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POWER SUPPLY DEVICE FOR DRIVING
LIGHT EMITTING DIODE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the priority of Korean Patent
Application No. 10-2010-0067093 filed on Jul. 12, 2010, in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a power supply
device and, more particularly, to a power supply device for
driving a light emitting diode (LED) capable of controlling
the switching of multiple output powers, in synchronization
with the frequency of one of the multiple output powers and
simplifying a power conversion stage in supplying power for
driving an LED.

[0004] 2. Description of the Related Art

[0005] A power supply device has been widely used for
information devices such as a personal computer, and the like,
and home appliances such as an air-conditioner, an audio
system, a visual device, and the like.

[0006] The power supply device may provide a plurality of
output powers depending on the electronic devices to which
the power supply device is applied.

[0007] A general multi-power source supply device con-
verts an input DC power into an AC power through a single
transformer and then rectifies the converted AC power,
respectively, to output a plurality of DC powers. However, the
general multi-power source supply device has a problem in
that when a voltage level of a single DC power, among the
plurality of DC powers, is changed by the single transformer,
the remaining DC powers are affected, so cross-regulation is
therefore not maintained. To solve this problem, a step-down
chopper circuit (or a buck chopper circuit) is employed at an
output stage, but re-conversion of power by the step-down
chopper circuit after a primary power conversion degrades
power conversion efficiency and the presence of the step-
down chopper circuit increases the number of components,
resulting in an increase in fabrication costs.

[0008] In addition, when the power supply device is
employed to drive LEDs, a boost circuit (or a voltage step-up
circuit) or a buck circuit (or a voltage step-down circuit) is
required to compensate for a voltage deviation among the
LEDs after the primary power conversion, which also
degrades power conversion efficiency and increases the num-
ber of required components, thereby increasing fabrication
costs.

SUMMARY OF THE INVENTION

[0009] An aspect of the present invention provides a power
supply device for driving a light emitting diode (LED)
capable of controlling the switching of multiple output pow-
ers, in synchronization with the frequency of one of the mul-
tiple output powers and simplifying a power conversion stage
in supplying power for driving an LED.

[0010] According to an aspect of the present invention,
there is provided a power supply device for driving a light
emitting diode (LED), including: a power conversion unit
converting an input power into a plurality of first powers
according to a pre-set first conversion scheme and converting
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the input power into a second power according to a second
conversion scheme set to be different from the first conversion
scheme; a current balancing unit maintaining current balanc-
ing of the plurality of first powers from the power conversion
unit; an LED driving unit supplying the plurality of first
powers maintained in current balancing by the current bal-
ancing unit to a plurality of LED units, respectively, and
detecting a power and a current supplied to the LED units; an
operating unit performing a pre-set operation upon receiving
the second power from the power conversion unit; a feedback
unit having a first feedback unit feeding back a detection
signal from the LED driving unit and a second feedback unit
feeding back a detection signal detecting the voltage of the
second power supplied to the operating unit; and a power
conversion controller controlling a power conversion switch-
ing frequency of the plurality of first powers of the power
conversion unit according to the detection signal from the
feedback unit and controlling the duty of the second power of
the power conversion unit, in synchronization with the power
conversion switching frequency.

[0011] The first feedback unit may be a first photocoupler
transferring a second detection signal detecting a current level
flowing across the LED units from the LED driving unit and
a voltage level of the first power supplied to the LED driving
unit, to the power conversion controller, and the second feed-
back unit may be a second photocoupler transferring a second
detection signal detecting a voltage level of the second power
supplied to the operating unit, to the power conversion con-
troller.

[0012] The power conversion controller may control a con-
stant current of the first power and control a constant voltage
of the second power.

[0013] The power conversion controller may include: a fre-
quency controller controlling the power conversion switching
frequency according to results obtained by comparing a volt-
age level of the first detection signal and a voltage level of a
pre-set first reference voltage; a saw-tooth wave generation
unit generating a saw-tooth wave according to the power
conversion switching frequency from the frequency control-
ler; a duty controller controlling a switching duty of the power
conversion circuit by comparing an error between a voltage
level of the second detection signal and that of a pre-set
second reference voltage and the saw-tooth wave from the
saw-tooth wave generation unit; and a switching controller
providing first and second switching signals controlling the
alternate switching of the power conversion circuit.

[0014] The frequency controller may include: a first error
amplifier comparing the voltage level of the first detection
signal and that of the pre-set first reference voltage and ampli-
fying the comparison result according to a pre-set amplifica-
tion rate; a first resistor setting an amplification rate of the first
error amplifier according to a pre-set resistance value; and a
frequency setting unit setting the power conversion switching
frequency according to the comparison result amplified by
the first error amplifier.

[0015] The duty controller may include: a second error
amplifier comparing the voltage level of the second detection
signal and that of the pre-set second reference voltage and
amplifying the comparison result according to a pre-set
amplification rate; a second resistor setting an amplification
rate of the second error amplifier according to a pre-set resis-
tance value; a comparator comparing the comparison result
amplified by the second error amplifier and a voltage level of
the saw-tooth wave from the saw-tooth wave generation unit;
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and a duty setting unit setting a switching duty of the power
conversion unit according to the comparison result from the
comparator.

[0016] The conversion unit may include: a switching unit
having first and second switches alternately switched under
the control of the power conversion controller; a conversion
unit converting power switched by the switching unit into
power having a voltage level determined according to a pre-
set winding ratio, respectively; and a rectifying unit rectifying
power converted by the conversion unit to output the second
power.

[0017] The conversion unit may be an LLC resonance type
conversion unit having a resonance capacitor and a resonance
inductor connected in series to power input terminals of the
first and second switches and a magnetized inductor con-
nected in parallel to the first and second switches.

[0018] Theconversionunit may include: a primary winding
(or a primary coil) receiving switched power from the switch-
ing unit; a first secondary winding group (or a first secondary
coil group) having a plurality of first secondary windings
converting a voltage level of received power according to a
winding ratio formed as the first secondary winding group is
electromagnetically coupled to the primary winding, and out-
putting the first power; and a second secondary winding con-
verting a voltage level of received power according to a wind-
ing ratio formed as the second secondary winding is
electromagnetically coupled to the primary winding, and out-
putting the second power.

[0019] The conversion unit may include: a first primary
winding connected in parallel to the first switch of the switch-
ing unit; a second primary winding connected in parallel to
the second switch of the switching unit; a first secondary
winding group having a plurality of first secondary windings
converting a voltage level of received power according to a
winding ratio formed as the first secondary winding is elec-
tromagnetically coupled to the first primary winding, and
outputting the first power; and a second secondary winding
converting a voltage level of received power according to a
winding ratio formed as the second secondary winding is
electromagnetically coupled to the second primary winding,
and outputting the second power.

[0020] The current balancing unit may rectify each of driv-
ing powers from the power conversion unit and maintain
current balancing among driving powers of the plurality of
secondary windings according to the charge balance law.
[0021] The rectifying unit may include at least one rectifier
group having at least two rectifiers, and each of the at least two
rectifiers may provide power to the plurality of LED units and
may have one capacitor to maintain current balancing in
power supplied to the plurality of corresponding LED units
according to the charge balance law.

[0022] The plurality of LED units may include a first LED
lamp, a second LED lamp, a third LED lamp, and a fourth
LED lamp, the power conversion unit may include at least one
primary winding receiving switched power and a first second-
ary winding group having a plurality of first secondary wind-
ings forming a winding ratio with the at least one primary
winding to output the plurality of first powers, respectively,
and the at least one rectifier group may include: a first rectifier
rectifying driving power from a first first secondary winding
of the first secondary winding group and supplying the driv-
ing power in a current balance maintained state to the firstand
second LED lamps; and a second rectifier rectifying driving
power from a second first secondary winding of the first
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secondary winding group and supplying the driving power in
a current balance maintained state to the third and fourth LED
lamps.

[0023] The first rectifier may include: a first capacitor con-
nected in series to one end of the first first secondary winding
and maintaining current balancing between negative driving
power and positive driving power from the first first second-
ary winding according to the charge balance law; a first rec-
tifying diode group rectifying driving power from the first
capacitor; and first and second stabilization capacitors con-
nected in series to a corresponding LED lamp among the first
and second LED lamps to stabilize supplied driving power,
and the second rectifier may include: a second capacitor con-
nected in series to one end of the second first secondary
winding and maintaining current balancing between negative
driving power and positive driving power from the second
secondary winding; a second rectifying diode group rectify-
ing driving power from the second capacitor; and third and
fourth stabilization capacitors connected in parallel to a cor-
responding LED lamp among the third and fourth LED lamps
to stabilize provided driving power.

