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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

This application claims the benefit of the Korean Patent
Application No. P2006-039331, filed on May 1, 2006, which
is hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display, and
more particularly to a liquid crystal display and a driving
method thereof for automatically adjusting brightness of
interference image displayed at ECB (Electrical Controlled
Birefringence) sub pixels of cells formed in a quad type at a
liquid crystal display panel in accordance with brightness of
a background screen.

2. Discussion of the Related Art

A typical liquid crystal display employs a liquid crystal
layer disposed between two substrates. In operation, an elec-
tric field is applied across the liquid crystal layer using oppos-
ing electrodes to controls the light transmittance of the liquid
crystal layer to display a picture.

The above described liquid crystal display controls the
light transmittance of individual liquid crystal cells in accor-
dance with a video signal to display a picture. By using a
liquid crystal display of an active matrix type employing
active devices as switches, it is possible to realize a display
capable of displaying moving pictures. In a typical liquid
crystal display of the active matrix type, a switching device is
provided for each crystal display cell. A thin film transistor
(hereinafter, referred to as “TFT”) is commonly used as the
switching device in liquid crystal display of the active matrix
type as shown in FIG. 1.

Referring to FIG. 1, the liquid crystal display of the active
matrix type converts a digital input data into an analog data
voltage on the basis of a gamma reference voltage and sup-
plies the analog data voltage to a data line DL. Concurrently,
a gate pulse is supplied via a gate line GL to turn on the TFT
to thereby charge a liquid crystal cell Clc with the data voltage
on the data line DL.

A gate electrode of the TFT is connected to the gate line GL.
and a source electrode is connected to the data line DL. A
drain electrode ofthe TFT is connected to a pixel electrode of
the liquid crystal cell Clc and to an electrode of a storage
capacitor Cst. A common electrode of the liquid crystal cell
Clc is supplied with common voltage Vcom.

When the TFT is turned-on, the storage capacitor Cst
charges a data voltage applied from the data line DL. The
storage capacitor maintains a voltage of the liquid crystal cell
Clc until a new voltage is charged to the liquid crystal cell Clc.

When the gate pulse is applied to the gate line GL, the TFT
is turned-on to form a channel between the source electrode
and the drain electrode, thereby supplying a voltage on the
data line DL to the pixel electrode of the liquid crystal cell
Clc. An electric field is generated between the pixel electrode
and the common electrode. The electric field controls the
arrangement of liquid crystal molecules of the liquid crystal
cell Clc between the pixel electrode and the common elec-
trode to modulate the transmission of light through the liquid
crystal cell.

Liquid crystal displays having the above-described struc-
ture may be roughly classified into vertical electric field
applying types and horizontal electric field applying types
depending upon a direction of electric field used to drive the
liquid crystal.
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A liquid crystal display of vertical electric field applying
type drives a liquid crystal using a vertical electric field (i.e. a
field directed substantially perpendicular to the liquid crystal
display panel surface) formed between a pixel electrode and
a common electrode arranged in opposition to each other on
upper and lower substrates. In a typical arrangement, the
common electrode is on an upper substrate and the pixel
electrode is on a lower substrate are each made of a transpar-
ent electrode so that the liquid crystal display panel has a large
aperture ratio. However, a refractive index of the liquid crys-
tal molecules is relatively large at a major axis direction
thereof and a minor axis direction thereof compared to the
index of refraction along other directions. Accordingly, when
the liquid crystal is driven using a vertical electric field, there
is adifference between a refractive index along a front view of
the display at a front side and a refractive index as viewed
along a side surface ofthe display. As aresult, a viewing angle
for the display is less than 90°.

Inaliquid crystal display of horizontal electric field apply-
ing type, the liquid crystal is driven in an in-plane switching
(hereinafter, referred to as “IPS”) mode using a horizontal
electric field (i.e. a field directed substantially parallel to the
liquid crystal display panel surface) between the pixel elec-
trode and the common electrode arranged parallel to each
other on the same lower substrate. In an IPS mode device,
because the liquid crystal is driven by a horizontal electric
field, there is substantially no difference between a refractive
index as viewed from a position in front of the display and as
viewed from a position towards the side of the display. As a
result, the effective viewing angle is about 90°.

Typically, the liquid crystal cells of the liquid crystal dis-
play panel include RGB sub pixels of the stripe type. More
recently, a liquid crystal display employing a liquid crystal
display panel having cells of quad type has been developed to
provide a liquid crystal display that may be selectively
adjusted to have either a wide viewing angle or a narrow
viewing angle. The cells of quad type are liquid crystal dis-
play panel may include one ECB (Electrical Controlled Bire-
fringence) sub pixel and three RGB sub pixels.

FIG. 2 is a diagram showing a cell structure of quad type.

