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LIQUID CRYSTAL DISPLAY PANEL, METHOD
FOR DRIVING THE SAME, AND LIQUID
CRYSTAL DISPLAY APPARATUS USING THE
SAME

CROSS REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean
Patent Application No. 2005-88460 filed Sep. 23, 2003, the
contents of which are incorporated by reference herein in
there entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display apparatus, and more particularly, to a liquid crystal
display panel, a method for driving the same, and a liquid
crystal display apparatus using the same which achieve a
wide viewing angle by using a combination of gray scales of
multiple domains and improved light transmittance and
visibility.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display apparatus displays picture
images by varying the light transmittance of a liquid crystal
having dielectric anisotropy by use of an electric field. The
liquid crystal display apparatus includes a liquid crystal
display panel (hereinafter, referred to as “liquid crystal
panel”) for displaying picture images through a liquid crys-
tal cell matrix, and a driving circuit for driving the liquid
crystal panel. In the liquid crystal display apparatus, wide
viewing angle technology has been developed in order to
overcome restrictions on a viewing angle in which images
seem to be distorted according to the viewer’s position
watching a screen.

[0006] As a typical wide viewing angle technology, a
multi-domain vertical alignment (VA) mode is used. In the
VA mode, liquid crystal molecules having negative dielec-
tric anisotropy are vertically aligned and perpendicularly
driven by an electric field, thereby varying light transmit-
tance. The VA mode becomes a normally black mode
because light does not penetrate a polarizer which is at right
angles to the alignment direction of the liquid crystal mol-
ecules when a voltage is not supplied. Especially, in the
multi-domain VA mode, each sub-pixel is split into multiple
domains to symmetrically align the liquid crystal molecules.
Accordingly, a wide viewing angle is achieved by symmetri-
cally generating a variation in light transmittance. The
multiple domains are formed by using a protrusion or slit.

[0007] The VA mode using a protrusion forms the protru-
sion on upper and lower substrates and a voltage is applied
in the state that the liquid crystal molecules form a sym-
metrical pre-tilt based on the protrusion. Then the liquid
crystal molecules are driven in the pre-tilt direction, thereby
forming the multiple domains. However, since the VA mode
using the protrusion is weak in constraints of the liquid
crystal molecules caused by the protrusion, light leakage
occurs around the protrusion and visibility is low.

[0008] In the VA mode using a slit pattern, that is, a
patterned vertical alignment (PVA) mode forms a slit in a
common electrode of the upper and lower substrates and a
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pixel electrode and symmetrically drives the liquid crystal
molecules on the basis of the slit by using a fringe field
generated by the slit, thereby forming the multiple domains.
In the PVA mode, however, the liquid crystal alignment is
scattered by a lateral field generated from an edge of a
sub-pixel having a rectangular shape and a phenomenon
such as an edge texture occurs. Therefore, lateral visibility
is reduced and light transmittance is low.

SUMMARY OF THE INVENTION

[0009] Tt is therefore an object of the present invention to
provide a liquid crystal display panel, a method for driving
the same, and a liquid crystal display apparatus using the
same which can improve visibility and transmittance in a
multi-domain VA mode.

[0010] In accordance with a first aspect of the present
invention, a liquid crystal display panel includes a plurality
of sub-pixels each having first and second gray scale regions
which are split up and down and have different areas, the
first and second gray scale regions of one sub-pixel having
a staggered arrangement with respect to those of an adjacent
sub-pixel; a plurality of thin film transistors for indepen-
dently driving the first and second gray scale regions; a
plurality of data lines connected to the thin film transistors,
for supplying first and second data signals to the first and
second gray scale regions, respectively; and a plurality of
gate lines for driving the plurality of thin film transistors by
a horizontal period unit.

[0011] The first and second gray scale regions have a
zigzag structure in which both sides of each of the first and
second gray scale regions are bent on the basis of a hori-
zontal axis to have a symmetrical tilt angle. One of the gate
lines is overlapped with the bent part of the first and second
gray scale regions, and another gate line is overlapped with
a boundary between the sub-pixels which are adjacent to
each other up and down. The liquid crystal display panel
further includes a storage line overlapped with a boundary
between the first and second gray scale regions which are
adjacent to each other up and down. Each of the thin film
transistors is connected to each pixel electrode of the first
and second gray scale regions through a contact hole over-
lapped the storage line or a contact hole adjacent to the
storage line.

[0012] A method for driving the liquid crystal display
panel in accordance with a first aspect of the present
invention includes the steps of: modulating an input data
signal into the first and second data signals by using a
look-up table; alternatively arranging the first and second
data signals; converting the alternatively arranged first and
second data signals into analog data signals by using a
gamma voltage; simultaneously supplying the alternatively
arranged first and second data signals to a plurality of data
lines every horizontal period while a gate line is driven.

[0013] A liquid crystal display apparatus in accordance
with a first aspect of the present invention includes the liquid
crystal display panel; a gate driver for driving the gate lines
of the liquid crystal panel; a data driver for driving the data
lines of the liquid crystal panel; and a timing controller for
controlling the gate driver and the data driver, modulating a
data signal input from the exterior into the first and second
data signals, and supplying the modulated first and second
data signals to the data driver. The timing controller modu-
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lates the input data signal into the first and second data
signals by using a look-up table in which the first and second
data signals corresponding to the input data signal are
previously stored, wherein an arranged order of the first and
second data signals changes every horizontal period.

[0014] In accordance with a second aspect of the present
invention, a liquid crystal display panel includes a plurality
of sub-pixels each having first and second gray scale regions
which are split up and down and have different areas, the
first and second gray scale regions of one sub-pixel having
a staggered arrangement with respect to those of an adjacent
sub-pixel; a plurality of thin film transistors for indepen-
dently driving the first and second gray scale regions; a
plurality of data lines connected to the thin film transistors,
for generating first and second data signals to be respectively
supplied to the first and second gray scale regions; and a
plurality of gate lines for driving the plurality of thin film
transistors by a horizontal period unit; wherein the thin film
transistors are connected to the first and second gray scale
regions so that the first gray scale regions are driven when
one of the plurality of gate lines is driven and the second
gray scale regions are driven when another gate line is
driven.

[0015] The first and second gray scale regions have a
zigzag structure in which both sides of each of the first and
second gray scale regions are bent on the basis of a hori-
zontal axis to have a symmetrical tilt angle. The liquid
crystal display panel further includes a storage line over-
lapped with a boundary between the first and second gray
scale regions which are adjacent to each other up and down.
A first gate line among the gate lines is overlapped with the
bent part of the first and second gray scale regions, and a
second gate line is overlapped with a boundary between the
sub-pixels which are adjacent to each other up and down.

[0016] Thin film transistors connected to the first gate line
are connected to the first gray scale regions located in upper
and lower parts based on the storage line, and thin film
transistors connected to the second gate line are connected
to the second gray scale regions located in the upper and
lower parts based on the storage line. Each of the thin film
transistors have drain which is extended toward the storage
line to be connected to corresponding gray scale region
through a contact hole overlapped the storage line or a
contact hole adjacent to the storage line. Contact holes for
connecting the thin film transistors connected to the first gate
line to the first gray scale region are alternatively located in
the upper and lower parts of the storage line along a storage
line direction. Contact holes for connecting the thin film
transistors connected to the second gate line to the second
gray scale region are alternatively located in the upper and
lower parts of the storage line along a storage line direction.

[0017] A thin film transistor connected to the first gray
scale region contained in one sub-pixel and a thin film
transistor connected to the second gray scale region con-
tained in the sub-pixel are connected to different adjacent
data lines. The thin film transistors connected to the first gate
line are connected to data lines adjacent to a first direction,
and thin film transistors connected to the second gate line are
connected to data lines adjacent to a second direction.

[0018] The liquid crystal display panel further includes a
storage line overlapped with a bent part of each of the first
and second gray scale regions. The gate lines are overlapped

Mar. 29, 2007

with a boundary between the first and second gray regions
which are adjacent to each other up and down. The thin film
transistors connected to a first gate line among the gate lines
are connected to the first gray scale regions located in upper
and lower parts of the first gate line, and thin film transistors
connected to a second gate line are connected to second gray
scale regions located in upper and lower parts of the second
gate line. The first gray scale region is alternatively arranged
in the upper and lower parts along the first gate line, and the
second gray scale region is alternatively arranged in the
upper and lower parts along the second gate line. A data
signal applying direction of thin film transistors connected to
the first and second gate lines is alternatively changed
according to locations of the first and second gray scale
regions. Positions of contact holes for connecting thin film
transistors connected to the first gate line to the first gray
scale region are alternatively changed according to a posi-
tion of the first gray scale region, and positions of contact
holes for connecting thin film transistors connected to the
second gate line to the second gray scale region are alter-
natively changed according to a position of the second gray
scale region. The contact holes are overlapped with the
storage line. A thin film transistor connected to the first gray
scale region contained in one sub-pixel and a thin film
transistor connected to the second gray scale region con-
tained in the sub-pixel are connected to different adjacent
data lines.