[0024] The first and second rectitying diode groups may
include first to fourth rectifying diodes, respectively, the first
or second capacitor may be electrically connected in series
between one end of'the first or second first secondary winding
and an anode of the first rectitying diode, the anode of the first
rectifying diode may be electrically connected to the first or
second capacitor and a cathode of the third rectifying diode, a
cathode of the first rectifying diode may be electrically con-
nected to one end of the second or fourth stabilization capaci-
tor and one end of the second or fourth LED lamp, a cathode
of the second rectifying diode and an anode of the fourth
rectifying diode may be electrically connected to the other
end of the first or second first secondary winding, a cathode of
the fourth rectifying diode may be electrically connected to
one end of the first or third stabilization capacitor and one end
of'the first or third LED lamp, and the other end of the first to
fourth stabilization capacitors, the other ends of the first to
fourth LED lamps, and anodes of the second and third recti-
fying diodes may be grounded.

[0025] The first and second rectitying diode groups may
include first and second rectifying diodes, respectively, the
first or second capacitor may be electrically connected in
series between one end of the first or second first secondary
winding and the anode of the second rectifying diode, the
anode of the first rectifying diode may be electrically con-
nected to the other end of the first or second secondary wind-
ing, the cathode of the first rectifying diode may be electri-
cally connected to one end of the first or third stabilization
capacitor and one end of each of the first to third LED lamps,
the anode of the second rectifying diode may be electrically
connected together with the first or second capacitor to the
other end of the first or third stabilization capacitor and the
other end of each of the first to third LED lamps, the cathode
of the second rectifying diode may be electrically connected
to one end of the second or fourth stabilization capacitor and
one end of each of the second to fourth LED lamps, and the
other end of the second or fourth stabilization capacitor and
the other end of each of the second and fourth LED lamps may
be electrically connected to the other end of first or second
first secondary winding.

[0026] The first rectifier may include: a first capacitor con-
nected in series to a center tap of the first first secondary
winding of the first secondary winding group and maintaining
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current balancing between negative driving power and posi-
tive driving power from the first first secondary winding
according to the charge balance law; a first rectifying diode
group rectifying driving power from the first capacitor; and
first and second stabilization capacitors connected in parallel
to a corresponding LED lamp among the first and second
LED lamps to stabilize supplied driving power, the second
rectifier may include: a second capacitor connected in series
to a center tap of the second first secondary winding of the
first secondary winding group and maintaining current bal-
ancing between negative driving power and positive driving
power from the second first secondary winding according to
the charge balance law; a second rectifying diode group rec-
tifying driving power from the second capacitor; and third
and fourth stabilization capacitors connected in parallel to a
corresponding LED lamp among the third and fourth LED
lamps to stabilize supplied driving power, the first and second
rectifying diode groups may include first and second rectify-
ing diodes, respectively, the first or second capacitor may be
electrically connected in series between the center tap of the
first or second secondary winding and a ground, the anode of
the first rectifying diode may be electrically connected to one
end of the first or second secondary winding, the cathode of
the first rectifying diode may be electrically connected to one
end of the first or third stabilization capacitor and one end of
each of the first and third LED lamps, the anode of the second
rectifying diode may be electrically connected to the other
end of the first or second first secondary winding, the cathode
of the second rectifying diode may be electrically connected
to one end of the second or fourth stabilization capacitor and
one end of each of the second and fourth LED lamps, and the
other end of each of the first to fourth stabilization capacitors
and the other end of each of the first to fourth LED lamps may
be grounded.

[0027] The number of windings of each of the first second-
ary windings of the first secondary winding group may be the
same.

[0028] Each of the plurality of LED units may include at
least one LED, at least one LED row in which a plurality of
LEDs are connected in series, or a plurality of LED rows
connected in parallel to each other.

[0029] The rectifying unit may include a plurality of recti-
fying groups.
[0030] The current balancing unit may transfer the plurality

of first powers from the power conversion unit to each of the
LED units such that power of a half period of the plurality of
first powers is transferred to the odd numbered LED units
among the plurality of LED units and power of the other
remaining half period of the plurality of first powers is trans-
ferred to the even numbered LED units among the plurality of
LED units according to a switching period of the power
conversion unit, and maintain current balancing between the
power of the half period and the power of the other remaining
half period of the plurality of first powers according to the
charge balance law.

[0031] The power conversion unit may include a first sec-
ondary winding group having at least one primary winding
receiving switched power and a plurality of first secondary
windings electromagnetically coupled to the at least one pri-
mary winding to output the plurality of powers according to
the winding ratio, and the current balancing unit may include
aplurality of capacitors electrically connected to the plurality
of first secondary windings, respectively, to maintain current
balancing according to the charge balance law; and a path
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providing unit providing an electrical connection path of
power transferred from the current balancing unit to the plu-
rality of LED units according to each half period of the
plurality of first powers from the power conversion unit.

[0032] The path providing unit may include: a first diode
group having a plurality of diodes each having a cathode
connected to one end of each of the plurality of LED units; a
second diode group having a plurality of diodes which are
matched in a one-to-one manner to the plurality of diodes of
the first diode group and have a cathode connected to an anode
of'each of the plurality of diodes of the first diode group; and
a third diode group having a plurality of diodes which are
matched in a one-to-one manner to the plurality of diodes of
the second diode group and have a cathode connected to an
anode of each of the plurality of diodes of the second diode
group and an anode connected to a ground.

[0033] A first first secondary winding of the plurality of
first secondary windings may be electrically connected
between anodes of the first and second diodes among the
plurality of diodes of the first diode group, and a second first
secondary winding of the plurality of the first secondary
windings may be electrically connected between anodes of
the second and third diodes among the plurality of diodes of
the second diode group.

[0034] A third first secondary winding of the plurality of
first secondary windings may be electrically connected
between anodes of the third and fourth diodes among the
plurality of diodes of the first diode group, a fourth first
secondary winding of the plurality of the first secondary
windings may be electrically connected between anodes of
the fourth and fifth diodes among the plurality of diodes of the
second diode group, the connection relationship between the
plurality of first secondary windings and the plurality of
diodes of the first diode group or the plurality of diodes of the
second diode group is repeated, and the last first secondary
winding of the plurality of first secondary windings may be
electrically connected between anodes of the last diode and
the first diode of the plurality of diodes of the second diode
group.

[0035] The first capacitor of the plurality of capacitors may
be electrically connected between one end of the first first
secondary winding and the anode of the second diode of the
first diode group, and the second capacitor of the plurality of
capacitors may be electrically connected between one end of
the second first secondary winding and the anode of the third
diode of the second diode group.

[0036] The third capacitor of the plurality of capacitors
may be electrically connected between one end of the third
first secondary winding and the anode of the fourth diode of
the first diode group, the second capacitor of the plurality of
capacitors may be electrically connected between one end of
the second first secondary winding and the anode of the fifth
diode of the second diode group, the connection relationship
of each of the plurality of capacitors between one end of the
secondary winding and the anode of the diode of the first or
second diode group is repeated, and the last capacitor of the
plurality of capacitors may be electrically connected between
one end of the last secondary winding and the anode of the
first diode of the second diode group.

[0037] A start point of the primary winding and those of the
plurality of first secondary windings may be the same.
[0038] Each of the plurality of LED units may include at
least one LED, at least one LED row in which a plurality of
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LEDs are connected in series, or a plurality of LED rows
connected in parallel to each other.

[0039] The LED driving unit may further include: a detec-
tion unit detecting current flowing across each of the plurality
of LED units.

[0040] The detection unit may include: at least one switch
electrically connected in series to at least one LED or at least
one LED row of each of the plurality of LED units; at least one
resistor electrically connected in series to the at least one
switch; and a comparator comparing a detected current detec-
tion value and a pre-set reference value.

[0041] The detection unit may transfer a detection value
having the lowest value among currents flowing across the
plurality of LED units to the feedback unit.

