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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

BACKGROUND
[0001] 1. Priority Claim
[0002] This application claims the benefit of priority from

Korean Patent Application No. 2006-0060772, filed on Jun.
30, 2006, which is incorporated by reference.

[0003] 2. Technical Field

[0004] The present invention relates to a liquid crystal
display device.

[0005] 3. Related Art

[0006] Some display devices use cathode-ray tubes

(CRTs). Other display devices may be flat panel displays,
such as liquid crystal display (LCD) devices, plasma display
panels (PDPs), field emission displays (FED), and electro-
luminescence displays (ELDs). Some of these flat panel
displays may be driven by an active matrix driving method
in which a plurality of pixels arranged in a matrix configu-
ration are driven using a plurality of thin film transistors.
Among these active matrix type flat panel displays, liquid
crystal display (LCD) devices and electroluminescent dis-
play (ELD) devices may exhibits a higher resolution, and
increased ability to display colors and moving images as
compared to some of the other flat panel display devices.
[0007] A LCD device may include two substrates that are
spaced apart and face each other with a layer of liquid crystal
molecules interposed between the two substrates. The two
substrates may include electrodes that face each other. A
voltage applied between the electrodes may induce an
electric field across the layer of liquid crystal molecules. The
alignment of the liquid crystal molecules may be changed
based on an intensity of the induced electric field, thereby
changing the light transmissivity of the LCD device. Thus,
the LCD device may display images by varying the intensity
of the electric field across the layer of liquid crystal mol-
ecules.

[0008] FIG. 1 is a block diagram of a LCD device accord-
ing to the related art. FIG. 2 is a circuit diagram of a liquid
crystal panel of FIG. 1. In FIG. 1, the LCD device includes
a liquid crystal panel 2 and a driving circuit 4. The driving
circuit 4 may include a gate and data driver 20 and 18, a
timing controller 12, and a gamma reference voltage gen-
erator 16.

[0009] In FIG. 2, the liquid crystal panel 2 includes a
plurality of gate lines GL1 to GLn along a first direction and
a plurality of data lines DL1 to DLm along a second
direction. The first direction may be horizontal and the
second direction may be vertical. A plurality of common
lines CL1 to CLn are spaced apart from, and may be
generally parallel to, the plurality of gate lines GL1 to GLn.
[0010] The plurality of gate lines GL1 to GLn and the
plurality of data lines DL1 to DLm cross each other to define
a plurality of pixels P. Each pixel P includes a thin film
transistor TFT and a liquid crystal capacitor LC. The liquid
crystal capacitor LC includes a pixel electrode connected to
the thin film transistor TFT, a common electrode, and a
liquid crystal layer between the pixel and common elec-
trodes. The common electrode is connected to the corre-
sponding common line CL1 to CLn and supplied with a
common voltage through the corresponding common line
CL1 to CLn. The pixel and common electrodes are disposed
on the same substrate to produce an in-plane electric field.
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The LCD device operated by the in-plane electric field is
referred to as an IPS (in-plane switching) mode LCD.
[0011] In FIG. 1, an interface 10 is supplied with data
signals and control signals such as a vertical synchronization
signal, a horizontal synchronization signal, a data enable
signal, and a data clock signal. The data signals and control
signals are supplied from an external system, such as a
computer system.

[0012] InFIG. 1, the timing controller 12 is supplied with
the control signals from the interface 10 and generates
control signals to control the gate and data drivers 20 and 18.
The timing controller 12 processes data signals and supplies
those to the data driver 18. The gate driver 20 is supplied
with the control signals from the timing controller 12 to
sequentially output gate voltages to the gate lines GL1 to
GLn. The gate lines GL1 to GLn are sequentially enabled,
and the thin film transistors TFT connected to the enabled
gate line GL1 to GLn are turned on. The data driver 18 is
supplied with the data signals and the control signals from
the timing controller 12. The data driver 18 outputs data
voltages to the data lines DL1 to DLm when the gate line
GL1 to GLn is enabled. A gamma reference voltage gen-
erator 16 generates gamma reference voltages which are
supplied to the data driver 18. A power supply 14 supplies
voltages that operate the components of the LCD device.
The power supply 14 also supplies a common voltage to the
common electrode of the liquid crystal panel 2.

