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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

[0001] Thepresentapplication claims the priority benefit of
Korean Patent Application No. 10-2012-0108873 filed in the
Republic of Korea on Sep. 28, 2012, which is hereby incor-
porated by reference in their entirety.

BACKGROUND
[0002] 1. Field of the Disclosure
[0003] The present disclosure relates to a liquid crystal

display device, and more particularly. to a liquid crystal dis-
play device and a method of driving the same.

[0004] 2. Discussion of the Related Art

[0005] With the development of information society,
demands for display devices for displaying images are
increasing in various forms. In order to meet the demands,
various flat display devices, such as a liquid crystal display
(LCD), a plasma display panel (PDP), and an electro lumi-
nescent display (ELD), have been developed and used.
[0006] Among the flat display devices, the liquid crystal
display device has been widely used since it can be manufac-
tured as a slim, thin, light-weighted display having low power
consumption.

[0007] Nowadays, an active matrix type liquid crystal dis-
play device is widely used in which a switching transistor is
formed in each of pixels arranged in a matrix form.

[0008] The liquid crystal display device is driven generally
by an inversion driving method in order to prevent DC stress
from being generated in liquid crystal. Among various inver-
sion driving methods, a dot inversion method of inverting
polarity in units of pixel, and a line inversion method of
inverting polarity in units of row line are generally used.
[0009] If a liquid crystal display device is driven by an
inversion driving method, the polarity of a data voltage
charged to entire data lines may change every horizontal
period. Meanwhile, parasitic capacitance is generated
between common lines and data lines due to coupling.
[0010] Accordingly, if the data voltage changes every hori-
zontal period, common voltage ripples are caused in which a
common voltage changes every horizontal period. Particu-
larly, the common voltage ripples are significant when the
line inversion method in which polarity is inverted in units of
row line, is used.

[0011] Thecommon voltage ripples cause the deterioration
of image quality, such as crosstalk or smear.

[0012] In order to minimize the deterioration of image
quality, a method of receiving a common voltage fed back
from a liquid crystal panel and using an inverting OP ampli-
fier to output a voltage that is opposite to a common voltage
ripple component to thereby compensate for the common
voltage, has been proposed.

[0013] However, the method does not supply a sufficient,
inverted voltage at a gate voltage off timing at which the
deterioration of image quality occurs, and accordingly the
method has failed to fundamentally eliminate the cause of
image quality deterioration.

SUMMARY OF THE INVENTION

[0014] Accordingly, the present invention is directed to a
display device that substantially obviates one or more of the
problems due to limitations and disadvantages of the related
art.

Apr. 3,2014

[0015] An object of the present disclosure is to provide a
method capable of effectively improving the detetioration of
image quality due to common voltage ripples.

[0016] 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. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0017] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, there is provided a driving
method of a liquid crystal display device that is driven by an
inversion method, including: calculating a total sum of
changed amounts of data voltages between an (n—-1)-th row
line and an n-th row line, using image data of the (n—1)-th row
line and image data of the n-th row line; generating common
voltage data according to the total sum of the changed
amounts of the data voltages; compensating for the common
voltage data using a characteristic parameter of a liquid crys-
tal panel; and generating a common voltage according to the
compensated common voltage data, and outputting the com-
mon voltage to the liquid crystal panel.

[0018] In another aspect, there is provided a liquid crystal
display device which is driven by an inversion method,
including: an operation block configured to calculate a total
sum of changed amounts of data voltages between an (n-1)-th
row line and an n-th row line, using image data of the (n-1)-th
and n-th row lines, to generate common voltage data accord-
ing to the total sum of the changed amounts of the data
voltages, and to compensate for the common voltage data
using a characteristic parameter of a liquid crystal panel; a
characteristic parameter block configured to supply the char-
acteristic parameter to the operation block; and a common
voltage generator configured to generate a common voltage
according to the compensated common voltage data, and to
output the common voltage to the liquid crystal panel.
[0019] Itisto be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In
the drawings:

