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7) ABSTRACT

A liquid crystal display device, includes: a liquid crystal
panel; a point light source which emits light to the liquid
crystal panel; and a light source driver which comprises a
power input terminal to receive initial power, a power supply
to supply power to the point light source according to the
initial power and a reference current, and a reference current
controller to output the changed reference current according
to the changed initial power, to the power supply.
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BACKLIGHT UNIT, LIQUID CRYSTAL
DISPLAY DEVICE HAVING THE SAME AND
CONTROL METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority from Korean Patent
Application No. 10-2007-0019075, filed on Feb. 26, 2007, 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] Apparatuses and methods consistent with the
present invention relate to a backlight umit, a liquid crystal
display device having the same, and a control method thereof,
and more particularly, to a backlight unit which includes a
point light source, a liquid crystal display device having the
same, and a control method thereof.

[0004] 2. Description of the Related Art

[0005] A related art liquid crystal display device employs a
light emitting diode (LED) as a light source to improve color
realization, instead of a related art cold cathode fluorescent
lamp (CCFL). The liquid crystal display device includes a
switching element to supply a current to the LED, and con-
trols the switching element through an analog control method
or a pulse width modulation (PWM) control method.

[0006] To control the LED employing the PWM control
method, an amount of the current output to the LED is con-
trolled by determining whether a peak current flowing to the
LED reaches a predetermined reference current. FIG. 1 is a
graph which illustrates a waveform of an output current with
respect to initial power in a related art backlight unit. An axis
X in the graph represents one period of the switching element,
and an axis Y in the graph refers to a waveform of the current
output from the switching element. As shown therein, three
current waveforms A, B and C have different switching on
times Ton, respectively. The switching element is turned on
until the output current reaches the reference current within
one period, and turned off for a remaining time in the period.
[0007] If the period of the switching element is set as a
single value, the amount of the output current increases as the
switching on time Ton becomes shorter. An average current
amount A' of the current waveform A having the shortest
switching on time Ton is larger than average current amounts
B'and C=40 of the current waveforms B and C having longer
switching on time Ton.

[0008] The switching on time Ton varies depending on a
voltage level of the initial power driving the LED. If the peak
output current is controlled to drive the LED, the average
value of the current output to the LED changes according to
the fluctuation of the initial power with respect to constant
reference current and period. Here, a problem arises that
brightness of the LED becomes ununiform.

SUMMARY OF THE INVENTION

[0009] Exemplary embodiments of the present invention
overcome the above disadvantages and other disadvantages
not described above. Also, the present invention is not
required to overcome the disadvantages described above, and
an exemplary embodiment of the present invention may not
overcome any of the problems described above.

Aug. 28, 2008

[0010] The present invention provides a backlight unit
which outputs a current from irregular initial power, a liquid
crystal display device having the same, and a control method
thereof.

[0011] According to an aspect of the present invention,
there is provided a liquid crystal display device, including: a
liquid crystal panel; a point light source which emits light to
the liquid crystal panel; and a light source driver which
includes a power input terminal to receive initial power, a
power supply to supply power to the point light source
according to the initial power and a reference current, and a
reference current controller to output the changed reference
current according to the changed initial power, to the power
supply.

[0012] The reference current controller decreases the ref-
erence current as a voltage level of the initial power is raised.
[0013] The reference current controller may include a first
terminal to receive an initial reference current, a second tet-
minal to receive partial power divided from the initial power,
and a calculator to adjust the initial reference current as the
reference current according to the partial power.

[0014] The reference current controller may include a
microcomputer which stores a lookup table of the reference
current cotresponding to a voltage level of the initial power.
[0015] The power supply may include a switching element
which switches a current output to the point light source, and
a switching controller which turns on and off the switching
element according to the reference current and a pulse width
modulation (PWM) dimming signal input from the outside.

[0016] A switching on time during which the switching
element is turned on in a single period may shorten as a
voltage level of the initial power is raised.

[0017] The power supply may further include an inductor
which is connected between the switching element and the
point light source.

[0018] The power supply may further include an inductor
which is connected between the power input terminal and the
switching element.

[0019] The power supply may further include a current
detecting resistor which detects a current flowing in the
inductor.