[0042] The power supply device may further include: a
filter unit removing electromagnetic interference included in
commercial AC power; a rectifying unit rectifying the filtered
power from the filter unit; and a power factor correction unit
correcting a power factor of the rectified power from the
rectifying unit and transferring the same as the input power to
the power conversion unit.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] The above and other aspects, features and other
advantages of the present invention will be more clearly
understood from the following detailed description taken in
conjunction with the accompanying drawings, in which:
[0044] FIG. 1 is a schematic block diagram of a power
supply device according to an exemplary embodiment of the
present invention;

[0045] FIG. 2 is a schematic view showing an internal
constitution of a power conversion controller employed for
the power supply device according to an exemplary embodi-
ment of the present invention;

[0046] FIG. 3 is a schematic block diagram of a power
supply device according to another exemplary embodiment
of the present invention;

[0047] FIG. 4 illustrates operational waveforms of a major
part of the power supply device according to an exemplary
embodiment of the present invention;

[0048] FIG. 5 is a schematic view showing an internal
constitution of a current balancing unit employed for the
power supply device according to an exemplary embodiment
of the present invention;

[0049] FIGS. 6(a) and 6(b) illustrate examples of rectifiers
employed for the current balancing unit according to an
exemplary embodiment of the present invention;

[0050] FIGS. 7a and 75 illustrate operations of the current
balancing unit of FIG. 5;

[0051] FIG. 8 is a schematic view showing an internal
constitution of a current balancing unit employed for the
power supply device according to another exemplary
embodiment of the present invention; and

[0052] FIGS. 9a and 95 illustrate operations of the current
balancing unit of FIG. 8.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0053] Exemplary embodiments of the present invention
will now be described in detail with reference to the accom-
panying drawings. The invention may, however, be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. Rather, these
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embodiments are provided so that this disclosure will be
thorough and complete, and will fully convey the scope of the
invention to those skilled in the art. In the drawings, the
shapes and dimensions may be exaggerated for clarity, and
the same reference numerals will be used throughout to des-
ignate the same or like components.

[0054] FIG. 1 is a schematic block diagram of a power
supply device according to an exemplary embodiment of the
present invention.

[0055] With reference to FIG. 1, the power supply device
100 for driving a light emitting diode (LED) may include a
filter unit 110 canceling electromagnetic interference (EMI)
included in commercial AC power, a rectifying unit 120 rec-
tifying the filtered power from the filter unit 110, a power
factor correction unit 130 correcting a power factor by cor-
recting a phase difference between the current and voltage of
the rectified power from the rectifying unit 120, a power
conversion unit 140, an LED driving unit 150, an operating
unit 160, a power conversion controller 170, a feedback unit
180, and a current balancing unit 190.

[0056] The power conversion unit 140 may include a
switching unit 141, a conversion unit 142, and a rectifying
unit 143.

[0057] The switching unit 141 may include first and second
switches M1 and M2 electrically connected in series and
connected in parallel to an input DC power terminal and
alternately switched according to switching signals sw1 and
sw2 from the power conversion controller 170. The switched
AC power from the switching unit 141 is transferred to the
conversion unit 142.

[0058] The conversion unit 142 may be an LL.C resonance
type conversion unit including a resonance type capacitor Cr
and a resonance type inductor Lr connected in series, and a
magnetized inductor Lm connected in parallel to the first and
second switches M1 and M2. In addition, the conversion unit
142 may be a single transformer having a primary winding
L1, having a pre-set winding ratio, a first secondary winding
group L2 including a plurality of first primary windings, and
a second secondary winding [.3. The foregoing magnetized
inductor Lm may be configured only with leakage inductance
of the foregoing transformer. Here, the first secondary wind-
ing group [.2 and the second secondary winding [.3 of the
conversion unit 142 may output independent power, respec-
tively.

[0059] The switched AC power from the switching unit 142
is converted into AC power having a voltage level according
to a pre-set winding ratio of the conversion unit 142 and then
transferred to the rectifying unit 143.

[0060] The rectifying unit 143 rectifies the AC power from
the conversion unit 142 and outputs second power Vo2. In this
case, a rectifying element of the rectifying unit 143 may be
configured as having at least one diode to perform a half-wave
rectification on the AC power, or may be configured as a
bridge diode including a plurality of diodes to perform a full
wave rectification on the AC power. The second power Vo2
from the rectifying unit 143 may be transferred to the oper-
ating unit 160 which performs a pre-set operation.

[0061] Uponreceiving the second power Vo2, the operating
unit 160 performs a pre-set operation. For example, when the
power supply device for driving an LED according to an
exemplary embodiment of the present invention is employed
for a display device, the operating unit 160 may perform an
operation to provide an image, a sound, and the like, required
for the display device.
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[0062] The switched AC power from the switching unit 141
is converted into a plurality of AC powers having a voltage
level according to the pre-set winding ratio through the first
secondary winding group 1.2 of the conversion unit 142 and
also transferred to the current balancing unit 190.

[0063] The current balancing unit 190 rectifies the plurality
of AC powers, maintains current balancing, and supplies the
rectified AC powers to a plurality of LED units 151 of the
LED driving unit 150, respectively. The current balancing
unit 190 will be described in more detail later.

[0064] The LED driving unit 150 may include the plurality
of LEDs 151 and a detection unit 152.

[0065] The plurality of LED units 151 may emit light upon
receiving the plurality of first powers Vol from the current
balancing unit 190, and in this case, the plurality of first
powers Vol are directly transterred to the plurality of LED
unit 151 without a boost circuit (or a voltage step-up circuit)
or a buck circuit (or a voltage step-down circuit). Each of the
plurality of LED units 151 may include at least one LED or an
LED array in which a plurality of LEDs are connected in
series.

[0066] The detection unit 152 may include a switch (S), a
resistor (R), and a comparator OP.

[0067] Each of the plurality of LED units 151 may be
connected in series to the switch (S), and the switch (S) may
be switched to supply current to the plurality of LED units
151 or cut off a current supply to the plurality of LED units
151. Thus, the switch (S) may control dimming by controlling
the supply of current flowing across the plurality of LED units
151. Atleast one resistor (R) is connected between the switch
(S) and a ground to detect current flowing across the plurality
of LED units 151, as a voltage value. The comparator OP may
compare the detected voltage value with a pre-set reference
value and transfer the comparison result to the feedback unit
180.

[0068] The feedback unit 180 may include a first photocou-
pler 181 and a second photocoupler 182. The detection result
from the LED driving unit 150 may be transferred to the first
photocoupler 181. In this case, a voltage level of the first
power Vol supplied to the LED driving unit 150 and a current
level flowing across the plurality of LED units 151 may be
detected and transferred to the first photocoupler 181.

[0069] The second photocoupler 182 may receive a status
value of the second power Vo2 supplied to the operating unit
160.

[0070] The power conversion controller 170 may control a
power conversion operation of the power conversion unit 140
on the basis of the detection signal from the feedback unit
180.

[0071] The power conversion controller 170 may control
the power conversion operation of the power conversion unit
140 to control constant current of the first and second powers
Vo1 and Vo2 according to the detection signal from the feed-
back unit 180.

[0072] The power conversion controller 170 includes a fre-
quency controller 171 receiving a first detection signal from
the first photocoupler 181, a saw-tooth wave generation unit
172, a duty controller 173 receiving a first detection signal
from the second photocoupler 182, and a switching controller
174. A detailed configuration of the foregoing power conver-
sion controller 170 will now be described with reference to
FIG. 2.
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[0073] FIG. 2 is a schematic view showing an internal
constitution of a power conversion controller employed for
the power supply device according to an exemplary embodi-
ment of the present invention.

[0074] The frequency controller 171 of the power conver-
sion controller 170 includes a first error amplifier 171a ampli-
fying an error between a voltage level of the first detection
signal from the first photocoupler 181 and that of a pre-set
first reference voltage Vrefl, a first resistor 1715 setting an
error amplification rate of the first error amplifier 171a
according to a pre-set resistance value, and a frequency set-
ting unit 171 ¢ setting the frequency according to the compari-
son result from the first error amplifier 171a. A frequency
signal from the frequency setting unit 171c¢ is transferred to
the saw-tooth wave generation unit 172.

[0075] The saw-tooth wave generation unit 172 generates a
saw-tooth wave in synchronization with the frequency signal
from the frequency setting unit 171¢. The saw-tooth wave is
transferred to the duty controller 173.

[0076] The duty controller 173 includes a second error
amplifier 173a amplifying an error between the voltage level
of the second detection signal from the second photocoupler
182 and the voltage level of the pre-set second reference
voltage Vref2, a second resistor 1735 setting an error ampli-
fication rate of the second error amplifier 173a according to a
pre-set resistance value, a comparator 173¢ comparing the
voltage level of the comparison result of the second error
amplifier 173a and the voltage level of the saw-tooth wave
from the saw-tooth wave generation unit 172, and a duty
setting unit 1734 setting a switching duty according to the
comparison result from the comparator 223. A duty signal
from the duty setting unit 1734 is transferred to the switching
controller 174.