[0021] FIG. 1 is a block diagram schematically showing a
liquid crystal display device according to an embodiment of
the present invention;

[0022] FIG. 2 is a circuit diagram schematically showing
each pixel of the liquid crystal display device, according to an
embodiment of the present invention,

[0023] FIG. 3 is a block diagram schematically showing a
common voltage unit according to an embodiment of the
present invention;

[0024] FIG. 4 shows the case where a specific pattern of
image is displayed on a liquid crystal panel that is driven by a
line inversion method;

[0025] FIG. 5 is waveform diagrams of image data for
representing the specific pattern of image of FIG. 4, an esti-
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mated common voltage ripple, and a common voltage output
to compensate for the common voltage ripple; and

[0026] FIG. 6 is a flowchart illustrating a method of gener-
ating a common voltage, according to an embodiment of the
present invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0027] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0028] FIG. 1is a block diagram schematically showing a
liquid crystal display device 100 according to an embodiment
of the present invention, FIG. 2 is a circuit diagram schemati-
cally showing each pixel of the liquid crystal display device
100, according to an embodiment of the present invention,
and F1G. 3 is a block diagram schematically showing a com-
mon voltage unit according to an embodiment of the present
invention.

[0029] Referring to FIGS. 1, 2, and 3, the liquid crystal
display device 100 may include a liquid panel 110, a driving
circuit, and a backlight unit 150.

[0030] The liquid crystal panel 110 includes an array sub-
strate, an opposite substrate facing the array substrate, and a
liquid crystal layer, wherein the opposite substrate may be a
color filter substrate.

[0031] In the liquid crystal panel 110, a display area and a
non-display area surrounding the display area are defined. In
the display area, a plurality of pixels P are arranged ina matrix
form to display an image.

[0032] Inthearray substrate of the liquid crystal panel 110,
aplurality of gate lines GL are arranged in a first direction, for
example, in a row line direction, and a plurality of data lines
DL are arranged in a second direction crossing the first direc-
tion, for example, in a column line direction.

[0033] Meanwhile, in the non-display area portion neigh-
boring at least one side of the display area of the array sub-
strate, a common supply line CSL may be formed. Also, a
plurality of common lines CT, may be connected to the com-
mon supply line CSL and extend across the display area. The
individual common lines CL are arranged in parallel to the
gate lines GL while being spaced apart from the individual
gate lines GL. A common voltage Vcom input to the liquid
crystal panel 110 may be transferred to the pixels Ppositioned
on the display area through the common supply line CSL and
the common lines CL.

[0034] The gate lines GL and the data lines DL are con-
nected to the corresponding pixels P. The pixels P may
include red (R) pixels for representing a red color, green (G)
pixels for representing a green color, and blue (B) pixels for
representing a blue color. For example, the R, G, and B pixels
may be arranged alternately in the row line direction, and
consecutive R, G, and B pixels may function as a unit for
image representation.

[0035] Each pixel P includes a switching transistor T con-
nected to a gate line G and a data line DL, and a liquid crystal
capacitor Clc connected to the switching transistor T. The
liquid crystal capacitor Clc is composed of a pixel electrode,
a common electrode, and a liquid crystal layer interposed
between the pixel electrode and the common electrode.
[0036] Also, the pixel P may include a storage capacitor Cst
for storing a data voltage applied to the liquid crystal capaci-
tor Cle.
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[0037] The switching transistor T is turned on according to
a gate voltage applied through the gate line GL, and when the
switching transistor T is turned on, a data voltage is applied to
the pixel P through the data line DL. As such, theliquid crystal
of the pixel P is driven according to an electric field generated
by the data voltage and the common voltage Vcom applied to
the common electrode, thereby displaying an image.

[0038] Theliquid panel 110 as described above is driven by
an inversion method. For example, the liquid panel 110 may
be driven by various inversion methods, such as a dot inver-
sion method, a line inversion method, a Z inversion method,
etc.

