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(57) ABSTRACT

Disclosed is a technology for implementing a high contrast
ratio that cannot be implemented by only an analog dimming
or burst dimming method, by selectively turning off lamps on
the LCD device, comprising: a control unit outputting control
signals and video data for controlling a driving of a gate
driving unit and a data driving unit, and brightness control
signals; the gate driving unit for supplying scan signals to gate
lines ona liquid crystal panel by controlling of the control unit
and the data driving unit for supplying a data voltage to data
lines; the liquid crystal panel having liquid crystal cells
arranged in a matrix type and thin film transistors formed at
each intersection between the data lines and the gate lines; a

(22) Filed: Dec. 28,2007 backlight driving unit for controlling an optical amount by
) L L controlling a tube current supplied to lamps on a backlight
(30) Foreign Application Priority Data unit and for selectively turning off the lamps when the bright-
ness control signals are inputted; and the backlight unit for
Apr. 2,2007  (KR) oo 10-2007-0032564 implementing a high brightness with respect to a dark area by
. e e irradiating a backlight having a brightness corresponding to
Publication Classification light from the lamps emitted by the backlight driving unit
(51) Int.CL toward the liquid crystal panel, and turning off some of the
G09G 3736 (2006.01) lamps.
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LAMP DRIVING APPARATUS FOR LIQUID
CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority under 35
US.C. § 119 to Korean Patent Application No. 10-2007-
0032564 filed on Apr. 2, 2007, which is hereby incorporated
by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a backlight driving
technology for an LCD (Liquid Crystal Display) device, and
more particularly, to a lamp driving apparatus for an LCD
device which is capable of implementing a high contrast ratio
that cannot be implemented by only an analog dimming
method or burst dimming method.

[0004] 2. Description of the Related Art

[0005] As IT (Information Technology) develops recently,
a display device plays an important role as a medium for
displaying visual information. Inorder to be spotlighted in the
future, the display device has to meet the following conditions
such as a low power consumption, a thin thickness, a light
weight, a high picture quality and so on.

[0006] An LCD device is a typical display device of flat
panel display devices and operates to display images by using
an optical anisotropy of a liquid crystal. The LCD device has
advantages in that it is thin, small, low in power consumption,
high in picture quality and so on, accordingly being devel-
oped as a main product of the flat panel display devices for
replacing a cathode-ray tube (CRT).

[0007] Gernerally, the LCD device serves to display desired
images by supplying image information to pixels arranged in
a matrix shape, respectively, and adjusting a light transpar-
ency of the pixels. Thus, the LCD device includes a liquid
crystal panel on which each pixel which is aminimum unit for
implementing images is arranged in an active matrix shape,
and a driving unit for driving the liquid crystal panel. Further,
because the LCD device cannot emit light by itself, the LCD
device is provided with a backlight unit for supplying light
thereto.

[0008] Generally, acontrast ratio (CR) is obtained by divid-
ing a highest brightness value on a screen by a lowest bright-
ness value. Thus, in order to increase the CR, the highest
brightness value has to be larger, or the lowest brightness
value has to be smaller.

[0009] The brightness on the screen for the LCD device is
determined by a dimming of the backlight. FIG. 1 shows an
analog dimming method in the related art. According to the
analog dimming method, the brightness is determined by
controlling a tube current (or a tube voltage) supplied to the
backlight unit. For example, if the tube current supplied to the
backlight unit is maximized, the brightness is maximized. On
the contrary, if the tube current is minimized, the brightness is
minimized.

[0010] The analog dimming method can be simply imple-
mented, but has a narrow dimming range of 100~50%. Also,
in a low current state, one of both ends of a lamp to which a
power is supplied from an outside has a relatively higher
brightness, while the other thereof to which the power is not
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supplied from the outside has a relatively lower brightness,
accordingly the brightness may be ununiformly imple-
mented.

[0011] FIG. 2 shows a burst dimming method in the related
art. According to the burst dimming method, the brightness is
determined as wanted by controlling a duty ratio of the tube
current (or the tube voltage) by controlling an input voltage
through a pulse width modulation integrated circuit (PWM
1C). For example, if the duty ratio of the tube current supplied
to the backlight unit is maximized, the brightness is maxi-
mized. On the contrary, the duty ratio of the tube current is
minimized, the brightness is minimized.

