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7) ABSTRACT

A liquid crystal display device having an improved viewing
angle that prevents degradation of image quality. The device
includes a timing control unit arranged to receive image data
and a control signal from a graphic processing unit through
an interface unit, a gate driver integrated circuit receiving a
control signal from the timing control unit, a gate on/off
power signal from a DC/DC converter, the gate driver
integrated circuit supplies a gate pad unit of a liquid crystal
display panel with a scan signal, a halftone gray driving
mode converting unit implementing halftone gray by receiv-
ing the image data and the control signal from the timing
control unit, and a data driver integrated circuit supplying a
data pad unit of the liquid crystal display panel with image
data by receiving new image data from the halftone gray
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FIG. 1

RELATED ART
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FIG. 3

HALFTONE GRAY
NORMAL DRIVING MODE DRIVING MODE
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FIG. S

NORMAL DRIVING MODE

HALFTONE GRAY
DRIVING MODE
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FIG. 6

NORMAL DRIVING MODE

HALFTONE GRAY
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FIG. 8
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LIQUID CRYSTAL DISPLAY DEVICE AND
DRIVING METHOD THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. P20002-87536 filed on Dec. 30,
2002, which is hereby incorporated by reference for all
purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002]

[0003] The present invention relates to a liquid crystal
display device having an improved viewing angle, and more
particularly, to a liquid crystal display device and a driving
method thereof to prevent the degradation of image quality
that may be generated from applying halftone gray.

[0004] 2. Background of the Related Art

[0005] Generally, a liquid crystal display device is
employed for displaying an image by supplying matrix-like
arranged liquid crystal cells with data signals according to
image information to adjust a light transmission of liquid
crystal cells.

[0006] A liquid crystal display device consists of a liquid
crystal display panel on which a plurality of liquid crystal
cells forming a pixel unit are arranged in an active matrix
form and a driver integrated circuit (IC) for driving the
liquid crystal cells.

[0007] The liquid crystal display panel consists of a color
filter substrate, a thin film transistor array substrate opposite
the color filter substrate, and a liquid crystal layer inserted
between the color filter and thin film transistor array sub-
strates.

1. Field of the Invention

[0008] Common and pixel electrodes are formed on the
two inner sides of the color filter and thin film transistor
array substrates, respectively, to apply an electric field to the
liquid crystal display panel. Each of the pixel electrodes is
formed on the thin film transistor array substrate to match
the corresponding liquid crystal cell, while the common
electrode is formed in one body on an entire surface of the
inner side of the color filter substrate. Hence, a light trans-
mission of each of the liquid crystal cells can be individually
adjusted by controlling a voltage applied to the correspond-
ing pixel electrode while a voltage is applied to the common
electrode.

[0009] A plurality of data lines are also formed on the thin
film transistor array substrate of the liquid crystal display
panel to transfer data signals supplied from a data driver
integrated circuit to the liquid crystal cells. A plurality of
gate lines that cross the data lines transfer scan signals
supplied from a gate driver integrated circuit to the liquid
crystal cells. And, the liquid crystal cells are defined by
crossings between the data and gate lines.

[0010] The gate driver integrated circuit sequentially sup-
plies a plurality of the gate lines with the scan signals,
respectively to select each line of the matrix-like arranged
liquid crystal cells sequentially. And, the liquid crystal cells
of the selected line are provided with the data signal from the
data driver integrated circuit.

[0011] Thus, in order to control the voltage applied to the
pixel electrode by each liquid crystal cell, a thin film
transistor is formed as a switching device in each of the
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liquid crystal cells, and a conductive channel is generated
between source/drain electrodes of the thin film transistor in
each of the liquid crystal cells when the scan signal is
applied to a gate electrode of the corresponding thin film
transistor through the corresponding gate line. In this case,
the data signal applied to the source electrode of the thin film
transistor through the data line, via the drain electrode of the
thin film transistor, to be applied to the corresponding pixel
electrode, whereby the light transmission of the correspond-
ing liquid crystal cell is controlled.

