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(54) Light-source module for display device and display device having the same

(57) A light-source module for a display device and
a display device having the same, in which the light-
source module includes a plurality of light-emitting units,
a current difference controller, and a converter. The light-
emitting units are connected in parallel between a driving
power input terminal and a ground terminal to emit light
by the driving power and to output respective feedback
control signals. The current difference controller is con-
figured to output a plurality of power control signals ac-
cording to the respective feedback control signals. The
converter is configured to change a current of the driving
power provided to the light-emitting units according to
the power control signals. The amounts of currents flow-
ing through the light emitting units each having a plurality
of light emitting diodes are measured and the levels of
voltages applied to the light-emitting units are changed
according to the measurement results. Accordingly, a
current difference between the light emitting units can be
reduced and the brightness uniformity of the light source
can be improved.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority to Korean Patent
Application No. 10-2007-0072999 filed on July 20, 2007
and all the benefits accruing therefrom under 35 U.S.C.
§119, the contents of which are incorporated by refer-
ence in their entirety.

BACKGROUND

[0002] The present disclosure relates to a light-source
module for a display device and a display device having
the same and, more particularly, to a light-source module
for a display device that can reduce a current difference
between a plurality of light emitting diode ("LED") strings
by detecting currents flowing through the LED strings.
[0003] A liquid crystal display ("LCD"), which is one
kind of flat panel display, is a light receiving device that
is not self-luminescent. Thus, the LCD displays images
using light supplied from a separate light-source module,
for example, a backlight assembly. The light-source mod-
ule includes a light-source and a light source driver driv-
ing the light source. To achieve light weight and for com-
pactness, the light-source module uses an LED string,
which has a plurality of LEDs connected in series, as the
light source. A plurality of LED strings are connected in
parallel in order to fabricate a planar light source.
[0004] In the related art, a light-source module is con-
figured to control the total current of the LED strings that
are connected in parallel. Therefore, if any one of the
LED strings malfunctions, the light uniformity of the light
source is degraded. For example, assuming that the light-
source module has three LED strings, there is a case
where the amount of a current flowing through the first
LED string decreases due to a malfunction of the first
LED string. In this case, the amounts of currents flowing
through the second and third LED strings increase, be-
cause the total current amount is constant. Thus, the
brightness of the first LED string decreases and the
brightness of the second and third LED strings increases,
leading to the non-uniformity of the brightness of the light
source. Moreover, the LEDs of the second and third LED
strings with an increased current will degrade more rap-
idly than the LEDs of the first LED string with a reduced
current.

SUMMARY

[0005] An exemplary embodiment of the present in-
vention provides a light-source module for a display de-
vice and a display device having the same. The light
source module includes LED strings each having a plu-
rality of LEDs and controls a current flowing through the
LED strings, thereby reducing a current difference be-
tween the LED strings and providing the brightness uni-
formity of the light source.

[0006] In accordance with an exemplary embodiment,
a light-source module includes: a plurality of light emitting
units connected in parallel between a driving power input
terminal and a ground terminal to emit light using the
driving power and to output respective feedback control
signals; a current difference controller configured to out-
put a plurality of power control signals according to the
respective feedback control signals; and a converter con-
figured to change a current of the driving power provided
to the plurality of light emitting units according to the pow-
er control signals.
[0007] Each of the light emitting units may include: a
control node configured to output the feedback control
signal; an LED string including a plurality of LEDs and
connected between the driving power input terminal and
the control node; and a power detector connected be-
tween the control node and the ground terminal.
[0008] The current difference controller may output a
plurality of power control signals having a first voltage
level if the voltage levels of the feedback control signals
are within a predetermined operating range, and may
output a plurality of power control signals having a second
voltage level if the voltage level of at least one of the
feedback control signals is out of the predetermined op-
erating range.
[0009] The current difference controller may output a
first power control signal having the second voltage level
if the voltage level of at least one of the feedback control
signals is lower than the lower limit of the predetermined
operating range, and may output a second power control
signal having the second voltage level if the voltage level
of at least one of the feedback control signals is higher
than the upper limit of the predetermined operating
range.
[0010] The converter may increase the voltage level
of the driving power according to the first power control
signal having the second voltage level, and may de-
crease the voltage level of the driving power according
to the second power control signal having the second
voltage level.
[0011] The predetermined operating range may have
the upper and lower limits of the current amount of the
driving power selected so as to maintain the brightness
uniformity of the light emitting units.
[0012] The current difference controller may output the
power control signals using at least one reference voltage
and the feedback control signals.
[0013] The current difference controller may include:
a first signal generator configured to generate a first pow-
er control signal using a first reference voltage and at
least one of the feedback control signals; and a second
signal generator configured to generate a second power
control signal using a second reference voltage and at
least one of the feedback control signals.
[0014] The first signal generator may include: a first
node configured to receive a fixed power; a signal con-
verter configured to change the voltage of the fixed power
according to the voltage level of at least one of the feed-
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back control signals; and a first signal output unit config-
ured to output the first power control signal by comparing
the voltage of the fixed power with the first reference volt-
age.
[0015] The voltage level of the first power control signal
may be changed if the voltage of the fixed power is lower
than the first reference voltage.
[0016] The signal converter may include a plurality of
LEDs each having a cathode connected to the corre-
sponding feedback control signal input terminal and an
anode connected to the first node.
[0017] The first signal output unit may include: an am-
plifier having an inverting input terminal and a non-invert-
ing input terminal to which the first reference voltage is
applied; an input resistor connected between the invert-
ing input terminal and the first node; a feedback resistor
connected between the inverting input terminal and an
output terminal of the amplifier; and an output resistor
connected between the output terminal of the amplifier
and the first power control signal output terminal.
[0018] The second signal generator may include: a
conversion signal output unit configured to output a con-
version signal according to the voltage level of at least
one of the feedback control signals; and a second signal
output unit configured to output the second power control
signal by comparing the voltage of the conversion signal
with the second reference voltage.
[0019] The voltage level of the second power control
signal may be changed if the voltage of the conversion
signal is higher than the second reference voltage.
[0020] The conversion signal output unit may include
a plurality of LEDs each having an anode connected to
the corresponding feedback control signal input terminal
and a cathode connected to the conversion signal output
terminal.
[0021] The second signal output unit may include: an
amplifier having an inverting input terminal and a non-
inverting input terminal to which the second reference
voltage is applied; an input resistor connected between
the inverting input terminal and the conversion signal out-
put terminal; a feedback resistor connected between the
inverting input terminal and an output terminal of the am-
plifier; and an output resistor connected between the out-
put terminal of the amplifier and the second power control
signal output terminal.
[0022] The converter may increase a current of the
driving power according to the first power control signal,
and may decrease the current of the driving power ac-
cording to the second power control signal.
[0023] A plurality of the current difference controllers
may be provided such that the current difference control-
lers receive the respective feedback control signals from
the light emitting units.
[0024] In accordance with an exemplary embodiment,
a method of driving a light-source module includes: pro-
viding driving power to a plurality of LED strings to emit
light; detecting power provided to each of the LED strings;
and changing the driving power according to the power

