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(57) ABSTRACT

A liquid crystal display panel includes a plurality of gate
lines; a plurality of first data lines and a plurality of second
data lines crossing the gate lines; and a plurality of pixels
defined by crossings of a plurality of gate lines with a plurality
of first data lines and a plurality of second data lines, wherein
each of the pixels includes: a first thin film transistor con-
nected to a gate line and one of the first data line; a second thin
film transistor connected to one of the gate lines and one of the
second data lines; and a liquid crystal cell connected to the
first and second thin film transistors that drive the liquid
crystal cell using a potential difference between first and
second data voltages supplied to the one of the first data lines
and the one of the second data lines.

23 Claims, 7 Drawing Sheets
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LIQUID CRYSTAL PANEL HAVING THE
DUAL DATA LINES, DATA DRIVER, LIQUID
CRYSTAL DISPLAY DEVICE HAVING THE
SAME AND DRIVING METHOD THEREOF

This application claims the benefit of Korean Patent Appli-
cation No. 10-2006-0059214, filed on Jun. 29, 2006, which is
hereby incorporated by reference for all purposes as if fully
set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
(LCD) device, and more particularly, to a liquid crystal dis-
play panel, a data driver, an LCD device using the same, and
a driving method for an LCD device.

2. Discussion of the Related Art

With the rise of an information society the demand for
display devices has increased. To meet the demand, various
types of display devices including liquid crystal display
(LCD) devices, plasma display panels (PDP), electro lumi-
nescent devices (ELD), and vacuum fluorescent displays
(VFD). Some of these devices are currently in use as display
devices.

Among the various types of display devices, the LCD
device has been widely used because of advantages including
excellent image quality, light weight, compact profile, and
low power consumption. Accordingly, the LCD device has
been in various applications including as a monitor for a
portable apparatuses and as a display panel for televisions.

In the typical LCD device, data are respectively supplied to
a matrix of pixels, and a desired image can be displayed by
controlling the light transmittances of the pixels.

FIG. 1 is a block diagram of a related art LCD device. FIG.
2 is a circuit diagram illustrating a liquid crystal display panel
of FIG. 1, and FIG. 3 is a block diagram illustrating a data
driver of the liquid crystal display panel of FIG. 1.

Referring to FIG. 1, the related art LCD device includes a
liquid crystal display panel 9, a gate driver 3, a gamma gen-
erator 7, a data driver 5, a common voltage generator 8, and a
timing controller 1. The liquid crystal display panel 9
includes a plurality of pixels arranged in a matrix. The gate
driver 3 supplies a scan signal to the liquid crystal display
panel 9. The data driver 5 supplies a data voltage based on the
gamma voltage corresponding to R, G and B data signals
forming an image to the liquid crystal display panel 9. The
common voltage generator 8 generates a common voltage
Vcom to be applied to the liquid crystal display panel 9. The
timing controller 1 generates a control signal for controlling
the gate driver 3 and the data driver 5.

The liquid crystal display panel 9 may have various struc-
tures depending upon the mode of operation of the liquid
crystal display panel 9. The liquid crystal display panel of
FIG. 2 operates in an in-plane switching (IPS) mode.

Referring to FIG. 2, a plurality of gate lines G1 to Gn and
a plurality of data lines D1 to Dm are arranged on the liquid
crystal display panel 9 such that the plurality of gate lines G1
to Gn cross the plurality of data lines D1 to Dm. A plurality of
pixels P is defined by crossings of the plurality of gate lines
G1 to Gn with the plurality of data lines D1 to Dm. Each pixel
P includes a thin film transistor (TFT) connected to a gate line
G1 to Gn and the data line D1 to Dm, and a pixel electrode
(not shown) connected to the TFT. Although not shown, the
pixel P also includes a common electrode branched from the
common line VL1 to VLn.
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A data voltage is applied to the pixel electrode, and a
common voltage Vcom is applied to the common electrode
resulting in a potential difference (i.e., voltage difference)
between the data voltage and the common voltage Vcom
applied to the pixel electrode and the common electrode.
Molecules of a liquid crystal layer existing between the pixel
electrode and the common electrode are driven by means of
the potential difference. Liquid crystal cells represented as
capacitors (Clc) are formed by the liquid crystal molecules of
each pixel. Although not shown, a storage capacitor for main-
taining the data voltage applied to the pixel for one frame (or
one frame period) may be formed between the gate line G1 to
Gn and the pixel electrode.

The timing controller 1 generates a control signal for driv-
ing the liquid crystal display panel 9 using image data and
synchronization signal input from an external source such as
an external video card. The control signal includes a first
control signal that controls the gate driver 3, and a second
control signal that controls the data driver 5. The first control
signal includes a gate shift clock (GSC), a gate start pulse
(GSP), and a gate output enable (GOE) signal. The second
control signal includes source shift clock (SSC), source start
pulse (SSP), source output enable (SOE) signal, and a polar-
ity control (POL) signal.

The gate driver 3 sequentially supplies the scan signals to
the respective gate lines G1 to Gn in response to the first
control signal supplied from the timing controller 1. Accord-
ingly, each of the respective gate lines G1 to Gn of the liquid
crystal display panel 9 is activated in sequence. By activation
it is meant that the TFTs connected to a respective gate lines
G1 to Gn are turned on by the scan signal. When the TFT's are
turned on, the data voltage supplied from the data driver 5 is
supplied to the pixel electrode via the TFT connected to the
activated gate line.

Referring to FIG. 3, the data driver 5 includes a data latch
unit 13, a shift register 12, a line latch unit 14, a digital to
analog (DA) converter 16, and an output buffer unit 17.

The data latch unit 13 latches n-bit R, G and B data signals
supplied from the timing controller 1 in units of pixels. The
shift register 12 sequentially generates the latch enable sig-
nals that control the line latch unit 14 to latch the R, G and B
data signals latched in the data latch unit 13 in synchroniza-
tion with the SSC signal, when the SSP signal is applied to the
shift register 12. In response to the latch enable signals that
are sequentially generated at the shift register 12, the R, Gand
B data signals latched in the data latch unit 13 are latched in
the line latch unit 14 in sequence. For example, the R, G and
B data signals are simultaneously latched in the line latch unit
14 in response to a first latch enable signal output from the
shift register 12. Similarly, the R, G and B data signals are
simultaneously latched in the line latch unit 14 in response to
a second latch enable signal output from the shift register 12.
Through a sequence of such operations, the line latch unit 14
latches a volume of data corresponding to one horizontal
display line.

