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DATA DRIVER AND LIQUID CRYSTAL
DISPLAY DEVICE USING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION(S)

[0001] This application is a Divisional Application of U.S.
patent application Ser. No. 11/952,862 filed on Dec. 7, 2007,
which claims priority from Korean Patent Application No.
10-2006-0125336 filed in the Korean Patent Office on Dec.
11, 2006, the entire contents of which are incorporated by
reference herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play (“LCD”) device and, more particularly, to an LCD hav-
ing a data driver that performs a charge sharing function.

[0004] 2. Discussion of the Related Art

[0005] An LCD device includes a thin film transistor
(“TFT”) substrate and a color filter substrate on which elec-
tric field generating electrodes are formed. A liquid crystal is
injected between the two substrates arranged to face each
other. The LCD device displays an image by varying the light
transmittance of the liquid crystal in accordance with an
electric field applied between the electrodes that changes the
orientation of the liquid crystal molecules when a voltage is
applied to the electrodes.

[0006] An LCD panel comprises a plurality of pixels pro-
vided at the intersections of the data lines and gate lines, a data
driving unit for applying a data signal to the data line, a gate
driving unit for applying a gate driving signal to the gate line,
a timing controller for controlling the data and gate driving
units, and a power supply unit for supplying a driving voltage
to the LCD panel.

[0007] The LCD device is driven in an alternating current
(“AC”) signal applying method that applies electric fields to
adjacent pixels in a direction different from each other in
order to prevent polarization of the liquid crystal and to
improve display performance.

[0008] Methods of applying AC signals to the pixels
includes a dot inversion method that drives the liquid crystal
panel by inverting the polarities of voltages applied to adja-
cent dots, a line inversion method that inverts the polarities of
voltages applied to adjacent gate lines, a column inversion
method that inverts the polarities of voltages applied to adja-
cent data lines, a frame inversion method that inverts the
polarities of voltages applied to all the pixels once per frame
time, and the like.

[0009] In the related art charges may be shared among
respective data lines by shorting the data lines connected to a
data driving unit before the gradation voltage corresponding
to the display data is applied to the data lines. However, when
the respective data lines are shorted, the charge share level
between the first and last data lines is different from that of a
data line positioned in the middle. This is because the firstand
last data lines perform the charge sharing with an adjacent
data line unlike the data line located in the middle.

[0010] The difference in the charge share level causes a
difference in the amount of pixel charge and, results in a
vertical line defect when the LCD panel is driven by a plural-
ity of data driving integrated circuits.

Aug. 15,2013

SUMMARY OF THE INVENTION

[0011] The present invention provides an LCD device a
having a data driver that performs a charge sharing function
for data lines connected to first and last channels of a data
driving integrated circuit.

[0012] According to an aspect of the present invention a
data driving apparatus for an LCD device comprises: a first
output switch switching an electrical connection between a
first amplifier providing a positive gradation voltage and a
first data line in response to a control signal; a second output
switch switching an electrical connection between a second
amplifier providing a negative gradation voltage and a second
data line in response to the control signal; a charge sharing
line sharing electric charges of the first and second data lines;
a first charge sharing switch switching an electrical connec-
tion between the first data line and the charge sharing line in
response to the control signal; and a second charge sharing
switch switching an electrical connection between the second
data line and the charge sharing line in response to the control
signal.

[0013] According to another aspect, the present invention
provides a data driving apparatus for an LCD including: a first
output switch switching an electrical connection between a
first amplifier providing a positive gradation voltage and a
first data line in response to a control signal; a second output
switch switching an electrical connection between a second
amplifier providing a negative gradation voltage and a second
data line in response to the control signal; and a charge shar-
ing switch switching an electrical connection between the
first and second data lines in response to the control signal.

[0014] In still another aspect, the present invention pro-
vides a data driving apparatus for an LCD device including:
an output switch switching electrical connections between a
plurality of amplifiers for providing a gradation voltage and a
plurality of data lines corresponding to the amplifiers and
provided with the gradation voltage, respectively; a first
charge sharing line sharing electric charges of the plurality of
data lines; a second charge sharing line sharing electric
charges between data lines connected to first and last ampli-
fiers in the plurality of amplifiers; and a charge sharing switch
switching electrical connections between the first charge
sharing line and the plurality of data lines and electrical
connections between the second charge sharing line and the
data lines connected to the first and last amplifiers in the
plurality of amplifiers, respectively, in response to a control
signal.