detection results.
[0025] Detecting the power may include detecting the
voltage level of the power applied to each of the LED
strings.
[0026] The method may further include, after detecting
the power, comparing the detected voltage level of the
power with at least one reference voltage to generate a
plurality of power control signals.
[0027] Changing the driving power may include chang-
ing the current amount of the driving power according to
the power control signal.
[0028] The method may further include, after detecting
the power: generating first and second power control sig-
nals having a first voltage level if the voltage levels of the
power detected from the LED strings are within a prede-
termined operating range; generating the first power con-
trol signal having a second voltage level if the voltage
level of the power detected from at least one of the LED
strings is lower than the lower limit of the predetermined
operating range; and generating the second power con-
trol signal having the second voltage level if the voltage
level of the power detected from at least one of the LED
strings is higher than the upper limit of the predetermined
operating range.
[0029] Changing the driving power may provide a driv-
ing power identical to the previous driving power to the
LED strings according to the first and second power con-
trol signals having the first voltage level, and may provide
another driving power different in current amount from
the previous driving power to the LED strings according
to the first and second power control signals having the
second voltage level.
[0030] Changing the driving power may increase the
voltage level of the driving power according to the first
power control signal having the second power level, and
may decrease the voltage level of the driving power ac-
cording to the second power control signal having the
second power level.
[0031] In accordance with an exemplary embodiment,
a display device includes: a display panel; a controller
configured to control an operation of the display panel;
a plurality of light emitting units connected in parallel be-
tween a driving power input terminal and a ground ter-
minal to emit light using the driving power and to output
respective feedback control signals; a current difference
controller configured to output a plurality of power control
signals according to the respective feedback control sig-
nals; and a converter configured to change a current of
the driving power provided to the light emitting units ac-
cording to the power control signals.
[0032] The current difference controller may output a
plurality of power control signals having a first voltage
level if the voltage levels of the feedback control signals
are within a predetermined operating range, and may
output a plurality of power control signals having a second
voltage level if the voltage level of at least one of the
feedback control signals is out of the predetermined op-
erating range.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Exemplary embodiments of the present inven-
tion will be understood in more detail from the following
descriptions taken in conjunction with the accompanying
drawings, in which:
[0034] FIG. 1 is a block diagram of a display device in
accordance with an exemplary embodiment;
[0035] FIG. 2 is a block diagram of a light source mod-
ule in accordance with the exemplary embodiment;
[0036] FIG. 3 is a circuit diagram of a current difference
controller in accordance with the exemplary embodi-
ment;
[0037] FIG. 4 is a circuit diagram of a power supply
unit in accordance with the exemplary embodiment;
[0038] FIG. 5 is a circuit diagram of a converter in ac-
cordance with the exemplary embodiment; and
[0039] FIG. 6 is a circuit diagram of a current difference
controller in accordance with an exemplary embodiment.

DETAILED DESCRIPTION OF EXEMPLARY EMBOD-
IMENTS

[0040] Hereinafter, exemplary embodiments will be
described in detail with reference to the accompanying
drawings. The present invention may, however, be em-
bodied in different forms and should not be construed as
limited to the exemplary embodiments set forth herein.
Rather, these exemplary embodiments are provided so
that this disclosure will be thorough and complete, and
will fully convey the scope of the present invention to
those of ordinary skill in the art.
[0041] FIG. 1 is a block diagram of a display device in
accordance with an exemplary embodiment of the
present invention. FIG. 2 is a block diagram of a light
source module used in the exemplary embodiment
shown in FIG. 1. FIG. 3 is a circuit diagram of a current
difference controller used in the exemplary embodiment
shown in FIG. 2. FIG. 4 is a circuit diagram of a power
supply unit in accordance with an exemplary embodi-
ment. FIG. 5 is a circuit diagram of a converter used in
the exemplary embodiment shown in FIG. 2. FIG. 6 is a
circuit diagram of a current difference controller in ac-
cordance with an exemplary embodiment of the present
invention.
[0042] Referring to FIGS. 1 to 5, a display device in
accordance with an exemplary embodiment includes a
display panel 100, a gate driver 200, a data driver 300,
a driving voltage generator 400, a signal controller 500,
and a light-source module 1000.
[0043] The display panel 100 is driven according to the
operations of the gate driver 200 and the data driver 300,
and displays an image using light from the light source
module 1000. As illustrated in FIG. 1, the display panel
100 includes a plurality of gate lines G1 to Gn, a plurality
of data lines D1 to Dm, and a plurality of unit pixels. The
plurality of gate lines G1 to Gn extends in one direction,
and the plurality of data lines D1 to Dm extends in another