[0013] A dot inversion driving method may be used to
operate the LCD device. In a dot inversion driving method
the polarity of a pixel P may be changed between positive
and negative values. In one type of dot inversion driving
method, horizontal two-dot inversion driving, a first pixel is
driven with either a positive or negative polarity and sub-
sequent groups of two adjacent pixels are driven with
alternating polarities. When some LCD devices are operated
with the horizontal two-dot inversion driving method a
cross-talk (or a smear) may occur and degrade the perfor-
mance of the LCD device.

[0014] FIGS. 3 and 4 are diagrams of polarity arrange-
ments of pixels that produce and do not produce a cross-talk,
respectively, in an LCD device operated with a horizontal
two-dot inversion driving method according to the related
art.

[0015] In FIGS. 3 and 4, a first pixel is driven with a
positive or negative polarity and subsequent groups of two
adjacent pixels are driven with alternating polarities. When
an image having a vertical stripe pattern of two white lines
and two black lines is displayed, a polarity arrangement of
FIG. 3 produces a cross-talk in a gray display region GR.
However, when a polarity arrangement of FIG. 4 is used a
cross-talk is not produced in a gray display region GR.
Whether or not cross-talk is produced may depend on the
uniformity of polarity within a white display region (WH)
and a black display region (BL).

[0016] In an n” horizontal line of FIG. 3, there are more
pixels in a white display region WH, having negative
polarities (=) than positive polarities (+). Also in the n”
horizontal line of FIG. 3, there are more pixels in a black
display region BL, having positive polarities (+) than nega-
tive polarities (-). That is, in each of the white and black
display regions WH and BL, the polarities of the pixels are
non-uniform. For a next frame, in the n” horizontal line, the
non-uniformity of the pixel polarities also exists. The data
voltages for the white display region WH may have the
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greatest amplitude with respect to a common voltage Vcom
of an n” common line, while the data voltages for a black
display region BL may have the smallest amplitude. The
data voltages for a gray display region GR may have an
amplitude that is between the amplitudes of the white and
black display regions WH and BL.. The amplitude of the gray
display region GR may be mid-way between the white and
black display regions WH and BL.. Because the data lines are
coupled with the n” common line, the data voltages for the
pixels along the n” horizontal line are reflected on the n”
common line and have an effect on the common voltage of
the n” common line. The non-uniformity of the polarity in
each of the white and black display regions WH and BL
causes the common voltage Vcom of the common lines to
shift. In FIG. 3, the data voltages in the white display region
WH have the greatest amplitude and as a result of the excess
negative polarities, the common voltage Vcom of the n”
common line is shifted toward a lower level. Since the
(n+l)’ horizontal line has an excess of positive polarities in
the white display region, and the data voltages of the white
display region WH have the greatest amplitude, the common
voltage Vcom of a (n+1)” common line is shifted toward a
higher level. As a result, a common voltage Vcom along a
vertical direction may be alternately shifted. In other words,
the common voltage Vcom along a vertical direction may
have a ripple, as shown in FIG. 3.

[0017] In an n” horizontal line of FIG. 4, there are an
equal number of positive polarity (+) pixels and negative
polarity (-) pixels in a white display region WH. Similarly,
in a black display region BL, there are also an equal number
of positive polarity (+) pixels and negative polarity (=)
pixels. In each of the white and black display regions WH
and BL of FIG. 4, the polarities of the pixels are uniform. For
a next frame, in the n” horizontal line, the uniformity of the
pixels also exists. Coupling between the data lines and the
common lines is minimized by the uniform polarity. Accord-
ingly, a common voltage Vcom may have little or no ripple,
as shown in FIG. 4.

