power output from the dimmer and full-wave rectifying
the controlled AC power to generate and output a driving
voltage; a dimming level detecting unit receiving the driving
voltage to detect the selected dimming level and outputting
the detected dimming level signal; first to n-th LED groups (n
indicates a positive integer equal to or larger than 2) receiving
the driving voltage to be sequentially driven depending on a
control of an LED driving module and including one or more
LEDs, respectively; and the LED driving module judging a
voltage level of the driving voltage, controlling the sequential
driving of the first to n-th LED groups depending on the
judged voltage level of the driving voltage, and performing a
constant current control on an LED driving current based on
the dimming level signal.

[0018] TheLED driving module may determine a reference
value of the LED driving current in proportion to a magnitude
of the dimming level signal and control a maximum value of
the LED driving current based on the determined reference
value.

[0019] The LED driving module may control magnitudes
of'the LED driving current to be different from each other in
each driving section.

[0020] The LED driving module may control the LED driv-
ing current to be sequentially increased from a first LED
driving current for a first stage driving section to an n-th LED
driving current for an n-th stage driving section.

[0021] The dimmer may be a TRIAC dimmer.

[0022] The dimmable AC driven LED illuminating appara-
tus may further include a trigger current maintaining circuit
connected between the TRIAC dimmer and the rectifying unit
to allow a TRIAC trigger current to flow to an AC power input
or a rectified voltage output or act as a dummy load.

[0023] The trigger current maintaining circuit may be a
bleeder circuit.
[0024] The dimmable AC driven LED illuminating appara-

tus may further include an electromagnetic interference
(EMI) filter connected between the dimmer and the rectifying
unit and attenuating high frequency noise of the phase-con-
trolled AC power.

[0025] The dimmable AC driven LED illuminating appara-
tus may further include a surge protecting unit connected to
an output terminal of the rectifying unit and protecting a
circuit.

[0026] The dimming level detecting unit may average the
driving voltage to detect the dimming level.

[0027] The dimming level detecting unit may include an
RC integration circuit.

[0028] The dimming level detecting unit may further
include a voltage limiting circuit limiting the driving voltage
to a maximum voltage or less.

[0029] The dimming level detecting unit may be embedded
as an rms converter in the LED driving module to convert the
driving voltage into a direct current (DC) signal.
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[0030] The LED driving module may selectively enable
and disable a dimming control function.

[0031] The LED driving module may include an automatic
sensing circuit sensing whether or not a dimming circuit is
connected to automatically select whether the dimming con-
trol function is enabled or disabled.

[0032] Thedimmable AC driven LED illuminating appara-
tus may further include a driving voltage stabilizing unit
decreasing and stabilizing the driving voltage supplied to the
LED driving module.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] FIG. 1 is a schematic configuration diagram of a
dimmable alternating current (AC) driven light emitting
diode (LED) illuminating apparatus according to an exem-
plary embodiment of the present invention.

[0034] FIG. 2 is a circuit diagram of the dimmable AC
driven LED illuminating apparatus according to an exem-
plary embodiment of the present invention.

[0035] FIG. 3 is a configuration diagram of an LED driving
module according to an exemplary embodiment of the present
invention.

[0036] FIG. 4 is a circuit diagram of an LED group driving
unit according to an exemplary embodiment of the present
invention.

[0037] FIGS. 5A to 5C are waveform diagrams showing a
relationship between an LED driving voltage and driving
current depending on a dimming level according to an exem-
plary embodiment of the present invention.

[0038] FIG. 6A is a graph showing a relationship among a
dimming voltage, a light output, and a flux depending on a
dimming level of the dimmable AC driven LED illuminating
apparatus according to an exemplary embodiment of the
present invention.

[0039] FIG. 6B is a graph showing and a relationship
between an upper limit and a lower limit of a light output
depending on a dimming level of the dimmable AC driven
LED illuminating apparatus according to an exemplary
embodiment of the present invention and a light output that
may be implemented according to an exemplary implemen-
tation.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0040] Exemplary embodiments of the present invention
will be described in detail with reference to the accompanying
drawings. These exemplary embodiments will be described
in detail for those skilled in the art in order to practice the
present invention. It should be appreciated that various exem-
plary embodiments of the present invention are different from
each other, but do not have to be exclusive. For example,
specific shapes, structures, and characteristics described in
the present specification may be implemented in another
exemplary embodiment without departing from the spirit and
the scope of the present invention in connection with an
exemplary embodiment. In addition, it should be understood
that a position and an arrangement of individual components
in each disclosed exemplary embodiment may be changed
without departing from the spirit and the scope of the present
invention. Therefore, a detailed description to be described
below should not be construed as being restrictive. In addi-
tion, the scope of the present invention is defined only by the
accompanying claims and their equivalents if appropriate.
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Similar reference numerals will be used to describe the same
or similar functions throughout the accompanying drawings.
[0041] Hereinafter, exemplary embodiments of the present
invention will be described in detail with reference to the
accompanying drawings so that those skilled in the art may
easily practice the present invention.

[0042] In an exemplary embodiment of the present inven-
tion, a ‘light emitting diode (LED) group’ means a set of
LEDs in which a group of LEDs (or a plurality of light
emitting cells) are connected in series, parallel, or series and
parallel with each other, such that operations of the LEDs are
controlled as one unit, depending on the control of an LED
driving module (that is, the LEDs are turned on/off together
with each other).

[0043] In addition, a ‘LED driving module’ means a mod-
ule receiving an alternating current (AC) voltage to drive and
control the LEDs, and although an exemplary embodiment in
which the driving of the LEDs is controlled using a rectified
voltage will be mainly described in the present specification,
the present invention is not limited thereto, but should be
generally and widely interpreted.

[0044] Further, a “first forward voltage level (Vfl)’ means a
threshold voltage level that may drive a first LED group, a
‘second forward voltage level (V£2)’ means a threshold volt-
age level that may drive first and second LED groups con-
nected in series with each other, and a ‘third forward voltage
level (V13)’ means a threshold voltage level that may drive
first to third LED groups connected in series with each other.
That is, ‘an n-th forward voltage level (Vin)’ means a thresh-
old voltage level that may drive first to n-th LED groups
connected in series with each other. Meanwhile, forward
voltage levels of each LED group may be the same as each
other, or different from each other, depending on the number/
characteristics of LEDs configuring the corresponding LED
group.

[0045] Further, a ‘sequential driving scheme’ means a driv-
ing scheme in which LED groups sequentially emit light
depending on an increase in an applied input voltage and are
sequentially turned off depending on a decrease in an applied
input voltage, in the LED driving module receiving an input
voltage of which a magnitude is changed over time to drive
the LEDs.

[0046] Further, a “first stage driving section’ means a time
period in which only a first LED group emits light, and a
‘second stage driving section’ means a time period in which
only first and second LED groups emit light. Therefore, an
‘n-th stage driving section’ means a time period in which all
of first to n-th LED groups emit light, but LED groups fol-
lowing an n+1-th LED group do not emit light.