direction intersecting the gate lines G1 through Gn. At
least one end of each of the gate lines G1 to Gn is con-
nected to the gate driver 200, and at least one end of
each of the data lines D1 to Dm is connected to the data
driver 300.
[0044] As illustrated in FIG. 1, each of the unit pixels
includes a thin film transistor TFT, a storage capacitor
Cst, and a liquid crystal capacitor Clc. The liquid crystal
capacitor Clc includes a lower pixel electrode, an upper
common electrode, with a liquid crystal interposed be-
tween the pixel electrode and the common electrode. Al-
though not illustrated in FIG. 1, a color filter is disposed
on the liquid crystal capacitor Clc. The pixel electrode
and the common electrode may be divided into a plurality
of domains. It will be readily understood by those of or-
dinary skill in the art that various modifications and chang-
es can be made to the display panel 100. For example,
a plurality of pixels may be provided in a unit pixel region.
Also, the unit pixel region may be longer or shorter in the
longitudinal direction than in the lateral direction. Also,
the unit pixel region may have various shapes, as well
as a generally square shape.
[0045] Controllers providing signals for driving the dis-
play panel 100 are disposed outside the display panel
100. The controllers include the gate driver 200, the data
drier 300, the driving voltage generator 400, and the sig-
nal controller 500.
[0046] In normal operation, the signal controller 500
receives an input image signal and an input control signal
from an external graphic controller (not illustrated). The
input image signal includes pixel data R, G, and B. The
input control signal is used to control the display of an
image display signal. The input control signal includes a
vertical sync signal Vsync, a horizontal sync signal
Hsync, a main clock CLK, and a data enable signal DE.
The signal controller 500 processes pixel data according
to the operating conditions of the display panel 100. By
doing so, the pixel data are rearranged according to the
pixel arrangement of the display panel 100. Also, the sig-
nal controller 500 generates gate control signals and data
control signals and transfers the gate control signals and
the data control signals respectively to the gate driver
200 and the data driver 300. The gate control signals
include an output enable signal indicating the start of the
output of a gate turn-on voltage Von, a gate clock signal,
and a vertical sync start signal. The data control signal
includes a data clock signal, an inverting signal inverting
the polarity of a gradation voltage with respect to a com-
mon voltage, a load signal for applying a data voltage on
the corresponding data line, and a sync start signal indi-
cating the start of transfer of pixel data.
[0047] The driving voltage generator 400 generates a
variety of driving voltages for the display device using
external power received from an external power supply
(not shown). The driving voltage generator 400 gener-
ates a reference voltage, a gate turn-on voltage Von, a
gate turn-off voltage Voff, and a common voltage. Ac-
cording to the control signal from the signal controller
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500, the driving voltage generator 400 applies the gate
turn-on voltage Von and the gate turn-off voltage Voff to
the gate driver 200 and applies the reference voltage to
the data driver 300. The reference voltage is used to gen-
erate a gradation voltage for driving the liquid crystal in
the display panel 100.
[0048] The gate driver 200 is connected to the plurality
of gate lines G1 to Gn. According to a control signal from
the signal controller 500, the gate driver 200 provides the
gate turn-on voltage Von of the driving voltage generator
400 to the gate lines G1 to Gn sequentially. In this way,
operation of each thin film transistor TFT can be control-
led.
[0049] The data driver 300 is connected to the plurality
of data lines D1 to Dm. The data driver 300 generates a
gradation voltage using a control signal from the signal
controller 500 and a reference voltage GVDD from the
driving voltage generator 400. Also, the data driver 300
applies a corresponding gradation voltage to each of the
data lines D1 to Dm. That is, the data driver 300 converts
input digital pixel data into an analog data signal, that is,
a gradation voltage, and outputs the resulting signal.
[0050] The signal controller 500, the driving voltage
generator 400, the data driver 300, and the gate driver
200 are fabricated in integrated circuit (IC) chips and are
mounted on a printed circuit board (PCB) (not shown).
The PCB is electrically connected through a flexible print-
ed circuit board (FPCB) (not shown) to the display panel
100. The display panel 100 includes an upper substrate
and a lower substrate that are not shown in FIG. 1. The
substrates may be glass substrates or transparent plastic
substrates. The gate driver 200 and the data driver 300
may be mounted on the transparent substrate of the dis-
play panel 100. Also, the gate driver 200 may be formed
in a process stage on the lower substrate of the display
panel 100. That is, the gate driver 200 may be formed
simultaneously with the formation of the thin film transis-
tors TFT on the lower substrate.
[0051] As illustrated in FIG. 1, the light-source module
1000 includes a light source 1100 and a light-source con-
troller 1200. The light source 1100 provides light to the
display panel 100, and the light-source controller 1200
controls an operation of the light source 1100. The light
source 1100 provides a feedback control signal Sfb fed
back to the light source controller 1200. The operation
of the light-source controller 1200 is controlled according
to the feedback control signal Sfb.
[0052] The light source 1100 includes a plurality of light
emitting units 1110 shown in FIG. 2. The plurality of light
emitting units 1110 are connected in parallel between an
input terminal Qin and a ground terminal. Referring to
FIG. 2, the light source 1100 includes three light emitting
units 1110 that are connected in parallel. The number of
light emitting units 1110 in a light source is not limited
thereto, however, and may be variable.
[0053] Each of the light emitting units 1110 includes
an LED string 1111 and a power detector 1112 that are
connected in series.

