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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

[0001] The present application claims the benefit of
Korean Patent Application No. 2005-0125140, filed in
Korea on Dec. 19, 2005, which is hereby incorporated by
reference in its entirety.

BACKGROUND

TECHNICAL FIELD

[0002] The technical field generally relates to a liquid
crystal display device, and particularly relates to a device
and a method of driving a liquid crystal display device for
display regions of differing brightness.

DISCUSSION OF THE RELATED ART

[0003] Display devices may use cathode-ray tubes (CRT).
Other flat panel displays, such as liquid crystal display
(LCD) devices, plasma display panels (PDP), field emission
displays, and electro-luminescence displays (ELD), exist as
alternatives to the CRT. In particular, LCD devices have
been widely used. LCD devices may provide several advan-
tages, such as high resolution, light weight, thin profile,
compact size, and low power supply requirements.

[0004] AnLCD device may include two substrates that are
spaced apart and face each other with a liquid crystal
material interposed between the two substrates. The two
substrates include electrodes that face each other such that a
voltage applied between the electrodes induces an electric
field across the liquid crystal material. The light transmis-
sivity of the LCD device can be changed by adjusting the
intensity of the induced electric field to change an alignment
of the liquid crystal molecules in the liquid crystal material.
Thus, the LCD device displays images by varying the
intensity of the induced electric field.

[0005] FIG. 1 is a block diagram of an LCD device
according to the related art.

[0006] As shown in FIG. 1, the LCD device may include
a liquid crystal panel 190, a driving circuit 100 and a
backlight unit 192.

[0007] The liquid crystal panel 190 includes a plurality of
gate lines GL1 to GLn and a plurality of data lines DL1 to
DLm (where n and m are natural numbers) crossing each
other to define a plurality of pixel regions P. In each pixel
region P, a thin film transistor T may be connected to the
corresponding gate and data lines, and a liquid crystal
capacitor Clc may be connected to the thin film transistor T.

[0008] The driving circuit 100 may include an interface
140, a timing controller 130, gate and data drivers 110 and
120 and an inverter 150.

[0009] The interface 140 may be supplied with data sig-
nals and control signals, such as a horizontal synchroniza-
ton signal (Hsync), a vertical synchronization signal
(Vsync), a data enable signal (DE) and a data clock (DCLK)
from an external operating system 50 and may transfer such
the signals to the timing controller 130.

[0010] The timing controller 130 generates control signals
and data signals using the signals transferred from the
interface 140.
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[0011] The gate driver 110 may enable the gate lines GL1
to GLn according to the control signals supplied from the
timing controller 130, and may enable the gate lines sequen-
tially. The thin film transistors T connected to the enabled
gate line may be turned on. The data driver 120 generates
data voltages according to the control signals supplied from
the timing controller 130 and outputs the data voltages to the
data lines DL1 to DLm. The data voltages are supplied to the
liquid crystal capacitors Clc connected to the enabled gate
line.

[0012] The inverter 150 generates a backlight driving
voltage from a DC voltage input thereto and outputs the
backlight driving voltage to the backlight unit 192.

[0013] Although not shown in FIG. 1, the driving circuit
further includes a power supplier supplying voltages to
components of the LCD device and a gamma reference
voltage generator supplying gamma reference voltages to
the data driver 120.

[0014] Some computer display windows, for example, a
window for displaying a high resolution image such as a
moving image and a window for displaying a low resolution
image such as a standing image (a word processor) may be
displayed simultaneously in a screen of the liquid crystal
panel for user’sw convenience. FIG. 3 example windows
displayed simultaneously in the screen of the related art
liquid crystal panel.

[0015] However, the related art LCD device may not
normally display all windows in the screen. In other words,
a user may perceive that a moving image is normally
displayed when the moving image is bright and a word
processor is normally displayed when the standing image is
darker than the moving image. In this situation, brightnesses
for the different displayed images may be different.