[0077] The switching controller 174 transfers first and sec-
ond switching signals sw1 and sw2 for controlling switching
of'the first and second switches M1 and M2 to the switching
unit 110 according to the duty signal from the duty setting unit
1734d.

[0078] FIG. 3 is a schematic block diagram of a power
supply device for driving an LED according to another exem-
plary embodiment of the present invention.

[0079] Only the configuration of the power conversion unit
240 of the power supply device 200 for driving an LED
according to another exemplary embodiment of the present
invention is different from the power supply device 100 illus-
trated in FIG. 1. Thus, an internal configuration and detailed
description of the a filter unit 210, a rectifying unit 220, a
power factor correction unit 230, first and second LED drivers
250 and 260, a power conversion controller 270, and a feed-
back unit 280 will be omitted.

[0080] The switching unit 241 of the power conversion unit
240 transfers power switched according to alternate switch-
ing of the first and second switches M1 and M2 to first and
second conversion units 242 and 243. The first and second
conversion units 242 and 243 may be LLC resonance type
conversion units including resonance type capacitors Crl and
Cr2 connected in series, resonance type inductors Lrl and L.r2
connected in series, and magnetized inductors Lm1 and Lm2
connected in parallel to the first and second switches M1 and
M2, respectively. In addition, first and second conversion
units 242 and 243 may include two transformers having pri-
mary windings [.1 and .3 and secondary windings [.2 and .4
each having a pre-set winding ratio. The foregoing magne-
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tized inductors Lml and Lm2 may be configured by the
leakage inductance of the foregoing transformer.

[0081] Switched AC power from the switching unit 241 is
converted into AC power having a voltage level according to
apre-set winding ratio of the first and second conversion units
242 and 243 and transferred to the rectifying unit 244 and a
current balancing unit 290.

[0082] The rectifying unit 244 rectifies the AC power from
the second conversion unit 243 and outputs the second power
Vo2. In this case, a rectifying element of the rectifying unit
244 may be configured as at least one diode to perform a
half-wave rectification on the AC power, or may be config-
ured as a bridge diode including a plurality of diodes to
perform a full wave rectification on the AC power. The second
power Vo2 from the rectifying unit 244 may be transferred to
the operating unit 260.

[0083] FIG. 4 illustrates waveforms of a major part of the
power supply device for driving an LED according to an
exemplary embodiment of the present invention.

[0084] The operation of the power supply device for driv-
ing an LED according to an exemplary embodiment of the
present invention will now be described in detail with refer-
ence to FIGS. 2 to 4. Here, the power supply device for
driving an LED illustrated in FIG. 3 has been described, and
the difference between the power supply devices of FIGS. 2
and 3 lies in that the power conversion unit includes one
transformer or two transformers and the power supply device
of FIG. 2 is the same as that of FIG. 3 except for a current Ipri2
introduced into the primary winding [.3 of the second con-
version unit 243. Thus, the following description will be
based on the power supply device illustrated in FIG. 3.
[0085] First, the first and second switches M1 and M2 are
alternately switched according to a switching of the power
conversion controller 270, so as to be operated at duties of D,
and 1-D, respectively. Accordingly, when the first and second
switches M1 and M2 are switched off, voltages Vds1 and
Vds2 are applied to the first and second switches M1 and M2.
[0086] As the voltage applied to the primary winding .1 of
the first conversion unit 242 is controlled by regulating a
charged voltage of the first resonance type capacitor Crl
through the alternative ON/OFF switching of the foregoing
first and second switches M1 and M2, the plurality of first
powers Vol are formed through the first secondary winding
group L2 of the first conversion unit 242 and the current
balancing unit 290.

[0087] In this case, the first DC power Vol is precisely
formed through a frequency controller 271 that modulates a
switching frequency.

[0088] Also, as the voltage applied to the primary winding
L3 of the second conversion unit 243 is controlled by regu-
lating a charged voltage of the second resonance type capaci-
tor Cr2 through the alternative ON/OFF switching of the first
and second switches M1 and M2, the second power Vo2 is
formed through the second secondary winding group L4 of
the second conversion unit 243 and the diode of the rectifying
unit 244.

[0089] A multi-output DC/DC converter according to an
exemplary embodiment of the present invention includes the
frequency converter 271 controlling an output voltage on the
basis of the first detection signal and a duty controller 273
controlling an output voltage on the basis of the second detec-
tions signal.

[0090] Here, the duty controller 273 that performs pulse
width modulation is synchronized with the switching fre-
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quency of the frequency controller 271 changing on the basis
of the first power Vol, so switching frequency and the pulse
width modulation take place simultaneously.

[0091] The frequency controller 271 of the power conver-
sion controller 270 compares the voltage level of the first
detection signal from the first photocoupler and the voltage
level of the pre-set first reference voltage Vref1 through a first
error amplifier 1714, and transfers a frequency signal having
the frequency varying according to the comparison results to
the saw-tooth wave generation unit 272 through the fre-
quency setting unit 171c.

[0092] The saw-tooth wave generation unit 272 forms a
saw-tooth wave synchronized with the varying frequency of
the frequency signal. The duty controller 273 compares the
voltage level of the second detection signal from the second
photocoupler 282 and the pre-set second reference voltage
Vref2 through the second error amplifier 173a and compares
the error results from the second error amplifier 173a and the
saw-tooth wave from the saw-tooth wave generation unit 272
to form a duty signal through the duty setting unit 1734, and
then transfers the duty signal to the switching controller 274.
The switching controller 274 transfers the first and second
switching signals swl and sw2 to the switching unit 241
according to the duty signal to control the switching of the
first and second switches M1 and M2.

[0093] Inmore detail, as the voltage applied to the primary
winding .1 of the first conversion unit 242 is controlled by
regulating a charged voltage of the first resonance type
capacitor Crl through the alternative ON/OFF switching of
the foregoing first and second switches M1 and M2, the
plurality of first powers Vol are formed through the first
secondary winding group [.2 of the first conversion unit 242
and the current balancing unit 290.

[0094] Inthis case, when the voltage level of the first power
Vol is desired to be increased, the switching frequency is
adjusted down through the frequency controller 271 that
modulates a switching frequency, and in this case, when the
switching frequency is reduced, a voltage gain is increased in
terms of the characteristics of the LLC resonance type, so the
voltage level of the first power Vol is increased.

[0095] Here, each of the plurality of first secondary wind-
ings [.2-1 to [.2-» is connected to a capacitor (not shown) of
the current balancing unit 290, so that when the duty, which is
generated on the basis of the second power Vo2, is unbal-
anced, a phenomenon in which the resonance current gener-
ated from the first conversion unit 242 passes through the path
of only the diode of the current balancing unit 290 can be
eliminated. Namely, the plurality of first secondary windings
[.2-1 to [.2-n connected to the capacitor of the current bal-
ancing unit 290 prevent a half-wave rectification due to the
unbalanced duty.

[0096] Meanwhile, when the voltage level of the second
power Vo2 is changed according to a change in the load of the
second power Vo2, a duty-ON period of the switch having a
direct connection with the second power Vo2 is controlled.
Here, an operation duty (D) having a direct connection with
the second power Vo2 is applied to the first switch M1. When
the voltage level of the second power Vo2 is increased, the
operation duty (D) is reduced due to the controlling of pulse
width modulation, but because of this, the switching fre-
quency is not changed. Thus, even when the operation duty
(D) is adjusted by adjusting the voltage level of the second
power Vo2, the voltage level of the first power Vol is not
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changed. Namely, the first power Vo1 and the second power
Vo2 are independently controlled.

[0097] FIG. 5 is a schematic view showing an internal
constitution of the current balancing unit employed for the
power supply device according to an exemplary embodiment
of the present invention.

[0098] The current balancing unit 190 will now be
described in detail with reference to FIG. 5.

[0099] The current balancing unit 190 may include a plu-
rality of rectifiers 121 to 12N (N is a natural number). For
example, the plurality of rectifiers may be at least two recti-
fiers 121 and 122, or without being limited thereto, the recti-
fiers may be four or six rectifiers matched in a one-to-one
manner to the number of secondary windings of the plurality
of secondary windings as described above. The plurality of
rectifiers 121 to 12N have the same configuration, so the
rectifier configuration in the case that two rectifiers 191 and
192 are included will now be described.