[0054] As illustrated in FIG. 2, the LED string 1111 in-
cludes a plurality of LEDs connected in series. Alterna-
tively, the LEDs of the LED string may be connected in
parallel and/or antiparallel. The number of LEDs in each
of the LED strings 1111 in the light emitting units 1110
may be the same. Although not illustrated, the light emit-
ting unit 1110 may include a substrate where a plurality
of LEDs are mounted, and a power supply terminal sup-
plying the power for the LEDs. The substrate may be
formed in a bar shape or in a plate shape. When the
substrate is formed in a bar shape, the LEDs are arranged
in a line configuration. When the substrate is formed in
a plate shape, the LEDs are arranged in a matrix config-
uration. Each of the light emitting units 1110 emits light
as a separate channel.
[0055] The plurality of light emitting units 1110 have
control nodes Qc1, Qc2, and Qc3, respectively. That is,
in this exemplary embodiment, the light source 1100 has
three light emitting units 1110. Accordingly, the light
source 1100 has three control nodes Qc1, Qc2, and Qc3.
[0056] The LED string 1111 is connected between the
input terminal Qin and the control nodes Qc1, Qc2, and
Qc3. The power detectors 1112 are connected between
the ground terminal and the control nodes Qc1, Qc2, and
Qc3. The LED string 1111 emits light according to the
DC power applied through the input terminal Qin. The
power detector 1112 detects the amount of a current flow-
ing through the LED string 1111, and each LED string
1111 includes its own power detector 1112. As illustrated
in FIG. 3, the power detector 1112 includes a resistor.
Using a voltage applied across the resistor, the power
detector 1112 detects the amount of current flowing
through the LED string 1111. The resistance of the re-
sistors of the power detectors 1112 in the light emitting
units 1110 may be the same. According to the detected
current amount, that is, the voltage applied across the
resistor, the light emitting units 1110 generate feedback
control signals Sfb-1, Sfb-2 and Sfb-3, respectively, as
shown in FIG. 3. The feedback control signals Sfb-1, Sfb-
2, and Sfb-3 have the same power level as the control
nodes Qc1, Qc2, and Qc3, respectively.
[0057] The light source controller 1200 operates ac-
cording to external DC power Pin and the feedback con-
trol signal Sfb-1, Sfb-2, and Sfb-3 to provide driving power
Pdc to the light source 1100.
[0058] As illustrated in FIG. 2, the light source control-
ler 1200 includes a current difference controller 1220 and
a converter 1210. The current difference controller 1220
receives the feedback control signals Sfb-1, Sfb-2, and
Sfb-3 and outputs a plurality of power control signals
Smin-p and Smax-p. The converter 1210 outputs the driv-
ing power Pdc according to the external power Pin and
the power control signals Smin-p and Smax-p.
[0059] The current difference controller 1220 outputs
the plurality of power control signals Smin-p and Smax-
p according to the feedback control signals Sfb-1, Sfb-2,
and Sfb-3, that is, the voltages of the control nodes Qc1,
Qc2, and Qc3 in the plurality of light emitting units 1110.
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The plurality of power control signals include a first power
control signal Smin-p and a second power control signal
Smax-p. The level of the first power control signal Smin-
p is changed if the voltages of the feedback control sig-
nals Sfb-1, Sfb-2, and Sfb-3that is, the voltages of the
control nodes Qc1, Qc2, and Qc3, are lower than a first
reference voltage Vref1. Likewise, the level of the second
power control signal Smax-p is changed if the voltages
of the feedback control signals Sfb-1, Sfb-2, and Sfb-
3that is, the voltages of the control nodes Qc1, Qc2, and
Qc3, are lower than a second reference voltage Vref2.
[0060] As illustrated in FIG. 3, the current difference
controller 1220 includes a first signal generator 1221 and
a second signal generator 1222. The first signal gener-
ator 1221 generates the first power control signal Smin-
p according to the first reference voltage Vref1 and the
feedback control signals Sfb-1, Sfb-2, and Sfb-3. Simi-
larly, the second signal generator 1222 generates the
second power control signal Smax-p according to the
second reference voltage Vref2 and the feedback control
signals Sfb-1, Sfb-2, and Sbf-3.
[0061] If the voltage levels of the feedback control sig-
nals Sfb-1, Sfb-2, and Sbf-3 are lower than the lower limit
of a predetermined operating range, the current differ-
ence controller 1220 outputs the first power control signal
Smin-p using the first signal generator 1221. On the other
hand, if the voltage levels of the feedback control signals
Sfb-1, Sfb-2, and Sbf-3 are higher than the upper limit of
the predetermined operating range, the current differ-
ence controller 1220 outputs the second power control
signal Smax-p using the second signal generator 1222.
In an example, it is assumed that the predetermined op-
erating range is from 0.3 V to 0.6 V. If the voltage levels
of the feedback control signals, Sfb-1, Sfb-2, and Sfb-3
are lower than 0.3 V, the current difference controller
1220 provides the first power control signal Smin-p to the
converter 1210. According to the first power control signal
Smin-p, the converter 1210 increases the voltage level
of the driving power. On the other hand, if the voltage
level of the feedback control signal Sfb-1 to Sfb-3 is high-
er than 0.6 V, the current difference controller 1220 pro-
vides the second power control signal Smax-p to the con-
verter 1210. According to the second power control signal
Smax-p, the converter 1210 decreases the voltage level
of the driving power. The predetermined operating range
may be selected to be any range within the voltage range
of the driving power supplied to drive the light source
1100. The brightness uniformity of the light source 1100
increases as the width of the predetermined operating
range decreases.
[0062] The construction and operation of the current
difference controller 1220 will be described in more detail
with reference to FIG. 3.
[0063] The first signal generator 1221 includes a first
node Q1, a power supply unit 1221-1, a signal converter
1221-2, and a first signal output unit 1221-3. The power
supply unit 1221-1 supplies a fixed power Ppx to the first
node Q1. The signal converter 1221-2 changes the pow-

