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7) ABSTRACT

A liquid crystal display includes: a display panel; a signal
controller configured to receive an input image signal and an
input control signal, output an output image signal and an
output control signal, and determine a charge sharing
between two or more data lines having voltages in the same
polarity; and a data driver configured to convert, based on the
output control signal, the image signal into data voltages to be
supplied to the data lines connected to the pixels, the data
voltages having positive levels and negative levels. The data
driver is further configured to perform a first charge sharing
by short-circuiting first and second data lines that are adjacent
to each other, and a second charge sharing by short-circuiting
third and fourth data lines having data voltages in the same

(51) Imt.ClL polarity, wherein the first charge sharing and the second
G09G 3/36 (2006.01) charge sharing may not temporally overlap with each other.
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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0132960 filed in the
Korean Intellectual Property Office on Nov. 4, 2013, the
entire contents of which are incorporated herein by reference.

BACKGROUND

[0002] 1.Field

[0003] The disclosed technology generally relates to a lig-
uid crystal display and a driving method thereof.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display, which is one of the most
common types of flat panel displays currently in use, includes
two sheets of panels with field generating electrodes such as
apixel electrode and a common electrode, and a liquid crystal
layer interposed therebetween. The liquid crystal display gen-
erates an electric field in the liquid crystal layer by applying a
voltage to the field generating electrodes, and determines the
direction of liquid crystal molecules of the liquid crystal layer
by the generated electric field, thus controlling polarization of
incident light so as to display images.

[0006] The liquid crystal display performs inversion driv-
ing, which changes the direction of an electric field applied to
the liquid crystal layer to prevent the liquid crystal layer from
deteriorating. For the inversion driving, since the polarity ofa
data voltage applied to the data line is continuously changed
at a predetermined interval, there is a disadvantage in that
power consumption is increased.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and does not constitute an
admission of prior art.

SUMMARY

[0008] Embodiments of the present disclosure provide a
liquid crystal display and a driving method thereof in which
power consumption is not increased despite the use of inver-
sion driving.

[0009] An exemplary embodiment of the present invention
provides a liquid crystal display including: a display panel
comprising a plurality of pixels and a plurality of data lines
connected to the plurality of pixels; a signal controller con-
figured to receive an input image signal and an input control
signal and output an output image signal and an output control
signal, the signal controller further configured to determine a
charge sharing between two or more data lines having volt-
ages in the same polarity; and a data driver configured to
convert, based on the output control signal, the image signal
into data voltages to be supplied to the plurality of data lines
connected to the plurality of pixels, the data voltages having
a plurality of positive levels and a plurality of negative levels.
The data driver is further configured to perform a first charge
sharing by short-circuiting first and second data lines that are
adjacent to each other, the first data line having a positive
voltage and the second data line having a negative voltage in
a first time frame and the first data line having a negative
voltage and the second data line having a positive voltage in
a second time frame subsequent to the first time frame, and a
second charge sharing by short-circuiting third and fourth

May 7, 2015

data lines having data voltages in the same polarity, when
determined that the third data line has a first voltage level of
aparticular polarity in a first sub-period and the third data line
has a second voltage level of the particular polarity a second
sub-period subsequent to the first time period. The first charge
sharing and the second charge sharing may not temporally
overlap with each other.

[0010] The pixels adjacent in an extending direction of the
data lines among the plurality of pixels may be connected to
the adjacent data lines having different polarities.

[0011] The output control signal may include an inversion
signal for inverting the polarities of the data voltages for each
frame, each frame comprising a plurality of sub-periods, and
the first charge sharing may be performed during the first
sub-period after the polarities of the data voltages are inverted
by the inversion signal.

[0012] During the second charge sharing, the data driver
may connect the data lines representing the same polarity and
an additional capacitor.

[0013] The second charge sharing may comprise a positive
charge sharing stage in which the data lines to which positive
data voltages are applied are short-circuited, and a negative
charge sharing stage in which the data lines to which negative
data voltages are applied are short-circuited, and the positive
and negative charge sharing stages may either be simulta-
neously performed or may not temporally overlap with each
other.

[0014] The signal controller may include a charge sharing
determining unit configured to determine whether the second
charge sharing is to be performed, and the data driver may
include a charge sharing controller configured to output a
charge sharing control signal for controlling the first charge
sharing and the second charge sharing, and a charge sharing
operation unit configured to operate according to the charge
sharing control signal output by the charge sharing controller.
[0015] The charge sharing operation unit of the data driver
may include a first charge sharing operation unit configured to
perform the first charge sharing and a second charge sharing
operation unit configured to perform the second charge shar-
ing, and image data transferred from the signal controller to
the data driver may be output to the data lines sequentially
through: a first MUX configured to select a path for convert-
ing the image data to a data voltage of a suitable polarity; a
Digital-toAnalog Converter (DAC) configured to convert the
image data into the data voltage of the suitable polarity; the
second charge sharing operation unit configured to perform
the second charge sharing; a second MUX configured to
select a path to the data line to which the data voltage is to be
applied; and a first charge sharing operation unit configured to
perform the first charge sharing.

[0016] The image data transferred from the signal control-
ler to the data driver may be output to the data lines sequen-
tially through: a first MUX configured to select a path for
converting the image data to a data voltage of a suitable
polarity; a DAC configured to convert the image data into the
data voltage of the suitable polarity; a second MUX config-
ured to select a path to the data line to which the data voltage
is to be applied; and the charge sharing operation unit con-
figured to perform the first charge sharing and the second
charge sharing.

[0017] The charge sharing operation unit of the data driver
may include a first charge sharing operation unit configured to
perform the first charge sharing, a second charge sharing
operation unit configured to perform the second charge shar-
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ing, and an independent charge sharing operation unit con-
figured to determine for each data line whether the second
charge sharing is to be performed and to output a signal
indicating whether the second charge sharing is to be pet-
formed, and the image data transferred from the signal con-
troller to the data driver may be output to the data lines
sequentially through: a first MUX configured to select a path
for converting the image signal to a data voltage of a suitable
polarity; a DAC configured to convert the image data into the
data voltage of the suitable polarity; the second charge shar-
ing operation unit configured to perform the second charge
sharing based on the signal output by the independent charge
sharing operation unit; a second MUX configured to select a
path to the data line to which the data voltage is to be applied;
and a first charge sharing operation unit configured to perform
the first charge sharing.

[0018] The independent charge sharing operation unit may
output a signal indicating that the second charge sharing is to
be performed, only when a difference between a data voltage
in a previous row of the plurality of pixels and a data voltage
in a present row of the plurality of pixels among the data
voltages applied to the corresponding data lines is greater
than or equal to a threshold voltage The independent charge
sharing operation unit outputs a signal indicating that the
second charge sharing is to be performed, only when the most
significant bit (MSB) of the image data applied to a previous
sub-period and the MSB of the image data applied to a sub-
sequent sub-period are different from each other. The charge
sharing operation unit of the data driver may include a first
charge sharing operation unit configured to perform the first
charge sharing, a second charge sharing operation unit con-
figured to perform the second charge sharing, and an inde-
pendent charge sharing operation unit configured to deter-
mine for each data line whether the second charge sharing is
to be performed and to output a signal indicating whether the
second charge sharing is to be performed, and the image data
transferred from the signal controller to the data driver may be
output to the data lines sequentially through: a first MUX
configured to select a path for converting the image data to a
data voltage of a suitable polarity; a DAC configured to con-
vert the image data into the data voltage of the suitable polar-
ity; a second MUX configured to select a path to the data line
to which the data voltage is to be applied; a first charge
sharing operation unit configured to perform the first charge
sharing; and a second charge sharing operation unit config-
ured to perform the second charge sharing based on the signal
output by the independent charge sharing operation unit.

[0019] The independent charge sharing operation unit may
output a signal indicating that the second charge sharing is to
be performed, only when a difference between a data voltage
in a previous row of the plurality of pixels and a data voltage
in a present row of the plurality of pixels among the data
voltages applied to the corresponding data lines is greater
than or equal to a threshold voltage. The independent charge
sharing operation unit may output a signal indicating that the
second charge sharing is to be performed, only when the MSB
of the image data applied to a previous sub-period and the
MSB of'the image data applied to a subsequent sub-period are
different from each other. The data driver may further include
asecond charge sharing determining unit configured to deter-
mine whether the second charge sharing is to be performed
and to output a signal indicating whether the second charge
sharing is to be performed, and the signal output by the
second charge sharing determining unit may be input to the
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charge sharing controller to operate the charge sharing opera-
tion unit. The second charge sharing determining unit may
include: a charge sharing latch configured to store input
image data; an XOR unit configured to perform an XOR
operation on the MSB of the image data in the current sub-
period and the MSB of the image data in the sub-period
immediately preceding the current sub-period stored in the
charge sharing latch; an OR unit configured to perform an OR
operation on the output of the XOR unit and a signal indicat-
ing whether the second charge sharing is to be performed in
all the data lines or to be performed selectively; and an AND
unit configured to perform an AND operation on the output of
the OR unit and a signal indicating whether the second charge
sharing is to be performed.

[0020] Another embodiment of the present invention pro-
vides a driving method of a liquid crystal display including: a
display panel comprising a plurality of pixels and a plurality
of data lines connected to the plurality of pixels; a signal
controller configured to receive an input image signal and an
input control signal and output an image signal and an output
control signal, the signal controller further configured to
determine a charge sharing between two or more data lines
having voltages ion the same polarity; and a data driver con-
figured to convert, based on the output control signal, the
image signal into data voltages to be supplied to the plurality
of pixels through the data lines, the driving method, compris-
ing: short-circuiting first and second data lines that are adja-
cent to each other, the the first data line having a positive
voltage and the second data line having a negative voltage in
a first time frame and the first data line having a negative
voltage and the second data line having a positive voltage in
a second time frame subsequent to the first time frame, in a
first charge sharing step; and short-circuiting third and fourth
data lines having data voltages in the same polarity, when
determined that the third data line has a first voltage level of
aparticular polarity in a first sub-period and the third data line
has a second voltage level of the particular polarity a second
sub-period subsequent to the first time period, in a second
charge sharing step, wherein the first charge sharing step and
the second charge sharing step do not temporally overlap with
each other.

[0021] The driving method may further include transfer-
ring, by the signal controller, an inversion signal to the data
driver for inverting the polarities of the data voltages for each
frame, each frame comprising a plurality of sub-periods,
wherein the first charge sharing step is performed during the
first sub-period after the polarities of the data voltages are
inverted by the inversion signal.

[0022] Thedriving method may further include connecting
together the data lines representing the same polarity and an
additional capacitor in the second charge sharing step. The
driving method may further include: short-circuiting the data
lines to which positive data voltages are applied in a positive
charge sharing stage of the second charge sharing step; and
short-circuiting the data lines to which negative data voltages
are applied in a negative charge sharing stage of the second
charge sharing step. The positive charge sharing stage and the
negative charge sharing stage may either be simultaneously
performed or may not temporally overlap with each other.