[0012] The burst dimming method has advantages in that
the dimming range is wide as 100~20% and the brightness
can be uniformly implemented at both ends of the lamp.
[0013] In some cases, the analog dimming method can be
used together with the burst dimming method. That is, the
analog dimming method and the burst dimming method can
be applied to one backlight unit in some cases.

[0014] However, the related LCD device is configured to
control the brightness by using one or both of the analog
dimming method and the burst dimming method. In such
case, it is difficult to increase the contrast ratio due to char-
acteristics of the lamp.

SUMMARY OF THE INVENTION

[0015] Therefore, the present invention is directed to
implementing a high contrast ratio that cannot be imple-
mented only by an analog dimming method or the burst
dimming method, by lowering a lower brightness value by
selectively turning off lamps installed on the backlight unit
for an LCD device.

[0016] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, there is provided alamp driving
apparatus for an LCD device, comprising: a control unit out-
putting control signals and video data for controlling a driving
of a gate driving unit and a data driving unit, and brightness
control signals; the gate driving unit for supplying scan sig-
nals to gate lines on a liquid crystal panel by controlling of the
control unit and the data driving unit for supplying a data
voltage to data lines; the liquid crystal panel having liquid
crystal cells arranged in a matrix type and thin film transistors
formed at each intersection between the data lines and the
gate lines; a backlight driving unit for controlling an optical
amount by controlling a tube current supplied to lamps on a
backlight unit by performing a dimming operation and for
selectively turning off the lamps when the brightness control
signals are inputted; and the backlight unit for implementing
a high brightness with respect to a dark area by irradiating a
backlight having a brightness corresponding to light from the
plurality of lamps emitted by the backlight driving unit
toward the liquid crystal panel, and turning off some of the
lamps.

[0017] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Theaccompanying drawings, which are included to
provide a further understanding of the invention and are
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incorporated in and constitute a part of this specification,
illustrate preferred embodiments of the invention and
together with the description serve to explain the principles of
the invention.

[0019] In the drawings:

[0020] FIG.1shows an exemplary analog dimming method
in the related art;

[0021] FIG. 2 shows an exemplary burst dimming method
in the related art;

[0022] FIG. 3 is a block diagram showing a lamp driving
apparatus for an LCD device in accordance with the present
invention;

[0023] FIG. 4 is a block diagram showing a backlight driv-
ing unit in FIG. 3 in detail;

[0024] FIGS. 5(a) and 5(b) are diagrams comparing states
of lamps, black patterns and states of screen displaying by
implementing a high brightness in accordance with the
present invention; and

[0025] FIG. 6 shows an exemplary scanning lamp driving
method in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0026] Description will now be given in detail of the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0027] FIG. 3 is a block diagram showing one embodiment
of alamp driving apparatus for an LCD device in accordance
with the present invention. As shown, the lamp driving appa-
ratus includes: a timing controller 31 outputting control sig-
nals for controlling driving of a gate driving unit 32 and a data
driving unit 33, and a digital video data (RGB), and output-
ting brightness control signals (Vbr); the gate driving unit 32
for supplying scan signals to gate lines (GL1~GLn) on a
liquid crystal panel 34 by controlling of the timing controller
31; thedata driving unit 33 for supplying a data voltage to data
lines (DL1~DLm) on the liquid crystal panel 34 by control-
ling of the timing controller 31; the liquid crystal panel 34
having liquid crystal cells arranged in a matrix type by the
number of mxn and thin film transistors formed at intersec-
tions between the m data lines (DL1~DLm) and the n gate
lines (GL1~GLn); a backlight driving unit 35 for controlling
an optical amount by controlling a tube current supplied to
lamps on a backlight unit 36 in a specific dimming method
and for selectively turning off the lamps corresponding to the
brightness control signals (Vbr) inputted by a specific value;
and the backlight unit 36 for implementing a high brightness
with respect to a dark area by irradiating a backlight having a
brightness corresponding to light from the plurality of lamps
emitted by the backlight driving unit 35 toward the liquid
crystal panel 34, and turning off some of lamps.