Referring to FIG. 2, a cell of quad type may include a R sub
pixel, a G sub pixel, a B sub pixel, and an ECB sub pixel. The
R and G sub pixels are arranged in parallel in an upper part of
the cell, while the ECB and B sub pixels are arranged in
parallel in the lower part of the cell.

The R and ECB sub pixels and the G and B sub pixels of a
cell are not all connected to the same data line DL. In the
illustrated example, the R sub pixel is located above the ECB
sub pixel and the G and B sub pixels are arranged parallel to
the R and ECB sub pixels, one above each other. As illustrated
in FIG, 2, the R and ECB sub pixels are commonly connected
to one data line DL, while the G and B sub pixels are com-
monly connected to another data line DL.

The R and G sub pixels and the ECB and B sub pixels of a
liquid crystal cell are not all connected to the same gate line
GL. In the illustrated case, the R sub pixel is horizontally
adjacent to the G sub pixel and the G and B sub pixels are
arranged parallel to the R and ECB sub pixels one above the
other. Herein, the R and G sub pixels are commonly con-
nected to one gate line GL and the ECB and B sub pixels are
commonly connected to another gate line GL.

With the cell of a quad type connected to the data lines DL
and the gate lines GL as described above, the number of data
lines is decreased and the number of gate lines is increased
when compared to the number of data lines and gate lines of
arelated art liquid display panel having a stripe type structure.
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When the liquid crystal display panel is operated in a
narrow viewing angle mode, the ECB sub pixels generate an
image to interfere with the viewing of an image displayed by
the RGB sub pixels from a position towards the side of the
display.

A relationship between the display image generated by the
RGB sub pixels and the interference image generated by the
ECB sub pixels will be described with reference to FIG. 3.

Referring to 3, image (A) in FIG. 3 represents the display
image to be displayed at the liquid crystal display panel. The
image (A) is generated using the RGB sub pixels. Image (B)
in FIG. 3 represents the interference image displayed using
the ECB sub pixels.

The interference image (B) is displayed using the ECB sub
pixels concurrently with the display of image (A) using the
RGB sub pixels. When the display image and the interference
image are simultaneously displayed, the display image of the
mark (A) is visible and the interference image of the mark (B)
is not visible when viewed from a viewing position towards
the front of the liquid crystal display panel. On the other hand,
when viewed from an angle along the side surface of the quad
liquid crystal display panel, the display image is overlapped
with the interference image in the view of an observer as
indicated in image ‘C’ of FIG. 3.

A dark color image, for example, a character or other
pattern, might be output on a bright colored background
screen to be displayed the display image at the front side of
the liquid crystal display panel. As a result, when the observer
views the pixels from a position in front of the display, the
interference image is not perceived. In other words, a display
image of low brightness should be output on a background
screen of high brightness to avoid perception of the displayed
interference image while viewing the display image from a
position in front of the liquid crystal display panel.

If'a bright color display image is displayed on a dark color
background screen, the display image is discerned to overlap
with the interference image even when the observer views the
pixels from an angle towards the front side of the liquid
crystal display panel. In other words, if the display image of
high brightness is output on the background screen of low
brightness, the display image is perceived to overlap with the
interference image even by an observer positioned directly in
front of the liquid crystal display panel.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a liquid
crystal display device and driving method thereof that sub-
stantially obviates one or more of the problems due to limi-
tations and disadvantages of the related art.

An advantage of the present invention is to provide a liquid
crystal display and a driving method thereof that are adaptive
for automatically adjusting brightness of interference image
displayed at ECB sub pixels of cells formed in a quad type at
a liquid crystal display panel in accordance with brightness of
a background screen.

Another advantage of the present invention is to provide a
liquid crystal display and a driving method thereof that are
adaptive for automatically adjusting brightness of interfer-
ence image displayed at ECB sub pixels in accordance with
brightness of a background screen to reduce or eliminate the
perception of an interference image overlapping with a dis-
play image generated at the RGB sub pixels when the
observer views the pixels from a position in front of a liquid
crystal display panel.

Additional features and advantages of the invention will be
set forth in the description which follows, and in part will be
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apparent from the description, or may be learned by practice
of the invention. These and other advantages of the invention
will be realized and attained by the structure particularly
pointed out in the written description and claims hereof as
well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, a liquid crystal display according to the
present invention includes: a liquid crystal display panel hav-
ing quad cells each including a R sub pixel, a G sub pixel,a B
sub pixel, and an ECB sub pixel; a storage means that stores
first to n-th look-up tables each holding a mapping of one of
first to n-th mappings of ECB brightness data to cell location
information for the quad cells of the liquid crystal display
panel; an image processor that calculates a brightness data
distribution of an image to be displayed using the liquid
crystal display panel using input RGB data for one frame
period; a viewing angle controller that selects one of the first
to the n-th look-up tables, the selected look-up table depend-
ing on the calculated brightness data distribution; and a data
aligner that combines ECB brightness data received from a
look-up table selected by the viewing angle controller with
the input RGB data, and then aligns the combined RGB data
and ECB brightness data for display in accordance with a
quad cell structure.