[0100] The first and second rectifiers 121 and 122 may be
electrically connected to the first and second secondary wind-
ings [.2-1 and [.2-2 of the first secondary winding group [.2.
[0101] The first and second rectifiers 121 and 122 may
include capacitors C1 and C2, rectifying diode groups D1 to
D8, and stabilization capacitors Col to Co4, respectively.
[0102] Namely, the first rectifier 121 includes the first
capacitor C1 electrically connected in series between one end
of the first first secondary winding 1.2-1 and the rectifying
diode group D1-DA4, a first rectifying diode group having the
first to fourth rectifying diodes D1-D4, and first and second
stabilization capacitors Col and Co2 supplying rectified
power to each of the LED units LED1 and LED2.

[0103] Similarly, the second rectifier 122 includes the sec-
ond capacitor C2 electrically connected in series between one
end of the second first secondary winding 1.2-2 and the rec-
tifying diode group D5-D8, a second rectifying diode group
having the first to fourth rectifying diodes D5-D8, and third
and fourth stabilization capacitors Co3 and Co4 supplying
rectified power to each of the LED units LED3 and LED4.
[0104] In detail, the first capacitor C1 is electrically con-
nected in series between one end of the first first secondary
winding [.2-1 and an anode of the first rectifying diode D1,
the anode of the first rectifying diode D1 is electrically con-
nected to the first capacitor C1 and a cathode of the third
rectifying diode D3, a cathode of the first rectifying diode D1
is electrically connected to one end of the second stabilization
capacitor Co2 and one end of the second LED lamp LED2, a
cathode of the second rectifying diode D2 and an anode of the
fourth rectifying diode D4 are electrically connected with the
other end of the first first secondary winding 1.2-1, a cathode
of the fourth rectifying diode D4 is electrically connected to
one end of the first stabilization capacitor Col and one end of
the first LED lamp LED1, and the other ends of the first and
second stabilization capacitors Col and Co2, the other ends
of the first and second LEDs LED1 and LED2, and anodes of
the second and third rectifying diodes D2 and D3 are
grounded.

[0105] Similarly, the second capacitor C2 is electrically
connected in series between one end of the second first sec-
ondary winding [.2-2 and an anode of the first rectifying diode
D5, the anode of the first rectifying diode D5 is electrically
connected to the second capacitor C2 and a cathode of the
third rectifying diode D7, a cathode of the first rectifying
diode D5 is electrically connected to one end of the fourth
stabilization capacitor Co4 and one end of the fourth LED
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lamp LEDA4, a cathode of the second rectifying diode and an
anode of the fourth rectifying diode D8 are electrically con-
nected with the other end of the second first secondary wind-
ing [.2-2, a cathode of the fourth rectifying diode D8 is
electrically connected to one end of the third stabilization
capacitor Co2 and one end of the third LED lamp LED3, and
the other ends of the third and fourth stabilization capacitors
Co3 and Cod, the other ends of the third and fourth LED
lamps LED3 and LED4, and anodes of the second and third
rectifying diodes D6 and D7 are grounded.

[0106] The rectifiers 121 to 12N included in the rectifying
unit 120 may have various configurations.

[0107] FIGS. 6(a) and 6(b) show various embodiments of
the rectifiers employed for the current balancing unit.

[0108] As discussed above, the configurations of the plu-
rality of rectifiers 121 to 12N are the same, so the embodiment
of one of the rectifiers will now be described.

[0109] With reference to FIG. 6(a), the rectifying diode
group of the rectifier includes first and second rectifying
diodes D1 and D2, the first capacitor C1 is electrically con-
nected in series between one end of the first first secondary
winding [.2-1 and the anode of the second rectifying diode
D2, the anode of the first rectifying diode D1 is electrically
connected to the other end of the first first secondary winding
[.2-1, the cathode of the first rectifying diode D1 is electri-
cally connected to one end of the first stabilization capacitor
Co1 and one end of the first LED unit LED1, the anode ofthe
second rectifying diode D2 is electrically connected to the
other end of the first stabilization capacitor Col and the other
end of the first LED unit LED1 along with the first capacitor
C1, the cathode of the second rectifying diode D2 is electri-
cally connected to one end of the second stabilization capaci-
tor Co2 and one end of the second LED lamp LED2, and the
other end of the second stabilization capacitor Co2 and the
other end of the second LED unit LED2 are electrically con-
nected to the other end of the first first secondary winding
L2-1.

[0110] With reference to FIG. 6(b), the first first secondary
winding [.2-1 is dividedly-wound (I.2-14,1.2-15) to have a
center tap, the first capacitor C1 is connected in series
between the center tap of the first first secondary winding
[.2-1 and a ground, the first rectifying diode group includes
first and second rectifying diodes D1 and D2, the anode of the
first rectifying diode D1 is electrically connected to one end
of the first first secondary winding 1.2-1, the cathode of the
first rectifying diode D1 is electrically connected to one end
of'the first stabilization capacitor Col and one end of the first
LEDunit LED1, the anode of the second rectifying diode D2
is electrically connected to the other end of the first first
secondary winding [.2-1, the cathode of the second rectifying
diode D2 is electrically connected to one end of the second
stabilization capacitor Co2 and one end of the second LED
unit LED2, and the other ends of the first and second stabili-
zation capacitors Col and Co2 and the other ends of the first
and second LED units LED1 and LED2 are grounded.
[0111] The plurality of first secondary windings [ may
include at least two secondary windings, and may include
secondary windings in multiples of 2, such as four, six and
eight secondary windings. In addition, the number of wind-
ings of each of the secondary windings may be equal. Thus,
each of the plurality of first secondary windings [.2-1to [.2-»
is electromagnetically coupled with the primary winding [.1
equally, so current balancing can be made among power
outputs from the respective first secondary windings.
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[0112] This will now be described in more detail with ref-
erence to the accompanying drawings.

[0113] FIGS. 7a and 75 illustrate operations of the current
balancing unit of FIG. 5.

[0114] Asshown in FIGS. 7a and 754, the current flowing in
the primary winding .1 according to the switching of the
switching unit 141 flows in a forward direction (FIG. 7a) and
in a reverse direction (FIG. 7b) alternately. In this case, when
the winding numbers of the first and second first secondary
windings [.2-1 and [.2-2 are equal, in the case of the forward
direction, the currents (Isec1_P,Isec2_P) of positive power of
the first and second first secondary windings [.2-1 and [.2-2
can be approximately equal as represented by Numerical
formula 1 shown below:

Isecl_P=Isec2_P (*P Positive)

[0115] Similarly, in the case of the reverse direction, the
currents (Isec1_N,Isec2_N) of negative power of the first and
second first secondary windings [.2-1 and [.2-2 can be
approximately equal as represented by Numerical formula 2
shown below:

[Numerical formula 1]

Isecl_N=Isec2_ N (*N: Negative)

[0116] In this case, each rectifier may have one capacitor
C1 or C2, and as shown in FIGS. 7a and 75, the forward and
reverse current flow paths are formed and power supplied to
the first and third LED lamps LED1 and LED2 and power
supplied to the second and fourth LED lamps LED2 and
LED4 can be approximately equal, according to the charge
balance law of the capacitors C1 and C2 (The charge balance
law is a conventionally known art, so a detailed description
thereof will be omitted).

Isecl,2_P=Isecl,2 N

[Numerical formula 2]

[Numerical formula 3]
Isecl_P=Isec2_P=Isecl_N=Isec2 N

[0117] Namely, the current of the first power Vol supplied
to the first to fourth LED units LED1 to LED 4 can be
uniformly maintained.

[0118] In another embodiment of the foregoing configura-
tion, when one transformer includes N number of secondary
windings each having the same winding number, current bal-
ancing of driving power supplied to at least 2N number of
LED units can be maintained according to the charge balance
law of the N (N is a positive even number) number of capaci-
tors provided to be matched to the respective secondary wind-
ings, so a uniform current can flow to each of the LED lamps.

[0119] Asdescribed above, the secondary windings in mul-
tiples of two have the same winding number to thus maintain
the current balancing of the driving powers output from the
respective secondary windings, and also, the current balanc-
ing of the driving powers supplied to the at least two LED
lamps is maintained by the single capacitor. Thus, without
employing a DC/DC converter and a control terminal, which
have previously been necessarily employed for controlling
the constant current of LED lamps, the driving power can be
supplied to the LED lamps of multiple channels by the single
transformer, thus increasing power conversion efficiency and
reducing manufacturing costs and a product volume. In addi-
tion, because driving power is supplied to the LED lamps of
multiple channels by the single transformer and the current
balancing of the driving powers supplied to the respective
LED lamps is maintained, the constant current flowing at the
respective LED lamps can be controlled.

