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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD OF DRIVING THE SAME

[0001] The present application claims priority under 35
U.S.C. §119(a) of Korean Patent Application No. 10-2012-
0101794 filed on Sep. 13,2012, which is hereby incorporated
by reference in its entirety.

BACKGROUND

[0002] 1. Field of the Disclosure

[0003] The present application relates to a liquid crystal
display device and a method of driving the liquid crystal
display device.

[0004] 2. Description of the Related Art

[0005] As the information society spreads, the require-
ments for display devices are varied and gradually increasing.
In accordance therewith, a variety of display devices such as
liquid crystal display (LCD) devices, plasma display panels
(PDP), electro-luminescent display (ELD) devices, vacuum
fluorescent display (VFD) devices, and soon, have been
researched. Furthermore, some display devices already have
been put into practice in many appliances.

[0006] More specifically, the LCD devices are rapidly
replacing cathode ray tubes (CRTs) and are used most often as
a portable image (or picture) display device, because they
have features such as superior picture quality, light weight,
slimness, and low power consumption. These LCD devices
are being developed in a variety of shapes and form factors
that are utilized in computer monitors, portable electronic
devices such as smartphones and tablets, television display
screens, and so on, as well as portable notebook computer
monitors.

[0007] A typical LCD device includes an LCD panel and a
data driver. The LCD panel includes a plurality of gate lines
and a plurality of data line crossing each other. The data driver
is used to apply data voltages to the data lines.

[0008] FIG. 1 isa circuit diagram showing a part of a data
driver, data lines and pixel regions of an LCD device accord-
ing to the related art.

[0009] Referring in detail to FIG. 1, a data driver of the
related art LCD device includes: a positive polarity digital-
to-analog converter (hereinafter, ‘PDAC’) PDAC that con-
verts a digital signal into a positive data voltage; a negative
polarity digital-to-analog converter (hereinafter, “NDAC’)
NDAC that converts the digital signal into a negative data
voltage; a positive polarity buffer PAMP buffering the posi-
tive data voltage; and a negative polarity buffer NAMP buff-
ering the negative data voltage.

[0010] The positive data voltage output from the positive
polarity buffer PAMP can be transferred to first and second
data lines DI.1 and DL2 via first and second transistors TR1
and TR2. The negative data voltage output from the negative
polarity buffer NAMP can be transferred to the first and
second data lines DL1 and DL2 via third and fourth transis-
tors TR3 and TR4.

[0011] A first resistor Rp and a first capacitor Cp corre-
spond to an equivalent resistance and an equivalent capaci-
tance of plural pixel regions which are connected to the first
dataline DL1. A second resistor Rn and a second capacitor Cn
correspond to an equivalent resistance and an equivalent
capacitance of plural pixel regions which are connected to the
second data line DL2.

[0012] A switchelement SW can be connected between the
first and second data lines DL.1 and DL2. The switch element
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SW can be turned-on/off by a control signal. When the switch
element SW is turned-on, a charge share operation enabling
electric charges to be shared by the first and second data lines
DL1 and DL2 can be performed. The switch element SW is
turned-on in a high interval of a source output enable signal
SOE, thereby allowing the charge share operation to be per-
formed. In other words, the charge share operation is pet-
formed in the high level interval of the source output enable
signal SOE. As such, the charge share operation enables the
data voltages with the same polarity to be applied during at
least two horizontal intervals. In accordance therewith, the
charge share operation must be performed in a non-desired
interval. Due to this, the related LCD device increases power
consumption and heat generation.

[0013] The positive and negative polarity buffers PAMP
and NAMP can each have a single ended configuration. The
positive polarity buffer PAMP can include a first positive
polarity logic circuit P1, a second positive polarity logic
circuit P2, a first positive polarity transistor PTR1 and a
second positive polarity transistor PTR2. The negative polar-
ity buffer NAMP can include a first negative polarity logic
circuit N1, a second negative polarity logic circuit N2, a first
negative polarity transistor NTR1 and a second negative
polarity transistor NTR1.

[0014] The first positive polarity logic circuit P1 and the
second positive polarity logic circuit P2 are defined by divid-
ing the internal configuration of the positive polarity buffer
PAMP according to a current share mode. The first negative
polarity logic circuit N1 and the second negative polarity
logic circuit N2 are defined by dividing the internal configu-
ration of the negative polarity buffer NAMP according to the
current share mode.

[0015] The first positive polarity logic circuit P1 and the
first negative polarity logic circuit N1 can be connected
between a supply voltage line VDD and a ground voltage line
GND. The second positive polarity logic circuit P2 can be
connected between the supply voltage line VDD and a bias
voltage line HVDD. The second negative polarity logic cir-
cuit N2 can be connected between the bias voltage line
HVDD and the ground voltage line GND. The second posi-
tive and negative polarity logic circuits P2 and N2 can share
a current, which flows from the supply voltage line VDD to
the ground voltage line GND via the bias voltage line HVDD,
with each other. However, the first positive and negative
polarity logic circuits P1 and N1 connected in parallel
between the supply voltage line VDD and the ground voltage
line GND cannot share a current with each other. Due to this,
consumption power cannot be reduced and heat generated in
the data driver must increase.

BRIEF SUMMARY

[0016] Accordingly, embodiments of the present applica-
tion are directed to a liquid crystal display device and a
driving method thereofthat substantially obviate one or more
of problems due to the limitations and disadvantages of the
related art.

[0017] Theembodiments are to provide an LCD device and
a driving method thereof that are adapted to reduce power
consumption and heat generated in a data driver.