[0023] As such, an increase of power consumption gener-
ated when the data voltages are changed is reduced by con-
necting data lines to which data voltages having different
polarities are applied and connecting data lines to which data
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voltages having the same polarity are applied when a prede-
termined condition is satisfied, thereby decreasing power
consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] FIG.11is a block diagram of a liquid crystal display
according to an embodiment of the present invention.

[0025] FIG. 2 is a waveform diagram of the liquid crystal
display according to the embodiment of the present invention.
[0026] FIG. 3 is a block diagram of a signal controller and
a data driver according to the embodiment of the present
invention.

[0027] FIGS. 4 to 7 are block diagrams of the data driver
according to the embodiment of the present invention.
[0028] FIG. 8is a block diagram of a signal controller and
a data driver according to another embodiment of the present
invention.

[0029] FIG. 9is a block diagram of the data driver accord-
ing to another embodiment of the present invention.

[0030] FIGS. 10 to 12 are graphs illustrating a comparison
of a voltage change according to embodiments of second
charge sharing according to the present invention.

[0031] FIGS. 13 and 14 are block diagrams of the data
driver according to the embodiment of the present invention.
[0032] FIGS. 15 and 16 are graphs simulating a voltage
change according to the embodiment of the present invention.
[0033] FIGS.17to19 are block diagrams of a liquid crystal
display according to an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0034] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the invention are shown. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the present invention.

[0035] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0036] Hereinafter, a liquid crystal display according to an
embodiment will be described in detail with reference to FIG.
1.

[0037] FIG.11is ablock diagram of a liquid crystal display
according to an embodiment.

[0038] Referring to FIG. 1, a liquid crystal panel 300
includes a plurality of pixels PX that are arranged substan-
tially in a matrix form. The plurality of pixels PX are con-
nected to a plurality of signal lines. The signal lines include a
plurality of gate lines transferring gate signals (referred to as
“scanning signals”), and a plurality of data lines transferring
data voltages.

[0039] The pixels PX that are vertically adjacent to each
other (e.g., in the same column in FIG. 1) are connected to
different data lines, and the pixels PX that are horizontally
adjacent to each other (e.g., in the same row in FIG. 1) are
connected to data lines positioned at the same side. That is,
according to the embodiment of FIG. 1, the pixels PX dis-
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posed along the same column are alternately connected to
different data lines among data lines that are disposed at left
and right sides (e.g., the first pixel may be connected to the
data line on the left side, the second pixel may be connected
to the data line on the right side, the third pixel may be
connected to the data line on the left side, and so on). Mean-
while, the pixels PX disposed along the same row are con-
nected to the data lines positioned at the same side among the
data lines that are disposed at left and right sides. In the
embodiment of FIG. 1, all of the pixels PX connected to the
first row are connected to the data lines positioned at the left
side with respect to the respective pixels (e.g., when viewed as
shown in FIG. 1).

[0040] Theliquid crystal panel 300 including the pixels PX
connected as illustrated in FIG. 1 may, for example, have an
apparent inversion of a dot inversion even if the data voltages
having the same polarity are applied to a single data line for
one frame, a characteristic of a column inversion. As such, the
configuration illustrated in FIG. 1 may reduce the power
consumed in the display panel 300.

[0041] The gate driver 400 is connected to gate lines of the
liquid crystal panel 300 to apply gate signals including a
combination of a gate-on voltage Von and a gate-off voltage
Voff to the gate lines. When the gate-on voltage is applied, a
switching element such as a thin film transistor positioned at
the corresponding pixel PX is turned on.

[0042] The data driver 500 is connected to the data lines of
the liquid crystal panel 300, and converts data (which is a
digital signal) into a data voltage (which is an analog voltage),
and applies the data voltage to the data line. A gray voltage
generator (not illustrated) may be further included for con-
verting the data into the data voltage, and such gray voltage
generator may be internal to the data driver 500 or external to
the data driver 500. The data driver 500 selects a voltage
corresponding to the data among the voltages generated from
the gray voltage generator and converts the selected voltage to
generate data voltage. The gray voltage generator generates
two sets of gray voltages for inversion driving. One set of the
two sets may have a positive value with respect to a common
voltage Vcom, and the other set may have a negative value.
[0043] The data driver 500 according to the embodiment
includes a plurality of switches for charge sharing. The charge
sharing included in the embodiment can be largely classified
into two types. The charge sharing includes a first charge
sharing (hereinafter, referred to as ‘CS1”) in which a charge is
shared by short-circuiting data lines representing a positive
voltage and a negative voltage, and a second charge sharing
(hereinafter, referred to as ‘CS2’) in which a charge is shared
by short-circuiting the positive voltages together and short-
circuiting the negative voltages together. As illustrated in
FIG. 1, the data driver 500 includes a switch for the first
charge sharing, a switch for the second charge sharing, and a
switch disconnecting a data line from a data voltage applying
source. The switch disconnecting the data line from the data
voltage applying source is positioned closer to the data volt-
age applying source than the switch for the first charge shar-
ing. Such configuration may separate the data voltage apply-
ing source during the first charge sharing and connect only
adjacent data lines to each other. The switch for the first
charge sharing is operated (e.g., closed) by a CS1 signal, and
when the switch for the first charge sharing is closed, the
switch disconnecting the data voltage applying source and the
data line may be opened. Further, there are two kinds of
switches for the second charge sharing due to different polari-
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ties, and each of the two kinds of switches performs a closing
operation by a CS2(p) or CS2(n) signal. When the switches
for the second charge sharing are closed, the switch discon-
necting the data voltage applying source and the data line may
perform an opening operation by the CS2(p) and CS2(n)
signals.

[0044] First, the first charge sharing CS1 short-circuits two
adjacent data lines, to which a positive voltage and a negative
voltage are respectively applied, and as a result, the two data
lines easily have an intermediate voltage. The intermediate
voltage is a voltage based on a common voltage, and has a
value that is varied according to the charge applied to each
wiring. Such charge sharing allows the voltages of the data
lines to reach the intermediate voltage without a separate
driving, and as a result, the data lines may reach the respective
opposite polarities more easily at the next frame. In this case,
additional power is not consumed. Thus, in the embodiment
of FIG. 1, two adjacent data lines are short-circuited by the
CS1 signal (and disconnected from the data voltage applying
source) to share the charge between the two adjacent data
lines and reach the intermediate voltage.

[0045] Meanwhile, the second charge sharing CS2 short-
circuits a plurality of data lines to which data voltages having
the same polarity are applied. Thus, in the embodiment of
FIG. 1, the two adjacent data lines may be short-circuited
together (e.g., by switches CS1), and all the data lines to
which the voltages having the same polarity are applied may
also be short-circuited together (e.g., by switches CS2). In the
embodiment of FIG. 1, the second charge sharing for the
positive data voltage is represented as the CS2(p), and the
second charge sharing for the negative data voltage is repre-
sented as the CS2(r). Thus, in the embodiment of FIG. 1, all
the data lines to which the positive data voltages are applied
are short-circuited by the CS2(p) signal, and all the data lines
to which the negative data voltages are applied are short-
circuited by the CS2(n) signal. The CS2(p) signal and the
CS2(n) signal may be applied simultaneously or separately.
The embodiment of FIG. 1 illustrates structure, in which all
the data lines to which the same data voltage is applied are
short-circuited together during the second charge sharing
(82, and disconnected from the data voltage applying source,
and as a result, the data lines having the same polarity share
the charge amongst themselves and reach the intermediate
voltage.

[0046] In FIG. 1, a plurality of capacitors C11, C12, C21,
C22, and C31 in the data driver 500 may be actually formed
capacitors. Alternatively, the plurality of capacitors may be a
capacitance of each data line illustrated in FIG. 1. When the
CS2(p)signal or the CS2(r) signal is applied, a capacitance of
each data line and additional capacitors Cp and Cn connected
thereto are connected to each other in parallel.

[0047] That is, when the data lines to which the positive
data voltages are applied are connected to each other by the
CS2(p) signal, a first additional capacitor Cp is parallelly
connected to the capacitance of each data line in parallel to
share the charge. As a result, voltages of each data line and
one end of the first capacitor Cp become Vep. In this case, the
Vep voltage is changed according to all the connected capaci-
tances, and has a positive value.

[0048] Meanwhile, when the data lines to which the nega-
tive data voltages are applied are connected to each other by
the CS2(r) signal, a second additional capacitor Cn is paral-
lelly connected to the capacitance of each data line to share
the charge. As a result, voltages of each data line and one end
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of the second capacitor Cn become Ven. In this case, the Ven
voltage is changed according to all the connected capaci-
tances, and has a negative value.

[0049] 1In FIG. 1, the first additional capacitor Cp and the
second additional capacitor Cn are positioned inside the data
driver 500, but according to another embodiment, the capaci-
tors Cp and Cn may be positioned outside the data driver 500.

[0050] Since the polarity of the data voltage applied to each
data line is changed when one frame elapses (e.g., every
frame), the above polarities would be the opposite for the
subsequent frame.

[0051] Meanwhile, in the embodiment of FIG. 1, the CS1
signal and the CS2(p)/CS2(n) signal may be provided from
the signal controller 600, and may not necessarily be all
applied together.

[0052] The signal controller 600 controls the gate driver
400 and the data driver 500. The signal controller 600 receives
input image signals R, G, and B and an input control signal for
controlling display of the input image signals R, G, and B
from an external graphic controller (notillustrated). The input
image signals R, G, and B store luminance information of
each pixel PX, and luminance has a predetermined number of
grays (e.g., gradations), for example, 1024 (=2'9), 256 (=2%),
or 64 (=2°) grays. An example of the input control signal
includes a vertical synchronization signal Vsync, a horizontal
synchronization signal Hsync, a main clock MCLK, a data
enable signal DE, and the like.

[0053] The signal controller 600 appropriately processes
the input image signals R, G, and B in accordance with
operation conditions of the liquid crystal panel 300 and the
data driver 500 based on the input image signals R, G, and B
and the input control signal. The signal controller 600 genet-
ates gate control signal CONT1 and a data control signal
CONT?2, a backlight control signal (not illustrated), and the
like, and then transmits the gate control signal CONT1 to the
gate driver 400, and outputs the data control signal CONT2
and the processed image signal DAT to the data driver 500.
The backlight control signal is output to a backlight unit (not
illustrated). The output image signal DAT may be a digital
signal comprising a predetermined number of values (or
grays).

[0054] The gate control signal CONT1 includes a scanning
start signal STV instructing scanning start and a pair of clock
signals controlling an output period of the gate-on voltage
Von. The gate control signal CONT1 may further include an
output enable signal OF limiting a duration time of the gate-
on voltage Von.

[0055] The data control signal CONT? includes a horizon-
tal synchronization start signal STH informing transmission
start of the image data for pixels PX in one row, a load signal
LOAD instructing a data signal to be applied to the data lines
D1-Dm, and a data clock signal HCLK. The data control
signal CONT2 may further include an inversion signal POL
inverting a voltage polarity of the data signal with respect to
the common voltage Veom (hereinafter, referred to simply as
a “polarity of the data signal”).