[0047] Further, terms such as V1,V2,V3, ... t1,t2, ...,
T1, T2, T3, and the like, are used in order to represent any
specific voltage, specific point in time, specific temperature,
and the like, and are not used in order to represent absolute
values. Instead, these terms are used in order to distinguish
relative values from each other.

[0048] FIG. 1 is a schematic configuration diagram of a
dimmable alternating current (AC) driven light emitting
diode (LED) illuminating apparatus 1000 (hereinafter,
referred to as an LED illuminating apparatus) according to an
exemplary embodiment of the present invention, and F1G. 2 is
a circuit diagram of the dimmable AC driven LED illuminat-
ing apparatus 1000. Hereinafter, a configuration and a func-
tion of the LED illuminating apparatus 1000 will be generally
described with reference to FIGS. 1 and 2.
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[0049] First, the LED illuminating apparatus 1000 may be
configured to include a dimmer 100, an electromagnetic inter-
ference (EMI) filter 110, a rectifying unit 120, a surge pro-
tecting unit 130, a dimming level detecting unit 140, an LED
driving module 200, and an LED light-emitting unit 300.
[0050] Thedimmer 100 may be configured to receive an AC
voltage (V) from an AC voltage source and control the
received AC voltage (V) depending on a dimming level
selected depending on a manipulation of a user, to generate
and output the controlled AC power. The dimmer 100 may be
one of a TRIAC dimmer controlling a phase of AC power
using a TRIAC, a pulse width modulation (PWM) dimmer, an
analog voltage dimmer changing an AC voltage, and dimmers
equivalent thereto. That is, it is to be noted that the dimmer
100 may be any dimmer that may control the AC power
depending on the selected dimming level to generate/output
the controlled AC power and allow the selected dimming level
to be detected by a dimming level detecting unit 140
described below, from the AC power controlled by the dim-
mer 100 (or a controlled rectified voltage generated by full-
wave-rectifying the controlled AC power). Hereinafter,
although the present invention will be described based on an
exemplary embodiment in which the TRIAC dimmer is
adopted as the dimmer 100, it will be obvious that the scope
of the present invention is not limited thereto, but also
includes exemplary embodiments in which one of various
dimmers as described above is used as long as it includes the
gist of the present invention.

[0051] Inthe casein which the dimmer 100 is implemented
using the TRIAC dimmer as described above, the dimmer 100
may be configured to control the phase of the input AC power
based on the dimming level selected by a user (or selected
automatically) to generate and output the phase-controlled
AC voltage. Since the TRAIC dimmer adopts the technology
well-known in the art, a detailed description thereof will be
omitted. Although the dimmer 100 is included in one appa-
ratus has been shown in FIGS. 1 and 2, itis for convenience of
explanation and understanding, and it is to be understood that
the dimmer 100 may be actually installed spaced apart from
the LED illuminating apparatus 1000 and be connected to the
LED illuminating apparatus 100 by a conducting wire.
[0052] In the case in which the dimmer 100 is configured
using the TRIAC dimmer, a TRIAC trigger current should be
processed. Therefore, the LED illuminating apparatus 1000
may further include a trigger current maintaining circuit 105
connected between the dimmer 100 and the rectifying unit
120, to allow the TRIAC trigger current to flow to an AC
power input or a rectified voltage output, or act as a dummy
load. In FIG. 2, an example in which the trigger current
maintaining circuit 105 is implemented by a bleeder circuit
including a bleeder capacitor Cx and a bleeder resistor Rz
connected in series with the bleeder capacitor is shown. How-
ever, it will be obvious to those skilled in the art that the
trigger current maintaining circuit 105 is not limited to the
circuit shown in FIG. 2, but may be one of various known
voltage stabilizing circuits adopted as needed.

[0053] Inaddition, as described above, in the case in which
the TRIAC dimmer is used as the dimmer 100, high frequency
noise occurs at a turn-on point in time, due to a physical
property of the TRIAC device. Since the high frequency noise
may cause damage to the LED illuminating apparatus 1000, it
is generally preferable to remove the high frequency noise.
Therefore, the EMI filter 110 is provided between an output
terminal of the dimmer 100 and an input terminal of the
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rectifying unit 120. The EMI filter 110 serves to attenuate the
high frequency noise of the phase-controlled AC voltage out-
put from the dimmer 100. Since the EMI filter 110 adopts the
technology well-known in the art, a detailed description
thereof will be omitted.

[0054] The rectifying unit 120 serves to rectify the phase-
controlled AC voltage output from the dimmer 100 to gener-
ate a driving voltage (V) and output the generated driving
voltage (V). As the rectifying unit 120, one of various known
rectifying circuits such as a full-wave rectifying circuit, a
half-wave rectifying circuit, and the like, may be used. The
driving voltage (V) output from the rectifying unit 120 is
output to the dimming level detecting unit 140, the LED
driving module 200, and the LED light-emitting unit 300. In
FIG. 2, the rectifying unit 120 is configured using a bridge
full-wave rectifying circuit including four diodes.

[0055] The LED illuminating apparatus 1000 may further
include the surge protecting unit 130 to protect the LED
driving module 200 and the LED light-emitting unit 300 from
an over-voltage and/or an over-current. The surge protecting
unit 130 is connected to an output terminal of the rectifying
unit 120 and is configured to serve to protect components of
the LED illuminating apparatus 1000 from the over-voltage
and/or the over-current. In FIG. 2, the surge protecting unit
130 includes a resistor R and a transient voltage suppression
(TVS)diode TVS. The surge protecting unit 130 is not limited
to a circuit shown in FIG. 2, but may be one of various known
surge protecting circuits adopted as needed.

[0056] The LED light-emitting unit 300 may include a plu-
rality of LED groups, and the LED groups included in the
LED light-emitting unit 300 may sequentially emit light and
may be sequentially turned off, depending on a control of the
LED driving module 200. Although the LED light-emitting
unit 300 including a first LED group 310, a second LED
group 320, a third LED group 330, and a fourth LED group
340 is shown in FIGS. 1 and 2, the number of LED groups
included in the LED light-emitting unit 300 may be variously
changed as needed.

[0057] In addition, according to other exemplary embodi-
ments, the first LED group 310, the second LED group 320,
the third LED group 330, and the fourth LED group 340 may
have the same forward voltage level or different forward
voltage levels, respectively. For example, in the case in which
the first LED group 310, the second LED group 320, the third
LED group 330, and the fourth LED group 340 include dif-
ferent numbers of LED devices, respectively, the first LED
group 310, the second LED group 320, the third LED group
330, and the fourth LED group 340 will have different for-
ward voltage levels. On the other hand, for example, in the
case in which the first LED group 310, the second LED group
320, the third LED group 330, and the fourth LED group 340
include the same number of LED devices, the first LED group
310, the second LED group 320, the third LED group 330,
and the fourth LED group 340 will have the same forward
voltage level.