[0016] If the backlight unit supplies a light having a
luminance suitable to display one of the windows, other
windows requiring a different luminance may not be nor-
mally displayed. For example, if the backlight unit supplies
light of about 300 nit. a user may perceive that the moving
image is normally displayed but the standing image is
abnormally displayed, such as too brightly. If the backlight
unit supplies light of about 100 to 150 nit, a user may
perceive that the standing image is normally displayed but
the moving image is abnormally displayed, such as too
darkly.

SUMMARY

[0017] Accordingly, the LCD device and method are
directed to a display device and a driving method, which
substantially obviate one or more problems due to limita-
tions and disadvantages of the related art.

[0018] An LCD device and driving method are disclosed
that may normally display various images simultaneously
requiring various brightness.

[0019] A liquid crystal display device includes a data
converter that processes a first data signal and a second data
signal. A backlight unit emits a light source having a
luminance. A liquid crystal panel is configured to receive the
light source and has a first region and a second region
corresponding to the first data signal and the second data
signals, respectively, where gray levels of the first and
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second data signals are differently processed and the lumi-
nance is adjusted when the first and second regions have
different brightness.

[0020] A method that drives a liquid crystal display device
includes processing first and second data signals. The
method displays first and second regions in a liquid crystal
panel, where the first and second regions correspond to the
first and second data signals, respectively. Light is emitted
having a luminance to the liquid crystal panel. Gray levels
of the first and second data signals are differently processed
and the luminance is adjusted when the first and second
regions have different brightness.

[0021] A method of driving a liquid crystal display device
includes processing first and second data signals. First and
second regions are displayed in a liquid crystal panel, where
the first and second regions correspond to the first and
second data signals, respectively. A light source emits light
having a luminance to the liquid crystal panel. The gray
levels of the first and second data signals are differently
processed and the luminance is adjusted when the first and
second regions are normally displayed simultaneously to
have first and second brightness, respectively.

[0022] Tt is to be understood that both the foregoing
general description and the following detailed description of
the disclosure are explanatory and are intended to provide
further explanation of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] FIG. 1 is a block diagram of an LCD device
according to the related art.

[0024] FIG. 2 illustrates example windows displayed
simultaneously in the screen of the related art liquid crystal
panel.

[0025]

[0026] FIG. 4 is a block diagram showing a generation and
an input of a selected region position signal in an LCD
device.

[0027] FIG. 5 is a block diagram showing a data conver-
sion in a data converter of an LCD device.

FIG. 3 is a block diagram of an LCD device.

[0028] FIG. 6 is a block diagram showing an operation of
an LCD device.

[0029] FIG. 7 illustrates example windows displayed
simultaneously in the screen of the liquid crystal panel.

DETAILED DESCRIPTION

[0030] Reference will now be made in detail to example
systems of the disclosure, which are illustrated in the accom-
panying drawings.

[0031] FIG. 3 is a block diagram of an LCD device.

[0032] As shown in FIG. 3, the LCD device includes a
liquid crystal panel 390, a driving circuit 300 and a backlight
unit 392.

[0033] The liquid crystal panel 390 includes a plurality of
gate lines GL1 to GLn and a plurality of data lines DL1 to
DLm (where n and m are natural numbers) crossing each
other to define a plurality of pixel regions P. In each pixel
region P, a thin film transistor T may be connected to the
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corresponding gate and data lines, and a liquid crystal
capacitor Clc may be connected to the thin film transistor T.
The liquid crystal capacitor Clc may include a pixel elec-
trode, a common electrode and a liquid crystal layer between
the pixel and common electrodes. A light transmissivity of
the liquid crystal layer may be changed by adjusting an
intensity of the induced electric field between the two
electrodes.

[0034] The driving circuit 300 includes an interface 340,
a timing controller 330, gate and data drivers 310 and 320,
an inverter 350, a data converter 360 and an inverter
controller 370.