[0056] According to the data control signal CONT2 from
the signal controller 600, the data driver 500 receives the
digital image signal DAT for pixels PX in one row and selects
a gray voltage corresponding to each digital image signal
DAT to convert the digital image signal DAT into an analog
data signal. The data driver 500 then applies the converted
analog data signal to the corresponding data lines D1-Dm.
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The number of gray voltages generated by the gray voltage
generator is the same as the number of grays represented by
the digital image signal DAT.

[0057] The gate driver 400 applies the gate-on voltage Von
to the gate lines G1-Gn according to the gate control signal
CONT1 from the signal controller 600 to turn on the switch-
ing elements Q connected to the gate lines G1-Gn. Then, the
data signals applied to the data lines D1-Dm are applied to the
corresponding pixels PX through the turned-on switching
elements Q.

[0058] Each of the driving devices 400, 500, and 600 may
be directly installed on the liquid crystal panel 300 in at least
one IC chip form, or installed on a flexible printed circuit film
(not illustrated) to be attached to the liquid crystal panel 300
in a tape carrier package (TCP) form. Alternatively, the driv-
ing devices 400, 500, and 600 may be integrated on the liquid
crystal panel 300 together with the signal lines, the thin film
transistor switching element Q, and the like. Further, the
driving devices 400, 500, and 600 may be all integrated by a
single chip, and in such a case, at least one of the driving
devices or at least one circuit element configuring the driving
devices may be positioned outside the single chip.

[0059] When one frame ends, the next frame starts, and the
state of the inversion signal POL applied to the data driver 500
is controlled so that the polarity of the data signal applied to
each pixel PX is opposite to the polarity in the previous frame
(“frame inversion”). In this case, the polarity of the voltage
applied to a single data line within a single frame is not
changed and thus the data voltage is applied to the data line
like a column inversion, but the apparent inversion is the same
as a dot inversion due to a pixel connection structure.

[0060] Hereinafter, a method of performing the charge
sharing in the liquid crystal display will be described through
a waveform diagram.

[0061] FIG. 2 is a waveform diagram of the liquid crystal
display according to the embodiment.

[0062] The liquid crystal display according to the embodi-
ment changes the polarity of the data voltage applied to the
data line for every frame. Therefore, one half of the period of
the inversion signal POL corresponds to one frame.

[0063] Intheembodimentof FIG. 2, 1H represents the time
it takes for one gate-on voltage to be applied by the horizontal
synchronizing signal STH. During the 1H period, the gate-on
voltage is applied to the gate lines in one row, and the data
voltage is applied to the pixels of the corresponding row.

[0064] When the inversion signal POL is inverted, the CS1
signal is converted to high in the inverted 1H period. As a
result, the first charge sharing is performed, and thus the data
lines having a positive voltage and a negative voltage are
short-circuited together. In this case, the switch disconnecting
the data voltage applying source and the data line is opened.
According to an embodiment, two adjacent data lines are
short-circuited. In another embodiment, all the data lines are
short-circuited. Since the inversion signal POL is inverted for
every frame, |H when the CS1 signal is applied may be a first
1H of one frame. At the first 1H, since the second charge
sharing is not performed, the CS2(p) and CS2(n) signals are
not generated. Since charges are shared between the positive
voltages or the negative voltages, the second charge sharing is
different from the first charge sharing which shares the posi-
tive voltage and the negative voltage. Thus, the first charge
sharing and the second charge sharing are separately per-
formed.
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[0065] The second charge sharing is selectively performed
only when a predetermined condition is satisfied for a 1H
period (except for the first 1H) in one frame. That is, the first
charge sharing and the second charge sharing are performed
for different 1H periods and thus do not overlap (e.g., tempo-
rally) with each other. According to an embodiment, in the
second charge sharing, the data lines having the same polarity
may be entirely connected together. In another embodiment,
in the second charge sharing, the data lines connected to one
data driving 1C may be entirely connected together.

[0066] Inthe second charge sharing, since power consump-
tion is large during transitioning to a data voltage having a
high gray or a data voltage having a low gray even in the data
lines having the same polarity, by first moving to a voltage
based on a data voltage of an intermediate gray through the
second charge sharing, and then moving to a target data
voltage, the data driver 500 reduces the change in voltage to
be driven by consuming additional power.

[0067] However, the voltage applied to each data line varies
for each displayed image, and when the second charge shar-
ing is actually performed, the change width of the voltage
moved by the data driver 500 may be increased by the second
charge sharing. Therefore, the second charge sharing may be
selectively performed.

[0068] Whether the second charge sharing is performed
may be determined by the signal controller 600 or the data
driver 500, and a determining method may vary. As an
example of the determining method, whether the second
charge sharing is performed may be determined by determin-
ing whether a total voltage applied to the connected data lines
(a representative value may be used according to an embodi-
ment) passes the intermediate gray value (128 gray value in
the case of 256 gray). That is, in the case of passing the
intermediate gray value, a voltage change exists in a previous
1H and a present 1H, and since the voltage applied to the data
line first reaches the intermediate voltage before transitioning
to the final voltage through the second charge sharing, using
the second charge sharing is advantageous for power con-
sumption.

[0069] The voltage change of the output terminal (e.g., data
lines) of the data driver 500 (illustrated as S-IC in FIG. 2)
according to an embodiment will be described with reference
to FIG. 2.

[0070] First, when the inversion signal POL is applied, the
CS1 signal is applied at the first 1H (indicated by the first
broken line shown in FIG. 2). As a result, the data line having
the charge of the positive voltage and the data line having the
charge of the negative voltage are short-circuited together to
perform the first charge sharing. As a result, the data lines
have a common voltage Vcom or a voltage corresponding to
the common voltage Vcom.

[0071] Thereafter, before the inversion signal POL is
changed, when the same voltage is applied to the data lines
and the data voltage in which the previous | H and the present
1H pass the intermediate gray is applied, the second charge
sharing is performed (indicated by the second broken line
shown in FIG. 2). When the second charge sharing is per-
formed, voltage values Vep and Ven after the second charge
sharing may vary based on the charge of the data lines having
the same polarity and performing the second charge sharing.
However, since a portion of the voltage change is achieved by
the second charge sharing, although the data driver 500 con-
sumes power, a change in voltage driven by the data driver
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500 is smaller than what it would have been without the
second charge sharing, and as a result, power consumption is
reduced.

[0072] Meanwhile, in FIG. 2, a TP signal is applied before
the 1H period ends, and a rising edge of the TP signal coin-
cides with falling edges of the CS1 signal and the CS2 signal
and thus, the end points of the CS1 signal and the CS2 signal
are provided. As aresult, when a data voltage is applied in the
next 1H period, the data lines are controlled to be separated
from each other.

[0073] Hereinafter, a block diagram of the signal controller
600 and the data driver 500 according to the embodiment will
be described with reference to FIG. 3.

[0074] FIG. 3 is a block diagram of a signal controller and
a data driver according to the embodiment.

[0075] In the embodiment of FIG. 3, the signal controller
600 determines the timing for performing the first charge
sharing CS1 and the second charge sharing CS2 and transfers
the timing to the data driver 500, and the data driver 500
performs the first charge sharing CS1 and the second charge
sharing CS2.

[0076] The data driver 500 illustrated in FIG. 3 is one data
driving IC (S-IC). and the data driver 500 may comprise a
plurality of data driving ICs. As a result, the second charge
sharing CS2 may be performed in all the data driving ICs
simultaneously or separately.

[0077] With reference to FIG. 3, an embodiment of the
signal controller 600 is described below.

[0078] The signal controller 600 according to the embodi-
ment includes a receiving unit 610 for receiving input image
signals R, G, and B from an external graphic controller (not
illustrated), two line memories 620 and 630 storing the
received input image signals R, G, and B, a CS2 determining
unit 640, a transmitting unit 660 for outputting a CS2 signal to
the data driver 500 together with the image data DAT, and an
EEPROM memory 650 storing a basic setting value of the
second charge sharing.

[0079] The receiving unit 610 separates the input image
signals R, G, and B input according to a graphic controller and
a transmitting/receiving standard and divides the separated
input image signals into input image signals to be applied to
pixels in one row of the display panel 300, and stores the
divided input image signals in the first line memory 620.
Thereafter, the input image signals stored in the first line
memory 620 are transmitted to the transmitting unit 660, and
further transmitted to the second line memory 630 to compare
the input image signals for each row.

[0080] The input image signals for each row stored in the
firstand second line memories 620 and 630 are determined by
the CS2 determining unit 640, and the CS2 determining unit
640 determines whether the second charge sharing is to be
performed. Since the setting value used in the determination
is stored in the EEPROM memory 650, the CS2 determining
unit 640 brings and uses the setting value and determines
whether the second charge sharing is to be performed based
on the retrieved setting value. The CS2 signal output in the
CS2 determining unit 640 may be a signal including only
whether the CS2 operation is performed or not. Meanwhile,
the CS2 determining unit 640 may determine whether the first
charge sharing is performed, but in the present embodiment,
when the inversion signal POL is applied, the first charge
sharing is set to be always performed, and thus a separate
determining procedure is not required (and thus omitted). In
another embodiment, determination can be made as to
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whether the first charge sharing is performed, and the CS2
determining unit 640 may be called a charge sharing detet-
mining unit.

[0081] Thereafter, the transmitting unit 660 converts the
input image signals received from the first line memory 620
into the output image signal DAT in accordance with a stan-
dard (for example, an RSDS method, a mini-LVDS method,
and the like) for transmitting to the data driver 500. Further,
the transmitting unit 660 embeds the CS2 signal transferred
from the CS2 determining unit 640 into the converted output
image signal DAT, and transfers the CS2-embedded signal to
the data driver 500. In this case, the CS1 signal for the first
charge sharing may also be embedded into the converted
output image signal DAT.

[0082] Hereinafter, the data driver 500 of FIG. 3 will be
described below in detail. The data driver 500 of FIG. 3 may
be one data driving IC (S-IC).

[0083] The data driver 500 according to the embodiment
includes a receiving unit 510 for receiving the output image
signal DAT transmitted from the signal controller 600, the
CS2 signal, and other control signals (including the POL and
the CS1 signal), latch units 520 and 530 for extracting a part
of the image data output from the receiving unit 510 and
storing the extracted part, a Digital-to-Analog Converter
(DAC) unit 540 for converting the stored image data into a
data voltage (which is an analog value), an amplifier 550 for
amplifying the data voltage, a MUX unit 560 for converting
the output according to a polarity, a charge sharing controller
(CS1+C82 controller) 570 for outputting the CS1 signal and
the CS2 signal received from the receiving unit 510 during the
corresponding timing, and a charge sharing operation unit
(CS1+CS2 operation unit) 580 for operating according to a
signal of the charge sharing controller 570.

[0084] The receiving unit 510 receives the output image
signal DAT provided from the signal controller 600 and the
control signal to output the image data to the latch units 520
and 530, and the CS1 signal and the CS2 signal are transferred
to the charge sharing controller 570.

[0085] Theimage data is converted to the data voltage, and
in the embodiment in FIG. 3, the conversion is performed by
the latch units 520 and 530, the DAC unit 540, the amplifier
550, and the MUX unit 560.