[0019] In accordance with a third aspect of the present
invention, a liquid crystal display panel includes each sub-
pixel including a first gray scale region to which a first data
signal is supplied according to a first gamma curve, a second
gray scale region to which a second data signal is supplied
according to a second gamma curve, and a third gray scale
region connected to the second gray scale region; a first thin
film transistor for driving the first gray scale region; a second
thin film transistor for driving the second and third gray
scale regions; a data line connected to the first and second
thin film transistors, for supplying the first and second data
signals; a first gate line for driving the first thin film
transistor; and a second gate line for driving the second thin
film transistor.

[0020] The first gray scale region connected to the first
thin film transistor is arranged in an upper part of the first
gate line, and the second and third gray scale regions
connected to the second thin film transistor are arranged in
alower part of the first gate line or any one of the second and
third gray scale regions is arranged in the upper part. The
second and third gray scale regions are arranged in the lower
part in one sub-pixel, and the second and third gray scale
regions are respectively arranged in the upper and lower
parts in sub-pixels adjacent to both sides of the one sub-
pixel. The first, second and third gray scale regions have a
zigzag structure in which both sides of each of the first,
second and third gray scale regions are bent on the basis of
a horizontal axis to have a symmetrical tilt angle. The liquid
crystal display panel further includes a storage line over-
lapped with a boundary between the gray scale regions
which are adjacent to each other up and down. Contact holes
for connecting the thin film transistors to the gray scale
regions are overlapped with the storage line.

[0021] A method for driving the liquid crystal display
panel of the second and third aspects of the present invention
includes the steps of generating a first gamma voltage set
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according to a first gamma curve; generating a second
gamma voltage set according to a second gamma curve;
selectively generating any one of the first and second gamma
voltage sets by a horizontal period unit that the gate line is
driven; and converting a data signal input from the exterior
into a first data signal to be supplied to the first gray scale
region or a second data signal to be supplied to the second
gray scale region by using any one of the gamma voltage
sets by the horizontal period unit, and supplying the con-
verted data signal to the data line.

[0022] A liquid crystal display apparatus in accordance
with a second aspect of the present invention includes: the
liquid crystal display panel of the second and third aspects
of the present invention; a gate driver for driving gate lines
of the liquid crystal display panel; a first gamma voltage
generator for generating a first gamma voltage set according
to a first gamma curve; a second gamma voltage generator
for generating a second gamma voltage according to a
second gamma curve; a switch for selectively generating any
one of the first and second gamma voltage sets by a
horizontal period unit that the gate line is driven; a data
driver for converting a data signal input from the exterior
into a first data signal to be supplied to the first gray scale
region or a second data signal to be supplied to the second
gray scale region by using any one of the gamma voltage
sets supplied through the switch by the horizontal period
unit, and supplying the converted data signal to the data
lines; and a timing controller for controlling the gate and
data drivers. The switch is installed within the data driver.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] The above and other features and advantages of the
present invention will become more apparent from the
following detailed description when taken in conjunction
with the accompanying drawings in which:

[0024] FIG. 1is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to a first
embodiment of the present invention;

[0025] FIG. 2 is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to a
second embodiment of the present invention;

[0026] FIG.3is a block diagram of a liquid crystal display
apparatus using the liquid crystal panels illustrated in FIGS.
1 and 2 according to a first embodiment of the present
invention;

[0027] FIG. 4is a block diagram of a liquid crystal display
apparatus according to a second embodiment of the present
invention;

[0028] FIG. 5 is a graph illustrating a gamma curve
applied to a gamma voltage generator shown in FIG. 4;

[0029] FIG. 6is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to a third
embodiment of the present invention;

[0030] FIG. 7is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to a fourth
embodiment of the present invention;

[0031] FIG. 8is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to a fifth
embodiment of the present invention;
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[0032] FIG. 9is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to a sixth
embodiment of the present invention;

[0033] FIG. 10 is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to a
seventh embodiment of the present invention;

[0034] FIG. 11 is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to an
eighth embodiment of the present invention;

[0035] FIG. 12 is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to a ninth
embodiment of the present invention; and

[0036] FIG. 13 is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to a tenth
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0037] FIGS.1 and 2 are plan views illustrating a structure
of one pixel of a VA mode liquid crystal panel according to
first and second embodiments of the present invention,
respectively.

[0038] Each pixel of the liquid crystal panel illustrated in
FIGS. 1 and 2 includes R, G and B sub-pixels having a
V-shaped configuration structure. Each of the R, G and B
sub-pixels is split into a high gray scale region VH and a low
gray scale region VL which are driven according to different
gamma curves. These high and low gray scale regions VH
and VL are independently driven by different thin film
transistors (TFT). And the area of low gray scale region VL
is one and a half times to three times that of the high gray
scale region VH for improving visibility. It is desired that the
low gray scale regions VL is two times that of the high gray
scale regions VH.

[0039] Moreover, in order to improve transmittance, one
sub-pixel region is split into three regions, that is, a high
gray scale region VH of one split region and a low gray scale
region VL of two split regions. The high and low gray scale
regions VH and VL. of one sub-pixel are arranged up and
down and staggered with respect to those of an adjacent
sub-pixel up and down. Accordingly, the high and low gray
scale regions VH and VL of each sub-pixel are alternatively
arranged along horizontal and vertical directions.

[0040] Moreover, the high and low gray scale regions VH
and VL of each sub-pixel which are split up and down are
formed to have right and left sides slanted in a zigzag
pattern. As illustrated in FIGS. 1 and 2, for example, the
right and left sides of each of the high and low gray scale
regions VH and VL are formed to have a symmetrical slant
of 45 degrees based on a contact point of the right and left
sides of each gray scale region. Hence, the right and left
sides of each of the high and low gray scale regions VH and
VL of each sub-pixel are parallel to slits of a pixel electrode
and a common electrode which have a staggered arrange-
ment in order to split a domain into right and left sides in
each of the high and low gray scale regions VH and VL. As
a result, the electric field of the right and left sides of each
sub-pixel helps to control a liquid crystal, thereby improving
transmittance.
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[0041] The high and low gray scale regions VH and VL of
each sub-pixel of the zigzag or V-shaped structure have a
center-aligned arrangement as shown in FIG. 1, or an
edge-aligned arrangement as shown in FIG. 2. In the center-
aligned arrangement shown in FIG. 1, a contact point N of
the symmetric left sides of the high gray scale region VH is
located in the center of two adjacent data lines DL. In the
edge-aligned arrangement shown in FIG. 2, high and low
gray scale regions VH and VL are arranged such that contact
points N1 and N2 of the low and high gray scale region VL
and VH of a sub-pixel located in the left side of two
horizontally adjacent sub-pixels are located on the same
vertical line, and contact points N3 and N4 of the high and
low gray scale regions VH and VL of a sub-pixel located in
the right side of two horizontally adjacent sub-pixels are
located on the same vertical line. The sub-pixel of the zigzag
structure is determined by a shape of a pixel electrode
formed in the high and low gray scale regions VH and VL,
and R, G and B color filters overlap with the pixel electrode.
In other words, the pixel electrode and the R, G and B color
filters formed in the high and low gray scale regions VH and
VL of each sub-pixel have the above-described zigzag
structure.

[0042] The pixel electrode is independently formed in
each of the high and low gray scale regions VH and VL, and
driven by different thin film transistors. The pixel electrode
is formed on a lower substrate together with the thin film
transistor and forms an electric field with a common elec-
trode formed in an upper substrate, thereby driving verti-
cally aligned liquid crystal molecules between the upper and
lower substrates. In order to form multiple domains in each
of the high and low gray scale regions VH and VL, the pixel
electrode and the common electrode include slits of a
staggered structure. For example, the high gray scale region
VH is split into 4 up, down, right and left domains by the
slits of the common electrode and pixel electrode having a
staggered arrangement, and the low gray scale region VL is
split into 8 domains. The thin film transistor TFT supplies a
data signal of a data line DL to the pixel electrode in
response to a scan signal of a gate line GL. The thin film
transistor TFT includes a gate electrode 2 connected to the
gate line GL, a source electrode 4 connected to the data line
DL, a drain electrode 6 connected to the pixel electrode
through a contact hole 8, and a semiconductor layer for
forming a channel between the source and drain electrodes
4 and 6.