[0035] The interface 340 is supplied with data signals and
control signals such as a horizontal synchronization signal
(Hsync), a vertical synchronization signal (Vsync), a data
enable signal (DE) and a data clock (DCLK) from an
external operating system 250, and may transfer such the
signals to the timing controller 330 and the data converter
360. The interface 340 is supplied with a selected region
position signal and a luminous signal.

[0036] FIG. 4is ablock diagram showing a generation and
an input of a selected region position signal in an LCD
device.

[0037] InFIG. 4, DDC data 402 is provided to an 12C bus
module 410. I°C uses only two bidirectional open-collector
lines, serial data line (SDA) and serial clock line (SCL),
pulled up with resistors. The maximum voltage is +5 V,
although +3.3 V systems are common and other voltages are
permitted.

[0038] The I2C bus module has a 7-bit address space with
16 reserved addresses, so a maximum of 112 nodes can
communicate on the same bus. The most common 12C bus
modes are the 100 kbit/s standard mode and the 10 kbit/s
low-speed mode, but clock frequencies down to zero are also
allowed.

[0039] The I2C bus module 410 provides (X1,Y1) and/or
(X2,Y2) position data indicating the position of the selected
regions of the display. The 12C bus module 410 outputs a
selected region position signal 415 comprising the X1, Y1,
X2, and Y2 position data. The selected region position signal
415 is output to the data converter 360 and the inverter
controller 370. For example, a user may input or select a
region of the screen designated by coordinates such as X1,
Y1, X2, and Y2. This region may indicate a region selected
for increased brightness relative to other regions of the
screen. The I2C bus module 410, in this example, converts
the X1, Y1, X2, and Y2 data to a format processed by the
12C serial data bus interfaced with the display, and the 12C
bus module 410 transmits the selected region position signal
415 to the data converter 360 and the inverter controller 370.

[0040] In FIG. 3, the data converter 360 is supplied with
the data signals from the interface 340 and processes the data
signals according to the selected region position signal. The
data converter 360 converts gray levels of the data signals
based on the selected region position signal. Data signals by
one frame displaying a screen may be supplied to the data
converter 360. The screen may include a first region, such as
a moving image region, displaying a high brightness and a
second region, such as a standing image region, displaying
a low brightness. If the selected region position signal is an
information signal designating a position of the first region,
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the selected region position signal determines the first data
signals for the first region and the second data signals for the
second region, out of the data signals by one frame inputted
1o the data converter 360. The selected region position signal
may be generated automatically by a selection program in
the operating system 250 or may be generated manually by
a user.

[0041] FIG. 5 is a block diagram showing a data conver-
sion in a data converter of an LCD device n.

[0042] In FIG. 5, DDC data 505, such as Hsync, Vsync,
DE, R, G, and B data is provided to an RGB-YUYV converter
module 510. The RGB-YUV converter module 510 pro-
cesses the DDC data 505 based on Eqns 1-3 below:

¥=0.299R+0.587G+0.1148 Eqn. 1
U=-0.147R-0.289G+0.436F Eqn. 2
V=0.615R-0.515G-0.1008 Eqn. 3

[0043] The Region Selection Module 520 receives the
output from the RGB-YUV converter module 510 and the
selected region position signal 515. The selected region
position signal 515 indicates information related to the
positions of selected regions on the display for which
different processing is indicted. The Region Selection Mod-
ule 520 processes the YUV input data and the selected
region position signal 515 to generate selected regions
which are modified in brightness. Based on a first set of
coordinates from the selected region position signal 515, a
region of the display is selected to have a brightness value
Y' based on the Y value determined with Egn. 1. A second,
unselected region is determined to have a brightness value
Y" based on the Y value determined with Eqn. 1 and a
brightness adjustment data, such as Y"=Y-data.