[0015] Ina further aspect, the present invention provides a
liquid crystal display device including: a liquid crystal dis-
play panel displaying data by a gradation voltage provided in
response to a gate driving signal; a data driving unit generat-
ing the gradation voltage based on a gamma voltage and
providing the same to the liquid crystal display panel in
response to a data control signal; a gate driving unit providing
the gate driving signal to the liquid crystal display panel in
response to a gate control signal; and a timing controller
providing the data control signal and the gate control signal,
wherein the data driving unit comprises a plurality of data
driving integrated circuits and each of the plurality of data
driving integrated circuits comprises a first amplifier provid-
ing a positive gradation voltage, a second amplifier corre-
sponding to the first amplifier to provide a negative gradation
voltage, and a switch unit sharing electric charges by electri-
cally connecting a first data line connected to the first ampli-
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fier and a second data line connected to the second amplifier
before the positive and negative gradation voltages are
applied, respectively.

[0016] In a still further aspect, the present invention pro-
vides a liquid crystal display device including: a liquid crystal
display panel displaying data by a gradation voltage provided
in response to a gate driving signal; a data driving unit gen-
erating the gradation voltage based on a gamma voltage and
providing the same to the liquid crystal display panel in
response to a data control signal, the data driving unit com-
prising a plurality of data driving integrated circuits; a gate
driving unit providing the gate driving signal to the liquid
crystal display panel in response to a gate control signal; and
a timing controller providing the data control signal and the
gate control signal, wherein each of the plurality of data
driving integrated circuits comprises an output switch switch-
ing electrical connections between a plurality of amplifiers
providing the gradation voltage and a plurality of data lines
corresponding to the amplifiers and supplied with the grada-
tion voltage, a first charge sharing line sharing electric
charges of the plurality of data lines, a second charge sharing
line sharing electric charges between data lines connected to
first and last amplifiers in the plurality of amplifiers, and a
charge sharing switch switching electrical connections
between the first charge sharing line and the plurality of data
lines and electrical connections between the second charge
sharing line and the data lines connected to the first and last
amplifiers in the plurality of amplifiers, respectively, in
response to the control signal.

[0017] TItistobeunderstood 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

[0018] FIG.1 is ablock diagram of an LCD device accord-
ing to an exemplary embodiment of the present invention;
[0019] FIG.2isablock diagram of a data driving unitin the
LCD device shown in FIG. 1;

[0020] FIG. 3 is a conceptual diagram of a switching unit
shown in FIG. 2;

[0021] FIG. 4 is a timing diagram illustrating an operation
of the switching unit shown in FIG. 3;

[0022] FIG. 5 is an exemplary circuit diagram of the
switching unit shown in FIG. 3;

[0023] FIG. 6 is another exemplary circuit diagram of the
switching unit shown in FIG. 3;

[0024] FIG. 7 is another conceptual diagram of the switch-
ing unit shown in FIG. 2;

[0025] FIG. 8 is an exemplary circuit diagram of the
switching unit shown in FIG. 7

[0026] FIG. 9 is another exemplary circuit diagram of the
switching unit shown in FIG. 7; and

[0027] FIG. 10 is a conceptual diagram of a switching unit
of an LCD device according to another exemplary embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0028] Reference will now be made to the exemplary
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever pos-
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sible, the same reference numbers will be used throughout the
drawings to refer to the same or like parts.

[0029] FIG.1is ablock diagram of an LCD device accord-
ing to an exemplary embodiment of the present invention. As
shown in the figure, an LCD device according to an exem-
plary embodiment of the present invention includes a liquid
crystal panel 110, a data driving unit 120, a gate driving unit
130, and a timing controller 140.

