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57) ABSTRACT

A liquid crystal display apparatus and a method of driving
the same capable of lowering a power consumption as well
as a production cost. A liquid crystal display apparatus
according to the present invention comprises: pixels includ-
ing red, green and blue color pixels arranged in a direction
along a data line; gate line groups, each gate line group
having a set of two gate lines electrically connected each
other, and each gate line crossing the data line; a data driver
that drives the data line; a gate driver that drives the gate line
groups; and a timing controller that controls the data driver
and the gate driver, the timing controller having at least one
line memory that temporarily stores data supplied to the data
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LIQUID CRYSTAL DISPLAY APPARATUS AND
DRIVING METHOD THEREOF

[0001] This application claims the benefit of Korean
Patent Application No. 2003-58043, filed on Aug. 21, 2003,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
display, and more particularly, to a liquid crystal display
apparatus and a method of driving the same capable of
lowering power consumption as well as production cost.

[0004] 2. Discussion of the Related Art

[0005] Recently, the importance of display devices for
providing visual information has increased. Cathode ray
tubes are widely used at present but has a problem in that its
weight and volume are large. Therefore, various types of flat
display devices have been developed that overcome the
problems of the cathode ray tube.

[0006] Examples of flat panel displays include liquid
crystal display (LCD) panels, field emission displays (FED),
plasma display panels (PDP) and an electro-luminescence
(EL) display panels, and most of these devices are commer-
cially available.

[0007] Aliquid crystal display apparatus displays a picture
represented in a video signal by controlling an electric field
applied to a liquid crystal layer. The liquid crystal display
apparatus has been used in portable computers such as
notebook personal computers, office automation equipment,
audio/video machinery and the like. The liquid crystal
display apparatus is thin and has a low power consumption.
Thus, it has replaced the cathode ray tube in many applica-
tions.

[0008] Further, the liquid crystal display apparatus with an
active liquid erystal cell using a thin film transistor (here-
inafter referred to as “TFT”) has the advantage that the
picture quality is excellent and the power consumption is
low. It has been rapidly developed into large, high definition
displays due to recent productivity technology and research.

[0009] FIG. 1 shows a schematic plan view illustrating a
typical liquid crystal display apparatus.

[0010] Referring to FIG. 1, the liquid crystal apparatus 1
includes: a liquid crystal display panel 2 provided with a thin
film transistor (TFT) at a crossing of a data line and a gate
line; a data driver 8 for providing data to the data line of the
liquid crystal display panel 2; a gate driver 10 for providing
a gate pulse to the gate line of the liquid crystal display panel
2; a back light unit 4 for irradiating light to the liquid crystal
panel; a lamp driver 6 for driving a lamp in the back light
unit 4; a timing controller 12 for controlling the data driver
8, the gate driver 10 and the lamp driver 6 of the liquid
crystal display panel 2; and a power source generator 14 for
supplying a power source required to the liquid crystal
display panel 2 and the back light unit 4.

[0011] The liquid crystal display panel 2 has liquid crystal
materials injected between two glass substrates. The TFT
formed at the crossing of the data line and the gate line of
the liquid crystal display panel 2 responds to a scan pulse
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from the gate driver 10 to apply the data in the data line to
a liquid crystal cell. A source electrode of the TFT is
connected to the data line, and a drain electrode is connected
to the pixel electrode of the liquid crystal cell. Also, a gate
electrode of the TFT is connected to the gate line.

[0012] The timing controller 12 realigns digital video data
applied from a digital video card (not shown) according to
red R, green G and blue B. The data RGB realigned by the
timing controller 12 is applied to the data driver 8. Also, the
timing controller 12 generates a data control signal (DCS)
and a gate control signal (GCS) based upon a horizontal/
vertical synchronization signal H, V and a clock signal
(CLK) applied thereto, to thereby supply the signals to each
of the data driver 8 and the gate driver 10. The data control
signal (DCS) includes a dot clock signal Dclk, a source shift
clock SSC, a source enable signal SOE and a polarity
inversion signal POL. The gate control signal (GCS)
includes a gate start pulse GSP, a gate shift clock GSC and
a gate output enable GOE.

[0013] The data driver 8 samples the data in accordance
with the data control signal DCS from the timing controller
12, latches the sampled data by one-line for every horizontal
time (1H, 2H, . . .), and then supplies the latched data to the
data line. Moreover, the data driver 8 converts a digital pixel
data R, G and B from the timing controller 12 into an analog
pixel signal by using a gamma voltage GAM1 to GAM6
input from the power source generator 14, to thereby supply
the analog pixel signal to the data line.

[0014] The gate driver 10 includes a shift register that
sequentially generates a gate pulse in response to the gate
start pulse GSP among the gate control signal GCS from the
timing controller 12, and a level shifter that shifts a voltage
of the gate pulse to a voltage level suitable for driving the
liquid crystal cell. The gate driver 10 sequentially supplies
a gate high voltage to the gate line in response to the gate
control signal GCS.

[0015] The back light unit 4 includes a lamp (not shown)
for irradiating light to the liquid crystal panel 2 and a lamp
inverter for driving the lamp. The lamp inverter receives a
lamp driving voltage Vinv from the power source generator
14 to drive the lamp.

[0016] The power source generator 14 supplies a common
electrode voltage Veom to the liquid crystal display panel 2,
supplies the gamma voltage GMA1 to GMAG® to the data
driver 8, and supplies the lamp driving voltage Vinv to the
lamp inverter.

[0017] FIG. 2 is a perspective view illustrating the liquid
crystal display panel shown in FIG. 1. The liquid crystal
display panel 2 of the typical liquid crystal display apparatus
1 includes a color filter array substrate 20 and a TFT array
substrate 30 that are combined with each other with a liquid
crystal layer 15 positioned therebetween. The liquid crystal
display panel 2 shown in FIG. 2 represents a portion of a full
display.

[0018] Inthe color filter array substrate 20, a color filter 24
and a common electrode 26 are formed on a rear surface of
an upper glass substrate 22. A polarizer 28 is attached on an
upper surface of the glass substrate 22.

[0019] The color filter 24 includes the color filter layers of
red R, green G and blue B colors that transmit light with a
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particular wavelength bandwidth to display colors. A black
matrix (not shown) is formed between the adjacent color
filters 24. The black matrix is formed between the color
filters 24 of red R, green G and blue B to separate the color
filters 24 from each other and to absorb the light incident
from adjacent cells, to thereby prevent deterioration in
contrast.

[0020] Inthe TFT array substrate 30, data lines 34 and gate
lines 40 cross on the surface of a lower glass substrate 32.
TFTs 38 are formed at the crossings of the data lines 34 and
the gate lines 40. A pixel electrode 36 is formed at cell
regions between each of the data lines 34 and each of the
gate lines 40 across the entire surface of the lower glass
substrate 32. Each of the TFTs 38 includes a gate electrode
connected to the gate line 40, a source electrode connected
to the gate line 34 and a drain electrode facing to the source
electrode with a channel positioned therebetween. The TFT
38 is connected to the pixel electrode 36 via a contact hole
passing through the drain electrode. The TFT 38 selectively
provides a data signal from the data line 34 to the pixel
electrode 36 in response to a gate pulse from the gate line 40.
The TFT 38 opens a data path between the data line 34 and
the pixel electrode 36 in response to the gate pulse from the
gate line 40, to thereby drive the pixel electrode 36. A
polarizer 42 is disposed on a rear surface of the TFT array
substrate 30.