[0043] The high and low gray scale regions VH and VL
which are divided up and down in each sub-pixel are
independently driven through the thin film transistors TFT
connected to different gate lines GL. As shown in FIGS. 1
and 2, for example, when a first gate line GL1 is driven by
thin film transistors TFT connected between first to third
data lines DL1, DL2 and DL3 and the first gate line GL1, the
low gray scale region VL of an R sub-pixel, the high gray
scale region VH of a G sub-pixel and the low gray scale
region VL of a B sub-pixel are driven. When a second gate
line GL.2 is driven by thin film transistors TFT connected
between the first to third data lines DLL1, DL2 and DL3 and
the second gate line GL2, the high gray scale region VH of
the R sub-pixel, the low gray scale region VL of the G
sub-pixel and the high gray scale region VH of the B
sub-pixel are driven. That is, since the gray scale of the R,
G and B sub-pixels is expressed by a combination of a high
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gray scale expressed in the high gray scale region VH and
a low gray scale expressed in the low gray scale region VL,
visibility is improved.

[0044] Inorderto improve transmittance, the first gate line
GL1 is constructed such that it overlaps a bent part, that is,
a center part of the high or low gray scale region VH or VL
located in the upper side out of each sub-pixel, and the
second gate line GL2 is formed to be overlapped with a
boundary between sub-pixels which are adjacent to each
other up and down. The first to fourth data lines D1 to DL.4
intersect the first and second gate lines GL1 and GL2 with
an insulation layer interposed there between. The first stor-
age line STL1 formed between the first and second gate lines
GL1 and GL2 overlaps a boundary between the high and low
gray scale regions VH and VL of each sub-pixel.

[0045] Each of the thin film transistors TET connected to
the first gate line GL1 is connected to the pixel electrode of
the high or low gray scale region VH or VL located above
the first storage line STL1. Each of the thin film transistors
TFT connected to the second gate line GL2 is connected to
the pixel electrode of the high or low gray scale region VH
or VL located below the first storage line STL1. Each of the
thin film transistors TFT connected to the first gate line GL1
has the drain electrode 6 which extends downward to the
first storage line STL1, and is connected to the pixel
electrode of the high or low gray scale region VH or VL
through the contact hole 8 overlapped with the upper part of
the storage line STL1 or the contact hole 8 adjacent to the
storage line STL1. Each of the thin film transistors TFT
connected to the second gate line GL2 has the drain elec-
trode 6 which extends upward to the first storage line STL1,
and is connected to the pixel electrode of the high or low
gray scale region VH or VL through the contact hole 8
overlapped with the lower part of the storage line STL1 or
the contact hole 8 adjacent to the storage line STL1. The
drain electrode 6 connected the pixel electrode of the high or
low gray scale region VH or VL through the contact hole 8
overlaps storage line STL1 to form a storage capacitor.

[0046] As described above, each sub-pixel of the liquid
crystal panel according to the first and second embodiments
of the present invention includes the high and low gray scale
regions VH and VL of a zigzag structure which are split up
and down and have an area ratio of 1:1.5~3, thereby improv-
ing transmittance and visibility.

[0047] FIG. 3 illustrates a liquid crystal display apparatus
suitable for use with the liquid crystal panels illustrated in
FIGS. 1 and 2 according to a first embodiment of the present
invention. Referring to FIG. 3. the liquid crystal display
apparatus includes a liquid crystal panel 12, a gate driver 14
for driving gate lines GL of the liquid crystal panel 12, a data
driver 16 for driving data lines DL of the liquid crystal panel
12, and a timing controller 20 for controlling the gate and
data drivers 14 and 16.

[0048] The liquid crystal panel 12 includes R, G and B
sub-pixels each consisting of high and low gray scale
regions VH and VL which are split vertically and are formed
in a zigzag, as illustrated in FIGS. 1 and 2. And the area of
the low gray scale region VL is one and a half times to three
times that of the high gray scale region VH. However, in
FIG. 3, the R, G and B sub-pixels are simply illustrated. The
high and low gray scale regions VH and VL of each
sub-pixel are driven by different thin film transistors and
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have a staggered arrangement in the column direction with
respect to those of an adjacent sub-pixel. For instance, an R
low gray scale region VL, a G high gray scale region VH and
a B low gray scale region VL are driven by thin film
transistors connected to the first gate line GL1. An R high
gray scale region VH, a G low gray scale region VL and a
B high gray scale region VH are driven by thin film
transistors connected to the second gate line GL2.

[0049] The timing controller 20 generates a gate control
signal for controlling the gate driver 14 by using a synchro-
nization signal input from the exterior and a clock signal and
generates a data control signal for controlling the data driver
16. Moreover, the timing controller 20 receives R, G and B
data signals from the exterior, and separates, that is, modu-
lates the R, G and B data signals into RH, GH and BH data
signals of a high gray scale and RL, GL and BL data signals
of a low gray scale through a previously stored look-up table
LUT. Also, the timing controller 20 stores the modulated
data signals in a memory. Thereafter, the timing controller
20 supplies the data driver 16 with the high and low gray
scale data signals stored in the memory according to an
arrangement structure of the high and low gray scale regions
VH and VL of each sub-pixel. For example, the timing
controller 20 supplies the data driver 16 with the RL, GH,
BL data signals during a first horizontal period and with the
RH, GL and BH data signals during a second horizontal
period. Accordingly, the timing controller 20 must operate at
a high speed in order to split the R, G and B data signals into
high and low gray scale data signals to be supplied to the
data driver 16.

[0050] The gate driver 14 sequentially drives the gate lines
GL of the liquid crystal panel 12 in response to the gate
control signal received from the timing controller 20. The
data driver 16 converts the data signals received from the
timing controller 20 into analog data signals by using a
gamma voltage received from a gamma voltage generator 18
and supplies the converted analog signals to the data lines
DL whenever the gate line GL of the liquid crystal panel 12
is driven. More particularly, when the first gate line GL1 is
driven, the data driver 16 converts the RL, GH and BL data
signals received from the timing controller 20 into analog
data signals, and supplies the converted analog data signals
to the first to third data lines DL1, DL.2 and DL3, respec-
tively. Then the RL, GH and BL data signals are applied to
the R low gray scale region VL, the G high gray scale region
VH and the B low gray scale region VL, respectively,
through thin film transistors connected between the first gate
line GL1 and the first to third data lines DL1, DL2 and DL3.
When the second gate line GL2 is driven, the data driver 16
converts the RH, GL and BH data signals received from the
timing controller 20 into analog data signals, and supplies
the converted analog data signals to the first to third data
lines DL1, DL2 and DL3, respectively. Then the RH, GL and
BH data signals are applied to the R high gray scale region
VH, the G low gray scale region VL and the B high gray
scale region VH, respectively, through thin film transistors
connected between the second gate line GL2 and the first to
third data lines DL1, DL2 and DL3. Therefore, each of the
R, G and B sub-pixels expresses a gray scale by a combi-
nation of the high and low gray scales depending on the data
signals applied to the high and low gray scale regions VH
and VL.

Mar. 29, 2007

[0051] As described previously, the liquid crystal display
apparatus according to the first embodiment of the present
invention splits the R, G and B data into high and low gray
scale data by a data modulation method using a look-up table
LUT of the timing controller 20, that is, by a digital method,
and supplies the split high and low gray scale data to the high
and low gray scale regions VH and VL, respectively, of a
sub-pixel which are divided up and down in the liquid
crystal panel 12.

[0052] FIG. 4 illustrates a liquid crystal display apparatus
according to a second embodiment of the present invention.
The liquid crystal display apparatus of FIG. 4 independently
drives the high and low gray scale regions VH and VL of a
sub-pixel which are divided up and down by an analog
method that splits the R, G and B data into the high and low
gray scale data by using high and low gray scale gamma
voltages.

[0053] The liquid crystal display apparatus of FIG. 4
includes a liquid crystal panel 30, a gate driver 24 for driving
gate lines GL of the liquid crystal panel 30, a data driver 26
for driving data lines DL of the liquid crystal panel 30, a
timing controller 40 for controlling the gate and data drivers
24 and 26, and a gamma voltage generator 38 for selectively
supplying high and low gray scale gamma voltages to the
data driver 26.

[0054] The timing controller 40 generates a gate control
signal for controlling the gate driver 24 by using a synchro-
nization signal input from the exterior and a clock signal,
and generates a data control signal for controlling the data
driver 26. Additionally, the timing controller 40 rearranges
R, G and B data signals input from the exterior and supplies
the rearranged data signals to the data driver 26.