The line latch unit 14 can latch the data signals correspond-
ing to a preset number of channels. As illustrated in FIG. 3, the
line latch 14 can latch the data signals corresponding to 192
channels OUT1 to OUT192.

For example, when the number of the data lines of the
liquid crystal display panel 9 is 576, the number of channels
of'the data driver 5 corresponding to the respective data lines
should also be 576. However, since the number of channels
for a data driver IC is 192 in the data driver 5 of FIG. 3, the
data driver 5 can provide 576 channels by including three data
driver ICs each having 192 channels.
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The DA converter 16 converts the R, G and B data signals
latched at the line latch unit 14 into R, G and B data voltages
corresponding to a gamma voltage supplied from the gamma
generator 7. The DA converter 16 may generate the R, G and
B data voltages using one of a positive polarity gamma volt-
age and a negative polarity gamma voltage supplied from the
gamma generator 7.

The output buffer unit 17 outputs the R, G and B data
voltages to the respective channels OUT1 to OUT192 in
response to the SOE signal. Each channel is connected to a
respective data line of the liquid crystal display panel 9.

By using the data driver of the above-described configura-
tion, the related art LCD device may alternately supply a data
voltage based on the positive polarity gamma voltage and the
data voltage based on the negative polarity gamma voltage to
operate the related art LCD in an inversion mode.

However, the related art LCD device includes a plurality of
common lines corresponding to the number of gate lines in
the liquid crystal display panel 9. Because a pixel includes
one or more common lines as well as the gate and data lines,
the overall aperture ratio of the related art LCD device is
decreased.

In addition, the related art LCD device has an inherent
limitation affecting the voltage difference between the volt-
ages for driving liquid crystals, i.e., the voltage difference
between the data voltage and the common voltage. Because
the common voltage is typically set to half of the data voltage,
the potential difference between the common voltage and the
data voltage is limited and increasing the data voltage pro-
duces only a limited increase in the potential difference.
Accordingly, a limit is encountered when attempting to
increase the potential difference to obtain a high brightness
level to enhance the image quality of the display.

Moreover, the limitation on the potential difference
between the data voltage and the common voltage limits
improving a response speed of the liquid crystal by operating
the display with an increased potential difference

Furthermore, because the related art LCD device requires a
common line and circuitry for generating the common volt-
age to be supplied to the common line, problems including a
complicated fabrication process, high fabrication cost, and
low aperture ratio are created.

SUMMARY OF THE INVENTION

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

An advantage of the present invention is to provide a liquid
crystal display panel, a data driver, an LCD device having the
same, and a driving method thereof, which can be driven with
high voltage.

Another advantage of the present invention is to provide a
liquid crystal display panel, a data driver, an LCD device
having the same, and a driving method thereof, which can
provide an image having high brightness.

Another advantage of the present invention is to provide a
liquid crystal display panel, a data driver, an LCD device
having the same, and a driving method thereof, which can
improve an image quality by increasing a response speed of a
liquid crystal.

And still another advantage of the present invention to
provide a liquid crystal display panel, a data driver, an LCD
device having the same, and a driving method thereof, which
can provide a simple fabrication process, a low fabrication
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cost and an improved aperture ratio because there is not
required an apparatus for generating a common voltage.

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

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described herein, a liquid crystal display panel
includes: a plurality of gate lines; a plurality of first data lines
and a plurality of second data lines crossing the gate lines; and
a plurality of pixels defined by crossings of a plurality of gate
lines with a plurality of first data lines and a plurality of
second data lines, wherein each of the pixels includes: a first
thin film transistor connected to a gate line and one of the first
data line; a second thin film transistor connected to one of the
gate lines and one of the second data lines; and a liquid crystal
cell connected to the first and second thin film transistors that
drive the liquid crystal cell using a potential difference
between first and second data voltages supplied to the one of
the first data lines and the one of the second data lines.

In another aspect of the present invention, there is provided
a data driver for driving a liquid crystal display panel includ-
ing a plurality of gate lines, a plurality of first data lines and a
plurality of second data lines crossing the gate lines, and a
plurality of pixels defined by crossings of a plurality of gate
lines with a plurality of first data lines and a plurality of
second data lines, wherein each of the pixels includes a first
thin film transistor connected to the gate line and the first data
line, a second thin film transistor connected to the gate line
and the second data line, and a liquid crystal cell connected
between the first and second thin film transistors, wherein the
data driver includes: a division unit that divides an input data
signal into first and second data signals; a shift register that
sequentially outputs a latch enable signal; a latch unit that
latches the divided first and second data signals in response to
the latch enable signal; and a digital to analog converter that
outputs first and second data voltages corresponding to the
first and second data signals using a plurality of positive
polarity gamma voltages and a plurality of negative polarity
gamma voltages, wherein a voltage level of each first data
voltage is symmetric to that of a respective second data volt-
age with respect to a reference voltage.

In another aspect of the present invention, there is provided
a data driver for driving a liquid crystal display panel includ-
ing a plurality of gate lines, a plurality of first data lines and a
plurality of second data lines crossing the gate lines, and a
plurality of pixels defined by crossings of a plurality of gate
lines with a plurality of first data lines and a plurality of
second data lines, wherein each of the pixels includes: a first
thin film transistor connected to the gate line and the first data
line, a second thin film transistor connected to the gate line
and the second data line, and a liquid crystal cell connected
between the first and second thin film transistors, the data
driver including: a shift register that sequentially outputs a
latch enable signal; a latch unit that latches an input data
signal in response to the latch enable signal; a division unit
that divides the input data signal into first and second data
signals; and a digital to analog converter that outputs first and
second data voltages corresponding to the first and second
data signals using a plurality of positive polarity gamma
voltages and a plurality of negative polarity gamma voltages,
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wherein a voltage level of each first data voltage is symmetric
to a voltage level of the respective second data voltage with
respect to a reference voltage.