[0058] The dimming level detecting unit 140 may be con-
figured to receive the driving voltage (V) output from the
rectifying unit 120, detect a currently selected dimming level
based on the received driving voltage (V), and output the
detected dimming level signal to the LED driving module
200. In more detail, the dimming level detecting unit 140 may
be configured to average the driving voltage (V), of which a
level is changed over time, to detect the dimming level. As
described above, since the dimmer 100 is configured to cut the
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phase of the AC voltage (V) depending on the selected
dimming level, in the case in which the driving voltage (V)
is averaged, the currently selected dimming level may be
detected. In the case in which the dimming level detecting
unit 140 is configured in this scheme, a dimming level signal
Adim corresponding to a specific dimming level output from
the dimming level detecting unit 140 may be a DC signal
having a constant voltage value. For example, in the case in
which the dimming level is 100%, the dimming level signal
Adim corresponding to the dimming level is 2V, in the case in
which the dimming level is 90%, the dimming level signal
Adim corresponding to the dimming level is 1.8V, and in the
case in which the dimming level is 50%, the dimming level
signal Adim corresponding to the dimming level is 1V. A
value and a range of the dimming level signal Adim corre-
sponding to the specific dimming level may be changed by
appropriately selecting values of circuit devices configuring
the dimming level detecting unit 140. In FIG. 2, the dimming
level detecting unit 140 includes an RC integration circuit 144
including one resistor R, and one capacitor C,. Here, the
resistor R, is to set a minimum LED driving current 1, -,
limit. Therefore, since the minimum LED driving current
1; zp limit is set through the resistor R,, a minimum LED
driving current I, ., may be maintained even at the lowest
dimming level, such that dimming characteristics of the LED
illuminating apparatus 1000 may be improved.

[0059] The dimming level detecting unit 140 may further
include a voltage limiting circuit 142 to limit the received
driving voltage (V) to a maximum voltage or less. Generally,
a maximum voltage level of the driving voltage (V) supplied
to the LED light-emitting unit 300 is significantly high.
Therefore, in the case in which the dimming level is detected
using the driving voltage (V ;) and the detected dimming level
is input to the LED driving module 200, there is a risk that the
LED driving module 200 will be damaged. Therefore, in
order to solve this problem, the dimming level detecting unit
140 may include the voltage limiting circuit 142 to limit the
received driving voltage (V) to a maximum voltage (for
example, 15V) or less. In FIG. 2, the voltage limiting circuit
142 is implemented using resistors R, and R; and a Zener
diode ZD. Here, the voltage limiting circuit 142 serves as a
maximum dimming suppressing circuit to decrease the toler-
ance of the Zener diode ZD.

[0060] The dimming level detecting unit 140 will be
described in detail with reference to FIG. 2. The dimming
level detecting unit 140 may include three resistors R,, R,
and R, one capacitor C,, and one Zener diode ZD. Here, the
resistor R, is to set the minimum LED driving current 1, -,
limit, and the resistors R, and R and the Zener diode ZD
serve as a maximum dimming suppressing circuit.

[0061] Although an exemplary embodiment in which the
dimming level detecting unit 140 implemented as a separate
circuit outside the LED driving module 200 has been shown
in FIGS. 1 and 2, the dimming level detecting unit 140 may
also be implemented by an rms converter and may be embed-
ded in the LED driving module 200 in other exemplary
embodiments.

[0062] The LED driving module 200 is configured to
receive the driving voltage (V) output from the rectifying
unit 120, determine the magnitude of the received driving
voltage (V ), and control sequential driving of the LED light-
emitting unit 300 (more specifically, each of the LED groups
310 to 340 included in the LED light-emitting unit 300)
depending on the determined magnitude of the driving volt-
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age (V). Generally, the maximum voltage level of the driving
voltage (V) supplied to the LED light-emitting unit 300 is
significantly high. Therefore, in the case of using the driving
voltage (V) as it is, the LED driving module 200 may be
damaged. In order to prevent this problem, the LED illumi-
nating apparatus 1000 may include a driving voltage stabiliz-
ing unit 150 disposed between a driving voltage (V) input
node and a driving voltage input terminal of the LED illumi-
nating apparatus 1000. Referring to FIG. 2, the driving volt-
age stabilizing unit 150 may include a resistor R to reduce the
driving voltage (V ), and a capacitor C, to stabilize the driv-
ing voltage (V). The driving voltage stabilizing unit 150 is
not limited to the configuration shown in FIG. 2, but one of
various known circuits may be adopted as needed.

[0063] In addition, the LED driving module 200 may be
configured to receive the dimming level signal Adim output
from the dimming level detecting unit 140 and limit a maxi-
mum value of the LED driving current I, ., based on the
received dimming level signal Adim. In more detail, the LED
driving module 200 may be configured to determine an LED
driving current reference value (Adim_I, ) that is dimming-
controlled in proportion to the received dimming level signal
Adim and perform a constant current control on the LED
driving current I, -, based on the determined dimming-con-
trolled LED driving current reference value (Adim_I,_). In
the case in which a dimming control is performed in this
scheme, a light emitting time of the LED light-emitting unit
300 is controlled by the driving voltage (V) of which a phase
is controlled (that is, of which a phase is cut depending on the
dimming level), and a magnitude of the LED driving current
1; zp 1s controlled based on the detected dimming level,
thereby displaying smooth dimming characteristics over an
entire section of the dimming level. In addition, through the
above-mentioned configuration, a non-uniform fluctuation
phenomenon may be removed. A detail configuration and
function of the LED driving module 200 will be described
below with reference to FIGS. 3 to 5.

[0064] The LED driving module 200 may be configured to
selectively enable and disable a dimming control function.
The LED driving module 200 may be configured so that it is
determined through jumper setting whether or not the dim-
ming control function is enabled. In addition, according to
other exemplary embodiments, an automatic sensing circuit
(not shown) to automatically select whether or not the dim-
ming control function is enabled may be included in the LED
driving module 200. The automatic sensing circuit is config-
ured to judge whether a dimming circuit has been connected
and automatically select whether the dimming control func-
tion is enabled, depending on whether the dimming circuit
has been connected. The automatic sensing circuit may be
configured to detect whether, for example, a TRIAC dimming
voltage is present, enable the dimming control function in the
case in which the TRIAC dimming voltage is present, and
disable the dimming control function in the case in which the
TRIAC dimming voltage is not present. In addition to the
automatic sensing circuit, various automatic sensing circuits
may be used.

[0065] In addition, in FIG. 2, a maximum LED driving
current setting resistor R is a resistor to set a maximum LED
driving current limit when the dimming control function is
disabled or when a dimming level is 100%. Therefore, a
maximum LED driving current reference value (I, may be
changed by changing a resistance value of the maximum LED
driving current setting resistor Rs. Therefore, when consid-
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ering this together with the dimming level detecting unit 140
described above, in the LED illuminating apparatus 1000, a
minimum LED driving current limit may be set through the
resistor R, and the maximum LED driving current limit may
be set through the resistor Rs.