[0055] The gate driver 24 sequentially drives the gate lines
GL of the liquid crystal panel 30 in response to the gate
control signal received from the timing controller 40. The
data driver 26 converts data signals received from the timing
controller 40 into analog data signals. The data driver 26
provides high and low gray scale data signals by using high
and low gray scale gamma voltages received from the
gamma voltage generator 38, and supplies the received
signals to the liquid crystal panel 30. The gamma voltage
generator 38 includes a high gray scale gamma voltage
generator 34 for generating a plurality of high gray scale
gamma voltages, a low gray scale gamma voltage generator
36 for generating a plurality of low gray scale gamma
voltages, and an analog switch 32 for switching the outputs
of the high and low gray scale gamma voltage generators 34
and 36. The high gray scale gamma voltage generator 34
generates a plurality of high gray scale gamma voltages by
a resistor string which a plurality resistors designed accord-
ing to a high gray scale gamma curve VH_r shown in FIG.
5 are connected directly. The low gray scale gamma voltage
generator 36 generates a plurality of low gray scale gamma
voltages by a resistor string which a plurality resistors
designed according to a low gray scale gamma curve VL _r
shown in FIG. 5 are connected directly. The analog switch
32 supplies the data driver 26 with the high gray scale
gamma voltages received from the high gray scale gamma
voltage generator 34 during one horizontal synchronization
period and with the low gray scale gamma voltages received
from the low gray scale gamma voltage generator 36 during
the next horizontal synchronization period. The switching
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operation is repeated every horizontal synchronization
period. The analog switch 32 is driven in synchronization
with a period during which a data signal of the data driver
26 is transmitted to the liquid crystal panel 30 by the control
of the timing controller 40. The analog switch 32 may be
alternatively included within the data driver 26. During one
horizontal period, the data driver 26 converts the R, G and
B data signals received from the timing controller 40 into
high gray scale data signals by using the high gray scale
gamma voltages and supplies the high gray scale data
signals to the liquid crystal panel 30. During the next
horizontal period, the data driver 26 converts the R, G and
B data signals received from the timing controller 40 into
low gray scale data signals by using the low gray scale
gamma voltages and supplies the low gray scale data signals
to the liquid crystal panel 30.

[0056] Although the liquid crystal panel 30 includes R, G
and B sub-pixels of a zigzag structure consisting of high and
low gray scale regions VH and VL which are split vertically
and have a 1:1.5~3 area ratio, the R, G and B sub-pixels are
simply illustrated in FIG. 4. It is desired that the low gray
scale regions VL is two times that of the high gray scale
regions VH. The high and low gray scale regions VH and VL,
of each sub-pixels are driven by respective thin film tran-
sistors and have a staggered arrangement in vertical direc-
tion with respect to those of an adjacent sub-pixel. Espe-
cially, by the analog method using the gamma voltage
generator 38, the high and low gray scale regions VH and
VL of the R, G and B sub-pixels are separately driven by a
horizontal period during which the high gray scale data
signals are supplied and a horizontal period during which the
low gray scale data signals are supplied. For example, thin
film transistors TFT connected to the first gate line GL1 are
connected to the high gray scale regions VH of the R, G and
B sub-pixels, and thin film transistors connected to the
second gate line GL2 are connected to the low gray scale
regions VL of the R, G and B sub-pixels.

[0057] More particularly, the thin film transistors TFT
which are connected to the first gate line GL1 and are
located in the upper R and B low gray scale regions VL have
respective drains which extend downwardly and are con-
nected to the lower R and B high gray scale regions VH.
Similarly, the thin film transistors TFT which are connected
to the second gate line GL.2 and are located in the R and B
high gray scale regions VH have their respective drains
which extend upwardly and are connected to the upper R and
B low gray scale regions VL. The thin film transistor TET
which is connected to the first gate line GL.1 and is located
in the upper G high gray scale region VH is connected to the
upper G high gray scale region VH, and the thin film
transistor TFT which is connected to the second gate line
GL2 and is located in the lower G low gray scale region VL
is connected to the lower G low gray scale region VL.
During the first horizontal period while the first gate line
GL1 is driven, the RH, GH and BH data signals of the high
gray scale are applied to the R, G and B high gray scale
regions VH, respectively, through thin film transistors
between the first gate line GLL1 and the first to third data lines
DL1, DL2 and DL3. During the second horizontal period
while the second gate line G2 is driven, the RL, GL and BL
data signals of the low gray scale are applied to the R. G and
B low gray scale regions VL, respectively, through thin film
transistors between the second gate line GL2 and the first to
third data lines DL1, DL2 and DL3. Therefore, each of the
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R, G and B sub-pixels expresses a gray scale along a gamma
curve r shown in FIG. § by a combination of the high and
low gray scales depending on the data signals applied to the
high and low gray scale regions VH and VL, respectively.

[0058] As described above, the liquid crystal display appa-
ratus according to the second embodiment of the present
invention splits the R, G and B data into high and low gray
scale data by the analog method using the high and low gray
scale gamma voltages, and supplies the split high and low
gray scale data to the high and low gray scale regions VH
and VL, respectively, which are divided vertically in the
sub-pixels. Since the analog method does not need a high
speed operation of the timing controller compared to the
digital method using the look-up table, deterioration in
picture quality caused by a noise of the high speed operation
can be prevented. Furthermore, the analog method can
express a minute gray scale by adjusting respective gamma
strings of the high and low gray scales, whereas using the
digital method makes it difficult to express a minute gray
scale because the high and low gray scales are expressed by
one gamma string.

[0059] Below, VA mode liquid crystal panels to which the
analog method shown in FIG. 4 is applicable are described
in detail.

[0060] FIGS. 6 and 7 are plan views illustrating a structure
of one pixel of a VA mode liquid crystal panel according to
third and fourth embodiments of the present invention,
respectively. The liquid crystal panels of FIGS. 6 and 7
illustrate R, G and B sub-pixels of the liquid crystal panel 30
shown in FIG. 4 by a zigzag structure. When compared with
the liquid crystal panels shown in FIGS. 1 and 2, the liquid
crystal panels shown in FIGS. 6 and 7 have the same
constituent elements except that contact holes 8 of thin film
transistors are arranged to be staggered with respect to those
of an adjacent sub-pixel in the up and down directions like
the high and low gray scale regions VH and VL having a
staggered arrangement. Therefore, a detailed description of
the repeated elements will be omitted.

[0061] The R, G and B sub-pixels shown in FIGS. 6 and
7 are split up and down into the high and low gray scale
regions VH and VL having an area ratio of 1:1.5~3. It is
desired that the low gray scale regions VL is two times that
of the high gray scale regions VH. The split high and low
gray scale regions VH and VL have a center-aligned
arrangement as shown in FIG. 6 or an edge-aligned arrange-
ment as shown in FIG. 7. Moreover, the high and low gray
scale regions VH and VT of each sub-pixel have a staggered
arrangement with respect to those of an adjacent sub-pixel.
In order to supply the high and low gray scale data signals
which are split by the analog method shown in FIG. 4 to the
high and low gray scale regions VH and VL of each
sub-pixel, the high gray scale regions VH of the R, G and B
sub-pixels are simultaneously driven during one horizontal
period and the low gray scale regions VL of the R, G and B
sub-pixels are simultaneously driven during the next hori-
zontal period. That is, thin film transistors TFT connected to
a first gate line GL1 drive the high gray scale regions VH of
the R, G and B sub-pixels, respectively, and thin film
transistors connected to a second gate line GL.2 drive the low
gray scale regions VL of the R, G and B sub-pixel, respec-
tively.

[0062] In more detail, the thin film transistors TFT con-
nected to the first gate line GL1 overlap with a bent part of
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the upper low or high gray scale region VL or VH together
with the first gate line GL1. Among these thin film transis-
tors, the thin film transistors for driving the R and B high
gray scale regions VH have respective drain electrodes 6
which extend downward and are connected to the lower R
and B high gray scale regions VH, respectively, through
contact holes 8 located in a lower part of a first storage line
STL1. The thin film transistor for driving the G high gray
scale region VH has a drain electrode 6 which extends
downward and is connected to the upper G high gray scale
region VH through a contact hole 8 located in an upper part
of the first storage line STL1. In other words, the contact
holes 8 for connecting the thin film transistors TFT con-
nected to the first gate line GL1 to the low or high gray scale
region VL or VH are alternatively located in the upper and
lower parts of the first storage line STL1. Thin film transis-
tors TFT connected to a second gate line G1.2 are overlapped
with a boundary between upper and lower parts of each
sub-pixel together with the second gate line GL2. Among
these thin film transistors TFT, the thin film transistors TFT
for driving the R and B low gray scale regions VL have
respective drain electrodes 6 which are extended upward and
connected to the upper R and B low gray scale regions VL,
respectively, through contact holes 8 located in the upper
part of the first storage line STL1. The thin film transistor
TFT for driving the G low gray scale region VL has a drain
electrode 6 which is extended upward and connected to the
lower G low gray scale region VL through a contact hole 8
located in the lower part of the first storage line STL1. In
other words, the contact holes 8 for connecting the thin film
transistors TFT connected to the second gate line G1.2 to the
high or low gray scale regions are alternatively located in the
upper and lower parts of the first storage line STL1.