In still another aspect of the present invention, there is
provided a liquid crystal display device including: a liquid
crystal display panel including a plurality of pixels arranged
in a matrix, wherein each pixel is defined by an crossing of a
gate line with a first data line and a second data line; a gate
driver supplying a scan signal that activates the gate line; and
a data driver that supplies first and second data voltages to the
first and second data lines using first and second data signals,
wherein the first and second data voltage are different from
each other, a voltage level of the first data voltage being
symmetric to that of the second data voltage with respect to a
reference voltage.

In yet another aspect of the present invention, there is
provided a method of driving a liquid crystal display device
including a driving unit for driving a liquid crystal display
panel having a plurality of pixels arranged in a matrix,
wherein each pixel is defined by an crossing of a gate line with
a first data line and a second data line, the method including:
supplying a scan signal for activating the gate line; supplying
first and second data voltages to the first and second data lines,
wherein the first and second data voltage are different from
each other; and displaying an image on the liquid crystal
display panel using potential difference between the first and
second data voltages, wherein a voltage level of the first data
voltage is symmetric to that of the second data voltage with
respect to a reference voltage.

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

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) of the invention and together with the descrip-
tion serve to explain the principle of the invention.

In the drawings:

FIG. 1 is a block diagram of a related art liquid crystal
display device (LCD) device;

FIG. 2 is a circuit diagram illustrating a liquid crystal
display panel of the LCD device of FIG. 1;

FIG. 3 is a block diagram illustrating a data driver of the
LCD device of FIG. 1;

FIG. 4 is a circuit diagram illustrating a liquid crystal
display panel according to an embodiment of the present
invention;

FIG.5isablock diagram of a data driver according to a first
embodiment of the present invention for driving the liquid
crystal display panel of FIG. 4;

FIG. 6 is ablock diagram illustrating a gamma generator of
the data driver of FIG. 5;

FIG. 7 is a schematic view illustrating a digital to analog
(DA) converter of the data driver of FIG. 5;

FIG. 8 is a block diagram illustrating the DA converter of
FIG. 7 in detail;

FIG. 9 is a waveform diagram illustrating a data voltage
supplied from the data driver of FIG. 5;

FIG.10is ablock diagram of aliquid crystal display (LCD)
device including the liquid crystal display panel of FIG. 4 and
the data driver of FIG. 5; and
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FIG. 11 is a block diagram of a data driver according to a
second embodiment of the present invention for driving the
liquid crystal display panel of FIG. 4.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

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

FIG. 4 is a circuit diagram illustrating a liquid crystal
display panel according to an embodiment of the present
invention.

Referring to FIG. 4, a plurality of gate lines G1 to Gn, a
plurality of first data lines DI1 to Dlm, and a plurality of
second data lines Drl to Drm are arranged on the liquid
crystal display panel 9 such that the plurality of gate lines G1
to Gn cross the plurality of first and second data lines DI1 to
Dm and Drl to Drm. A plurality of pixels P are defined by
crossings of the plurality of gate lines G1 to Gn with the
pluralities of first and second data lines D11 to Dm and Dr1 to
Drm. Therefore, a pixel P is defined by a crossing of a gate
line G2 with a first data line D11 and a second data line Dr1.
All of the pixels may be constructed in the manner described
above.

More specifically, each pixel P includes a first thin film
transistor TFT1 connected to the first data line DI1, a second
thin film transistor TF'T2 connected to the gate line G2 and the
second data line Drl, a first pixel electrode connected to the
first thin film transistor TFT1, a second pixel electrode con-
nected to the second thin film transistor TFT2, and a liquid
crystal cell Clc connected between the first and second pixel
electrodes. Herein, the liquid crystal cell Clc denotes a
capacitor formed by a liquid crystal layer existing between
the first and second pixel electrodes.

In the first thin film transistor TFT1, a gate electrode is
connected to the gate line G2, a source electrode is connected
to the first data line D11, and a drain electrode is connected to
the liquid crystal cell Clc. In the second thin film transistor
TFT2, a gate electrode is connected to the gate line G2, a
source electrode is connected to the second data line Drl, and
a drain electrode is connected to the liquid crystal cell Cle.
Actually, the first pixel electrode is connected between the
drain electrode of the first thin film transistor TFT1 and the
liquid crystal cell Clc, and the second pixel electrode is con-
nected between the drain electrode of the second thin film
transistor TFT2 and the liquid crystal cell Clc. However, for
the sake of illustrative convenience, the drain electrode of the
first thin film transistor TEFT1 and the drain electrode of the
second thin film transistor TFT2 are illustrated as being
directly connected to the liquid crystal cell Clc.

The respective gates of the first and second thin film tran-
sistors TFT1 and TFT2 are commonly connected to the same
gate line G2 and the respective drains thereof are commonly
connected to the liquid crystal cell Clc through corresponding
pixel electrodes, whereas the source electrodes thereof are
connected to the first and second data lines DI1 and Drm,
respectively.

The first and second thin film transistors TFT1 and TFT2
are simultaneously turned on by a scan signal applied to the
gate line G2, and the liquid crystal cell Clc is driven by a
potential difference, i.e., a voltage difference between the first
and second data voltages supplied to the first and second data
lines DI1 and Drl.
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Although not shown, a storage capacitor Cst may be
formed between a gate line G1 of an adjacent previous cell
and a pixel electrode.

The scan signal, i.e., a gate high voltage Vgh, is sequen-
tially supplied to each of the respective gate lines G1 to Gn for
one horizontal period H, and a gate low voltage Vgl is then
supplied after the lapse of one horizontal period H to a next
frame.

When the scan signal, i.e., the gate high voltage Vgh, is
supplied to a respective gate line G1 to Gn, the first and
second thin film transistors TFT1 and TFT2 connected to the
respective gate line G1 to Gn are simultaneously turned on.