[0020] The power supply may further include a current
detecting resistor which detects a current flowing in the
inductor.

[0021] According to an aspect of the invention, the point
light source includes a light emitting diode.

[0022] According to another aspect of the present inven-
tion, there is provided a backlight unit, including: a light
emitting diode; a power input terminal which receives initial
power; a power supply which supplies power to the light
emitting diode according to the initial power and a reference
current; and a reference current controller which outputs the
reference current inverse proportional to increase and
decrease of the initial power to the power supply.

[0023] The reference current controller may include a first
terminal to receive an initial reference current, a second ter-
minal to receive partial power divided from the initial power,
and a calculator which adjusts the initial reference current as
the reference current according to the partial power.

[0024] The reference current controller may include a
microcomputer which stores a lookup table of the reference
current corresponding to a voltage level of the initial power.
[0025] The power supply may include a switching element
which switches a current output to the light emitting diode, an
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inductor which is connected with the switching element, and
a switching controller which turns on and off the switching
element according to the reference current and a PWM dim-
ming signal input from the outside.

[0026] A switching on time during which the switching
element is turned on in a single period may shorten as a
voltage level of the initial power is raised.

[0027] According to another aspect of the present inven-
tion, there is provided a method of controlling a liquid crystal
display device which includes a liquid crystal panel, a point
light source to emit light to the liquid crystal panel and a
power supply to supply power to the point light source
according to initial power and a reference current, the method
including: detecting a voltage level of the initial power; and
controlling the reference current if the detected voltage level
of the initial power 1s changed.

[0028] The controlling the reference current may include
decreasing the reference current if the voltage level of the
initial power is raised.

[0029] The detecting the initial power may include detect-
ing a level of a partial voltage divided from the initial power,
and the controlling the reference current may include control-
ling an initial reference current as the reference current by
using the level of the partial voltage and a formula.

[0030] The controlling the reference current may include
controlling the reference current by using a lookup table of
the reference current corresponding to the voltage level of the
initial power.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] Theabove and/or other aspects of the present inven-
tion will become apparent and more readily appreciated from
the following description of the exemplary embodiments,
taken in conjunction with the accompanying drawings of
which:

[0032] FIG.1isa graph which illustrates a waveform of an
output current with respect to initial power according to a
related art backlight unit;

[0033] FIG. 2 is a control block diagram of a liquid crystal
display device according to a first exemplary embodiment of
the present invention;

[0034] FIG. 3 is a schematic circuit diagram of a backlight
unit according to a second exemplary embodiment of the
present invention;

[0035] FIG. 4 illustrates a switch control of the backlight
unit according to the second exemplary embodiment of the
present invention;

[0036] FIG. 5 1is a graph which illustrates a reference cur-
rent with respect to initial power of the backlight unit accord-
ing to the second exemplary embodiment of the present
invention;

[0037] FIG. 6 is a control flowchart which explains a con-
trol method of a liquid crystal display device including the
backlight unit according to the second exemplary embodi-
ment of the present invention; and

[0038] FIG. 7 is a schematic circuit diagram of a backlight
unit according to a third exemplary embodiment of the
present invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0039] Hereinafter, exemplary embodiments of the present
invention will be described with reference to accompanying
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drawings, wherein like numerals refer to like elements and
repetitive descriptions will be avoided as necessary.

[0040] FIG. 2 is a control block diagram of a liquid crystal
display device according to a first exemplary embodiment of
the present invention.

[0041] As shown therein, a liquid crystal display device
according to the first exemplary embodiment of the present
invention includes a liquid crystal panel 100 and a backlight
unit 400, which emits light to the liquid crystal panel 100. The
backlight unit 400 includes a point light source 200, and a
light source driver 300 which drives the point light source
200.

[0042] Theliquid crystal panel 100 includes a first substrate
(not shown) having a thin film transistor and a pixel, a second
substrate (not shown) facing the first substrate and a liquid
crystal layer (not shown) interposed therebetween. A color
filter may be formed on one of the first and second substrates,
or omitted, depending on a driving method of a light source.
The liquid crystal panel 100 does not emit light itself, and
forms an image by adjusting arrangement of liquid crystals.
Thus, the liquid crystal panel 100 receives light from the
backlight unit 400, which is disposed behind the liquid crystal
panel 100.