er level of the first node Q1 according to a state of the
feedback control signals Sfb-1, Sfb-2, and Sfb-3. The
first signal output unit 1221-3 compares the power level
of the first node Q1 with the first reference voltage Vref1
to generate the first power control signal Smin-p.
[0064] If the voltage level of at least one of the feedback
control signals Sfb-1, Sfb-2, and Sfb-3 is lower than the
lower limit of the predetermined operating range, the sig-
nal converter 1221-2 changes the voltage level of the
fixed power Ppx supplied to the first node Q1. The signal
converter 1221-2 includes a plurality of diodes D1, D2,
and D3. Each diode D1/D2/D3 has a cathode connected
respectively to the feedback control signals Stb-1/Sfb-
2/Sfb-3 and an anode connected to the first node Q1.
[0065] If the voltage of at least one of the feedback
control signals Sfb-1, Sfb-2, and Sfb-3 is lower than the
voltage of the first node Q1, the signal converter 1221-2
forms a current path between the first node Q1 and at
least one of the control nodes Qc1, Qc2, and Qc3, there-
by changing the voltage level of the first node Q1.
[0066] The current path is formed when the voltage of
the first node Q1 subtracted by at least one signal voltage
of the feedback control signals Sfb-1, Sfb-2, and Sfb-3
is larger than the threshold voltage of the diodes D1, D2,
and D3. Thus, it is preferable that the voltage level of the
fixed power Ppx from the power supply unit 1221-1 is the
sum of the threshold voltage of the diodes D1, D2, and
D3 and the voltage level corresponding to the lower limit
of the predetermined operating range. For example, if
the predetermined operating range is from 0.3 V to 0.6
V and if the threshold voltage of the diodes D1, D2, and
D3 is 0.7 V, it is preferable that the voltage level of the
fixed power Ppx is 1 V. In this exemplary embodiment,
the current path is formed when the voltage of at least
one of the feedback control signals Sfb-1, Sfb-2, and Sfb-
3 is 0.2 V.
[0067] The signal converter 1221-2 may be construct-
ed using any circuit that increases the voltage level of
the first node Q1 according to the voltage levels of the
feedback control signals Sfb-1, Sfb-2, and Sfb-3.
[0068] The power supply unit 1221-1 supplies the fixed
power Ppx with a predetermined voltage level independ-
ently of external influences. For example, as illustrated
in FIG. 4, the power supply unit 1221-1 includes a first
resistor R1, a tenth diode D10, a second resistor R2, a
third resistor R3, a transistor TR1, a fourth resistor R4,
and a fifth resistor R5. The first resistor R1 is connected
between an external power Vcc and an output terminal
of the fixed power Ppx. The tenth diode D10 and the
second resistor R2 are connected in series between the
output terminal of the fixed power Ppx and a tenth node
Q10. The third resistor R3 is connected to the external
power Vcc. The transistor TR1 has a gate connected to
the tenth node Q10, and a source connected to the third
resistor R3. The fourth resistor R4 is connected to a
ground terminal and a drain of the transistor TR1. The
fifth resistor R5 is connected between the tenth node Q10
and a ground terminal. The voltage of the fixed power
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Ppx may be determined depending on the threshold volt-
age of the diodes D1, D2, and D3 of the signal converter
1221-2 shown in FIG. 3.
[0069] The first signal output unit 1221-3 compares the
voltage of the first node Q1, for example, the voltage of
the fixed power Ppx with the first reference voltage Vref1
to generate the first power control signal Smin-p. The
first signal output unit 1221-3 includes an amplifier OP1,
a tenth resistor R10, an eleventh resistor R11, and a
twelfth resistor R12. The amplifier OP1 has an inverting
input terminal (-) and a non-inverting input terminal (+)
receiving the first reference voltage Vref1. The tenth re-
sistor R10 is connected between the first node Q1 and
the inverting input terminal (-). The eleventh resistor R11
is connected to the inverting input terminal (-) and an
output terminal of the amplifier OP1. The twelfth resistor
R12 is connected between the output terminal of the am-
plifier OP1 and an output terminal of the first power con-
trol signal Smin-p.
[0070] The first signal output unit 1221-3 generates
the first power control signal Smin-p that has various volt-
age levels depending on the difference between the first
reference voltage Vref1 and the voltage of the first node
Q1. The first reference voltage Vref1 is constant, where-
as the voltage of the first node Q1 changes according to
the voltages of the feedback control signals Sfb-1, Sfb-
2, and Sfb-3, as described above. Thus, if the first node
Q1 maintains the voltage of the fixed power Ppx, the first
signal output unit 1221-3 outputs the first power control
signal Smin-p with a first voltage level. On the other hand,
if the first node Q1 fails to maintain the voltage of the
fixed power Ppx, the first signal output unit 1221-3 out-
puts the first power control signal Smin-p with a second
voltage level. The first power control signal Smin-p with
the first or second voltage level is provided to the con-
verter 1210 shown in FIG. 2. If the first power control
signal Smin-p with the first voltage level is provided to
the converter 1210, the converter 1210 performs a nor-
mal operation. On the other hand, if the first power control
signal Smin-p with the second voltage level is provided
to the converter 1210, the converter 1210 increases the
level of the driving power and provides the resulting in-
creased power to the light source 1100 as driving power
Pdc as shown in FIG. 2. In this exemplary embodiment,
it is preferable that the fixed power Ppx and the first ref-
erence voltage Vref1 have the same voltage level.
[0071] The second signal generator 1222 includes a
conversion signal output unit 1222-1 and a second signal
output unit 1222-2. The conversion signal output unit
1222-1 outputs a conversion signal Scc according to a
state of the feedback control signals Sfb-1, Sfb-2, and
Sfb-3. The second signal output unit 1222-2 compares
the conversion signal Scc with the second reference volt-
age Vref2 in an amplifier OP10 to generate the second
power control signal Smax-p.
[0072] The conversion signal output unit 1222-1 out-
puts the conversion signal Scc when the voltage level of
at least one of the feedback control signals Sfb-1, Sfb-2,