[0021] The pixel electrode 36 is positioned in a cell region
partitioned by the data line 34 and the gate line 40 and is
made of a transparent conductive material having a high
light transmittance. The pixel electrode 36 generates a
voltage difference along with a common electrode 26, which
is formed on the upper glass substrate 22. A data signal
inputted via the drain electrode produces the voltage differ-
ence. The liquid crystal layer 15 adjusts an amount of light
passing through the TFT array substrate 30 in response to an
applied electric filed. The liquid crystal material of the liquid
crystal layer 15 positioned between the lower glass substrate
32 and the upper glass substrate 22 rotates when an electric
field is applied due to a diclectric anisotropy. Accordingly,
the light that is enters the pixel electrode 36 from the light
source is transmitted toward the upper glass substrate 22.

[0022] Polarizers 28 and 42 on the color filter array
substrate 20 and the TFT array substrate 30 transmit light
polarized in only one direction. When the liquid crystal
material 15 is in a 90° TN mode, the polarization directions
of the polarizers 28 and 42 are perpendicular each other. An
alignment film (not shown) is formed on the facing surfaces
of the color filter array substrate 20 and the TFT array
substrate 30.

[0023] A process for fabricating the typical liquid crystal
display panel 2 includes the following stops of substrate
cleaning, substrate patterning, alignment film forming /rub-
bing, substrate assembling, liquid crystal material injecting,
mounting, inspecting and repairing processes.

[0024] The substrate cleaning process removes the impu-
rities remaining before/after patterning the upper glass sub-
strate 22 and the lower glass substrate 32 using a detergent.

[0025] The substrate patterning process is divided into a
patterning process of the color filer array substrate 20 and a
patterning process of the TFT array substrate 30.

[0026] The color filter 24, the common electrode 26 and
the black matrix (not shown) are formed on the upper glass
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substrate 22 of the color filter array substrate 20. Signal lines
such as the data lines 34 and the gate lines 40 are formed on
the lower glass substrate 32 of the TFT array substrate 30.
Each of the TFTs 38 is formed at the crossing of each data
line 34 and each gate line 40. The pixel electrodes 36 are
formed in pixel regions between the gate lines 40 and the
data lines 34.

[0027] The alignment film forming/rubbing process
applies an alignment film to the color filter array substrate 20
and the TFT array substrate 30 and then rubs the alignment
film.

[0028] The substrate assembling process and the liquid
crystal material injecting process includes forming a sealant
pattern on the color filter array substrate 20 or the TFT array
substrate 30, discharging a gas filled inside of the liquid
crystal display panel 2, injecting liquid crystal materials and
a spacer through a liquid crystal injection hole, and sealing
the liquid crystal injection hole while assembling the color
filter array substrate 20 having the sealant pattern or the TFT
array substrate 30 having the sealant pattern by using an
assembling apparatus, to thereby fabricate the liquid crystal
display panel 2.

[0029] In the mounting process of the liquid crystal panel,
a tape carrier package (hereinafter referred to as a “TCP”) is
connected to a pad part on the substrate. The TCP has
integrated circuits mounted thereon such as a gate driver
integrated circuit and a data driver integrated circuit. Such
gate and data driver integrated circuits may be directly
mounted on the substrate by using a chip on glass (herein-
after referred to as a “COG”) method as well as a TAB (Tape
Automated Bonding) using the TCP as described above.

[0030] The inspecting process includes an electrical
inspection performed after forming a variety of signal lines
such as the data line 34 and the gate line 40 on the TFT array
substrate 30 and the pixel electrode 36, and an electrical
inspection and a visual inspection performed after the sub-
strate assembling process and the liquid crystal material
injection process. Specifically, the electrical inspection for
the signal lines of the TFT array substrate 30 and the pixel
electrode 36 before being performed the substrate assem-
bling may increase the yield and may identify a defective
substrate at an early stage that maybe repairable.

[0031] The repairing process repairs the substrate as deter-
mined by the inspection process. However, in the inspection
process, defective substrates beyond repair are discarded.

[0032] FIG. 3 is a plan view representing a structure of a
color pixel of the liquid crystal display panel shown in FIG.
2.

[0033] Referring to FIG. 3, in a liquid crystal display
panel 2, an arrangement of color pixels 44 constituting a
pixel 42 are designed by three color pixels R, G and B. Ared
color pixel 44R, a green color pixel 44G and a blue color
pixel 44B are arranged on a horizontal line and red, green,
and blue color pixels 44 are arranged in a stripe pattern in a
vertical direction. One pixel 42 includes units of the red
color pixel 44R, the green color pixel 44G, and the blue
color pixel 44B formed on the horizontal line. Repeating the
pixels 42 constitutes one pixel line, and the entire liquid
crystal display apparatus constitutes by many pixel lines.
Each of the color pixels 44 are driven by the TFTs 38.
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[0034] FIG. 4A is a waveform representing a gate pulse
waveform inputted to the liquid crystal panel shown in FIG.
3. FIG. 4B is a waveform representing an input signal and
an output signal of a gate driver integrated circuit and a data
driver integrated circuit of a typical liquid crystal display
apparatus.

[0035] Placing a voltage on the color pixels of the liquid
crystal display panel 2 will be described in detail in con-
junction with FIGS. 4A to 4B.

[0036] If a gate shift clock GSC synchronized with a
falling time of a data enable signal DE is generated, then a
scan pulse having a gate high voltage Gout corresponding to
one horizontal period 1H is sequentially supplied to the gate
lines 40. A source start pulse SSP representing the beginning
timing of a data sampling of a data driver circuit is syn-
chronized at a rising time of the data enable signal DE, and
a source out enable SOE signal representing the timing of
outputting a data voltage from the data driver circuits is
generated and delayed by a designated time from the falling
time of the data enable DE signal for each one-horizontal
period 1H. Each data voltage Sout is supplied to its corre-
sponding data line 34 in synchronization with the source out
enable SOE signal, and the data voltage is charged in the R,
G, and B color pixels 44 via the TFT 38 that is turned-on by
the data line 34 and the scan pulse. The voltage charged on
the R, G, and B color pixels 44 drives the liquid crystal
material to display a picture.

[0037] The data driver IC drives a plurality of data lines
using a data voltage supplied to the color pixels 44 of the
liquid crystal display apparatus 1. Therefore, the data driver
IC consumes a large amount of power. As the liquid crystal
display apparatus 1 tends to be made with increased reso-
lution and a larger screen, the number of pixels increases
accordingly. Further, as the number of pixels increases, the
number of the data lines 34 to supply the data voltage to the
color pixels 44 also increases. Accordingly, in the liquid
crystal display apparatus 1, the number of the data driver ICs
for driving the data line 34 increases pursuant to the
increased number of data lines. Thus, there is a problem that
production cost is increased.

SUMMARY OF THE INVENTION

[0038] Accordingly, it is an advantage of the present
invention to provide a liquid crystal display apparatus and a
method of driving the same capable of lowering a power
consumption as well as a production cost.