[0043] The point light source 200 according to the first
exemplary embodiment of the present invention may include
a light emitting diode (LED). The point light source 200
receives power from a switching element (described below)
of thelight source driver 300. The point light source 200 may
include an R-LED which emits red light, a G-LED which
emits green light, and a B-LED which emits blue light. The
point light source 200 may further include various LEDs such
as a C-LED emitting cyan light, a Y-LED emitting yellow
light, an M-LED emitting magenta light and a W-LED emit-
ting white light.

[0044] The light source driver 300 includes a power input
terminal 310 to receive initial power, a reference current
controller 320 to control a reference current, and a power
supply 330 to supply power to the point light source 200 by
using the initial power and the reference current. If the back-
light unit 400 employs an LED as a light source, brightness of
the LED is adjusted with a current flowing in the LED.
[0045] The initial power input by the power input terminal
310 refers to power initially input from the outside to drive the
point light source 200. The reference current refers to a cur-
rent serving as a reference of output current supplied from the
power supply 330 to the point light source 200.

[0046] The power supply 330 supplies a current to the point
light source 200 with the initial power, and includes a switch-
ing element turned on and off to supply the output current.
The output current may be controlled by a pulse width modu-
lation (PWM) control method in which the switching element
is turned on and off according to a PWM control signal input
from the outside, and an analog control method in which the
reference current is controlled. The PWM control method
uses and controls a width of a pulse supplied to the switching
element. The analog control method uses and controls an
amplitude of the pulse. The output current is controlled by one
of the PWM and analog control methods, or by both at the
same time.

[0047] The switching on time Ton defined by a time during
which the switching element is turned on in one period varies
depending on the initial power. If a voltage level of the initial
power is incremented, the switching on time Ton shortens. If
the voltage level of the initial power is decremented, the
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switching on time Ton lengthens. If the PWM control method
1s used, the switching element is turned on and off so that the
output current reaches the reference current of certain con-
stant value. However, the switching on time Ton is varied as
the input initial power is changed. If the switching on time
Ton is changed, the amount of the current output to the point
light source 200 is also changed, thereby causing ununiform
brightness of the point light source 200.

[0048] To address the ununiform brightness, the reference
current controller 320 supplies a reference current which
changes corresponding to the changed initial power, to the
power supply 330. The reference current controller 320 out-
puts the reference current inverse-proportional to the changed
initial power to uniformly maintain the amount of the current
output to the point light source 200, to the power supply 330.
As described above, if the voltage level of the initial power is
incremented, the switching on time, which is the time for the
output current to reach the reference current is shortened, and
the amount of the output current increases as a whole. Con-
versely, if the voltage level of the initial power is decre-
mented, the switching on time for the output current to reach
the reference current is lengthened, thereby decreasing the
amount of the output current as a whole. Thus, the reference
current controller 320 decreases the reference current to
reduce the amount of the output current as the voltage level of
the initial power is raised.

[0049] The power supply 330 supplies power to the point
light source 200 according to changed initial current and
changed reference current output by the reference current
controller 320.

[0050] FIG. 3 is a schematic circuit diagram of a backlight
unit according to a second exemplary embodiment of the
present invention. As shown therein, the backlight unit
according to the second exemplary embodiment includes a
calculator 321 as a reference current controller. A power
supply 330 supplies an output current lout to a point light
source 200 with initial power Vin and a reference current Iref
output by the calculator 321.

[0051] The power supply 330 includes a switching element
331 which switches the current output to the point light source
200, and a switching controller 332 which controls the
switching element 331. The power supply 330 further
includes an inductor L, a current detecting resistor R, a diode
D and a capacitor C.

[0052] The inductor L is coupled between the switching
element 331 and the point light source 200 to store and dis-
charge the current output by turning on and off the switching
element 331. The power supply 330 according to the second
exemplary embodiment includes a buck switching circuit
which supplies power at a lower voltage level than the initial
power Vin, to the point light source 200.