First and second voltages may be applied to the first and
second data lines DI1 to Dm and Drl to Drm, respectively,
wherein the first and second voltages are different from each
other. The first voltage may be generated from the second data
voltage or alternatively the second voltage may be generated
from the first voltage. For example, when the first data voltage
is generated from a positive polarity gamma voltage, the
second data voltage may be generated from a negative polar-
ity gamma voltage that is symmetric to the positive polarity
gamma voltage with respect to a predetermined reference
voltage Vref. Further, when the second data voltage is gener-
ated from the negative polarity gamma voltage, the first data
voltage may be generated from a positive polarity gamma
voltage that is symmetric to the negative polarity gamma
voltage with respect to the predetermined reference voltage
Vref.

By way of example, when the negative polarity gamma
voltage is in a range of about 1V to about 8V, the positive
polarity gamma voltage is in range of about 8V to about 15V,
and the reference voltage Vref is 8V, the second data voltage
may be selected as an 11V positive polarity gamma voltage to
be symmetric to a 5V negative polarity gamma voltage first
data voltage with respect to the 8V reference voltage Vref. In
other words, the 5V negative polarity gamma voltage is lower
than the 8V reference voltage Vref by 3V, and the 11V posi-
tive polarity gamma voltage is higher by 3V than the 8V
reference voltage making the 5V negative polarity gamma
voltage and the 11 volt positive polarity gamma voltage sym-
metric to each other with respect to the 8V reference voltage
Vref. When one of the first and second data voltages, e.g., the
first data voltage, is given, the other data voltage, e.g., the
second data voltage may be easily generated using the above
voltage symmetry relationship. The second data voltage
when generated from the first data voltage may be referred to
as a mirror voltage.

As shown in FIG. 4, the common line for supplying the
common voltage in the liquid crystal display panel 66 may be
omitted. When the common line is omitted because the com-
mon voltage is not used, circuitry for generating the common
voltage may also be omitted. By omitting both the common
line and the circuitry for generating the common voltage in
the liquid crystal display panel according to an embodiment
of the present invention, the fabrication process is simplified
and fabrication cost can be reduced. In addition, by omitting
the common line in the liquid crystal display panel according
to the present invention, the aperture ratio can be improved
because the common line does not occupy area in a pixel.

Furthermore, since the common voltage supplied through
the common line may be omitted in a liquid crystal display
panel according to the present invention, it is possible to
reduce power consumption.

The first and second data voltages are supplied to the first
and second data lines D11 to Dm and Dr1 to Drm of each pixel
P so that the liquid crystal cell Clc is formed by a potential
difference between the first and second data voltages. There-
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8

fore, the liquid crystal is driven by the potential difference
between the first and second data voltages.

Accordingly, since the potential difference is determined
by the first and second data voltages in the liquid crystal
display panel 66 of the present invention, it is possible to
generate higher potential differences than the potential dif-
ference between the common voltage and the data voltage in
the relater art. Thus, the liquid crystal can be driven with high
voltage and further high brightness image can be obtained.

By way of comparison, the liquid crystal is driven by the
potential difference between the common voltage and the
data voltage in the related art, whereas the liquid crystal is
driven by potential difference between the symmetric first
and second data voltages in the present invention.

For inversion driving, the first and second data lines D11 to
Dm and Drl to Drm may be inverted in units of frames. For
example, when the first data voltage based on the positive
polarity gamma voltage is supplied to the first data line D11 to
DIm and the second data voltage based on the negative polar-
ity gamma voltage is supplied to the second data line Dr1 to
Drm during a first frame, the first data voltage based on the
negative polarity gamma voltage may be supplied to the first
data line D11 to Dlm and the second data voltage based on the
positive polarity gamma voltage may be supplied to the sec-
ond data line Drl to Drm during a next second frame.

A method for generating symmetric first and second data
voltages will be more fully illustrated with reference to FIGS.
5 to 9 of the accompanying drawings.

FIG.5is a block diagram of a data driver according to a first
embodiment of the present invention for driving the liquid
crystal display panel of FIG. 4. FIG. 6 is a block diagram
illustrating a gamma generator of the data driver of FIG. 5.
FIG. 71s a schematic view illustrating a digital to analog (DA)
converter of the data driver of FIG. 5. FIG. 8 is a block
diagram illustrating the DA converter of FIG. 7 in detail. FIG.
9 is a waveform diagram illustrating a data voltage supplied
from the data driver of FIG. 5.

Referring to FIG. 5, the data driver 30 includes a data latch
unit 33, a shift register 32, a line latch unit 34, a DA converter
36 and an output buffer unit 37.

The data driver 30 of FIG. 5 may include a single data
driver IC. More generally, the data driver 30 may include a
plurality of data driver ICs. For the sake of illustrative con-
venience, it is illustrated that the data driver 30 has one data
driver IC in the present invention. When several data driver
ICs are used, the respective data driver ICs are connected in
parallel and the shift registers 32 included in the respective
data driver ICs are cascade-connected. Accordingly, after an
operation of a shift register included in a first data driver IC is
completed, a shift register included in a second data driver IC
starts operating. Through a sequence of such operations, the
plurality of data driver ICs are controlled in cascade.

The data latch unit 33 latches n-bit R, G and B data signals
in units of pixels.

The shift register 32 sequentially generates latch enable
signals enabling the line latch unit 34 to latch the R, G and B
data signals latched in the data latch unit 33 in synchroniza-
tion with a SSC signal when a SSP signal is applied to the shift
register 32.

The R, G and B data signals latched in the data latch unit 33
may be latched in the line latch unit 34 according to the latch
enable signals.

In the data driver according to the illustrated embodiment
ofthe present invention, however, the R, G and B data signals
latched in the data latch unit 33 are not directly latched in the
line latch unit 34 but are latched after they are divided into
first and second data signals. That is, the R data signal is
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divided into first and second R data signals Rl and Rr, and the
first and second R data signals Rl and Rr are then latched in
the line latch unit 34. Likewise, the G data signal is divided
into first and second G data signals Gl and Gr, and the first and
second G data signals Gl and Gr are then latched. Also, the B
data signal is divided into first and second B data signals Bl
and Br, and the first and second B data signals Bl and Br are
then latched. Thus, each ofthe R, G and B data signals may be
divided into two data signals having the same data value, i.e.,
the first and second data signals Rl/Rr, G1/Gr and Bl/Br, and
then the divided two data signals are latched in the line latch
unit 34. The divided first and second data signals, e.g., the first
and second R data signals R1and Rr, have the same data value
as the original data signal before it is divided, e.g., the R data
signal. For example, when the original data signal R is
001111, the first and second data signals R1 and Rr are also
001111.