[0039] In order to achieve these and other advantages of
the invention, a liquid crystal display apparatus according to
the present invention includes: pixels including red, green
and blue color pixels arranged in a direction along a data
line; gate line groups, each gate line group having a set of
two gate lines electrically connected each other, and each
gate line crossing the data line; a data driver that drives the
data line; a gate driver that drives the gate line groups; and
a timing controller that controls the data driver and the gate
driver, the timing controller having at least one line memory
that temporarily stores data supplied to the data driver.

[0040] Another advantage of the present invention is
achieved by a method of driving a liquid crystal display
apparatus according to the present invention, the liquid
crystal display apparatus including pixels with red, green
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and blue color pixels arranged in vertical along a data line;
and gate line groups, each gate line group having a set of two
gate lines electrically connected each other, each gate line
crossing the data line, the method including: sequentially
supplying a gate pulse having first and second gate pulses to
the gate line group; and supplying designated data to each of
the red, the green and the blue color pixels in accordance
with the first and the second pulses sequentially supplied to
the gate line group.

BRIEF DESCRIPTION OF THE DRAWINGS

[0041] These and other advantages of the invention will be
apparent from the following detailed description of the
embodiment of the present invention with reference to the
accompanying drawings, in which:

[0042] FIG. 1 is a schematic block diagram representing
a liquid crystal display apparatus of a related art;

[0043] FIG. 2 is a perspective view representing a liquid
crystal display panel shown in FIG. 1;

[0044] FIG. 3 is a plan view representing a structure of a
pixel including color pixels of the liquid crystal display
panel shown in FIG. 2;

[0045] FIG. 4a is a waveform diagram representing an
input signal and an output signal of the gate driver integrated
circuit and the data driver integrated circuit of the general
liquid crystal display apparatus;

[0046] FIG. 4B is a waveform diagram representing a gate
pulse waveform inputted to the liquid crystal display panel
shown in FIG. 3;

[0047] FIG. 5 is a block diagram representing a liquid
crystal display apparatus according to a first embodiment of
the present invention;

[0048] FIG. 6 is a perspective view representing a liquid
crystal display panel shown in FIG. 5;

[0049] FIG. 7 is a plan view representing a structure of a
color pixel constituting a pixel of the liquid crystal display
panel shown in FIG. 6,

[0050] FIG. 8 is a plan view representing a layout of the
liquid crystal display panel shown in FIG. 7,

[0051] FIG. 9 is a waveform representing an input signal
and an output signal of a gate driver integrated circuit and a
data driver integrated circuit of the liquid crystal display
apparatus according to a first embodiment of the present
invention;

[0052] FIG. 10 is a waveform diagram representing a
signal provided to a gate line of a liquid crystal display
panel;

[0053] FIG. 11 is a waveform diagram representing a
signal provided to the liquid crystal display apparatus and an
output waveform according to the first embodiment of the
present invention;

[0054] FIG. 12 is a configuration representing a signal and
a data inputted/outputted to the liquid crystal display appa-
ratus according to the first embodiment of the present
invention;
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[0055] FIG. 13 is a waveform diagram representing a
signal and a data provided to a timing controller of the liquid
crystal display apparatus shown in FIG. 12;

[0056] FIG. 14 is a configuration representing a data
provided to a driver integrated circuit in accordance with a
single port system;

[0057] FIG. 15 is a configuration representing a data
provided to a driver integrated circuit in accordance with a
dual port system;

[0058] FIG. 16 is a plan view representing a structure of
a pixel including color pixels of a liquid crystal display panel
of a liquid crystal display apparatus according to a second
embodiment of the present invention;

[0059] FIG. 17 is a plan view representing a layout of the
liquid crystal display panel shown in FIG. 16;

[0060] FIG. 18 is a waveform diagram representing a
signal provided to the liquid crystal display panel shown in
FIG. 16;

[0061] FIG. 19 is a waveform diagram representing a
signal provided to the liquid crystal display apparatus and an
output waveform according to the second embodiment of the
present invention;

[0062] FIG. 20 is a configuration representing data input
into a driver integrated circuit in accordance with a single
port system applied to the second embodiment and a third
embodiment of the present;

[0063] FIG. 21 is a configuration representing a data
inputted to a driver integrated circuit in accordance with a
dual port system according to the second and the third
embodiments of the present invention;

[0064] FIG. 22 is a plan view representing a structure of
a color pixel constituting a pixel of a liquid crystal display
panel of a liquid crystal display apparatus according to the
second and the third embodiments of the present invention;

[0065] FIG. 23 is a plan view representing a layout of the
liquid crystal display panel shown in FIG. 22; and

[0066] FIG. 24 is a waveform diagram representing a
signal provided to the liquid crystal display panel shown in
FIG. 22.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0067] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
described in detail with reference to FIGS. 5 to 24.

[0068] FIG. 5 is a plan view representing a liquid crystal
display apparatus according to a first embodiment of the
present invention.

[0069] Referring to FIG. 5, the liquid crystal apparatus
100 includes: a liquid crystal display panel 102 with a thin
film transistor (TFT) at a crossing of a data line 134 and a
gate line 140; a data driver 108 for providing data to the data
line 134 of the liquid crystal display panel 102; a gate driver
110 for providing a gate pulse to the gate line 140 of the
liquid crystal display panel 102; a back light unit 104 for
irradiating light to the liquid crystal panel 102; a lamp driver
106 for driving a lamp of the back light unit 104; a timing
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controller 112 for controlling the data driver 108, the gate
driver 110 and the lamp driver 106 of the liquid crystal
display panel 102; and a power source generator 114 for
supplying a power source required to the liquid crystal
display panel 102 and the back light unit 104.

[0070] The liquid crystal display panel 102 has liquid
crystal materials injected between two glass substrates. The
TFT formed at the crossing of the data line 134 and the gate
line 140 responds to the gate pulse from the gate driver 110
to apply the data on the data line 134 to a liquid crystal cell.
A source electrode of the TFT is connected to the data line
134, and a drain electrode is connected to the pixel electrode
of the liquid crystal cell. Also, a gate electrode of the TFT
is connected to the gate line 140.

[0071] The timing controller 112 realigns digital video
data applied from a digital video card (not shown) according
to red R, green G and blue B. Each R, G, B data realigned
by the timing controller 112 is separately stored in a line
memory 170 formed in the timing controller 112. The red R
data is stored in a first line memory 1704, the green G data
is stored in a second line memory 1705, and the blue B data
is stored in a third line memory 107¢. Each of the red R,
green G and blue B data stored in each of the line memories
170a, 1706 and 170c¢ is provided to the data driver 108. Also,
the timing controller 112 generates a data control signal
DCS and a gate control signal GCS based upon of a
horizontal/vertical synchronization signal H/V and a main
clock signal MCLK applied thereto to supply the signals to
the data driver 108 and the gate driver 110. The data control
signal DCS includes a dot clock signal Delk, a source shift
clock SSC, a source enable signal SOE and a polarity
inversion signal POL. Also, the gate control signal GCS
includes a gate start pulse GSP, a gate shift clock GSC and
a gate output enable GOE.

[0072] The data driver 108 samples the digital data in
accordance with the data control signal DCS from the timing
controller 112, latches the sampled data by one-line for
every horizontal time (1H, 2H, . . . ), and then supplies the
latched data to the data line 134. Moreover, the data driver
108 converts the digital pixel data R, G and B from the
timing controller 112 into an analog pixel signal by using a
gamma voltage GAM1 to GAM6 provided from the power
source generator 114 to supply the analog pixel signal to the
data line 134.