[0012] The above-explained liquid crystal display device
is explained by referring to the attached drawings as follows.

[0013] FIG. 1 illustrates a schematic layout of a liquid
crystal display panel prepared by bonding a thin film tran-
sistor array and a color filter substrate to each other.

[0014] InFIG. 1, a liquid crystal display panel 10 includes
an image display unit 13 on which a plurality of liquid
crystal cells are arranged like a matrix form, a gate pad unit
14 to which gate lines of the image display unit 13 are
connected, and a data pad unit 15 connected to data lines
thereof. The gate and data pad units 14 and 15 are formed on
a peripheral area of a thin film transistor array substrate 11
which is not overlapped with a color filter substrate 12. The
gate pad unit 14 supplies the gate lines of the image display
unit 13 with scan signals supplied from a gate driver
integrated circuit, and the data pad unit 15 supplies the data
lines of the image display unit 13 with image information
supplied from a data driver integrated circuit.

[0015] Although not shown in the drawing specifically, on
the thin film transistor array substrate 11 of the image
display unit 13, the data lines to which the image informa-
tion is applied and the gate lines to which the scan signals
are applied are arranged to cross each other.

[0016] Moreover, on the thin film transistor array substrate
11 of the image display unit 13, pixel electrodes are con-
nected to the corresponding thin film transistors to drive the
liquid crystal cells, and a passivation layer is on an entire
surface to protect the electrodes and thin film transistors.

[0017] Color filters, on the color filter substrate 12 of the
image display unit 13, are coated and separated by a black
matrix into cell units and a common transparent electrode as
a counter electrode against the pixel electrodes on the thin
film transistor array substrate 11.

[0018] The above-constructed thin film transistor array
and color filter substrates 11 and 12 are separated by a spacer
to provide a cell gap. The cell gap is filled with liquid
crystals.

[0019] Then, the thin film transistor array and color filter
substrates 11 and 12 are bonded to each other by a sealing
unit 16 formed on a periphery of the image display unit 13.

[0020] However, the above-explained liquid crystal dis-
play device has a small viewing angle and a brightness
relatively poorer than that of other display devices. Hence,
many efforts have been made to improve the viewing angle
and light transmission in LCD field.

SUMMARY OF THE INVENTION

[0021] Accordingly, the present invention is directed to a
liquid crystal display device and driving method thereof that
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substantially obviates one or more problems due to limita-
tions and disadvantages of the related art.

[0022] An advantage of the present invention is to provide
a liquid crystal display device and a driving method thereof
to improve a viewing angle characteristic by halftone gray
driving.

[0023] Another advantage of the present invention is to
provide a liquid crystal display device and driving method
thereof to improve a viewing angle characteristic and main-
tain a resolution of a normal driving mode by matching each
pixel brightness sequence of an original image with a
brightness sequence of a changed image on halftone gray
driving.

[0024] Additional advantages and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The advantages of the
invention may be realized and attained by the structure
particularly pointed out in the written description and claims
hereof, as well as the appended drawings.

[0025] To achieve these and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a liquid crystal display device
according to the present invention includes a timing control
unit to receive image data and a control signal from a
graphic processing unit through an interface unit, a gate
driver integrated circuit receiving a control signal from the
timing control unit and a gate on/off power signal from a
DC/DC converter, and a gate pad unit of a liquid crystal
display panel with a scan signal and a halftone gray driving
mode converting unit implementing halftone gray receiving
the image data and the control signal from the timing control
unit, and a data driver integrated circuit receiving new image
date from the halftone gray driving mode converting unit
and supplying a data pad unit of the liquid crystal display
panel with the new image data.

[0026] Preferably, the liquid crystal display device further
includes a switching unit between the halftone gray driving
mode converting unit and the data driver integrated circuit to
switch between a halftone gray driving mode and a normal
driving mode based upon a control signal from the timing
control unit.