[0030] The liquid crystal panel 110 includes a color filter
substrate provided with a color filter and a common electrode,
a TFT substrate provided with a plurality of TFTs and a
plurality of pixel electrodes, and a liquid crystal disposed
between the color filter substrate and the TFT substrate.
[0031] TheTFT substrate includes a pixel capacitance CLC
representing display data DATA at an intersection between a
gate line GL and a data line DL, a TFT applying a voltage
corresponding to the display data DATA to the pixel capaci-
tance CLC in response to a gate driving signal, and a storage
capacitance CST maintaining the voltage corresponding to
the display data DATA applied to the pixel capacitance CLC
for one frame period.

[0032] The TFT includes a gate connected to the gate line
GL, a source connected to the data line DL, and a drain
connected to the pixel electrode of the pixel capacitance CLC.
The liquid crystal rotates in response to an electric field gen-
erated between the common electrode formed on the color
filter substrate and the pixel electrode provided on the TFT
substrate, thereby displaying a gray scale corresponding to
the display data DATA.

[0033] The data driving unit 120 generates an analog volt-
age corresponding to the display data DATA using a gamma
voltage VGMA, and applies the same to the TFT, thus dis-
playing the display data DATA in the unit of a gate line GL.
[0034] For this, the data driving unit 120 is supplied with a
data control signal DCS and display data DATA from the
timing controller 140 and receives a gamma voltage VGMA
from a gamma voltage generating unit (not shown in the
drawing). In this case, the data control signal DCS includes a
data start pulse STH, a data sync clock CPH, aload signal TP,
and a polarity inversion signal POL.

[0035] The data driving unit 120 implemented with a plu-
rality of data driving integrated circuits may be attached to the
liquid crystal panel 110 in a tape carrier package (“TCP”)
type, or loaded on the TFT substrate of the liquid crystal panel
110 in a chip on glass (“COG”) type.

[0036] The gate driving unit 130 simultaneously turns on a
plurality of TFTs connected to the gate lines GL selected by
applying a gate driving signal to a plurality of gate lines GL.
sequentially. For this, the gate driving unit 130 is supplied
with a gate control signal GCS from the timing controller 140
and receives a gate-on voltage VON and a gate-off voltage
VOFF used as gate driving signals from a power supply unit
(not shown in the drawing). In this case, the gate control
signal GCS includes a gate start pulse STV and a gate sync
clock CPV.

[0037] The gate driving unit 130 implemented with a plu-
rality of gate driving integrated circuits may be attached to the
TFT substrate of the liquid crystal panel 110 in a TCP type.
Alternatively, the gate driving unit 130 may be formed by
being integrated in an amorphous silicon gate (“ASG”) type
when the TFTs are provided on a non-display area of the TFT
substrate.

[0038] The timing controller 150 converts display data
DATA input from the outside to the display data DATA
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capable of being processed by the data driving unit 120 and
then supplies the converted display data DATA to the data
driving unit 120. Moreover, the timing controller 150 supplies
control signals GCS and DCS required for the operations of
the data driving unit 120 and the gate driving unit 130, to the
driving units 120 and 130, respectively.

[0039] FIG.2isablock diagram of a data driving unitin the
LCD device shown in FIG. 1. As shown in the figure, the data
driving unit 120 according to an exemplary embodiment of
the present invention includes a shift register unit 122, an
input register unit 123, and a storage register unit 124, a
digital/analog converting (“DAC”) unit 126, an output buffer
unit 128, and a switch unit 129.

[0040] The shift register unit 122 is supplied with a data
start signal STH and a data sync clock CPH to generate a
sampling signal and provides the sampling signal to the input
register 124. In particular, the shift register unit 122 generates
n number of sampling signals by shifting the data start signal
STH at each cycle of the data sync clock CPH. For this, the
shift register unit 122 includes n number of shift registers, in
which ‘n’ is preferably the number of pixel capacitances
connected to one gate line.

[0041] The input register unit 123 sequentially stores dis-
play data DATA in response to the sampling signals that are
sequentially inputted from the shift register unit 122. In par-
ticular, the input register unit 123 stores display data DATA
corresponding to a portion of a line in response to the sam-
pling signals. For this, the input register unit 123 includes data
input latches for latching and storing the n number of data
corresponding to the portion of a line.