[0073] The gate driver 110 includes a shift register that
sequentially generates the gate pulse in response to the gate
control signal GCS from the timing controller 112, and a
level shifter that shifts a voltage of the gate pulse to a voltage
level suitable for driving the liquid crystal cell. The gate
driver 110 sequentially supplies a gate high voltage to the
gate line in response to the gate control signal GCS.

[0074] The back light unit 104 includes a lamp (not
shown) for irradiating light to the liquid crystal panel 102
and a lamp inverter for driving the lamp. The lamp receives
a driving voltage form the lamp inverter to generate the
light. The lamp inverter receives a lamp driving voltage Vinv
from the power source generator 114 to drive the lamp.

[0075] The power source generator 114 supplies a com-
mon electrode voltage Veom to the liquid crystal display
panel 102, supplies the gamma voltage GMA1 to GMAG to
the data driver 108, and supplies the lamp driving voltage
Vinv to the lamp inverter.
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[0076] FIG. 6 is a perspective view representing the liquid
crystal display panel shown in FIG. 5. The liquid crystal
display panel 102 of the liquid crystal display apparatus is
made by combining a color filter array substrate 120 and a
TFT array substrate 130, wherein a liquid crystal layer 115
is positioned between the color filter array substrate 120 and
the TFT array substrate 130. The liquid crystal display panel
102 shown in FIG. 6 represents a portion of a full display.

[0077] In the color filter array substrate 120, a color filter
124 and a common electrode 126 are formed on a rear
surface of an upper glass substrate 122. A polarizer 128 is
attached on an upper surface of the glass substrate 122.

[0078] The color filter 124 includes color filter layers of
red R, green G and blue B colors disposed therein and
transmit light of particular wavelength bandwidths to dis-
play colors. A black matrix (not shown) is formed between
the adjacent color filters 124. The black matrix formed
between the color filters 124 of red R, green G and blue B
serves to separate the color filters 124 from each other and
to absorb an incident light from adjacent cells, to thereby
prevent deterioration in contrast.

[0079] In the TFT array substrate 130, data lines 134 and
gate lines 140 cross on the surface of a lower glass substrate
132. TFTs 138 are formed at each crossing of the data line
134 and the gate line 140. A pixel electrode 136 is formed
at cell regions between the data lines 134 and the gate lines
140 across the entire surface of the lower glass substrate
132. The TFTs 138 include a gate electrode connected to the
gate line 140, a source electrode connected to the gate line
134 and a drain electrode facing to the source electrode
wherein a channel is positioned between the source and
drain electrodes facing each other. The TFT 38 is connected
to the pixel electrode 136 via a contact hole passing through
the drain electrode. The TFT 138 selectively provides a data
signal from the data line 134 to the pixel electrode 136 in
response to the gate pulse from the gate line 140. The TFT
138 opens a data path between the data line 134 and the pixel
electrode 136 in response to the gate pulse from the gate line
140, to thereby drive the pixel electrode 136. The polarizer
142 is disposed on a rear surface of the TFT array substrate
130.

[0080] The pixel electrode 136 is positioned in a cell
region partitioned by the data line 134 and the gate line 140
and is made of a transparent conductive material having a
high light transmittance. The pixel electrode 136 generates
avoltage difference along with a common electrode 126, the
common electrode 126 formed on the upper glass substrate
122. A data signal provided via the drain electrode produces
the voltage difference. The liquid crystal layer 115 adjusts an
amount of light passing through the TFT array substrate 130
in response to an applied electric filed. A liquid crystal
material of the liquid crystal layer 115 positioned between
the lower glass substrate 132 and the upper glass substrate
122 rotates when an electric field is applied due to a
dielectric anisotropy. Accordingly, the light that enters the
pixel electrode 136 from the light source is transmitted
forward the upper glass substrate 122.

[0081] Polarizers 128 and 142 on the color filter array
substrate 120 and the TFT array substrate 130 transmit light
polarized in only one direction. When the liquid crystal 115
is in a 90° TN mode, the polarization directions of the
polarizers 128 and 142 are perpendicular to each other. An
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alignment film (not shown) is formed on facing surfaces of
the color filter array substrate 120 and the TFT array
substrate 130.

[0082] A process for fabricating the liquid crystal display
panel 102 includes the following steps of substrate cleaning,
substrate patterning, alignment film forming/rubbing, sub-
strate assembling, crystal material injecting, mounting,
inspecting and repairing processes.

[0083] The impurities remaining on the substrates before/
after patterning the upper glass substrate 122 and the lower
glass substrate 132 are removed by a detergent during the
substrate cleaning process.

[0084] The substrate patterning process is divided into a
patterning process of the color filer array substrate 120 and
a patterning process of the TFT array substrate 130.

[0085] The color filter 124, the common electrode 126 and
the black matrix (not shown) are formed on the upper glass
substrate 122 of the color filter array substrate 120. Signal
lines such as the data lines and the gate lines are formed on
the lower glass substrate 132 of the TFT array substrate 130.
The TFT 138 is formed at the crossing of the data line 134
and the gate line 140. Pixel electrodes 136 are formed in
pixel regions between the gate lines 140 and the data lines
134.

[0086] The alignment film forming/rubbing process
applies an alignment film to the color filter array substrate
120 and the TFT array substrate 130 and then rubs the
alignment film.

[0087] The substrate assembling process and the liquid
crystal injecting process includes forming a sealant pattern
on the color filter array substrate 120 or the TFT array
substrate 130, discharging a gas filled inside of the liquid
crystal display panel 102, injecting the liquid crystal mate-
rial and a spacer through a liquid crystal injection hole, and
sealing the liquid crystal injection hole while assembling the
color filter array substrate 120 or the TFT array substrate 130
in which the sealant pattern is formed by an assembling
apparatus, to thereby fabricate the liquid crystal display
panel 102.

[0088] In the mounting process of the liquid crystal panel,
a tape carrier package (a “TCP”) is connected to a pad part
on the substrate, wherein the TCP has integrated circuits
mounted thereon such as a gate driver integrated circuit and
a data driver integrated circuit. Such driver integrated cir-
cuits may be directly mounted on the substrate by using a
chip on glass (a “COG”) method as well as a TAB (Tape
Automated Bonding) using the TCP as described above.

[0089] The inspecting process includes an electrical
inspection performed after forming a variety of signal lines
such as the data line 134 and the gate line 140 on the TFT
array substrate 130 and the pixel electrode 36, and an
electrical inspection and a visual inspection performed after
the substrate assembling and the liquid crystal injection
process. Specifically, the electrical inspection of the signal
lines of the TFT array substrate 130 and the pixel electrode
136 before being performed the substrate assembling may
increase the yield and may identify a defective substrate
repairable.

[0090] The repairing process repairs the substrate as deter-
mined by the inspection process. However, in the inspection
process, defective substrates beyond repair are discarded.
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[0091] FIG. 7 is a plan view representing a structure of a
color pixel of the liquid crystal display panel shown in FIG.
6.