[0086] The first latch unit 52 samples and stores the image
data, and samples only the image data corresponding to a data
line controlled by the corresponding data driving IC. There-
after, the second latch unit 530 receives and stores the image
data sampled by the first latch unit 520. According to an
embodiment, only one latch unit may be included.

[0087] Thereafter, the DAC unit 540 converts the image
data (which is digital data) stored in the second latch unit 530
into a data voltage (which is an analog value). In this case, the
DAC unit 540 may select and convert one of gray voltages in
a gray voltage generator (not illustrated).

[0088] Theamplifier550 amplifies the data voltage, and the
MUX unit 560 controls the data voltage so that the data
voltage suitable for the polarity is selected according to the
inversion signal POL.

[0089] Here, the latch units 520 and 530, the DAC unit 540,
the amplifier 550, and the MUX unit 560 represent a general
data processing operation of the data driving IC, and accord-
ing to an embodiment, may be configured by various orders
and combinations (e.g., including those that are different
from the configuration shown in FIG. 3).
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[0090] When the image data corresponding to each data
line is converted into the data voltage including the polarity
by the above operation, the converted data voltage is trans-
ferred to the display panel 300. In this case, the converted data
voltage may be transferred to the display panel 300 through
the charge sharing operation unit 580.

[0091] Before a data voltage of the next 1H is applied after
the data voltage is transferred to the display panel 300, the
charge sharing operation is performed by the CS1 signal and
the CS2 signal provided from the charge sharing controller
570. The voltage range to be raised by the data voltage applied
in the next 1H is reduced by the charge sharing, and thus the
power consumption may be reduced.

[0092] Hereinafter, various embodiments of the charge
sharing operation unit 580 of one data driving IC of the data
driver 500 are described below with reference to FIGS. 4to 7.
[0093] FIGS. 4 to 7 are block diagrams of the data driver
according to the embodiment.

[0094] In the embodiments of FIGS. 4 to 7, FIGS. 4 and 5
illustrate embodiments in which the data driver 500 (or each
data driving IC within the data driver 500) performs the
second charge sharing operation as a unit, and FIGS. 6 and 7
illustrate embodiments in which the second charge sharing
operation is selectively performed by an additional control
signal for each data line.

[0095] First, the data driver 500 according to the embodi-
ment of FIG. 4 will be described.

[0096] In the embodiment of FIG. 4, an operation after
image data D0, D1, D2, and D3 corresponding to respective
data lines Y0,Y1,Y?2, and Y3 are determined by the latch unit
is illustrated.

[0097] In the embodiment of FIG. 4, the data driver 500
includes the MUX unit 560 (which includes a first MUX umt
561 and a second MUX unit 562), a DAC unit 540, an ampli-
fier 550, and a charge sharing operation unit 580.

[0098] First, the first MUX unit 561 converts an output
terminal according to the inversion signal POL to select and
output a path so that each of the image data D0, D1, D2, and
D3 may be changed to a data voltage having the correspond-
ing polarity according to the image data.

[0099] Thereafter, each of the image data D0, D1, D2, and
D3 is converted to the data voltage suitable for the corre-
sponding polarity through the DAC unit 540 and the amplifier
550.

[0100] Thereafter, each of the image data D0, D1, D2, and
D3 is input to the second MUX unit 562, and a path is
rechanged (or changed) to the path suitable for the data line to
which the corresponding data voltage is to be applied. In this
case, the second MUX unit 562 may operate based on the
inversion signal POL, the enable signal EN, and the first
charge sharing signal CS1.

[0101] Thereafter, the data voltage is input to the charge
sharing operation unit 580. The charge sharing operation unit
580 operates based on the inversion signal POL, the enable
signal EN, and the first charge sharing signal CS1, and
includes a switch S1 for the first charge sharing and a switch
S2 for the second charge sharing. The switch S1 for the first
charge sharing operates in response to the first charge sharing
signal CS1, and in the embodiment, when the first charge
sharing signal CS1 has a high level, the S1 switch is closed
such that the charge may be shared between the adjacent data
lines having opposite polarities. Meanwhile, the switch S2 for
the second charge sharing operates in response to the second
charge sharing signal CS2, and in the embodiment, when the
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second charge sharing signal CS2 has a high level, one of two
S2 switches is closed according to the inversion signal POL
such that the charge may be shared among the data lines
having the same polarity and the additional capacitors Cp and
Cn. An additional capacitor Cadd (Cp, Cn of FIG. 1) is con-
nected with two short-circuit lines, and the two short-circuit
lines are configured to be selectively connected according to
a polarity. The additional capacitor Cadd may be formed by
two different capacitors based on the polarity, according to
the embodiment (e.g., as shown in FIG. 1).

[0102] Here, the enable signal EN controls whether the
second charge sharing operation is to be performed for each
polarity based on the inversion signal POL and the second
charge sharing signal CS2.

[0103] Referring to FIG. 2, the first and second charge
sharing operations may be performed just before the data
voltage of the next 1H is applied after the data voltage is
applied to the data line.

[0104] Thedata voltage is applied to each data line through
the charge sharing operation unit 580.

[0105] By such a structure, the first charge sharing and the
second charge sharing are performed, and thus a change in
voltage driven by the data driver while consuming power is
reduced, thereby reducing the power consumption.

[0106] Meanwhile, in FIG. 5, unlike FIG. 4, the charge
sharing operation unit 580 is divided into the first charge
sharing operation unit 581 and the second charge sharing
operation unit 582, and the first charge sharing operation unit
581 and the second charge sharing operation unit 582 are
separately positioned at a front end and a rear end relative to
the second MUX unit 562.

[0107] Hereinafter, the data driver 500 according to the
embodiment of FIG. 5 will be described in detail.

[0108] In the embodiment of FIG. 5, an operation after
image data D0, D1, D2, and D3 corresponding to respective
datalines Y0,Y1,Y?2, and Y3 are determined by the latch unit
is illustrated.

[0109] In the embodiment of FIG. 5, the data driver 500
includes the MUX unit 560 (which includes a first MUX umt
561 and a second MUX unit 562), a DAC unit 540, an ampli-
fier 550, a first charge sharing operation unit 581, and a
second charge sharing operation unit 582.

[0110] First, the first MUX unit 561 converts an output
terminal according to the inversion signal POL to select and
output a path so that each of the image data D0, D1, D2, and
D3 may be changed to a data voltage having the correspond-
ing polarity according to the image data.

[0111] Thereafter, each of the image data D0, D1, D2, and
D3 is converted to the data voltage suitable for the corre-
sponding polarity through the DAC unit 540 and the amplifier
550.

[0112] Thereafter, the data voltage is input to the second
charge sharing operation unit 582. The second charge sharing
operation unit 582 operates based on the second charge shar-
ing signal CS2 and the inversion signal POL, and includes a
switch S2 for the second charge sharing. The second charge
sharing operation unit 582 closes one of two S2 switches
according to the inversion signal POL when the second
charge sharing signal CS2 has a high level to share a charge
with the data line and the additional capacitor Cadd having
the same polarity. The additional capacitor Cadd is connected
with two short-circuit lines, and the two short-circuit lines are
configured to be selectively connected according to the polar-
ity. The additional capacitor Cadd may be formed by two
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different capacitors based on the polarity, according to the
embodiment (e.g., such as shown in FIG. 1).

[0113] Thereafter, each of the image data D0, D1, D2, and
D3 is input to the second MUX unit 562, and a path is
rechanged (or changed) to the path suitable for the data line to
which the corresponding data voltage is to be applied. In this
case, the second MUX unit 562 may operate based on the
inversion signal POL and the first charge sharing signal CS1.

[0114] Thereafter, the data voltage is input to the first
charge sharing operation unit 581. The first charge sharing
operation unit 581 operates based on the inversion signal POL
and the first charge sharing signal CS1, and includes a switch
S1 for the first charge sharing. The switch S1 for the first
charge sharing operates in response to the first charge sharing
signal CS1, and in the embodiment, when the first charge
sharing signal CS1 has a high level, the S1 switch is closed
such that the charge may be shared between the adjacent data
lines having opposite polarities.

[0115] Referring to FIG. 2, the first and second charge
sharing operations may be performed just before the data
voltage of the next 1H is applied after the data voltage is
applied to the data line.

[0116] The data voltage is applied to each data line through
the first charge sharing operation unit 581.

[0117] By such a structure, the first charge sharing and the
second charge sharing are performed, and thus a change in
voltage driven by the data driver while consuming power is
reduced, thereby reducing the power consumption.

[0118] In the embodiment of FIGS. 4 and 5, the second
charge sharing is set so that all the data lines having the same
polarity are short-circuited together, or connected with a pre-
determined data driving IC, and all the data lines having the
same polarity are short-circuited together. As a result, a data
line may not singly be excluded from the short-circuit.

[0119] Hereinafter, a structure in which the participation of
each data line in the second charge sharing operation may be
controlled will be described with reference to FIGS. 6 and 7.

[0120] First, the data driver 500 according to the embodi-
ment of FIG. 6 will be described.

[0121] The embodiment of FIG. 6 is similar to the embodi-
ment of FIG, 4, and unlike the embodiment of FIG., 4, the
charge sharing operation unit is divided into the first charge
sharing operation unit 581 and the second charge sharing
operation unit 582, and an independent charge sharing opera-
tion unit 583 for controlling the second charge sharing opera-
tion unit 582 is also included.

[0122] In the embodiment of FIG. 6, an operation after
image data D0, D1, D2, and D3 corresponding to respective
data lines Y0,Y1,Y?2, and Y3 are determined by the latch unit
is illustrated.

[0123] In the embodiment of FIG. 6, the data driver 500
includes the MUX unit 560 (which includes a first MUX unit
561 and a second MUX unit 562), the DAC unit 540, the
amplifier 550, the first charge sharing operation unit 581, the
second charge sharing operation unit 582, and the indepen-
dent charge sharing operation unit 583.

[0124] First, the first MUX unit 561 converts an output
terminal according to the inversion signal POL to select and
output a path so that each of the image data D0, D1, D2, and
D3 may be changed to a data voltage having the correspond-
ing polarity according to the image data.
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[0125] Thereafter, each of the image data D0, D1, D2, and
D3 is converted to the data voltage suitable for the corre-
sponding polarity through the DAC unit 540 and the amplifier
550.

[0126] Thereafter, each of the image data D0, D1, D2, and
D3 is input to the second MUX unit 562, and a path is
rechanged (or changed) to the path suitable for the data line to
which the corresponding data voltage is applied. In this case,
the second MUX unit 562 may operate based on the inversion
signal POL, the enable signal EN, and the first charge sharing
signal CS1.

[0127] Thereafter, the data voltage is input to the first
charge sharing operation unit 581. The first charge sharing
operation unit 581 operates based on the inversion signal POL
and the first charge sharing signal CS1, and includes a switch
S1 for the first charge sharing. The switch S1 for the first
charge sharing operates by the first charge sharing signal CS1,
and in the embodiment, when the first charge sharing signal
CS1 has a high level, the S1 switch is closed such that the
charge may be shared between the adjacent data lines having
opposite polarities.

[0128] Thereafter, the data voltage is input to the second
charge sharing operation unit 582.