[0028] FIG. 4 is a block diagram showing one embodiment
of the backlight driving unit 35 in detail. As shown, the
backlight driving unit 35 includes a pulse width modulation
integrated circuit (PWM IC) 35A outputting switching con-
trol signals (SCS) for switching a switching device inside of
an inverter integrated circuit 35B by using feedback signals
from the backlight unit 35; the inverter integrated circuit 35B
converting a power source voltage (Vce) supplied from a
power source into an alternating voltage by using the switch-
ing device switched by the switching control signals (SCS) so
as to supply the alternating voltage to a transformer 35C; the
transformer 35C outputting the alternating voltage outputted
from the inverter integrated circuit 35B by converting into a
high-pressure alternating voltage corresponding to a winding
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ratio; and a turn-off lamp selection unit 35D transferring the
high-pressure alternating voltage outputted from the trans-
former 35C to all lamps 36A on the backlight unit 34 nor-
mally, but when the brightness control signals (Vbr) are
inputted by a specific value, transferring the same selectively
so that the high brightness with respect to the dark area is
implemented.

[0029] An operation of the present invention will be
described in detail with reference to FIGS. 5 and 6.

[0030] The timing controller 31 outputs the gate control
signals (GDC) for controlling the gate driving unit 32, the
data control signals (DDC) for controlling the data driving
unit 33 and the brightness control signals (Vbr) for control-
ling the brightness. Further, the timing controller 31 performs
sampling of the digital video data (RGB) inputted from the
system and then re-aligns the same so as to supply to the data
driving unit 33.

[0031] The gate driving unit 32 responds to the gate control
signals (GDC) from the timing controller 31, and then
sequentially supplies a scan pulse (a gate pulse) to the gate
lines (GL.1~GLn), accordingly horizontal lines on the liquid
crystal panel 34 to which the data is supplied are selected.
[0032] The data driving unit 33 converts the digital video
data (RGB) into a data voltage (an analog gamma compen-
sating voltage) corresponding to a gray scale value by
responding to the data control signals (DDC) from the timing
controller 31, and then the converted data voltage is supplied
to the data lines (DL1~DLm) on the liquid crystal panel 34.

[0033] The liquid crystal panel 34 is provided with a plu-
rality of liquid crystal cells disposed at intersections between
the data lines (DL1~DLm) and the gate lines (GL1~GLn) in
a matrix shape. Thin film transistors (TFT) (not shown)
formed at the liquid crystal cells, respectively, respond to the
scan signals supplied from the gate lines (GL), and then
transfer the data voltage inputted from the data lines
(DL1~DLm) to the liquid crystal cells. Further, each liquid
crystal cell is provided with a storage capacitor that serves to
maintain the voltage of the liquid crystal cell to be constant by
being formed between a pixel electrode of the liquid crystal
cell and a front end of the gate lines or between the pixel
electrode of the liquid crystal cell and a common electrode.

[0034] For reference, the gate driving unit 32 and the data
driving unit 33 are installed to be separated from the liquid
crystal panel 34 in the above description, but currently, they
are integrated into a plurality of ICs, and then directly
mounted on the liquid crystal panel 34.

[0035] The backlight driving unit 35 controls a tube current
supplied to the lamp 36A on the backlight unit 36 so that an
optical amount irradiated to the liquid crystal panel 34 may be
controlled. And, the backlight driving unit 35 selectively
turns off the lamps on the backlight unit 36 when the bright-
ness control signals (Vbr) are inputted by a specific value
(e.g., 0) from the timing controller 31 so as to implement the
high brightness with respect to the dark area. This procedure
will be described in detail with reference to FIG. 4.

[0036] The pulse width modulation integrated circuit 35A
outputs the switching control signals (SCS) for switching the
switching device (e.g., MOS transistor) inside of the inverter
integrated circuit 35B by using signals fed-back from the
lamps 36A on the backlight unit 35.

[0037] The inverter integrated circuit 35B converts the
power source voltage (Vec) supplied from the power source
into the alternating voltage by using the switching device
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switched by the switching control signals (SCS) inputted
from the pulse width modulation integrated circuit (35A).
[0038] The transformer 35C converts the alternating volt-
age inputted from the inverter integrated circuit 35B into the
high-pressure alternating voltage corresponding to the wind-
ing ratio, and outputs the converted alternating voltage. That
is, the inputted alternating voltage is converted into the high-
pressure alternating voltage according to the winding ratio
between a first coil and a second coil of the transformer 35C.
And then, the converted high-pressure alternating voltage is
applied to a high-voltage electrode of the lamps 36 A through
the turn-off lamp selection unit 35D.