[0092] Referring to FIG. 7, in liquid crystal display appa-
ratus 100 according to the first embodiment of the invention
color pixels 144 constituting a pixel 142 are designed in a
vertical direction with three color pixels R, G and B in order
to reduce the number of the data lines 134 by 5. More
particularly, the liquid crystal display apparatus 100 accord-
ing to the first embodiment arranges a red color pixel 144R,
a green color pixel 144G and a blue color pixel 144B in a
vertical line and arranges color pixels 144 of red R, green G
and blue B in a stripe pattern in a horizontal direction. A unit
including a red color pixel 144R, a green color pixel 144G
and a blue color pixel 144B formed in the vertical line
constitutes one pixel 142. A plurality of pixels 142 consti-
tutes one pixel line, and the liquid crystal display has many
pixel lines. The TFT 138 drives each of the color pixels 144.
Accordingly, the liquid crystal display apparatus 100
according to the first embodiment of invention can reduce
the number of the data lines 134 by %; by driving the color
pixel 144 with one data line 134. If the number of the data
lines 134 is reduced by 25, the number of the gate lines
should be also increased by a factor of three. However,
according to the liquid crystal display apparatus 100 of the
present invention, the number of the gate lines 140 is
increased by 1.5 times by designating two gate lines 140 as
a common line.

[0093] Each TFT 138 driving the color pixel 144 includes:
a first TFT Q1, being connected to the red pixel 144R and
the data line 134 and having a gate pulse from a n+2th gate
line Gn+2 supplied thereto; a third TFT Q3, being connected
to the green pixel 144G and the data line 134 and having a
gate pulse from a n+1th gate line Gn+1 supplied thereto; and
a second TFT Q2, being connected to the n+2th gate line
Gn+2 and the first TFT Q1 and providing a gate pulse
supplied to the n+2th gate line Gn+2 to the first TFT Q1 in
response to a gate pulse from the n+1th gate line Gn+1. A
dummy gate line is connected to the n+1th gate line Gn+1
and is formed between the n+1th gate line Gn+1 and the
n+2th gate line Gn+2. Each of the first to the third TFTs Q1,
Q2 and Q3 drives a set of two color pixels adjacent in
vertical direction in response to the gate pulse from a set of
two gate lines Gn+1 and Gn+2.

[0094] The color pixels 144 constituting the pixel 142, the
TFTs Q1, Q2 and Q3 driving each color pixel 144, the gate
line 140 and the data line 134 in the liquid crystal display
apparatus according to the first embodiment may be formed
by using a layout shown in FIG. 8.

[0095] FIG. 9 shows the waveforms representing an input
signal and an output signal of a gate driver integrated circuit
and a data driver integrated circuit in the liquid crystal
display apparatus according to the first embodiment of the
present invention.

[0096] Signals supplied to the liquid crystal display panel
102 of the liquid crystal display apparatus according to the
first embodiment of the present invention will be described
in detail in conjunction with FIG. 9.

[0097] 1If a gate shift clock GSC synchronized at a falling
time of a data enable signal DE' generated for every Y3-hori-
zontal period (Y5H) is generated for a %-horizontal period
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(%:H), then scan pulses of gate high voltages Goutl to Gout3
having first and second gate pulses are sequentially supplied
to the gate line 140. A source start pulse SSP indicating the
beginning timing of a data sampling for a data driver circuit
is synchronized at a rising time of the data enable signal DE/,
and a source out enable SOE signal indicating the timing for
outputting a data voltage for the data driver circuit is
generated and delayed by an amount of designated time
from the falling time of the data enable DE' signal for every
Ya-horizontal period (YsH). A data voltage Sout is supplied to
the data line 134 for every Ys-horizontal period (Y3H) in
synchronization with the source out enable SOE signal, and
the data voltage is charged in the R, G, and B color pixels
144 via the TFT 138 turned-on by the data line 134 and the
scan pulse. The voltage charged on the R, G, and B color
pixels 144 drives a liquid crystal material, to thereby display
a picture.

[0098] FIG. 10 is a waveform diagram representing a
signal provided to a gate line of the liquid crystal display
panel.

[0099] The operation of the color pixels in the liquid
crystal display panel 102 will be described in detail in
conjunction with FIGS. 7 to 10.

[0100] If a second gate pulse GP2 is supplied to the gate
line Gn+1 when a first gate pulse GP1 is supplied to the gate
line Gn+2, the first to the third TFTs Q1, Q2 and Q3 are
turned-on. At this time, as the second TFT Q2 is turned-on
by the second gate line Gn+2 supplied to the gate line Gn+1,
the first TFT Q1 is turned-on by the first gate pulse GP1
supplied to the gate line Gn+2. As described above, if the
first TFT Q1 is turned-on, the red R data supplied to a data
line Dm is provided to a first red color pixel R1 via the first
TFT Q1 and is simultaneously supplied to a first green color
pixel G1 via the third TFT Q3.

[0101] In a period during which the gate pulse GP1
supplied to the gate line Gn+2 is off and only the second gate
pulse GP2 is supplied to the gate line Gn+2, the first TFT Q1
is turned-off by the first gate pulse GP1 and the third TFT Q3
maintains a turn-on state by the second gate pulse GP2.
While the third TFT Q3 maintains the turn-on state, the
green G data supplied to the data line Dm is provided to the
first green color pixel G1 via the third TFT Q3. As a result,
the red R data supplied to the first green color pixel G1 is
changed to the green G data.

[0102] Thereafter, if first and the second gate pulses GP1
and GP2 are supplied to a gate line Gn+3 and the gate line
Gn+2, then, as described above, the blue B data supplied to
the data line Dm is provided to a first blue color pixel B1 and
asecond red color pixel R2 during the overlap of the first and
the second gate pulses with each other. Also, in a period
during which the gate pulse GP1 supplied to the gate line
Gn+3 is off and only the second gate pulse GP2 is supplied
to the gate line Gn+2, the red R data supplied to the data line
Dm by the second gate pulse GP2 supplied to the gate line
Gn+2 is supplied to the second red color pixel R2. As a
result, the blue B data supplied to the second red color pixel
R2 is changed to the red R data.

[0103] In the first embodiment of the present invention,
the red R, green G and blue G data supplied to the data line
Dm are provided to the color pixels 144 by repeating the
process as described above. The red R, green G and blue B



US 2005/0041006 A1l

data supplied to the color pixels 144 may be driven by using
a one-dot inversion method or a two-dot inversion method as
shown in FIG. 11.

[0104] FIG. 12 illustrates signals and data inputted/out-
putted to the liquid crystal display apparatus according to the
first embodiment of the present invention.

[0105] Referring to FIG. 12, a main clock MCLK, a data
enable DE and the R, G and B data are input to a timing
controller 112 of the liquid crystal display apparatus accord-
ing to the first embodiment. The R, G, B data is synchro-
nized with the main clock MCLK and stored in a line
memory 170q, 170b and 170c. The red R data is stored in a
first line memory 1704, the green G data is stored in a second
line memory 170b, and the blue B data is stored in a third
line memory 107¢. The data R, G, B is synchronized with the
main clock MCLK to be stored in the first to the third line
memories 170a, 1705 and 170c.