[0018] Additional features and advantages of the embodi-
ments will be set forth in the description which follows, and in
part will be apparent from the description, or may be learned
by practice of the embodiments. The advantages of the
embodiments will be realized and attained by the structure
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particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0019] According to a first general aspect of the present
embodiment, an LCD device includes: a liquid crystal display
panel including a plurality of gate lines and a plurality of data
lines; a data driver configured to apply data voltages to the
data lines; a gate driver configured to apply gate pulses to the
gate lines; and a charge share device configured to selectively
perform a charge share operation by storing charges corre-
sponding to a data voltage applied to one of the data lines
during a first interval and providing the stored charges to said
one or another one of the data lines during a second interval
based on a comparison of first video data corresponding to
said one of the data lines in the first interval with second video
data corresponding to said one or another one of the data lines
in the second interval.

[0020] An LCD device driving method according to a sec-
ond general aspect of the present embodiment includes: stor-
ing charges corresponding to a data voltage applied to one of
the data lines during a first interval; detecting a number of
digital pixel signals which are opposite to one of odd and even
numbered digital pixel signals of first video data and have
differences of at least first reference gray level in comparison
with corresponding digital pixel signals of second video data
during a second interval; and determining whether to perform
a charge share operation based at least in part on the detected
number of digital pixel signals exceeding a threshold value,
the charge share operation performed by providing the stored
charges to said one or another one of the data lines during the
second interval .

[0021] Other systems, methods, features and advantages
will be, or will become, apparent to one with skill in the art
upon examination of the following figures and detailed
description. It is intended that all such additional systems,
methods, features and advantages be included within this
description, be within the scope of the present disclosure, and
be protected by the following claims. Nothing in this section
should be taken as a limitation on those claims. Further
aspects and advantages are discussed below in conjunction
with the embodiments. It is to be understood that both the
foregoing general description and the following detailed
description of the present disclosure are exemplary and
explanatory and are intended to provide further explanation
of the disclosure as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included to
provide a further understanding of the embodiments and are
incorporated herein and constitute a part of this application,
illustrate embodiment(s) of the present disclosure and
together with the description serve to explain the disclosure.
In the drawings:

[0023] FIG.1isa circuit diagram showing a part of a data
driver, data lines and pixel regions of an LCD device accord-
ing to the related art;

[0024] FIG. 2 is a block diagram showing an LCD device
according to an embodiment of the present disclosure;
[0025] FIG. 3isa planar view showing a pixel arrangement
of a DRD drive mode LCD panel which is shown in FIG. 2;
[0026] FIG. 4 is a detailed block diagram showing a data
driver which is shown in FIG. 2;

[0027] FIG. 5 is a detailed block diagram of a charge share
device showing a charge share controller and a charge sharer
which are shown in FIG. 4,
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[0028] FIG. 6 is a flow chart illustrating a charge share
determination process which is performed by a determiner of
FIG. 5;

[0029] FIG. 7is a detailed circuit diagram showing a part of
the data driver, which includes a charge sharer and is shown in
FIG. 2;

[0030] FIGS. 8A through 8C are circuit diagrams showing
operation states of the charge sharer of FIG. 7; and

[0031] FIGS. 9A and 9B are waveform diagrams illustrat-
ing a data voltage which is controlled by a charge sharer of
FIG. 7.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0032] In the present disclosure, it will be understood that
when an element, such as a substrate, a layer, a region, a film,
or an electrode, is referred to as being formed “on” or “under”
another element in the embodiments, it may be directly on or
under the other element, or intervening elements (indirectly)
may be present. The term “on” or “under” of an element will
be determined based on the drawings. Reference will now be
made in detail to the present embodiments, examples of
which are illustrated in the accompanying drawings. In the
drawings, the sizes and thicknesses of elements can be exag-
gerated, omitted or simplified for clarity and convenience of
explanation, but they do not mean the practical sizes of ele-
ments.

[0033] AnLCD device can include: a liquid crystal display
panel including a plurality of gate lines and a plurality of data
lines; a data driver configured to apply data voltages to the
data lines; a gate driver configured to apply gate pulses to the
gate lines; and a charge share device configured to selectively
perform a charge share operation by storing charges corre-
sponding to a data voltage applied to one of the data lines
during a first interval and providing the stored charges to said
one or another one of the data lines during a second interval
based on a comparison of first video data corresponding to
said one of the data lines in the first interval with second video
data corresponding to said one or another one of the data lines
in the second interval.

[0034] The charge share device may include: a positive
charge sharer configured to perform the charge share opera-
tion for odd-numbered data lines; and a negative charge
sharer configured to perform the charge share operation for
even-numbered data lines.

[0035] The positive charge sharer and the negative charge
sharer each may include a charge capacitor to store charges,
and the charge share operation may be performed using a bias
voltage charged in the charge capacitor.

[0036] The charge capacitor charges to the bias voltage
during the first interval at which the data voltages are applied
to the data lines, and the charge share operation can be per-
formed during the second interval at which the data voltages
are not applied to the data lines.

[0037] The bias voltage may be a reference voltage corre-
sponding to a gray level 0.

[0038] The charge share device may further include: a line
memory configured to store the first video data during the first
interval; and a determiner configured to compare the second
video data with the first video data from the line memory and
determine whether to perform the charge share operation.
[0039] The determiner detects a number of digital pixel
signals of the first video data which have differences of at
least first reference gray level in comparison with digital pixel
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signals of the second video data, in order to determine
whether to perform the charge share operation.

[0040] The determiner may calculate an average gray level
of the first video data and determine whether to perform the
charge share operation on the basis of the average gray level
of the first video data if the detected number of digital pixel
signals of the first video data is not more than a reference
value.

[0041] The determiner can generate a first charge share
signal used to control the positive charge sharer, and a second
charge share signal used to control the negative charge sharer.
[0042] Thedatadriver can include; a digital-to-analog con-
verter configured to convert video data into the data voltages;
and a buffer portion formed in a rail-to-rail configuration and
configured to output the data voltages from the digital-to-
analog converter to the data lines.