In another aspect of the present invention, a liquid crystal
display is provided, the liquid crystal display including: a
liquid crystal display panel having quad cells each including
a R sub pixel, a G sub pixel, a B sub pixel, and an ECB sub
pixel; a timing controller that calculates a brightness data
distribution of an image using input RGB data, and that
selects any one of first to n-the ECB data, the selected ECB
data chosen with reference to the calculated brightness data
distribution, and that aligns and outputs the selected ECB data
brightness and the input RGB data in accordance with a cell
structure of a quad cell; a data driver that converts digital RGB
data and ECB data output from the timing controller into an
analog data to supply the analog data to the liquid crystal
display panel in response to a control signal from the timing
controller; and a gate driver that selects and drives a quad cell
using RGB data and ECB data output from the data driver in
response to a control signal from the timing controller.

In still another aspect of the present invention, a method of
driving a liquid crystal display, including a liquid crystal
display panel having quad cells each including a R sub pixel,
a G sub pixel, a B sub pixel, and an ECB sub pixel is provided,
the method including: calculating a brightness data distribu-
tion of an image to be displayed at the liquid crystal display
panel using input RGB data for one frame; selecting any one
of first to n-th ECB brightness data that are preset to corre-
spond to a predetermined first to n-th look-up tables in accor-
dance with the calculated brightness data distribution; and
mixing the selected ECB brightness data and the input RGB
datato align and output the mixed RGB data and the ECB data
in accordance with the cell structure of a quad cell.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention.
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In the drawings:

FIG. 1 is an equivalent circuit diagram of a cell provided at
a liquid crystal display panel of a related art liquid crystal
display;

FIG. 2 is a diagram showing a cell structure of quad type
provided at the liquid crystal display panel of the related art
liquid crystal display;

FIG. 3 is an example diagram showing an output state of a
display image and an interference image displayed in a liquid
crystal display panel having a cell of quad type;

FIG. 4 is a diagram showing a configuration of a liquid
crystal display according to an embodiment of the present
invention;

FIG. 5. is a diagram showing an embodiment of a timing
controller of FIG. 4; and

FIG. 6 is a diagram showing an embodiment of a data
aligner of FIG. 5.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

Reference will now be made in detail to an embodiment of
the present invention, an example of which is illustrated in the
accompanying drawings. Wherever possible, the same refer-
ence numbers will be used throughout the drawings to refer to
the same or like parts.

FIG. 4 is a diagram showing a configuration of a liquid
crystal display according to an embodiment of the present
invention.

Referring to FIG. 4, a liquid crystal display 100 according
to an embodiment of the present invention includes a liquid
crystal display panel 110, a data driver 120, a gate driver 130,
a gamma reference voltage generator 140, a backlight assem-
bly 150, a common voltage generator 160, a gate driving
voltage generator 170, and a timing controller 180.

The liquid crystal display panel includes data lines DL1 to
DL2m and the gate lines GL1 and GL.2». The data lines DL.1
to DL2m are separated by a constant distance and arranged to
cross the gate lines GL1 and GL2# also separated by a con-
stant distance. The data lines are DL1 to DL2m substantially
perpendicular to the gate lines GL.1 and GL2#. The RGB sub
pixels and ECB sub pixels are provided at crossings of the
data lines DL1 to DL2m and the gate lines GL.1 and GL.2» as
shown in FIG. 4. ATFT is formed at each sub pixel, with each
TFT supplying data provided on the data lines DL1 to DL2m
to arespective liquid crystal cell Clc in response to a scanning
pulse. A gate electrode of each TFT is connected to one of the
gate lines GL1 and GL.2#, and a source electrode of each TFT
is connected to one of the data lines DL1 to DL2m. A drain
electrode of each TFT is connected to a pixel electrode and a
storage capacitor Cst of the respective liquid crystal cell Clc.

Each TFT is turned-on by a scanning pulse applied to a gate
terminal of the TFT supplied via the gate lines GL1 to GL2#»
to switch analog RGB data and ECB data supplied via the data
lines DLL1 to DL2m into a pixel electrode of the respective
liquid crystal cell Clc. More specifically, since the liquid
crystal display panel 110 having cells of the quad type is used
in the liquid crystal display 100, the cells of the liquid crystal
display panel 110 including a R sub pixel, a G sub pixel, a B
sub pixel, and an ECB sub pixel.