[0066] FIG. 3 is a configuration diagram of an LED driving
module 200 according to an exemplary embodiment of the
present invention; and FIG. 4 is a circuit diagram of an LED
group driving unit according to an exemplary embodiment of
the present invention. Hereinafter, a configuration and a func-
tion of the LED driving module 200 and a driving control
process of the LED illuminating apparatus 1000 will be
described with reference to FIGS. 3 and 4.

[0067] As shown in FIG. 3, the LED driving module 200
may include LED group driving units 220, a LED driving
controlunit 210, and an internal power generating unit 230, in
order to drive and control the LED groups 310 to 340. In
addition, the LED driving module 200 may be implemented
as an integrated circuit (IC) and may include a driving voltage
input terminal VP to which the driving voltage V is input, a
dimming level signal input terminal Adim to which the dim-
ming level signal Adim is input, a connection terminal Rset to
which a maximum driving current setting resistor R is con-
nected, a ground terminal GND to which a ground is con-
nected, a connection terminal ST4 to which a fourth current
path P, connected to a cathode terminal of the fourth LED
group 340 is connected, a connection terminal ST3 to which
athird current path P; between a cathode terminal of the third
LED group 330 and an anode terminal of the fourth LED
group 340 is connected, a connection terminal ST2 to which
a second current path P, between a cathode terminal of the
second LED group 320 and an anode terminal of the third
LED group 330 is connected, and a connection terminal ST1
to which a first current path P, between a cathode terminal of
the first LED group 310 and an anode terminal of the second
LED group 320 is connected, as shown in FIG. 3. Although
the LED driving module 200 includes eight terminals as
shown in FIG. 3, the number of terminals may be changed as
needed.

[0068] The internal power generating unit 230 is config-
ured to decrease and smooth the driving voltage V , to gener-
ate and supply internal DC power V .. for driving the LED
driving module 200. The internal power generating unit 230
may be implemented by a smoothing circuit including a resis-
tor and a capacitor.

[0069] The LED driving control unit 210 is configured to
judge a voltage level of the driving voltage V, input from the
rectifying unit 120 and control sequential driving of the LED
groups 310 to 340, depending on the voltage level of the
driving voltage V. In more detail, the LED driving control unit
210 performs a control operation, so that only the first current
path P, is connected and the other current paths are opened,
such that only the first LED group 310 emits light, in a first
stage operation section in which the voltage level of the
driving voltageV , is between a first forward voltage level VIl
and a second forward voltage level VI2. In addition, the LED
driving control unit 210 performs a control operation, so that
only the second current path P, is connected and the other
current paths are opened, such that the first and second LED
groups 310 and 320 emit light, in a second stage operation
section, in which the voltage level of the driving voltage V » is
between the second forward voltage level V{2 and a third
forward voltage level V3. Similarly, the LED driving control
unit 210 performs a control operation, so that only the third
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current path P; is connected and the other current paths are
opened, such that the first to third LED groups 310 to 330 emit
light, in a third stage operation section, in which the voltage
level of the driving voltage V is between the third forward
voltage level VI3 and a fourth forward voltage level V4. In
addition, the LED driving control unit 210 performs a control
operation, so that only the fourth current path P, is connected
and the other current paths are opened, such that all of the first
to fourth LED groups 310 to 340 emit light, in a fourth stage
operation section, in which the voltage level of the driving
voltage V is the fourth forward voltage level V4 or more.
Therefore, the LED driving control unit 210 is configured to
control the sequential driving of the LED groups 310 to 340
depending on the voltage level of the driving voltage V,
through the scheme described above.

[0070] The LED driving control unit 210 may be config-
ured to determine the LED driving current reference value [,
that becomes a reference of a constant current control depend-
ing on the input dimming level signal Adim and output the
determined LED driving current reference value 1, . to the
LED group driving units 220, in order to perform the dim-
ming control function. Here, the LED driving current refer-
ence value I, -output from the LED driving control unit 210
becomes a reference value for performing a constant current
control on the LED driving current I, -, in the LED group
driving units 220. Here, more preferably, the LED driving
control unit 210 may be configured to approximate first to
fourth LED driving currents I, ., to I; o5, to a sine wave, by
setting a first driving current reference value 1,,,, a second
driving current reference value I,,,,, a third driving current
reference value 1, , and a fourth driving current reference
value I,_,, to be different from each other. As such, a wave-
form of the LED driving current may approximate to a wave-
form of the driving voltage V, in order to improve power
factor (PF) and total harmonic distortion (THD) characteris-
tics. That is, a reference value may be set to sequentially rise
from the first driving current reference value 1,4 of the first
stage driving section, to the fourth driving current reference
value I, of the fourth stage driving section. When it is
assumed that a dimming level of 100% is selected for expla-
nation, the fourth driving current reference value I, ., may be
set to 100 mA, the third driving current reference value I,
may be set to any value between 80 to 95 mA, which is 80 to
95% of the fourth driving current reference value 1,,,, the
second driving current reference value I, may be set to any
value between 65 to 80 mA, which is 65 to 80% of the fourth
driving current reference value 1, 4, and the first driving
current reference value I,,, may be set to any value between
30to 65 mA, which is 30 to 65% of the fourth driving current
reference value I,

[0071] Since the case in which the dimming level of 100%
is selected has been assumed in the above-mentioned
example, as the dimming level is changed, the first to fourth
driving current reference values 1, to I, will be deter-
mined depending on the changed dimming level, and newly
determined first to fourth driving current reference values
Len 1o 1, will be output. In another exemplary embodi-
ment, the fourth driving current reference value |, ., may be a
maximum LED driving current I, z,,,,..... set depending on the
resistance value of the maximum LED driving current setting
resistor Ry, and the first driving current reference value I,
the second driving current reference value 1, ,, and the third
driving current reference value I,, 5 may be reference values
obtained by decreasing the fourth driving current reference
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value I, in preset decrease ratios, respectively. Hereinafter,
a driving current reference value in the case in which the
dimming control function is enabled and the dimming level is
not 100% is called a dimming-controlled driving current ref-
erence value (Adim_I,, ), in order to be distinguished from a
maximum driving current reference value (I, ), in the case in
which the dimming level is 100% or in the case in which the
dimming control function is disabled. A detailed description
depending on a dimming level will be described below with
reference to FIG. 5.