[0027] Preferably, the halftone gray driving mode convert-
ing unit includes a data storing unit arranged to group and
store the data supplied from the timing control unit into at
least two pixel units and a data converting unit converting
gray levels of the data stored in the data storing unit to a
white level, a black level, and other gray level based upon
a lookup table.

[0028] More preferably, the liquid crystal display device
further includes a data comparison unit between the data
storing unit and the data converting unit to compare a
brightness sequence for each pixel of the data.

[0029] In another aspect of the present invention, a liquid
crystal display device includes a timing control unit
arranged to receive image data and a control signal from a
graphic processing unit through an interface unit, a switch-
ing unit receiving the control signal from the timing control
unit to selectively switch between a halftone gray mode and
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a normal mode, a data storing unit arranged to group and
store image data supplied from the timing control unit into
at least two pixel units, a data comparison unit to determine
a brightness sequence by comparing a brightness sequence
for each pixel of the image data stored in the data storing
unit, a data converting unit receiving information and image
data for the brightness sequence for each pixel from the data
comparison unit to convert gray levels of the information
and image data to a white level, a black level, and another
gray level using a lookup table wherein the brightness
sequence for each pixel coincides with previous data, and a
data driver integrated circuit receiving new image data from
the data converting unit and supplying a data pad unit of a
liquid crystal display panel with the image information.

[0030] In a further aspect of the present invention, a
method of driving a liquid crystal display device includes
supplying image data and a control signal to a timing control
unit, switching between a halftone gray mode and a normal
mode based upon receipt of a control signal from the timing
control unit, storing the image data supplied from the timing
control unit as at least two pixel units in a data storing unit,
determining a brightness sequence by having a data com-
parison unit compare a brightness sequence for each pixel of
the image data stored in the data storing unit, receiving
information and data for the brightness sequence for each
pixel from the data comparison unit and converting the
information and data to a white level, a black level, and
another level based upon a lookup table value, wherein the
brightness sequence per pixel is made to coincide with
previous data, and supplying a data pad unit of a liquid
crystal display panel with image information by receiving
new data from a data converting unit.

[0031] It is to be understood that both the foregoing
general description and the following detailed description of
the present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this application,
illustrate embodiment(s) of the nvention and together with
the description serve to explain the principle of the inven-
tion. In the drawings:

[0033] FIG. 1 illustrates a schematic layout of a liquid
crystal display panel prepared by bonding a thin film tran-
sistor array and color filter substrate to each other;

[0034] FIG. 2 illustrates a graph of a viewing angle/
transmission characteristic of a liquid crystal display device
using TN (twisted nematic) liquid crystals;

[0035] FIG. 3 illustrates a diagram of images displayed on
normal and halftone gray driving modes, respectively;

[0036] FIG. 4 illustrates a block diagram of a liquid
crystal display device according to an embodiment of the
present invention;

[0037] FIG. 5 illustrates a diagram of images displayed on
normal and halftone gray driving modes, respectively;

[0038] FIG. 6 illustrates a diagram of images displayed at
normal and halftone gray driving modes for straight-lined
image, respectively;
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[0039] FIG. 7 illustrates a block diagram of a liquid
crystal display device according to another embodiment of
the present invention; and

[0040] FIG. 8 illustrates a diagram of images displayed on
normal and halftone gray driving modes according to the
present invention, respectively.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0041] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings.

[0042] FIG. 2 illustrates a graph of a viewing angle/
transmission characteristic of a liquid crystal display device
using TN (twisted nematic) liquid crystals, in which curves
“a”, “b”, “c”, and “d” indicate viewing angle/transmission
characteristics for white level, black level, middle gray level,
and halftone gray level, respectively.

[0043] In a case of the curve “a”, ie., white level, the
transmission is good for the viewing angle within a range of
(-)80°-80°. Specifically, at least 0.24 of the transmission is
high within the viewing angle range of (-)60°-60° when 0°
is used as a reference. As an absolute value of the viewing
angle increase over 60°, the transmission abruptly decreases.