[0039] In regard of the Z inversion method, pixels P are
arranged alternately at both sides of each data line in units of
arow line in the extending direction of the data line DL. In this
structure, the same polarity of signal is applied to each data
line DL for a frame, and the polarity of signal changes every
frame, so that a polarity pattern such as dot inversion may
appear on the entire liquid panel 110.

[0040] The driving circuit for driving the liquid crystal
panel 110 may include a data driver 120, a gate driver 130, a
timing controller 140, and a common voltage unit 200 (see
FIG. 3).

[0041] The timing controller 140 may receive an external
timing signal, such as a vertical/horizontal synchronization
signal, a data enable signal, a dot clock, etc., from an external
system, through an interface, such as a Low Voltage Differ-
ential Signaling (LVDS) interface, a Transition Minimized
Differential Signaling (TMDS) interface, etc.

[0042] Thetiming controller 140 may use the timing signal
to generate a data control signal for controlling the data driver
120, and a gate control signal for controlling the gate driver
130.

[0043] The data control signal may include a source start
pulse, a source sampling clock, a polarity control signal, a
source output enable signal, etc. Also, the gate control signal
may include a gate start pulse, a gate shift clock, a gate output
enable signal, etc.

[0044] Meanwhile, the timing controller 140 receives
image data D from the external system, processes the image
data D, and supplies the results of the processing to the data
driver 120.

[0045] The data driver 120 may be configured with at least
one driving IC. The driving IC may be connected to the liquid
crystal panel 110 through a Chip On Glass (COG) process or
a Chip On Film (COF) process, etc., and connected to the
corresponding data line DL.

[0046] The data driver 120 receives digital image data D
and a data control signal output from the timing controller
140, and outputs an analog data voltage to the corresponding
data line DL in response to the digital image data D and the
data control signal. For example, the data driver 120 may
convert received image data into image data in parallel form
according to a data control signal, then converts the image
data in parallel form into a positive/negative data voltage, and
outputs the positive/negative data voltage to the correspond-
ing data line DL.

[0047] Thebacklight unit 150 functions as a light source of
the liquid crystal panel 110. Various kinds of light sources
may be used as the backlight unit 150. For example, the
backlight unit 150 may be a cold cathode fluorescent lamp
(CCFL), an external electrode fluorescent lamp (EEFL), a
light-emitting diode (LED), etc.



US 2014/0092077 A1l

[0048] The common voltage unit 200 generates the com-
mon voltage Veom, and supplies the common voltage Vcom
to the liquid crystal panel 110. The common voltage Vcom is
supplied to the pixels P through the common supply line CSL
and the common lines CL.

[0049] Hereinafter, the common voltage unit 200 will be
described in more detail with reference to FIG. 3.

[0050] The common voltage unit 200 may include a com-
mon voltage data generator 210, a common voltage generator
220, and a signal converter 230.

[0051] The common voltage generator 220 generates a
common voltage Vecom according to common voltage data
DVcom output from the common voltage data generator 210.
The common voltage generator 220 may be configured in a
power supply circuit of the liquid crystal display device 100
(see FIG. 1).

[0052] Signal transfer between the common voltage gen-
erator 220 and the common voltage data generator 210 may
be performed, for example, through 12C communication.
[0053] The signal converter 230 receives a feedback signal
VF ofthe common voltage Veom from the liquid crystal panel
110, that is, an analog feedback voltage VF, and converts the
analog feedback signal VF to a digital feedback signal DF.
That is, the signal converter 230 may be an analog-to-digital
converter (ADC). The digital feedback signal DF is input to
the common voltage data generator 210.

[0054] The common voltage data generator 210 receives
image data D and the feedback signal DF, and generates
common voltage data DVcom based on the image data D and
the feedback signal DF. The common voltage data generator
210 may be configured in the timing controller 140 (see FIG.
1), however, the common voltage data generator 210 may be
configured outside the timing controller 140.