[0044] The adjusted brightness values Y' and Y" are output
to a YUV-RGB converter module 530. The YUV-RGB
converter module 530 is operable to convert the processed
YUYV values to RGB values that are used by the display to
output the selected regions of the display. The YUV-RGB
converter module 530 implements a series of inversions of
the YUV data using Eqns. 4-6 below:

B=1.164(Y-16)+2.018{U-128) Eqn. 4
G=1.164(Y-16)-0.813(7-128)-0.391(U-128) Eqn. 5
R=1.164(Y-16)+1.596(F-128) Equ. 6

[0045] 1In FIG. 3, the data converter 360 may convert one
of the gray levels of the first data signals and the gray levels
of the second data signals, or may convert both signals
differently from each other. For example, the gray levels of
the first data signals may be upgraded and the gray levels of
the second data signals may be maintained at the same level
without conversion. The gray levels of the first data signals
may be maintained at the same level, and the gray levels of
the second data signals may be downgraded. The gray levels
of the first data signals may be upgraded and the gray levels
of the second data signals may be downgraded. According to
this conversion of the gray levels, the first region displays a
brightness higher than before the gray level processing.

[0046] The timing controller 330 generates control signals
and data signals using the control signals transferred from
the interface 340. The data signals processed for gray levels
in the data converter 360 may be transmitted to the data
driver 320. The timing controller 330 transfers the luminous
signal to the inverter controller 370.
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[0047] The gate driver 310 may enable the gate lines GL1
to GLn according to the control signals supplied from the
timing controller 330. The gate driver 310 may enable the
gate lines sequentially. The thin film transistors T connected
to the enabled gate line are turned on. The data driver 320
generates data voltages from the data signals processed by
the timing controller 330 based on the control signals
supplied from the timing controller 330. The data driver 320
outputs the data voltages to the data lines DL1 to DLm. The
data voltages may be supplied to the liquid crystal capacitors
Cle connected to the enabled gate line.

[0048] The inverter controller 370 generates an inverter
control signal from the luminous signal. The luminous signal
is an information signal designating a luminance of light
emitted from the backlight unit 392. The luminous signal
determines the luminance of light from the inverter control-
ler 370. The luminous signal may be generated automati-
cally by the selection program in the operating system 250
or generated manually by the user, similarly to the selected
region position signal.

[0049] The inverter 350 is supplied with the inverter
control signal based on the luminous signal and outputs a
backlight driving voltage to control the backlight unit 392.
The backlight unit 392 emits a light source having a lumi-
nance adjusted according to the luminous signal. For
example, the luminance of the backlight unit 392 is within
a range of about 170 nit (cd/m?) to about 400 nit (cd/m?).

[0050] The luminance of light emitted from the backlight
unit 392 relates to conversion of the gray levels of the data
signals in the data converter 360, to display both the first
region and the second region.

[0051] By converting the gray levels of the data signals,
the first region may displays brightness of higher value than
the brightness value of the second region. With the conver-
sion of the gray levels without the luminance adjustment, the
first region and the second region may not be normally
displayed, because the transmissivity of the liquid crystal
panel to each gray level is constant. If the screen is supplied
with a first luminance from the backlight unit, which is
sufficient to display normally the first region but insufficient
to normally display the second region, the first and second
regions are not normally displayed simultaneously. The
backlight unit supplies light of a second luminance higher
than the first luminance, and at the same time, the conversion
of the gray levels of the data signals may occur. For
example, the gray levels of the first data signals correspond-
ing to the first region are upgraded and the gray levels of the
second data signals corresponding to the second region are
downgraded. The first region displays a high brightness
value required and the second region displays a low bright-
ness value required. A user perceives that the first and
second regions are normally displayed simultaneously.
Through the gray level conversion and the luminance adjust-
ment, the different images having different brightness values
are normally displayed simultaneously. The second lumi-
nance may be a value between the first luminance value and
a third luminance value for normally displaying the second
region.

