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METHOD OF DRIVING DISPLAY PANEL
AND DISPLAY APPARATUS FOR
PERFORMING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims under 35 U.S.C. §119 pri-
ority to and the benefit of Korean Patent Application No.
2011-27395, filed on Mar. 28, 2011 in the Korean Intellectual
Property Office (KIPO), the entire content of which is incor-
porated by reference herein.

BACKGROUND
[0002] 1. Field of the Invention
[0003] The present disclosure relates to a method of driving

a display panel and a display apparatus for performing the
method, and, more particularly, to a method of driving a
display panel applied to a liquid crystal display (LCD) appa-
ratus and a display apparatus for performing the method.
[0004] 2. Discussion of the Related Art

[0005] In general, an LCD apparatus includes an LCD
panel, a data driving part and a gate driving part. The LCD
panel includes an array substrate, a color filter substrate and a
liquid crystal layer therebetween.

[0006] The array substrate includes data lines, gate lines,
switching elements and pixel electrodes. For example, the
array substrate includes IxJ switching elements electrically
connected to I data lines and J gate lines respectively, and IxJ
pixel electrodes electrically connected to the corresponding
switching elements. Here, ‘I” and ‘J* are natural numbers.
[0007] The color filter substrate includes color filters and a
common electrode. Accordingly, the LCD panel includes IxJ
pixels. The data driving part provides a data voltage to the I
data lines, and the gate driving part sequentially provides J
gate signals to the J gate lines. The LCD panel including IxJ
pixels is driven by the provided data voltages and gate signals.
[0008] Recently, technologies for driving the LCD panel
with a high speed frame frequency having increased frame
rates have been applied to prevent video motion blur from
occurring. In this case, the time (H: horizontal period) for
recharging the pixel with a data voltage will be decreased.
[0009] Inaddition, the cell gap between the array substrate
and the color filter substrate has been decreased to enhance
the liquid crystal response rate. Accordingly, a coupling
capacitance is generated between the pixel electrode to which
the data voltage is applied and the common electrode facing
the pixel electrode, so that a common voltage applied to the
common electrode can become distorted.

[0010] Inthis case, the time period for recharging the pixel
may be longer than the usual horizontal period time due to the
distorted common voltage. Accordingly, since the pixel elec-
trode is not fully recharged, deterioration of display quality,
such as reddishness, horizontal stripes, a crosstalk, and the
like, can occur.

[0011] Although a method of configuring a feedback
reversed compensating circuit can be provided to compensate
the distorted common voltage, the RC load of a panel is
increased, and compensating charges become insufficient
when the horizontal period 1H is relatively short.

SUMMARY

[0012] Inaccordance with an example embodiments of the
present invention a method of driving a display panel that
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compensates for coupling capacitance, and a display appara-
tus for performing the method, are provided.

[0013] In accordance with an example embodiment, a
method of driving a display panel for displaying an image is
provided, the display panel having a first substrate, a second
substrate and a liquid crystal layer disposed between the first
substrate and the second substrate, the first substrate having
data lines, gate lines crossing the data lines and a plurality of
pixels electrically connected to the data lines and to the gate
lines, the second substrate having a common electrode facing
the pixels. Compensated grayscale data for an n-th pixel row
is outputted based upon a grayscale data variation between an
(n-1)-th pixel row and the n-th pixel row. The compensated
grayscale data is converted to an analog data voltage to output
the analog data voltage to the data lines. A gate signal is
outputted through the gate lines to provide the gate signal to
the display panel.

[0014] In an example embodiment, outputting compen-
sated grayscale data in the n-th pixel row may include storing
grayscale data for the (n-1)-th pixel row and the grayscale
data for the n-th pixel row, calculating a coupling capacitance
generated between the pixels and the common electrode
based upon the grayscale data variation between the (n-1)-th
pixel row and the n-th pixel row, and outputting the compen-
sated grayscale data in the n-th pixel row based upon the
coupling capacitance.

[0015] In an example embodiment, calculating the cou-
pling capacitance may include outputting digital data respec-
tively corresponding to analog data voltages of the grayscale
data in the (n—1)-th and n-th pixel rows based upon a one-
dimensional look-up table to which the digital data corre-
sponding to the analog data voltages of the grayscale data are
mapped, calculating a sum of the coupling capacitances by
summing values of a result from subtracting the digital data of
the (n-1)-th pixel row from the digital data of the n-th pixel
row in each of the data lines, and dividing the sum by the
amount of the data lines and multiplying the divided value by
a coupling constant.

[0016] Inanexample embodiment, outputting the compen-
sated grayscale data in the n-th pixel row may include out-
putting adjusted data of the n-th pixel row based upon a
two-dimensional look-up table to which the adjusted data of
the n-th pixel row corresponding to the coupling capacitance
and the grayscale data of the n-th pixel row are mapped, and
calculating the compensated grayscale data of the n-th pixel
row by subtracting the adjusted data from the grayscale data
of the n-th pixel row or by adding the adjusted data to the
grayscale data of the n-th pixel row.

[0017] In an example embodiment, calculating the com-
pensated grayscale data of the n-th pixel row may further
include subtracting the adjusted data from the grayscale data
of the n-th pixel row when the coupling capacitance has a
positive polarity, and by adding the adjusted data to the gray-
scale data of the n-th pixel row when the coupling capacitance
has a negative polarity.

[0018] Inanexample embodiment, outputting the compen-
sated grayscale data in the n-th pixel row may further include
outputting the adjusted data of the n-th pixel row as a bypass
value when the coupling capacitance is not more than a ref-
erence value.

[0019] Inanexample embodiment, outputting the compen-
sated grayscale data in the n-th pixel row may further include
recalculating the coupling capacitance based upon a feeding
back of the compensated grayscale data of the n-th pixel row.
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[0020] In an example embodiment, feeding back the com-
pensated grayscale data of the n-th pixel row and recalculat-
ing the coupling capacitance may be repeated.