[0129] The second charge sharing operation unit 582 oper-
ates based on the second charge sharing signal CS2 and the
output of the independent charge sharing operation unit 583,
and includes a switch S2 for the second charge sharing. The
second charge sharing operation unit 582 closes one of two S2
switches according to the inversion signal POL when the
second charge sharing signal CS2 has a high level and the
output of the independent charge sharing operation unit 583 is
asignal (e.g., highlevel) to perform the second charge sharing
operation such that the charge may be shared among the data
lines having the same polarity and the additional capacitor
Cadd. The additional capacitor Cadd is connected with two
short-circuit lines, and the two short-circuit lines are config-
ured to be selectively connected according to the polarity. The
additional capacitor Cadd may be formed by two different
capacitors based on the polarity, according to the embodiment
(e.g., such as shown in FIG. 1).

[0130] The independent charge sharing operation unit 583
may output a signal (e.g., high level) to perform the second
charge sharing operation by the second charge sharing opera-
tion unit 582 and a signal (e.g., low level) not to perform the
second charge sharing operation by the second charge sharing
operationunit 582. The independent charge sharing operation
unit 583 is provided for each data line to control the second
charge sharing operation for each data line. The output of the
independent charge sharing operation unit 583 may be deter-
mined based on an enable signal EN, a clock signal CLK, a
vertical synchronization signal STH, an inversion signal
POL, a second charge sharing signal CS2, and a data voltage
Line(n) in the present row and a data voltage Line(n-1) in the
previous row. By comparing the data voltage Line(n) in the
present row and the data voltage Line(n-1) in the previous
row, when a difference thereof is small, the second charge
sharing operation may be unnecessary. For example, the sec-
ond charge sharing may be performed only when the differ-
ence is greater than or equal to a threshold voltage. The
threshold voltage may be predetermined.

[0131] Referring to FIG. 2, the first and second charge
sharing operations may be performed just before the data
voltage of the next 1H is applied after the data voltage is
applied to the data line.
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[0132] The data voltage is applied to each data line through
the second charge sharing operation unit 582.

[0133] By such a structure, the first charge sharing and the
second charge sharing are performed, and thus a change in
voltage driven by the data driver while consuming power is
reduced, thereby reducing the power consumption. Further,
the one or more data lines that do not benefit from the charge
sharing are omitted, thereby reducing the power consump-
tion.

[0134] Meanwhile, in FIG. 7, unlike FIG. 6, the first charge
sharing operation unit 581 and the second charge sharing
operation unit 582 are separately positioned at the rear end
and the front end relative to the second MUX unit 562.
[0135] Hereinafter, the data driver 500 according to the
embodiment of FIG. 7 will be described in detail.

[0136] In the embodiment of FIG. 7, an operation after
image data D0, D1, D2, and D3 corresponding to respective
data lines Y0,Y1,Y?2, and Y3 are determined by the latch unit
is illustrated.

[0137] In the embodiment of FIG. 7, the data driver 500
includes the MUX unit 560 (which includes a first MUX unit
561 and a second MUX unit 562), the DAC unit 540, the
amplifier 550, the first charge sharing operation unit 581, the
second charge sharing operation unit 582, and the indepen-
dent charge sharing operation unit 583.

[0138] First, the first MUX unit 561 converts an output
terminal according to the inversion signal POL to select and
output a path so that each of the image data D0, D1, D2, and
D3 may be changed to a data voltage having the correspond-
ing polarity according to the image data.

[0139] Thereafter, each of the image data D0, D1, D2, and
D3 is converted to the data voltage suitable for the corre-
sponding polarity through the DAC unit 540 and the amplifier
550.

[0140] Thereafter, the data voltage is input to the second
charge sharing operation unit 582. The second charge sharing
operation unit 582 operates based on the second charge shar-
ing signal CS2 and the output of the independent charge
sharing operation unit 583, and includes a switch S2 for the
second charge sharing. The second charge sharing operation
unit 582 closes one of two S2 switches according to the
inversion signal POL when the second charge sharing signal
CS2 has a high level and the output of the independent charge
sharing operation unit 583 is a signal (e.g., high level) to
perform the second charge sharing operation such that the
charge may be shared among the data lines having the same
polarity and the additional capacitor Cadd. The additional
capacitor Cadd is connected with two short-circuit lines, and
the two short-circuit lines are configured to be selectively
connected according to the polarity. The additional capacitor
Cadd may be formed by two different capacitors based on the
polarity, according to the embodiment (e.g., such as shown in
FIG. 1).

[0141] The independent charge sharing operation unit 583
may output a signal (e.g., high level) to perform the second
charge sharing operation by the second charge sharing opera-
tion unit 582 and a signal (e.g., low level) not to perform the
second charge sharing operation by the second charge sharing
operation unit 582. The independent charge sharing operation
unit 583 is provided for each data line to control the second
charge sharing operation for each data line. The output of the
independent charge sharing operation unit 583 may be deter-
mined based on an enable signal EN, a clock signal CLK, a
vertical synchronization signal STH, an inversion signal
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POL, a second charge sharing signal CS2, and a data voltage
Line(n) in the present row and a data voltage Line (n-1) inthe
previous row. By comparing the data voltage Line(n) in the
present row and the data voltage Line(n-1) in the previous
row, when a difference thereof is small, the second charge
sharing operation may be unnecessary.

[0142] Thereafter, each of the image data D0, D1, D2, and
D3 is input to the second MUX unit 562, and a path is
rechanged (or changed) to the path suitable for the data line to
which the corresponding data voltage is applied. In this case,
the second MUX unit 562 may operate based on the inversion
signal POL and the first charge sharing signal CS1.

[0143] Thereafter, the data voltage is input to the first
charge sharing operation unit 581. The first charge sharing
operation unit 581 operates based on the inversion signal POL
and the first charge sharing signal CS1, and includes a switch
S1 for the first charge sharing. The switch S1 for the first
charge sharing operates in response to the first charge sharing
signal CS1, and in the embodiment, when the first charge
sharing signal CS1 has a high level, the S1 switch is closed
such that the charge may be shared between the adjacent data
lines having opposite polarities.

[0144] Referring to FIG. 2, the first and second charge
sharing operations may be performed just before the data
voltage of the next 1H is applied after the data voltage is
applied to the data line.

[0145] Thedata voltage is applied to each data line through
the first charge sharing operation unit 581.

[0146] By such a structure, the first charge sharing and the
second charge sharing are performed, and thus a change in
voltage driven by the data driver while consuming power is
reduced, thereby reducing the power consumption. Further,
the data lines that do not benefit from the charge sharing are
omitted, thereby reducing the power consumption.

[0147] Inthe above embodiment of FIGS. 6 and 7, there is
an advantage in that the second charge sharing operation is
performed for each data line, but there is a disadvantage in
that a circuit structure and a control signal are increased. On
the contrary, in the embodiment of FIGS. 4 and 5, there is an
advantage in that the circuit structure and the control signal
are simple.

[0148] Hereinafter, an embodiment in which the data driver
500 determines whether to perform the second charge sharing
will be described with reference to FIGS. 8 to 11.

[0149] First, a signal controller and a data driver will be
described with reference to FIG. 8.

[0150] FIG. 81is a block diagram of a signal controller and
a data driver according to another embodiment.

[0151] In the embodiment of FIG. 8, unlike the embodi-
ment of FIG. 3, the data driver 500 includes a second CS2
determining unit 575 for determining whether the second
charge sharing is performed.

[0152] That is, the signal controller 600 determines the
timing for performing the first charge sharing CS1 and the
second charge sharing CS2, and transfers the timing to the
data driver 500, but the data driver 500 may also determines
and operates whether the second charge sharing CS2 is to be
performed through the second CS2 determining unit 575. In
this case, the first CS2 determining unit 640 of the signal
controller 600 and the second CS2 determining unit 575 of the
data driver 500 may have different standards for making the
determination, and may be configured to compensate for each
other.
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[0153] The data driver 500 illustrated in FIG. 8 is one data
driving IC (S-1C). The data driver 500 may include a plurality
of data driving ICs.

[0154] First, the signal controller 600 according to the
embodiment of FIG. 8 will be described.

[0155] The signal controller 600 according to the embodi-
ment includes a receiving unit 610 for receiving input image
signals R, G, and B from an external graphic controller (not
illustrated), two line memories 620 and 630 for storing the
received input image signals R, G, and B, a first CS2 deter-
mining unit 640, a transmitting unit 660 for outputting a CS2
signal to the data driver 500 together with image data DAT,
and an EEPROM memory 650 for storing a basic setting value
of the second charge sharing.

[0156] The receiving unit 610 separates the input image
signals R, G, and B based on the graphic controller and
transmitting/receiving standards and divides the separated
image signals into input image signals to be applied to pixels
in one row of the display panel 300, and stores the divided
input image signals in the first line memory 620. Thereafter,
the input image signals stored in the first line memory 620 are
transmitted to the transmitting unit 660, and further, transmit-
ted to the second line memory 630 such that the input image
signals for each row may be compared.

[0157] The input image signals for each row stored in the
firstand second line memories 620 and 630 are determined by
the first CS2 determining unit 640, and the first CS2 deter-
mining unit 640 determines whether the second charge shar-
ing is to be performed. Since the setting value used in the
determination is stored in the EEPROM memory 650, the first
CS2 determining unit 640 retrieves the setting value and
determines whether the second charge sharing is to be per-
formed based on the retrieved setting value. The CS2 signal
output in the first CS2 determining unit 640 may be a signal
including only whether the CS2 operation is performed or
not. Meanwhile, the first CS2 determining unit 640 may
determine whether the first charge sharing is performed, but
in the present embodiment, when the inversion signal POL is
applied, the first charge sharing is set to be always performed,
and thus a separate determining procedure is not required
(and thus omitted). Even in the case of determining whether
the first charge sharing is performed, the first CS2 determin-
ing unit 640 may be called a charge sharing determining unit.
[0158] Thereafter, the transmitting unit 660 converts the
input image signals received from the first line memory 620
into the output image signal DAT in accordance with a stan-
dard (for example, an RSDS method, a mini-LVDS method,
and the like) for transmitting to the data driver 500. Further,
the transmitting unit 660 embeds the CS2 signal transferred
from the first CS2 determining unit 640 into the converted
output image signal DAT, and transfers the CS-2 embedded
signal to the data driver 500. In this case, the CS1 signal for
the first charge sharing may also be embedded into the con-
verted output image signal DAT.

[0159] Hereinafter, the data driver 500 of FIG. 8 will be
described in detail. The data driver 500 of FIG. 8 may be one
data driving IC (S-IC).

[0160] The data driver 500 according to the embodiment
includes a receiving unit 510 for receiving the output image
signal DAT transmitted from the signal controller 600, the
CS2 signal, and other control signals (including the POL and
the CS1 signal), latch units 520 and 530 for extracting a part
of the image data output from the receiving unit 510 and
storing the extracted part, a DAC unit 540 for converting the
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stored image data into a data voltage which is an analog value,
an amplifier 550 for amplifying the data voltage, a MUX unit
560 for converting the output according to a polarity, a charge
sharing controller (CS1+CS2 controller) 570 for outputting
the CS1 signal and the CS2 signal received from the receiving
unit 510 during the corresponding timing, a charge sharing
operation unit (CS1+CS2 operation unit) 580 for operating
according to a signal of the charge sharing controller, and a
second CS2 determining unit 575 for determining addition-
ally whether the second charge sharing is to be performed.
[0161] The receiving unit 510 receives the output image
signal DAT provided from the signal controller 600 and the
control signal to output the image data to the latch units 520
and 530, and the CS1 signal and the CS2 signal are transferred
to the charge sharing controller 570.