[0018] The common voltage ripple may be present in LCD
devices using LOG (line on glass) lines to achieve a COG
(chip on glass) technology as well as other types of LCD
devices. Additionally, the common voltage ripple may be
present in a large-sized LCD devices. Further, the gate
voltage of a LCD device may produce a voltage ripple which
may cause a cross-talk in a gray display region GR of a LCD
device. Therefore, a need exists for an improved LCD
device.

SUMMARY

[0019] A liquid crystal display device includes a liquid
crystal panel, including multiple pixels, and a driving cir-
cuit. The pixels are driven according to a first driving
pattern. The driving circuit monitors the liquid crystal panel
for a cross-talk condition. The driving circuit generates a
signal and changes the driving pattern to an alternate driving
pattern when a cross-talk condition is detected in the liquid
crystal panel.

[0020] Other apparatuses, methods, features and advan-
tages will be or will become apparent to one with skill in the
art upon examination of the following figures and detailed
description. It is intended that all such additional appara-
tuses, methods, features and advantages be included within
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this description, be within the scope of the invention, and be
protected by the following claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The application may be better understood with
reference to the following drawings and description. The
components in the figures are not necessarily to scale,
emphasis instead being placed upon illustrating the prin-
ciples of the invention.

[0022] FIG. 1 is a block diagram of a LCD device accord-
ing to the related art;

[0023] FIG. 2 is a circuit diagram of a liquid crystal panel
of FIG. 1;
[0024] FIGS. 3 and 4 are diagrams of polarity arrange-

ments of pixels producing and not producing a cross-talk in
a LCD device according to the related art;

[0025] FIG. 5 is a block diagram of a LCD device;
[0026] FIG. 6 is a diagram of a liquid crystal panel of FIG.
5.

[0027] FIG. 7 is a circuit diagram of an inversion control
circuit of FIG. 5; and

[0028] FIGS. 8 and 9 are diagrams of a polarity arrange-
ment of pixels driven by the LCD device of FIG. 5.

DETAILED DESCRIPTION

[0029] FIG. 5 is a block diagram of a LCD device. In FIG.
5, the LCD device includes a liquid crystal panel 50 and a
driving circuit 40. The driving circuit 40 may include a data
driver 70 and an inversion control circuit 60. The driving
circuit 40 may further include a timing controller, a gate
driver, and a gamma reference generator. The LCD device
may also include an interface and a power supply.

[0030] An interface may be supplied with data signals and
control signals such as a vertical synchronization signal, a
horizontal synchronization signal, a data enable signal, and
a data clock signal. The data signals and control signals may
be supplied from an external system, such as a computer
system. A timing controller may be supplied with the control
signals from the interface and may generate control signals
to control the gate and/or data drivers. The timing controller
may process data signals and may supply those data signals
to the data driver. The gate driver may be supplied with the
control signals from the timing controller and may sequen-
tially output gate voltages that are supplied to the liquid
crystal panel 50. The data driver may be supplied with the
data signals and the control signals from the timing control-
ler. The data driver may output data voltages to the liquid
crystal panel 50. A gamma reference voltage generator may
generate gamma reference voltages which may be supplied
to the data driver.

[0031] The liquid crystal panel 50 includes a plurality of
pixels that may display red (R), green (G), and blue (B). The
liquid crystal panel 50 may include a plurality of gate lines,
data lines, and common lines. The plurality of pixels may be
defined by the crossing of the gate lines and the data lines.
Each pixel may include a thin film transistor and a liquid
crystal capacitor. The liquid crystal capacitor may include a
pixel electrode connected to the thin film transistor, a
common electrode connected to the corresponding common
line and a liquid crystal layer between the pixel and common
electrodes. The pixel and common electrodes may produce
an in-plane electric field. The polarity of a pixel may be
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controlled on a frame and/or horizontal line basis, and may
be either a positive polarity (+) or a negative polarity (-).
[0032] FIG. 6 is a diagram of a liquid crystal panel of FIG.
5. In FIG. 6, at least one common voltage supply line 52 may
be formed at a peripheral portion of the liquid crystal panel
50. The at least one common voltage supply line 52 may be
connected to the plurality of common lines. A gate driver
(not shown) may be connected to the liquid crystal panel 50
through a tape carrier package (TCP) method. When a gate
driver is connected in this manner, the common voltage
supply line 52 may be formed in the gate driver and/or the
tape carrier package.