[0021] According to an example embodiment, a display
apparatus includes a display panel configured to display an
image. The display panel includes a first substrate, a second
substrate, and a liquid crystal layer disposed between the first
substrate and the second substrate. The first substrate includes
data lines, gate lines crossing the data lines and a plurality of
pixels, the pixels being electrically connected to the data and
gate lines and being arranged in a matrix shape, the second
substrate having a common electrode facing the pixels. A
timing controller includes a data compensating unit, the data
compensating unit outputting compensated grayscale data in
an n-th pixel row based upon a coupling capacitance gener-
ated according to a grayscale data variation between an (n—1)-
th pixel row and the n-th pixel row. A data driving part con-
verts the compensated grayscale data to an analog data
voltage, and outputs the analog data voltage to the data lines.
A gate driving part outputs a gate signal to the gate lines.
[0022] In an example embodiment, the data compensating
unit may include an inner storage unit configured to store the
grayscale data of the (n-1)-th pixel row and the grayscale data
of the n-th pixel row, a coupling capacitance calculating unit
configured to calculate coupling capacitance generated
between the pixels and the common electrode based upon a
grayscale data variation between the (n-1)-th pixel row and
the n-th pixel row, a data adjusting unit configured to output
compensated grayscale data of the n-th pixel row based upon
the coupling capacitance.

[0023] In an example embodiment, the coupling capaci-
tance calculating unit may include a one-dimensional look-up
table to which the digital data respectively corresponding to
the analog data voltages of the grayscale data in the (n-1)-th
and n-th pixel rows are mapped.

[0024] In an example embodiment, the coupling capaci-
tance calculating unit may calculate the coupling capacitance
by summing values resulting from subtracting the digital data
ofthe (n—1)-th pixel row from the digital data of the n-th pixel
row in each of the data lines, and by dividing the sum by the
amount of the data lines and multiplying the divided value by
a coupling constant.

[0025] In an example embodiment, the data adjusting unit
may include a two-dimensional look-up table to which the
adjusted data of the n-th pixel row corresponding to the cou-
pling capacitance and the grayscale data of the n-th pixel row
are mapped.

[0026] In an example embodiment, the data adjusting unit
may calculate the compensated grayscale data of the n-th
pixel row by subtracting the adjusted data from the grayscale
data of the n-th pixel row or by adding the adjusted data to the
grayscale data of the n-th pixel row.

[0027] In an example embodiment, the data adjusting unit
may calculate the compensated grayscale data of the n-th
pixel row, by subtracting the adjusted data from the grayscale
data of the n-th pixel row, when the coupling capacitance has
a positive polarity, and by adding the adjusted data to the
grayscale data of the n-th pixel row, when the coupling
capacitance has a negative polarity.

[0028] In an example embodiment, the data adjusting unit
may feed the compensated grayscale data of the n-th pixel
row back to the coupling capacitance calculating unit and
recalculate the coupling capacitance based upon the compen-
sated grayscale data of the n-th pixel row.
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[0029] In an example embodiment, the inner storage unit
may be a line buffer and may calculate the coupling capaci-
tance is repeated as many as the amount of line buffers.
[0030] Inan example embodiment, the data compensating
unit may further include a bypass unit configured to directly
output the grayscale data of the n-th pixel row to the data
driving part when the coupling capacitance is not more than a
reference value.

[0031] In an example embodiment, pixels of the (n-1)-th
pixel row may be electrically connected to first sides of the
data lines, and pixels of the n-th pixel row may be electrically
connected to second sides of the data lines, respectively.
[0032] In an example embodiment, the pixels may include
red pixels, green pixels, blue pixels and white pixels.

[0033] According to an example embodiment, a method for
preventing distortion of a common voltage applied to a com-
mon electrode of a liquid crystal display panel having a plu-
rality of pixel rows, is provided. A coupling capacitance
between pixel electrodes to which grayscale data is applied
and a common electrode facing the pixel electrodes is deter-
mined, based upon grayscale data variations between the
pixel electrodes of a n-th pixel row and the common electrode
and between pixel electrodes of a (n-1)-th pixel row and the
common electrode. The grayscale data to be applied to the
n-th pixel row is adjusted based upon the coupling capaci-
tance.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Detailed example embodiments of the present
invention will now be described with reference to the accom-
panying drawings, in which:

[0035] FIG.1isablock diagram illustrating a display appa-
ratus according to an example embodiment of the present
invention;

[0036] FIG. 2 is a block diagram illustrating a data com-
pensating unit in FIG. 1;

[0037] FIG. 3 is a conceptual diagram illustrating how to
calculate a coupling capacitance in a coupling capacitance
calculating unit in FIG. 2;

[0038] FIG. 4 is a conceptual diagram illustrating a two-
dimensional (2D) look-up table of a data adjusting unit in
FIG. 2;

[0039] FIG. 5 is a block diagram illustrating a data com-
pensating unit of a display apparatus according to another
example embodiment of the present invention;

[0040] FIG. 6 is a block diagram illustrating a data com-
pensating unit ofa display apparatus according to still another
example embodiment of the present invention; and

[0041] FIGS.7 and 8 are flow charts illustrating a method of
driving a display panel described in FIG. 1.

DETAILED DESCRIPTION

[0042] Hereinafter, example embodiments of the present
invention will be explained in detail with reference to the
accompanying drawings.

[0043] FIG.11isablock diagram illustrating a display appa-
ratus according to an example embodiment of the present
invention.

[0044] Referring to FIG. 1, the display apparatus includes a
display panel 100, and a panel driving part 200 that drives the
display panel 100. The panel driving part 200 includes a
timing controller 210, a data driving part 230 and a gate
driving part 250. The panel driving part 200 drives the display
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panel 100 at a high frequency driving frequency. In an
example embodiment, the display panel 100 is driven at a
frequency not less than about 120 Hz, such as at 120 Hz or 240
Hz.

[0045] The display panel 100 includes an array substrate,
an opposing substrate facing the array substrate, and a liquid
crystal layer disposed between the array substrate and the
opposing substrate. A plurality of pixels P1, P2, P3, .. . may
be arranged in a matrix array of row and columns. The pixels
P1, P2, P3, . . . may include red, green, and blue pixels, and
may further include a white pixel. Color filters on the oppos-
ing substrate in conjunction with the liquid crystal layer can
provide the desired colors.

[0046] The array substrate includes a plurality of data lines
DL1, DL2, DL3, ... DLi and a plurality of gate lines GL1,
GL2, GL3, . . . GLm. The array substrate further includes
switching elements electrically connected to the respective
data lines and gate lines, and pixel electrodes electrically
connected to the switching elements. In an example embodi-
ment, the switching elements are thin film transistors (TFTs).
The pixel electrode is disposed on a pixel area defined by each
of the pixels of the array substrate.