and Sfb-3 is higher than the upper limit of the predeter-
mined operating range. The conversion signal output unit
1222-1 includes a plurality of diodes D4, D5, and D6.
Each diode D4/D5/D6 has an anode respectively con-
nected to the feedback control signal Sfb-1/Sfb-2/Sfb-3
and a cathode connected to an output terminal of the
conversion signal output unit 1222-1. Thus, when the
voltage of at least one of the feedback control signals
Sfb-1, Sfb-2, and Sfb-3 is higher than the threshold volt-
age of the diodes D4, D5, and D6, the conversion signal
output unit 1222-1 outputs the feedback control signal
Sfb-1, Sfb-2, and Sfb-3 as the conversion signal Scc. On
the other hand, if the voltage of the feedback control sig-
nals Sfb-1, Sfb-2, and Sfb-3 is lower than the threshold
voltage of the diodes D4, D5, and D6, the conversion
signal output unit 1222-1 does not output the conversion
signal Scc.
[0073] Accordingly, the threshold voltage may be ad-
justed to generate the conversion signal Scc when the
voltage of at least one of the feedback control signals
Sfb-1, Sfb-2, and Sfb-3 is higher than the upper limit of
the predetermined operating range. In an example it is
assumed that the predetermined operating range is from
0.3 V to 0.7 V and that the threshold voltage of the diodes
D4, D5, and D6 is 0.7 V. In this exemplary embodiment,
when a voltage of 0.9 V is applied as the voltage of at
least one of the feedback control signals Sfb-1, Sfb-2,
and Sfb-3, the diodes D4, D5, and D6 supplied with the
0.9-V feedback control signal outputs the conversion sig-
nal Scc with a voltage level of about 0.9 V.
[0074] The second signal output unit 1222-2 compares
the conversion signal Scc with the second reference volt-
age Vref2 to generate the second power control signal
Smax-p.
[0075] The second signal output unit 1222-2 includes
the amplifier OP10, a 20th resistor R20, a 21st resistor
R21, and a 22nd resistor R22. The amplifier OP10 has
an inverting input terminal (-) and a non-inverting input
terminal (+) receiving the second reference voltage
Vref2. The 20th resistor R20 is connected between the
inverting input terminal (-) and an input terminal of the
conversion signal Scc. The 21st resistor R21 is connected
to the inverting input terminal (-) and an output terminal
of the amplifier OP10. The 22nd resistor R22 is connected
between the output terminal of the amplifier OP10 and
an output terminal of the second power control signal
Smax-p.
[0076] The second signal output unit 1222-2 generates
the second power control signal Smax-p that has various
voltage levels depending on the difference between the
second reference voltage Vref2 and the voltage of the
conversion signal Scc. The second reference voltage
Vref2 is constant, whereas the voltage of the conversion
signal Scc changes according to the voltages of the feed-
back control signals Sfb-1, Sfb-2, and Sfb-3 as described
above. Thus, when the voltage of the conversion signal
Scc is lower than the second reference voltage Vref2,
the second signal output unit 1222-2 outputs the second
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power control signal Smax-p with a first voltage level. Of
course, if the voltage of the feedback control signals Sfb-
1, Sfb-2, and Sfb-3 is lower than the threshold voltage of
the diodes D4, D5, and D6, the conversion signal Scc is
not output. On the other hand, when the voltage of the
conversion signal Scc is higher than the second refer-
ence voltage Vref2, the second signal output unit 1222-2
outputs the second power control signal Smax-p with a
second voltage level.
[0077] The second power control signal Smax-p with
the first or second voltage level is provided to the con-
verter 1210 shown in FIG. 2. If the second power control
signal Smax-p with the first voltage level is provided to
the converter 1210, the converter 1210 performs a nor-
mal operation. On the other hand, if the second power
control signal Smax-p with the second voltage level is
provided to the converter 1210, the converter 1210 de-
creases the level of the driving power and provides the
resulting power to the light source 1100 shown in FIG. 2
as driving power Pdc.
[0078] As described above, the current difference con-
troller 1220 outputs the first power control signal Smin-
p with the second voltage level when the voltage of the
control node of each light emitting unit, that is, the voltage
of at least one of the feedback control signals Sfb-1, Sfb-
2, and Sfb-3, is lower than the predetermined operating
range. Meanwhile, the current difference controller 1220
outputs the second power control signal Smax-p with the
second voltage level when the voltage of the control node
of each light emitting unit is higher than the predeter-
mined operating range.
[0079] The converter 1210 converts the external DC
power Pin into the driving power Pdc. The voltage level
of the driving power Pdc changes according to the first
and second power control signals Smin-p and Smax-p.
That is, as described above, the converter 1210 provides
new driving power Pdc, which has a higher voltage level
than the previous driving power Pdc, when the first power
control signal Smin-p of the second voltage level is pro-
vided. Also, the converter 1210 provides new driving
power Pdc, which has a lower voltage level than the pre-
vious driving power Pdc, when the second power control
signal Smax-p of the second voltage level is provided.
[0080] In this exemplary embodiment, a DC-DC con-
verter is used as the converter 1210. That is, the con-
verter 1210 increases the voltage of the external DC pow-
er Pin and outputs the resulting power as the driving pow-
er Pdc. As illustrated in FIG. 5, the converter 1210 in-
cludes a pulse signal generator 1211, an inductor L1, a
tenth transistor TR10, a rectifying diode D100, and a ca-
pacitor C1. The pulse signal generator 1211 generates
a pulse signal Ps according to the first and second power
control signals Smin-p and Smax-p. The inductor L1 is
connected between a node Q100 and an input terminal
of the external DC power Pin. The tenth transistor TR10
is connected between the node Q100 and the ground
terminal and operates according to the pulse signal Ps.
The rectifying diode D100 is connected between the node

