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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING THE SAME

[0001] This application claims the benefit of the Korean
Patent Application No. P2007-056000, filed on Jun. 8, 2007,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] The present invention relates to display devices, and
more particularly to a liquid crystal display device and a
method for driving the same.

[0004] 2. Discussion of the Related Art

[0005] Because of their characteristic low operation volt-
age and power consumption, portability, and other advan-
tages, super-thin flat panel displays, and in particular, liquid
crystal display devices, have a wide and variety of applica-
tions, such as displays for notebook computers, monitors, air
crafts, and space crafts.

[0006] A typical liquid crystal display device is provided
with a liquid crystal display panel, and a driving circuit for
driving the liquid crystal display panel. The liquid crystal
display panel has a color filter substrate and a thin film tran-
sistor substrate bonded together, and a liquid crystal layer
injected into a space between the bonded two substrates. The
thin film transistor substrate has a plurality of gate lines that
cross a plurality of data lines to define a matrix of pixel
regions, pixel electrodes each formed on a respective pixel
region, and a plurality of thin film transistors each switched in
response to a gate line signal for transmitting a data line signal
to a pixel electrode. The color filter substrate has a black
matrix for that blocks lights incident on portions of the liquid
crystal display panel other that the pixel regions, a R, G, B
color filter layer for expressing a color, and a common elec-
trode for forming an electric field together with the pixel
electrode.

[0007] The driving circuit for driving the liquid crystal
display panel has a gate driver, a data driver, a timing control
unit for controlling the gate driver and the data driver, and a
common voltage generating unit for supplying a common
voltage to the liquid crystal display panel.

[0008] The liquid crystal display device displays an image
by using a difference of transmissivities of lights correspond-
ing to an orientation of liquid crystal molecules. The orien-
tation of the liquid crystal molecules is controlled by control-
ling an electric field between the two substrates of the liquid
crystal display panel.

[0009] The common voltage generating unit generates a
common voltage Vcom by using a voltage of a power source
ofa DC/DC converting unit at the liquid crystal display panel
for driving the liquid crystal display panel. The common
voltage Vcom is supplied to the common electrode at the
liquid crystal display panel. A parasitic capacitance is formed
between the common electrode of the color filter substrate
and the data lines of the thin film transistor substrate.

[0010] When a data signal value between the data lines
changes sharply, the parasitic capacitance causes a ripple at
the common voltage Vcom supplied to the common elec-
trode. The ripple distorts the common voltage Veom, and
causes cross talk when the distorted common voltage is sup-
plied to the liquid crystal display panel. To eliminate the cross
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talk, a common voltage compensating unit is provided for
supplying a compensated common voltage to the liquid crys-
tal display panel.

[0011] However, the distortion of the common voltage
Vcom at a center of the common electrode is different from
the distortion of the common voltage Vcom at a periphery of
the common electrode of the liquid crystal display panel due
to difference of load characteristics and the like. That is, the
distortion of the common electrode voltage that occurs in a
large area liquid crystal display panel or due to a resistance of
the common electrode is different for each portions of the
common electrode of the liquid crystal display panel. In par-
ticular, the difference in distortion voltage may be great
between the center and the periphery.

[0012] Consequently, even if the common voltage Vcom
compensating unit supplies a compensated common voltage
to the liquid crystal display panel, the distortion of the com-
mon voltage Vcom can not be overcome due to a variation in
the distortion between the center and the periphery.

SUMMARY OF THE INVENTION

[0013] Accordingly, the present invention is directed to a
liquid crystal display device and a method for driving the
same that substantially obviates one or more of the problems
due to limitations and disadvantages of the related art.

[0014] An advantage of the present invention is to provide
a liquid crystal display device and a method for driving the
same, which can reduce a compensating deviation of a com-
mon voltage.

[0015] 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 par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0016] To achieve these and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a liquid crystal display device
includes: a liquid crystal display panel; a data driver for
driving data lines of the liquid crystal display panel; a gate
driver for driving gate lines of the liquid crystal display panel,
and a common voltage compensating unit for generating a
plurality of compensating signals for compensating respec-
tive distortions of common voltages at a plurality of common
regions of a common electrode of the liquid crystal display
panel by using common voltages fed back from the common
regions, and supplying compensating signals corresponding
to each of the plurality of common regions.