[0063] Therefore, during a horizontal period while the first
gate line GL1 is driven, the high gray scale data signals
using the high gray scale gamma voltages are charged to the
R, G and B high gray scale regions VH. During a horizontal
period while the second gate line GL2 is driven, the low gray
scale data signals using the low gray scale gamma voltages
are charged to the R, G and B low gray scale regions VL. As
a result, the R, G and B sub-pixels express a corresponding
gray scale by a combination of the high and low gray scales
achieved in the high and low gray scale regions VH and VL.

[0064] FIG. 8is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to a fifth
embodiment of the present invention. The liquid crystal
panel shown in FIG. 8 has the same constituent elements as
FIG. 6 except that thin film transistors for driving high and
low gray scale regions of one sub-pixel are connected to
different data lines. Therefore, a detailed description of the
repeated elements will be omitted.

[0065] Referring to FIG. 8, two. Thin film transistors TFT
for driving high and low gray scale regions VH and VL
which are split up and down in one sub-pixel are connected
to different gate lines and to different data lines. This is
because if the two thin film transistors TFT for respectively
driving the high and low gray scale regions VH and VL of
one sub-pixel are connected to the same data line, an
overlapped length of a source electrode 4 of any one of the
two thin film transistors TFT and the data line increases and
thus a parasite capacitance increases. To prevent this, the
two thin film transistors TFT for respectively driving the
high and low gray scale regions VH and VL of one sub-pixel
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are connected to different data lines, thereby reducing an
overlapped length of the source electrode 4 and the gate line.
For example, thin film transistors TFT connected to a first
gate line GL1 are connected to data lines of their left side,
and thin film transistors TFT connected to a second gate line
GL2 are connected to data lines of their right side.

[0066] In more detail, the thin film transistors TFT con-
nected to the first gate line GL1 to drive the R, G and B high
gray scale regions VH are respectively connected to the first
to third data lines DL1 to DL3 of their left side. That is, the
thin film transistors TFT connected to the first gate line GLL1
have respective source electrodes 4 connected to the left data
lines DL1 to DL3 and have respective drain electrodes 6
which are extended downward and connected to the R, G
and B high gray scale regions VH. The thin film transistors
TFT connected to the second gate line GL2 to drive the R,
G and B low gray scale regions VL are respectively con-
nected to the second to fourth data lines DL2 to DL4 of their
right side. That is, the thin film transistors TFT connected to
the second gate line GL.2 have respective source electrodes
4 connected to the right data lines DL2 to DLL4 and have
respective drain electrodes 6 which are extended upward and
connected to the R, G and B low gray scale regions VL.

[0067] Therefore, the thin film transistor TFT connected to
the second gate line G1.2 and to the right data lines can more
reduce the overlapped length of the source electrode 4 and
the gate line than the thin film transistor TFT connected to
the left data line as shown in FIG. 6. Consequently, a parasite
capacitance caused by the overlap of the gate line GL.2 and
the source electrode 4 decreases and thus a signal distortion
caused by the parasite capacitance can be prevented.

[0068] FIGS. 9 and 10 are plan views illustrating a struc-
ture of one pixel of a VA mode liquid crystal panel according
to sixth and seventh embodiments of the present invention,
respectively. The liquid crystal panels shown in FIGS. 9 and
10 have the same constituent elements as those shown in
FIGS. 6 and 7 except that a gate line and a storage line are
added and a data signal applying direction of a thin film
transistor in one sub-pixel is opposite to a thin film transistor
in an adjacent sub-pixel. Therefore, a detailed description of
the repeated elements will not be given.

[0069] Each of R, G and B sub-pixels shown in FIGS. 9
and 10 is arranged such that the high and low gray scale
regions VH and VL which are split up and down have a
staggered arrangement with respect to those of a horizon-
tally adjacent sub-pixel in the up and down directions. These
R, G and B sub-pixels have a center-aligned arrangement as
shown in FIG. 10 or an edge-aligned arrangement as shown
in FIG. 9. Two thin film transistors TFT for respectively
driving the high and low gray scale regions VH and VL of
each sub-pixel have a data signal apply direction opposite to
those of a horizontally adjacent sub-pixel. For instance, two
thin film transistors TFT for driving the low and high gray
scale regions VL and VH of the R sub-pixel are connected
to the low and high gray scale regions VL and VH through
contact holes 8 located in the upper parts of those thin film
transistors TFT, respectively. However, two thin film tran-
sistors TFT for driving the high and low gray scale regions
VH and VL of the G sub-pixel are connected to the high and
low gray scale regions VH, and VL through contact holes 8
located in the lower parts of those thin film transistors TFT.

[0070] In more detail, first to third gate lines GL1, GL2
and GL3 are formed such that the first gate line GLI1
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overlaps a boundary between upwardly adjacent sub-pixels,
the second gate line GL2 with a boundary between the high
and low gray scale regions VH and VL of each sub-pixel,
and the third gate line GL3 with a boundary between
downwardly adjacent sub-pixels. First and second storage
lines STL1 and STL.2 are formed such that the first storage
line STL1 overlaps bent parts of the high and low gray scale
regions VH and VL which are located in an upper part of the
second gate line GL.2 and the second storage line STL2
overlaps bent parts of the high and low gray scale regions
VH and VL which are located in a lower part of the second
gate line GL2.

[0071] Thin film transistors TFT for driving the high and
low gray scale regions VH and VL of the R and B sub-pixels
are driven by the second and third gate lines GL2 and GL3
located in a lower part of those regions VH and VL. In other
words, the thin film transistors TFT which are connected to
the second gate line GL.2 and respectively drive the R and B
low gray scale regions VL have respective drain electrodes
6 which are extended upward and connected respectively to
the R and B low gray scale regions VL through contact holes
8 overlapped with the first storage line STL1. The thin film
transistors which are connected to the third gate line GL3
and respectively drive the R and B high gray scale regions
VH have respective drain electrodes 6 which are extended
upward and connected respectively to the R and B high gray
scale regions VH through contact holes 8 overlapped with
the second storage line STL.2.

[0072] The thin film transistors TFT for driving the high
and low gray scale regions VH and VL of the G sub-pixel are
driven by the first and second gate lines GL1 and GL1
located in an upper part of those regions VH and VL. In
other words, the thin film transistor TFT which is connected
to the first gate line GL1 and drives the G high gray scale
region VH has a drain electrode 6 which is extended
downward and connected to the G high gray scale region VH
through a contact hole 8 overlapped with the first storage
line STL1. The thin film transistor TFT which is connected
to the second gate line GL.2 and drives the G low gray scale
region VL has a drain electrode 6 which is extended down-
ward and connected to the G low gray scale region VL
through a contact hole 8 overlapped with the second storage
line STL2.

[0073] During a horizontal period while the first gate line
GL1 is driven, high gray scale data is applied to the G high
gray scale region VH, and during a horizontal period while
the second gate line GL2 is driven, low gray scale data is
applied to the R, G and B low gray scale regions VL. During
a horizontal period while the third gate line GL3 is driven,
high gray scale data is charged to the R and B high gray scale
regions VH. In this case, during the horizontal period while
the third gate line GL3 is driven, high gray scale data is
applied to the R high gray scale region VH of a next
sub-pixel. Then data corresponding to two horizontal lines
should be supplied during one horizontal period, and this is
possible because the timing controller supplies data corre-
sponding to the two horizontal lines by combination. In this
case, the timing controller uses a frame memory contained
necessarily therein or additionally includes a line memory to
combine data of two horizontal lines. As a result, the R, G
and B sub-pixels express a corresponding gray scale by a
combination of the high and low gray scales achieved in the
high and low gray scale regions VH and VL.
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[0074] Thus the liquid crystal panels shown in FIGS. 8 and
9 form the gate lines every upper and lower boundary of the
high and low gray scale regions VH and VL, and alterna-
tively change the data signal applying direction of the thin
film transistor TFT along the gate line. Accordingly, the
length of the drain electrode 6 of the thin film transistor TFT
is more reduced than the length of the drain electrode 6 of
the thin film transistor TFT shown in FIGS. 6 and 7 and thus
an aperture ratio increases.