Q100 and an output terminal of the driving power Pdc.
The capacitor C1 is connected between the ground ter-
minal and the output terminal of the driving power Pdc.
Of course, in an exemplary embodiment, the converter
1210 may also control the driving power Pdc using a cur-
rent fed back from the light source 1100.
[0081] The pulse signal generator 1211 generates a
square-wave pulse signal Ps. In this exemplary embod-
iment, the pulse signal generator 1211 is provided with
a separate power voltage (not shown) and an external
control signal (not shown). The pulse signal generator
1211 adjusts a duty ratio of the square-wave pulse signal
Ps so that the converter 1210 outputs a constant DC
voltage, that is, the driving power Pdc. The pulse signal
generator 1211 adjusts the duty ratio of the square-wave
pulse signal Ps according the first and second power
control signals Smin-p and Smax-p. When the tenth tran-
sistor TR10 is turned on by the pulse signal Ps, a current
path is formed between the input DC power and the
ground terminal. Accordingly, the amount of current flow-
ing through the inductor L1 increases with time. The input
power Pin flows into the inductor L1 and, thus, energy is
stored in the inductor L1. Thereafter, when the tenth tran-
sistor TR10 is turned off by the pulse signal Ps, the current
path between the input DC power and the ground terminal
is interrupted and the current flowing through the inductor
L1 is interrupted. Accordingly, a high voltage is generated
in the inductor L1 due to a high-energy counter electro-
motive force. The generated high voltage turns on the
rectifying diode D100 and allows a current, which is
stored as a magnetic field in the inductor L1, to flow
through the rectifying diode D100, thereby charging the
capacitor C1 with an electric charge. The resulting volt-
age of the capacitor C1 is used as the driving power Pdc
supplied to the light source 1100.
[0082] A description will now be given of an operation
of the light-source module 1000 having the above-de-
scribed construction.
[0083] According to the external power Pin and the first
and second control signals Smin-p and Smax-p, the con-
verter 1210 provides the driving power Pdc to the light
source 1100. The driving power Pdc is provided to the
light emitting units 1110 that are connected in parallel
between the input and output terminals of the light source
1100. Accordingly, the LED strings 1111 of the light emit-
ting units 1110 emit light according to the driving power
Pdc. Also, the control nodes Qc1, Qc2, and Qc3 of the
light emitting units 1110 have a voltage of a predeter-
mined level according to the power detector 1112.
[0084] The light-source controller 1200 changes the
current level of the driving power Pdc so that the voltages
of the control nodes Qc1, Qc2, and Qc3 are within the
predetermined operating range. If the voltages of the con-
trol nodes Qc1, Qc2, and Qc3 are within the predeter-
mined operating range, the converter 1210 provides the
light source 1100 with the driving power Pdc having the
first voltage level. When at least one of the voltages of
the control nodes Qc1, Qc2, and Qc3 is lower than the
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lower limit of the predetermined operating range, the con-
verter 1210 uses the first signal generator 1221 to provide
the light source 1100 with the driving power Pdc that has
a voltage level higher than the first voltage level. When
at least one of the voltages of the control nodes Qc1,
Qc2, and Qc3 is higher than the upper limit of the prede-
termined operating range, the converter 1210 uses the
first signal generator 1221 to provide the light source
1100 with the driving power Pdc that has a voltage level
lower than the first voltage level. Herein, the amount of
current flowing through each of the light emitting units
1110 is different depending on the voltage range of the
control nodes Qc1 to Qc3. Therefore, the brightness uni-
formity of the light emitting units 1110 can be maintained
by increasing or decreasing the amount of the driving
power Pdc depending on the voltages of the control
nodes Qc1, Qc2, and Qc3, as described above. That is,
if at least one of the light emitting units is high in bright-
ness, the overall brightness is increased to increase the
average brightness; and if at least one of the light emitting
units is low in brightness, the overall brightness is de-
creased to decrease the average brightness. Alternative-
ly, if at least one of the light emitting units is high in bright-
ness, the overall brightness is decreased to decrease
the average brightness; and if at least one of the light
emitting units is low in brightness, the overall brightness
is increased to increase the average brightness.
[0085] It will be readily understood by those of ordinary
skill in the art that various modifications and changes can
be made to the light source module 1000 shown in FIG.
1. That is, as illustrated in FIG. 6, the light source module
may include a plurality of current difference controllers
that operate according to the voltage levels of the control
nodes Qc1, Qc2, and Qc3 of the respective light emitting
units in order to adjust the brightness of each light emit-
ting unit separately.
[0086] That is, as illustrated in FIG. 6, when the light
source 1100 includes three light-emitting units 1110, the
light source controller, 1200 in FIG. 2, includes three cur-
rent difference controllers 1220a, 1220b, and 1220c.
Each first/second/third current difference controller
1220a/1220b/1220c includes a first signal generator
1221a/1221b/1221c receiving the first reference voltage
Vref1 and a second signal generator 1222a/1222b/1222c
receiving the second reference voltage Vref2. The first
signal generator 1221a/1221b/1221c includes a power
supply unit 1221a-1/1221b-1/1221c-1, a signal converter
1221a-2/1221b-2/1221c-2, and a first signal output unit
1221a-3/1221b-3/1221c-3. The second signal generator
1222a/1222b/1222c includes a conversion signal output
unit 1222a-1/1222b-1/1222c-1 and a second signal out-
put unit 1222a-2/1222b-2/1222c-2.
[0087] The first current difference controller 1220a is
connected to the control node Qc1 of the first light emit-
ting unit 1110, that is, the first feedback control signal
Sfb-1, to generate the first and second power control sig-
nals Smina-p and Smaxa-p. The second current differ-
ence controller 1220b is connected to the control node

Qc2 of the second light emitting unit 1110 to generate
the first and second power control signals Sminb-p and
Smaxb-p. The third current difference controller 1220c
is connected to the control node Qc3 of the third light
emitting unit 1110 to generate the first and second power
control signals Sminc-p and Smaxc-p. The first power
control signals Smina-p, Sminb-p, and Sminc-p and the
second power control signals Smaxa-p, Smaxb-p, and
Smaxc-p are provided to the converter 1210, as shown
in FIG. 2. The converter 1210 controls the level of the
driving power according to the above-described power
control signals. Alternatively, the light emitting units may
be driven by three different converters 1210. That is,
when the light source 1100 includes three light-emitting
units 1110, three separate converters 1210 can provide
the driving power respectively to the three light emitting
units. In such an exemplary embodiment, the first and
second power control signals Smina-p and Smaxa-p are
applied to the first converter to control the brightness of
the first light emitting unit. The first and second power
control signals Sminb-p and Smaxb-p are applied to the
second converter to control the brightness of the second
light emitting unit. The first and second power control
signals Sminc-p and Smaxc-p are applied to the third
converter to control the brightness of the third light emit-
ting unit. In this way, the brightness of the light emitting
units can be controlled separately.
[0088] As described above, the amounts of the cur-
rents flowing through the light emitting units each having
a plurality of LEDs are measured, and the levels of volt-
ages applied to the light emitting units are changed ac-
cording to the measurement results. Accordingly, a cur-
rent difference between the light emitting units can be
reduced and the brightness uniformity of the light source
can be improved. In addition, the amounts of the currents
flowing through the light emitting units can be controlled
separately.
[0089] Although the light-source module for a display
device and the display device having the same have been
described with reference to the exemplary embodiments,
they are not limited thereto. Therefore, it will be readily
understood by those of ordinary skill in the art that various
modifications and changes can be made thereto without
departing from the spirit and scope of the present inven-
tion, as defined by the appended claims.

Claims

1. A light-source module comprising:

a plurality of light-emitting units connected in
parallel between a driving power input terminal
and a ground terminal to emit light by the driving
power and to output a respective plurality of
feedback control signals;
a current difference controller configured to out-
put a plurality of power control signals according
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to the plurality of feedback control signals; and
a converter configured to change a current of
the driving power provided to the plurality of
light-emitting units according to the plurality of
power control signals.

2. The light-source module of claim 1, wherein each of
the plurality of light-emitting units comprises:

a control node configured to output the feedback
control signal;
a light emitting diode (LED) string comprising a
plurality of LEDs and connected between the
driving power input terminal and the control
node; and
a power detector connected between the control
node and the ground terminal.