The data driver 30 may further include a division unit 39 for
dividing the R, G and B data signals into the first and second
data signals RI/Rr, G1/Gr and BI/Br, respectively. As illus-
trated in FIG. 5, the division unit 39 may be simply imple-
mented by dividing one line into two lines each carrying the
divided signals. Alternatively, the division unit 30 may be
implemented as a separate circuit.

The first and second data signals divided from each of the
R, G and B data signals are latched in the line latch unit 34 in
response to the latch enable signal output from the shift reg-
ister 32. Since the first and second data signals RI/Rr, GI/Gr
and B1/Br are divided from the R, G and B data signals, six
first and second data signals R1/Rr, GI/Gr and Bl/Br are
latched in the line latch unit 34 by one latch enable signal
output from the shift register 32. Therefore, the first and
second data signals R1/Rr, Gl/Gr and B1/Br are sequentially
latched in sixes in the line latch unit 34 according to the
respective latch enable signals. Through a sequence of opera-
tions as described above, the line latch unit 34 can latch the
first and second data signals RI/Rr, Gl/Gr and Bl/Br corre-
sponding to one horizontal display line.

The DA converter 36 converts the first and second data
signals RI/Rr, GI/Gr and Bl/Br latched at the line latch unit 34
into first and second data voltages corresponding to a gamma
voltage supplied from the gamma generator 35. The DA con-
verter 36 may generate the first and second data voltages
using one of a positive polarity gamma voltage or a negative
polarity gamma voltage supplied from the gamma generator
35.

Referring to FIG. 6, the gamma generator 35 includes a
positive polarity gamma generator 35a and a negative polarity
gamma generator 355. The positive polarity gamma generator
35a generates a plurality of positive polarity gamma voltages
between a first supply voltage VDD and a reference voltage
Vref, and the negative polarity gamma generator 356 gener-
ates a plurality of negative polarity gamma voltages between
the reference voltage Vref and a second supply voltage VSS.
The gamma voltage is provided for converting a digital data
signal to a corresponding analog signal, i.e., a data voltage, in
the DA converter 36. The data voltages having different volt-
age levels are generated using voltage division between two
voltages, for example, between the first supply voltage VDD
and the reference voltage Vref, and between the reference
voltage Vref and the second supply voltage VSS. Here, each
voltage level represents a gamma voltage. The gamma volt-
age is supplied to the DA converter 36 and may be subdivided
to correspond to each gray scale. Alternatively, the gamma
voltage may be generated in the gamma generator 35 to
correspond to each gray scale level. In the illustrated embodi-
ment of the present invention, the gamma voltage generator
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35 generates the gamma voltage corresponding to each gray
scale. When the gray scale range is 0 to 255, the positive
polarity gamma generator 35a generates 256 types of gamma
voltages corresponding to respective gray scale levels, and
the negative polarity gamma generator 356 generates 256
types of gamma voltages corresponding to respective gray
scale levels.

The positive polarity gamma voltage and the negative
polarity gamma voltage have voltage levels which are sym-
metric to each other with respect to the reference voltage Vref.
For instance, it is assumed that the first supply voltage VDD,
the reference voltage Vref and the second supply voltage VSS
are 15V, 8V and 1V, respectively. When the gray scale is 125,
the negative polarity gamma voltage of 4V is generated to be
symmetric to a 12V positive polarity gamma voltage with
respect to the 8V reference voltage Vref. Each of the positive
and negative polarity gamma generators 35a and 355 can
generate full gray scale, and the gamma voltages of the
respective gamma generators 35a and 355 generate symmet-
ric voltage levels with respect to the reference voltage Vref.

The DA converter 36 may include a switch 42 and a mul-
tiplexer 44, as shown in FIGS. 7 and 8.

The multiplexer 44 includes first and second multiplexers
44a and 44b. The first multiplexer 44a outputs first data
voltages VRI, VGI and VBI corresponding to the first data
signal R1, Gl and Bl, and the second multiplexer 445 outputs
second data voltages VRr, VGr and VBr corresponding to the
second data signal Rr, Gr and Br.

The first multiplexer 44a selects the gamma voltage corre-
sponding to the first data signal R1, G1 and Bl among a plu-
rality of the positive polarity gamma voltages or a plurality of
negative polarity gamma voltages to output the selected
gamma voltage as the first data voltage VRI, VGI and VBI.
Likewise, the second multiplexer 445 selects the gamma volt-
age corresponding to the second data signal Rr, Gr and Br
among a plurality of the positive polarity gamma voltages or
a plurality of negative polarity gamma voltages to output the
selected gamma voltage as the second data voltages VRr, VGr
and VBr. The positive polarity gamma voltage is generated at
the positive polarity gamma generator 354, and the negative
polarity gamma voltage is generated at the negative polarity
gamma generator 355.

The positive and negative polarity gamma voltages, which
are supplied to the first and second multiplexers 44a and 445,
may be alternately supplied in units of dot, line or frame.
Here, a dot refers to a pixel. As occasion demands, the pixel
may be configured to include three dots.

For example, during the first frame, the positive polarity
gamma voltage is supplied to the first multiplexer 44a and the
negative polarity gamma voltage is supplied to the second
multiplexer 44b. Thereafter, during the second frame, the
negative polarity gamma voltage may be supplied to the first
multiplexer 44q and the positive polarity gamma voltage may
be supplied to the second multiplexer 445.

In order to alternately supply the positive and negative
polarity gamma voltages to the first and second multiplexers
44a and 4454 in units of a dot, line or frame, the switch 42 is
connected to a front end of the multiplexer 44. Therefore, the
positive and negative polarity gamma voltages are switched
in units of a dot, line or frame by the switch 42 in response to
the POL signal, so that the positive and negative polarity
gamma voltages can be alternately supplied to the first and
second multiplexers 44a and 445.