[0043] The liquid crystal display panel may be driven in a
double race driving mode. An LCD device driving method
according to an embodiment of the present disclosure can
include: storing charges corresponding to a data voltage
applied to one of the data lines during a first interval; detect-
ing a number of digital pixel signals which are opposite to one
of odd and even numbered digital pixel signals of first video
data and have differences of at least first reference gray level
in comparison with corresponding digital pixel signals of
second video data during a second interval; and determining
whether to perform a charge share operation based at least in
part on the detected number of digital pixel signals exceeding
a threshold value, the charge share operation performed by
providing the stored charges to said one or another one of the
data lines during the second interval.

[0044] The LCD device driving method can further include
outputting a charge share signal when one of odd and even
numbered digital pixel signals of the first video data is
entirely no less than the corresponding digital pixel signals of
the second video data.

[0045] The LCD device driving method can further include
comparing an average gray level of the first video data with a
second reference gray level when the detected number of
digital pixel signals corresponds to 1.

[0046] The LCD device driving method can further include
outputting a charge share signal when the average gray level
of the first video data is less than the second reference gray
level.

[0047] TheLCD device driving method can further include
comparing an average gray level of the first video data with a
third reference gray level when the detected number of digital
pixel signals corresponds to at least 2.

[0048] TheL.CD device driving method can further include
outputting a charge share signal when the average gray level
ofthe first video data is less than the third reference gray level.

[0049] The first reference gray level can become a middle
gray level.
[0050] The second reference gray level can be between a

maximum gray level and the first reference gray level.
[0051] The first and third reference gray levels can be sub-
stantially the same.

[0052] FIG. 2 is a block diagram showing an LCD device
according to an embodiment of the present disclosure.
[0053] Referring to FIG. 2, the LCD device according to an
embodiment of the present disclosure can include an LCD
panel 1, a timing controller 10, a gate driver 20 and a data
driver 30.
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[0054] TheL.CDpanel1 canincludea plurality of gate lines
GL1-GLn and a plurality of data lines DL1-DLm extended in
a direction perpendicular to the gate lines GL.1-GLn . A
plurality of pixel regions can be defined by the plurality of
gate lines GL.1-GLn and the plurality of data lines DL1-DLm.
A thin film transistor T can be formed on each of the pixel
regions . The thin film transistor T can be electrically con-
nected to one of the gate lines GL1-GLn and one of the data
lines DL1-DLn. The LCD panel 1 may be driven in a multiple
inversion mode by the data driver 30. Also, the LCD panel 1
may have arrangement of pixel regions which is adapted to be
driven in the multiple inversion modes . For example, the
LCD panel 1 may be driven in a double rate driving mode, but
the present embodiment is not limited to this.

[0055] The thin film transistor T can be turned-on by a gate
signal which is applied from one of the gate lines GL1-GLn.
The turned-on thin film transistor T can transfer a data voltage
applied from one of the data lines DL1-DLm to a pixel elec-
trode (not shown). The data voltage applied to the pixel elec-
trode and a common voltage on a common electrode (not
shown) can form an electric field. The electric field can force
liquid crystal molecules of a liquid crystal cell (not shown) to
be realigned. As such, light being generated in a backlight unit
and passing through the liquid crystal cell can be adjusted in
quantity. In accordance therewith, in image can be displayed
on the LCD panel 1.

[0056] The timing controller 10 can receive video data
RGB, a horizontal synchronous signal H, a vertical synchro-
nous signal V and a clock signal CLK from the exterior. Also,
the timing controller 10 can derive gate control signals GDC
and data control DDC from the horizontal synchronous signal
H, the vertical synchronous signal V and the clock signal
CLK. The gate control signals GDC can be used to control the
gate driver 20. The data control signals can be used to control
the data driver 30.

[0057] The gate driver 20 may include a shift register, a
level shifter and an output buffer which are not shown in the
drawings. The shift register replies to the gate control signals
GDC and sequentially generates scan pulses. The level shifter
enables the scan pulses to be level-shifted to a voltage level
suitable for driving the liquid crystal cell. As such, the swing
width of the scan pulse can be widened. The output buffer can
allow the level-shifted scan pulses to be buffered and output to
the gate lines GL1-GLn as gate signals. Such a gate driver 30
can sequentially select the liquid crystal cells in a single
horizontal line (or one line) of liquid crystal cells, which
receive a single line of data voltages, by applying the sequen-
tially enabled gate signals to the gate lines GL1-GLn and
turning-on the thin film transistors connected to the gate lines
GL1-GLnin one line. In accordance therewith, the single line
of data voltages generated in the data driver 30 can be applied
to the liquid crystal cells connected to one of the gate lines
GL1-GLn which is selected by the enabled gate signal.
[0058] The data driver 30 can sample and latch the video
data RGB applied from the timing controller 10. Also, the
data driver 30 can convert the latched video data into analog
data voltages. Such a data driver 30 will be described in detail
later.

[0059] The gate driver 20 and the data driver 30 can each
include a plurality of integrated circuit (IC) chips.

[0060] FIG. 3isa planar view showing a pixel arrangement
of a DRD drive mode LCD panel which is shown in FIG. 2.
[0061] As shown in FIG. 3, the LCD panel 1 of the present
embodiment allows a plurality of liquid crystal cells disposed
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on a single horizontal line to be driven by a single data line
and a pair of gate lines. Also, the LCD panel 1 can be driven
in a two-dot inversion mode. As such, the LCD panel 1 can
minimize flicker generation and reduce power consumption.
In other words, two liquid crystal cells adjacent to each other
with having a single data line therebetween can be coupled to
two gate lines and sequentially receive the data voltages with
the same polarity.