[0052] Alternately, the backlight unit may supply light
having one of the first luminance and the third luminance
based on the luminous signal. When the first region displays
brightness of higher value than the brightness value of the
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second region, the user may concentrates on one of the first
region and the second region. The luminous signal may have
information about the concentration, and the light emitted
from the backlight unit 392 may have one of the first
luminance for the first region and the third luminance for the
second region based on the luminance signal having the
concentration information. For example, when the screen
has the first region and the second region displaying different
brightness by converting the gray levels of the data signals,
the user may concentrate on the first region. The luminous
signal may have information about the concentration on the
first region, and the backlight unit emits the light having the
first luminance for the first region. In addition, when the user
concentrates on the second region, the luminous signal may
have information about the concentration on the second
region. As a result, the backlight unit 392 may emit the light
having the third luminance for the second luminance.

[0053] FIG. 6 is a block diagram showing an operation of
an LCD device according to the exemplary embodiment of
the present invention.

[0054] At step ST1, the data signal is divided into the first
and second data signals designating the first and second
regions, respectively, of the liquid crystal panel 390 on the
basis of the selected region position signal, and the first and
second data signals are processed in the data converter 360.
As a result, the gray levels the first data signal for the first
region and the second data signal for the second region are
differently converted.

[0055] At step ST2, the first region of the liquid crystal
panel 390 is displayed with the first brightness and the
second region of the liquid crystal panel 390 is displayed
with the second brightness different from the first brightness.

[0056] At step ST3, the luminance of the light emitted
from the backlight unit 392 to the liquid crystal panel 390 is
adjusted according to the luminous signal. The luminance of
the light may be adjusted so that the different images having
different brightness values can be normally displayed in the
first and second regions simultaneously. Alternately, the
luminance of the light may be adjusted so that one image
having a predetermined brightness can be normally dis-
played in one of the first and the second regions and the other
image can not be normally displayed in the other one of the
first and second regions.

[0057] FIG. 7 illustrates example windows displayed
simultaneously in the screen of the liquid crystal panel. In
FIG. 7, as the selected region position signal designates a
center region, a center region of the screen is bright and
other region is darker than the center region.

[0058] Before the center region is selected according to
the selected region position signal, the entire screen displays
the same brightness. When the center region is selected, the
center region is brighter than the other region so that two
regions can display different brightness. A luminance from
the backlight unit may increase, and the gray levels of the
data signals for the center region may be upgraded and the
gray levels of the data signals for the other region may be
downgraded.

[0059] Four windows, two moving images and two stand-
ing images (a word processor and a spreadsheet program, for
example), are disposed in both the center region and the
other region. The moving images are normally displayed in
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the center region but abnormally displayed more brightly in
the other region. The standing images are abnormally dis-
played more darkly in the center region but normally dis-
played in the other region.

[0060] Ifthe selected region position signal designates the
moving images, the gray level processing and the luminance
adjustment are performed, and the moving images and the
standing images can be normally displayed simultaneously.

[0061] When the screen displays different brightness after
the screen entirely displays the same brightness, the gray
level processing and the luminance adjustment are per-
formed. Therefore, different images having different bright-
ness values may be normally displayed.

[0062] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
liquid crystal display device and the method of driving the
liquid crystal display device without departing from the
spirit or scope of the disclosure. Thus, it is intended that the
disclosure cover the modifications and variations provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:
1. A liquid crystal display device, comprising:

a data converter configurable to process a first data signal
and a second data signal;

a backlight unit configurable to emit a light having a
luminance; and

a liquid crystal panel supplied with the light and com-
prising a first region and a second region corresponding
to the first and second data signals, respectively,

wherein gray levels of the first and second data signals are
differently processed and the luminance is adjusted
when the first and second regions have a different
brightness.

2. The device of claim 1, further comprising a timing
controller, where the timing controller is operable to receive
the processed first and second signals and a luminous signal
that adjusts the luminance.

3. The device of claim 2, further comprising an inverter
operable to supply a backlight unit driving voltage to the
backlight unit, and an inverter controller operable to control
the inverter based on the luminous signal.

4. The device of claim 1, wherein the data converter is
operable to receive a position signal designating a position
of the first region.