[0047] Thedatalines DI.1,DL2,DL3,... DLiextend along
a first direction D1, and are arranged along a second direction
D2 crossing the first direction D1. In an example embodiment
the first direction D1 and the second direction D2 are sub-
stantially perpendicular to each other. The data lines DL1,
DL2, DL3, . . . DLi are electrically connected to output
terminals of the data driving part 230, respectively. Each of
the data lines is electrically connected to the pixels of a pixel
column arranged along the first direction D1. The gate lines
GL1,GL2, GL3, ... GLm extend along the second direction
D2, and are arranged along the first direction D1.

[0048] Those skilled in the art can appreciate that the pix-
els, their data lines and gate lines can be arranged in other
example geometries rather than merely in rectangular rows
and columns. For example, pixels may be arranged in a delta
formation such that red, green and blue sub-pixels can form a
substantially triangular pixel. Such triangular pixels are par-
ticularly useful for displays having motion pictures.

[0049] The opposing substrate includes a common elec-
trode facing the pixel electrodes. A common voltage Vcom,
which is a reference voltage, is applied to the common elec-
trode. The common voltage Vcom may be a DC voltage
having a certain level.

[0050] The timing controller 210 controls the data driving
part 230 and the gate driving part 250. The timing controller
210 receives image data DATA1 and a control signal CONT
from outside the panel driving part, and generates a first
timing control signal TCONT1 for controlling the driving
timing of the data driving part 230, and a second timing
control signal TCONT?2 for controlling the driving timing of
the gate driving part 250.

[0051] The first timing control signal TCONT1 may
include a horizontal starting signal, an inversing signal, an
output enable signal, and the line. The second timing control
signal TCONT?2 may include a vertical starting signal, a gate
clock signal, an output enable signal, and the like.

[0052] Theimage data DATA1, which are grayscale data of
an image, may be red, green, and blue data. The timing
controller 210 provides the data driving part 230 in a hori-
zontal period 1H unit with compensated grayscale data
DATA2. The compensated grayscale data DATA2 compen-
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sates the grayscale data corresponding to the structure of the
pixels of the display panel 100, as will be described in more
detail below.

[0053] The data driving part 230 converts a data signal
provided from the timing controller 210 to an analog data
voltage, and outputs the analog data voltage to the data lines
DL1,DL2,DL3,...DLi.

[0054] The gate driving part 250 generates a plurality of
gate signals under the control of the timing controller 210,
and sequentially provides the gate signals to the gate lines
GL1,GL2, GL3,...GLm.

[0055] Each of the pixels may be a one gate line one data
line (1G1D) structure electrically connected to a gate line and
adataline. For example, pixels of a first pixel column PC1 are
electrically connected to a first data line DL1, and pixels of a
second pixel column PC2 are electrically connected to a
second data line DL2. Accordingly, the pixels of one pixel
column are electrically connected to the data line formed at a
first side of the pixel column.

[0056] Pixels of a first pixel row PL1 are electrically con-
nected to one of the data lines DLL1, DL.2, DL3, .. .DLiand a
first gate line GL1. Pixels of a second pixel row PL2 are
electrically connected to one of the data lines DL1, DL2,
DL3, ... DLi and a second gate line GL.2. Pixels of a third
pixel row PL3 are electrically connected to one of the data
lines DL1, DL2, DL3, . .. DLi and a third gate line GL3.
[0057] When the data driving part 230 provides the data
voltage to the data lines DL1, DL2, DL3, . . . DLi, the data
voltage is applied to each of the pixel electrodes of the pixels
electrically connected to the data lines DL.1, DL2, DL3, . ..
DLi. In this case, distortion of the common voltage Vcom
applied to the common electrode occurs due to a coupling
capacitance generated between the pixel electrode and the
common electrode, such that display quality may decrease.
[0058] The timing controller 210 includes a data compen-
sating unit 300. The data compensating unit 300 calculates a
coupling capacitance, which is generated in advance accord-
ing to a grayscale data variation between adjacent pixel rows.
Then, the compensating unit 300 compensates grayscale data
applied to the pixels of the present pixel row using the calcu-
lated coupling capacitance, and outputs the compensated
grayscale data.

[0059] The data compensating unit 300 compensates the
grayscale data in a digital format, which is different from a
conventional analog format. The data compensating unit 300
will now be explained below in more detail.

[0060] FIG. 2 is a block diagram illustrating an example
embodiment of the data compensating unit of FIG. 1. FIG. 3
is aconceptual diagram illustrating how coupling capacitance
is calculated in the coupling capacitance calculating unit of
FIG. 2. FIG. 4 is a conceptual diagram illustrating a two-
dimensional (2D) look-up table of the data adjusting unit of
FIG. 2.

[0061] Referring to FIGS. 2 to 4, the data compensating
unit 300 includes an inner storage unit 310, a coupling capaci-
tance calculating unit 330 and a data adjusting unit 350.
[0062] The inner storage unit 310 stores the grayscale data
of'the pixel rows. For example, when the data compensating
unit 300 compensates grayscale data DATA1(r) of a present
pixel row, the inner storage unit 310 may store grayscale data
DATA1(n-1) of a previous pixel row and the grayscale data
DATA1(n) of the present pixel row. The inner storage unit 310
may be a line buffer, and may store grayscale data of at least
two pixel rows.
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[0063] The coupling capacitance calculating unit 330 cal-
culates the coupling capacitance generated between the pixel
electrode and the common electrode, according to the varia-
tion between the grayscale data DATA1(»-1) of the previous
pixel row and the grayscale data DATA1(%) of the present
pixel row.

[0064] For example, the coupling capacitance calculating
unit 330 may calculate the coupling capacitance, in response
to the inversing signal of the first timing controlling signal
TCONT1.

[0065] The coupling capacitance calculating unit 330
includes a one-dimensional look-up table (1D LUT) to which
digital data corresponding to the data voltage are mapped
corresponding to the grayscale data.

[0066] The one-dimensional look-up table (1D LUT) con-
verts the grayscale data such that the coupling capacitance
calculating unit 330 linearly calculates the coupling capaci-
tance. Grayscale data used in the timing controller 210 are
digital signals, and the data voltage outputted from the data
driving part and applied to the pixel electrodes, is an analog
signal.