[0055] The common voltage data generator 210 may
include an operation block 211 and a characteristic parameter
block 212.

[0056] The operation block 211 may generate the common
voltage data DVcom using the received image data D and a
characteristic parameter P.

[0057] The operation block 211 may calculate a changed
amount of a data voltage for each data line DL on a current
row line (that is, in a current horizontal period).

[0058] For example, a changed amount of a data voltage on
the n-th row line (thatis, the n-th horizontal period) ofan m-th
data line DL can be calculated by subtracting a voltage of the
(n-1)-th row line from the voltage of the n-th row line.
[0059] Thatis, by subtracting image data (D_m, n-1) of the
(n-1)-th row line from image data (D_m, n) of the n-th row
line with respect to the m-th data line DL, a changed amount
of a data voltage (AD_m, n=D_m, n-D_m, n-1) of the n-th
row line can be calculated.

[0060] Here, the image data D may be image data to which
a gamma voltage and polarity have been reflected.

[0061] The image data D input to the operation block 211
corresponds to gradation-based digital data for representing a
gradation level. The operation block 211 may convert the
received gradation-based image data D into voltage-based
digital data for representing a voltage that is output from a
data line DL.

[0062] Upon the data conversion, gamma correction may
be performed on the received image data D to calculate the
corresponding data voltage value. Also, the corresponding
data voltage value may be set with a polarity according to
inversion driving. For example, if a data voltage that is to be
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output is positive, a positive data voltage value may be set,
and if a data voltage that is to be output is negative, a negative
data voltage value may be set. Thereby, image data for rep-
resenting a voltage that is to be actually output to the data line
DL may be calculated.

[0063] As described above, the operation block 211 calcu-
lates a changed amount of a voltage for each data line DL
using the image data D.

[0064] If the changed amount of the voltage for each data
line DL is calculated, the operation block 211 calculates a
total sum of the changed amounts of voltages for the current
row line. That is, if the liquid crystal panel 110 includes first
through m-th data lines DL, the operation block 211 calcu-
lates a total sum of the changed amounts of voltages for the
n-th row line by calculating AD_n=(AD_1, n+AD_2,
n+AD_3, n+...+AD_M, n).

[0065] Ifthe total sum of the changed amounts of voltages
for the n-th row line is calculated, the ripple component of the
common voltage Vcom may be estimated based on the total
sum of the changed amounts of the voltages.

[0066] Accordingly, the operation block 211 generates
common voltage data DVcom corresponding to an appropri-
ate compensation level so that a common voltage level Vcom
capable of compensating for the estimated ripple component
can be output. Common voltage data according to total sums
of changed amounts of voltages may be stored in the form of
a lookup table.

[0067] The common voltage generator 220 outputs a com-
pensated common voltage Vcom according to the common
voltage data DVcom, thereby eliminating the ripple compo-
nent.

[0068] This operation will be described in more detail with
reference to FIGS. 4 and 5, below. FIG. 4 shows the case
where a specific pattern of image is displayed on a liquid
crystal panel that is driven by a line inversion method, and
FIG. 5 is waveform diagrams of image data for representing
the specific pattern of image of FIG. 4, an estimated common
voltage ripple, and a common voltage output to compensate
for the common voltage ripple.

[0069] FIG. 4 shows a specific pattern of image causing the
deterioration of image quality, such as crosstalk, etc. For
convenience of description, in FIG. 4, the first and second row
lines all represent a 127-th gradation level whichis a halftone,
and the third and fourth row lines represent the 127-th grada-
tion level in their both end portions, and a 255-th gradation
level which is a brightest gradation level in their center por-
tions.

[0070] FIG. 5 shows a common voltage waveform for com-
pensating for a ripple component using a related art inverting
ramp, together with the estimated common voltage ripple and
the common voltage.