[0044] In a case of the curve “b”, ie., black level, the
transmission is very low in an area deviating from the
viewing angle of (-)80°-(-)40°. Namely, in the black level,
the viewing angle is about (-)80°-(-)40° and the viewing
angle characteristic is very weak.

[0045] In a case of the curve “c”, i.c., middle gray level,
the transmission is at least 0.16 within the viewing angle
range of (-)60°<(-)20° by taking ‘(-)20°" as a reference.
And, the transmission is remarkably reduced in the rest of
the range. Moreover, compared to the black level (curve
“b”), the curve “c” has a viewing angle that is wider.
However, it can be inferred that the viewing angle charac-

teristic of the curve “¢” is much weaker than that of the white
level (curve “a”).

[0046] The curve “d” represents the viewing angle/trans-
mission characteristic of a halftone gray method is applied
to combine the white level (curve “a”) with the black level
(curve “b”). When compared to the curve “c” which does not
employ the halftone gray method, the curve “d” has a
transmission slightly less than that of the curve “c” within
the viewing angle range of (-)40°-0°. Yet, the transmission
is improved overall. Namely, the viewing angle character-
istic is improved in the range where the transmission is
improved. Therefore, the present invention improves the
viewing angle characteristic using the halftone gray method.

[0047] The related art halftone gray method can be imple-
mented in a manner in which pixels having the same gray
level are grouped into at least two areas including a main
pixel part and a sub pixel part, and a voltage applied to each
liquid crystal layer is separately set up.

[0048] For instance, in normal driving (hereinafter “nor-
mal driving” means driving of a general liquid crystal
display device instead of halftone gray driving), dark gray
levels displayed on four pixels, as shown in FIG. 3, can be
represented by a white level having a good viewing angle
characteristic on halftone gray driving, a black level, and
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other gray levels. In this case, a brightness of the dark gray
level displayed on normal driving mode should be equal to
an average brightness displayed on the four pixels on
halftone gray level mode. Likewise, a bright gray level
displayed on the four pixels under normal driving can be
represented by white level, black level, and other gray
levels. The average brightness of such levels is equal to the
brightness displayed on normal driving. And, the count of
the pixels displaying the white level is increased greater than
that of the pixels displaying the dark gray level. The white
level is a gray level of which the viewing angle characteristic
is the best. As the count of the pixels displaying the white
gray level increases, the viewing angle characteristic is
improved. Hence, in the case of applying the halftone gray
method, compared to the dark gray level, the bright gray
level can be improved.

[0049] In the present invention, the above-explained half-
tone gray driving can be implemented by adding a halftone
gray mode converting unit between a timing control unit and
a data driver integrated circuit.

[0050] A liquid crystal display device and a driving
method thereof are explained by referring to the attached
drawings in detail as follows.

[0051] FIG. 4 illustrates a block diagram of a liquid
crystal display device according to an embodiment of the
present invention.

[0052] 1InFIG. 4, a liquid crystal display device according
to the present invention includes a timing control unit 120
that receives image data R, G, B and a control signal CS
from a graphic processing unit 100 through an interface unit
110, a gate driver integrated circuit 140 that supplys a gate
pad unit of a liquid crystal display panel 10 with a scan
signal by receiving a control signal CS from the timing
control unit 120 and by receiving a gate on/off power signal
from a DC/DC converter 130, a halftone gray driving mode
converting unit 170 that stores data by at least two pixel
units by receiving the image data R, G, and B and the control
signal CS from the timing control unit 120 and subsequently
converting the stored data to new image data R', G', and B/,
supplying the new image data to a data driver integrated
circuit 150, and the data driver integrated circuit 150 supplys
a data pad unit of the liquid crystal display panel 10 with the
control signal CS supplied from the timing control unit 120
and the new image data R', G', and B' supplied from the
halftone gray driving mode converting unit 170.