[0017] Inanother aspect of the present invention, a method
of driving a liquid crystal display device includes: feeding
common voltages back to a common voltage compensator
from a plurality of common regions ofa common electrode of
a liquid crystal display panel; generating a plurality of com-
pensating signals by using the common voltages fed back to
the common voltage compensator for compensating distorted
components of the common voltages; and supplying each of
the compensating signals to corresponding ones of the plu-
rality of common regions.

[0018] Itisto be understood that both the foregoing general
description and the following detailed description of the
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present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Theaccompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention.
[0020] In the drawings:

[0021] FIG. 11s a block diagram of a liquid crystal display
device in accordance with an embodiment of the present
invention.

[0022] FIG. 2 is schematic diagram illustrating a liquid
crystal display device including a common voltage compen-
sating unit in accordance with a first embodiment of the
present invention.

[0023] FIG. 3 is schematic diagram illustrating a liquid
crystal display device including a common voltage compen-
sating unit in accordance with a second embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0024] Reference will now be made in detail to the embodi-
ments of the present invention, examples of which are illus-
trated in the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts.

[0025] FIG. 1is ablock diagram of a liquid crystal display
device in accordance with a first embodiment of the present
invention.

[0026] Referring to FIG. 1, theliquid crystal display device
includes a liquid crystal display panel 100, a data driver 110
for supplying a data voltage to data lines DL.1 to DLm of the
liquid crystal display panel 100, a gate driver 112 for driving
gate lines GL1 to GLn of the liquid crystal display panel 100
in succession, a timing control unit 106 for controlling the
data driver 110 and the gate driver 112, a common voltage
generating unit 116 for generating a common voltage for
driving the liquid crystal display panel 100, and first and
second common voltage compensating units 118a and 1185
for compensating for distortion of the common voltage
Vcom.

[0027] Referring to FIG. 3, the liquid crystal display panel
100 includes a thin film transistor TET substrate 101 having a
plurality of gate lines GL1 to GLn that cross data lines DL1 to
DLm, a color filter substrate 103 having the common elec-
trode, and a liquid crystal layerinjected or otherwise disposed
between the two substrates.

[0028] The data driver 110 supplies a data voltage of one
horizontal line to the data lines DL1 to DLm at every hori-
zontal period H1, H2, . . . in response to a data control signal
DCS from the timing control unit 106. Particularly, the data
driver 110 converts a digital data signal R, G, B from the
timing control unit 106 to an analog data signal and supplies
the analog data signal to the data lines DL1 to DLm.

[0029] Thegate driver 112 sequentially supplies a gate high
voltage VGH to the gate lines GL.1 to GLn in response to a
gate control signal GCS from the timing control unit 106.
[0030] Thetiming control unit 106 receives driving signals,
such as a data enable signal DE, a vertical synchronizing
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signal V, a horizontal synchronizing signal H, and a clock
signal CLK required for driving the liquid crystal display
panel and an image signal R, G, B supplied from a system
external to the liquid crystal display device. The timing con-
trol unit 106 aligns the supplied image signal R, G, B into a
format suitable for driving the liquid crystal display panel
100, supplies the aligned signal to the data driver 110, and
controls the data driver and the gate driver 110 and 112 by
using a gate control signal GCS and a data control signal DCS
generated from the external synchronizing signals CLK, H,
and V.

[0031] The common voltage generating unit 116 supplies a
DC voltage having a constant voltage level, i.e., a common
voltage Vecom to the first and second common voltage com-
pensating units 118« and 1185 for a first frame period for use
as reference voltages for the first and second common voltage
compensating units 118« and 1185.

[0032] The firstand second common voltage compensating
units 118a and 1185 supply a plurality of compensating sig-
nals to relevant portions of the common electrode for com-
pensating for the distortion of the common voltage Vcom by
using the common voltage Veom from the common voltage
generating unit 116 and common voltages VcomC and
VeomE fed back from portions of the common electrode of
the liquid crystal display panel 100.

[0033] The firstand second common voltage compensating
units 118a and 1185 will be described in more detail with
reference to the drawings.

[0034] FIG. 2 is a schematic diagram of a liquid crystal
display device including a common voltage compensating
unit in accordance with a first embodiment of the present
invention.

[0035] Referring to FIG. 2, the common voltage compen-
sating units 118« and 1185 are in a data printed circuit board
(PCB) 102 connected to the liquid crystal display panel
through a data tape carrier package (TCP) 104. The data
driver 110 is mounted to the data TCP 104.