[0039] The turn-off lamp selection unit 35D transfers the
high-pressure alternating voltage outputted from the trans-
former 35C at normal times, that is, when the brightness
control signals (Vbr) are inputted by another value, not a
specific value, to all lamps 36 A on the backlight unit 34. Here,
the brightness is determined according to the tube current by
an analog dimming method or a burst dimming method.
[0040] Further, the turn-off lamp selection unit 35D trans-
fers the high-pressure alternating voltage outputted from the
transformer 35C when the brightness control signals (Vbr)
are inputted by the specific value to some of the lamps 36A,
notto all lamps 36A, selectively. In order to selectively supply
the high-pressure alternating voltage, it is preferable that the
turn-off lamp selection unit 35D is provided with the plurality
of switching devices. Here, some of the lamps 36A on the
backlight unit 34 to which the high-pressure alternating volt-
age is not applied, are turned off during corresponding time.
[0041] In order to implement the high brightness with
respect to the dark area, there may be various methods for
selectively turning off the lamps 36A through the turn-off
lamp selection unit 35. For example, in order to selectively
turn off the lamps, some lamps may be selected per unit
number or the lamps in any one of divided areas may be
selected.

[0042] As an example of the method for turning off some
lamps 36A selected per unit number, any one (e.g., odd num-
bered of the lamps) between odd numbered of lamps and even
numbered oflamps may be turned off. Here, the turn-offlamp
selection unit 35D switches on the switches connected to the
odd numbered of lamps 36A, while switches off the switches
connected to the even numbered of lamps.

[0043] FIGS. 5 (@) and 5(b) show results of experiments for
implementing the high brightness with respect to the dark
area by selectively turning off hot cathode fluorescent lamps
(HCFLs) applied to the backlight of a 42-inch liquid crystal
apparatus.

[0044] Thatis, FIG. 5 (a) shows a state of the lamps, a black
pattern, and a state of is playing when all of 9 hot cathode
fluorescent lamps were turned on by a minimum (Min duty).
Here, the brightness was measured as 0.08 nit.

[0045] And, FIG. 5 (b) shows a state of the lamps, a black
pattern, and a state of screen displaying when even numbered
of 9 hot cathode fluorescent lamps were turned off, while odd
numbered of the hot cathode fluorescent lamps were turned
on by the minimum duty ratio. Here, the brightness was
measured as 0.05 nit.

[0046] Here, the brightness was decreased by 0.03 nit when
even numbered of 9 hot cathode fluorescent lamps were
turned off, as shown in the results of comparing (a) with (b) of
FIG. 5. Thus, the brightness can be higher as much in the dark
area.
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[0047] As another example of the method for turning off
some lamps selected per unit number, the lamps 36A are
divided by three more units, and then certain numbers of
lamps therein are turned off.

[0048] As an example of the method for turning off lamps
in a corresponding area after dividing the lamps 36A into
certain areas, when a night sky is displayed on a half of a
screen and a is displayed on another half of the screen, the
turn-off lamp selection unit 35 turns on the half of the lamps
and turns off the another half of the lamps.

[0049] Generally, alamp driving method with respect to the
backlight for the LCD device can be implemented by a scan-
ning method by which all lamps 36A on the backlight 36 are
sequentially turned on, as shown in FIG. 6, and by a non-
scanning method by which the lamps 36A are simultaneously
turned on. The present invention can be applied by both
[0050] For example, in case that the method that all lamps
are divided into odd/even numbered lamps and then turned on
is applied to the scanning method, the odd numbered of lamps
(Lamp #1, Lamp #3, Lamp #5, Lamp #7, Lamp #9) are
continuously turned off, while the even numbered of lamps
(Lamp #2, Lamp #4, Lamp #6, Lamp #8) are sequentially
turned on in the first block. And then, in the second block, the
even numbered of lamps (Lamp #2, Lamp #4, Lamp #6, Lamp
#8) are continuously turned on, while the odd numbered of
lamps (Lamp #1, Lamp #3, Lamp #5, Lamp #7, Lamp #9) are
sequentially turned on. The odd and even numbered of lamps
are alternately selected in the following blocks, and the
selected lamps are sequentially turned on.

[0051] Accordingly, it is possible to implement the high
brightness in the dark area and to prevent life spans of the
lamps from being shortened by turning on only one side
between the odd numbered lamps and the even numbered
lamps.