[0072] The LED group driving units 220 are configured to
connect or open each of the current paths P, to P, depending
on the control of the LED driving control unit 210 and per-
form a constant current control on the LED driving current
1; zp- As shown in FIG. 3, a first LED group driving unit 222
is connected between the first and second LED groups 310
and 320 through the first current path P, and is configured to
connect or open the first current path P, depending on a
control of the LED driving control unit 210. In addition, a
second LED group driving unit 224 is connected between the
second and third LED groups 320 and 330 through the second
current path P, and is configured to connect or open the
second current path P, depending on a control of the LED
driving control unit 210. Similarly, a third LED group driving
unit 226 is connected between the third and fourth LED
groups 330 and 340 through the third current path P; and is
configured to connect or open the third current path P,
depending on a control of the LED driving control unit 210.
Finally, a fourth LED group driving unit 228 is connected to
the fourth LED group 340 through the fourth current path P,
and is configured to connect or open the fourth current path P,
depending on a control of the LED driving control unit 210.
[0073] The LED group driving units 222 to 228 are config-
ured to perform a constant current control function in addition
to turn on/oft control functions of the paths P, to P,, respec-
tively. FIG. 4 is a circuit diagram of a first LED group driving
unit 222, according to an exemplary embodiment of the
present invention. Although a configuration of the first LED
group driving unit 222 has been shown in FIG. 4 for conve-
nience of explanation and understanding, the second to fourth
LED group driving units 224 to 228 have the same configu-
ration as that of the first LED group driving unit 222. A
configuration and a function of the first LED group driving
unit 222 will be described in detail with reference to FIG. 4.

[0074] Referring to FIG. 4, the first LED group driving unit
222 may include one electronic switching device Q,, one
sensing resistor R, ,,..;, and one differential amplifier OP,. In
addition, the first LED group driving unit 222 may be con-
nected to a switch SW, to thereby be connected to a pull-up
resistor unit 410 connected to an Rset terminal or a pull-up
resistor unit 420 connected to an Adim terminal. The switch
SW, may be controlled by the automatic sensing circuit (not
shown) as described above. That is, in the case in which an
external dimming circuit is not sensed or the dimming control
function is disabled depending on the jumper setting, the
automatic sensing circuit controls the switch SW, to connect
the first LED group driving unit 222 to the pull-up resistor
unit 410 connected to the Rset terminal. In the case in which
the external dimming circuit is sensed, the automatic sensing
circuit controls the switch SW, to connect the first LED group
driving unit 222 to the pull-up resistor unit 420 connected to
the Adim terminal.

[0075] The electronic switching device Q, is configured to
be turned on depending on a control of the LED driving
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control unit 210 to connect the first current path P, and be
turned off depending on a control of the LED driving control
unit 210 to open the first current path P,. As the electronic
switching device Q,, a bipolar junction transistor (BJT), a
field effect transistor (FET), or the like, may be used, and a
kind of electronic switching device Q, is not limited. In FIG.
4, the electronic switching device Q, is implemented by a
P-type metal oxide semiconductor field effect transistor
(MOSFET).

[0076] A maximum first driving current reference value
L. output from the LED driving control unit 210 or a first
driving current reference value Adim_I,,, dimming-con-
trolled is input as a reference value to a non-inverting input
terminal of the operational amplifier OP,, and a voltage value
across the sensing resistor R_,,,..; (that is, a voltage value
corresponding to the first LED driving current I, -, flowing
through the first current path P, ) is input to an inverting input
terminal of the operational amplifier OP,. The operational
amplifier OP, compares a voltage input through the non-
inverting input terminal and a voltage input through the
inverting input terminal and controls a gate voltage of the
electronic switching device Q, so that the first LED driving
current I, .,,, may be maintained as an input reference value,
depending on a result of the comparison. As such, a constant
current control function may be performed.

[0077] The secondto fourth LED group driving units 224 to
228 may also include an electronic switching device, a sens-
ing resistor, and a differential amplifier, similar to the first
LED group driving unit 222.

[0078] Therefore, the second LED group driving unit 224
connects or opens the second current path P, and performs a
constant current control, so that the second LED driving
current I, ., may be maintained as an input reference value
using a maximum second driving current reference valuel,,
output from the LED driving control unit 210 or a second
driving current reference value Adim_I,_, dimming-con-
trolled as the reference value. Similarly, the third LED group
driving unit 226 connects or opens the third current path P,
and performs a constant current control so that the third LED
driving current I, ., may be maintained as an input reference
value using a maximum third driving current reference value
I,.s output from the LED driving control unit 210 or a third
driving current reference value Adim_I,_ , dimming-con-
trolled as the reference value. Finally, the fourth LED group
driving unit 228 connects or opens the fourth current path P,
and performs a constant current control so that the fourth LED
driving current I, ., may be maintained as an input reference
value using a maximum fourth driving current reference
value I, output from the LED driving control unit 210 or a
fourth driving current reference value Adim_I,_ ., dimming-
controlled as the reference value.

[0079] FIGS. 5A to 5C are waveform diagrams showing a
relationship between an LED driving voltage and an LED
driving current depending on a dimming level based on a
positive half period of an AC voltage, in the LED illuminating
apparatus 1000, according to an exemplary embodiment of
the present invention. A dimming control process performed
in the LED illuminating apparatus 1000 will be described in
detail with reference to FIGS. 2, 3, and 5A-5C.

[0080] First, in FIG. 5A, waveforms of a driving voltage V
and an LED driving current I, -, in the case in which a
dimming level is set to 100% are shown. The following Table
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1 is a table showing a relationship among a driving section,
operation states of LED groups, and a LED driving current in
this case.

TABLE 1

Driving LED LED

Section  Group 1 LED Group2 LED Group3 Group4 I;zp
t1~t2 ON OFF OFF OFF Leent
t2~t3 ON ON OFF OFF Lep
t3~t4 ON ON ON OFF Lem
t4-t5 ON ON ON ON Lo
t5~t6 ON ON ON OFF Lem
t6~t7 ON ON OFF OFF Lep
t7~t8 ON OFF OFF OFF Leent

[0081] As shown in FIG. 5A, since the selected dimming

level is 100%, a phase control did not occur for an input AC
power V., such that a phase control did not occur for the
driving voltage V .. First, in the case of an exemplary embodi-
ment shown in FIG. 5A, the dimming level detecting unit 140
averages the driving voltage V  to detect a dimming level and
outputs the detected dimming level signal Adim to the LED
driving module 200. Here, the detected dimming level is
100%, and the dimming level signal Adim input to the LED
driving module 200 is a constant voltage signal correspond-
ing to the dimming level of 100%. Therefore, in this case, the
LED illuminating apparatus 1000 is controlled in the same
scheme as a general four-stage sequential driving scheme.
[0082] Referring to FIG. 5A, at a point in time t1 in which
a voltage level of the driving voltage V rises over time to
arrive at a first forward voltage level V11, the first LED group
driving unit 222 is turned on depending on a control of the
LED driving control unit 210, such that the first current path
P, is connected. Therefore, the first LED driving current
1; zp; flows through the first current path P, and the first LED
group 310 emits light. In this case, since the dimming level is
100%, the LED driving control unit 210 outputs the maxi-
mum first driving current reference value [, 4 as a reference
value for a constant current control to the first LED group
driving unit 222, and the first LED group driving unit 222
detects the first LED driving current I, .,,, and performs a
constant current control function, so that the first LED driving
currentl; ., may be maintained as the maximum first driving
current reference value L, .