[0071] Inthe case of FIG. 4, since the changed amounts of
data voltages on the first and second row lines are not rela-
tively great, the common voltage ripples are also not great.
Particularly, a common voltage of the liquid crystal panel 110
(see FIG. 1), which is estimated at a gate voltage off timing
toffof a row line at which image quality deterioration occurs,
reaches a normal level of common voltage Vcom_n of when
no ripple is substantially generated.

[0072] Accordingly, when the first and second row lines are
driven, a normal level of acommon voltage Vcom_n is output
instead of outputting a compensated common voltage.
[0073] However, according to the related art, since an
inverting lamp is used, a common voltage whose waveform is
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opposite tothat of a ripple component is output even when the
first and second row lines are driven.

[0074] As such, in the related art, even when no image
quality deterioration due to a ripple component occurs since a
changed amount of data voltages is not great, the output of a
common voltage changes according to the characteristic,
which causes unnecessary power consumption. That is, the
present disclosure can reduce consumption power compared
to the related art.

[0075] Meanwhile, since the changed amounts of data volt-
ages on the third and fourth row lines are relatively great,
great common voltage ripples are generated. Particularly, a
common voltage level of theliquid crystal panel 110, which is
estimated at a gate voltage off timing toff at which image
quality deterioration occurs, is deviated from the normal level
of the common voltage Vcom_n. As such, if the ripple com-
ponent does not reach the normal level even at the gate voltage
off timing toff, image quality deterioration occurs.

[0076] In this case, the related art inverting lamp cannot
sufficiently compensate for the ripple component at the gate
voltage off timing toff, since the inverting lamp always out-
puts a voltage whose waveform is opposite to that of a
received ripple component, due to its properties. That is, in
the case where a ripple component exists at the gate voltage
off timing toff, a voltage whose waveform is opposite to that
of the ripple component cannot appropriately compensate for
the ripple component. As a result, in the related art, deterio-
ration of image quality occurs.

[0077] However, according to the present disclosure, by
measuring the changed amounts of data voltages, the degree
of a common voltage ripple that is to be generated can be
estimated in advance. Accordingly, a common voltage level
Veom capable of sufficiently compensating for a ripple com-
ponent that is to be generated can be output. Particularly, a
high common voltage level Vecom capable of compensating
for a ripple component that is generated at a gate voltage off
timing toff, whose polarity is opposite to that of the ripple
component at the gate voltage off timing toff, can be output.
Consequently, by estimating the ripple component at the gate
voltage off timing toff, image quality deterioration can be
improved.

[0078] As described above, according to the present disclo-
sure, by measuring the change amounts of data voltages on a
row line, it is possible to in advance, estimate the degree of a
common voltage ripple that s to be generated. Accordingly, it
is possible to estimate whether a common voltage ripple
component remains at a gate voltage off timing toff at which
image quality deterioration occurs.

[0079] If it is estimated that a common voltage ripple
remains in the gate voltage off timing toff, a common voltage
Vcom changed to a common voltage level capable of suffi-
ciently compensating for the corresponding ripple is output.
Accordingly, the ripple at the gate voltage off timing toff is
eliminated so that image quality deterioration can be
improved.

[0080] Meanwhile, if it is estimated that no common volt-
ageripple remains at the gate voltage off timing toff, a normal
level of a common voltage Vcom_nis output. In this way, it is
possible to reduce power consumption according to the out-
put of a common voltage. However, it is also possible that a
common voltage level for compensating for a ripple compo-
nent at a gate voltage on timing is output when it is estimated
that no common voltage ripple remains at the gate voltage off
timing toff.
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[0081] Meanwhile, the output timing of the common volt-
age Veom may be synchronized with the output timing of the
data voltage. That is, since a changed amount of a data voltage
is calculated for each row line to generate common voltage
data DVcom, a common voltage Vcom can be output in
synchronization with the output timing of a data voltage.
[0082] Also, acommon voltage level on each row line may
be maintained constant. In this case, if a ripple component
needs to be compensated for, the common voltage Vcom
changes to a level that is higher or lower than the normal level
of the common voltage Vcom, so that the resultant common
voltage Veom has the waveform of a square wave. Unlike this,
it is also possible to change a common voltage level of a row
line requiring compensation of a ripple component in various
forms.