[0067] Accordingly, to calculate a coupling capacitance
generated when the grayscale data are actually applied to the
pixel electrode as the data voltage, the grayscale data are
converted to digital data corresponding to the data voltage.
[0068] The coupling capacitance calculating unit 330 adds
values resulting from subtracting the grayscale data DATA1
(n-1) of the previous pixel row from the grayscale data
DATAI1(n) of the present pixel row in each of the data lines.
[0069] Forexample, as shown in FIG. 3, the grayscale data
DATA1(n) of the present pixel row connected to a first data
line DL1 is converted into digital data corresponding to the
data voltage, and the converted digital data value is 500. The
grayscale data DATA1(n-1) of the previous pixel row con-
nected to the first data line DL1 is converted as the digital data
corresponding to the data voltage, and the converted digital
data value is 800. Accordingly, the coupling capacitance gen-
erated in the first data line DL1 is =300, which is the result of
the subtraction of 800 from 500.

[0070] Similarly, the coupling capacitance calculating unit
330 calculates coupling capacitances respectively generated
in the data lines DL1, DL2, DL3, . . . DLi. The coupling
capacitance calculating unit 330 calculates the sum of the
coupling capacitances. The sum of the coupling capacitances
is then divided by the amount of the data lines DL1, DL2,
DL3, ... DLi, and multiplied by a coupling constant, so that
a coupling capacitance Cc may be calculated.

[0071] Forexample, when the display apparatus isa HDTV
having 1920x1080 pixels, the amount of data lines DL.1, DL2,
DL3, ... DLi is 5760, which is the multiplication of 1920
pixels by 3 sub-pixels for the red, green and blue sub-pixel
colors per pixel. The coupling constant transforms the cou-
pling capacitance calculated from the digital data to an actual
coupling capacitance.

[0072] The data adjusting unit 350 outputs compensated
grayscale data DATA2(n) of the grayscale data DATA1(») of
the present pixel row to compensate for the coupling capaci-
tance Cc calculated in the coupling capacitance calculating
unit 330.

[0073] The data adjusting unit 350 may include a two-
dimensional look-up table (2D LUT) to which adjusted data
of an n-th pixel row, corresponding to the coupling capaci-
tance Cc and the grayscale data DATA1(#) of the present pixel
row, are mapped. The adjusted data compensates the gray-
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scale data DATA1(n) of the present pixel row to compensate
for the coupling capacitance Cc. The adjusted data are calcu-
lated according to the coupling capacitance Cc in advance,
and are stored. The adjusted data may be greater than 0.
[0074] For example, as shown in FIG. 4, the coupling
capacitance Cc is scaled as 9 bits, and is arranged in rows of
the mapping, and the grayscale data DATA1(#) of the present
pixel row is arranged in columns of the mapping.

[0075] For example, when the coupling capacitance Cc is
“A”, and the grayscale data DATA1(n) of the present pixel
row is “B”, “C” mapped corresponding to the “A” and “B” is
adjusted data of the grayscale data DATA1(%) of the present
pixel row.

[0076] The data adjusting unit 350 outputs the compen-
sated grayscale data DATA2(r) of the grayscale data DATA1
() of the present pixel row calculated by subtracting the
adjusted data from the grayscale data DATA1(z) of the
present pixel row or by adding the adjusted data to the gray-
scale data DATA1(n) of the present pixel row.

[0077] For example, when the coupling capacitance Cc has
a positive polarity, the data adjusting unit 350 may output the
compensated grayscale data DATA2(#) of the grayscale data
DATA1(n) of the present pixel row calculated by subtracting
the adjusted data from the grayscale data DATA1(») of the
present pixel row. Alternatively, when the coupling capaci-
tance Cc has a negative polarity, the data adjusting unit 350
may output the compensated grayscale data DATA2(r) of the
grayscale data DATA1(z) of the present pixel row calculated
by adding the adjusted data to the grayscale data DATA1(») of
the present pixel row.

[0078] Thedataadjusting unit 350 provides the data driving
part 230 with the compensated grayscale data DATA2(r) of
the present pixel row, and the data driving part 230 converts
the compensated grayscale data DATA2(r) of the present
pixel row to the analog data voltage, and then outputs the
analog data voltage to the data lines DL.1, DL.2, DL3,...DLi
to drive the display panel.

[0079] According to the present example embodiment, the
data compensating unit 300 calculates the coupling capaci-
tance, which is generated according to grayscale data varia-
tion between adjacent pixel rows, in advance. Then, the com-
pensating unit 300 compensates the grayscale data applied to
the pixels of the adjacent pixel rows based upon the calculated
coupling capacitance, and outputs the compensated grayscale
data. Accordingly, a deterioration of a display quality such as
reddish, horizontal stripes, crosstalk, and the like, may be
prevented.

[0080] FIG. 5 is a block diagram illustrating a data com-
pensating unit of a display apparatus according to an example
embodiment of the present invention.

[0081] Referring to FIG. 5, the data compensating unit 301
of the display apparatus according to the present example
embodiment is substantially the same as the compensating
unit 300 of FIG. 2, except that the data compensating unit 301
further includes a bypass unit 370. Accordingly, the same
reference numerals will be used to refer to the same or like
parts as the data compensating unit 300 illustrated in FIG. 2
and any further repetitive explanation concerning the same or
like parts will be omitted.

[0082] The data compensating unit 301 of the display appa-
ratus includes an inner storage unit 310, a coupling capaci-
tance calculating unit 330, a data adjusting unit 350 and a
bypass unit 370.
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[0083] The inner storage unit 310 stores grayscale data of
the pixel rows. For example, when the data compensating unit
301 compensates grayscale data DATA1(%) of a present pixel
row, the inner storage unit 310 may store grayscale data
DATA1(n-1) of a previous pixel row, and the grayscale data
DATA1(n) of the present pixel row. The inner storage unit 310
may be a line buffer, and may store grayscale data of at least
two pixel rows.

[0084] The coupling capacitance calculating unit 330 cal-
culates the coupling capacitance generated between the pixel
electrode and the common electrode, according to the varia-
tion between the grayscale data DATA1(z-1) of the previous
pixel row and the grayscale data DATA1(#) of the present
pixel row.

[0085] The coupling capacitance calculating unit 330 may
include a one-dimensional look-up table (1D LUT) to which
digital data corresponding to the data voltage are mapped
corresponding to the grayscale data.