An image (e.g. a character or a pattern) is displayed with
the liquid crystal display device 100 using the RGB sub pixels
to which the RGB data are supplied. On the other hand, the
ECB sub pixels to which the ECB data are supplied are used
to selectively provide a wide viewing angle mode and a nar-
row viewing angle mode, by selectively displaying an inter-
ference image to interfere with the viewing of a display image
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generated by the RGB sub pixels when viewed from a posi-
tion towards the side of the liquid crystal display panel.

The data driver 120 applies data to the data lines DL1 to
DL2m in response to a data driving control signal SCS sup-
plied from the timing controller 180 and samples and latches
digital RGB data supplied from the timing controller 180 in
both the wide viewing angle mode and the narrow viewing
angle mode. The data driver 120 converts the latched digital
RGB data into analog data voltages suitable for realizing a
gray scale level at the liquid crystal cells Clc of the liquid
crystal display panel 110 on the basis of a gamma reference
voltage supplied from the gamma reference voltage generator
140 and supplies the analog data voltages to the data lines
DL1 to DL2m.

Furthermore, the data driver 120 samples and latches the
ECB data supplied from the timing controller 180 in response
to the data driving control signal SCS when the narrow view-
ing angle mode is selected. The data driver 120 converts the
latched ECB data into analog ECB data voltages that is suit-
able for realizing a gray scale level at the crystal cells Clc of
the liquid crystal display panel 110 on the basis of the gamma
reference voltage supplied from the gamma reference voltage
generator 140 and supplies the analog ECB data voltages to
some of the data lines. More specifically, the data driver 120
may supply the analog ECB data voltage to the odd data lines
DL1,DL3, ..., DL(2m-1). Further, since the ECB sub pixels
are OFF in the wide viewing angle mode, the data driver 120
does not supply the ECB data to the odd data lines DL1,
DL3,. .., DL(2m-1) when the liquid crystal display device
100 is operated in the wide viewing angle mode. Additionally,
in a liquid crystal display device according to the present
invention, the brightness of an interference image displayed
by the ECB sub pixels may be adjusted in accordance with
brightness of the background screen.

The gate driver 130 sequentially generates a scanning pulse
response to a gate driving control signal GCS supplied from
the timing controller to supply it to the gate lines GL1 to
GL2n. The gate driver 130 supplies a scanning pulse using the
gate high voltage VGH and gate low voltage VGL voltage
levels supplied from the gate driving voltage generator 170.

The gamma reference voltage generator 140 is supplied
with a high potential power voltage VDD to generate a posi-
tive polarity gamma reference voltage and a negative polarity
gamma reference voltage and to output the positive and nega-
tive gamma reference voltages to the data driver 120.

The backlight assembly 150 may be installed at a rear side
of the liquid crystal display panel 110 and is supplied with an
AC voltage and current from an inverter to irradiate a light
onto the pixels of the liquid crystal display panel 110.

The common voltage generator 160 is supplied with the
high potential power voltage VDD to generate the common
voltage Vcom and supplies the common voltage Vcom to a
common electrode of the liquid crystal cells Clc included in
each pixel of the liquid crystal display panel 110.

The gate driving voltage generator 170 is supplied with the
high potential power voltage VDD to generate the gate high
voltage VGH and the gate low voltage VGL, thereby supply-
ing them to the gate driver 130. The gate driving voltage
generator 170 generates a gate high voltage VGH that is
greater in magnitude than a threshold voltage of the TFT
included in each pixel of the liquid crystal display panel 110
and generates a gate low voltage VGL that is lower in mag-
nitude than the threshold voltage of the TFT. The gate high
voltage VGH and a gate low voltage VGL are used to deter-
mine the high level voltage and a low level voltage for the
scanning pulse generated by the gate driver 130.
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The timing controller 180 is automatically initialized when
the timing controller 180 is powered-on and is driven by the
supplied data enable signal DE to determine a horizontal
synchronization and a vertical synchronization of the RGB
data and/or the ECB data supplied to the liquid crystal display
panel 110 in accordance with a supplied vertical synchroniz-
ing signal Vsync and horizontal synchronizing signal Hsync.
Further, the timing controller 180 generates a data driving
control signal SCS controlling the supply of the RGB data
and/or the ECB data to supply the data to the data driver 120
and generates a gate driving control signal GCS for control-
ling the supply of the scanning pulse to the gate driver 130.
The data driving control signal SCS includes a source shift
clock SSC, a source start pulse SSP, a polarity control signal
POL, and a source output enable signal SOE. The gate driving
control signal GCS includes a gate start pulse GSP and a gate
output enable signal GOE.

Additionally the timing controller 180 includes first
through n-th look-up tables storing data mapping cell location
information of the liquid crystal display panel 110 with dif-
ferent ECB brightness data.