[0042] Ifaload signal TP is input, the storage register unit
124 simultaneously receives the display data DATA of the
portion of a line stored in the input register unit 123, and
stores the received display data DATA. For this purpose, the
storage register unit 124 includes data storage latches in the
same number as the data input latches of the input register unit
123. In this case, the load signal TP plays a role in applying an
analog voltage corresponding to the display data DATA of the
portion of a line to the pixel capacitances of the pixels con-
nected to one gate line at the same time.

[0043] The DAC unit 126 generates a gradation voltage
corresponding to the display data DATA using a gamma volt-
age VGMA and then provides the same to the output buffer
unit 128. The gradation voltage is an analog voltage corre-
sponding to a gradation of the display data DATA.

[0044] The output buffer unit 128 includes a plurality of
amplifiers (not shown in the drawing) amplifying the analog
voltage supplied from the digital/analog converting unit 128
and then providing the same to the data lines. In this case, the
amplifier is preferably a voltage follower.

[0045] The switch unit 129, provided between the liquid
crystal panel 110 and the output buffer unit 128, switches an
output of the output buffer unit 128 in response to the load
signal TP and pre-charges the data lines by charge sharing.
[0046] In the present embodiment, the switch unit 129 has
been described as being included in the data driving unit 120;
however, the present invention is not limited thereto. The
switch unit 129 may be integrated on the TFT substrate of the
liquid crystal panel.

[0047] The switch unit 129 connected between the liquid
crystal panel 110 and the output buffer unit 128 will be
described in more detail as follows.

[0048] FIG. 3 is a conceptual diagram of the switching unit
shown in FIG. 2. As shown in the figure, the output buffer unit

Aug. 15,2013

128 includes a plurality of amplifiers outputting polarity gra-
dation voltages to corresponding data lines, respectively. The
amplifiers output the gradation voltages with a positive or
negative polarity in response to a polarity inversion signal
POL.

[0049] The output buffer unit 128 of the present embodi-
ment is provided to perform dot inversion, in which odd-
numbered amplifiers output a positive gradation voltage and
even-numbered amplifiers output a negative gradation volt-
age. For convenience of explanation, the amplifier outputting
the positive gradation voltage will be referred to as a positive
amplifier PAMP and the amplifier outputting the negative
gradation voltage will be referred to as a negative amplifier
NAMP.

[0050] The switch unit 129 includes a plurality of output
switches OSW1 to OSWn, a plurality of charge sharing
switches CSW1 to CSWh, and a plurality of charge sharing
lines CSL1 to CSLn/2. The plurality of output switches
OSW1 to OSWn are provided between the amplifiers and the
data lines DL1 to DLn corresponding to the amplifiers,
respectively, and switch electrical connections between
amplifier output terminals and the data lines DL.1 to DLn,
respectively. The charge sharing switches CSW1 to CSWn
are provided between the data lines DL1 to DLn and the
corresponding charge sharing lines CSL.1 to CSLn/2, respec-
tively, and switch electrical connections between the data
lines DL1 to DLn and the charge sharing lines CSL1 and
CSL1/2 in response to the load signal TP.

[0051] The charge sharing lines CS1 and CSLn/2 electri-
cally connects the data lines DL1 , DL3, . .., and DLn-1
connected to the positive amplifiers PAMP and the data lines
DL2,DL4, ..., and DLn connected to the negative amplifiers
NAMP, thereby enabling electric charges to be shared by each
pair of the data line DL.1:DL2, DL3:DL4, .. ., and DLn-1:
DLn. In more detail, the switch unit 129 of the present
embodiment includes a charge sharing line CSL1 to CSLn/2
in the unit ofa pair of datalines DL.1:DL2,DL3:DL4, ... and
DLn-1:DLn. In this case, the pair of the data lines DL.1:DL2,
DL3:DL4,...,and DLn-1:DLnincludes one of the data lines
DL1,DL3, ..., and DLn-1 connected to the positive ampli-
fiers PAMP and one of the data lines DL2, DL 4, ... ,and DLn
connected to the negative amplifiers NAMP.