[Numerical formula 4]
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[0120] FIG. 8 is a schematic view showing an internal
constitution of a current balancing unit employed for the
power supply device according to another exemplary
embodiment of the present invention.

[0121] The current balancing unit 190 may include one
primary winding [L1, a plurality of first secondary windings
[2-1 to L.2-n, and a plurality of capacitors C1 to CN.

[0122] One primary winding [.1 may receive switched
power from the switching unit 141. The switched power from
the switching unit is AC power, so one period may include a
positive half period and a negative half period.

[0123] The plurality of first secondary windings [.2-1 to
[2-» may have a pre-set winding ratio with respect to the
primary winding [.1, and they may receive power from the
primary winding .1 according to the pre-set winding ratio
and transfer the received power to the plurality of LED units
151. A start point of the winding of the plurality of first
secondary windings [.2-1 to [.2-» and that of the primary
winding .1 may be the same.

[0124] Inthis case, the plurality of first secondary windings
[2-1 to L2-» may transfer power to different LED units
among the plurality of the LED units 151 during the positive
halfperiod and the negative half period, respectively. Namely,
the plurality of first secondary windings 1.2-1 to [.2-» may
transfer power to the odd numbered LED units among the
plurality of LED units 151 during the positive half period and
may transfer power to the even numbered LED units among
the plurality of LED units 151. Thus, preferably, the plurality
of LED units 151 are provided as an even number of LED
units 151.

[0125] Current balancing between the positive half period
and the negative half period of the power transferred by the
plurality of first secondary windings [.2-1 to L.2-» may be
based on the charge balance law of the plurality of capacitors
C1 to CN. Thus, the plurality of capacitors C1 to CN may be
electrically connected to the plurality of first secondary wind-
ings [.2-1 to [.2-» in a one-to-one manner.

[0126] The path providing unit may provide a power trans-
mission path of the plurality of first secondary windings [.2-1
to [.2-» as described above. To this end, the path providing
unit may include first to third diode groups 191,192, and 193.
The first to third diode groups 191 to 193 may include a
plurality of diodes, respectively.

[0127] The plurality of diodes of the first diode group 191
may be electrically connected to the plurality of LED units
151 in a one-to-one manner. Namely, the cathodes of the
plurality of diodes of the first diode group 191 may be elec-
trically connected to one end of each of the plurality of LED
units 151.

[0128] The plurality of diodes of the second diode group
192 may be connected in series to the plurality of diodes of the
first diode group 191 in a one-to-one manner, and the plurality
of diodes of the third diode group 193 may be connected in
series to the plurality of diodes of the second diode group 192
in a one-to-one manner.

[0129] Namely, the cathodes of the plurality of diodes of
the second diode group 192 may be electrically connected to
anodes of corresponding diodes among the plurality of diodes
of the first diode group 191, the cathodes of the plurality of
diodes of the third diode group 193 may be electrically con-
nected to anodes of corresponding diodes among the plurality
of diodes of the second diode group 192, and anodes of the
plurality of diodes of the third diode group 193 may be
grounded.
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[0130] The first to third diode groups 191 to 193 of the path
providing unit may be electrically connected to the plurality
of first secondary windings [.2-1 to [.2-% and the plurality of
capacitors C1 to CN.

[0131] Accordingly, the odd numbered first secondary
windings (L.2-1, L.2-3, . . ., L.2-»-1) among the plurality of
first secondary windings [.2-1 to L.2-» may be electrically
connected between the anodes of the two adjacent diodes
among the plurality of diodes of the first diode group 191, and
the even numbered first secondary windings (1.2-2,1.2-4, . ..
, L.2-n) among the plurality of first secondary windings [.2-1
to [.2-» may be electrically connected between the anodes of
the two adjacent diodes among the plurality of diodes of the
second diode group 192.

[0132] In detail, the first first secondary winding [.2-1
among the plurality of first secondary windings [.2-1 to [.2-»
is electrically connected between the anodes of the first and
second diodes 191-1 and 191-2 among the plurality of diodes
of'the first diode group 191, and the first capacitor C1 among
the plurality of capacitors C1 to CN is electrically connected
between the first first secondary winding [.2-1 and the anode
of the second diode 191-2.

[0133] The second first secondary winding [.2-2 among the
plurality of first secondary windings [.2-1 to L.2-% is electri-
cally connected between the anodes of the second and third
diodes 192-2 and 192-3 among the plurality of diodes of the
second diode group 192, and in this case, the second capacitor
C2 among the plurality of capacitors C1 to CN is electrically
connected between the second first secondary winding [.2-2
and the third diode 192-3. The other remaining plurality of
first secondary windings [.2-1 to L.2-» and the other remain-
ing plurality of capacitors C3 to CN-1 repeatedly have the
foregoing connection relationships so as to be connected with
the plurality of diodes of the first diode group 191 or the
second diode group 192.

[0134] Inthis case, the Nth first secondary winding [.2-7 is
electrically connected between the anodes of the Nth and first
diodes 192-N and 192-1 among the plurality of diodes of the
second diode group, and the Nth capacitor CN is electrically
connected between the Nth first secondary winding [.2-» and
the first diode 192-1.

[0135] FIGS. 9a and 95 illustrate operations of the current
balancing unit of FIG. 8. The plurality of LEDs 151 according
to an exemplary embodiment of the present invention
includes a total of four LED units LED1 to LED 4. Accord-
ingly, the first to fourth first primary windings [.2-1 to [.2-4
and the first to fourth capacitors C1 to C4 are employed, and
the first to third diode groups 191 to 193 are configured to
include the first to fourth diodes 191-1~191-4,192-1~193-4,
193-1~194-4, respectively. However, the configuration of the
power supply device for driving an LED according to an
exemplary embodiment of the present invention is not limited
thereto.

[0136] With reference to FIG. 9a, when a current (i,,,)
flows to the primary winding [.1 during a positive half period
of the switched power as indicated by an arrow, because the
start point of the winding of the first to fourth first secondary
windings [.2-1 to [.2-4 is the same as that of the winding of the
primary winding L1, the first and third diodes 191-1 and
191-3 of the first diode group, the second and fourth diodes
192-2 and 192-4 of the second diode group 192, and the first
and third diodes 193-1 and 193-3 of the third diode group 193
are electrically connected to supply power to the first and
third LED units LED1 and LED3.
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[0137] The current at this time can be established as repre-
sented by Numerical formula 1 shown below:

isegiPilzise§7P72 =lrzp lseo P

3 lsee_p_a7l1ED3
[0138] Meanwhile, as shown in FIG. 95, when the current
(i) flows to the primary winding L1 during a negative half
period of the switched power in the opposite direction from
that illustrated in FIG. 9, as indicated by an arrow.
[0139] because the start point of the winding of the first to
fourth first secondary windings [.2-1 to [.2-4 is the same as
that of the winding of the primary winding .1, the second and
fourth diodes 191-2 and 191-4 of the first diode group, the
first and third diodes 192-1 and 192-3 of the second diode
group 192, and the second and fourth diodes 193-2 and 193-4
of the third diode group 193 are electrically connected to
supply power to the second and fourth LED units LED2 and
LED4.

[Numerical formula 1]

isng\fl:isechV74:iLED2> feee N_
2 e N_371LEDA
[0140] In this case, because the capacitors C1 to C4 are
electrically connected to the first to fourth first secondary
windings [.2-1 to [.2-4, a DC offset average value of the entire
current is 0 according to the charge balance law, so the fol-
lowing Numerical formula 3 can be established

[Numerical formula 2]

Lsee P 1¥hsec N_1> lsec_P_ 2 isec N_2> lsec_p_

37lsee N3 lseo P 47lsee N 4 [Numerical formula 3]
[0141] Accordingly, the current supplied to the first to
fourth lamps according to the Numerical formula 1to3 can be
equally controlled as represented by Numerical formula 4
shown below:

e p_ 17" Usee N_17"Lsee_p_27Tlsee_N_

27 hieo p 37 "Ueoo N 37Veoo p 47 leoo n_
2=l 112D 5=l 2D 37 ED 4 [Numerical formula 4]
[0142] When Numerical formula 4 is substituted for the

configuration having the first to Nth LED units LED1 to
LEDN illustrated in FIG. 1, The current supplied to the entire
lamps can be equally controlled as represented by Numerical
formula 5 shown below:

<i

[0143] As described above, according to the exemplary
embodiments of the present invention, because such compli-
cated driving circuit and a DC/DC converter as in the related
art are not required to control the constant current supplied to
the lamps, particularly, to the LEDs and current balancing, the
manufacturing costs thereof can be reduced, and the reduc-
tion in the volume of the circuits can increase the power
density to advantageously lead to a reduction in size, and
because the passive elements are provided, the reliability of
the product can be improved.