[0062] The liquid crystal cells can be sequentially charged
with the data voltages in a zigzag shape progressing along an
arrow line. For example, among the liquid crystal cells
coupled to the first and second gate lines GL1 and GL.2, red
and green liquid crystal cells coupled to the first data line DL.1
can be sequentially charged with the positive data voltages,
and the blue and red liquid crystal cells coupled to the second
data line DL2 can be sequentially charged with the negative
data voltages.

[0063] The pixel arrangement in accordance with the DRD
mode can be explained by the liquid crystal cells coupled to
six data lines DL1-DL6. In this case, among 12 liquid crystal
cells arranged on a first horizontal line, six liquid crystal cells
including red, green and blue cells in twos can be charged
with the positive data voltages. but the other six liquid crystal
cells including red, green and blue cells in twos can be
charged with the negative data voltages. In accordance there-
with, the LCD panel 1 including the liquid crystal cells con-
nected to six data lines DL1-DL6 can be driven without being
biased toward one of the polarities and disproportionating
red, green and blue colors.

[0064] FIG. 4 is a detailed block diagram showing a data
driver which is shown in FIG. 2.

[0065] Referring to FIG. 4, the data driver 30 of the LCD
device according to the present embodiment may include a
data register 31, a shift register 32, first and second latches 33
and 34, a gamma voltage supplier 35, a DAC 40, a buffer
portion 50, a charge share controller 60 and a charge sharer
70.

[0066] The data register 31 receives digital data RGB
applied from the timing controller 10 and transfers the
received digital data RGB to the first latch 33. The shift
register 32 shifts a source start pulse SSP from the timing
controller 10 according to a source sampling clock signal
SSC and generates sampling signals being sequentially
enabled. Also, the shift register 32 may apply a carry signal
CAR which is generated by shifting the source start pulse
SSP, to the following shift register (not shown). The first latch
33 replies to the sequentially enabled sampling signals and
sequentially samples the digital data RGB applied from the
data register 31. The second latch 34 latches the digital data
applied from the first latch 33 and outputs the latched digital
data RGB to the DAC 40, in response to a source output
enable signal SOE from the timing controller 10. The DAC 40
converts the digital data RGB into the data voltages using
gamma voltages DGH and DGL and applies the converted
data voltages to the buffer portion 50.

[0067] The DAC 40 can include a positive polarity DAC
PDAC and a negative polarity DAC NDAC. The positive
polarity DAC PDAC can generate positive data voltages and
transfer the positive data voltages to the buffer portion 50, in
response to a polarity signal POL with a high level. The
negative polarity DAC NDAC can generate negative data
voltages and transfer the negative data voltages to the buffer
portion 50, in response to the polarity signal POL with a low
level. In other words, the positive polarity DAC PDAC can
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transfer the positive data voltages to a positive polarity buffer
RTR1, and the negative polarity DAC NDAC can transfer the
negative data voltages to a negative polarity buffer RTR2.
[0068] The buffer portion 50 can transfer the data voltages
applied from the DAC 40 to the plurality of data lines DL1-
DLm. Such a buffer portion 50 can include the positive polar-
ity buffer RTR1 and the negative polarity buffer RTR2.
[0069] FIG. 4 also illustrates a charge share device includ-
ing a charge share controller 60 and charge sharer 70. The
charge share device receives the digital data RGB, polarity
signal POL, and source output enable signal SOE from the
timing controller 10.

[0070] The charge share controller 60 can derive a charge
share signal CS from the video data RGB and the polarity
signal POL, which are applied from the timing controller 10.
The charge share signal CS can be transferred from the charge
share controller 60 to the charge sharer 70. More specifically,
the charge share controller 60 can generate the charge share
signal CS by analyzing gray level variation of the video data
RGB according to the polarity signal POL. Such a charge
share controller 60 of the charge share device will be
described in detail later.

[0071] The charge sharer 70 can perform a charge share
operation for the plurality of data lines DL.1-DLm in response
to the charge share signal CS applied from the charge share
controller 60 and the source output enable signal SOE applied
from the timing controller 10. This charge sharer 70 of the
charge share device will be described in detail later.

[0072] FIG. 5 is a detailed block diagram of a charge share
device including a charge share controller and a charge sharer
which are shown in FIG. 4.

[0073] Referring to FIG. 5, the charge share controller 60 of
the LCD device according to the present embodiment may
include a line memory 61 and a determiner 63. Also, the
charge sharer 70 can include a positive charge sharer 71 and
a negative charge sharer 73.

[0074] The charge share controller 60 can receive the video
data RGB and the polarity signal POL from the timing con-
troller 10 and apply the charge share signal CS to the charge
sharer 70. In other words, the charge share controller 60
determines when a charge share operation of the charge
sharer 70 should be performed, and selectively generates the
charge share signal CS according to the determined resultant,
and applies the charge share signal CS to the charge sharer 70.
[0075] The charge share signal CS generated in the charge
share controller 60 may include first and second charge share
signals CS1 and CS2 applied, respectively, to positive and
negative charge sharers 71, 73. Thus, the first charge share
signal CS1 can be transferred from the charge share controller
60 to the positive charge sharer 71 of the charge sharer 70 to
perform a positive charge share operation . The second charge
share signal CS2 can be transferred from the charge share
controller 60 to the negative charge sharer 73 to perform a
negative charge share operation.

[0076] The line memory 61 can store the video signal data
RGB, which is applied from the timing controller 10, for
example, during a single horizontal synchronous interval.
Also, the line memory 61 can apply the stored video data
RGB to the determiner 63 after the single horizontal synchro-
nous interval. In other words, the line memory 61 can delay
the video data RGB which may be applied from the timing
controller 10 to the determiner 63 in a subsequent interval. As
such, present video data RGB from the timing controller 10
and the previous video data R' G' B' from the line memory 61
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can be simultaneously applied to the determiner 63. The
present video data RGB can include digital pixel signals
which will be displayed on a kth horizontal line, the previous
video data R'G'B' can include digital pixel signals which will
be displayed on a (k-1)th horizontal line.