[0083] As described above, the operation block 211 (see
FIG. 3) generates the common voltage data DVcom accord-
ing to the changed amount of the data voltage. Also, upon
generation of the common voltage data DVcom, the charac-
teristic parameter P is reflected.

[0084] Liquid crystal panels have deviations in their char-
acteristics, and also have characteristic deviations due to their
locations. Also, when the liquid crystal panel 110 (see FIG. 1)
is driven, the characteristics of the liquid crystal panel 110
may change.

[0085] Accordingly, if a common voltage Veom is gener-
ated depending on the changed amount of a data voltage, there
may be the case where a ripple component is not sufficiently
compensated for due to the panel’s characteristics or location.
[0086] Inorderto overcome the problem, the common volt-
age data DVcom is compensated for using a characteristic
parameter P for reflecting the characteristics of the liquid
crystal panel 110. A plurality of characteristic parameters P
may be stored in the form of a lookup table.

[0087] The characteristic parameter P is selected by the
characteristic parameter block 212 of the common voltage
unit 200. For example, the characteristic parameter P may be
selected according to the location of a row line.

[0088] The selected characteristic parameter P is input to
the operation block 211. Accordingly, the operation block
211 reflects the characteristic parameter P to the common
voltage data DVcom generated based on the changed amount
ofthe data voltage. For example, the operation block 211 may
multiply the common voltage data DVcom by the character-
istic parameter P to thereby compensate for the common
voltage data DVcom according to the characteristics.

[0089] Meanwhile, the characteristic parameter block 212
may update the characteristic parameter P periodically. The
update operation may be performed in unit of a frame.
[0090] In regard of the update operation, the characteristic
parameter block 220 receives a feedback signal DF from the
signal converter 230. The characteristic parameter block 220
determines whether a common voltage Vcom input to the
liquid crystal panel 110 for compensating for a ripple com-
ponent has properly compensated for the ripple component,
based on the feedback signal DF.

[0091] Accordingly, ifit is determined that the ripple com-
ponent has not been properly compensated for, based on the
feedback signal DF, the characteristic parameter block 220
corrects the corresponding characteristic parameter P, and
stores the corrected characteristic parameter P. Meanwhile, if
it is determined that the ripple component has been properly
compensated for, based on the feedback signal DF, the char-
acteristic parameter P is not corrected.



US 2014/0092077 A1l

[0092] Theupdated characteristic parameter P may be used
to generate a common voltage in the next frame. That is, a
characteristic parameter P updated in the k-th frame may be
used to generate a common voltage in the (k+1)-th frame.
[0093] By updating a characteristic parameter P to reflect
the characteristics of a liquid crystal panel, a ripple compo-
nent can be accurately compensated for.

[0094] Hereinafter, a method of generating a common volt-
age, according to an embodiment of the present invention,
will be described.

[0095] FIG. 6 is a flowchart illustrating a method of gener-
ating a common voltage, according to an embodiment of the
present invention.

[0096] Referring to FIG. 6, image data of an n-th row line is
sequentially input (st11), and gamma correction is performed
on each piece of the image data (st12). Accordingly, grada-
tion-based image data is converted into voltage-based image
data.

[0097] Then, it is determined whether the n-th row line is
finished (st13). The determination is made by counting the
number of image data pieces of row lines.

[0098] Then, the polarity of a data voltage corresponding to
the voltage-based image data is determined (st14). The deter-
mination on the polarity of the data voltage may depend on an
inversion driving method.

[0099] Ifthe data voltage is negative, a negative image data
value is set (st15), and if the data voltage is positive, a positive
image data value is set (st16).

[0100] Then, a changed amount of voltages between the
current row lineand the previous row line (that is, the (n-1)-th
row line) is calculated using the image data of the current row
line and the image data of the (n—1)-th row line (st17).