[0075] The liquid crystal panels shown in FIGS. 6 and 7
have a disadvantage of generating coupling deviation due to
a parasite capacitor because the drain electrode 6 of the thin
film transistor TFT passes through a gray scale region to
which another data signal is supplied. However, in the liquid
crystal panels shown in FIGS. 8 and 9, the coupling devia-
tion can be prevented because the drain electrode of the thin
film transistor is not overlapped with a gray scale region to
which another data signal is supplied. Referring again to
FIGS. 6 and 7, for instance, the drain electrode 6 of the thin
film transistor TFT for driving the R high gray scale region
VH passes through the R low gray scale region, and the drain
electrode 6 of the thin film transistor TFT for driving the R
low gray scale region VL passes through the R high gray
scale region. Meanwhile, the drain electrodes 6 of the thin
film transistors TFT for driving the G high and low gray
scale regions pass through only the corresponding gray scale
regions. In this case, in the R and G high and low gray scale
regions, the polarity of data signals is changed in up, down,
right and left directions according to a dot inversion driving.
Then since a parasite capacitance between the R high and
low gray scale regions more increases than a parasite capaci-
tance between the G high and low gray scale regions, there
occurs the coupling deviation and stains of vertical lines
may occur. In order to solve such shortcomings, the liquid
crystal panels shown in FIGS. 9 and 10 change the data
signal applying direction of the thin film transistor and
overlap the drain electrode 6 only with a corresponding gray
scale region instead of another gray scale region. Therefore,
the coupling deviation caused by a difference in the parasite
capacitance can be prevented.

[0076] FIG. 11 is a plan view illustrating a structure of one
pixel of a VA mode liquid crystal panel according to an
eighth embodiment of the present invention. The liquid
crystal panel shown in FIG. 11 has the same constituent
elements as that shown in FIG. 9 except that thin film
transistors TFT for driving high and low gray scale regions
VH and VL of one sub-pixel are connected to different data
lines DL. Therefore, a detailed description of the repeated
elements will be omitted.

[0077] Two thin film transistors TFT for driving the high
and low gray scale regions which are split up and down in
one sub-pixel are connected to different gate lines GL and to
different data lines DL. This is because if the two thin film
transistors for respectively driving the high and low gray
scale regions VH and VL of one sub-pixel are connected to
the same data line, an overlapped length of a source elec-
trode 4 of any one of the two thin film transistors TFT and
a data line DL increases and thus a parasite capacitance
increases. To prevent this, two thin film transistors TFT for
respectively driving the high and low gray scale regions VH
and VL of one sub-pixel are connected to different data lines
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of their both sides, thereby reducing an overlapped length of
the source electrode 4 and the gate line GL and thus reducing
the parasite capacitance.

[0078] FIGS. 12 and 13 are plan views illustrating a
structure of one pixel of a VA mode liquid crystal panel
according to sixth and seventh embodiments of the present
invention, respectively. Each of R, G and B sub-pixels
shown in FIGS. 12 and 13 is split into the high and low gray
scale regions VH and VL having an area ratio of 1:1.5~3. It
is desired that the low gray scale regions VL is two times that
of the high gray scale regions VH. The low gray scale region
VL is again split into first and second low gray scale regions
VL1 and VL2 having the same area. These R. G and B
sub-pixels have a center-aligned arrangement as shown in
FIG. 12 or an edge-aligned arrangement as shown in FIG.
13.

[0079] In the R, G and B sub-pixels, one sub-pixel is
formed such that their high and low gray scale regions VH
and VL are split up and down. The other two sub-pixels
adjacent to the both sides of one sub-pixel are formed such
that the high gray scale region VH and the first low gray
scale region VL1 are split in an upper part and the second
low gray scale region VL2 connected to the first low gray
scale region VL1 of the upper part is formed in a lower part.
In other words, the high gray scale region VH of each
sub-pixel is located in the upper part, and the first and second
low gray scale regions VL1 and VL2 are all located in the
lower part or in the upper and lower parts.

[0080] Forexample, the G sub-pixel is formed such that its
high and low gray scale regions are split up and down,
whereas the R and B sub-pixels adjacent to the G sub-pixel
are formed such that the high gray scale region and the first
low gray scale region VL1 are split in an upper part and the
second low gray scale region V1.2 connected to the first low
gray scale region VL1 of the upper part is formed in the
lower part. That is, the high gray scale regions VH of the R,
G and B sub-pixels are located in the upper part, the first and
second low gray scale regions VL1 and VL2 of the G
sub-pixel are located in the lower part, and the first and
second low gray scale regions VL1 and VL2 of the R and B
sub-pixels are located in the upper and lower parts, respec-
tively. These high gray scale regions VH of the R, G and B
sub-pixels are driven by thin film transistors TFT connected
to a first gate line GL1, and the low gray scale regions VL1
and VL2 thereof are driven by thin film transistors connected
to a second gate line GL2. In more detail, the first and second
gate lines GL.1 and GL2 are formed such that the first gate
line GL1 is overlapped with a boundary between the gray
scale regions which are split up and down in each sub-pixel,
and the second gate line GL.2 is overlapped with a boundary
between downwardly adjacent sub-pixels. A first storage line
STL1 is overlapped with bent parts of the gray scale regions
located in the upper part of the first gate line GL1, and a
second storage line STL2 is overlapped with bent parts of
the gray scale regions located in the lower part.

[0081] The R, G and B high gray scale regions VH are
driven by the thin film transistors TFT formed between the
first gate line GL1 and first to third data lines DLL1, DL2 and
DL3. These thin film transistors TFT are connected to the
high gray scale regions VH through contact holes 8 over-
lapped with the first storage line STL1. The R, G and B low
gray scale regions VL are driven by the thin film transistors
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TFT formed between the second gate line GL.2 and the first
to third data lines DL1, DL2 and DL3. These thin film
transistors TFT are connected to any one of the low gray
scale regions VL1 and VL2 through contact holes 8 over-
lapped with the second storage line STL.2. During a hori-
zontal period while the first gate line GL1 is driven, high
gray scale data is charged to the R, G and B high gray scale
regions VH. During a horizontal period while the second
gate line GL.2 is driven, low gray scale data is charged to the
R, G and B low gray scale regions. As a result, the R, G and
B sub-pixels express a corresponding gray scale by a com-
bination of the high and low gray scales achieved in the high
and low gray scale regions.

[0082] In the liquid crystal panels shown in FIGS. 12 and
13, the high gray scale regions VH of the respective sub-
pixels are formed on the same horizontal line, and at least
any one of the first and second low gray scale regions VL1
and VL2 is formed on another horizontal line. Hence, the
high and low gray scale data can be separately driven by the
analog method illustrated in FIG. 4. In this case, since the
protruding directions of the thin film transistors TFT are the
same, an aperture ratio is more improved than the case that
the protruding directions are changed up and down.

[0083] As described above, the liquid crystal display appa-
ratus according to the present invention includes R, G and B
sub-pixels of a zigzag structure each having the high and low
gray scale regions which are divided up and down and have
an area ratio of 1:1.5~3 and a staggered arrangement with
respect to an adjacent sub-pixel, thereby improving visibility
and transmittance. Furthermore, the liquid crystal display
apparatus according to the present invention can be driven
by using the digital method or applying the analog method
that separates the R, G and B sub-pixels of a zigzag structure
into the high and low gray scale data.

[0084] While the invention has been shown and described
with reference to a certain preferred embodiment thereof, it
will be understood by those skilled in the art that various
changes in form and details may be made therein without
departing from the spirit and scope of the invention as
defined by the appended claims.

What is claimed is:
1. A liquid crystal display panel comprising:

a plurality of sub-pixels each having first and second gray
scale regions which are split vertically and wherein the
first and second gray scale regions have different areas,
the first and second gray scale regions of one sub-pixel
having a staggered arrangement with respect to those of
an adjacent sub-pixel;

a plurality of thin film transistors for independently driv-
ing the first and second gray scale regions;

a plurality of data lines connected to the thin film tran-
sistors, for supplying first and second data signals to the
first and second gray scale regions, respectively; and

a plurality of gate lines for driving the plurality of thin

film transistors by a horizontal period unit.

2. The liquid crystal display panel of claim 1, wherein the
first and second gray scale regions are V-shaped and an apex
of each of the V-shaped regions points in a common direc-
tion along an axis and further wherein sides have the same
angle with respect to the axis.
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3. The liquid crystal display panel of claim 2, wherein one
of the gate lines overlaps apices of the first and second gray
scale regions, and another gate line overlaps a boundary
between vertically adjacent sub-pixels.