[0106] Meanwhile, the timing controller 112 generates a
modified data enable signal DE' having ¥5-horizontal period
(!5H) by using the data enable signal DE having one
horizontal period 1H. If the timing controller 112 has one
output port, the data stored in the first to the third line
memories 170a, 170b and 170c are supplied to the data
driver IC 150 via the output port during each of one period
(ie., ¥ horizontal interval) of the modified data enable
signal DE' as shown in FIG. 14. For instance, the red data
is supplied to the data driver IC 150 during one period (V3
horizontal interval) of a first modified data enable signal
DE', the green data is supplied to the data driver IC 150
during one period (Y5-% horizontal interval) of a second
modified data enable signal DE', and the blue data is
supplied to the data driver IC 150 during one period (%3-%5
horizontal interval) of a third modified data enable signal
DE'. When the timing controller 112 has one output port, the
red R, the green G and the blue B data are sequentially
supplied to the data driver IC 150 during each period of the
modified data enable signal DE' having '3 period.

[0107] If the timing controller 112 has two output ports,
the data stored in the first to the third line memories 170q,
1705 and 170c is divided into odd data and even data and
then is supplied to the data driver IC 150 during one period
(Y5 horizontal interval) of the modified data enable signal
DE' as shown in FIG. 15. For instance, the odd and even red
R data are supplied to the data driver IC 150 during one
period (%5 horizontal interval) of the first modified data
enable signal DE' and the odd and even green G data are
supplied to the data driver IC 150 during one period (V3-%5
horizontal interval) of the second modified data enable
signal DE'. Also, the odd and even blue B data are supplied
to the data driver IC 150 during one period (%5-¥5 horizontal
interval) of the second modified data enable signal DE'. That
is, when the timing controller 112 has two output ports, the
red R, the green G and the blue B data are sequentially
supplied to the data driver IC 150 during each period of the
modified data enable signal DE' having '3 period.

[0108] Accordingly, the liquid crystal display apparatus
according to the first embodiment of the present invention is
capable of reducing the number of the data lines to a level
by %3, to thereby reduce a power consumption and to reduce
the number of the high cost data driver ICs.

[0109] FIG. 16 is a plan view representing a structure of
a color pixel of a liquid crystal display panel of a liquid
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crystal display apparatus according to a second embodiment
of the present invention, and FIG. 18 is a waveform diagram
representing signals provided to the liquid crystal display
panel shown in FIG. 16.

[0110] The liquid crystal display apparatus according to
the second embodiment of the present invention has iden-
tical elements and driving method as the liquid crystal
display apparatus according to the first embodiment of the
present invention except for the TFTs that drive color pixels
244 and the method of driving the TFTs. Therefore, a
detailed explanation of identical elements to those of the
liquid crystal display apparatus according to the first
embodiment will be omitted.

[0111] Each of the TFTs to drive its corresponding color
pixel 244 includes: a first TFT Q1, the first TFT Q1 being
connected to a red pixel 244R and a data line 234 and
receiving a gate pulse from a gate line Gn+1; a second TFT
Q2, the second TFT Q2 being connected to green 244G and
the data line 234 and receiving a gate pulse from a gate line
Gn+2; and a third TFT Q3, the third TFT Q3 being con-
nected to the gate line Gn+2 and the second TFT Q2 and
providing a gate pulse supplied to the gate line Gn+2 to the
second TFT Q2 in response to a gate pulse from the gate line
Gn+1. At this time, a dummy gate line connected to the gate
line Gn+2 is formed between the gate line Gn+1 and the gate
line Gn+2. Each of the first, second, and third TFTs Q1, Q2
and Q3. drives a unit of two vertically adjacent pixels in
response to the gate pulse from two gate lines Gn+1 and
Gn+2.

[0112] A pixel 242, the color pixels 244 of the pixel 242,
the TFTs Q1, Q2 and Q3 that drive the color pixels 244, a
gate line 240 and a data line 234 of the liquid crystal display
apparatus according to the second embodiment may be
formed through a layout shown in FIG. 17.

[0113] The operation of the color pixels of the liquid
crystal display panel will be described in detail in conjunc-
tion with FIGS. 16 and 18.

[0114] When a second gate pulse GP2 is supplied to the
gate line Gn+1 when a first gate pulse GP1 is supplied to the
gate line Gn+2, the first, second, and third TFTs Q1, Q2 and
Q3 are turned-on. As the third TFT Q3 is turned-on by the
second gate pulse GP2 supplied to the gate line Gn+1, the
second TFT Q2 is turned-on by the first gate pulse GP1
supplied to the gate line Gn+2. As described above, if the
second TFT Q2 is turned-on, the green G data supplied to a
data line Dm is provided to a first green color pixel G1 via
the second TFT Q2 and is simultancously provided to a first
red color pixel R1 via the first TFT Q1.

[0115] Then, in a period during which the first gate pulse
GP1 supplied to the gate line Gn+2 is off and only the second
gate pulse GP2 is supplied to the gate line Gn+1, the second
TFT Q2 is turned-off by the first gate pulse GP1 and the first
TFT Q1 maintains a turn-on state by the second gate pulse
GP2. While the first TFT Q1 maintains a turn-on state, the
red R data supplied to the data line Dm is provided to the
first red color pixel R1 via the first TFT Q1. As a result, the
green G data supplied to the first red color pixel R1 is
changed to the red R data.

[0116] Thereafter, if the first and the second gate pulses
GP1 and GP2 are supplied to a gate line Gn+3 and the gate
line Gn+2, then, as described above, the red R data supplied
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to the data line Dm is provided to a second red color pixel
R2 and a first blue color pixel Bl during the overlap of the
first and the second gate pulses GP1 and GP2. Also, in a
period during which the first gate pulse GP1 supplied to the
gate line Gn+3 is off and only the second gate pulse GP2 is
supplied to the gate line Gn+2, the blue B data supplied to
the data line Dm is provided to the first blue color pixel B1
by the second gate pulse GP2 supplied to the gate line Gn+2.
As a result, the red R data supplied to first blue color pixel
B1 is changed to the blue B data.

[0117] In the second embodiment of the present invention,
the red R, the green G and the blue G data supplied to the
data line Dm are provided to the color pixels 244 by
repeating the process as described above. In the liquid
crystal display apparatus according to the second embodi-
ment of the present invention, the red R, the green G and the
blue B supplied to the color pixels 244 are driven by using
a one-dot inversion method or a two-dot inversion method as
shown in FIG. 19.

[0118] Accordingly, the liquid crystal display apparatus
according to the second embodiment of the present inven-
tion is capable of reducing the number of the data lines to a
level by %5, to thereby reduce a power consumption and to
reduce the number of the data driver Ics of a high cost to
drive the data lines.

[0119] FIG. 20 is a configuration representing data pro-
vided to a driver IC by a single port system of the second
embodiment and a third embodiment of the present inven-
tion.

[0120] The data signals provided to the driver IC by a
single port system of the second and the third embodiments
of the present invention in conjunction with FIGS. 16 and 20
is repeatedly inputted in order of G1(1)— R1(2)— R2(3)—
B1(4)— B2(5)— G2(6) as shown FIG. 20.

[0121] FIG. 21 is a configuration representing data pro-
vided to a driver IC by a dual port system applied to the
second and the third embodiments of the present invention.

[0122] The data signals provided to the driver IC by a
single port system applied to the second and the third
embodiments of the present invention in conjunction with
FIGS. 16 and 21 is repeatedly inputted in order of G1(1)—
R1(2)—= R2(3)— B1(4)— B2(5)— G2(6) as shown FIG.21.