[0033] One end of the at least one common voltage supply
line 52 (e.g., “A” and/or “B”) may be supplied with the
common voltage from a power supply (not shown). The
common voltage may be transferred to a common electrode
through the common voltage supply line 52 and a corre-
sponding common line. Through the other end of the at least
one common voltage supply line 52 (e.g., “C” and “D”), the
inversion control circuit 60 may detect the common voltage
at the liquid crystal display 50.

[0034] The inversion control circuit 60 may detect the
common voltage of the liquid crystal display 50 and may
output a driving change signal which may change a driving
pattern that is used to drive the plurality of pixels in the
liquid crystal panel. For example, when a ripple of a detected
common voltage Vcom_fexceeds a predetermined level, the
inversion control circuit 60 may output a driving change
signal Vs_inv to a data driver 70 to change a pixel driving
pattern. The data driver 70 may change a pixel driving
pattern from a current driving pattern to a different driving
pattern. The driving patterns may include dot-inversion
driving patterns, or other pixel driving patterns.

[0035] FIG. 7 is a circuit diagram of an inversion circuit
of FIG. 5. In FIG. 7, the inversion control circuit 60 may
include an input terminal 61, a switch T1, a first RC
(resistor-capacitor) parallel circuit 62, a second RC parallel
circuit 63 and an output terminal 64. The switch T1 may be
a switching transistor.

[0036] The input terminal 61 may receive the detected
common voltage, Vcom_f. The detected common voltage
Vceom_{ may be supplied to the switch T1. Where the switch
T1 is a switching transistor, the detected common voltage
Veom_{ is supplied to a gate of the transistor.

[0037] Depending on the detected common voltage
Veom_pl the switch T1 may cause a driving change signal
Vs_inv to be output by the inversion control circuit 60.
When the detected common voltage Vcom_{ exceeds a
predetermined level, the switch T1 switches a driving volt-
age V,, and outputs the driving change signal Vs_inv. The
predetermined level may be a level corresponding to the sum
of a reference common voltage and a predetermined voltage.
The reference common voltage may be the common voltage
supplied to the common electrode through the common
voltage supply line 52. The predetermined voltage may be a
voltage corresponding to a ripple of the detected common
voltage Vcom_{ that generally does not produce cross-talk.
[0038] The first RC parallel circuit 62 may control a
switching time of the switch T1. The switching time may
depend on a time constant (RC) of the first RC parallel
circuit 62. The second RC parallel circuit 63 may substan-
tially remove a noise of the driving change signal Vs_inv.
The inversion control circuit 60 may also include resistors
R1, R3, and R4. Resistor R1 may be between the input
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terminal 61 and the first RC parallel circuit 62. Resistors R3
and R4 may be between the switch T1, the driving voltage
Vp, and the second RC parallel circuit 63.

[0039] The driving change signal Vs_inv output from the
output terminal 64 may be input to the data driver 70. The
data driver 70 may have a control pin to which the driving
change signal Vs_inv is input. When the driving change
signal Vs_inv is input to the data driver 70, the pixel driving
pattern changes.

[0040] For example, a LCD device may be configured to
display a vertical stripe pattern of two white lines and two
black lines, and gray. As shown in FIG. 8, the LCD device
may be operated with a first driving pattern, such as a first
horizontal two-dot inversion driving pattern. The first hori-
zontal two-dot inversion driving pattern may drive the pixels
such that a first pixel is driven with a first polarity, which
may be positive or negative. A second and a third pixel may
be driven with a second polarity that is opposite the first
polarity. Thereafter, the pixels of groups of two adjacent
pixels may be alternatingly driven with the first polarity and
the second polarity, respectively. In each of white and black
display regions, WH and BL, shown in FIG. 8, the polarities
of the pixels are non-uniform. Furthermore, as shown in
FIG. 8, the white display region WH has a data voltage with
the largest amplitude, the black display region BL has a data
voltage with the smallest amplitude, and the gray display
region GR has a data voltage with an amplitude between that
of the white and black display regions. Accordingly, a
common voltage on each of an n” common line and a
(n+1) common line is shifted toward a lower or higher level,
respectively. The shifting of the common voltage may
generate a ripple of the common voltage that exceeds a
predetermined level and generate a cross-talk in the gray
display region GR.