[0101] Then, the changed amount of the voltages is accu-
mulated and the results of the accumulation are stored (st18).

[0102] The operation is repeated until the row line is fin-
ished, and finally, a total sum of the changed amounts of the
row line is calculated.

[0103] Then, common voltage data is generated based on
the total sum of the changed amounts of the voltages (st19).

[0104] Then, a characteristic parameter is reflected to the
common voltage data to thereby calculate compensated com-
mon voltage data (st20). For example, a characteristic param-
eter corresponding to the row line 1s selected, the character-
istic parameter is multiplied by the common voltage data, and
the result of the multiplication is calculated as compensated
common voltage data.

[0105] Then, a common voltage is generated based on the
compensated common voltage data, and output to a liquid
crystal panel (st21).

[0106] Meanwhile, the characteristic parameter for com-
pensating for the common voltage data can be obtained by the
following process.

[0107] First, a feedback signal for a common voltage is
received (st31), and it is determined whether the common
voltage of the liquid crystal panel has a normal level, based on
the feedback signal (st32). That is, it is determined whether a
common voltage of the liquid crystal panel has a normal level
since the ripple component of the common voltage has been
compensated for by a common voltage output from a com-
mon voltage unit to compensate for the ripple component.
Particularly, since image quality deterioration depends on a
common voltage level at a gate voltage off timing, it is pref-
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erable to determine whether compensation has been pet-
formed, based on a feedback signal at the gate voltage off
timing.
[0108] If the common voltage does not have the normal
level, this means that no compensation has been performed.
In this case, the corresponding characteristic parameter is
corrected (st33), and stored (st34).
[0109] If the common voltage has the normal level, this
means that compensation has been performed. In this case,
the corresponding characteristic parameter is stored without
being corrected (st33).
[0110] The operation described above is performed for a
frame, and the corresponding characteristic parameter may
be updated to the characteristic parameter obtained through
the operation. The updated characteristic parameter may be
used to output a common voltage in the next frame.
[0111] Therefore, according to the embodiments as
described above, by calculating a changed amount of a data
voltage on a row line, it is possible to in advance, estimate the
degree of a common voltage ripple. Accordingly, if it is esti-
mated that a common voltage ripple remains at a gate voltage
off timing, a common voltage changed to a level capable of
sufficiently compensating for the ripple component can be
output.
[0112] Furthermore, since a common voltage can be com-
pensated for using a characteristic parameter representing the
characteristics of a liquid crystal panel, a ripple component
can be more accurately compensated for.
[0113] Accordingly, it is possible to effectively remove a
ripple at a gate voltage off timing, thereby improving dete-
rioration of image quality.
[0114] It will be apparent to those skilled in the art that
various modifications and variations can be made in a display
device of the present disclosure without departing from the
sprit or scope of the invention. Thus, it is intended that the
present invention covers the modifications and variations of
this invention provided they come within the scope of the
appended claims and their equivalents.
What is claimed is:
1. A driving method of a liquid crystal display device that
is driven by an inversion method, comprising:
calculating a total sum of changed amounts of data voltages
between an (n-1)-th row line and an n-th row line, using
image data of the (n-1)-th row line and image data ofthe
n-th row line;
generating common voltage dataaccording to the total sum
of the changed amounts of the data voltages;
compensating for the common voltage data using a char-
acteristic parameter of a liquid crystal panel; and
generating a common voltage according to the compen-
sated common voltage data, and outputting the common
voltage to the liquid crystal panel.
2. The driving method according to claim 1, further com-
prising:
determining whether a common voltage of the liquid crys-
tal panel has a normal level, based on a common voltage
feedback signal from the liquid crystal panel;
correcting the characteristic parameter and storing the cor-
rected characteristic parameter if the common voltage of
the liquid crystal panel does not have the normal level,
and storing the characteristic parameter if the common
voltage of the liquid crystal panel has the normal level,
thereby updating characteristic parameter information;
and
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compensating for common voltage data of a next frame,

using the updated characteristic parameter information.
3. The driving method according to claim 1, wherein the
characteristic parameter is a parameter that reflects charac-
teristics of the liquid crystal panel and characteristics of the
corresponding row line.
4. The driving method according to claim 2, further com-
prising:
converting the common voltage feedback signal from the
liquid crystal panel into a digital feedback signal,

wherein whether the common voltage of the liquid crystal
panel has the normal level is determined, based on the
digital feedback signal.