When the plurality of positive polarity gamma voltages are
supplied to the first multiplexer 44a and the plurality of posi-
tive polarity gamma voltages are supplied to the second mul-
tiplexer 44b, the first multiplexer 44a selects the positive
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polarity gamma voltage corresponding to the first data signal
R1, Gl and Bl among the plurality of positive polarity gamma
voltages to output the selected gamma voltage as the first data
voltage VRI, VGI and VBI, and the second multiplexer 445
selects the gamma voltage corresponding to the second data
signal Rr, Gr and Br among the plurality of negative polarity
gamma voltages to output the selected gamma voltage as the
second data voltages VRr, VGr and VBr. The first and second
data voltages have voltage levels which are symmetric to each
other with respect to the reference voltage Vref.

Consequently, DA converter 36 outputs the first and second
data voltages VR1, VGI, VBI, VRr, VGr and VBr correspond-
ing to the first and second data signals R1, Gl, Bl, Rr, Gr and
Br, using the positive and negative polarity gamma voltages.

In FIG. 5, the output buffer unit 37 outputs the first and
second data voltages VRI, VGI, VBl VRr, VGr and VBr
output from the DA converter 36 to respective channels OUT
11 to OUT r384 in response to the POL signal. The number of
channels may be correspondent to the number of the data lines
DI1 to Dlm and Dr1 to Drm of the liquid crystal display panel
66.

The first and second data voltages VRI, VGI, VBI, VRr,
VGr and VBr are generated corresponding to the R, G and B
data signals, and then the first and second data voltages VRI,
VG, VBL, VRr, VGr and VBr are supplied to the respective
pixels of the liquid crystal display panel 66. For example, the
first data voltage VRI, VGI and VBI may be supplied to the
first data lines D11, D12, . . ., Dlm, and the second data voltage
VRr, VGr and VBr may be supplied to the second data lines
Drl, Dr2, ..., Dm.

The data driver 30 alternately inverts the first and second
data voltage’s VRI1, VGI, VBI, VRr, VGr and VBr in units of
dot, line, or frame based on the reference voltage Vref using
the positive and negative polarity gamma voltages so that it is
possible to obtain the waveform diagram of FIG. 9.

For example, during the first frame, the first data voltages
VRI, VGI and VBI] may be generated from the positive polar-
ity gamma voltage, and the second data voltages VRr, VGr
and VBr may be generated from the negative polarity gamma
voltage. Thereafter, during the second frame, the first data
voltages VRI1, VGl and VBI may be generated from the nega-
tive polarity gamma voltage, and the second data voltages
VRr, VGr and VBr may be generated from the positive polar-
ity gamma voltage. By alternately using the positive and
negative voltages at every frame, it is possible to generate the
first and second data voltages VRI, VGI, VBI, VRr, VGr and
VBr.

The liquid crystal corresponding to each pixel P of the
liquid crystal display panel 66 is driven by the potential
difference Vd, i.e., the voltage difference between first data
voltages VR1, VGl and VBl and the second data voltages VRr,
VGr and VBr generated at the data driver 30. Therefore, in
comparison with the related art in which the liquid crystal is
driven by the potential difference between the common volt-
age and the data voltage, the liquid crystal can be driven by the
potential difference between first data voltages VRI, VGI and
VBI and the second data voltages VRr, VGr and VBr which
are generated using the reference voltage corresponding to
the common voltage of the related art without the use of the
common voltage. By supplying higher potential differences
to the liquid crystal in comparison with the related art, it is
possible to improve the image quality by increasing a
response speed of the liquid crystal.

FIG.10is ablock diagram of aliquid crystal display (LCD)
device including the liquid crystal display panel of FIG. 4 and
the data driver of FIG. 5.
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Referring to FIG. 10, an LCD device 60 includes a liquid
crystal display panel 66, a gate driver 64 supplying a scan
signal to the liquid crystal display panel 66, a data driver 30,
and a timing controller 62 generating a control signal for
controlling the gate driver 64 and the data driver 30. Herein,
the liquid crystal display panel 66 includes a plurality of
pixels arranged in a matrix, a plurality of gate line connected
to the respective pixels, and first and second data lines cross-
ing the gate lines. In addition, each pixel is configured with a
first TFT connected to the gate line and the first data line, a
second TFT connected to the gate line and the second data
line, and a liquid cell connected therebetween. The data driver
30 generates first and second data voltages for R, G and B data
signals using a gamma voltage, and supplies the first and
second data voltage to the first and second data lines of the
liquid crystal display panel 66.

The liquid crystal display panel 66 has the same configu-
ration, operation as described above with reference to FIG. 4
and the data driver 30 has the same configuration, operation as
described above with reference to FIG. 5 and a detailed
description for these components will be omitted.

The timing controller 62 generates a control signal for
driving the gate driver 64 ad the data driver 30 using image
data and synchronization signal inputted from an external
video card. The control signal includes a first control signal
controlling the gate driver 64, and a second control signal
controlling the data driver 30. The first control signal includes
a gate shift clock (GSC), gate start pulse (GSP), and a gate
output enable (GOE). The second control signal includes
source shift clock (SSC), source start pulse (SSP), source
output enable (SOE), and POL.

The gate driver 64 sequentially supplies the scan signals to
the respective gate lines in response to the first control signal
supplied from the timing controller 62. Accordingly, the
respective gate lines of the liquid crystal display panel 66 are
activated in sequence. That is, the first and second thin film
transistors TFT1 and TFT2 of each pixel connected to the
activated gate line are turned on. Thus, the first and second
data voltages supplied from the data driver 30 can be supplied
to respective pixel electrodes via the first and second thin film
transistors TFT1 and TFT2 connected to the activated gate
line.

The data driver 30 generates the first and second data
voltages for the R, G and B data signals in response to the
second control signal and then supplies the first and second
data signals to the first and second data lines included in each
pixel of the liquid crystal display panel 66.