4. The liquid crystal display panel of claim 3, further
comprising a storage line which overlaps a boundary
between vertically adjacent first and second gray scale
regions, wherein each of the thin film transistors is con-
nected to each sub-pixel electrode of the first and second
gray scale regions through a contact hole which overlaps the
storage line or a contact hole adjacent to the storage line.

5. The liquid crystal display panel of claim 1, wherein the
area of one of the first and second gray scale regions is one
and half times to three times the area of rest gray scale
regions.

6. A method for driving a liquid crystal display panel
including the steps of:

modulating an input data signal into the first and second
data signals by using a look-up table;

alternatively arranging the first and second data signals;

converting the alternatively arranged first and second data
signals into analog data signals by using a gamma
voltage; and

simultaneously supplying the alternatively arranged first
and second data signals to a plurality of data lines every
horizontal period while a gate line is driven,

wherein the liquid crystal display panel includes;

a plurality of sub-pixels each having first and second gray
scale regions which are split up and down and have
different areas, the first and second gray scale regions
of one sub-pixel having a staggered arrangement with
respect to those of an adjacent sub-pixel;

a plurality of thin film transistors for independently driv-
ing the first and second gray scale regions;

the plurality of data lines connected to the thin film
transistors, for supplying first and second data signals
to the first and second gray scale regions, respectively;
and

a plurality of gate lines for driving the plurality of thin

film transistors by a horizontal period unit.

7. The method for driving a liquid crystal display panel of
claim 6, wherein the first and second gray scale regions have
a zigzag structure in which both sides of each of the first and
second gray scale regions are bent on the basis of a hori-
zontal axis to have a symmetrical tilt angle.

8. The liquid crystal display panel of claim 6, wherein the
area of one of the first and second gray scale regions is one
and half times to three times the area of rest gray scale
regions.

9. A liquid crystal display apparatus comprising:

a liquid crystal display panel;

a gate driver for driving the gate lines of the liquid crystal
panel;

a data driver for driving the data lines of the liquid crystal
panel; and

a timing controller for controlling the gate driver and the
data driver, modulating a data signal input from the
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exterior into the first and second data signals, and
supplying the modulated first and second data signals to
the data driver,

wherein the liquid crystal display panel includes;

a plurality of sub-pixels each having first and second gray
scale regions which are split vertically and wherein the
first and second gray scale regions have different areas,
the first and second gray scale regions of one sub-pixel
having a staggered arrangement with respect to those of
an adjacent sub-pixel;

a plurality of thin film transistors for independently driv-
ing the first and second gray scale regions;

the plurality of data lines connected to the thin film
transistors, for supplying first and second data signals
to the first and second gray scale regions, respectively;
and

a plurality of gate lines for driving the plurality of thin

film transistors by a horizontal period unit.

10. The liquid crystal display apparatus of claim 9,
wherein the first and second gray scale regions are V-shaped
and an apex of each of the V-shaped regions points in a
common direction along an axis and further wherein sides
have the same angle-with-respect to the axis.

11. The liquid crystal display apparatus of claim 9,
wherein the timing controller modulates the input data-
signal into the first and second data signals by using a
look-up table in which the first and second data signals
corresponding to the input data signal are previously stored,
wherein an arranged order of the first and second data
signals changes every horizontal period.

12. The liquid crystal display panel of claim 9, wherein
the area of one of the first and second gray scale regions is
one and half times to three times the area of rest gray scale
regions.

13. A liquid crystal display panel comprising:

a plurality of sub-pixels each having first and second gray
scale regions which are split vertically and wherein the
first and second gray scale regions have different areas,
the first and second gray scale regions of one sub-pixel
having a staggered arrangement with respect to those of
an adjacent sub-pixel;

a plurality of thin film transistors for independently driv-
ing the first and second gray scale regions;

a plurality of data lines connected to the thin film tran-
sistors, for supplying first and second data signals to the
first and second gray scale regions, respectively; and

a plurality of gate lines for driving the plurality of thin
film transistors by a horizontal period unit;

wherein the thin film transistors are connected to the first
and second gray scale regions so that the first gray scale
regions are driven when one of the plurality of gate
lines is driven and the second gray scale regions are
driven when another gate line is driven.

14. The liquid crystal display panel of claim 13, wherein
the first and second gray scale regions are V-shaped and an
apex of each of the V-shaped regions points in a common
direction along an axis and further wherein sides have the
same angle with respect to the axis.
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15. The liquid crystal display panel of claim 14, further
comprising a storage line which overlaps a boundary
between vertically adjacent first and second gray scale
regions, wherein a first gate line among the gate lines
overlaps apices of the first and second gray scale regions,
and a second gate line overlaps a boundary between verti-
cally adjacent sub-pixels.

16. The liquid crystal display panel of claim 15, wherein
thin film transistors connected to the first gate line are
connected to the first gray scale regions located in upper and
lower parts based on the storage line, and thin film transis-
tors connected to the second gate line are connected to the
second gray scale regions located in the upper and lower
parts based on the storage line.

17. The liquid crystal display panel of claim 16, wherein
each of the thin film transistors has a drain which extends
toward the storage line to be connected to corresponding
gray scale region through a contact hole which overlaps the
storage line or a contact hole adjacent to the storage line.

18. The liquid crystal display panel of claim 17, wherein
contact holes for connecting the thin film transistors con-
nected to the first gate line to the first gray scale region are
alternatively located in the upper and lower parts of the
storage line along a storage line direction, wherein contact
holes for connecting the thin film transistors connected to
the second gate line to the second gray scale region are
alternatively located in the upper and lower parts of the
storage line along a storage line direction.

19. The liquid crystal display panel of claim 16, wherein
a thin film transistor connected to the first gray scale region
contained in one sub-pixel and a thin film transistor con-
nected to the second gray scale region contained in the
sub-pixel are connected to different adjacent data lines.

20. The liquid crystal display panel of claim 16, wherein
thin film transistors connected to the first gate line are
connected to data lines adjacent to a first direction, and thin
film transistors connected to the second gate line are con-
nected to data lines adjacent to a second direction.

21. The liquid crystal display panel of claim 14, further
comprising a storage line overlapping a bent part of each of
the first and second gray scale regions, wherein the gate lines
overlap a boundary between the first and second gray
regions which are adjacent to each other in a vertical
direction.

22. The liquid crystal display panel of claim 21, wherein
thin film transistors connected to a first gate line among the
gate lines are connected to the first gray scale regions located
in upper and lower parts of the first gate line, and thin film
transistors connected to a second gate line are connected to
second gray scale regions located in upper and lower parts
of the second gate line.

23. The liquid crystal display panel of claim 22, wherein
the first gray scale region is alternatively arranged in the
upper and lower parts along the first gate line, and the second
gray scale region is alternatively arranged in the upper and
lower parts along the second gate line.

24. The liquid crystal display panel of claim 22, wherein
a data signal applying direction of thin film transistors
connected to the first and second gate lines is alternatively
changed according to locations of the first and second gray
scale regions.

25. The liquid crystal display panel of claim 22, wherein
positions of contact holes for connecting thin film transistors
connected to the first gate line to the first gray scale region
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are alternatively changed according to a position of the first
gray scale region, and positions of contact holes for con-
necting thin film transistors connected to the second gate
line to the second gray scale region are alternatively changed
according to a position of the second gray scale region.

26. The liquid crystal display panel of claim 25, wherein
the contact holes are overlapped with the storage line.

27. The liquid crystal display panel of claim 22, wherein
a thin film transistor connected to the first gray scale region
contained in one sub-pixel and a thin film transistor con-
nected to the second gray scale region contained in the
sub-pixel are connected to different adjacent data lines.

28. The liquid crystal display panel of claim 13, wherein
the area of one of the first and second gray scale regions is
one and half times to three times the area of rest gray scale
regions.

29. A liquid crystal display panel comprising:

a plurality of sub-pixels, wherein each sub-pixel includes
a first gray scale region to which a first data signal is
supplied according to a first gamma curve, a second
gray scale region to which a second data signal is
supplied according to a second gamma curve, and a
third gray scale region electronically connected to the
second gray scale region;

a first thin film transistor for driving the first gray scale
region;

a second thin film transistor for driving the second and
third gray scale regions;

a data line connected to the first and second thin film
transistors, for supplying the first and second data
signals;

a first gate line for driving the first thin film transistor; and

a second gate line for driving the second thin film tran-
sistor.

30. The liquid crystal display panel of claim 29, wherein
the first gray scale region connected to the first thin film
transistor is arranged in an upper part of the first gate line,
and the second and third gray scale regions connected to the
second thin film transistor are arranged in a lower part of the
first gate line or any one of the second and third gray scale
regions is arranged in the upper part.