In the narrow viewing angle mode, the timing controller
180 calculates a brightness data distribution of an image to be
displayed at the liquid crystal display panel 110 using the
supplied RGB data for a frame and selects one of the first to
n-th look-up tables according to the calculated brightness
data distribution. Next, the tuning controller 180 mixes the
ECB brightness data from the selected look-up table with the
RGB data and aligns the mixed RGB data and the ECB data
in accordance with the cell structure of quad type and outputs
the aligned data to the data driver 120.

In the wide viewing angle mode, the timing controller 180
controls the gate driver 130 to turn off the ECB sub pixels of
the liquid crystal display panel 110 and aligns the received
RGB data in accordance with the cell structure of quad type to
output the aligned RGB data to the data driver 120.

Anexample ofa configuration for and operation of a timing
controller 180 for accomplishing the above described func-
tion will be described in detail with reference to FIG. 5.

Referring to FIG. 5, the timing controller 180 includes a
reset part 181, a synchronization part 182, a data controller
183, a gate controller 184, a memory or storage means 185, an
image processor 186, a viewing angle controller 187, and a
data aligner 188.

The reset part 181 initializes the synchronization part 182,
the data controller 183, the gate controller 184, the image
processor 186, the viewing angle controller 187, and the data
aligner 188 when the liquid crystal display 100 is powered-
on.

The synchronization part 182 is driven using the data
enable signal DE to adjust a horizontal synchronization and a
vertical synchronization of the RGB data and/or the ECB data
supplied to the liquid crystal display panel 110 in accordance
with the input vertical synchronizing signal Vsync and the
input horizontal synchronizing signal Hsync. The synchroni-
zation part 182 synchronizes the reset part 181, the data
controller 183, the gate controller 184, the viewing angle
controller 187, and the data aligner 188 in accordance with
the externally supplied vertical synchronizing signal Vsync
and the supplied horizontal synchronizing signal Hsync.

The data controller 183 is initialized by the reset part 181
and is synchronized by the synchronization part 182 to gen-
erate the data driving control signal SCS to control the supply
of the RGB data and/or the ECB data to the data driver 120. In
other words, the data driver 120 supplies the RGB data and/or
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the ECB data generated by the data aligner 188 to the data
lines DL1 to DL2m in response to the data driving control
signal SCS.

The gate controller 184 is initialized by the reset part 181
and is synchronized by the synchronization part 182 to gen-
erate the gate driving control signal GCS for controlling the
supply of the scanning pulse to the gate driver 130. In other
words, the gate driver 130 supplies the scanning pulse to the
gate lines connected to the sub pixels in response to the gate
driving control signal GCS. The sub pixels are supplied with
the RGB data and/or the ECB data via the plurality of gate
lines GL1 to GL2x.

The memory or storage means 185 stores first through n-th
look-up tables. Each of the n look-up tables stores a mapping
of cell location information of the liquid crystal display panel
110 to ECB brightness data corresponding to areference ECB
brightness data. The location information of all cells included
in the liquid crystal display panel 110 is set in each of the first
to n-th look-up tables and the ECB brightness data mapped
with above-mentioned cell location information is set differ-
ently in each of the first through n-th look-up tables. For
example, cell location information and the ECB brightness
data for a reference ECB brightness data of 100 nits are
mapped and set in the first look-up table, cell location infor-
mation and the ECB brightness data for a reference ECB
brightness data of 90 nits are mapped and set in the second
look-up table, cell location information and the ECB bright-
ness data corresponding to a reference ECB brightness data of
50 nits are mapped and set in the (n—1)th look-up table, and
cell location information and the ECB brightness data corre-
sponding to a reference ECB brightness data of 25 nits are
mapped and set in the n-th look-up table. One of the first to
n-th look-up tables is selectively chosen using the viewing
angle controller 187, and the selected look-up table outputs
the ECB brightness data to the data aligner 188.

As described above, the ECB brightness data correspond-
ing to different reference brightness levels is stored in each of
the first to n-th look-up tables, so that an interference image
having an adequate brightness level may be displayed at the
ECB sub pixels in accordance with a brightness level of the
background screen when the liquid crystal display deviceis in
the narrow viewing angle mode.

The image processor 186 may implement a first calculating
method that calculates a brightness data distribution of an
entire image displayed at the liquid crystal display panel 110
or may alternatively implement a second calculating method
that calculates a brightness data distribution of a specific area
of'an entire image displayed at the liquid crystal display panel
110.

In the first calculating method, when the RGB data to be
supplied the liquid crystal display panel 110 for one frame are
supplied to the image processor 186, the image processor 186
detects a brightness data of an entire image to be displayed
and calculates a brightness data distribution of a whole image
using the detected brightness data, supplies the calculated
data brightness data distribution to the viewing angle control-
ler 187.