[0053] The current detecting resistor R is coupled between
the switching element 331 and a ground terminal, and detects
a current flowing in the inductor L. According to the second
exemplary embodiment, a peak value of the current flowing in
the switching element 331 is substantially equivalent to that
of the current flowing in the inductor L. An average value of
the current flowing in the inductor L is equivalent to that of the
current flowing in the point light source 200. Thus, the current
flowing in the point light source 200 may be determined with
the current detected by the current detecting resistor R. A
cathode of the diode D is connected between the switching
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controller 332 and the point light source 200 while an anode
of the diode D is connected between the switching element
331 and the inductor L.

[0054] The capacitor C makes the output current lout sub-
stantially stable.

[0055] The switching element 331 switches a flow of the
current of the initial power Vin to be supplied to the point light
source 100, and is turned on and off by a control of the
switching controller 332. The switching element 331 may
include a metal oxide semiconductor field effect transistor
(MOSFET), but is not limited thereto as long as switching
element 331 can switch on and off the power. As the switching
element 331 is switched on and off, the amount of the current
supplied to the point light source 100 repeatedly increased
and decreased is adjusted in a wave of triangular form. The
brightness of the point light source 200 is determined by the
average amount of the current.

[0056] The switching element 331 according to the second
exemplary embodiment is connected adjacent to the ground
terminal, and is controlled without difficulty. If the switching
element 331 includes an N type MOSFET, a voltage between
a gate and a source of the switching element 331 may range
from about 7V~8V to about 12V-15V. The voltage drop
which is caused by a current detecting resistor R is about 1V,
much smaller than a voltage between the gate and the source.
Accordingly, the source terminal S of the switching element
331 may be regarded as the ground terminal to turn on and off
the switching element 331. Thus, an additional voltage con-
trol of the source terminal S is not necessary.

[0057] The switching controller 332 turns on and off the
switching element 331 according to a reference current Iref
and a PWM dimming signal input from the outside. The
PWM dimming signal includes a PWM on section of the
period to turn on the point light source 200, and a PWM off
section of the period to turn off the point light source 200. The
output current flows to the point light source 200 during the
PWM on section of the period, and does not flow thereto
during the PWM off section of the period. The switching
element 331 is turned on and off by the intensity of the current
flowing to the point light source 200 during the PWM on
section of the period. Accordingly, an average output current
with a minute pulsation flows in the point light source 200.

[0058] FIG. 4 illustrates a current detected by the current
detecting resistor R, and turning on and off of the switching
element 331 in the PWM onssection of the period. The switch-
ing controller 332 controls the switching element 331 so that
the peak value of the current Is detected through the current
detecting resistor R reaches the reference current Iref. The
switching on time Ton of the switching element 331 is
changed by the voltage level of the initial power Vin, and the
current waveform for a first period is determined by the initial
power Vin.

[0059] The calculator 321 includes a first terminal 321a
which receives initial reference current Io_ref and a second
terminal 3215 which receives partial power Vin' divided from
the initial power Vin, and outputs the reference current Iref
corresponding to the changed partial power Vin' by control-
ling the initial reference current Io_ref. The calculator 321
calculates the reference current Iref with a formula to output
the decreased reference current Iref with respect to rise in the
initial power Vin. The formula may be, for example but not by
way of limitation, Iref=lo_ref-a*Vin' or Iref=Io_ref-a*Vin'+
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b. a and b are constants which are set by a user. The formula
may vary from the foregoing, as would be understood by one
skilled in the art.

[0060] FIG.5isagraphwhichillustrates a waveform of the
reference current with respect to the changed initial power
Vin with example waveforms I, IT and I1I of the output cur-
rent. As shown therein, the switching on time Ton lengthens in
sequence of the first current waveform 1, the second current
waveform II and the third current waveform II1. As the volt-
age level of the initial power Vin becomes lower, the switch-
ing on time Ton and the reference current Iref increase. The
switching on time Ton of the first current waveform I is
substantially shorter than those of the second and third cur-
rent waveforms II and III, Thus, the reference current Iref of
the first current waveform 1 is substantially smaller than the
current waveforms II and III. The switching on time Ton of
the third current waveform 111 is the longest, and the calcula-
tor 321 outputs the largest among the three reference currents
Tref, to the switching controller 332. If the initial power Vin is
changed according to the reference current Iref, an average
value Tav of the current output to the point light source 200
remains the same. That is, if the initial power Vin is changed,
the constant current is supplied to the point light source 200,
thereby making the brightness of the point light source 200
uniform.