[0053] Moreover, a switching unit 160 is provided
between the halftone gray driving mode converting unit 170
and the data driver integrated circuit 150, and switches
between a halftone gray driving mode and a normal driving
mode based upon receiving a control signal CS enabling of
a normal or halftone gray driving selection from the timing
control unit 120.

[0054] When the normal driving mode is selected, the data
driver integrated circuit 150 receives the image data R, G,
and B from the switching unit 160 and the control signal CS
from the timing control unit 120. This information is sup-
plied to the data pad unit of the liquid crystal display panel
10 and then an image is displayed on the liquid crystal
display panel 10.

[0055] When the halftone gray driving mode is selected by
the switching unit 160, the halfione gray driving mode
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converting unit 170 receives image data R, G, and B from
the switching unit 160 and the control signal CS from the
timing control unit 120. The halftone gray driving convert-
ing unit 170 supplies the data driver integrated circuit 150
with the new image data R', G', and B' for halftone gray
driving.

[0056] The halftone gray driving mode converting unit
170 includes a data storing unit 171 that groups the data
applied from the switching unit 160 into at least two pixel
units to store, and a data converting unit 173 that converts
gray levels of the data R, G, and B stored in the data storing
unit 171 to a white level, a black level, and other gray level
using a lookup table. The data driver integrated circuit 150
is supplied with the converted new data R', G', and B".

[0057] A driving method of the halftone gray driving
mode converting unit 170 is explained in detail by referring
to FIG. 5 as follows.

[0058] FIG. 5 illustrates a diagram of images displayed in
normal and halftone gray driving modes, respectively.

[0059] In FIG. 5, in normal driving mode, in a case of an
image represented on four pixels by a dark gray level x1 and
a bright gray level y1, the data storing unit 171 receives
image data [x1, y1] representing the dark and bright gray
levels respectively from the switching unit 160, stores the
image data [x1, y1] by four pixel unit, and supplies the data
converting unit 173 with the data of the four pixel unit. The
data converting unit 173 converts the data [x1, y1] supplied
from the data storing unit 171 to a black level x2 and a white
level y2 using information set by a look up table and then
supplies the data driver integrated circuit 150 with the
converted data R', G' and B'. An average brightness of the
black and white levels x2 and y2 converted by the data
converting unit 173 should be equal to an average brightness
represented by a combination of the dark and bright gray
levels x1 and y1. Yet, the black and white level x2 and y2
displayed in the halftone gray driving mode are always
arranged in a zigzag pattern on a screen, regardless of a
brightness sequence per pixel of an original image. In the
case of an image in which the dark and bright gray levels x1
and y1 are represented by straight lines, respectively, the
image represented by the black and bright gray levels x2 and
y2 are arranged in a zigzag-pattern on the screen in the
halftone gray driving mode. Because human resolution is
low in a 45° direction as the black and white levels x2 and
y2 are arranged in the zigzag pattern, straight lines in
horizontal and vertical directions are not displayed sharp.
For instance, when the dark and bright gray levels x1 and y1
are arranged vertically in parallel to display a straight-lined
image, as shown in FIG. 6, the black and white levels x2 and
y2 have a zigzag pattern in halftone gray mode to display the
image. In such a case, a resolution of the image is poor even
if the viewing angle is improved.

[0060] In order to overcome such a problem, the present
invention provides a liquid crystal display device and driv-
ing method thereof to prevent resolution from being
degraded in halftone gray mode by adding a data compari-
son unit, which compares a brightness of a position of each
pixel to determine a brightness sequence, between the data
storing unit and the data converting unit.

[0061] FIG. 7 illustrates a block diagram of a liquid
crystal display device according to another embodiment of

Jul. 15, 2004

the present invention, in which the construction of this
embodiment is equivalent to the previous drawing (FIG. 4)
and the same elements are represented by the same numerals
in the previous drawing (FIG. 4).