[0052] In the present embodiment, the charge sharing
switches CSW1 to CSLn are provided on the data lines DL1,
DL3, ..., and DLn-1 supplied with the positive gradation
voltage and the data lines DL2, DL4, . . ., and DLn supplied
with the negative gradation voltage, respectively. The respec-
tive data lines DL1 to DLn may be connected to the charge
sharing lines CSL.1 to CSLn/2 via the charge sharing switches
CSW1 to CSWn.

[0053] In response to the load signal TP, if the output
switches OSW1 to OSWn are opened and if the charge shar-
ing switches CSW1 to CSWn are shorted, charge sharing
takes place in the unit of a pair of data lines DL1:DL2,
DL3:DL4, ..., and DLn-1:DLn via the charge sharing lines
CSL1 to CSLn/2, respectively. In this case, each pair of the
datalines DL1:DL2, DL3:DI1A4, ..., and DLn-1:DLn denotes
one data line connected to one positive amplifier and one data
line connected to one negative amplifier.

[0054] Accordingly, the LCD device according to the
exemplary embodiment of the present invention can solve the
problem of irregular charge sharing occurring in the first and
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last data lines in the related art data driving integrated circuit
and eliminate the vertical line defect caused by irregular
charge sharing.

[0055] FIG. 4 is a timing diagram illustrating an operation
ofthe switching unit shown in FIG. 3. As shown in the figure,
the load signal TP includes a plurality of high and low level
areas. The high level area corresponds to a charge sharing area
CA where charge sharing takes place, and the low level area
corresponds to a driving area DA where a gradation voltage is
applied to the data line.

[0056] When the load signal TP is at a high level, the output
switches OSW1 to OSWn are opened and the charge sharing
switches CSW1 to CSWn are shorted. So, charge sharing
takes place in the unit of a pair of data lines via the corre-
sponding charge sharing lines CSL1 to CSLn/2.

[0057] Subsequently, at the point of time when the load
signal TP falls from a high level to a low level, the positive
amplifier PAMP of the output buffer unit 128 outputs a posi-
tive gradation voltage to the odd-numbered data lines DL1,
DL3, . .., and DLn-1 and the negative amplifier NAMP
outputs a negative gradation voltage to the even-numbered
data lines DL2, D14, . . ., and DLn.

[0058] Inthedriving area DA where the load signal TP is in
the low level area, the output switches OSW1 to OSWn are
shorted and the charge sharing switches CSW1 to CSWn are
opened. Accordingly, the gradation voltage having a positive
or negative polarity is provided to each of the data lines DL.1
to DLn.

[0059] After the gradation voltages of the portion of a line
have been supplied to the data lines DL1 to DLn, charge
sharing takes place again as the load signal TP is shifted to a
high level state, and the gradation voltages are repeatedly
applied to the data lines DL1 to DLn as the load signal TP is
shifted to a low level state.

[0060] The charge sharing occurs in pairs of data lines
DL1:DL2,DL3:DLA4, ..., and DLn-1:DLn via the respective
charge sharing lines CSL.1 to CSLn/2, in which the data lines
DL1, DL3, ..., and DLn-1 are provided with the positive
gradation voltage and the data lines DL.2, DL4, . .., and DLn
are applied with the negative gradation.

[0061] FIG. 5 is an exemplary circuit diagram of the
switching unit shown in FIG. 3. As shown in the figure, the
switch unit 129 includes an output switch OSW including
PMOS transistors PT1 to PTn, a charge sharing switch CSW
including NMOS transistors NT1 to NTn, and a plurality of
charge sharing lines CSL1 to CSLn/2.

[0062] Each ofthe PMOS transistors PT1 to PTn constitut-
ing the output switch OSW includes a source connected to an
amplifier output terminal, a drain connected to a data line, and
a gate supplied with a load signal TP. Accordingly, the output
switch OSW is opened in a charge sharing area where the load
signal TP is at a high level and shorted in a driving area where
the load signal TP is at a low level.

[0063] Each of the NMOS transistors NT1 to NTn consti-
tuting the charge sharing switch CSW includes a drain con-
nected to a data line, a source connected to a charge sharing
line CSL, and a gate supplied with the load signal TP. Accord-
ingly, the charge sharing switch CSW is shorted in a charge
sharing area where the load signal TP is at a high level and
opened in a driving area where the load signal TP is at a low
level.