The first and second data voltages have voltage levels
which are symmetric to each other with respect to the refer-
ence voltage Vref. For instance, if the reference voltage Vref
and the first data voltage are 8V and 6V, respectively, the
second data voltage is 10V to be symmetric to the first data
voltage with respect to the reference voltage.

When the first and second data voltages are supplied to the
first and second data lines included in the respective pixels of
the liquid crystal display panel 66 and the first and second thin
film transistors TFT1 and TFT2 are turned on by the scan
signal, the first and second data voltages are supplied to the
first and second pixel electrodes connected to the first and
second thin film transistors TFT1 and TFT2 via the first and
second thin film transistors TFT1 and TFT2. Therefore, the
liquid crystal of the pixel is be driven by the potential differ-
ence between the first and second data voltages.

Accordingly, since the LCD device 60 according to the
illustrated embodiment of the present invention uses the lig-
uid crystal display panel 66 in which the common line may be
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omitted, the fabrication process is simplified and fabrication
cost can be reduced, and the aperture ratio may be improved.

In addition, the pixel of the liquid crystal display panel 66
has the first and second data lines in LCD device 60 according
to an embodiment of the present invention, and has the data
driver for supplying the first and second data voltages to the
first and second data lines, which makes it possible to drive
the liquid crystal by the potential difference between the first
and second data voltages. Therefore, as the potential differ-
ence between the first and second data voltages is increased to
thereby increase the response speed of the liquid crystal, the
image quality is improved.

Meanwhile, the data driver 30 of FIG. 5 has a structure such
that the R, G and B data signals output from the data latch unit
33 are divided into the first and second data signals and the
divided data signals are then latched in the latch unit 34.

As described above, the R, G and B data signals may be
divided at a front end of the line latch unit 34.

In the second embodiment of the present invention, the R,
G and B data signals can be divided between the line latch unit
and the DA converter 36.

FIG. 11 is a block diagram of a data driver according to a
second embodiment of the present invention for driving the
liquid crystal of FIG. 4.

Referring to FIG. 11, the data driver according to the sec-
ond embodiment of the present invention has a similar struc-
ture as that shown in FIG. 5. That is, the data driver 70
according to the present invention includes a data latch unit
33, a shift register 32, a line latch unit 73, a DA converter 36
and an output buffer 37. Therefore, each element of the data
driver 70 according to the second embodiment of the present
invention has been illustrated in detail in FIG. 5 so that further
descriptions will be omitted herein. However, the line latch
unit 73 is somewhat different from that of FIG. 5, as will be
more fully illustrated below.

In the data driver 70 according to the second embodiment
of the present invention, the R, G and B data signals may be
divided into first and second data signals between the line
latch unit 73 and the DA converter 36. To this end, the data
driver 70 may further include a division unit 75 between the
line latch unit 73 and the DA converter 36.

The R, G and B data signals output from the line latch unit
73 are divided into the first and second data signals and
thereafter the divided first and second data signals are sup-
plied to the DA converter 36. The DA converter 36 outputs the
first and second data voltages corresponding to the first and
second data signals using the positive and negative polarity
gamma voltages in the first and second multiplexers 44a and
44b, as illustrated in FIGS. 7 and 8.

The data driver 70 according to the second embodiment of
the present invention divides the R, G and B data signals
latched in the line latch unit 73 into the first and second data
signals so that an occupation area of the line latch unit 73 is
reduced to half of the line latch unit 34 of the data driver 30 of
FIG. 5. As aresult, it is possible to reduce fabrication cost and
reduce occupation area of the circuitry.

As described above, according to embodiments the present
invention, the liquid crystal display panel may omit the com-
mon line and circuitry for generating the common voltage to
provide a simple fabrication process, low fabrication cost and
improved aperture ratio.

According to embodiments of the present invention, since
the pixel of the liquid crystal display panel includes the first
and second data lines, and includes the data driver for sup-
plying the first and second data voltages to the first and second
data lines, the liquid crystal can be driven by the potential
difference between the first and second data voltages. There-
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fore, the potential difference between the first and second data
voltages can be increased, which makes it possible to improve
the image quality as the response speed of the liquid crystal is
increased due driving with higher potential differences.

According to an embodiment of the present invention, the
R, G and B data may be divided after the R, G and B data are
latched in the line latch unit so that the occupation area of the
line latch unit and fabrication cost may be reduced.

Through use of embodiments of the present invention, by
increasing the potential difference between the first and sec-
ond data voltages for driving the liquid crystal display panel,
it is possible to obtain high image brightness to increase
display quality.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A data driver for driving a liquid crystal display panel
including a plurality of gate lines, a plurality of first data lines
and a plurality of second data lines crossing the gate lines, and
a plurality of pixels defined by crossings of a plurality of gate
lines with a plurality of first data lines and a plurality of
second data lines, wherein each of the pixels includes a first
thin film transistor connected to a gate line and a first data line,
a second thin film transistor connected to the gate line and the
second data line, and a liquid crystal cell connected between
the first and second thin film transistors,

the data driver comprising:

a division unit that divides an input data signal into first and

second data signals;

a shift register that sequentially outputs a latch enable

signal;

a latch unit that latches the divided first and second data

signals in response to the latch enable signal; and

a digital to analog converter that outputs first and second

data voltages corresponding to the first and second data
signals using a plurality of positive polarity gamma volt-
ages and a plurality of negative polarity gamma volt-
ages, wherein a voltage level of each first data voltage is
symmetric to that of a respective second data voltage
with respect to a reference voltage,

wherein the digital to analog converter includes:

a first multiplexer that outputs the first data voltage corre-

sponding to the first data signal;

a second multiplexer that outputs the second data voltage

corresponding to the second data signal; and

a switch that alternately supplies the plurality of positive

polarity gamma voltages and the plurality of negative
polarity gamma voltages to the first and second multi-
plexers at every predetermined period.

2. The data driver according to claim 1, wherein the first
and second data signals have a same data value.

3. The data driver according to claim 1, wherein the first
and second data signals have a same data value as the input
data signal undivided at the division unit.