[0086] The coupling capacitance calculating unit 330 com-
pares the calculated coupling capacitance Cc to a reference
value, and determines whether or not the grayscale data
DATA1(n) of the present pixel row need to be compensated.
[0087] For example, when the coupling capacitance Cc is
not more than the reference value, the coupling capacitance
calculating unit 330 may determine that compensating the
grayscale data DATA1(») of the present pixel row is unnec-
essary, but when the coupling capacitance Cc is larger than
the reference value, the coupling capacitance calculating unit
330 may determine that compensating the grayscale data
DATA1(r) of the present pixel row is necessary.

[0088] When compensating the grayscale data DATA1(x)
of the present pixel row is determined to be unnecessary, the
coupling capacitance calculating unit 330 may output the
grayscale data DATA1(n) of the present pixel row to the
bypass unit 370.

[0089] Alternatively, when compensating the grayscale
data DATA1(#n) of the present pixel row is determined to be
necessary, the coupling capacitance calculating unit 330 may
output the grayscale data DATA1(%) of the present pixel row
to the data adjusting unit 350.

[0090] The data adjusting unit 350 outputs compensated
grayscale data DATA2(n) of the grayscale data DATA1(») of
the present pixel row to compensate for the coupling capaci-
tance Cc calculated in the coupling capacitance calculating
unit 330.

[0091] The data adjusting unit 350 may include a two-
dimensional look-up table (2D LUT) to which adjusted data
of an n-th pixel row, corresponding to the coupling capaci-
tance Cc and the grayscale data DATA1(7) of the present pixel
row, are mapped.

[0092] The adjusted data compensates the grayscale data
DATA1(n) of the present pixel row to compensate for the
coupling capacitance Cc. The adjusted data are calculated
according to the coupling capacitance Cc in advance, and are
stored. The adjusted data may be larger than 0.

[0093] The data adjusting unit 350 outputs the compen-
sated grayscale data DATA2(n) of the grayscale data DATA1
(n) of the present pixel row calculated by subtracting the
adjusted data from the grayscale data DATA1(r) of the
present pixel row, or by adding the adjusted data to the gray-
scale data DATA1(») of the present pixel row.

[0094] For example, when the coupling capacitance Cc has
a positive polarity, the data adjusting unit 350 may output the
compensated grayscale data DATA2(n) of the grayscale data
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DATA1(n) of the present pixel row calculated by subtracting
the adjusted data from the grayscale data DATA1(») of the
present pixel row. Alternatively, when the coupling capaci-
tance Cc has a negative polarity, the data adjusting unit 350
may output the compensated grayscale data DATA2(n) of the
grayscale data DATA1(%) of the present pixel row calculated
by adding the adjusted data to the grayscale data DATA1(») of
the present pixel row.

[0095] When the coupling capacitance Cc calculated in the
coupling capacitance calculating unit 330 is too small to
affect a display quality, the bypass unit 370 omits compen-
sating the grayscale data DATA1(#) of the present pixel row.
[0096] When compensating the grayscale data DATA1(r)
of the present pixel row is determined to be unnecessary, the
coupling capacitance calculating unit 330 outputs the gray-
scale data DATA1(n) of the present pixel row to the bypass
unit 370.

[0097] The bypass unit 370 may directly output the gray-
scale data DATA1(r) of the present pixel row to the data
driving part 230. Alternatively, the bypass unit 370 may set up
the adjusted data of the grayscale data DATA1(%) of the
present pixel row to be a bypass value, for example, 0. In this
case, the compensated grayscale data DATA2(z) of the
present pixel row may be substantially same as the grayscale
data DATA1(n) of the present pixel row.

[0098] According to the present example embodiment, the
data compensating unit 301 includes the bypass unit 370
omitting compensating grayscale data when compensating
the coupling capacitance is unnecessary, so that the coupling
capacitance is efficiently compensated.

[0099] FIG. 6 is a block diagram illustrating a data com-
pensating unit of a display apparatus according to an example
embodiment of the present invention.

[0100] Referring to FIG. 6, the data compensating unit 303
of the display apparatus according to the present example
embodiment is substantially the same as the compensating
unit 300 of FIG. 2, except that compensated grayscale data are
fed back to a coupling capacitance calculating unit. Accord-
ingly, the same reference numerals will be used to refer to the
same or like parts as the data compensating unit 300 illus-
trated in FIG. 2 and any further repetitive explanation con-
cerning the same or like parts will be omitted.

[0101] The compensating unit 303 of the display apparatus
according to the present example embodiment includes an
inner storage unit 310, a coupling capacitance calculating unit
330 and a data adjusting unit 350.

[0102] The inner storage unit 310 stores grayscale data of
the pixel rows. For example, when the data compensating unit
303 compensates grayscale data DATA1(%) of a present pixel
row, the inner storage unit 310 may store grayscale data
DATA1(n-1) of a previous pixel row and the grayscale data
DATA1(n) of the present pixel row. The inner storage unit 310
may be a line buffer, and may store grayscale data of at least
two pixel rows.

[0103] The coupling capacitance calculating unit 330 cal-
culates the coupling capacitance generated between the pixel
electrode and the common electrode, according to the varia-
tion between the grayscale data DATA1(n-1) of the previous
pixel row and the grayscale data DATA1(n) of the present
pixel row.

[0104] The coupling capacitance calculating unit 330 may
include a one-dimensional look-up table (1D LUT) to which
digital data corresponding to the data voltage are mapped
corresponding to the grayscale data.
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[0105] The data adjusting unit 350 outputs compensated
grayscale data DATA2(n) of the grayscale data DATA1(») of
the present pixel row to compensate for the coupling capaci-
tance Cc calculated in the coupling capacitance calculating
unit 330.

[0106] The data adjusting unit 350 may include a two-
dimensional look-up table (2D LUT) to which adjusted data
of an n-th pixel row, corresponding to the coupling capaci-
tance Cc and the grayscale data DATA1(%) of the present pixel
row, are mapped.

[0107] The adjusted data compensates the grayscale data
DATA1(n) of the present pixel row to compensate for the
coupling capacitance Cc. The adjusted data are calculated
according to the coupling capacitance Cc in advance, and are
stored. The adjusted data may be larger than 0.