[0064] FIG. 6 is another exemplary circuit diagram of the
switching unit shown in FIG. 3, in which a switch unit 129
corresponding to one data line DL1 supplied with a positive
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gradation voltage and one data line DL2 supplied with a
negative gradation voltage is shown. As shown in the figure,
an output switch OSW and a charge sharing switch CSW of
the switch unit 129 consist of transfer gates TG1 to TG4
including PMOS and NMOS transistors.

[0065] The transfer gates TG1 and TG2 constituting the
output switch OSW, a source of the PMOS transistor and a
drain of the NMOS transistor are commonly connected to an
output terminal of an amplifier, a drain of the PMOS transistor
and a source of the NMOS transistor are commonly con-
nected to adata line. A load signal TP is applied to a gate of the
PMOS transistor and aload bar signal TPB is applied to a gate
of the NMOS transistor. The load bar signal TPB is a signal
having a phase inverse to that of the load signal TP.

[0066] Accordingly, the output switch OSW is opened
where the load signal TP is at a high level and shorted where
the load signal TP is at a low level.

[0067] The transfer gates TG3 and TG4 constituting the
charge sharing switch CSW, a source of the PMOS transistor
and a drain of the NMOS transistor are commonly connected
to a data line, a drain of the PMOS transistor and a source of
the NMOS transistor are commonly connected to a charge
sharing line CSL. A load bar signal TPB is applied to a gate of
the PMOS transistor, and a load signal TP is applied to a gate
of the NMOS transistor.

[0068] Accordingly, the charge sharing switch CSW is
shorted where the load signal TP is at a high level and opened
where the load signal TP is at a low level.

[0069] FIG. 7 is another conceptual diagram of the switch-
ing unit shown in FIG. 2. As shown in the figure, charge
sharing switches CSW1 to CSWn/2 of the switch unit are
provided between data lines DL1, DL3, . . . , and DLn-1
supplied with a positive gradation voltage and data lines DL2,
DL4, . . ., and DLn supplied with a negative gradation
voltage. Each of the plurality of data line pairs DL1:DL2,
DL3:DL4, . .., and DLn-1:DLn shares one of the charge
sharing switches CSW1 to CSWn/2 provided between the
plurality of data line pairs and may be directly connected via
the charge sharing switches CSW1 to CSWn/2 without a
separate charge sharing line.

[0070] The charge sharing switches CSW1 to CSWn/2 are
provided between the data lines DL1, DL3, . . ., and DLn-1
connected to positive amplifiers PAMP and the data lines
DL2, DL4, . .., and DLn connected to negative amplifiers
NAMP to directly switch the electrical connection of the data
line pairs DL1:DL2, DL3:DL4, ... ,and DL.n-1:DLn, respec-
tively.

[0071] Namely, the switch unit 129 of the present embodi-
ment includes one of the charge sharing switches CSW1 to
CSW1/2 in the unit of a pair of data lines DL.1:DL2, DL3:
DLA, ..., and DLn-1:DLn. In this case, each of the data line
pairs DL1:DL2,DL3:DL4,...,and DLn-1:DLncorresponds
to the data line connected to the positive amplifier PAMP and
the data line connected to the negative amplifier NAMP.
[0072] The switch unit 129 opens the output switches
OSW1 to OSWn in response to a load signal TP and performs
charge sharing in the unit of a pair of the data lines DL1:DL2,
DL3:DL4, . . ., and DLn-1:DLn by shorting the charge
sharing switches CSW1 to CSW1n/2. Since the other elements
and operations can be readily understood to those skilled in
the art through the former description with reference to FIG.
3, their detailed description will be omitted.

[0073] FIG. 8 is an exemplary circuit diagram of the
switching unit shown in FIG. 7. As shown in the figure, the
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switch unit 129 includes an output switch OSW including
PMOS transistors PT1 to PTn and a charge sharing switch
CSW including NMOS transistors NT1 to NTn/2.