31. The liquid crystal display panel of claim 30, wherein
the second and third gray scale regions are arranged in the
lower part in one sub-pixel, and the second and third gray
scale regions are respectively arranged in the upper and
lower parts in sub-pixels adjacent to both sides of the one
sub-pixel.

32. The liquid crystal display panel of claim 31, wherein
the areas of the second and third gray scale regions is one
and half times to three times the area of the first gray scale
regions.

33. The liquid crystal display panel of claim 30, wherein
the first, second and third gray scale regions have a zigzag
structure in which both sides of each of the first, second and
third gray scale regions are bent on the basis of a horizontal
axis to have a symmetrical tilt angle.

34. The liquid crystal display panel of claim 33, further
comprising a storage line overlapped with a boundary
between the gray scale regions which are adjacent to each
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other up and down, wherein contact holes for connecting the
thin film transistors to the gray scale regions are overlapped
with the storage line.

35. A method for driving a liquid crystal display panel
including the steps of:

generating a first gamma voltage set according to a first
gamma curve;

generating a second gamma voltage set according to a
second gamma curve;

selectively generating any one of the first and second
gamma voltage sets by a horizontal period unit that the
gate line is driven; and

converting a data signal input from the exterior into a first
data signal to be supplied to the first gray scale region
or a second data signal to be supplied to the second gray
scale region by using any one of the gamma voltage
sets by the horizontal period unit, and supplying the
converted data signal to a data line.
36. The method for driving the liquid crystal display panel
of claim 35, wherein the liquid crystal display, panel
includes:

a plurality of sub-pixels each having first and second gray
scale regions which are split vertically and wherein the
first and second gray scale regions have different areas,
the first and second gray scale regions of one sub-pixel
having a staggered arrangement with respect to those of
an adjacent sub-pixel;

a plurality of thin film transistors for independently driv-
ing the first and second gray scale regions;

a plurality of data lines connected to the thin film tran-
sistors, for supplying first and second data signals to the
first and second gray scale regions, respectively; and

a plurality of gate lines for driving the plurality of thin
film transistors by a horizontal period unit;

wherein the thin film transistors are connected to the first
and second gray scale regions so that the first gray scale
regions are driven when one of the plurality of gate
lines is driven and the second gray scale regions are
driven when another gate line is driven.

37. The method for driving the liquid crystal display panel
of claim 36, wherein the first and second gray scale regions
are V-shaped and an apex of each of the V-shaped regions
points in a common direction along an axis and further
wherein sides have the same angle with respect to the axis.

38. The method for driving the liquid crystal display panel
of claim 37, wherein thin film transistors connected to a first
gate line among the gate lines are connected to the first gray
scale regions located in upper and lower parts of the first
gate line, and thin film transistors connected to a second gate
line are connected to second gray scale regions located in
upper and lower parts of the second gate line.

39. The method for driving the liquid crystal display panel
of claim 37, wherein a thin film transistor connected to the
first gray scale region contained in one sub-pixel and a thin
film transistor connected to the second gray scale region
contained in the sub-pixel are connected to different adjacent
data lines.

40. The liquid crystal display panel of claim 36, wherein
the area of one of the first and second gray scale regions is
one and half times to three times the area of rest gray scale
regions.
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41. The method for driving the liquid crystal display panel
of claim 35, wherein the liquid crystal display panel includes

each sub-pixel including a first gray scale region to which
a first data signal is supplied according to a first gamma
curve, a second gray scale region to which a second
data signal is supplied according to a second gamma
curve, and a third gray scale region connected to the
second gray scale region;

a first thin film transistor for driving the first gray scale
region;

a second thin film transistor for driving the second and
third gray scale regions;

a data line connected to the first and second thin film
transistors, for supplying the first and second data
signals;

a first gate line for driving the first thin film transistor; and

a second gate line for driving the second thin film tran-

sistor.

42. The method for driving the liquid crystal display panel
of claim 41, wherein the first gray scale region connected to
the first thin film transistor is arranged in an upper part of the
first gate line, and the second and third gray scale regions
connected to the second thin film transistor are arranged in
alower part of the first gate line or any one of the second and
third gray scale regions is arranged in the upper part,
wherein the second and third gray scale regions are arranged
in the lower part in one sub-pixel, and the second and third
gray scale regions are respectively arranged in the upper and
lower parts in sub-pixels adjacent to both sides of the one
sub-pixel.

43. The liquid crystal display panel of claim 42, wherein
the areas of the second and third gray scale regions is one
and half times to three times the area of the first gray scale
regions.

44. The method for driving the liquid crystal display panel
of claim 43, wherein the first, second and third gray scale
regions have a zigzag structure in which both sides of each
of the first, second and third gray scale regions are bent on
the basis of a horizontal axis to have a symmetrical tilt angle.

45. A liquid crystal display apparatus comprising:

a liquid crystal display panel,

a gate driver for driving gate lines of the liquid crystal
display panel,

a first gamma voltage generator for generating a first
gamma voltage set according to a first gamma curve;

a second gamma voltage generator for generating a sec-
ond gamma voltage according to a second gamma
curve;

a switch for selectively generating any one of the first and
second gamma voltage sets by a horizontal period unit
that the gate line is driven;

a data driver for converting a data signal input from the
exterior into a first data signal to be supplied to the first
gray scale region or a second data signal to be supplied
to the second gray scale region by using any one of the
gamma voltage sets supplied through the switch by the
horizontal period unit, and supplying the converted
data signal to the data lines; and
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a timing controller for controlling the gate and data
drivers.
46. The liquid crystal display apparatus of claim 45,
wherein the liquid crystal display panel includes;

a plurality of sub-pixels each having first and second gray
scale regions which are split up and down and have
different areas, the first and second gray scale regions
of one sub-pixel having a staggered arrangement with
respect to those of an adjacent sub-pixel,

a plurality of thin film transistors for independently driv-
ing the first and second gray scale regions;

a plurality of data lines connected to the thin film tran-
sistors, for generating first and second data signals to be
respectively supplied to the first and second gray scale
regions; and

a plurality of gate lines for driving the plurality of thin
film transistors by a horizontal period unit;

wherein the thin film transistors are connected to the first
and second gray scale regions so that the first gray scale
regions are driven when one of the plurality of gate
lines is driven and the second gray scale regions are
driven when another gate line is driven.

47. The liquid crystal display apparatus of claim 46,
wherein the first and second gray scale regions have a zigzag
structure in which both sides of each of the first and second
gray scale regions are bent on the basis of a horizontal axis
to have a symmetrical tilt angle.

48. The liquid crystal display apparatus of claim 47,
wherein thin film transistors connected to a first gate line
among the gate lines are connected to the first gray scale
regions located in upper and lower parts of the first gate line,
and thin film transistors connected to a second gate line are
connected to second gray scale regions located in upper and
lower parts of the second gate line.

49. The liquid crystal display apparatus of claim 47,
wherein a thin film transistor connected to the first gray scale
region contained in one sub-pixel and a thin film transistor
connected to the second gray scale region contained in the
sub-pixel are connected to different adjacent data lines.

50. The liquid crystal display panel of claim 46, wherein
the area of one of the first and second gray scale regions is
one and half times to three times the area of rest gray scale
regions.
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51. The liquid crystal display apparatus of claim 46,
wherein the liquid crystal display panel includes;

a plurality of sub-pixels, wherein each sub-pixel includes
a first gray scale region to which a first data signal is
supplied according to a first gamma curve, a-second,
gray scale region to which a second data signal is
supplied according to a second gamma curve, and a
third gray scale region electronically connected to the
second gray scale region;

a first thin film transistor for driving the first gray scale
region;

a second thin film transistor for driving the second and
third gray scale regions;

a data line connected to the first and second thin film
transistors, for supplying the first and second data
signals;

a first gate line for driving the first thin film transistor; and

a second gate line for driving the second thin film tran-

sistor.

52. The liquid crystal display apparatus of claim 51,
wherein the first gray scale region connected to the first thin
film transistor is arranged in an upper part of the first gate
line, and the second and third gray scale regions connected
to the second thin film transistor are arranged in a lower part
of the first gate line or any one of the second and third gray
scale regions is arranged in the upper part, wherein the
second and third gray scale regions are arranged in the lower
part in one sub-pixel, and the second and third gray scale
regions are respectively arranged in the upper and lower
parts in sub-pixels adjacent to both sides of the one sub-
pixel.

53. The liquid crystal display panel of claim 52, wherein
the areas of the second and third gray scale regions is one
and half times to three times the area of the first gray scale
regions.

54. The liquid crystal display apparatus of claim 52,
wherein the first, second and third gray scale regions have a
zigzag structure in which both sides of each of the first,
second and third gray scale regions are bent on the basis of
a horizontal axis to have a symmetrical tilt angle.
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