[0061] That is, the backlight unit according to the present
exemplary embodiment employs the PWM control method to
control the brightness of the point light source 200, and uses
the analog control method to control the reference value of the
current which is switched by the PWM control method.
[0062] FIG. 6 is a control flowchart to explain a control
method of a liquid crystal display device including the back-
light unit according to the present exemplary embodiment.
The control method of the liquid crystal display device
according to the present exemplary embodiment will be
described with reference to FIG. 6.

[0063] First, the voltage level of the initial power Vin is
detected (S10). Here, the change of the initial power Vin may
be detected through the partial power Vin' divided from the
initial power Vin.

[0064] Then, it is determined whether the voltage level of
the initial power Vin is raised (S20). Ifitis determined that the
voltage level is raised, the calculator 321 decreases the refer-
ence current [ref by using the formula, for example, a prede-
termined formula as shown in operation S30.

[0065] Ifitis determined that the voltage level of the initial
power Vin is not raised, it is determined whether the voltage
level of the initial power Vin is decreased (S40).

[0066] Ifitis determined that the voltage level is decreased,
the calculator 321 increases the reference current Iref by
using the formula, for example, a predetermined formula as
shown in operation S50.

[0067] Ifthe change of the voltage level of the initial power
Vin is not detected, the reference current is not changed.
[0068] FIG. 7 is a schematic circuit diagram of a backlight
unit according to a third exemplary embodiment of the
present invention.

[0069] As shown therein, the backlight unit according to
the present exemplary embodiment includes a microcom-
puter 322 which outputs a reference current Iref, and an
inductor L, connected between the initial power Vin and the
switching element 331.

[0070] The microcomputer 322 stores a lookup table of the
reference current Iref corresponding to the voltage level of the
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initial power Vin, and outputs the changed reference current
Iref according to the changed initial power Vin by using the
lookup table.

[0071] A power supply 330 according to the present exem-
plary embodiment includes a boost switching circuit which
supplies power having higher voltage level than the initial
power Vin to a point light source 220 by the inductor L
connected between the initial power Vin and the switching
element 331.

[0072] The exemplary embodiments may improve ununi-
formity of the output current due to changed switching on
time Ton of the switching element 331 according to the initial
power Vin in a backlight unit 400 including the switching
element 331. That is, the present invention applies the analog
control method to generate a variable reference current Iref
corresponding to the changed initial power Vin and the PWM
control method to control the switching element 331, and
supplies uniform power to the point light source 200 accord-
ingly.

[0073] As described above, the exemplary embodiments
provide a backlight unit which outputs a stable current with
respect to variable initial power, a liquid crystal display
device having the same, and a control method thereof
[0074] Theexemplary embodimentis described above with
reference to the flowchart illustration of FIG. 6. It should be
understood that each block of the flowchart illustration can be
implemented by computer program instructions. These com-
puter program instructions can be provided to a processor of
a general purpose computer, special purpose computer, or
other programmable data processing apparatus to produce a
machine, such that the instructions, which are executed via
the processor of the computer or other programmable data
processing apparatus, create means for implementing the
functions specified in the flowchart block or blocks.

[0075] These computer program instructions may also be
stored in a computer usable or computer-readable memory
that can direct a computer or other programmable data pro-
cessing apparatus to function in a particular manner, such that
the instructions stored in the computer usable or computer-
readable memory produce an article of manufacture includ-
ing instruction means that implement the function specified in
the flowchart block or blocks.

[0076] The computer program instructions may also be
loaded into a computer or other programmable data process-
ing apparatus to cause operational steps to be performed in the
computer or other programmable apparatus to produce a
computer implemented process such that the instructions that
are executed on the computer or other programmable appa-
ratus provide steps for implementing the functions specified
in the flowchart block or blocks.

[0077] Each block of the flowchart illustrations may repre-
sent a module, segment, or portion of code, which comprises
one or more executable instructions for implementing the
specified logical function(s). In some alternative implemen-
tations, the functions noted in the blocks may occur out of the
illustrated order without departing from the scope of the
invention. For example, two blocks shown in succession may
in fact be executed substantially concurrently or in reverse
order, depending upon the functionality involved. Further,
various functions may be implemented in software and/or
hardware without departing from the scope of the invention.
[0078] Although exemplary embodiments of the present
invention have been shown and described, it will be appreci-
ated by those skilled in the art that changes may be made in
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these exemplary embodiments without departing from the
principles and spirit of the invention, the scope of which is
defined in the appended claims and their equivalents.