4. The data driver according to claim 1, wherein voltage
levels of the plurality of positive polarity gamma voltages are
symmetric to respective voltage levels of the plurality of
negative polarity gamma voltages with respect to the refer-
ence voltage.

5. The data driver according to claim 1, wherein the pre-
determined period is one of a dot unit, a line unit and a frame
unit.
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6. The data driver according to claim 1, wherein the first
multiplexer selects one of a gamma voltage corresponding to
the first data signal among the plurality of positive polarity
gamma voltages and the plurality of negative polarity gamma
voltages to output the selected gamma voltage as the first data
voltage.

7. The data driver according to claim 1, wherein the second
multiplexer selects one of gamma voltage corresponding to
the second data signal among the plurality of positive polarity
gamma voltages and the plurality of negative polarity gamma
voltages to output the selected gamma voltage as the second
data voltage.

8. A data driver for driving a liquid crystal display panel
including a plurality of gate lines, a plurality of first data lines
and a plurality of second data lines crossing the gate lines, and
a plurality of pixels defined by crossings of a plurality of gate
lines with a plurality of first data lines and a plurality of
second data lines, wherein each of the pixels includes a first
thin film transistor connected to a gate line and the first data
line, a second thin film transistor connected to the gate line
and the second data line, and a liquid crystal cell connected
between the first and second thin film transistors,

the data driver comprising:

a shift register that sequentially outputs a latch enable

signal;

a latch unit that latches an input data signal in response to

the latch enable signal;

a division unit that divides the input data signal into first

and second data signals; and

a digital to analog converter that outputs first and second

data voltages corresponding to the first and second data

signals using a plurality of positive polarity gamma volt-

ages and a plurality of negative polarity gamma volt-

ages, wherein a voltage level of each first data voltage is

symmetric to a voltage level of the respective second

data voltage with respect to a reference voltage,
wherein the digital to analog converter includes:

a first multiplexer that outputs the first data voltage corre-

sponding to the first data signal;

a second multiplexer that outputs the second data voltage

corresponding to the second data signal; and

a switch for alternately supplying the plurality of positive

polarity gamma voltages and the plurality of negative
polarity gamma voltages to the first and second multi-
plexers at every predetermined period.

9. The data driver according to claim 8, wherein the first
and second data signals have the same data value.

10. The data driver according to claim 8, wherein the first
and second data signals have the same data value as the input
data signal undivided at the division unit.

11. The data driver according to claim 8, wherein the pre-
determined period is one of a dot unit, a line unit and a frame
unit.

12. The data driver according to claim 8, wherein the first
multiplexer selects one of a gamma voltage corresponding to
the first data signal among the plurality of positive polarity
gamma voltages and the plurality of negative polarity gamma
voltages to output the selected gamma voltage as the first data
voltage.

13. The data driver according to claim 8, wherein the sec-
ond multiplexer selects one of a gamma voltage correspond-
ing to the second data signal among the plurality of positive
polarity gamma voltages and the plurality of negative polarity
gamma voltages to output the selected gamma voltage as the
second data voltage.
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14. A liquid crystal display device comprising:

a liquid crystal display panel including a plurality of pixels
arranged in a matrix, wherein each pixel is defined by an
crossing of a gate line with a first data line and a second
data line;

a gate driver supplying a scan signal that activates the gate
line; and

a data driver that supplies first and second data voltages to
the first and second data lines using first and second data
signals, wherein the first and second data voltage are
different from each other, a voltage level of the first data
voltage being symmetric to that of the second data volt-
age with respect to a reference voltage,

a digital to analog converter comprising:

a first multiplexer that outputs the first data voltage corre-
sponding to the first data signal;

a second multiplexer that outputs the second data voltage
corresponding to the second data signal; and

a switch for alternately supplying the plurality of positive
polarity gamma voltages and the plurality of negative
polarity gamma voltages to the first and second multi-
plexers at every predetermined period.

15. The liquid crystal display device according to claim 14,
wherein the first and second data signals have a same data
value.

16. The liquid crystal display device according to claim 14,
wherein the first and second data signals have a same data
value as an undivided input data signal.

17. The liquid crystal display device according to claim 14,
wherein the predetermined period is one of a dot unit, a line
unit and a frame unit.

18. The liquid crystal display device according to claim 14,
wherein the first multiplexer selects one of a gamma voltage
corresponding to the first data signal among the plurality of
positive polarity gamma voltages and the plurality of negative
polarity gamma voltages to output the selected gamma volt-
age as the first data voltage.

19. The liquid crystal display device according to claim 14,
wherein the second multiplexer selects one of a gamma volt-
age corresponding to the second data signal among the plu-
rality of positive polarity gamma voltages and the plurality of
negative polarity gamma voltages to output the selected
gamma voltage as the second data voltage.

20. A method of driving a liquid crystal display device
including a driving unit for driving a liquid crystal display
panel having a plurality of pixels arranged in a matrix,
wherein each pixel is defined by an crossing of a gate line with
a first data line and a second data line, the method comprising:

supplying a scan signal for activating the gate line;

supplying first and second data voltages to the first and
second data lines, wherein the first and second data
voltage are different from each other;

displaying an image on the liquid crystal display panel
using potential difference between the first and second
data voltages,

wherein a voltage level of the first data voltage is symmet-
ric to that of the second data voltage with respect to a
reference voltage,

wherein the supplying of the first and second data voltages
includes:

dividing an input data signal into the first and second data
signals; and

outputting the first and second data voltages corresponding
to the first and second data signals using a plurality of
positive polarity gamma voltages and a plurality of nega-
tive polarity gamma voltages,
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wherein the step of outputting the first and second data
voltages includes,

outputting the first data voltage corresponding to the first

data signal by a first multiplexer of a digital to analog S

converter;

outputting the second data voltage corresponding to the
second data signal by a second multiplexer of the digital
to analog converter.

18

21. The method according to claim 20, wherein the firstand
second data voltages are generated from an input data signal.

22. The method according to claim 20, wherein the first and
second data signals have a same data value.

23. The method according to claim 20, wherein the firstand
second data signals have a same data value as the input data
signal.
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