5. The device of claim 4, wherein the position signal is
generated automatically when the first and second regions
have different brightness.

6. The device of claim 4, wherein the position signal is
generated manually when the first and second regions have
different brightness.

7. The device of claim 1, further comprising an interface
operable to receive the first and second data signals from an
external operating system.

8. The device of claim 1, wherein the adjusted luminance
comprises a value between a luminance value for normally
displaying the first region and a luminance value for nor-
mally displaying the second region.

9. The device of claim 1, wherein the adjusted luminance
comprises at least one of a luminance value for normally
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displaying the first region and a luminance value for nor-
mally displaying the second region.

10. A method of driving a liquid crystal display device,
comprising:

processing a first data signal and a second data signal;

displaying a first region and a second region in a liquid
crystal panel, the first and second regions correspond-
ing to the first and second data signals, respectively;
and

emitting a light having a luminance to the liquid crystal
panel,

processing gray levels of the first and second data signals
differently when the first and second regions have
different brightness and;

adjusting the luminance when the first and second regions

have different brightness.

11. The method of claim 10, further comprising upgrading
the gray level of the first signal and downgrading the gray
level of the second signal.

12. The method of claim 10, further comprising main-
taining the gray level of the first signal and downgrading the
gray level of the second signal.

13. The method of claim 10, further comprising upgrading
the gray level of the first signal and maintaining the gray
level of the second signal.

14. The method of claim 10, further comprising process-
ing the first and second data signals according to a position
signal designating the first region when the first and second
regions comprise regions of different brightness.

15. The method of claim 14, comprising generating the
position signal automatically.

16. The method of claim 14, comprising generating the
position signal manually.

17. The method of claim 10, wherein the adjusted lumi-
nance comprises a value between a luminance value for
normally displaying the first region and a luminance value
for normally displaying the second region.

18. The method of claim 10, wherein the adjusted lumi-
nance comprises at least one of a luminance value for
normally displaying the first region and a luminance value
for normally displaying the second region.

19. A method of driving a liquid crystal display device,
comprising:

processing a first data signal and a second data signal;

displaying a first region and a second region in a liquid
crystal panel, the first and second regions correspond-
ing to the first and second data signals, respectively;

emitting a light comprising a luminance to the liquid
crystal panel;
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processing gray levels of the first and second data signals
differently when the first and second regions are dis-
played simultaneously with a first brightness and a
second brightness, respectively; and

adjusting the luminance when the first and second regions
are displayed simultaneously with a first brightness and
a second brightness, respectively.

20. The method of claim 19, wherein the adjusted lumi-
nance comprises a value between a luminance value for
normally displaying the first region and a luminance value
for normally displaying the second region.

21. The method of claim 19, wherein the adjusted lumi-
nance comprises one of a luminance value for normally
displaying the first region and a luminance value for nor-
mally displaying the second region.

22. A method of driving a liquid crystal display device,
comprising;

processing a first data signal and a second data signal;

displaying a first region and a second region in a liquid
crystal panel, the first and second regions correspond-
ing to the first and second data signals, respectively;
and

adjusting a luminance when the first and second regions
have different brightness, where the luminance is based
on gray levels of the first and second data signals.

23. The method of claim 22, further comprising emitting
a light to a display based on the luminance.

24. The method of claim 22, where adjusting a luminance
comprises determining a value between a luminance value
for normally displaying the first region and a luminance
value for normally displaying the second region.

25. The method of claim 22, where adjusting a luminance
comprises determining one of a luminance value for nor-
mally displaying the first region and a luminance value for
normally displaying the second region.

26. A liquid crystal display apparatus, comprising:

data converter means for processing a first data signal and
a second data signal;

a backlight means for emitting a light having a luminance;
and

a liquid crystal panel supplied with the light and com-
prising a first region and a second region corresponding
to the first and second data signals, respectively,

wherein the data converter means is configurable to
differently process gray levels of the first and second
data signals and the luminance is adjusted when the
first and second regions have a different brightness.
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