[0077] The determiner 63 generates the first and second
charge share signals CS1 and CS2 based on the present video
signal RGB and the polarity signal POL, which are applied
from the timing controller 10, and the previous video signal
R'G'B' applied from the line memory 61. The first and second
charge share signals CS1 and CS2 canbe applied to the charge
sharer 70. More specifically, the determiner 63 can determine
whether to perform the charge share operation according to
the polarity signal POL and the number of digital pixel signals
of the previous video data R'G'B' which have different gray
levels from the digital pixel signals of the present video data
RGB. Also, the determiner 63 can generate the charge share
signal CS in accordance with the determined resultant. The
charge share signal CS can be synchronized with the source
output enable signal SOE . The determining process pet-
formed by the determiner 63 will be described in detail refer-
ring to FIG. 6, later.

[0078] The charge sharer 70 can perform the charge share
operation for the plurality of data lines DL.1-DLm in response
to the source output enable signal SOE from the timing con-
troller 10 and the first and second charge share signals CS1
and CS2 from the determiner 63. The positive charge sharer
71 may perform the charge share operation for a first plurality
of data lines and the negative charge sharer 73 may perform
the charge share operation for a second plurality of data lines.
The first plurality of data lines may alternate with the second
plurality of data lines. Further, either charge sharer 71, 73
may be coupled to an adjacent data line to perform the charge
operation through the operation of transistor switches cou-
pling adjacent data lines, for example those illustrated in
more detail with reference to FIG. 7.

[0079] For an example set of 100 data lines, if the first
charge share signal CS1 has a high level, the charge share
operation can be performed for the odd-numbered data lines
(i.e, 1,3, 5, etc.). When the second charge share signal CS2
has the high level, the charge share operation can be per-
formed for the even-numbered data lines (i.e., 2, 4, 6, etc.).

[0080] However, the present embodiment is not limited to
the above example. For example, through the use of transistor
switches selectively coupling two adjacent data lines, the
positive charge sharer 71 may additionally perform the charge
share operation for the even-numbered data lines, or the nega-
tive charge sharer 73 may additionally perform the charge
share operation for the odd-numbered data lines.

[0081] FIG. 6 is a flow chart illustrating a charge share
determination process which is performed by a determiner of
FIG. 5.

[0082] Referring to FIGS. 3 and 6, the charge share deter-
mination process performed by the determiner 63 of the LCD
device according to the present embodiment can be defined
into a positive polarity mode and a negative polarity mode
according to the logic state of the polarity signal POL.

[0083] When the polarity signal POL has the high level, the
number T of even-numbered digital pixel signals, which cor-
respond to the digital pixel signals of the previous video data
R'G'B' opposite to even-numbered data lines DLk-4, DLk-2
and DLk and have differences of at least first reference gray
level Grayl compared to the present digital pixel signals of
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the present video data RGB opposite to the even-numbered
data lines DLk-4, DLk-2 and DLk, is detected by the deter-
miner 63 (Step S110).

[0084] Meanwhile, if the polarity signal POL has the high
level, the number T of odd-numbered digital pixel signals,
which correspond to the digital pixel signals of the previous
video data R'G'B' opposite to odd-numbered data lines DLk-
5, DLk-3 and DLk-1 and have differences of at least first
reference gray level Grayl compared to the present digital
pixel signals of the present video data RGB opposite to the
odd-numbered data lines DLKk-5, DLk-3 and DLk-1, is
detected by the determiner 63 (Step S120).

[0085] Thefirstreference gray level Grayl may be amiddle
gray level. For example, the first reference gray level Grayl
can become a gray level 127.

[0086] Forexample, the previous video data R'G'B' includ-
ing the even-numbered digital pixel signals with gray levels
255, 200 and 170 and the present video data RGB including
the even-numbered digital pixel signals with gray levels 50,
10 and 100 can be input to the determiner 63. In this case, the
number T of previous even-numbered digital pixel signals
R'G'B' having differences of at least first reference gray level
Grayl in comparison with the present even-numbered digital
pixel signals RGB can be ‘two’. As such, the determiner 63
can generate the first charge share signal with the high level
and enable the charge share operation to be performed for the
even-numbered data lines.

[0087] In this manner, the charge share operation can be
performed for the data lines DL1-DL2 only when the gray
level difference between the previous video data R' G' B' and
the present video data RGB becomes larger. Therefore, power
consumption of the LCD device can be reduced and heat
generated in the data driver 30 can be minimized.

[0088] As shown in FIG. 3, negative data voltages can be
applied to not only liquid crystal cells which are connected to
the even-numbered data lines DL2, DL4 and DL6 and
arranged on a first horizontal line, but also other liquid crystal
cells which are connected to the odd-numbered data lines
DL1, DL3 and DL5 and arranged on a second horizontal line.
Also, only a part of the video data RGB opposite to the
even-numbered data lines (i.e., the negative data voltages) can
be used in the comparison process during the high level
interval of the polarity signal POL. During the low level
interval of the polarity signal POL, only the other part of the
video data RGB opposite to the odd-numbered data lines (i.e.,
positive data voltages) may be used in the comparison pro-
cess. As such, the determiner 63 may use only a part of the
video data RGB opposite to the negative data voltages (i.e.,
the even-numbered data lines) in order to determine whether
itis or not necessary to perform the charge share operation for
the first horizontal line. In accordance therewith, the determi-
nation process performed by the determiner 63 can be sim-
plified. Although the determination process of the negative
polarity mode is described as an example, the determination
process of the positive polarity mode can be performed in the
same as the above-mentioned procedure, in order to deter-
mine whether it is or not necessary for the charge share
operation.