[0041] An inversion control circuit 60 may detect the
ripple of the common voltage Vcom_f. When the ripple
exceeds the predetermined level, the inversion control cir-
cuit 60 outputs the driving change signal Vs_inv. When the
driving change signal Vs_inv is input to the data driver 70,
the pixel driving pattern is changed from the current driving
pattern (e.g., first driving pattern) to a second driving
pattern. The second driving pattern may be an alternate
horizontal two-dot inversion driving pattern.

[0042] As shown in FIG. 9, the alternate horizontal two-
dot inversion driving pattern may drive the pixels such that
first and second adjacent pixels are driven with a first
polarity, which may be positive or negative. Thereafter the
pixels of alternating groups of two adjacent pixels are
alternatingly driven with a second polarity, which is opposite
the first polarity, and the first polarity, respectively. By
changing the driving pattern, each of the white and black
display regions WH and BL, have pixels with uniform
polarity, and the ripple of the common voltage may be
substantially offset. Accordingly, a cross-talk generally may
not occur in the gray region GR.

[0043] The inversion control circuit 60 may continue to
monitor the common voltage after the driving patterns are
changed. If the inversion control circuit 60 detects a ripple
in the common voltage that exceeds the predetermined level,
the inversion control signal 60 may generate the driving
change signal and the data driver 70 may change the driving
pattern again. The data driver 70 may change the current
driving pattern (e.g., second driving pattern) to the first
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driving pattern. Alternatively, the data driver may change the
current driving pattern (e.g., second driving pattern) to a
different driving pattern.

[0044] In some LCD devices, a ripple may also occur for
the gate voltage since the gate lines may be coupled with the
data lines. The inversion control circuit 60 may be config-
ured to monitor the gate voltage from ends of the gate line
and generate a driving change signal when a cross-talk
occurs as a result of the gate voltage.

[0045] In some LCD devices, a common line may overlap
a pixel electrode and form a storage capacitor. The common
line forming the storage capacitor may also have a ripple in
the common voltage. The inversion control circuit 60 may
be configured to monitor the common voltage and generate
a driving change signal when a ripple occurs in the common
voltage.

[0046] While various embodiments of the invention have
been described, it will be apparent to those of ordinary skill
in the art that many more embodiments and implementations
are possible within the scope of the invention. Accordingly,
the invention is not to be restricted except in light of the
attached claims and their equivalents.

What is claimed is:

1. A liquid crystal display device, comprising:

a liquid crystal panel comprises a plurality of pixels and
a plurality of common lines along a first direction, the
plurality of common lines supplied with a common
voltage,

wherein the plurality of pixels are driven according to a
first pattern or a second pattern; and

a driving circuit configured to measure a common voltage
of the liquid crystal panel and generate a driving signal
that changes the driving pattern to one of the first
pattern or second pattern in response to the measured
common voltage.

2. The device of claim 1, wherein the driving circuit is
configured to generate the driving signal when the measured
common voltage exceeds a predetermined level.

3. The device of claim 1, wherein the first pattern com-
prises:

a first pixel driven by a first polarity; and

a second and a third pixel driven by a second polarity, and
thereafter the pixels of groups of two adjacent pixels
are driven alternatingly by the first polarity and the
second polarity.

4. The device of claim 1, wherein the second pattern

comprises:

a first and a second pixel driven by a first polarity, and
thereafter the pixels of alternating groups of two adja-
cent pixels are driven alternatingly by a second polarity
and the first polarity,

wherein the first and second pixel are adjacent to each
other.