[0144] As set forth above, according to exemplary embodi-
ments of the invention, because the switching of multiple
output powers is controlled in synchronization with the fre-
quency of one of the multiple output powers and the power
conversion stage is simplified in supplying power for driving
an LED, a power conversion efficiency can be increased and
an increase in a fabrication cost otherwise resulting from an
increase in the number of components can be restrained.
[0145] In addition, in the case of supplying power to an
LED group and a display operation circuit, power can be
continuously supplied to the operation circuit, even if there is
no feedback signal from the LED group.

[0146] While the present invention has been shown and
described in connection with the exemplary embodiments, it

o P37 Ngoen 37 TizEps k=12, .1 [Numerical formula 5]
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will be apparent to those skilled in the art that modifications
and variations can be made without departing from the spirit
and scope of the invention as defined by the appended claims.

What is claimed is:

1. A power supply device for driving a light emitting diode
(LED), the device comprising:

a power conversion unit converting an input power into a
plurality of first powers according to a pre-set first con-
version scheme and converting the input power into a
second power according to a second conversion scheme
set to be different from the first conversion scheme;

a current balancing unit maintaining current balancing of
the plurality of first powers from the power conversion
unit;

an LED driving unit supplying the plurality of first powers
maintained in current balancing by the current balancing
unit to a plurality of LED units, respectively, and detect-
ing a power and a current supplied to the LED units;

an operating unit performing a pre-set operation upon
receiving the second power from the power conversion
unit;

a feedback unit having a first feedback unit feeding back a
detection signal from the LED driving unit and a second
feedback unit feeding back a detection signal detecting
the voltage of the second power supplied to the operating
unit; and

a power conversion controller controlling a power conver-
sion switching frequency of the plurality of first powers
of the power conversion unit according to the detection
signal from the feedback unit and controlling the duty of
the second power of the power conversion unit, in syn-
chronization with the power conversion switching fre-
quency.

2. The device of claim 1, wherein the first feedback unit is

a first photocoupler transferring a second detection signal
detecting a current level flowing across the LED units from
the LED driving unit and a voltage level of the first power
supplied to the LED driving unit, to the power conversion
controller, and the second feedback unit is a second photo-
coupler transferring a second detection signal detecting a
voltage level of the second power supplied to the operating
unit, to the power conversion controller.

3. The device of claim 1, wherein the power conversion
controller controls a constant current of the first power and
controls a constant voltage of the second power.

4. The device of claim 2, wherein the power conversion
controller comprises:

a frequency controller controlling the power conversion
switching frequency according to results obtained by
comparing a voltage level of the first detection signal
and a voltage level of a pre-set first reference voltage;

a saw-tooth wave generation unit generating a saw-tooth
wave according to the power conversion switching fre-
quency from the frequency controller;

a duty controller controlling a switching duty of the power
conversion circuit by comparing an error between a volt-
age level of the second detection signal and that of a
pre-set second reference voltage and the saw-tooth wave
from the saw-tooth wave generation unit; and

a switching controller providing first and second switching
signals controlling the alternate switching of the power
conversion circuit.

5. The device of claim 4, wherein the frequency controller

comprises:
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afirst error amplifier comparing the voltage level of the first
detection signal and that of the pre-set first reference
voltage and amplifying the comparison result according
to a pre-set amplification rate;

a first resistor setting an amplification rate of the first error
amplifier according to a pre-set resistance value; and

a frequency setting unit setting the power conversion
switching frequency according to the comparison result
amplified by the first error amplifier.

6. The device of claim 4, wherein the duty controller com-

prises:

a second error amplifier comparing the voltage level of the
second detection signal and that of the pre-set second
reference voltage and amplifying the comparison result
according to a pre-set amplification rate;

a second resistor setting an amplification rate of the second
error amplifier according to a pre-set resistance value;

a comparator comparing the comparison result amplified
by the second error amplifier and a voltage level of the
saw-tooth wave from the saw-tooth wave generation
unit; and

a duty setting unit setting a switching duty of the power
conversion unit according to the comparison result from
the comparator.

7. The device of claim 4, wherein the conversion unit

comprises:

a switching unit having first and second switches alter-
nately switched under the control of the power conver-
sion controller;

a conversion unit converting power switched by the switch-
ing unit into power having a voltage level determined
according to a pre-set winding ratio, respectively; and

a rectifying unit rectifying power converted by the conver-
sion unit to output the second power.

8. The device of claim 7, wherein the conversion unit is an
LLC resonance type conversion unit having a resonance
capacitor and a resonance inductor connected in series to
power input terminals of the first and second switches and a
magnetized inductor connected in parallel to the first and
second switches.

9. The device of claim 7, wherein the conversion unit
comprises:

a primary winding receiving switched power from the

switching unit;

a first secondary winding group having a plurality of first
secondary windings converting a voltage level of
received power according to a winding ratio formed as
the first secondary winding group is electromagnetically
coupled to the primary winding, and outputting the first
power; and

a second secondary winding converting a voltage level of
received power according to a winding ratio formed as
the second secondary winding is electromagnetically
coupled to the primary winding, and outputting the sec-
ond power.

10. The device of claim 7, wherein the conversion unit

comprises:

a first primary winding connected in parallel to the first
switch of the switching unit;

a second primary winding connected in parallel to the
second switch of the switching unit;

a first secondary winding group having a plurality of first
secondary windings converting a voltage level of
received power according to a winding ratio formed as
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the first secondary winding group is electromagnetically

coupled to the first primary winding, and outputting the

first power; and

a second secondary winding converting a voltage level of
received power according to a winding ratio formed as
the second secondary winding is electromagnetically
coupled to the second primary winding, and outputting
the second power.

11. The device of claim 1, wherein the current balancing
unit rectifies each of driving powers from the power conver-
sion unit and maintains current balancing among driving
powers of the plurality of secondary windings according to
the charge balance law.

12. The device of claim 11, wherein the rectifying unit
comprises at least one rectifier group having at least two
rectifiers, and each of the at least two rectifiers provides
power to the plurality of LED units and has one capacitor to
maintain current balancing in power supplied to the plurality
of corresponding LED units according to the charge balance
law.

13. The device of claim 12, wherein the plurality of LED
units comprises a first LED lamp, a second LED lamp, a third
LED lamp, and a fourth LED lamp,

the power conversion unit comprises at least one primary
winding receiving switched power and a first secondary
winding group having a plurality of first secondary
windings forming a winding ratio with the at least one
primary winding to output the plurality of first powers,
respectively, and

the at least one rectifier group comprises:

a first rectifier rectifying driving power from a first first
secondary winding of the first secondary winding
group and supplying the driving power in a current
balance maintained state to the first and second LED
lamps; and

a second rectifier rectifying driving power from a second
first secondary winding of the first secondary winding
group and supplying the driving power in a current
balance maintained state to the third and fourth LED
lamps.

14. The device of claim 13, wherein the first rectifier com-
prises:

a first capacitor connected in series to one end of the first
first secondary winding and maintaining current balanc-
ing between negative driving power and positive driving
power from the first first secondary winding according to
the charge balance law;

afirst rectifying diode group rectifying driving power from
the first capacitor; and

first and second stabilization capacitors connected in series
to acorresponding LED lamp among the first and second
LED lamps to stabilize supplied driving power, and

the second rectifier comprises:

a second capacitor connected in series to one end of the
second first secondary winding and maintaining current
balancing between negative driving power and positive
driving power from the second secondary winding;

a second rectifying diode group rectifying driving power
from the second capacitor; and

third and fourth stabilization capacitors connected in par-
allel to a corresponding LED lamp among the third and
fourth LED lamps to stabilize provided driving power.
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15. The device of claim 14, wherein the first and second
rectifying diode groups comprises first to fourth rectifying
diodes, respectively,

the first or second capacitor is electrically connected in
series between one end of the first or second first sec-
ondary winding and an anode of the first rectifying
diode,

the anode of the first rectifying diode is electrically con-
nected to the first or second capacitor and a cathode of
the third rectifying diode,

a cathode of the first rectifying diode is electrically con-
nected to one end of the second or fourth stabilization
capacitor and one end of the second or fourth LED lamp,

a cathode of the second rectifying diode and an anode of the
fourth rectifying diode are electrically connected to the
other end of the first or second first secondary winding,

a cathode of the fourth rectifying diode is electrically con-
nected to one end of the first or third stabilization capaci-
tor and one end of the first or third LED lamp, and

the other end of the first to fourth stabilization capacitors,
the other ends of the first to fourth LED lamps, and
anodes of the second and third rectifying diodes are
grounded.