[0108] The data adjusting unit 350 outputs the compen-
sated grayscale data DATA2(n) of the grayscale data DATA1
(n) of the present pixel row calculated by subtracting the
adjusted data from the grayscale data DATA1(r) of the
present pixel row, or by adding the adjusted data to the gray-
scale data DATA1(») of the present pixel row.

[0109] Forexample, when the coupling capacitance Cc has
a positive polarity, the data adjusting unit 350 may output the
compensated grayscale data DATA2(n) of the grayscale data
DATA1(n) of the present pixel row calculated by subtracting
the adjusted data from the grayscale data DATA1(n) of the
present pixel row. Alternatively, when the coupling capaci-
tance Cc has a negative polarity, the data adjusting unit 350
may output the compensated grayscale data DATA2(z) of the
grayscale data DATA1(n) of the present pixel row calculated
by adding the adjusted data to the grayscale data DATA1(») of
the present pixel row.

[0110] The data adjusting unit 350 feeds the compensated
grayscale data DATA2(n) of the present pixel row back to the
coupling capacitance calculating unit 330. The coupling
capacitance calculating unit 330 recalculates the coupling
capacitance according to the variation between the grayscale
data DATA1(n-1) of the previous pixel row and the compen-
sated grayscale data DATA2(») of the present pixel row.
[0111] The coupling capacitance, which is actually gener-
ated in the display panel 100, may be changed according to
the compensated grayscale data DATA2(r) of the present
pixel row calculated from the grayscale data DATA1(») of the
present pixel row. Accordingly, an error may be decreased by
recalculating the coupling capacitance based upon the com-
pensated grayscale data DATA2(r) of the present pixel row.
[0112] A feedback into the coupling capacitance calculat-
ing unit 330, and recalculating the coupling capacitance may
be repeated. For example, the amount of the feedback and
recalculating may be as many as the amount of added line
buffers used for the inner storage unit 310. For example, when
the amount of the line buffers is two, one feedback may be
possible, and when the amount of the line buffers is three, two
feedbacks may be possible.

[0113] According to the present example embodiment, the
compensated grayscale data DATA2(») of the present pixel
row are fed back to the coupling capacitance calculating unit
330 and the coupling capacitance is recalculated, so that an
error may be decreased.

[0114] FIGS.7 and 8 are flow charts illustrating a method of
driving a display panel described in FIG. 1.

[0115] Referring to FIGS. 7 and 8, a method of driving the
display panel displaying an image is explained. The display
panel includes an array substrate, an opposing substrate fac-
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ing the array substrate, and a liquid crystal layer disposed
between the array substrate and the opposing substrate. The
array substrate includes data lines DL1, D12, DL3, ... DLi
and gate lines GL1, GL2, GL3, . . . GLm crossing the data
lines DL1,DL2,DL3, ... DLi, and aplurality of pixels P1, P2,
P3, . . . electrically connected to the data lines DL1, DL2,
DL3, ... DLi and the gate lines GL1, GL2, GL3, ... GLm
respectively and arranged in a matrix shape. The opposing
substrate includes common electrodes facing the pixels P1,
P2,P3,....

[0116] Referring to FIGS. 7 and 8, the data compensating
unit 300 of the timing controller 210 calculates a coupling
capacitance, which is generated according to a grayscale data
variation between adjacent pixel rows in advance. Then, the
compensating unit 300 compensates grayscale data applied to
the pixels of the adjacent pixel rows based upon the calculated
coupling capacitance, and outputs the compensated grayscale
data (STEP S100).

[0117] For example, the inner storage unit 310 stores gray-
scale data of the pixel rows (STEP S110). When grayscale
data of a present pixel row is compensated, the inner storage
unit 310 may store grayscale data DATA1(n-1) of a previous
pixel row and the grayscale data DATA1(») of the present
pixel row. The inner storage unit 310 may be a line buffer, and
may store grayscale data of at least two pixel rows.

[0118] The coupling capacitance calculating unit 330 cal-
culates the coupling capacitance generated between the pixel
electrode and the common electrode, according to the varia-
tion between the grayscale data DATA1(»-1) of the previous
pixel row and the grayscale data DATA1(r) of the present
pixel row (STEP S130).

[0119] For example, the coupling capacitance calculating
unit 330 may calculate the coupling capacitance, in response
to the inversing signal of the first timing controlling signal
TCONT1.

[0120] The coupling capacitance calculating unit 330 may
include a one-dimensional look-up table (1D LUT) to which
digital data corresponding to the data voltage are mapped
corresponding to the grayscale data.

[0121] The one-dimensional look-up table (1D LUT) con-
verts the grayscale data so that the coupling capacitance cal-
culating unit 330 linearly calculates the coupling capacitance.
Grayscale data used in the timing controller 210 are digital
signals, and the data voltage outputted from the data driving
part and applied to the pixel electrodes is an analog signal.
[0122] Accordingly, to calculate a coupling capacitance
generated when the grayscale data is actually applied to the
pixel electrode as the data voltage, the grayscale data are
converted to digital data corresponding to the data voltage.
[0123] The coupling capacitance calculating unit 330 adds
the resulting values of subtracting the grayscale data DATA1
(n-1) of the previous pixel row from the converted grayscale
data DATA1(n) of the present pixel row in each of the data
lines.

[0124] The coupling capacitance calculating unit 330 cal-
culates coupling capacitances generated in each of the data
lines DL1, DL2, DL3, . . . DLi. Then, the coupling capaci-
tance calculating unit 330 calculates the sum of the coupling
capacitances. The sum of the coupling capacitances is divided
by the amount of the data lines DL1, DL.2, DL3, . .. DLi and
multiplied by a coupling constant, so that a coupling capaci-
tance Cc may be calculated.

[0125] Forexample, when the display apparatus isa HDTV
having 1920x1080 pixels, the amount of data lines DL.1, DL2,
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DL3, ... DLi may be 5760, which is the multiplication of
1920 by 3. The coupling constant transforms the coupling
capacitance calculated from the digital data to an actual cou-
pling capacitance.

[0126] The data adjusting unit 350 outputs compensated
grayscale data DATA2(n) of the grayscale data DATA1(») of
the present pixel row to compensate for the coupling capaci-
tance Cc calculated in the coupling capacitance calculating
unit 330 (STEP S150).

[0127] The data adjusting unit 350 may include a two-
dimensional look-up table (2D LUT) to which adjusted data
of an n-th pixel row, corresponding to the coupling capaci-
tance Cc and the grayscale data DATA1(%) of the present pixel
row, are mapped.