[0062] Referring to FIG. 7, a liquid crystal display device
according to another embodiment of the present invention
includes a timing control unit 120 that receives image data
R, G, B and a control signal CS from a graphic processing
unit 100 through an interface unit 110, a gate driver inte-
grated circuit 140 that supplys a gate pad unit of a liquid
crystal display panel 10 with a scan signal by receiving a
control signal CS from the timing control unit 120 and by
receiving a gate on/off power signal from a DC/DC con-
verter 130, a halftone gray driving mode converting unit 170
that stores data by at least two pixel units by receiving the
image data R, G, and B and the control signal CS from the
timing control unit 120 and subsequently converting the
stored data to new image data R', G', and B' to supply a data
driver integrated circuit 150. The data driver integrated
circuit 150 supplys a data pad unit of the liquid crystal
display panel 10 with the control signal CS supplied from
the timing control unit 120 and the new image data R', G/,
and B' supplied from the halftone gray driving mode con-
verting unit 170.

[0063] Moreover, a switching unit 160 is provided
between the halftone gray driving mode converting unit 170
and the data driver integrated circuit 150, and determines a
halftone gray driving mode or a normal driving mode
selectively by receiving control signal CS that enables
selection between the normal or halftone gray driving mode
from the timing control unit 120.

[0064] When the normal driving mode is selected by the
switching unit 160, the data driver integrated circuit 150
receives the image data R, G, and B and the control signal
CS from the timing control unit 120 to supply the data pad
unit of the liquid crystal display panel 10 with the image data
R, G, and B and then an image is displayed on the liquid
crystal display panel 10.

[0065] When the halftone gray driving mode is selected by
the switching unit 160, the halftone gray driving mode
converting unit 170 receives the image data R, G, and B and
the control signal CS from the timing control unit 120 and
then supplies the data driver integrated circuit 150 with the
new image data R', G, and B’ for the halftone gray driving.

[0066] The halftone gray driving mode converting unit
170 includes a data storing unit 171 that stores the data
applied thereto from the switching unit 160, a data com-
parison unit 172 that determines a brightness sequence by
comparing a brightness of each pixel of the data stored in the
data storing unit 171 and then supplies a data converting unit
173 with information for the determined brightness
sequence. The data converting unit 173 supplies the data
driver integrated circuit 150 with a white level, a black level,
and other gray level using the data (gray levels and their
brightness information) input from the data comparison unit
172 and a lookup table wherein the data coinciding with a
brightness sequence of each pixel of original data is supplied
by the data converting unit 173.

[0067] As mentioned in the above description, the data
comparison unit 172 is added to the halftone gray driving
mode converting unit 170 to display the image having the
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same brightness sequence per pixel of the original image on
halftone gray driving mode. Hence, it is able to maintain the
resolution of the image equal to that in normal driving mode
as well as improve the viewing angle. Namely, in halftone
gray driving mode, as shown in FIG. 8, a dark gray level x1
and a bright gray level y1, which are arranged to form upper
and lower straight lines, respectively in normal driving
mode, represent a black level x2 and a white level y2 which
are arranged as upper and lower straight lines, respectively
to have the same brightness sequence per pixel of the normal
driving mode. Thus, the image brightness in normal driving
mode is equal to that in halftone gray driving mode.

[0068] The present invention provides a liquid crystal
display device and driving method thereof to improve the
viewing angle. Specifically, the halftone gray driving mode
converting unit is provided between the timing control unit
and the data driver integrated circuit to improve the viewing
angle. And, the brightness sequence per pixel on halftone
gray mode is made to coincide with that in normal mode.
Hence, the viewing angle is improved as well as the reso-
lution of the halftone gray driving mode is maintained equal
to that of the normal mode.

[0069] Accordingly, the present invention provides the
halftone gray driving mode converting unit between the
timing control unit and the data driver integrated circuit to
implement halftone gray. The brightness sequence per pixel
in halftone gray mode is made to coincide with that in
normal mode, whereby the resolution of halftone mode is
maintained equal to that of normal mode as well as the
viewing angle characteristic is improved.