In the second calculating method, when the RGB data to be
supplied to the liquid crystal display panel 110 for one frame
are supplied to the image processor 186, the image processor
186 samples the data for a specific area or portion of an image
for the frame and detects a brightness data of the sampled
portion of the image. The image processor 186 calculates a
brightness data distribution to be displayed for the specific
area of the image and outputs the calculated brightness data
distribution to viewing angle controller 187.
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The image processor 186 calculates a brightness level for
the background screen displayed for one frame through the
process of calculating the brightness data distribution. In
other words, the brightness data distribution calculated by the
image processor 186 represents a brightness level of the back-
ground screen to be displayed for one frame.

The viewing angle controller 187 selects the narrow view-
ing angle mode or the wide viewing angle mode in accor-
dance with a received viewing angle selection signal.

If the viewing angle selection signal indicating the wide
viewing angle mode is received, the viewing angle controller
187 does not select any of the first to n-th look-up tables of the
memory or storage means 185 and accordingly does not sup-
ply stored ECB brightness data to the data aligner 188. In this
case, since the data aligner 188 supplies RGB data to the data
driver 120 and does not supply the ECB data to the data driver
120, and the ECB sub pixels provided at the liquid crystal
display panel 110 are maintained off.

If the viewing angle selection signal indicating the narrow
viewing angle mode is input to the viewing angle controller,
the viewing angle controller 187 compares the brightness data
distribution with the predetermined first to n-th reference
brightness data. In the illustrated embodiment, the brightness
data distribution is calculated by the image processor 186.
The first to n-th reference brightness data has the brightness
value corresponding to the ECB brightness data stored the
first to n-th look-up tables. Accordingly, the viewing angle
controller 187 selects a reference brightness data correspond-
ing to the same value or the approximately the same value as
the calculated brightness data distribution from among the
predetermined first to n-th reference brightness data through
a comparing process and selects the corresponding one of the
first to n-th look-up tables. Data from the selected look-up
table outputs ECB brightness data to the data aligner 188. The
ECB brightness data represents brightness values for an inter-
ference image to be displayed at the ECB sub pixels for one
frame.

For example, if a second reference brightness data of the
predetermined first to n-th reference brightness data corre-
sponds to the same value or the approximate value as the
calculated brightness data, the viewing angle controller 187
selects the second look-up table holding ECB brightness data
corresponding to the second reference brightness data from
among the first to n-th look-up tables. Data from the selected
second look-up table is supplied as ECB brightness data to the
data aligner 188.

As described above, when the liquid crystal display panel
is operated in the narrow viewing mode, the viewing angle
controller 187 outputs the ECB brightness data correspond-
ing to the brightness data distribution indicating the bright-
ness level of the background screen for one frame. Accord-
ingly, embodiments of the present invention prevent the
interference image displayed at the EC sub pixels from inter-
fering or to substantially interfering with viewing of an image
by an observer towards the front of the screen when the
observer sees the pixels at a front side in the narrow viewing
angle mode. More specifically, if a white display image is
displayed on a black background screen, a brightness level of
the display is lowered. Thus, the display image is overlapped
with the interference image when the observer sees the pixels
at a front side of the liquid crystal display panel. In other
words, if the display image having a high brightness is dis-
played to the background screen having a low brightness, a
high brightness level of the display image is lowered or
heightened in proportion to a low brightness level of the
background screen. Thus, the display image is overlapped
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with the interference image when the observer sees the pixels
at a front side of the liquid crystal display panel.

If RGB data are input to the data aligner 188 in the wide
viewing angle mode, the data aligner 188 aligns the RGB data
in accordance with the cell structure of quad type to output to
the data driver 120. Alternatively, if the narrow mode is
selected, the data aligner 188 mixes ECB brightness data and
RGB data. As illustrated in FIG. 5, the ECB brightness data
are retrieved from the memory 185 in the narrow viewing
angle mode. Next, the data aligner 188 aligns the mixed RGB
and ECB data in accordance with the cell structure of quad
type to output them to the data driver 120.

A specific configuration and operation of the data aligner
188 having such a function will be described in detail with
reference to FIG. 6. Herein, an operation of the data aligner
188 in the narrow viewing angle mode will be described.

FIG. 6 is a diagram showing a data aligner in FIG. 5.

Referring to FIG. 6, the data aligner 188 includes a mixer
188-1 for mixing the input RGB data with the ECB brightness
data retrieved from the memory 185 and a data aligner part
188-2 for aligning RGB data and ECB data in accordance
with the cell structure of quad type.