[0089] A step S130 of determining whether the charge
share operation may be performed after the steps S110 and
S120 of detecting the number T of digital pixel signals of the
previous video data R'G'B' which have differences of at least
first reference gray level Grayl in comparison with those of
the present video data RGB.
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[0090] 1In the step S130 of determining whether or not to
perform the charge share operation, the determiner 63 can
output the second charge share signal CS2 with the high level
when the number of even-numbered digital pixel signals of
the previous video data R' G' B' which have differences of at
least first reference gray level Gray1 in comparison with those
of the present video data RGB (Sub-step S131).

[0091] When the number T of even-numbered digital pixel
signals of the previous video data R' G'B', which have differ-
ences of at least first reference gray level Gray1 in comparison
with those of the present video data RGB (Sub-step S131) , is
two (Sub-step S132), the determiner 63 calculates an average
gray level of the previous video data R' G' B' and compares the
average gray level with a second reference gray level Gray2
(Sub-step S133) . If the average gray level of the previous
video data R'G'B' is less than the second reference gray level
Gray?2, the determiner 63 may output the second charge share
signal CS2 with the high level. On the contrary, when the
average gray level of the previous video data R' G' B' is not
less than the second reference gray level Gray2, the deter-
miner 63 can output the second charge share signal CS2 with
the low level. The second reference gray level Gray2 can be a
gray level between the first reference gray level Grayl and a
maximum gray level. For example, the second reference gray
level Gray2 can become a gray level 191.

[0092] Ifthe number T of even-numbered digital pixel sig-
nals of the previous video data R'G'B', which have differences
of at least first reference gray level Grayl in comparison with
those of the present video data RGB (Sub-step S131), is one
(Sub-step S134), the determiner 63 calculates the average
gray level of the previous video data R'G'B' and compares the
average gray level with a third reference gray level Gray3
(Sub-step S135). When the average gray level of the previous
video data R'G'B' is less than the third reference gray level
Gray3, the determiner 63 can output the second charge share
signal CS2 with the high level. On the contrary, when the
average gray level of the previous video data R'G'B' is not less
than the third reference gray level Gray3, the determiner 63
can output the second charge share signal CS2 with the low
level. The third reference gray level Gray3 can be the same as
the first reference gray level Grayl. For example, the third
reference gray level Gray3 can become the gray level 191.

[0093] In this way, the average gray level of the previous
video data R'G'B' can be calculated and compared with the
reference gray levels Gray3, in order to determine whether it
is or not necessary for the charge share operation in accor-
dance with the previous video data. Therefore, power con-
sumption of the LCD device can be reduced and heat gener-
ated in the data driver 30 can be minimized.

[0094] Step S130 may similarly be performed on the odd-
numbered digital pixel signals of the previous video data
R'G'B' S120 to determine whether the determiner 63 may
output the first charge share signal CS1 with the high level
when the number of even-numbered digital pixel signals of
the previous video data R'G'B' have differences of a reference
gray level when compared with those of the present video
data RGB.

[0095] FIG.7isadetailed circuit diagram showing a part of

the data driver, which includes a charge sharer and is shown in
FIG. 2.

[0096] FIG. 7 shows the DAC 40 and the charge sharer 70
commonly coupled to the first and second data lines DL1 and
DL2, as an example.
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[0097] Referring to FIG. 7, the data driver 30 of the LCD
device according to the present embodiment can include the
DAC 40 and the buffer portion 50.

[0098] The DAC 40 can include a positive polarity PDAC
41 and a negative polarity NDAC 43 . The buffer portion 50
can include a positive polarity buffer RTR1 and a negative
polarity buffer RTR2. The positive polarity DAC 41 can
applies a positive data voltage to the positive polarity buffer
RTRI1. The negative polarity DAC 43 can applies a negative
data voltage to the negative polarity buffer RTR2.

[0099] The positive polarity buffer RTR1 and the negative
polarity buffer RTR2 can each have a rail-to-rail configura-
tion. The positive polarity buffer RTR1 can include a positive
polarity logic circuit Rp and first and second positive polarity
transistors PTR1 and PTR2. The negative polarity buffer
RTR2 can include a negative polarity logic circuit Rn and first
and second negative polarity transistors NTR1 and NTR2 .
[0100] The positive polarity logic circuit Rp can be coupled
between a supply voltage line VDD and a bias voltage line
HVDD. The negative polarity logic circuit Rn can be coupled
between the bias voltage line HVDD and a ground voltage
line GND. The bias voltage HVDD can be set to have amiddle
vale of the supply voltage VDD. Also, the bias voltage HVDD
can be set to a reference voltage corresponding to a gray level
0. The positive and negative polarity buffers RTR1 and RTR2
with the rail-to-rail configuration enable the positive and
negative polarity logic circuits Rp, Rn to be serially coupled
between the supply voltage line VDD and the ground voltage
line GND, unlike those with the single ended configuration.
As such, a driving current may be enabled to flow from the
supply voltage line VDD to the ground voltage line GND via
the bias voltage line HVDD. In accordance therewith, power
consumption of the buffer portion 50 can be reduced. The
positive polarity logic circuit Rp can be used to drive the
positive polarity buffer RTR1, and the negative polarity logic
circuit Rn can be used to drive the negative polarity buffer
RTR2.