[0083] Next, at a point in time t2 in which the voltage level
of the driving voltage V ,, further rises over time to arrive at a
second forward voltage level V12, the first LED group driving
unit 222 is turned oft and the second LED group driving unit
224 is turned on, depending on a control of the LED driving
control unit 210, such that the second current path P, is
connected. Therefore, the second LED driving current I, .,
flows through the second current path P, and the first and
second LED groups 310 and 320 emit light. In this case, since
the dimming level is 100%, the LED driving control unit 210
outputs the maximum second driving current reference value
L., as a reference value for a constant current control to the
second LED group driving unit 224, and the second LED
group driving unit 224 detects the second LED driving cur-
rent |, ..., and performs a constant current control function so
that the second LED driving current I, .., may be maintained
as the maximum second driving current reference value I,
[0084] Similarly, at a point in time t3 in which the voltage
level of the driving voltage V  further rises over time to arrive
at a third forward voltage level V13, the second LED group
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driving unit 224 is turned off and the third LED group driving
unit 226 is turned on, depending on a control of the LED
driving control unit 210, such that the third current path P; is
connected. Therefore, the third LED driving current I, .5
flows through the third current path P; and the first to third
LED groups 310 to 330 emit light. In this case, since the
dimming level is 100%, the LED driving control unit 210
outputs the maximum third driving current reference value
L. as a reference value for a constant current control to the
third LED group driving unit 226, and the third LED group
driving unit 226 detects the third LED driving current I, o5
and performs a constant current control function, so that the
third LED driving current I, ., may be maintained as the
maximum third driving current reference value I, .

[0085] Inaddition, ata point in time t4 in which the voltage
level of the driving voltage V , further rises over time to arrive
at a fourth forward voltage level V14, the third LED group
driving unit 226 is turned off and the fourth LED group
driving unit 228 is turned on, depending on a control of the
LED driving control unit 210, such that the fourth current path
P, is connected. Therefore, the fourth LED driving current
1; zp4 flows through the fourth current path P, and the first to
fourth LED groups 310 to 340 emit light. In this case, since
the dimming level is 100%, the LED driving control unit 210
outputs the maximum fourth driving current reference value
I, as a reference value for a constant current control to the
fourth LED group driving unit 228, and the fourth LED group
driving unit 228 detects the fourth LED driving current I, .,
and performs a constant current control function, so that the
fourth LED driving current I, ., may be maintained as the
maximum fourth driving current reference value I, .
[0086] Meanwhile, ata pointin time t5 in which the voltage
level of the driving voltage V , arrives at a maximum value and
then falls over time to become less than the fourth forward
voltage level V14, the fourth LED group driving unit 228 is
turned off and the third LED group driving unit 226 is turned
on, depending on a control of the LED driving control unit
210, such that the third current path P; is connected. There-
fore, the third LED driving current I; -, flows through the
third current path P and the first to third LED groups 310 to
330 emit the light. In this case, as described above, the third
LED group driving unit 226 detects the third LED driving
current I, -, and performs a constant current control func-
tion, so that the third LED driving current 1, ., may be
maintained as the maximum third driving current reference
value I, .

[0087] Inaddition, ata point in time t6 in which the voltage
level of the driving voltage V , drops over time to become less
than the third forward voltage level V13, the third LED group
driving unit 226 is turned off and the second LED group
driving unit 224 is turned on, depending on a control of the
LED driving control unit 210, such that the second current
path P, is connected. Therefore, the second LED driving
current I ., flows through the second current path P, and the
first and second LED groups 310 and 320 emit the light. In
this case, as described above, the second LED group driving
unit 224 performs a constant current control function, so that
the second LED driving current I, .,,, may be maintained as
the maximum second driving current reference value I,,,.
[0088] Finally, at a point in time t7 in which the voltage
level of the driving voltage V , drops over time to become less
than the second forward voltage level V12, the second LED
group driving unit 224 is turned off and the first LED group
driving unit 222 is turned on, depending on a control of the
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LED driving control unit 210, such that the first current path
P, is connected. Therefore, only the first LED group 310
emits the light, and the first LED group driving unit 222
performs a constant current control function so that the first
LED driving current I, -, may be maintained as the maxi-
mum first driving current reference value I, ;.

[0089] Next, in FIG. 5B, waveforms ofa driving voltage V
and an LED driving current I, -, in the case in which a
dimming level is set to be relatively high (for example, 80%)
are shown. The following Table 2 is a table showing a rela-
tionship among a driving section, operation states of LED
groups, and a LED driving current in this case.

TABLE 2

Driving LED LED LED

Section Groupl Group2 LEDGroup3  Group4 Iiep
t3~t4 ON ON ON OFF Adim_L 4
t4~t5 ON ON ON ON Adim_T, .z
t5~t6 ON ON ON OFF Adim_T, .5
t6~t7 ON ON OFF OFF Adim_T,.»
t7~t8 ON OFF OFF OFF Adim_L, 4

[0090] Referring to FIG. 5B, since the dimming level is

80%, a phase control occurred for the driving voltage V.
Therefore, the voltage level of the driving voltage V , is main-
tained as OV until the point in time t3. Therefore, the dimming
level detecting unit 140 averages the driving voltage V to
detect a dimming level and outputs the detected dimming
level signal Adim to the LED driving module 200. Here, the
detected dimming level is 80%, and the dimming level signal
Adim input to the LED driving module 200 is substantially a
constant voltage signal corresponding to the dimming level of
80%. Therefore, the LED driving module 200 performs a
dimming control based on the dimming level of 80%.
[0091] Since the voltage level of the driving voltage V,
rises to the third forward voltage level V13 at the point in time
13, the third LED group driving unit 226 is turned on, such that
the third current path P; is connected. Therefore, a third LED
driving current I, ..., flows through the third current path P,
and the first to third LED groups 310 to 330 emit the light. In
this case, since the dimming level is 80%, the LED driving
control unit 210 outputs a third driving current reference
value Adim_I, . corresponding to the dimming level of 80%
and dimming-controlled as a reference value for a constant
current control to the third LED group driving unit 226. Here,
the third driving current reference value Adim_I, 4 corre-
sponding to the dimming level of 80% and dimming-con-
trolled may be determined in various schemes. In an exem-
plary embodiment, the third driving current reference value
Adim_I,, corresponding to the dimming level of 80% and
dimming-controlled may be determined to be “a*(dimming
level signal Adim corresponding to dimming level of 80%)*
(maximum third driving current reference value |, 5)” (here,
a indicates any constant allowing a light output or flux of the
LED illuminating apparatus 1000 to become 80% of a maxi-
mum light output or flux).