[0074] Each of the NMOS transistors NT1 to NTn/2 con-
stituting the charge sharing switch CSW includes a drain
connected to the data line DL1, DL3, . . . , and DLn-1
supplied with a positive gradation voltage, a source connected
to the data line DL2, DI4, . . ., and DLn supplied with a
negative gradation voltage, and a gate supplied with a load
signal TP. The charge sharing switch CSW is shorted where
the load signal TP is at a high level and opened where the load
signal TP is at a high level. Accordingly, the charge sharing
switch CSW performs charge sharing by connecting the data
line DL1, DL3, . .., and DLn-1 supplied with the positive
gradation voltage to the data line DL2, DL4, . . ., and DLn
supplied with the negative gradation voltage.

[0075] Sincethe switch unit 129 of the present embodiment
is configured to directly switch the connection between the
data line DL1, DL3, . . . , and DLn-1 supplied with the
positive gradation voltage and the data line DL2, DL 4, . . .,
and DLn supplied with the negative gradation voltage, the
present invention has advantages in that the number NMOS
transistors can be reduced and a separate charge sharing line
is not required.

[0076] FIG. 9 is another exemplary circuit diagram of the
switching unit shown in FIG. 7, in which a switch unit 129
corresponding to one data line supplied with a positive gra-
dation voltage and one data line supplied with a negative
gradation voltage is shown. As show in the figure, an output
switch OSW and a charge sharing switch CSW of the switch
unit 129 consist of transfer gates TG1 to TG3 including
PMOS and NMOS transistors.

[0077] The transfer gate TG1 constituting the output switch
OSW, a source of the PMOS transistor and a drain of the
NMOS transistor are commonly connected to the data line
DL1 supplied with a positive gradation voltage, a drain of the
PMOS transistor and a source of the NMOS transistor are
commonly connected to the data line DL2 supplied with a
negative gradation voltage. A load bar signal TPB is applied
to a gate of the PMOS transistor, and a load signal TP is
applied to a gate of the NMOS transistor.

[0078] The charge sharing switch CSW is opened where
the load signal TP is at a low level and shorted where the load
signal TP is at a high level. Accordingly, the charge sharing
switch CSW electrically connects the data line DL1 supplied
with the positive gradation voltage in the charge sharing area
to the data line DL2 supplied with the negative gradation
voltage to perform the charge sharing.

[0079] Since output switch OSW is the same as that of FIG.
6, a detailed description will be omitted.

[0080] FIG. 10 is a conceptual diagram of a switching unit
of an LCD device according to another embodiment of the
present invention. As shown in the figure, a switch unit 129
includes a plurality of output switches OSW1 to OSWn, a
plurality of charge sharing switches CSW1 to CSWn, a first
charge sharing line CSL1, and a second charge sharing line
CSL2.

[0081] The charge sharing switches CSW1 to CSWn are
provided between the respective data lines DL1 to DLn and
the first charge sharing line CSL1, and switch electrical con-
nections between the data lines DL1 to DLn and the first
charge sharing line CSL1. The charge sharing switches
CSW1 and CSWn provided on the first and last data lines DL.1
and DLn are connected to the second charge sharing line
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CSL2 to simultaneously perform a function of switching the
electrical connections of the first and last data lines DL1 and
DLn, respectively.

[0082] The first charge sharing line CSL1 electrically con-
nects the data lines DL1, DL3, . . ., and DLn-1 connected to
a plurality of positive amplifiers PAMP to the data lines D12,
DL4, . . ., and DLn connected to a plurality of negative
amplifiers NAMP, so that electric charges of the plurality of
data lines DL1 to DLn are shared. In other words, the switch
unit 129 of the present embodiment is configured to enable
the plurality of data lines DL1 to DLn to share the first charge
sharing line CSL1.

[0083] The second charge sharing line CSL2 is a charge
sharing line to enable the data line DL1 connected to the first
amplifier and the data line DLn connected to the last amplifier
to share electric charges. In this case, the first amplifier pro-
vides a positive gradation voltage and the last amplifier pro-
vides a negative gradation voltage.

[0084] The switch unit 129 of the LCD device according to
another embodiment of the present invention is configured to
perform charge sharing for the plurality of data lines DL1 to
DLn via the first charge sharing line CSL.1 and for the firstand
last data lines DL.1 and DLn via the second charge sharing
line.