[0101] The positive and negative data voltages output from
the buffer portion 50 can be applied to the first and second
data lines D1 and DL2 by means of a switch portion 90. The
positive and negative data voltages transferred from the buffer
portion 50 to the first and second data lines DL1 and DI.2 are
described, but it is only an example. As such, the positive and
negative data voltages output from the buffer 50 can be
applied to the odd-numbered and even-numbered data lines.
[0102] The switch portion 90 can be turned-on/off under
the control of a switch controller 80. The switch controller 80
can control the turning-on/off operation of the switch portion
90 on the basis of the data enable signal DE and the polarity
signal POL which are applied from the timing controller 10.
The switch portion 90 may include first through fourth tran-
sistors TR1-TR4. The switch controller 80 may be configured
with two AND-gates 81 and 83 and a single inverter 85 as
shown. Other embodiments may include different gates pro-
viding functional output for configuring the switching portion
90 (e.g., providing gate voltages to the first through fourth
transistor TR1-TR4 switches).

[0103] The switch controller 80 may turn-on the switch
portion 90 only when the data enable signal DE has the high
level. In other words, the data voltages may be applied to the
first and second data lines DLL1 and DL2 only when the data
enable signal DE has the high level.

[0104] Ifthe data enable signal DE has the high level and
the polarity signal POL has the high level, the first and fourth
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transistors TR1 and TR4 are turned-on. As such, the positive
data voltage output from the positive polarity buffer RTR1
can be applied to the first data line D1, and the negative data
voltage output from the negative polarity buffer RTR2 can be
applied to the second data line DL2.

[0105] Meanwhile, when the data enable signal DE has the
high level but the polarity signal POL has the low level, the
second and third transistors TR2 and TR3 are turned-on. As
such, the positive data voltage output from the positive polar-
ity buffer RTR1 can be applied to the second data line DL2,
and the negative data voltage output from the negative polar-
ity buffer RTR2 can be applied to the first data line DL1.
[0106] A first resistor R1 and a first capacitor Cp corre-
spond to an equivalent resistance and an equivalent capaci-
tance of plural pixel regions which are connected to the first
dataline DL1. A second resistor R2 and a second capacitor Cn
correspond to an equivalent resistance and an equivalent
capacitance of plural pixel regions which are connected to the
second data line DL2.

[0107] The charge sharer 70 may include a positive charge
sharer 71 and a negative charge sharer 73. The positive charge
sharer 71 can perform the charge share operation for the first
data line DL1. The negative charge sharer 73 can perform the
charge share operation for the second data line DL2.
Although FIG. 7 shows that the positive and negative charge
sharers 71, 73 perform the charge share operation for the first
and second data lines D1, DL2, it is only an example. As
such, the positive charge sharer 71 may perform the charge
share operation for an odd-numbered data line, and the nega-
tive charge sharer 73 may perform the charge share operation
for an even-numbered data line.

[0108] The positive charge sharer 71 may include a first
switch element SW1, a first charge share switch element
TRS1 and a first charge capacitor C1.

[0109] The first switch element SW1 and the first charge
capacitor C1 may be serially coupled between the bias volt-
age line HVDD and the ground voltage line GND.

[0110] The first switch element SW1 may be a thin film
transistor. A gate electrode of the first switch element SW1
may receive, as input, the source output enable signal SOE. A
source electrode of the first switch element SW1 receives the
bias voltage HVDD and a drain electrode of the first switch
element SW1 may be coupled to a first node N1 correspond-
ing to a first terminal of the first charge capacitor C1 and/or
the first charge share switch element TRS1.

[0111] Thefirst terminal of the first charge capacitor C1 can
be coupled to the first node N1. A second terminal of the first
charge capacitor C1 may be connected to the ground voltage
line GND. As such, the bias voltage HVDD can be charged
into the first charge capacitor C1 by activating the first switch
element SW1 in response to the source output enable signal
SOE.

[0112] The first charge share switch element TRS1 may be
a thin film transistor. The first charge share switch element
TRS1 can be turned-on/off in response to the first charge
share signal CS1 in order to couple the first data line DL1 with
the first node N1.

[0113] Thenegative charge sharer 73 may include a second
switch element SW2, a second charge share switch element
TRS2 and a second charge capacitor C2.

[0114] The second switch element SW2 and the second
charge capacitor C2 may be serially coupled between the bias
voltage line HVDD and the ground voltage line GND.
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[0115] The second switch element SW2 may be a thin film
transistor. A gate electrode of the second switch element SW2
may receive, as input, the source output enable signal SOE. A
source electrode of the second switch element SW2 receives
the bias voltage HVDD. A drain electrode of the second
switch element SW2 may be coupled to to a second node N2
corresponding to a first terminal of the second charge capaci-
tor C2 and/or the second charge share switch element TRS2.
[0116] The firstterminal of the second charge capacitor C2
can be coupled to the second node N2. A second terminal of
the second charge capacitor C2 may be connected to the
ground voltage line GND. As such, the bias voltage HVDD
can be charged into the second charge capacitor C2 by acti-
vating the second switch element SW2 in response to the
source output enable signal SOE.

[0117] The second charge share switch element TRS2
maybe a thin film transistor. The second charge share switch
element TRS2 can be turned-on/off in response to the second
charge share signal CS2 in order to couple the second data
line DL2 with the second node N2.

[0118] FIGS. 8A through 8C are circuit diagrams showing
operation states of the charge sharer 70 of F1G. 7.

[0119] FIGS. 9A and 9B are waveform diagrams illustrat-
ing a voltage variation of a data line which is controlled by a
charge sharer of FIG. 7.

[0120] The negative charge sharer 73 and the charge share
operation for the second data line DL2 performed thereby
will now be described referring to FIGS. 8 and 9. The positive
charge sharer 71 and the charge share operation for the first
data line DL1 performed thereby functions in a similar man-
ner. Hence, the positive charge sharer 71 and the charge share
operation for the first data line DL1 will be omitted for brev-
ity.

[0121] FIG. 8A is a circuit diagram showing the operation
state of the negative charge sharer 73 when the data voltage
VDL2 is applied to the second data line DL2. An interval A of
FIG. 9B shows the corresponding states of input and output
signals of the data driver 30 which are used to apply the data
voltage to the second data line DL2.