[0052] As another example, in case that the method that all
lamps are divided into odd/even numbered lamps and then
turned on is applied to the non-scanning method, the odd
numbered lamps (Lamp #1, Lamp #3, Lamp #5, Lamp #7,
Lamp #9) are continuously turned off, while the even num-
bered lamps (Lamp #2, Lamp #4, Lamp #6, Lamp #8) are
simultaneously turned on in the first block. And then, in the
second block, the even numbered lamps (Lamp #2, Lamp #4,
Lamp #6, Lamp #8) are continuously turned on, while the odd
numbered of lamps (Lamp #1, Lamp #3, Lamp #5, Lamp #7,
Lamp #9) are simultaneously turned on. The odd and even
numbered lamps are alternately selected in the following
blocks, and then the selected lamps are simultaneously turned
on.

[0053] Accordingly, it is possible to implement the high
brightness in the dark area and to prevent life spans of the
lamps from being shortened by turning on only one side
between the odd numbered lamps and the even numbered
lamps.

[0054] As aforementioned, in accordance with the present
invention, the lamps installed on the backlight unit for the
liquid crystal display device are selectively turned off so that
the lower brightness is lowered, accordingly it is possible to
implement a high contrast ratio that cannot be implemented
by only the analog dimming or the burst dimming method,
thereby enhancing the picture quality.

[0055] The foregoing embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description is
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intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. The features, structures,
methods, and other characteristics of the exemplary embodi-
ments described herein may be combined in various ways to
obtain additional and/or alternative exemplary embodiments.
[0056] As the present inventive features may be embodied
in several forms without departing from the characteristics
thereof, it should also be understood that the above-described
embodiments are not limited by any of the details of the
foregoing description, unless otherwise specified, but rather
should be construed broadly within its scope as defined in the
appended claims, and therefore all changes and modifications
that fall within the metes and bounds of the claims, or equiva-
lents of such metes and bounds are therefore intended to be
embraced by the appended claims.

What is claimed is:

1. A lamp driving apparatus for an LCD device, compris-

ing:

a control unit outputting control signals and video data for
controlling a driving of a gate driving unit and a data
driving unit, and brightness control signals;

the gate driving unit for supplying scan signals to gate lines
ona liquid crystal panel by controlling of the control unit
and the data driving unit for supplying a data voltage to
data lines;

the liquid crystal panel having liquid crystal cells arranged
in a matrix type and thin film transistors formed at each
intersection between the data lines and the gate lines;

a backlight driving unit for controlling an optical amount
by controlling a tube current supplied to lamps on a
backlight unit and for selectively turning off the lamps
when the brightness control signals are inputted; and

the backlight unit for implementing a high brightness with
respect to a dark area by irradiating a backlight having a
brightness corresponding to light from the lamps emit-
ted by the backlight driving unit toward the liquid crystal
panel, and turning off some of the lamps.

2. The lamp driving apparatus of claim 1, wherein the

backlight driving unit comprises:

a pulse width modulation integrated circuit outputting
switching control signals for switching a switching
device inside of an inverter integrated circuit;
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the inverter integrated circuit converting a power source
voltage supplied from a power source into an alternating
voltage by using the switching device switched by the
switching control signals so as to supply the alternating
voltage to a transformer;

the transformer outputting the alternating voltage output-
ted from the inverter integrated circuit by converting into
a high-pressure alternating voltage corresponding to a
winding ratio; and

a turn-off lamp selection unit selectively transferring the
high-pressure alternating voltage outputted from the
transformer to the lamps on the backlight unit, when the
brightness control signals are inputted, so that some of
the lamps can be turned on.

3. The lamp driving apparatus of claim 2, wherein the
turn-off lamp selection unit is provided with a plurality of
switching devices so as to selectively transfer the high-pres-
sure alternating voltage.

4. The lamp driving apparatus of claim 1, wherein the
backlight driving unit turns off the lamps by selecting some
lamps per unit number.

5. The lamp driving apparatus of claim 1, wherein the
backlight driving unit turns off the lamps in a certain area by
dividing all the lamps into some areas.

6. The lamp driving apparatus of claim 1, wherein the
backlight driving unit is configured to alternately turn on the
lamp inamethod that odd numbered of lamps are sequentially
turned on in a first block, and even numbered of lamps are
sequentially turned on in a second block.

7. The lamp driving apparatus of claim 1, wherein the
backlight driving unit controls a tube current supplied to
lamps in an analog dimming method or a burst dimming
method.

8. The lamp driving apparatus of claim 1, wherein the
backlight driving unit drives the lamps in a scanning method
or a non-scanning method.

9. The lamp driving apparatus of claim 1, wherein the
backlight driving unit selectively turns off the lamps when the
brightness control signals are inputted by a specific value.
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