[0123] FIG. 22 is a plan view representing a structure of
color pixels of a liquid crystal display panel of a liquid
crystal display apparatus according to the third embodiment
of the present invention, and FIG. 24 is a waveform diagram
representing signals provided to the liquid crystal display
panel shown in FIG. 22.

[0124] The liquid crystal display apparatus according to
the third embodiment of the present invention has identical
elements and driving method as the liquid crystal display
apparatus according to the first embodiment of the present
invention except for the TFTs Q1 and Q2 and the method of
driving the TFTs to drive the color pixels. Therefore, a
detailed explanation of identical elements to those of the
liquid crystal display apparatus according to the first
embodiment will be omitted.

[0125] The TFTs Q1 and Q2 to drive the color pixels 344
includes: a second TFT Q2, the second TFT Q2 being
connected to odd-numbered color pixels 344 among color
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pixels 344 arranged in a vertical direction and a data line 334
and receiving a gate pulse from a gate line Gn+1; a first TET
Q1, the first TFT Q1 being connected to the second TFT Q2
and the data line 334 and receiving a gate pulse from a
dummy line connected to the gate line Gn+1; a fourth TFT
Q4, the fourth TFT Q4 being connected to even-numbered
color pixels 344 and the data line 334 and receiving a gate
pulse from a gate line Gn+2; and a third TFT Q3, the third
TFT Q3 being connected to the fourth TFT Q4 and the data
line 334 and receiving the gate pulse from the gate line
Gn+1. Adummy gate line, which is connected to each of the
gate lines Gn+1 and Gn+2, is formed between the color
pixels 344. Each of the first to the fourth TFTs Q1, Q2, Q3
and Q4 drives a unit of two vertically adjacent pixels in
response to the gate pulse from two gate lines Gn+1 and
Gn+2.

[0126] A pixel 342, the color pixels 344 of the pixel 342,
the TFTs Q1, Q2, Q3 and Q4 that drive the color pixels 344
a gate line 340 and a data line 334 of the liquid crystal
display apparatus according to the second embodiment may
be formed through a layout shown in FIG. 23.

[0127] The operation of the color pixels of the liquid
crystal display panel will be described in detail in conjunc-
tion with FIGS. 22 and 24.

[0128] When a second gate pulse GP2 is supplied to the
gate line Gn+1 when a first gate pulse GP1 is supplied to the
gate line Gn+2, the first to the fourth TFTs Q1, Q2, Q3 and
Q4 connected to the gate line Gn+1 and the gate line Gn+2
are turned-on. If the third and the fourth TFTs Q3 and Q4 are
turned-on, the green G data supplied to the data line Dm is
provided to a first green color pixel G1 connected to the
fourth TFT Q4 via the turned-on third and fourth TEFTs Q3
and Q4 . At the same time, the green G data is supplied to
a first red color pixel R1 via the first and the second TFTs
Q1 and Q2 connected to the gate line Gn+1, and supplied to
a first blue color pixel B1 via the first and the second TFTs
Q1 and Q2 connected to the gate line Gn+2.

[0129] Then, during a period in which the first gate pulse
GP1 supplied to the gate line Gn+2 is off and only the second
gate pulse GP2 is supplied to the gate line Gn+1, the fourth
TFT Q4 is turned-off and the first to the third TFTs Q1, Q2
and Q3 maintain a turn-on state. As the first to the third TFTs
Q1, Q2 and Q3 maintain the turn-on state, the red R data
supplied to the data line Dm is provided to the first red color
pixel R1 via the first and the second TFTs Q1 and Q2, while
the fourth TFT Q4 connected to the first green color pixel G1
is turned-off. As a result, the red R data is not supplied to the
first green color pixel G1.

[0130] Next, if the second gate pulse GP2 is supplied to
the gate line Gn+2 when the first gate pulse GP1 is supplied
to a gate line Gn+3 and, then the first to the fourth TFTs Q1
to Q4 connected to the gate line Gn+2 and the gate line Gn+3
are turned-on. If the third and the fourth TFTs Q3 and Q4 are
turned-on, the red R data supplied to the data line Dm is
provided to a second red color pixel R2 connected to the
fourth TFT Q4 via the turned-on third TFT Q3. At the same
time, the red G data is supplied to the fist blue color pixel Bl
via the first and the second TFTs Q1 and Q2 connected to the
gate line Gn+2, and is supplied to the second green color
pixel G2 via the first and the second TFTs Q1 and Q2
connected to the gate line Gn+3.

[0131] Next, in a period during which the first gate pulse
GP1 supplied to the gate line Gn+3 is off and only the second
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gate pulse GP2 is supplied to the gate line Gn+2, the fourth
TFT Q4 is turned-off and the first to the third TFTs Q1, Q2
and Q3 maintain a turn-on state. As the first to the third TFTs
Q1, Q2 and Q3 maintain the turn-on state, the blue B data
supplied to the data line Dm is provided to the first blue color
pixel B1 via the first and the second TFTs Q1 and Q2, while
the fourth TFT Q4 connected to the second red color pixel
R2 is turned-off. As a result, the blue B data is not supplied
to the second red color pixel R2.

[0132] In the third embodiment of the present invention,
the red R, the green G and the blue G data supplied to the
data line Dm are provided to the color pixels 444 by
repeating the process as described above. In the liquid
crystal display apparatus according to the third embodiment
of the present invention, the red R, the green G and the blue
B supplied to the color pixels 344 are driven by using a
one-dot inversion method or a two-dot inversion method as
shown in FIG. 19.

[0133] Accordingly, the liquid crystal display apparatus
according to the third embodiment of the present invention
is capable of reducing the number of the data lines by %%, to
thereby reduce a power consumption and to reduce the
number of the high cost data driver ICs to drive the data line.

[0134] Asdescribed above, the liquid crystal display appa-
ratus according to embodiments of the present invention is
capable of reducing the number of the data lines to supply
data voltages to color pixels, in comparison with the related
art. The increased gate lines accordingly are commonly tied
by a set of two gate lines. As a result, the liquid crystal
display apparatus is capable of reducing the number of the
data lines by %5 and the number of the data driver ICs to drive
the data lines, to thereby reducing the production cost of the
liquid crystal display apparatus.

[0135] Although the present invention has been explained
by the embodiments shown in the drawings described above,
it should be understood to the ordinary skilled person in the
art that the invention is not limited to the embodiments, but
rather that various changes or modifications thereof are
possible without departing from the spirit of the invention.
Accordingly, the scope of the invention shall be determined
only by the appended claims and their equivalents.

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

pixels including red, green and blue color pixels arranged
in a direction along a data line;

gate line groups, each gate line group having a set of two
gate lines electrically connected each other, and each
gate line crossing the data line;

a data driver that drives the data line;
a gate driver that drives the gate line groups; and

a timing controller that controls the data driver and the
gate driver, the timing controller having at least one line
memory that temporarily stores data supplied to the
data driver.

2. The liquid crystal display apparatus of claim 1, wherein
the timing controller includes three line memories to store
red data, green data and blue data supplied to the liquid
crystal display.
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3. The liquid crystal display apparatus of claim 2, wherein
the timing controller modifies a data enable signal supplied
to the timing controller to generate a modified data enable
signal having period that is ¥ of the horizontal period.