[0085] Accordingly, the LCD device according to another
embodiment of the present invention can solve the problem of
the irregular charge sharing occurring in the first and last data
lines in the related art data driving integrated circuit and
eliminate the vertical line defect caused by the irregular
charge sharing.

[0086] As described above, since the data driver and the
LCD device using the same in accordance with the present
invention perform a charge sharing function for data lines
connected to first and last channels of a data driving inte-
grated circuit it is possible to eliminate the vertical line defect
caused by the irregular charge sharing in the related art.
[0087] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A data driving apparatus for a liquid crystal display

device, comprising:

an output switch switching electrical connections between
a plurality of amplifiers for providing a gradation volt-
age and a plurality of data lines corresponding to the
amplifiers and provided with the gradation voltage,
respectively;

a first charge sharing line sharing electric charges of the
plurality of data lines;

a second charge sharing line sharing electric charges
between data lines connected to first and last amplifiers
in the plurality of amplifiers; and

a charge sharing switch switching electrical connections
between the first charge sharing line and the plurality of
data lines and electrical connections between the second
charge sharing line and the data lines connected to the
first and last amplifiers in the plurality of amplifiers,
respectively, in response to a control signal.

2. The apparatus of claim 1, wherein the plurality of ampli-

fiers comprise a first amplifier providing a positive gradation
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voltage and a second amplifier corresponding to the first
amplifier to provide a negative gradation voltage, in which
one of the first and last amplifiers operates as the first ampli-
fier and the other amplifier operates as the second amplifier.

3. The apparatus of claim 2, wherein the control signal
comprises a load signal enabling the first amplifier to provide
the positive gradation voltage to the data line corresponding
to the first amplifier and the second amplifier to provide the
negative gradation voltage to the data line corresponding to
the second amplifier.

4. The apparatus of claim 3, wherein the output switch is
opened in an enable state of the control signal, and the charge
sharing switch is shorted in the enabled state of the control
signal, thereby sharing the electric charges of the plurality of
data lines through the charge sharing line.

5. A liquid crystal display device, comprising:

aliquid crystal display panel displaying data by a gradation
voltage provided in response to a gate driving signal;

a data driving unit generating the gradation voltage based
on a gamma voltage and providing the same to the liquid
crystal display panel in response to a data control signal,
the data driving unit comprising a plurality of data driv-
ing integrated circuits;

a gate driving unit providing the gate driving signal to the
liquid crystal display panel in response to a gate control
signal; and

atiming controller providing the data control signal and the
gate control signal,

wherein each of the plurality of data driving integrated cir-
cuits comprises an output switch switching electrical connec-
tions between a plurality of amplifiers providing the grada-
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tion voltage and a plurality of data lines corresponding to the
amplifiers and supplied with the gradation voltage, a first
charge sharing line sharing electric charges of the plurality of
data lines, a second charge sharing line sharing electric
charges between data lines connected to first and last ampli-
fiers in the plurality of amplifiers, and a charge sharing switch
switching electrical connections between the first charge
sharing line and the plurality of data lines and electrical
connections between the second charge sharing line and the
data lines connected to the first and last amplifiers in the
plurality of amplifiers, respectively, in response to the control
signal.

6. The liquid crystal display device of claim 5, wherein the
plurality of amplifiers comprise a first amplifier providing a
positive gradation voltage and a second amplifier correspond-
ing to the first amplifier to provide a negative gradation volt-
age, in which one of the first and last amplifiers operates as the
first amplifier and the other amplifier operates as the second
amplifier.

7. The liquid crystal display device of claim 6, wherein the
control signal comprises a load signal enabling the first
amplifier to provide the positive gradation voltage to the data
line corresponding to the first amplifier and the second ampli-
fier to provide the negative gradation voltage to the data line
corresponding to the second amplifier.

8. The liquid crystal display device of claim 7, wherein the
output switch is opened in an enable state of the control
signal, and the charge sharing switch is shorted in the enabled
state of the control signal, thereby sharing the electric charges
of the plurality of data lines through the charge sharing line.

* * Ed Ed *
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