[0162] Theimage data is converted to the data voltage, and
in the embodiment in FIG. 8, the conversion is performed by
the latch units 520 and 530, the DAC unit 540, the amplifier
550, and the MUX unit 560.

[0163] The first latch unit 52 samples and stores the image
data, and samples only the image data corresponding to a data
line controlled by the corresponding data driving IC. There-
after, the second latch unit 530 receives and stores the image
data sampled by the first latch unit 520. According to an
embodiment, only one latch unit may be included. The second
latch unit 530 transfers the image data to the DAC unit 540
and the second CS2 determining unit 575.

[0164] Thereafter, the DAC unit 540 converts the image
data (which is digital data) stored in the second latch unit 5330
into a data voltage (which is an analog value). In this case, the
DAC unit 540 may select and convert one of gray voltages in
a gray voltage generator (not illustrated).

[0165] Theamplifier550 amplifies the data voltage, and the
MUX unit 560 controls the data voltage so that the data
voltage suitable for the polarity is selected according to the
inversion signal POL.

[0166] Here, the latch units 520 and 530, the DAC unit 540,
the amplifier 550, and the MUX unit 560 represent a general
data processing operation of the data driving IC, and accord-
ing to an embodiment, may be configured by various orders
and combinations (e.g., including those that are different
from the configuration shown in FIG. 8).

[0167] When the image data corresponding to each data
line is converted into the data voltage including the polarity
by the above operation, the converted data voltage is trans-
ferred to the display panel 300. In this case, the converted data
voltage may be transferred to the display panel 300 through
the charge sharing operation unit 580.

[0168] Before a data voltage of the next 1H is applied after
the data voltage is transferred to the display panel 300, the
charge sharing operation is performed by the CS1 signal and
the CS2 signal provided from the charge sharing controller
570, and a CS2_EN signal provided by the second CS2 deter-
mining unit 575.

[0169] The second CS2 determining unit 575 outputs the
CS2_EN signal, and the method of determining the level of
the CS2_EN signal based on the image data in the second CS2
determining unit 575 may be various methods, and hereinaf-
ter, a simple determining method using only the MSB will be
described. However, the determination method is not limited
to such configuration, and may include any other determina-
tion method.

[0170] That is, since an MSB value of 0 in the image data
means a lower gray and the MSB value of 1 means an upper
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gray, and if the MSB value is changed for every 1H, it means
that the MSB value switches sides with respect to the inter-
mediate gray. Therefore, in such a case, the data voltage
applied to one data line is changed upward and downward
toward (or crossing) the data voltage of the intermediate gray
through the second charge sharing. That is, the second CS2
determining unit 575 compares image data applied to one
data line for every 1H to generate a high level of the CS2_EN
signal when the MSB is changed, and operate the CS2 (the
second charge sharing) accordingly.

[0171] The CS2_EN signal provided from the second CS2
determining unit 575 may control the second charge sharing
for each data line.

[0172] The voltage range to be raised by the data voltage
applied in the next 1H is reduced by the charge sharing, and
thus the power consumption may be reduced.

[0173] A detailed block structure of such a data driver 500
will be described in detail with reference to FIG. 9.

[0174] FIG. 91is a block diagram of the data driver accord-
ing to another embodiment.

[0175] InFIG.9, apartofthe second CS2 determining unit
575 which outputs the CS2_EN signal through the MSB is
illustrated in detail.

[0176] Incomparison with FIG. 8, in FIG. 9, a shift register
515 and a CS1 controller 576 are further included. The shift
register 515 is omitted in FIGS. 3 and 8 as a constituent
element generally included in the data driver 500. When a
series of image data are input, the shift register 515 serves to
store only the image data required for the corresponding data
driving IC, and to transfer subsequent image data to the next
data driving IC.

[0177] The image data output from the second latch unit
5301is also input to the second CS2 determining unit 575. The
second CS2 determining unit 575 includes a CS2 latch unit
575-1 for storing the input image data, an XOR unit 575-2, an
OR unit 575-3, and an AND unit 575-4. In this case, the signal
input to the second CS2 determining unit 575 includes a
CS2[0] signal which is a signal for distinguishing whether the
second charge sharing is to be performed in all the data lines
or is to be performed independently (e.g., for each channel,
for each data line, for each data driving IC, and etc.), and a
CS2[1] signal which is a signal for distinguishing whether the
second charge sharing is to be used or not to be used. Further,
a TP1 signal applied to the CS2 latch unit 575-1 is applied.
[0178] The second CS2 determining unit 575 outputs the
CS2_EN signal according to the output of the XOR unit
575-2, the OR unit 575-3, and the AND unit 575-4.

[0179] First, the XOR unit 575-2 receives an MSB of the
present image data and an MSB of the image data from the
previous 1H stored in the CS2 latch unit 575-1 to output 0
when the two MSBs are the same, and output 1 when the two
MSBs are different.

[0180] Thereafter, the OR unit 575-3 compares the output
of the XOR unit 575-2 and the CS2[0] to output 1 when one
of the two is 1, and output O when they are both 0. Therefore,
the output of the OR unit 575-3 is 1 when the output of the
XOR unit 575-2 is 1 (the two MSBs are different), or the
second charge sharing is set to be performed with respect to
all the data lines, and is O only when the two MSBs are equal
to each other when the second charge sharing is to be inde-
pendently performed.

[0181] Thereafter, the AND unit 575-4 outputs 1 to the
CS2_EN only when the output of the OR unit 575-3 is 1 and
the CS2[1] value is 1. Therefore, when the CS2[1] value is set
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to 0, the value of the CS2_EN is 1 and thus the independent
second charge sharing is not performed.

[0182] The charge sharing operation unit 580 operates
according to the control signal provided by the charge sharing
controller 570 based on the CS2_EN signal output by the
second CS2 determining unit 575.

[0183] Meanwhile, in the embodiment of FIG. 9, an output
signal CS1_EN ofthe CS1 controller 576 is also applied to the
charge sharing controller 570, and the CS1 controller 576
outputs the CS1_EN signal according to the inversion signal
POL together with the CS1 signal provided from the signal
controller 600. The CS1 controller 576 may control the CS1
operation to be entirely used from the outside or not to be used
from the outside.

[0184] According to the embodiment of FIG. 9, the charge
sharing controller 570 considers the CS2_EN signal, which is
output from the second CS2 determining unit 575, and the
CS1_EN signal, which is output from the CS1 controller 576,
and operates in response to a clock signal CLK and a TP2
signal.

[0185] Hereinafter, the change in voltage in various types
of second charge sharing will be described with reference to
FIGS. 10 to 12.

[0186] FIGS. 10 to 12 are graphs illustrating a comparison
of a voltage change in different types of second charge shar-
ing according to embodiments.

[0187] First, in FIG. 10, a voltage change when the second
charge sharing is not performed is illustrated. That is, when
one data line has a positive voltage having a low gray and the
other data line has a positive voltage of an intermediate gray
(128G) or more in the current frame (n-1th frame), a change
in voltage in the case where both data lines express a maxi-
mum gray (255G) in the next frame (n-th frame) is illustrated.
[0188] As shown in FIG. 10, for the data line representing
the low gray, the RC delay for reaching the target voltage is
very large. In the other data line, which requires a smaller
change in voltage to reach the target voltage, there still is
some RC delay but it is relatively small, as shown in FIG. 10.
[0189] FIG. 11 illustrates an embodiment in which the sec-
ond charge sharing is independently performed in the same
situation as that illustrated in FIG. 10, and the second charge
sharing is performed only for the data line of the low gray. The
second charge sharing is not performed with respect to the
data line expressing the intermediate gray (128G) or more.
Such a second charge sharing method is referred to as an
independent second charge sharing.

[0190] According to FIG. 11, since the data line of the low
gray reaches the value of the intermediate gray (123G)
through the second charge sharing and thereafter, transitions
to a maximum gray, a width of the voltage change is reduced,
and as a result, a time of the RC delay is reduced as compared
with the embodiment of FIG. 10. During the independent
second charge sharing of FIG. 11, the data line having the
intermediate gray or more in which the second charge sharing
is not performed has the same delay time as FIG. 10.

[0191] Meanwhile, FIG. 12 illustrates an embodiment in
which the second charge sharing is performed with respect to
all the data lines in the same situation as FIG. 10. Such a
second charge sharing method is referred to as a global sec-
ond charge sharing.

[0192] Since the second charge sharing is performed with
respect to all the data lines, in the embodiment of FIG. 12, the
data line having the intermediate gray or more has a voltage
value of the intermediate gray and then is changed to a maxi-
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mum gray which is a target gray. In this case, in the data line
having the intermediate gray or more, the voltage change
needed to reach the target voltage was increased by the second
charge sharing.

[0193] Insummary, when the second charge sharing is not
performed (e.g., in the example of FIG. 10), a deviation in
charge rate of the pixel connected to each data line may occur
due to the RC delay. On the contrary, in the case of the
independent second charge sharing (e.g., in the example of
FIG. 11), the width of the voltage change in each data line is
at its smallest, and thus the power consumption is at its small-
est. However, since the voltage difference of each data line
still occurs, the deviation in charge rate of the pixel connected
to each data line may occur. Further, since whether the second
charge sharing is performed in any data line may need to be
separately determined, an additional determining unit may be
required. Meanwhile, in the global second charge sharing
(e.g., in the example of FI1G. 12), more power is consumed
than in the independent second charge sharing, but a moving
path of the data line voltages after the second charge sharing
is the same and thus there is little deviation in the charge rate
of the pixel connected to each data line.

[0194] As such, a different second charge sharing method
may be applied depending on the need.

[0195] Hereinafter, various embodiments of the charge
sharing operation unit 580 of one data driving IC of the data
driver 500 will be described with reference FIGS. 13 and 14.
[0196] FIGS. 13 and 14 are block diagrams of the data
driver according to the embodiment.

[0197] Thedata driver 500 according to the embodiment of
FIGS. 13 and 14 may control a second charge sharing opera-
tion for each data line like the embodiment of FIGS. 6 and 7.
However, in the embodiment of FIGS. 13 and 14, there is a
difference in that an independent charge sharing operation
unit 583 operates by comparing only the MSBs.

[0198] First, the data driver 500 according to the embodi-
ment of FIG. 13 will be described.

[0199] In the embodiment of FIG. 13, an operation after
image data D0, D1, D2, and D3 corresponding to respective
data lines Y0,Y1,Y?2, and Y3 are determined by the latch unit
is illustrated.