[0036] The common electrode of the liquid crystal display
panel is parallel to either the data lines or the gate lines. The
common electrode has a central common region and a periph-
eral common region that are spaced apart from each other.
[0037] The first voltage compensating unit 118« is an Op-
Amp, having an inverting input terminal (=) that receives a
peripheral common voltage VeomE fed back from the periph-
eral common region of the common electrode of the liquid
crystal display panel 100 or a gate low voltage VGL supplied
thereto, and a non-inverting input terminal (+) that receives
the common voltage Vcom generated at the common voltage
generating unit 116 supplied thereto. A central compensating
sighal VecomRC output from the first common voltage com-
pensating unit 118« is a compensated signal having a 180°
phase difference from the peripheral common voltage
VeomE fed back and supplied to the inverting input terminal
(-). The central compensating signal VecomRC is supplied to
the central common region of the common electrode of the
liquid crystal display panel 100. That is, the first common
voltage compensating unit 118a supplies the central compen-
sating signal VcomRC which is compensated for the common
voltage VcomE fed back from the peripheral common region
ofthe common electrode ofthe liquid crystal display panel for
a first frame period to the central common region of the
common electrode of the liquid crystal display panel 100.
Thus, by supplying the central compensating signal VcomRC
which has the 180° phase difference from the peripheral
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common voltage VcomE to the central common region of the
common electrode of'the liquid crystal display panel 100, the
ripple taken place at the central common region of the com-
mon electrode can be eliminated without any compensating
deviation. Eventually, the distortion of the common voltage
Vcom caused by the ripple can be prevented at the central
common region of the common electrode of the liquid crystal
display panel 100 in the next frame.

[0038] The second voltage compensating unit 1185 is
another Op-Amp having an inverting input terminal (-) that
receives a central common voltage VeomC fed back from the
central common region ofthe common electrode of the liquid
crystal display panel 100 supplied thereto, and a non-invert-
ing input terminal (+) that receives the common voltage
Vcom generated at the common voltage generating unit 116
supplied thereto. A peripheral compensating signal VcomRE
from the second common voltage compensating unit 1185 is
acompensated signal having a 180° phase difference from the
central common voltage VecomC fed back and supplied to the
inverting input terminal (-). The peripheral compensating
signal VcomRE is supplied to the peripheral common region
of the common electrode of the liquid crystal display panel
100. That is, the second common voltage compensating unit
118b supplies the peripheral compensating signal VcomRC
which is compensated for the common voltage VcomC fed
back from the central common region of the liquid crystal
display panel 100 for the first frame period to the peripheral
common region of the common electrode of the liquid crystal
display panel 100. Thus, by supplying the peripheral com-
pensating signal VcomRE which has the 180° phase differ-
ence from the central common voltage VcomC to the periph-
eral common region of the common electrode of the liquid
crystal display panel 100, the ripple taken place at the periph-
eral common region of the common electrode can be elimi-
nated without any compensating deviation from the central
common region. Eventually, the distortion of the common
voltage Vcom caused by the ripple can be prevented at the
peripheral common region of the common electrode of the
liquid crystal display panel 100 in the next frame period.

[0039] Thus, the compensating deviation taken place
between the central common region and the peripheral com-
mon region of the liquid crystal display panel 100 can be
reduced as the first common voltage compensating unit 118«
provides the central compensating signal VecomRC compen-
sated for the common voltage VcomE distorted at the periph-
eral common region of the common electrode of the liquid
crystal display panel 100 to the central common region of the
common electrode of the liquid crystal display panel 100 and
the second common voltage compensating unit 1185 pro-
vides the peripheral compensating signal VcomRE compen-
sated for the common voltage VeomC distorted at the central
common region of the common electrode of the liquid crystal
display panel 100 to the peripheral common region of the
common electrode of the liquid crystal display panel 100.

[0040] A liquid crystal display device in accordance with a
second embodiment of the present invention is identical to the
embodiment illustrated in FIG. 2, except that the common
electrode is divided. Therefore, the same reference numerals
will beused for those components which are identical to those
of FIG. 2, and a detailed description of components identical
10 those shown in FIG. 2 will be omitted.
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[0041] FIG. 3 is a schematic diagram of a liquid crystal
display device including a common voltage compensating
unit in accordance with a second embodiment of the present
invention.