4. The liquid crystal display apparatus of claim 3, wherein
the data stored in the line memory is supplied to the data
driver every one period of the modified data enable signal.

5. The liquid crystal display apparatus of claim 4, wherein
the gate driver sequentially supplies a first and a second gate
pulse to each of the gate line groups.

6. The liquid crystal display apparatus of claim 5, wherein
the first gate pulse supplied to an i+1th gate line group is
overlapped with the second gate pulse supplied to an ith gate
line group in a portion of the period.

7. The liquid crystal display apparatus of claim 6, wherein
the first gate pulse has a pulse width that is narrower than the
second gate pulse.

8. The liquid crystal display apparatus of claim 7,
wherein,

when the second gate pulse is supplied to the ith gate line
group and the first gate pulse is supplied to the i+1th
gate line group, a second thin film transistor (TFT) is
turned-on by the second gate pulse supplied to the ith
gate line group and a first TFT is turned-on by the first
gate pulse being provided via the turned-on second
TFT, to thereby supply designated data to a color pixel
connected to the first TFT, and

when the first gate pulse supplied to the i+1th gate line
group is off and only the second gate pulse is supplied
to the ith gate line group, a third TFT formed in the ith
gate line group is turned-on, to thereby supply desig-
nated data to a color pixel connected to the turned-on
third TFT.

9. The liquid crystal display apparatus of claim 8, wherein
the data driver is synchronized with the modified data enable
signal to supply any one of the red, the green and the blue
data to the data line every 5 horizontal period.

10. The liquid crystal display apparatus of claim 9,
wherein the data driver is synchronized with the modified
data enable signal to invert polarities of the red, the green
and the blue data sequentially supplied for every ¥ hori-
zontal period.

11. The liquid crystal display apparatus of claim 7,
wherein,

when the second gate pulse is supplied to the ith gate line
group and the first gate pulse is supplied to the i+1th
gate line group, a third thin film transistor (TFT) is
turned-on by the second gate pulse supplied to the ith
gate line group and a second TFT is turned-on by the
first gate pulse being provided via the turned-on third
TFT, to thereby supply designated data to a color pixel
connected to the second TFT, and

when the first gate pulse supplied to the i+1th gate line
group is off and only the second gate pulse is supplied
to the ith gate line group, a first TFT is turned-on by the
second pulse supplied to the ith gate line group, to
thereby supply designated data to a color pixel con-
nected to the turned-on first TFT.

12. The liquid crystal display apparatus of claim 11,
wherein the data driver is synchronized with the modified
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data enable signal to supply the red, the green and the blue
data to the data line for every 5 horizontal period in a
vertical direction.

13. The liquid crystal display apparatus of claim 12,
wherein the data driver is synchronized to the modified data
enable signal to invert polarities of the red, the green and the
blue data sequentially supplied for every Y3 horizontal
period.

14. The liquid crystal display apparatus of claim 7,
wherein,

when the second gate pulse is supplied to the ith gate line
group and the first gate pulse is supplied to the i+1th
gate line group, a third thin film transistor (TFT) and a
fourth TFT are turned-on by the second gate pulse
supplied to the ith gate line group, to thereby supply
designated data to a color pixel connected to the fourth
TFT, and

when the first gate pulse supplied to the i+1th gate line
group is off and only the second gate pulse is supplied
to the ith gate line group, a first TFT and a second TFT
which are formed in the ith gate line group are turned-
on by the second pulse, to thereby supply designated
data to a color pixel connected to the turned-on second
TFT.

15. The liquid crystal display apparatus of claim 14,
wherein the data driver is synchronized with the modified
data enable signal to supply the red, the green and the blue
to the data line for every %5 horizontal period in a vertical
direction.

16. The liquid crystal display apparatus of claim 15,
wherein the data driver is synchronized with the modified
data enable signal to invert polarities of the red, the green
and the blue data sequentially supplied for every 5 hori-
zontal period.

17. Amethod of driving a liquid crystal display apparatus,
the liquid crystal display apparatus including pixels with
red, green and blue color pixels arranged in vertical along a
data line; and gate line groups, each gate line group having
a set of two gate lines electrically connected each other, each
gate line crossing the data line, the method comprising:

sequentially supplying a gate pulse having first and sec-
ond gate pulses to the gate line group; and

supplying designated data to each of the red, the green and
the blue color pixels in accordance with the first and the
second pulses sequentially supplied to the gate line
group.

18. The method of claim 17, wherein the first gate pulse
supplied to an i+1th gate line group is overlapped with the
second gate pulse supplied to an ith gate line group in a
portion of a period.

19. The method of claim 18, wherein the first gate pulse
has a pulse width narrower than that of the second gate
pulse.

20. The method of claim 19, wherein, in the step of
supplying data,

when the second gate pulse is supplied to the ith gate line
group and the first gate pulse is supplied to the i+1th
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gate line group, a second thin film transistor (TFT) is
turned-on by the second gate pulse supplied to the ith
gate line group and a first TFT is turned-on by the first
gate pulse being provided via the turned-on second
TFT, to thereby supply designated data to a color pixel
connected to the second TFT, and

when the first gate pulse supplied to the i+1th gate line
group is off and only the second gate pulse is supplied
to the ith gate line group, a third TFT formed in the ith
gate line group is turned-on, to thereby supply desig-
nated data to a color pixel connected to the turned-on
third TFT.

21. The method of claim 20, wherein the step of supplying
data includes supplying any one of the red, the green and the
blue data to the data line for every %5 of a horizontal period.

22. The method of claim 21, wherein polarities of the data
are inverted for every %5 horizontal period.

23. The method of claim 19, wherein, in the step of
supplying the data,

when the second gate pulse is supplied to the ith gate line
group and the first gate pulse is supplied to the i+1th
gate line group, a third thin film transistor (TFT) is
turned-on by the second gate pulse supplied to the ith
gate line group and then a second TFT is turned-on by
the first gate pulse being provided via the turned-on
third TFT, to thereby supply designated data to a color
pixel connected to the second TFT, and

when the first gate pulse supplied to the i+1th gate line
group is off and only the second gate pulse is supplied
to the ith gate line group, a first TFT is turned-on by the
second gate pulse, to thereby supply designated data to
a color pixel connected to the turned-on first TFT.
24. The method of claim 23, wherein the step of supplying
data includes supplying the red, the green and the blue to the
data line for every ¥5 horizontal period in a vertical direction.
25. The method of claim 24, wherein polarities of the data
are inverted for every ¥5 horizontal period.
26. The method of claim 19, wherein, in the step of
supplying the data,

when the second gate pulse is supplied to the ith gate line
group and the first gate pulse is supplied to the i+1th
gate line group, a third TFT and a fourth TFT are
turned-on by the second gate pulse supplied to the ith
gate line group, to thereby supply designated data to a
color pixel connected to the fourth TFT, and

when the first gate pulse supplied to the i+1th gate line
group is off and only the second gate pulse is supplied
to the ith gate line group, a first TFT and a second TFT
are turned-on, to thereby supply designated data to a
color pixel connected to the turned-on second TFT.
27. The method of claim 26, wherein the step of supplying
data includes supplying the red, the green and the blue data
to the data line for every % horizontal period.
28. The method of claim 27, wherein polarities of the data
are inverted for every ¥4 horizontal period.
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