3. The light-source module of claim 1, wherein the cur-
rent difference controller outputs the plurality of pow-
er control signals having a first voltage level when
the voltage levels of the plurality of feedback control
signals are within a predetermined operating range,
and outputs the plurality of power control signals hav-
ing a second voltage level when the voltage level of
at least one of the plurality of feedback control signals
is out of the predetermined operating range.

4. The light-source module of claim 3, wherein the cur-
rent difference controller outputs a first power control
signal having the second voltage level when the volt-
age level of at least one of the feedback control sig-
nals is lower than a lower limit of the predetermined
operating range, and outputs a second power control
signal having the second voltage level when the volt-
age level of at least one of the feedback control sig-
nals is higher than an upper limit of the predeter-
mined operating range.

5. The light-source module of claim 4, wherein the con-
verter increases a voltage level of the driving power
according to the first power control signal having the
second voltage level, and decreases the voltage lev-
el of the driving power according to the second power
control signal having the second voltage level.

6. The light-source module of claim 1, wherein the cur-
rent difference controller comprises:

a first signal generator configured to generate a
first power control signal using a first reference
voltage and at least one of the plurality of feed-
back control signals; and
a second signal generator configured to gener-
ate a second power control signal using a sec-
ond reference voltage and at least one of the
plurality of feedback control signals.

7. The light-source module of claim 6, wherein the first
signal generator comprises:

a first node configured to receive a fixed power;
a signal converter configured to change a volt-
age of the fixed power according to the voltage
level of at least one of the plurality of feedback
control signals; and
a first signal output unit configured to output the
first power control signal by comparing the volt-
age of the fixed power with the first reference
voltage.

8. The light-source module of claim 6, wherein a volt-
age level of the first power control signal is changed
when a voltage of a fixed power is lower than the
first reference voltage.

9. The light-source module of claim 7, wherein the sig-
nal converter comprises a plurality of diodes each
having a cathode connected to a corresponding
feedback control signal input terminal and an anode
connected to the first node.

10. The light-source module of claim 7, wherein the first
signal output unit comprises:

an amplifier having an inverting input terminal
and a non-inverting input terminal to which the
first reference voltage is applied;
an input resistor connected between the invert-
ing input terminal and the first node;
a feedback resistor connected between the in-
verting input terminal and an output terminal of
the amplifier; and
an output resistor connected between the output
terminal of the amplifier and the first power con-
trol signal output terminal.

11. The light-source module of claim 6, wherein the sec-
ond signal generator comprises:

a conversion signal output unit configured to out-
put a conversion signal according to a voltage
level of at least one of the plurality of feedback
control signals; and
a second signal output unit configured to output
the second power control signal by comparing
a voltage of the conversion signal with the sec-
ond reference voltage.

12. The light-source module of claim 6, wherein a volt-
age level of the second power control signal is
changed when a voltage of a conversion signal is
higher than the second reference voltage.

13. The light-source module of claim 11, wherein the
conversion signal output unit comprises a plurality
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of diodes each having an anode connected to a cor-
responding feedback control signal input terminal
and a cathode connected to a conversion signal out-
put terminal.

14. The light-source module of claim 11, wherein the
second signal output unit comprises:

an amplifier having an inverting input terminal
and a non-inverting input terminal to which the
second reference voltage is applied;
an input resistor connected between the invert-
ing input terminal and a conversion signal output
terminal;
a feedback resistor connected between the in-
verting input terminal and an output terminal of
the amplifier; and
an output resistor connected between the output
terminal of the amplifier and the second power
control signal output terminal.

15. The light-source module of claim 6, wherein the con-
verter increases a current of the driving power ac-
cording to the first power control signal, and decreas-
es the current of the driving power according to the
second power control signal.

16. The light-source module of claim 1, wherein a plu-
rality of the current difference controllers is provided
such that the plurality of current difference controllers
receive the respective feedback control signals from
the light emitting units.

17. A method of driving a light-source module, compris-
ing:

providing driving power to a plurality of light emit-
ting diode (LED) strings to emit light;
detecting a power provided to each of the LED
strings; and
changing the driving power according to the
power detection results.

18. The method of claim 17, wherein detecting the power
comprises detecting a voltage level of the power ap-
plied to each of the LED strings.

19. The method of claim 18, further comprising, after de-
tecting the power, comparing the detected voltage
level of the power with at least one reference voltage
to generate a plurality of power control signals.

20. The method of claim 19, wherein changing the driv-
ing power comprises changing a present amount of
the driving power according to the plurality of power
control signals.

21. The method of claim 17, further comprising, after de-

tecting the power:

generating first and second power control sig-
nals having a first voltage level when the voltage
levels of the power detected from the LED
strings are within a predetermined operating
range;
generating the first power control signal having
a second voltage level when the voltage level of
the power detected from at least one of the LED
strings is lower than the lower limit of the prede-
termined operating range; and
generating the second power control signal hav-
ing the second voltage level when the voltage
level of the power detected from at least one of
the LED strings is higher than the upper limit of
the predetermined operating range.

22. The method of claim 21, wherein changing the driv-
ing power provides power identical to a previous driv-
ing power to the LED strings according to the first
and second power control signals having the first
voltage level, and provides another power different
in amount from the previous driving power to the LED
strings according to the first and second power con-
trol signals having the second voltage level.

23. The method of claim 22, wherein changing the driv-
ing power increases the voltage level of the driving
power according to the first power control signal hav-
ing the second power level, and decreases the volt-
age level of the driving power according to the sec-
ond power control signal havig the second power
level.

24. A display device comprising:

a display panel;
a controller configured to control an operation
of the display panel;
a plurality of light-emitting units connected in
parallel between a driving power input terminal
and a ground terminal to emit light by the driving
power and to output a respective plurality of
feedback control signals;
a current difference controller configured to out-
put a plurality of power control signals according
to the respective plurality of feedback control
signals; and
a converter configured to change a current of
the driving power provided to the light-emitting
units according to the plurality of power control
signals.

25. The display device of claim 24, wherein the current
difference controller outputs a plurality of power con-
trol signals having a first voltage level when the volt-
age levels of the plurality of feedback control signals
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are within a predetermined operating range, and out-
puts a plurality of power control signals having a sec-
ond voltage level when the voltage level of at least
one of the plurality of feedback control signals is out
of the predetermined operating range.
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