[0042] Referring to FIG. 3, in the liquid crystal display
device in accordance with a second embodiment of the
present invention, the thin film transistor substrate 101 of the
liquid crystal display panel 100 is identical to the foregoing
embodiment, while the common electrode of the color filter
substrate 103 includes a peripheral common region having a
left portion 119a and a right portion 119¢, and a central
common region 1195. Common voltages different from one
another are generated for the right and left portions of the
peripheral common region and the central common region
from a common voltage Vcom supplied by the common volt-
age generating unit 116. That is, the central common region
1195 of the common electrode is compensated by a central
compensating signal VcomRC from the first common voltage
compensating unit 1184, and the peripheral common region
having the left portion 119a and the right portion 119¢ of the
common electrode are compensated by a peripheral compen-
sating signal VcomRE from the second common voltage
compensating unit 1184. The first and second common elec-
trode compensating units 1184 and 1185 are identical to the
foregoing embodiment.

[0043] That is, the first common voltage compensating unit
118a supplies the central compensating signal VecomRC com-
pensated for the common voltage VcomE distorted at the
peripheral common region of the left portion 1194 and the
right portion 119¢ of the common electrode to the central
common region 1195 of the common electrode. The second
common voltage compensating unit 1185 supplies the periph-
eral compensating signal VcomRE compensated for the com-
mon voltage VeomC distorted at the central common region
1195 of the common electrode to the peripheral common
region of the left portion 119a and the right portion 119¢ of
the common electrode. Thus, the compensating voltage
deviation between the central common region and the periph-
eral common regions of the common electrode of the liquid
crystal display panel 100 can be reduced or eliminated.
[0044] As has been described, the liquid crystal display
device and the method for driving the same of the present
invention have the following advantages.

[0045] Because the plurality of common voltage compen-
sating units can reduce compensating deviations among por-
tions of the common electrode of the liquid crystal display
panel, a stable image can be provided.

[0046] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention
cover 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 liquid crystal display device comprising:

a liquid crystal display panel,

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

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

a common voltage compensating unit for generating a plu-
rality of compensating signals for compensating respec-
tive distortions of common voltages at a plurality of
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common regions of a common electrode of the liquid
crystal display panel by using common voltages fed
back from the common regions, and supplying compen-
sating signals corresponding to each of the plurality of
common regions.

2. The device of claim 1, wherein the common regions of
the common electrode are parallel to either the data lines or
the gate lines.

3. The device of claim 2, wherein the common voltage
compensating unit includes;

a first common voltage compensating unit for compensat-
ing a central common region at a center of the plurality
of common regions, and

a second common voltage compensating unit for compen-
sating a peripheral common region of the plurality of
common regions exclusive of the central common
region.

4. The device of claim 3, wherein the first common voltage
compensating unit generates a central compensating signal
by inverting and amplifying a distortion component of the
peripheral common voltage fed back from the peripheral
common region, and

the second common voltage compensating unit generates a
peripheral compensating signal by inverting and ampli-
fying a distortion component of the central common
voltage fed back from the central common region.

5. The device of claim 2, wherein the plurality of common

regions are spaced from one another.

6. A method for driving a liquid crystal display device
comprising:

feeding common voltages back to a common voltage com-
pensator from a plurality of common regions of a com-
mon electrode of a liquid crystal display panel,
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generating a plurality of compensating signals by using the
common voltages fed back to the common voltage com-
pensator for compensating distorted components of the
common voltages; and

supplying each of the compensating signals to correspond-

ing ones of the plurality of common regions.

7. The method as claimed in claim 6, wherein feeding
common voltages back to a common voltage compensator
includes:

feeding the common voltage from a peripheral common

region located at a periphery of the plurality of common
regions back to a first common voltage compensating
unit, and

feeding the common voltage from a central common region

located at a center of the plurality of common regions
back to a second common voltage compensating unit.

8. The method as claimed in claim 7, wherein generating a
plurality of compensating signals includes:

inverting and amplifying using a distortion component of

the peripheral common voltage fed back from the
peripheral common region to the first common voltage
compensating unit to generate a central compensating
signal and applying the central compensating signal to
the central common region, and

inverting and amplifying using a distortion component of

the central common voltage fed back from the central
common region to the second common voltage compen-
sating unit to generate a to generate a peripheral com-
pensating signal and applying the peripheral compen-
sating signal to the peripheral common region.

sk * * #* 3k
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