The mixer 188-1 mixes RGB data with ECB brightness
data. The RGB data are input in parallel from an external
system. The ECB brightness data is retrieved from a look-up
table selected from the first to n-th look-up tables by the
viewing angle controller 187. The mixer 188-1 outputs the
mixed RGB data and the ECB data for supply to the data
aligner part 188-2.

The data aligner part 188-2 aligns RGB data and ECB data
in accordance with the cell structure of the quad type cell and
outputs the aligned data to the data driver 120. In the illus-
trated case, the RGB data and the ECB data are mixed in a
stripe format by the mixer 188-1 prior to alignment by the
data aligner part 188-2 for supply to a quad cell structure.

As described above, the present invention automatically
adjusts brightness of the interference image displayed at the
ECB sub pixels of cells formed in a quad type at the liquid
crystal display panel in accordance with brightness of the
background screen to eliminate or reduce an effect in which
the interference image is perceived by an observer to be
overlapped with the display image generated at the RGB sub
pixels when the observer sees the pixels from a viewing
position in front of the liquid crystal display panel. More
specifically, if the display image having a high brightness is
generated on a background screen having a low brightness, a
display panel according to present invention allows the inter-
ference imageto be overlapped on the display image when the
observer sees the pixels at a front side of the liquid crystal
display panel.

It will be apparent to those skilled in the art that various
modifications and variation can be made in the present inven-
tion without departing from the spirit or scope of the inven-
tion. Thus, it is intended that the present invention cover the
modifications and variations of this invention provided they
come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A liquid crystal display, comprising:

aliquid crystal display panel having quad cells each includ-
ing a R sub pixel, a G sub pixel, a B sub pixel, and an
ECB sub pixel;

a storage means that stores first to n-th look-up tables each
holding a mapping of one of first to n-th mappings of
ECB brightness data to cell location information for the
quad cells of the liquid crystal display panel;
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an image processor that calculates a brightness data distri-
bution of an image to be displayed using the liquid
crystal display panel using input RGB data for one frame
period;

aviewing angle controller that selects one of the first to the
n-th look-up tables, the selected look-up table depend-
ing on the calculated brightness data distribution; and

a data aligner that combines ECB brightness data received
from a look-up table selected by the viewing angle con-
troller with the input RGB data, and then aligns the
combined RGB data and ECB brightness data for dis-
play in accordance with a quad cell structure.

2. Theliquid crystal display as claimed in claim 1, wherein,
the first to the n-th look-up tables are selectively selected by
viewing angle controller to output ECB brightness data set to
thereof to the data aligner.

3. The liquid crystal display as claimed in claim 1, wherein
the image processor detects brightness data of an entire image
to be displayed for one frame from the input RGB data and
calculates a brightness data distribution of the entire image
using the detected brightness data, and outputs the calculated
brightness data distribution to the viewing angle controller.

4. The liquid crystal display as claimed in claim 1, wherein
the image processor samples input RGB data for a specific
area of an entire image to be displayed one frame to detect a
brightness data of the sampled image and calculates a bright-
ness data distribution of an image to be displayed at a specific
area using the detected brightness data and outputs the bright-
ness data distribution to the viewing angle controller.

5. The liquid crystal display as claimed 1, claim 1, wherein
the viewing angle controller stores predetermined first to n-th
reference brightness data having the same brightness value as
the first to the n-th ECB brightness data.

6. The liquid crystal display as claimed in claim 5, wherein
the viewing angle controller compares the calculated bright-
ness data distribution with the predetermined first to n-th
reference brightness data to detect a reference brightness data
having the same value or the approximate value as the calcu-
lated brightness data distribution.

7. The liquid crystal display as claimed in claim 6, wherein
the viewing angle controller selects a look-up table that the
same ECB brightness data as the reference brightness data
detected from the first to n-th look-up tables are set.

8. The liquid crystal display as claimed in claim 1, wherein
the data aligner includes:

a mixer that mixing ECB brightness data output from a
look-up table selected by the viewing angle controller
using the input RGB data from the first to n-th look-up
tables; and

a data aligner that aligns RGB data and ECB brightness
data mixed by the mixer in accordance with the cell
structure of quad cell to output aligned RGB data and
ECB brightness data.

9. A liquid crystal display, comprising:

aliquid crystal display panel having quad cells each includ-
ing a R sub pixel, a G sub pixel, a B sub pixel, and an
ECB sub pixel;

a timing controller that calculates a brightness data distri-
bution of an image using input RGB data, and that
selects any one of first to n-the ECB data, the selected
ECB data chosen with reference to the calculated bright-
ness data distribution, and that aligns and outputs the
selected ECB data brightness and the input RGB data in
accordance with a cell structure of a quad cell;

a data driver that converts digital RGB data and ECB data
output from the timing controller into an analog data to
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supply the analog data to the liquid crystal display panel
in response to a control signal from the timing control-
ler; and

a gate driver that selects and drives a quad cell using RGB
data and ECB data output from the data driver in
response to a control signal from the timing controller.