16. The device of claim 15, wherein the first and second
rectifying diode groups comprise first and second rectifying
diodes, respectively,

the first or second capacitor is electrically connected in
series between one end of the first or second first sec-
ondary winding and the anode of the second rectifying
diode,

the anode of the first rectifying diode is electrically con-
nected to the other end of the first or second secondary
winding,

the cathode of the first rectifying diode is electrically con-
nected to one end of the first or third stabilization capaci-
tor and one end of each of the first to third LED lamps,

the anode of the second rectifying diode is electrically
connected together with the first or second capacitor to
the other end of the first or third stabilization capacitor
and the other end of each of the first to third LED lamps,

the cathode of the second rectifying diode is electrically
connected to one end of the second or fourth stabiliza-
tion capacitor and one end of each of the second to fourth
LED lamps, and

the other end of the second or fourth stabilization capacitor
and the other end of each of the second and fourth LED
lamps are electrically connected to the other end of first
or second first secondary winding.

17. The device of claim 13, wherein the first rectifier com-

prises:

a first capacitor connected in series to a center tap of the
first secondary winding of the first secondary winding
group and maintaining current balancing between nega-
tive driving power and positive driving power from the
first first secondary winding according to the charge
balance law;

a first rectifying diode group rectifying driving power from
the first capacitor; and

first and second stabilization capacitors connected in par-
allel to a corresponding LED lamp among the first and
second LED lamps to stabilize supplied driving power,

the second rectifier comprises:

a second capacitor connected in series to a center tap of the
second first secondary winding of the first secondary
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winding group and maintaining current balancing
between negative driving power and positive driving
power from the second first secondary winding accord-
ing to the charge balance law;

a second rectifying diode group rectifying driving power
from the second capacitor; and

third and fourth stabilization capacitors connected in par-
allel to a corresponding LED lamp among the third and
fourth LED lamps to stabilize supplied driving power,

the first and second rectifying diode groups comprises first
and second rectitying diodes, respectively,

the first or second capacitor is electrically connected in
series between the center tap of the first or second sec-
ondary winding and a ground,

the anode of the first rectifying diode is electrically con-
nected to one end of the first or second secondary wind-
g,

the cathode of the first rectifying diode is electrically con-
nected to one end of the first or third stabilization capaci-
tor and one end of each of the first and third LED lamps,

the anode of the second rectifying diode is electrically
connected to the other end of the first or second first
secondary winding,

the cathode of the second rectifying diode is electrically
connected to one end of the second or fourth stabiliza-
tion capacitor and one end of each of the second and
fourth LED lamps, and

the other end of each of the first to fourth stabilization
capacitors and the other end of each of the first to fourth
LED lamps are grounded.

18. The device of claim 13, wherein the number of wind-
ings of each of the first secondary windings of the first sec-
ondary winding group is the same.

19. The device of claim 13, wherein each of the plurality of
LED units comprises at least one LED, at least one LED row
in which a plurality of LEDs are connected in series, or a
plurality of LED rows connected in parallel to each other.

20. The device of claim 13, wherein the rectifying unit
comprises a plurality of rectifying groups.

21. The device of claim 1, wherein the current balancing
unit transfers the plurality of first powers from the power
conversion unit to each of the LED units such that power of a
half period of the plurality of first powers is transferred to the
odd numbered LED units among the plurality of LED units
and power of the other remaining half period of the plurality
of first powers is transferred to the even numbered LED units
among the plurality of LED units according to a switching
period of the power conversion unit, and maintains current
balancing between the power of the half period and the power
of the other remaining half period of the plurality of first
powers according to the charge balance law.

22. The device of claim 1, wherein the power conversion
unit comprises:

afirst secondary winding group having at least one primary
winding receiving switched power; and

aplurality of first secondary windings electromagnetically
coupled to the at least one primary winding to output the
plurality of powers according to the winding ratio, and

the current balancing unit comprises:

a plurality of capacitors electrically connected to the plu-
rality of first secondary windings, respectively, to main-
tain current balancing according to the charge balance
law; and
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a path providing unit providing an electrical connection
path of power transferred from the current balancing unit
to the plurality of LED units according to each half
period of the plurality of first powers from the power
conversion unit.

23. The device of claim 22, wherein the path providing unit
comprises:

a first diode group having a plurality of diodes each having
acathode connected to one end of each of the plurality of
LED units;

a second diode group having a plurality of diodes which are
matched in a one-to-one manner to the plurality of
diodes of the first diode group and have a cathode con-
nected to an anode of each of the plurality of diodes of
the first diode group; and

a third diode group having a plurality of diodes which are
matched in a one-to-one manner to the plurality of
diodes of the second diode group and have a cathode
connected to an anode of each of the plurality of diodes
of the second diode group and an anode connected to a
ground.

24. The device of claim 23, wherein a first first secondary
winding of the plurality of first secondary windings is elec-
trically connected between anodes of the first and second
diodes among the plurality of diodes of the first diode group,
and a second first secondary winding of the plurality of the
first secondary windings is electrically connected between
anodes of the second and third diodes among the plurality of
diodes of the second diode group.

25. The device of claim 24, wherein a third first secondary
winding of the plurality of first secondary windings is elec-
trically connected between anodes of the third and fourth
diodes among the plurality of diodes of the first diode group,

a fourth first secondary winding of the plurality of the first
secondary windings is electrically connected between
anodes of the fourth and fifth diodes among the plurality
of diodes of the second diode group,

the connection relationship between the plurality of first
secondary windings and the plurality of diodes of the
first diode group or the plurality of diodes of the second
diode group is repeated, and

the last first secondary winding of the plurality of first

secondary windings is electrically connected between
anodes of the last diode and the first diode of the plurality
of diodes of the second diode group.

26. The device of claim 25, wherein the first capacitor of
the plurality of capacitors is electrically connected between
one end of the first first secondary winding and the anode of
the second diode of the first diode group, and

the second capacitor of the plurality of capacitors is elec-

trically connected between one end of the second first
secondary winding and the anode of the third diode of
the second diode group.

27. The device of claim 26, wherein the third capacitor of
the plurality of capacitors is electrically connected between
one end of the third first secondary winding and the anode of
the fourth diode of the first diode group,

the second capacitor of the plurality of capacitors is elec-

trically connected between one end of the second first
secondary winding and the anode of the fifth diode of the
second diode group,
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the connection relationship of each of the plurality of
capacitors between one end of the secondary winding
and the anode of the diode of the first or second diode
group is repeated, and

the last capacitor of the plurality of capacitors is electri-

cally connected between one end of the last secondary
winding and the anode of the first diode of the second
diode group.

28. The device of claim 22, wherein a start point of the
primary winding and those of the plurality of first secondary
windings are the same.

29. The device of claim 21, wherein each of the plurality of
LED units comprises at least one LED, at least one LED row
in which a plurality of LEDs are connected in series, or a
plurality of LED rows connected in parallel to each other.

30. The device of claim 1, wherein the LED driving unit
further comprises a detection unit detecting current flowing
across each of the plurality of LED units.

31. The device of claim 30, wherein the detection unit
comprises:
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atleast one switch electrically connected in series to at least
one LED or atleast one LED row of each of the plurality
of LED units;

at least one resistor electrically connected in series to the at

least one switch; and

a comparator comparing a detected current detection value

and a pre-set reference value.

32. The device of claim 31, wherein the detection unit
transfers a detection value having the lowest value among
currents flowing across the plurality of LED units to the
feedback unit.

33. The device of claim 1, further comprising:

a filter unit removing electromagnetic interference

included in commercial AC power;

a rectifying unit rectifying the filtered power from the filter

unit; and

a power factor correction unit correcting a power factor of

the rectified power from the rectifying unit and transfer-
ring the same as the input power to the power conversion
unit.