[0200] In the embodiment of FIG. 13, the data driver 500
includes the MUX unit 560 (which includes a first MUX umt
561 and a second MUX unit 562), the DAC unit 540, the
amplifier 550, the first charge sharing operation unit 581, the
second charge sharing operation unit 582, and the indepen-
dent charge sharing operation unit 583. Here, the independent
charge sharing operation unit 583 compares the MSB of the
data applied to the previous 1H and the MSB of the data
applied to the subsequent 1H, and if the MSBs are different
from each other, the independent charge sharing operation
unit 583 outputs a signal for causing the second charge shar-
ing to be performed.

[0201] First, the first MUX unit 561 converts an output
terminal according to the inversion signal POL to select and
output a path so that each of the image data D0, D1, D2, and
D3 may be changed to a data voltage having the correspond-
ing polarity according to the image data.

[0202] Thereafter, each of the image data D0, D1, D2, and
D3 is converted to the data voltage suitable for the corre-
sponding polarity through the DAC unit 540 and the amplifier
550.

[0203] Thereafter, each of the image data D0, D1, D2, and
D3 is input to the second MUX unit 562, and a path is
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rechanged (or changed) to the path suitable for the data line to
which the corresponding data voltage is applied. In this case,
the second MUX unit 562 may operate based on the inversion
signal POL, the enable signal EN, and the first charge sharing
signal CS1.

[0204] Thereafter, the data voltage is input to the first
charge sharing operation unit 581. The first charge sharing
operation unit 581 operates based on the inversion signal POL
and the first charge sharing signal CS1, and includes a switch
S1 for the first charge sharing. The switch S1 for the first
charge sharing operates in response to the first charge sharing
signal CS1, and in the embodiment, when the first charge
sharing signal CS1 has a high level, the S1 switch is closed
such that the charge may be shared between the adjacent data
lines having opposite polarities.

[0205] Thereafter, the data voltage is input to the second
charge sharing operation unit 582.

[0206] The second charge sharing operation unit 582 opet-
ates based on the output of the second charge sharing signal
CS2 and the independent charge sharing operation unit 583,
and includes a switch S2 for the second charge sharing. The
second charge sharing operation unit 582 closes one of two S2
switches according to the inversion signal POL when the
second charge sharing signal CS2 has a high level and the
output of the independent charge sharing operation unit 583 is
asignal (e.g., highlevel) to perform the second charge sharing
operation such that the charge may be shared among the data
lines having the same polarity and the additional capacitor
Cadd. The additional capacitor Cadd is connected with two
short-circuit lines, and the two short-circuit lines are config-
ured to be selectively connected based on the polarity. The
additional capacitor Cadd may be formed by two different
capacitors based on the polarity, according to the embodiment
such as shown in FIG. 1.

[0207] The independent charge sharing operation unit 583
may output a signal (e.g., high level) to perform the second
charge sharing operation by the second charge sharing opera-
tion unit 582 and a signal (e.g., low level) not to perform the
second charge sharing operation by the second charge sharing
operation unit 582. Here, the independent charge sharing
operation unit 583 compares the MSB of the data applied to
the previous 1H and the MSB of the data applied to the
subsequent 1H to output an output signal to perform the
second charge sharing in the case where the MSBs are differ-
ent from each other.

[0208] Referring to FIG. 2, the first and second charge
sharing operations may be performed just before the data
voltage of the next 1H is applied after the data voltage is
applied to the data line.

[0209] Thedata voltage is applied to each data line through
the second charge sharing operation unit 582.

[0210] By such a structure, the first charge sharing and the
second charge sharing are performed, and thus a change in
voltage driven by the data driver while consuming power is
reduced, thereby reducing the power consumption. Further,
the unnecessary data line does not perform the charge shar-
ing, thereby reducing the power consumption.

[0211] Meanwhile, in FIG. 14, unlike FIG. 13, the first
charge sharing operation unit 581 and the second charge
sharing operation unit 582 are separately positioned at the
rear end and the front end based on the second MUX unit 562.
[0212] Hereinafter, the data driver 500 according to the
embodiment of FIG. 14 will be described in detail.



US 2015/0123961 Al

[0213] In the embodiment of FIG. 14, an operation after
image data D0, D1, D2, and D3 corresponding to respective
data lines Y0,Y1,Y?2, and Y3 are determined by the latch unit
is illustrated.

[0214] In the embodiment of FIG. 14, the data driver 500
includes the MUX unit 560 (which includes a first MUX umit
561 and a second MUX unit 562), the DAC unit 540, the
amplifier 550, the first charge sharing operation unit 581, the
second charge sharing operation unit 582, and the indepen-
dent charge sharing operation unit 583. Here, the independent
charge sharing operation unit 583 compares the MSB of the
data applied to the previous 1H and the MSB of the data
applied to the subsequent 1H to output an output signal to
perform the second charge sharing in the case where the
MSBs are different from each other.

[0215] First, the first MUX unit 561 converts an output
terminal according to the inversion signal POL to select and
output a path so that each of the image data D0, D1, D2, and
D3 may be changed to a data voltage having the correspond-
ing polarity according to the image data.

[0216] Thereafter, each of the image data D0, D1, D2, and
D3 is converted to the data voltage suitable for the corre-
sponding polarity through the DAC unit 540 and the amplifier
550.

[0217] Thereafter, the data voltage is input to the second
charge sharing operation unit 582. The second charge sharing
operation unit 582 operates based on the output ofthe second
charge sharing signal CS2 and the independent charge shar-
ing operation unit 583, and includes a switch S2 for the
second charge sharing. The second charge sharing operation
unit 582 closes one of two S2 switches according to the
inversion signal POL when the second charge sharing signal
CS2 has a high level and the output of the independent charge
sharing operation unit 583 is a signal (e.g., high level) to
perform the second charge sharing operation such that the
charge may be shared among the data lines having the same
polarity and the additional capacitor Cadd. The additional
capacitor Cadd is connected with two short-circuit lines, and
the two short-circuit lines are configured to be selectively
connected based on the polarity. The additional capacitor
Cadd may be formed by two different capacitors based on the
polarity according to the embodiment such as shown in FIG.
1.

[0218] The independent charge sharing operation unit 583
may output a signal (e.g., high level) to perform the second
charge sharing operation by the second charge sharing opera-
tion unit 582 and a signal (e.g., low level) not to perform the
second charge sharing operation by the second charge sharing
operation unit 582. The independent charge sharing operation
unit 583 compares the MSB of the data applied to the previous
1H and the MSB of the data applied to the subsequent 1H to
output an output signal to perform the second charge sharing
in the case where the MSBs are different from each other.
[0219] Thereafter, each of the image data D0, D1, D2, and
D3 is input to the second MUX unit 562, and a path is
rechanged (or changed) to the path suitable for the data line to
which the corresponding data voltage is applied. In this case,
the second MUX unit 562 may operate based on the inversion
signal POL and the first charge sharing signal CS1.

[0220] Thereafter, the data voltage is input to the first
charge sharing operation unit 581. The first charge sharing
operation unit 581 operates based on the inversion signal POL
and the first charge sharing signal CS1, and includes a switch
S1 for the first charge sharing. The switch S1 for the first
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charge sharing operates by the first charge sharing signal CS1,
and in the embodiment, when the first charge sharing signal
CS1 has a high level, the S1 switch is closed such that the
charge may be shared between the adjacent data lines having
opposite polarities.

[0221] Referring to FIG. 2, the first and second charge
sharing operations may be performed just before the data
voltage of the next 1H is applied after the data voltage is
applied to the data line.

[0222] Thedata voltage is applied to each data line through
the first charge sharing operation unit 581.

[0223] By such a structure, the first charge sharing and the
second charge sharing are performed, and thus the change in
voltage driven by the data driver while consuming power is
reduced, thereby reducing the power consumption. Further,
the unnecessary data line does not perform the charge shar-
ing, thereby reducing the power consumption.

[0224] Inthe above embodiment of FIGS. 13 and 14, there
is an advantage in that the second charge sharing operation is
performed for each data line, but there is a disadvantage in
that a circuit structure and a control signal are increased.
However, in the embodiment of FIGS. 13 and 14, since the
independent charge sharing operation unit 583 compares only
the two MSBs, the additional circuit structure is simple and an
independent control is possible.

[0225] Hereinafter, a characteristic of the voltage change
according to the embodiment will be described with reference
to FIGS. 15 and 16.

[0226] FIGS. 15 and 16 are graphs simulating a voltage
change according to the embodiment.

[0227] The graphs of FIGS. 15 and 16 illustrate a change in
voltage according to a driving time, and thick solid lines
Vext_p and Vext_n represent voltage values obtained by the
second charge sharing, and thin lines Vload_p and Vload_n
represent respective data loads. Further, in FIGS. 12 and 13, p
means a positive polarity, and n means a negative polarity.
[0228] FIG. 15 illustrates a case where the second charge
sharing CS2 operation is always performed, and FIG. 16
illustrates a case where the second charge sharing CS2 opera-
tion is performed only when passing the intermediate gray.
[0229] Inthe case of the embodiment of FIG. 16, as shown
in FIG. 16, the width of the voltage change is small and thus
the power consumption is smaller. That is, in the case where
the second charge sharing CS2 is always performed (e.g,,
FIG. 15), the power consumption may be rather increased.
Thus, if reducing the power consumption is the primary con-
cern, the example of FIG. 16 may be used, where the second
charge sharing CS2 is selectively performed.

[0230] Hereinafter, a structure of a display device accord-
ing to various embodiments of the second charge sharing will
be described.

[0231] FIGS.17t019 are block diagrams of a liquid crystal
display according to an embodiment.

[0232] FIGS.17to 19 briefly illustrate only some constitu-
ent elements. In FIGS. 17 to 19, aplurality of independent ICs
(e.g., data driving 1Cs) 505 configuring a liquid crystal panel
300, a signal controller 600, and a data driver 500 is illus-
trated.