[0128] The adjusted data compensates the grayscale data
DATA1(n) of the present pixel row to compensate for the
coupling capacitance Cc. The adjusted data are calculated
according to the coupling capacitance Cc in advance, and are
stored. The adjusted data may be larger than 0.

[0129] The data adjusting unit 350 outputs the compen-
sated grayscale data DATA2(n) of the grayscale data DATA1
() of the present pixel row calculated by subtracting the
adjusted data from the grayscale data DATA1(z) of the
present pixel row, or by adding the adjusted data to the gray-
scale data DATA1(») of the present pixel row.

[0130] Forexample, when the coupling capacitance Cc has
a positive polarity, the data adjusting unit 350 may output the
compensated grayscale data DATA2(n) of the grayscale data
DATA1(r) of the present pixel row calculated by subtracting
the adjusted data from the grayscale data DATA1(n) of the
present pixel row. Alternatively, when the coupling capaci-
tance Cc has a negative polarity, the data adjusting unit 350
may output the compensated grayscale data DATA2(») of the
grayscale data DATA1(n) of the present pixel row calculated
by adding the adjusted data to the grayscale data DATA1(») of
the present pixel row.

[0131] The coupling capacitance calculating unit 330 com-
pares the calculated coupling capacitance Cc to a reference
value, and determines whether or not the grayscale data
DATA1(n) of the present pixel row needs to be compensated.
When the coupling capacitance is not more than the reference
value and thus the grayscale data DATA1(%) of the present
pixel row is unnecessary to be compensated, the coupling
capacitance calculating unit 330 may output the grayscale
data DATA1(r) of the present pixel row to the bypass unit 370.

[0132] The bypass unit 370 may directly output the gray-
scale data DATA1(n) of the present pixel row to the data
driving part 230. Alternatively, the bypass unit 370 may set up
the adjusted data of the grayscale data DATA1(r) of the
present pixel row to be a bypass value, for example, 0. In this
case, the compensated grayscale data DATA2(n) of the
present pixel row may be substantially same as the grayscale
data DATA1(n) of the present pixel row.

[0133] The data adjusting unit 350 feeds the compensated
grayscale data DATA2(n) of the present pixel row back to the
coupling capacitance calculating unit 330 (STEP 170). The
coupling capacitance calculating unit 330 recalculates the
coupling capacitance according to a variation between the
grayscale data DATA1(rz-1) of the previous pixel row and the
compensated grayscale data DATA2(») of the present pixel
row.

[0134] The coupling capacitance, which is actually gener-
ated in the display panel 100, may be changed according to
the compensated grayscale data DATA2(n) of the present
pixel row calculated from the grayscale data DATA1(n) of the
present pixel row. Accordingly, an error may be decreased by
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recalculating the coupling capacitance based upon the com-
pensated grayscale data DATA2(n) of the present pixel row.

[0135] A feedback into the coupling capacitance calculat-
ing unit 330, and recalculating the coupling capacitance may
be repeated. For example, the amount of the feedback and
recalculating may be as many as the amount of added line
buffers used for the inner storage unit 310. For example, when
the amount of the line buffers is two, one feedback may be
possible, and when the amount of the line buffers is three, two
feedbacks may be possible.

[0136] The data driving part 230 converts a data signal
provided from the timing controller 210 to an analog data
voltage, and outputs the analog data voltage to the data lines
DL1,DL2, DL3, ... DLi (STEP S300).

[0137] The gate driving part 250 generates a plurality of
gate signals under the control of the timing controller 210,
and sequentially provides the gate signals to the gate lines
GL1,GL2, GL3, ... GLm (STEP S500).

[0138] According to the present example embodiment,
compensated grayscale data, which compensate for the cou-
pling capacitance generated between a pixel electrode and a
common electrode, are provided to a data driving part, so that
a display quality of a display apparatus may be enhanced. In
addition, the data compensating unit includes the bypass unit
370 omitting compensating grayscale data when compensat-
ing the coupling capacitance is unnecessary, so that the cou-
pling capacitance is efficiently compensated. Furthermore,
the compensated grayscale data of the present pixel row are
fed back to the coupling capacitance calculating unit 330 and
the coupling capacitance is recalculated, so that an error may
be decreased.

[0139] According to the above example embodiments, the
data compensating unit calculates a coupling capacitance,
which is generated with respect to grayscale data variation
between adjacent pixel rows, in advance. Then, the compen-
sating unit 300 compensates grayscale data applied to the
pixels of the adjacent pixel rows based upon the calculated
coupling capacitance, and outputs the compensated grayscale
data. Accordingly, the coupling capacitance is removed, so
that a deterioration of a display quality such as reddishness,
horizontal stripes, crosstalk, etc may be prevented.

[0140] The foregoing is illustrative of the present invention
and is not to be construed as limiting thereof. Although prac-
tical example embodiments of the present invention have
been described, those skilled in the art will readily appreciate
that many modifications are possible in the example embodi-
ments without materially departing from the novel teachings
and advantages of the present invention. Therefore, it is to be
understood that modifications to the disclosed example
embodiments, as well as other example embodiments, are
intended to be included within the scope of the appended
claims.

What is claimed is:
1. A method of driving a display panel for displaying an
image, the display panel comprising a first substrate, a second
substrate and a liquid crystal layer disposed between the first
substrate and the second substrate, the first substrate compris-
ing data lines, gate lines crossing the data lines and a plurality
of pixels electrically connected to the data lines and to the
gate lines, the second substrate comprising a common elec-
trode facing the pixels, the method comprising:
outputting compensated grayscale data for an n-th pixel
row based upon a grayscale data variation between an
(n-1)-th pixel row and the n-th pixel row;

converting the compensated grayscale data to an analog
data voltage to output the analog data voltage to the data
lines; and



US 2012/0249620 Al

outputting a gate signal through the gate lines to provide

the gate signal to the display panel.