[0070] The foregoing embodiments are merely exemplary
and are not to be construed as limiting the present invention.
The present teachings can be readily applied to other types
of apparatuses. The description of the present invention is
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.

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

a timing control unit arranged to receive image data and
a control signal from a graphic processing unit through
an interface unit;

a gate driver integrated circuit for receiving a control
signal from the timing control unit and a gate on/off
power signal from a DC/DC converter, wherein the
gate driver integrated circuit supplies a gate pad unit of
a liquid crystal display panel with a scan signal,

a halftone gray driving mode converting unit for imple-
menting halftone gray by receiving the image data and
the control signal from the timing control unit; and

a data driver integrated circuit for receiving new image
data from the halftone gray driving mode converting
unit and supplying a data pad unit of the liquid crystal
display panel with the new image data.

2. The liquid crystal display device of claim 1, further
comprising a switching unit between the halftone gray
driving mode converting unit and the data driver integrated
circuit to switch between a halftone gray driving mode and
a normal driving mode based upon a control signal from the
timing control unit.
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3. The liquid crystal display device of claim 1, wherein
the halftone gray driving mode converting unit comprises:

a data storing unit arranged to group and store the data
supplied from the timing control unit into at least two
pixel units; and

a data converting unit for converting gray levels of the
data stored in the data storing unit to a white level, a
black level, and other gray level based upon a lookup
table.

4. The liquid crystal display device of claim 3, further
comprising a data comparison unit between the data storing
unit and the data converting unit to compare a brightness
sequence per pixel of the data.

5. The liquid crystal display device of claim 4, wherein an
average brightness of black and white levels converted by
the data converting unit is equal to an average brightness
represented by a combination of dark and bright gray levels.

6. A liquid crystal display device, comprising:

a timing control unit arranged to receive image data and
a control signal from a graphic processing unit through
an interface unit;

a switching unit for receiving the control signal from the
timing control unit to selectively switch between a
halftone gray mode and a normal mode;

a data storing unit arranged to group and store image data
supplied from the timing control unit into at least two
pixel units;

a data comparison unit to determine a brightness sequence
by comparing a brightness sequence for each pixel of
the image data stored in the data storing unit;

a data converting unit for receiving information and
image data for the brightness sequence for each pixel
from the data comparison unit to convert gray levels of
the information and image data to a white level, a black
level, and another gray level using a lookup table; and

a data driver integrated circuit for receiving new image
data from the data converting unit and supplying a data
pad unit of a liquid crystal display panel with the image
information.

7. A method of driving a liquid crystal display device,

comprising:

supplying image data and a control signal to a timing
control unit;

switching between a halftone gray mode and a normal
mode based upon receipt of a control signal from the
timing control unit;

storing the image data supplied from the timing control
unit as at least two pixel units in a data storing unit;

determining a brightness sequence by having a data
comparison unit compare a brightness sequence of each
pixel of the image data stored in the data storing unit;

receiving information and data for the brightness
sequence for each pixel from the data comparison unit
and converting the information and data to a white
level, a black level, and another level based upon a
lookup table value; and
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supplying a data pad unit of a liquid crystal display panel
with image information by receiving new data from a
data converting unit.
8. A method of driving a liquid crystal display device,
comprising;
supplying image data and a control signal to a timing
control unit;

switching between a halftone gray mode and a normal
mode based upon receipt of a control signal from the
timing control unit;

storing the image data supplied from the timing control
unit as at least two pixel units in a data storing unit;
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converting gray levels of the data stored in the data storing
unit to a white level, a black level and other gray levels
based upon a lookup table value;

receiving new image data from a data converting unit; and

supplying a data pad unit of a liquid crystal display panel
with image information.

9. The method of claim 8, further comprising:

comparing a brightness sequence of each pixel of the
image data stored in the data storing unit; and

supplying the compared brightness sequence information
to a data converting unit.
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