5. The device of claim 1, wherein the liquid crystal panel
further comprises a first region, and a plurality of second
regions and third regions, each of the plurality of second and
third regions comprising vertical multiple color lines, and
wherein the first region is configured to have a voltage level
with an amplitude that is between a voltage level amplitude
of the second region and a voltage level amplitude of the
third region, the plurality of second and third regions alter-
nately arranged.
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6. The device of claim 5, wherein the second region
comprises a white display region and the third region
comprises a black display region.

7. The device of claim 5, wherein the second region
comprises a black display region and the third region
comprises a white display region.

8. The device of claim 1, wherein the driving circuit
comprises an inversion control circuit configured to output
a driving signal when the measured common voltage
exceeds a predetermined level.

9. The device of claim 8, wherein the inversion control
circuit comprises an input terminal configured to receive a
common voltage of the liquid crystal panel, and a switch
coupled to the input terminal and an output terminal of the
inversion control circuit.

10. The device of claim 9, wherein the inversion control
circuit further comprises a first RC parallel circuit coupled
to the input terminal and the switch, and a second RC
parallel circuit coupled to the switch and the output terminal.

11. The device of claim 9, wherein the driving circuit
further comprises a data driver that is configured to receive
the driving signal and generate a plurality of data voltages
corresponding to the first pattern or the second pattern.

12. The device of claim 1, wherein the liquid crystal panel
further comprises at least one common voltage supply line,
a first end of the at least one common voltage supply line
coupled to a power supply and a second end of the at least
one common voltage supply line coupled to the driving
circuit.

13. A method of driving a liquid crystal display device,
comprising;

supplying a common voltage to a plurality of common

lines of a liquid crystal panel comprising a plurality of

pixels, wherein the plurality of common lines are

arranged along a first direction;

driving the plurality of pixels according to a first
pattern;

detecting the common voltage of the liquid crystal
panel; and

changing the driving pattern of the plurality of pixels
from the first pattern to a second pattern when the
detected common voltage of the liquid crystal panel
exceeds a predetermined level.

14. The method of claim 13, wherein driving the plurality
of pixels according to the first pattern comprises:

driving a first pixel with a first polarity; and

driving a second and a third pixel with a second polarity,

and thereafter driving the pixels of groups of two
adjacent pixels alternatingly with the first polarity and
the second polarity.

15. The method of claim 13, wherein driving the plurality
of pixels according to the second pattern comprises:

driving a first pixel and a second pixel with a first polarity,

and thereafter driving the pixels of alternating groups
of two adjacent pixels alternatingly with a second
polarity and the first polarity,

wherein the first and second pixels are adjacent to each

other.

16. The method of claim 13, further comprising generat-
ing a driving signal when the detected common voltage of
the liquid crystal panel exceeds a predetermined level.

17. The method of claim 16, further comprising output-
ting a plurality of data voltages corresponding to a newly
selected driving pattern.
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18. The method of claim 17, wherein the plurality of data
voltages comprise different amplitudes depending on
whether a pixel to be driven is positioned in a gray region,
a white region, or a black region of the liquid crystal panel.

19. A method of driving a liquid crystal display device,
comprising:

driving a plurality of pixels in a first region and a second

region of a liquid crystal panel according to a first
driving pattern or a second driving pattern; and
changing a driving pattern of the plurality of pixels in the
first region and the second region of the liquid crystal
panel to one of the first driving pattern or the second
driving pattern when the polarities of the pixels in the
first region and the second region are non-uniform.

20. The method of claim 19, wherein the first region
comprises a white display region and the second region
comprises a black display region.
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21. The method of claim 19, wherein the first region
comprises a black display region and the second region
comprises a white display region.

22. A liquid crystal display device, comprising:

a liquid crystal panel comprising a plurality of pixels

arranged in a line;

means for driving the plurality of pixels according to a

first driving pattern;

means for detecting cross-talk in the liquid crystal panel;

and

means for switching a driving pattern of the plurality of

pixels from the first driving pattern to a second driving
pattern in response to the detected cross-talk.
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