2. The method of claim 1, wherein outputting compensated
grayscale data in the n-th pixel row comprises:

storing grayscale data for the (n—1)-th pixel row and the

grayscale data for the n-th pixel row;

calculating a coupling capacitance generated between the

pixels and the common electrode based upon the gray-
scale data variation between the (n-1)-th pixel row and
the n-th pixel row; and

outputting the compensated grayscale data in the n-th pixel

row based upon the coupling capacitance.
3. The method of claim 2, wherein calculating the coupling
capacitance comprises:
outputting digital data respectively corresponding to ana-
log data voltages of the grayscale data in the (n—1)-th
and n-th pixel rows based upon a one-dimensional look-
up table to which the digital data corresponding to the
analog data voltages of the grayscale data are mapped,

calculating a sum of the coupling capacitances by sum-
ming values of a result from subtracting the digital data
of'the (n-1)-th pixel row from the digital data of the n-th
pixel row in each of the data lines; and

dividing the sum by the amount of the data lines and mul-

tiplying the divided value by a coupling constant.

4. The method of claim 3, wherein outputting the compen-
sated grayscale data in the n-th pixel row comprises:

outputting adjusted data of the n-th pixel row based upon a

two-dimensional look-up table to which the adjusted
data of the n-th pixel row corresponding to the coupling
capacitance and the grayscale data of the n-th pixel row
are mapped; and

calculating the compensated grayscale data of the n-th

pixel row by subtracting the adjusted data from the gray-
scale data of the n-th pixel row or by adding the adjusted
data to the grayscale data of the n-th pixel row.

5. The method of claim 4, wherein calculating the compen-
sated grayscale data of the n-th pixel row further comprises
subtracting the adjusted data from the grayscale data of the
n-th pixel row when the coupling capacitance has a positive
polarity, and by adding the adjusted data to the grayscale data
of the n-th pixel row when the coupling capacitance has a
negative polarity.

6. The method of claim 4, wherein outputting the compen-
sated grayscale data in the n-th pixel row further comprises
outputting the adjusted data of the n-th pixel row as a bypass
value when the coupling capacitance is not more than a ref-
erence value.

7. The method of claim 3, wherein outputting the compen-
sated grayscale data in the n-th pixel row further comprises
recalculating the coupling capacitance based upon a feeding
back of the compensated grayscale data of the n-th pixel row.

8. The method of claim 7, wherein feeding back the com-
pensated grayscale data of the n-th pixel row and recalculat-
ing the coupling capacitance are repeated.

9. A display apparatus comprising:

adisplay panel configured to display an image comprising:

a first substrate,

a second substrate, and

aliquid crystal layer disposed between the first substrate
and the second substrate,

wherein the first substrate comprises data lines, gate
lines crossing the data lines and a plurality of pixels,
the pixels being electrically connected to the data and
gate lines and being arranged in a matrix shape, the
second substrate comprising a common electrode fac-
ing the pixels;
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a timing controller comprising a data compensating unit,
the data compensating unit outputting compensated
grayscale data in an n-th pixel row based upon a gray-
scale data variation between an (n—1)-th pixel row and
the n-th pixel row;

a data driving part converting the compensated grayscale
data to an analog data voltage, and outputting the analog
data voltage to the data lines; and

a gate driving part outputting a gate signal to the gate lines.

10. The display apparatus of claim 9, wherein the data
compensating unit comprises:

an inner storage unit configured to store the grayscale data
of the (n-1)-th pixel row and the grayscale data of the
n-th pixel row;

a coupling capacitance calculating unit configured to cal-
culate coupling capacitance generated between the pix-
els and the common electrode based upon the grayscale
data variation between the (n-1)-th pixel row and the
n-th pixel row; and

a data adjusting unit configured to output compensated
grayscale data of the n-th pixel row based upon the
coupling capacitance.

11. The display apparatus of claim 10, wherein the cou-
pling capacitance calculating unit comprises a one-dimen-
sional look-up table to which the digital data respectively
corresponding to the analog data voltages of the grayscale
data in the (n-1)-th and n-th pixel rows are mapped.

12. The display apparatus of claim 11, wherein the cou-
pling capacitance calculating unit calculates the coupling
capacitance by summing values resulting from subtracting
the digital data of the (n-1)-th pixel row from the digital data
of the n-th pixel row in each of the data lines, and by dividing
the sum by the amount of the data lines and multiplying the
divided value by a coupling constant.

13. The display apparatus of claim 12, wherein the data
adjusting unit comprises a two-dimensional look-up table to
which the adjusted data of the n-th pixel row corresponding to
the coupling capacitance and the grayscale data of the n-th
pixel row are mapped.

14. The display apparatus of claim 13, wherein the data
adjusting unit calculates the compensated grayscale data of
the n-th pixel row by subtracting the adjusted data from the
grayscale data of the n-th pixel row or by adding the adjusted
data to the grayscale data of the n-th pixel row.

15. The display apparatus of claim 14, wherein the data
adjusting unit calculates the compensated grayscale data of
the n-th pixel row,

by subtracting the adjusted data from the grayscale data of
the n-th pixel row, when the coupling capacitance has a
positive polarity, and

by adding the adjusted data to the grayscale data of the n-th
pixel row, when the coupling capacitance has a negative
polarity.

16. The display apparatus of claim 10, wherein the data
adjusting unit feeds the compensated grayscale data of the
n-th pixel row back to the coupling capacitance calculating
unit and recalculates the coupling capacitance based upon the
compensated grayscale data of the n-th pixel row.

17. The display apparatus of claim 16, wherein the inner
storage unit is a line buffer, and calculating the coupling
capacitance is repeated as many as the amount of line buffers.

18. The display apparatus of claim 10, wherein the data
compensating unit further comprises a bypass unit configured
to directly output the grayscale data of the n-th pixel row to
the data driving part when the coupling capacitance is not
more than a reference value.
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19. The display apparatus of claim 9, wherein pixels of the determining a coupling capacitance between pixel elec-
(n—1)-th pixel row are electrically connected to first sides of trodes to which grayscale data is applied and a common
the data lines, and pixels of the n-th pixel row are electrically electrode facing the pixel electrodes, based upon gray-
connected to second sides of the data lines, respectively. scale data variations between the pixel electrodes of a

20. The display apparatus of claim 9, wherein the pixels n-th pixel row and the common electrode and between
comprise red pixels, green pixels, blue pixels and white pix- pixel electrodes of a (n—1)-th pixel row and the common
els. electrode; and

21. A method for preventing distortion of a common volt- adjusting the grayscale data to be applied to the n-th pixel
age applied to a common electrode of a liquid crystal display row based upon the coupling capacitance.

panel having a plurality of pixel rows, the method compris-

ing: s * * #* ck
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