[0233] First, the embodiment of FIG. 17 will be described.
[0234] In the embodiment of FIG. 17, the signal controller
600 and the plurality of data driving ICs 505 are connected as
one unit. That is, since the signal controller 600 simulta-
neously controls the plurality of data driving ICs 505 by one
signal, each of the data driving ICs 505 may not indepen-
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dently perform the second charge sharing. That is, the
embodiment performs global second charge sharing.
[0235] For the global second charge sharing, additional
capacitors Cp and Cn are formed one by one. In the embodi-
ment, the additional capacitors Cp and Cn are positioned
outside the data driving IC 505. The additional capacitors Cp
and Cn may be positioned inside the data driver 500.
[0236] Inthe embodiment of FIG. 18, the signal controller
600 and the plurality of data driving ICs 505 are connected to
respective independent wirings. That is, since the signal con-
troller 600 may control the plurality of data driving ICs 505
by respective signals (e.g., CS2(1P), CS2(2P), . . . and CS2
(iP)), each of the data driving ICs 505 may independently
perform the second charge sharing. That is, the embodiment
performs independent second charge sharing.
[0237] In the embodiment of FIG. 18, for the independent
second charge sharing, additional capacitors Cp and Cn are
formed one by one. That is, the data line independently pet-
forming the second charge sharing is connected to one of the
additional capacitors Cp and Cn, and in this case, the sizes of
the additional capacitors Cp and Cn may be predetermined.
Further, in the embodiment, the additional capacitors Cp and
Cn are positioned outside the data driving IC 505. The addi-
tional capacitors Cp and Cn may be positioned inside the data
driver 500.
[0238] In the embodiment of FIG. 19, the signal controller
600 and the plurality of data driving ICs 505 are connected to
respective independent wirings. That is, since the signal con-
troller 600 may control the plurality of data driving ICs 505
by respective signals, each of the data driving ICs 505 may
independently perform the second charge sharing. That is, the
embodiment performs independent second charge sharing.
[0239] Meanwhile, in the embodiment of FIG. 19, unlike
the embodiment of FIG. 18, additional capacitors Cpiand Cni
are formed for each data driving IC 505, respectively. That is,
the data line performing the second charge sharing for each
data driving IC 505 is connected to each of the additional
capacitors Cpi and Cni to perform the second charge sharing.
As aresult, the data line does not perform the second charge
sharing with the adjacent data driving IC 505. In the embodi-
ment, the additional capacitors Cpi and Cni are positioned
outside the data driving IC 505, but according to an embodi-
ment, may be positioned inside the data driving IC 505.
[0240] While this invention has been described in connec-
tion with what is presently considered to be practical embodi-
ments, it is to be understood that the present invention is not
limited to the disclosed embodiments, but, on the contrary, is
intended to cover various modifications and equivalent
arrangements included within the spirit and scope of the
appended claims.
What is claimed is:
1. A liquid crystal display, comprising:
a display panel comprising a plurality of pixels and a plu-
rality of data lines connected to the plurality of pixels;
a signal controller configured to receive an input image
signal and an input control signal and output an output
image signal and an output control signal, the signal
controller further configured to determine a charge shar-
ing between two or more data lines having voltages in
the same polarity; and
a data driver configured to:
convert, based on the output control signal, the image
signal into data voltages to be supplied to the plurality
of data lines connected to the plurality of pixels, the

May 7, 2015

data voltages having a plurality of positive levels and
a plurality of negative levels;

perform a first charge sharing by short-circuiting first
and second data lines that are adjacent to each other,
the first data line having a positive voltage and the
second data line having a negative voltage in a first
time frame and the first data line having a negative
voltage and the second data line having a positive
voltage in a second time frame subsequent to the first
time frame; and

perform a second charge sharing by short-circuiting
third and fourth data lines having data voltages in the
same polarity, when determined that the third data line
hasa first voltage level ofa particular polarity in a first
sub-period and the third data line has a second voltage
level of the particular polarity a second sub-period
subsequent to the first time period,

wherein the first charge sharing and the second charge
sharing do not temporally overlap with each other.

2. The liquid crystal display of claim 1, wherein:

the pixels adjacent in an extending direction of the data
lines among the plurality of pixels are connected to the
adjacent data lines having different polarities.

3. The liquid crystal display of claim 2, wherein:

the output control signal includes an inversion signal for
inverting the polarities of the data voltages for each
frame, each frame comprising a plurality of sub-periods,
and

the first charge sharing is performed during the first sub-
period after the polarities of the data voltages are
inverted by the inversion signal.

4. The liquid crystal display of claim 3, wherein:

during the second charge sharing, the data driver connects
together the data lines representing the same polarity
and an additional capacitor.

5. The liquid crystal display of claim 4, wherein:

the second charge sharing comprises a positive charge
sharing stage in which the data lines to which positive
data voltages are applied are short-circuited, and a nega-
tive charge sharing stage in which the data lines to which
negative data voltages are applied are short-circuited,
and

the positive and negative charge sharing stages are either
simultaneously performed or do not temporally overlap
with each other.

6. The liquid crystal display of claim 5, wherein:

the signal controller comprises a charge sharing determin-
ing unit configured to determine whether the second
charge sharing is to be performed, and

the data driver comprises:

a charge sharing controller configured to output a charge
sharing control signal for controlling the first charge
sharing and the second charge sharing; and

a charge sharing operation unit configured to operate
according to the charge sharing control signal output
by the charge sharing controller.

7. The liquid crystal display of claim 6, wherein:

the charge sharing operation unit of the data driver com-
prises a first charge sharing operation unit configured to
perform the first charge sharing and a second charge
sharing operation unit configured to perform the second
charge sharing, and

image datatransferred from the signal controller to the data
driver is output to the data lines sequentially through:
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a first MUX configured to select a path for converting the
image data to a data voltage of a suitable polarity;
aDAC configured to convert the image data into the data
voltage of the suitable polarity;

the second charge sharing operation unit configured to
perform the second charge sharing;

asecond MUX configured to select a path to the data line
to which the data voltage is to be applied; and

a first charge sharing operation unit configured to per-
form the first charge sharing.
8. The liquid crystal display of claim 6, wherein:
image data transferred from the signal controller to the data
driver is output to the data lines sequentially through:
a first MUX configured to select a path for converting the
image data to a data voltage of a suitable polarity;
a DAC configured to convert the image data into the data
voltage of the suitable polarity;
asecond MUX configured to select a path to the data line to
which the data voltage is to be applied; and
the charge sharing operation unit configured to perform the
first charge sharing and the second charge sharing.
9. The liquid crystal display of claim 6, wherein:
the charge sharing operation unit of the data driver com-
prises a first charge sharing operation unit configured to
perform the first charge sharing, a second charge sharing
operation unit configured to perform the second charge
sharing, and an independent charge sharing operation
unit configured to determine for each data line whether
the second charge sharing is to be performed and to
output a signal indicating whether the second charge
sharing is to be performed, and
image data transferred from the signal controller to the data
driver is output to the data lines sequentially through:
a first MUX configured to select a path for converting the
image signal to a data voltage of a suitable polarity;
aDAC configured to convert the image data into the data
voltage of the suitable polarity;

the second charge sharing operation unit configured to
perform the second charge sharing based on the signal
output by the independent charge sharing operation
unit;

asecond MUX configured to select a path to the data line
to which the data voltage is to be applied; and

a first charge sharing operation unit configured to per-
form the first charge sharing.

10. The liquid crystal display of claim 9, wherein:

the independent charge sharing operation unit outputs a
signal indicating that the second charge sharing is to be
performed, only when a difference between a data volt-
age in a previous row of the plurality of pixels and a data
voltage in a present row of the plurality of pixels among
the data voltages applied to the corresponding data lines
is greater than or equal to a threshold voltage.

11. The liquid crystal display of claim 9, wherein:

the independent charge sharing operation unit outputs a
signal indicating that the second charge sharing is to be
performed, only when the MSB of the image data
applied to a previous sub-period and the MSB of the
image data applied to a subsequent sub-period are dif-
ferent from each other.

12. The liquid crystal display of claim 6, wherein:

the charge sharing operation unit of the data driver com-
prises a first charge sharing operation unit configured to
perform the first charge sharing, a second charge sharing
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operation unit configured to perform the second charge
sharing, and an independent charge sharing operation
unit configured to determine for each data line whether
the second charge sharing is to be performed and to
output a signal indicating whether the second charge
sharing is to be performed, and
image datatransferred from the signal controller to the data
driver is output to the data lines sequentially through:
afirst MUX configured to select a path for converting the
image data to a data voltage of a suitable polarity;
a DAC configured to convert the image data into the data
voltage of the suitable polarity;
asecond MUX configured to select a path to the data line
to which the data voltage is to be applied;
a first charge sharing operation unit configured to per-
form the first charge sharing; and
a second charge sharing operation unit configured to
perform the second charge sharing based on the signal
output by the independent charge sharing operation
unit.
13. The liquid crystal display of claim 12, wherein:
the independent charge sharing operation unit outputs a
signal indicating that the second charge sharing is to be
performed, only when a difference between a data volt-
age in a previous row of the plurality of pixels and a data
voltage in a present row of the plurality of pixels among
the data voltages applied to the corresponding data lines
is greater than or equal to a threshold voltage.
14. The liquid crystal display of claim 12, wherein:
the independent charge sharing operation unit outputs a
signal indicating that the second charge sharing is to be
performed, only when the MSB of the image data
applied to a previous sub-period and the MSB of the
image data applied to a subsequent sub-period are dif-
ferent from each other.
15. The liquid crystal display of claim 6, wherein:
the data driver further comprises a second charge sharing
determining unit configured to determine whether the
second charge sharing is to be performed and to outputa
signal indicating whether the second charge sharing is to
be performed, and
the signal output by the second charge sharing determining
unit is input to the charge sharing controller to operate
the charge sharing operation unit.
16. The liquid crystal display of claim 15, wherein:
the second charge sharing determining unit comprises:
a charge sharing latch configured to store input image
data;
an XOR unit configured to perform an XOR operation
on the MSB of the image data in the current sub-
period and the MSB of the image data in the sub-
period immediately preceding the current sub-period
stored in the charge sharing latch;
an OR unit configured to perform an OR operationon the
output of the XOR unit and a signal indicating
whether the second charge sharing is to be performed
in all the data lines or to be performed selectively; and
an AND unit configured to perform an AND operation
on the output of the OR unit and a signal indicating
whether the second charge sharing is to be performed.
17. A driving method of a liquid crystal display compris-

ing:

a display panel comprising a plurality of pixels and a plu-
rality of data lines connected to the plurality of pixels; a
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signal controller configured to receive an input image
signal and an input control signal and output an image
signal and an output control signal, the signal controller
further configured to determine a charge sharing
between two or more data lines having voltages ion the
same polarity; and a data driver configured to convert,
based on the output control signal, the image signal into
data voltages to be supplied to the plurality of pixels
through the data lines, the driving method, comprising:

short-circuiting first and second data lines that are adjacent
to each other, the the first data line having a positive
voltage and the second data line having a negative volt-
age in a first time frame and the first data line having a
negative voltage and the second data line having a posi-
tive voltage in a second time frame subsequent to the first
time frame, in a first charge sharing step; and

short-circuiting third and fourth data lines having data
voltages in the same polarity, when determined that the
third data line has a first voltage level of a particular
polarity in a first sub-period and the third data line has a
second voltage level of the particular polarity a second
sub-period subsequent to the first time period, in a sec-
ond charge sharing step,

wherein the first charge sharing step and the second charge
sharing step do not temporally overlap with each other.
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18. The driving method of a liquid crystal display of claim
17, further comprising:
transferring, by the signal controller, an inversion signal to
the data driver for inverting the polarities of the data
voltages for each frame, each frame comprising a plu-
rality of sub-periods,
wherein the first charge sharing step is performed during
the first sub-period after the polarities of the data volt-
ages are inverted by the inversion signal.
19. The driving method of a liquid crystal display of claim
18, further comprising:
connecting together the data lines representing the same
polarity and an additional capacitor in the second charge
sharing step.
20. The driving method of a liquid crystal display of claim
19, further comprising:
short-circuiting the data lines to which positive data volt-
ages are applied in a positive charge sharing stage of the
second charge sharing step; and
short-circuiting the data lines to which negative data volt-
ages are applied in a negative charge sharing stage of the
second charge sharing step,
wherein the positive charge sharing stage and the negative
charge sharing stage are either simultaneously per-
formed or do not temporally overlap with each other.
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