What is claimed is:

1. A liquid crystal display device comprising:

aliquid crystal panel;

a point light source which emits light to the liquid crystal

panel; and

a light source driver comprising:

a power input terminal which receives an initial power,

a power supply which supplies power to the point light
source according to the initial power and a reference
current, and

a reference current controller which outputs a changed
reference current according to a changed initial
power, to the power supply.

2. The liquid crystal display device according to claim 1,
wherein the reference current controller decreases the refer-
ence current as a voltage level of the initial power increases.

3. The liquid crystal display device according to claim 1,
wherein the reference current controller comprises a first
terminal which receives an initial reference current, a second
terminal that receives a partial power divided from the initial
power, and a calculator which adjusts the initial reference
current as the reference current according to the partial power.

4. The liquid crystal display device according to claim 1,
wherein the reference current controller comprises a micro-
computer which stores a lookup table of the reference current
corresponding to a voltage level of the initial power.

5. The liquid crystal display device according to claim 1,
wherein the power supply comprises a switching element
which switches a current output to the point light source, and
a switching controller which turns the switching element on
and off according to the reference current and a pulse width
modulation (PWM) dimming signal input from the outside.

6. The liquid crystal display device according to claim 5,
wherein a switching on time during which the switching
element is turned on in a single period shortens as a voltage
level of the initial power increases.

7. The liquid crystal display device according to claim 5,
wherein the power supply further comprises an inductor
which is connected between the switching element and the
point light source.

8. The liquid crystal display device according to claim 5,
wherein the power supply further comprises an inductor
which is connected between the power input terminal and the
switching element.

9. The liquid crystal display device according to claim 8,
wherein the power supply further comprises a current detect-
ing resistor which detects a current flowing in the inductor.

10. The liquid crystal display device according to claim 7,
wherein the power supply further comprises a current detect-
ing resistor which detects a current in the inductor.
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11. The liquid crystal display device according to claim 1,
wherein the point light source comprises a light emitting
diode.

12. A backlight unit comprising:

a light emitting diode;

a power input terminal which receives an initial power;

a power supply which supplies power to the light emitting
diode according to the initial power and a reference
current; and

a reference current controller which outputs the reference
current inverse proportional to an increase and a
decrease of the initial power to the power supply.

13. The backlight unit according to claim 12, wherein the
reference current controller comprises a first terminal which
receives an initial reference current, a second terminal which
receives a partial power divided from the initial power, and a
calculator which adjusts the initial reference current as the
reference current according to the partial power.

14. The backlight unit according to claim 12, wherein the
reference current controller comprises a microcomputer
which stores a lookup table of the reference current corre-
sponding to a voltage level of the initial power.

15. The backlight unit according to claim 12, wherein the
power supply comprises a switching element which switches
a current output to the light emitting diode, an inductor con-
nected to the switching element, and a switching controller
which turns the switching element on and off according to the
reference current and a PWM dimming signal input from the
outside.

16. The backlight unit according to claim 15, wherein a
switching on time during which the switching element is
turned on in a single period shortens as a voltage level of the
initial power increases.

17. A method of controlling a liquid crystal display device
which comprises a liquid crystal panel, a point light source to
emit light to the liquid crystal panel and a power supply to
supply power to the point light source according to initial
power and a reference current, the method comprising:

detecting a voltage level of the initial power; and

controlling the reference current if the detected voltage
level of the initial power is changed.

18. The method according to claim 17, wherein the con-
trolling the reference current comprises decreasing the refer-
ence current if the voltage level of the initial power increases.

19. The method according to claim 18, wherein the detect-
ing comprises detecting a level of a partial voltage divided
from the initial power, and the controlling comprises control-
ling an initial reference current as the reference current by
using the level of the partial voltage and a formula.

20. The method according to claim 18, wherein the con-
trolling comprises controlling the reference current by using
a lookup table of the reference current corresponding to the
voltage level of the initial power.
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