[0092] Alternatively, in another exemplary embodiment,
the third driving current reference value Adim_I, 4 corre-
sponding to the dimming level of 80% and dimming-con-
trolled may be determined to be “b*0.8*(maximum third
driving current reference value 1,,4)” (here, b indicates any
constant allowing a light output or flux of the LED illuminat-
ing apparatus 1000 to become 80% of a maximum light
output or flux). Alternatively, in still another exemplary
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embodiment, an equation or a graph for third driving current
reference values Adim_I,_ corresponding to a dimming level
and dimming-controlled may be stored, and a third driving
current reference value Adim_I,,  dimming-controlled may
be determined using the equation or the graph depending on
a detected dimming level. The third driving current reference
value Adim_I,, 5 dimming-controlled may be determined in
various schemes other than the above-mentioned schemes,
and it will be obvious to those skilled in the art that various
modifications and alterations may be made without departing
from the scope of the present invention as long as the third
driving current reference value Adim_I,, 5 dimming-con-
trolled is determined in proportion to the dimming level. A
first driving current reference value Adim_L _,, dimming-con-
trolled, a second driving current reference value Adim_I,,
dimming-controlled, and a fourth driving current reference
value Adim_I,,, dimming-controlled may also be deter-
mined in the same scheme as the above-mentioned scheme.

[0093] At the point in time t4 in which the voltage level of
the driving voltage V further rises over time to arrive at the
fourth forward voltage level V{4, the third LED group driving
unit 226 is turned off and the fourth LED group driving unit
228 is turned on, depending on a control of the LED driving
control unit 210, such that the fourth current path P, is con-
nected. Therefore, a fourth LED driving current I, -, flows
through the fourth current path P, and the first to fourth LED
groups 310 to 340 emit the light. In this case, the LED driving
control unit 210 outputs the fourth driving current reference
value Adim_I,_, corresponding to the dimming level of 80%
and dimming-controlled to the fourth LED group driving unit
228, and the fourth LED group driving unit 228 detects the
fourth LED driving current I, -, and performs a constant
current control function so that the fourth LED driving cur-
rent [; -, may be maintained as the fourth driving current
reference value Adim_I,, ., dimming-controlled.

[0094] At the point in time t5 in which the voltage level of
the driving voltage V  arrives at the maximum value and then
falls over time to become less than the fourth forward voltage
level V14, the fourth LED group driving unit 228 is turned off
and the third LED group driving unit 226 is turned on,
depending on a control of the LED driving control unit 210,
such that the third current path P, is connected. Therefore, a
third LED driving current I, .5 flows through the third cur-
rent path P and the first to third LED groups 310 to 330 emit
the light. In this case, as described above, the third LED group
driving unit 226 detects the third LED driving current I, .,
and performs a constant current control function, so that the
third LED driving current I, -5, may be maintained as the
third driving current reference value Adim_I, 4 correspond-
ing to the dimming level of 80% and dimming-controlled.

[0095] At the point in time t6 in which the voltage level of
the driving voltage V » drops over time to become less than the
third forward voltage level V13, the third LED group driving
unit 226 is turned off and the second LED group driving unit
224 is turned on, depending on a control of the LED driving
control unit 210, such that the second current path P, is
connected. Therefore, a second LED driving current I, .,
flows through the second current path P, and the first and
second LED groups 310 and 320 emit the light. In this case, as
described above, the second LED group driving unit 224
performs a constant current control function, so that the sec-
ond LED driving current I ., may be maintained as the
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second driving current reference value Adim_I, ., corre-
sponding to the dimming level of 80% and dimming-con-
trolled.

[0096] At the point in time t7 in which the voltage level of
the driving voltage V  drops over time to become less than the
second forward voltage level V12, the second LED group
driving unit 224 is turned off and the first LED group driving
unit 222 is turned on, depending on a control of the LED
driving control unit 210, such that the first current path P, is
connected. Therefore, only the first LED group 310 emits the
light, and the first LED group driving unit 222 performs a
constant current control function, so that the first LED driving
current I, ,,,, may be maintained as the first driving current
reference value Adim_I_, corresponding to the dimming
level of 80% and dimming-controlled.

[0097] InFIG. 5C, waveforms of a driving voltage V and
an LED driving current I, ., in the case in which a dimming
level is set to be relatively low (for example, 40%) are shown.
The following Table 3 is a table showing a relationship among
a driving section, operation states of LED groups, and a LED
driving current in this case.

TABLE 3
Driving LED LED LED
Section Groupl Group2 LEDGroup3 Group4 Izp-
tA'~t5 ON ON ON ON  Adim_T,
t5~t6 ON ON ON OFF  Adim_I
t6~t7 ON ON OFF OFF  Adim_ Iref2'
t7~t8 ON OFF OFF OFF  Adim__Irefl’
[0098] Referring to FIG. 5C, since the dimming level is

40%, a phase control occurred for the driving voltage VP.
Therefore, the voltage level of the driving voltage VP is
maintained as OV until a point in time t5'. Therefore, in the
case of an exemplary embodiment shown in FIG. 5C, the
dimming level detecting unit 140 averages the driving voltage
VP to detect a dimming level and outputs the detected dim-
ming level signal Adim to the LED driving module 200. Here,
the detected dimming level is 40%, and the dimming level
signal Adim input to the LED driving module 200 is substan-
tially a constant voltage signal corresponding to the dimming
level of 40%. Therefore, in an exemplary embodiment shown
in FIG. 5C, the LED driving module 200 performs a dimming
control based on the dimming level of 40%.

[0099] Since the voltage level of the driving voltage VP
rises to the fourth forward voltage level V{4 at the point in
time t5, the fourth LED group driving unit 228 is turned on,
depending on a control of the LED driving control unit 210,
such that the fourth current path P4 is connected. Therefore, a
fourth LED driving current ILED4" flows through the fourth
current path P4 and the first to fourth LED groups 310 to 340
emit the light. In this case, the LED driving control unit 210
outputs a fourth driving current reference value Adim Iref4'
corresponding to the dimming level of 40% and dimming-
controlled to the fourth LED group driving unit 228, and the
fourth LED group driving unit 228 detects the fourth LED
driving current ILED4" and performs a constant current con-
trol function, so that the fourth LED driving current ILED4"
may be maintained as the fourth driving current reference
value Adim Iref4' dimming-controlled.

[0100] At the point in time t5 in which the voltage level of
the driving voltage VP arrives at the maximum value and then
falls over time to become less than the fourth forward voltage
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level V14, the fourth LED group driving unit 228 is turned off
and the third LED group driving unit 226 is turned on,
depending on a control of the LED driving control unit 210,
such that the third current path P3 is connected. Therefore, a
third LED driving current ILED3" flows through the third
current path P3 and the first to third LED groups 310 to 330
emit the light. In this case, as described above, the third LED
group driving unit 226 detects the third LED driving current
ILED3" and performs a constant current control function so
that the third LED driving current ILED3" may be maintained
as a third driving current reference value Adim Iref3' input
from the LED driving control unit 210, corresponding to the
dimming level of 40%, and dimming-controlled.