5. The driving method according to claim 1, wherein the
calculating of the total sum of the changed amounts of the
data voltages between the (n—1)-th row line and the n-th row
line comprises:

performing gamma correction on the image data of the

(n-1)-th row line and the image data of the n-th row line,
and assigning polarities to the gamma-corrected image
data according to the inversion method, thereby convert-
ing the gamma-corrected image data into image data
representing voltages;

calculating a changed amount of data voltages between the

converted image data of the (n-1)-th and n-th row lines,
for each data line; and

summing changed amounts of data voltages calculated for

all data lines, thereby calculating the total sum of the
changed amounts of the data voltages.

6. The driving method according to claim 1, wherein an
output timing of the common voltage is synchronized with an
output timing of the data voltage of the n-th row line.

7. The driving method according to claim 6, wherein while
the data voltage of the n-th row line is output, the level of the
common voltage is maintained constant.

8. A liquid crystal display device which is driven by an
inversion method, comprising:

an operation block configured to calculate a total sum of

changed amounts of data voltages between an (n-1)-th
row line and an n-th row line, using image data of the
(n-1)-th and n-th row lines, to generate common voltage
data according to the total sum of the changed amounts
of the data voltages, and to compensate for the common
voltage data using a characteristic parameter of a liquid
crystal panel;

a characteristic parameter block configured to supply the

characteristic parameter to the operation block; and
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a common voltage generator configured to generate a com-
mon voltage according to the compensated common
voltage data, and to output the common voltage to the
liquid crystal panel.

9. The liquid crystal display device according to claim 8,
wherein the characteristic parameter block determines
whether the common voltage of the liquid crystal panel has a
normal level, based on a common voltage feedback signal
from the liquid crystal panel, corrects the characteristic
parameter and stores the corrected characteristic parameter if
the common voltage of the liquid crystal panel does not have
the normal level, and stores the characteristic parameter if the
common voltage of the liquid crystal panel has the normal
level, thereby updating characteristic parameter information,
and

wherein the operation block compensates for common
voltage data of a next frame using the updated charac-
teristic parameter information.

10. The liquid crystal display device according to claim 8,
wherein the characteristic parameter is a parameter that
reflects characteristics of the liquid crystal panel and charac-
teristics of the corresponding row line.

11. The liquid crystal display device according to claim 9,
further comprising:

a signal converter configured to convert the common volt-
age feedback signal from the liquid crystal panel into a
digital feedback signal,

wherein the characteristic parameter block determines
whether the common voltage of the liquid crystal panel
has the normal level, based on the digital feedback sig-
nal.

12. The liquid crystal display device according to claim 8,
wherein the operation block performs gamma correction on
the image data of the (n-1)-th and n-th row lines, assigns
polarities to the gamma-corrected image data according to the
inversion method, thereby converting the gamma-corrected
image data into image data representing voltages, calculates a
changed amount of data voltages between the converted
image data of the (n-1)-th and n-th row lines, for each data
line, and sums changed amounts of data voltages calculated
for all data lines, thereby calculating the total sum of the
changed amounts of the data voltages.

13. The liquid crystal display device according to claim 8,
wherein an output timing of the common voltage is synchro-
nized with an output timing of the data voltage of the n-th row
line.

14.The liquid crystal display device according to claim 13,
wherein while the data voltage of the n-th row line is output,
the level of the common voltage is maintained constant.
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