10. The liquid crystal display as claimed in claim 9,
wherein the timing controller includes:

a storage means storing a first to a n-th look-up tables
provided such that any one of first to n-th ECB bright-
ness data and cell location information of the quid crys-
tal display panel are correspondingly mapped;

an image processor that calculates a brightness data distri-
bution of an image to be displayed at the liquid crystal
display panel using the input RGB data for one frame
period;

aviewing angle controller that selects any one of the first to
the n-th look-up tables with reference calculated bright-
ness data distribution; and

a data aligner that mixes ECB brightness data retrieved
from a look-up table selected by the viewing angle con-
troller and the input RGB data, and then aligns the mixed
RGB and ECB data for output in accordance with a cell
structure of a quad cell.

11. The liquid crystal display as claimed in claim 10,
wherein the first to the n-th look-up tables are selectively
selected by the viewing angle controller to output ECB
brightness data stored therein to the data aligner.

12. The liquid crystal display as claimed in claim 10,
wherein the image processor detects a brightness data of a
whole image to be displayed for one frame from the input
RGB data calculates a brightness data distribution of a whole
image using the detected bright less data to output it to the
viewing angle controller.

13. The liquid crystal display as claimed in claim 10,
wherein the image processor samples an image of a specific
area of a whole image to be displayed by the input RGB input
data for one frame to detect a brightness data of the sampled
image and calculates a brightness data distribution of an
image to be displayed at a specific area using the detected
brightness data to output it to the viewing angle controller.

14. The liquid crystal display as claimed in claim 10,
wherein the viewing angle controller stores a predetermined
first to n-th reference brightness data having the same bright-
ness value as the first to the n-th ECB brightness data.

15. The liquid crystal display as claimed in claim 14,
wherein the viewing angle controller compares the calculated
brightness data distribution with the predetermined first to
n-th reference brightness data to detect a reference brightness
data having the same value or the approximate value as the
calculated brightness data distribution.

16. The liquid crystal display as claimed in claim 15,
wherein the viewing angle controller selects a look-up table
that the same ECB brightness data as tote reference bright-
ness data detected from the first to n-th look-up tables are set.

17. The liquid crystal display as claimed in claim 10,
wherein the data aligner includes a mixer that mixes ECB
brightness data retrieved from a look-up table selected by the
viewing angle controller using the input RGB data from the
first to n-th look-up tables; and a data aligner part that aligns
and outputs RGB data and ECB brightness data mixed by the
mixer in accordance with the cell structure of a quad cell.
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18. A method of driving a liquid crystal display, including
aliquid crystal display panel having quad cells each including
a R sub pixel, a G sub pixel, a B sub pixel, and an ECB sub
pixel, the method comprising:
calculating a brightness data distribution of an image to be
displayed at the liquid crystal display panel using input
RGB data for one frame;

selecting any one of first to n-th ECB brightness data that
are preset to correspond to a predetermined first to n-th
look-up tables in accordance with the calculated bright-
ness data distribution; and

mixing the selected ECB brightness data and the input

RGB data to align and output the mixed RGB data and
the ECB data in accordance with the cell structure of a
quad cell.

19. The method of driving the liquid crystal display as
claimed in claim 18, wherein calculating a brightness data
distribution of an image includes:

detecting a brightness data of a whole image to be dis-

played for one frame from the input RGB data; and
calculating a brightness data distribution of an entire image
using the detected brightness data.

20. The method of driving the liquid crystal display as
claimed in claim 18, wherein calculating a brightness data
distribution of an image includes:

14

sampling a specific area of an entire image to be displayed
using input RGB for a frame;
detecting a brightness data of the sampled image; and
calculating a brightness data distribution of the specific
5 area of the entire image to be displayed using the
detected brightness data.

21. The method of driving the liquid crystal display as
claimed in claim 18, wherein selecting any one of first to n-th
ECB brightness data includes:

comparing the calculated brightness data distribution with

a predetermined first to n-th reference brightness data to
detect a reference brightness data corresponding to one
of the same value and the approximate value as the
calculated brightness data distribution; and

selecting an ECB brightness data of the first to n-th ECB

brightness data having the same brightness value as the
detected reference brightness data.

22. The method of driving the liquid crystal display as
claimed in claim 18, wherein aligning and outputting the
20 mixed RGB data and the ECB data includes:
mixing the input RGB data and the selected ECB bright-

ness data; and
aligning the mixed RGB data and the ECB brightness data

in accordance with the cell structure of a quad cell of the
liquid crystal display.
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