[0101] At the point in time t6 in which the voltage level of
the driving voltage VP drops over time to become less than the
third forward voltage level V13, the third LED group driving
unit 226 is turned off and the second LED group driving unit
224 is turned on, depending on a control of the LED driving
control unit 210, such that the second current path P2 is
connected. Therefore, a second LED driving current ILED2"
flows through the second current path P2 and the first and
second LED groups 310 and 320 emit the light. In this case, as
described above, the second LED group driving unit 224
performs a constant current control function so that the sec-
ond LED driving current ILED2" may be maintained as a
second driving current reference value Adim Iref2' corre-
sponding to the dimming level of 40% and dimming-con-
trolled.

[0102] At the point in time t7 in which the voltage level of
the driving voltage VP drops over time to become less than the
second forward voltage level V12, the second LED group
driving unit 224 is turned off and the first LED group driving
unit 222 is turned on, depending on a control of the LED
driving control unit 210, such that the first current path P1 is
connected. Therefore, only the first LED group 310 emits the
light, and the first LED group driving unit 222 performs a
constant current control function, so that the first LED driving
current ILED1" may be maintained as a first driving current
reference value Adim_Irefl' corresponding to the dimming
level of 40% and dimming-controlled.

[0103] FIG. 6A is a graph showing a relationship among a
dimming voltage, a light output, and a flux depending on a
dimming level of the dimmable AC driven LED illuminating
apparatus according to an exemplary embodiment of the
present invention, and FIG. 6B is a graph showing and a
relationship between an upper limit and a lower limit of a light
output depending on a dimming level of the dimmable AC
driven LED illuminating apparatus according to an exem-
plary embodiment of the present invention and a light output
that may be implemented according to an exemplary imple-
mentation. As shown in FIGS. 6A and 6B, it may be con-
firmed that in the case of using the LED illuminating appa-
ratus 1000, dimming characteristics such as a light output and
a flux of the LED illuminating apparatus 1000 are smooth
over an entire section of a dimming level and irregular fluc-
tuation does not occur.

[0104] As set forth above, according to exemplary embodi-
ments of the present invention, an AC driven LED illuminat-
ing apparatus capable of displaying smooth dimming charac-
teristics over an entire section of a dimming level may be
provided.

[0105] In addition, according to the present invention, an
AC driven LED illuminating apparatus capable of displaying
excellent dimming characteristics by interworking with a
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TRIAC dimmer configured to perform a dimming control
using a phase control may be provided.

[0106] Further, according to the present invention, an AC
driven LED illuminating apparatus capable of overcoming a
fluctuation phenomenon when LED groups are sequentially
driven may be provided.

[0107] Moreover, according to the present invention, an AC
driven LED illuminating apparatus capable of more effi-
ciently performing a dimming control using both of a driving
voltage phase-controlled depending on a dimming level and
an LED driving current of which a magnitude is adjusted may
be provided.

[0108] Furthermore, according to the present invention, an
AC driven LED illuminating apparatus capable of removing
an irregular fluctuation phenomenon by maintaining an LED
driving current for 1-stage driving as a predetermined value or
more even at a minimum dimming level may be provided.

What is claimed is:

1. A dimmable alternating current (AC) driven light emit-
ting diode (LED) illuminating apparatus comprising:

a dimmer configured to generate controlled AC power

according to a selected dimming level;

a rectifying unit configured to full-wave rectify the con-
trolled AC power to generate a driving voltage;

a dimming level detecting unit configured to detect the
selected dimming level and output a detected dimming
level signal;

LED groups that each comprise at least one LED; and

an LED driving module configured to detect the voltage
level of the driving voltage and sequentially drive the
LED groups according to the detected voltage level, by
constantly controlling an LED driving current applied to
adriven LED group, based on the dimming level signal.

2. The dimmable AC driven LED illuminating apparatus of
claim 1, wherein the LED driving module determines a ref-
erence value of the LED driving current in proportion to a
magnitude of the dimming level signal and controls a maxi-
mum value of the LED driving current based on the deter-
mined reference value.

3. The dimmable AC driven LED illuminating apparatus of
claim 1, wherein the LED driving module is configured to
sequentially drive the LED groups by controlling a magnitude
of'the LED driving current, such that the LED driving current
has a different magnitude when applied to drive each of the
LED groups.

4. The dimmable AC driven LED illuminating apparatus of
claim 3, wherein the LED driving module increases the mag-
nitude of the LED driving current applied to each LED group,
until all the LEDs have been sequentially driven.

5. The dimmable AC driven LED illuminating apparatus of
claim 1, wherein the dimmer comprises a TRIAC dimmer.

6. The dimmable AC driven LED illuminating apparatus of
claim 5, further comprising a trigger current maintaining
circuit connected between the TRIAC dimmer and the recti-
fying unit and configured to allow a TRIAC trigger current to
flow to an AC power input or a rectified voltage output, or to
act as a dummy load.

7. The dimmable AC driven LED illuminating apparatus of
claim 6, wherein the trigger current maintaining circuit com-
prises a bleeder circuit.

8. The dimmable AC driven LED illuminating apparatus of
claim 5, further comprising an electromagnetic interference
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(EMI) filter connected between the dimmer and the rectifying
unit and configured to attenuate high frequency noise of the
phase-controlled AC power.

9. The dimmable AC driven LED illuminating apparatus of
claim 1, further comprising a surge protecting unit connected
to an output terminal of the rectifying unit.

10. The dimmable AC driven LED illuminating apparatus
of'claim 1, wherein the dimming level detecting unit averages
the driving voltage to detect the dimming level.

11. The dimmable AC driven LED illuminating apparatus
of claim 10, wherein the dimming level detecting unit com-
prises an RC integration circuit.

12. The dimmable AC driven LED illuminating apparatus
of claim 10, wherein the dimming level detecting unit further
comprises a voltage limiting circuit configured to limit the
driving voltage to a maximum voltage.

13. The dimmable AC driven LED illuminating apparatus
of claim 1, wherein the dimming level detecting unit is
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embedded as an rms converter in the LED driving module and
configured to convert the driving voltage into a direct current
(DC) signal.

14. The dimmable AC driven LED illuminating apparatus
of claim 1, wherein the LED driving module selectively
enables a dimming control function.

15. The dimmable AC driven LED illuminating apparatus
of claim 14, wherein the LED driving module comprises an
automatic sensing circuit configured to determine whether a
dimming circuit is connected, to automatically select whether
the dimming control function is enabled or disabled.

16. The dimmable AC driven LED illuminating apparatus
of claim 1, further comprising a driving voltage stabilizing
unit configured to decrease and stabilize the driving voltage
and supply the stabilized driving voltage to the LED driving
module.