[0122] Referring to FIG. 8A and the interval A of FIG. 9A,
the data enable signal DE and the source output enable signal
SOE can have complementary logic levels during a single
horizontal interval. The polarity signal POL can maintain the
high level during first and second horizontal intervals H1 and
H2, in order to drive the LCD panel 1 according to the DRD
mode as shown in FIG. 3. In the interval A, the data enable
signal DE has the high level but the source output enable
signal SOE has the low level.

[0123] The data enable signal DE with the high level can
allow the fourth transistor TR4 to be turned-on. As such, the
negative data voltage VDL2 can be applied via the second
data line DL.2 to a pixel region coupled to the second data line
DL2. Meanwhile, the second charge share switch element
TRS2 can be turned-off because the second charge share
signal CS2 has the low level. In accordance therewith, the
second node N2 is not connected to the second data line DL2.
In other words, the charge share operation cannot be pet-
formed because the negative charge sharer 73 is disconnected
from the second data line DL2, while the negative data volt-
age VDL2 is applied to the second data line DL2.

[0124] In the same time, the second switch element SW2
can be turned-on by the source output enable signal SOE with
the low level (i.e., turns-on for compliment of the source
output enable signal SOE) and allow the bias voltage HVDD



US 2014/0071188 Al

to be charged into the second charge capacitor C2 via the
second node N2. In other words, the bias voltage HVDD can
be charged into the second charge capacitor C2 in the interval
A when the negative data voltage VDL2 is applied to the
second data line DL2.

[0125] FIG. 8B is a circuit diagram showing the operation
state of the negative charge sharer 73 when the charge share
operation is not performed. An interval B of FIG. 9A shows
the states of input and output signals of the data driver 30
when the charge share operation is not performed.

[0126] Referring to FIG. 8B and an interval B of FIG. 9A,
the data enable signal DE has the low level and the source
output enable signal SOE has the high level, thus the fourth
transistor TR4 and the second switch element SW2 are off.
[0127] Thesecond charge share signal CS2 generated in the
charge share controller 60 has the low level. As such, the
second charge share switch element TRS2 is turned-off. Also,
the second switch element SW2 is turned-off by the source
output enable signal SOE with the high level. Moreover, the
fourth transistor TR4 is turned-off by the data enable signal
DE with the low level. In accordance therewith, the negative
charge sharer 73 is disconnected from the second data line
DL2, and the charge share operation is not performed.
[0128] FIG. 8C is a circuit diagram showing the operation
state of the negative charge sharer 73 when the charge share
operation is performed. FIG. 9B is a waveform diagram
showing input and output signals of the data driver 30 when
the charge share operation is performed.

[0129] Referring to FIGS. 8C and 9B, the charge share
controller 60 generates the second charge share signal CS2 of
the high level which is synchronized with the source output
enable signal SOE. The charge share signal CS2 with the high
level enables the second charge share switch element TRS2 to
be turned-on so that the second node N2 is coupled to the
second data line DL2. Meanwhile, the second switch element
SW2 is turned-off by the source output enable signal SOE
with the high level, and the fourth transistor TR4 is turned-off
by the data enable signal DE with the low level.

[0130] As such, the bias voltage HVDD charged in the
second charge capacitor C2 can be applied to the second data
line DL2. In other words, the charge share operation can be
performed for the second data line DL.2. In accordance there-
with, the second data line DL2 can be charged with a second
charge voltage VCS2 corresponding to a middle value of the
bias voltage HVDD and a blue data voltage ‘B’ which had
been applied to the second data line DL.2 during the previous
horizontal interval (i.e., the first horizontal interval H1). The
second charge share voltage VCS2 can allow power con-
sumption due to the data voltage to be reduced. As a result,
power consumption of the LCD device can be reduced, and
heat generated in the data driver 30 can be minimized.
[0131] Inother words, the electric charges charged into the
second charge capacitor C2 can be used in the charge share
operation which allows the second data line DL2 to be
charged with the middle level. As such, power consumption
of the LCD device can be reduced.

[0132] Also, the LCD device can use the bias voltage,
which corresponds to a reference voltage of gray level 0, for
the charge share operation. Therefore, the LCD device can
simplify the circuit configuration and reduce manufacturing
costs, unlike that of the related art requiring additional volt-
ages.

[0133] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
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should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent to those skilled in the art.

What is claimed is:

1. A liquid crystal display device comprising:

a liquid crystal display panel including a plurality of gate

lines and a plurality of data lines;

a data driver configured to apply data voltages to the data

lines;

a gate driver configured to apply gate pulses to the gate

lines; and

a charge share device configured to selectively perform a

charge share operation by storing charges corresponding
to a data voltage applied to one of the data lines during a
first interval and providing the stored charges to said one
or another one of the data lines during a second interval
based on a comparison of first video data corresponding
to said one of the data lines in the first interval with
second video data corresponding to said one or another
one of the data lines in the second interval.

2. The liquid crystal display device of claim 1, wherein the
charge share device includes:

a positive charge sharer configured to perform the charge

share operation for odd-numbered data lines; and

a negative charge sharer configured to perform the charge

share operation for even-numbered data lines.

3. The liquid crystal display device of claim 2, wherein the
positive charge sharer and the negative charge sharer each
include a charge capacitor to store the charges, and the charge
share operation is performed using a bias voltage charged in
the charge capacitor.

4. The liquid crystal display device of claim 3, wherein the
charge capacitor charges the bias voltage during the first
interval at which the data voltages are applied to the data
lines, and

the charge share operation is performed during the second

interval at which the data voltages are not applied to the
data lines.

5. The liquid crystal display device of claim 3, wherein the
bias voltage is a reference voltage corresponding to a gray
level 0.

6. The liquid crystal display device of claim 2, wherein the
charge share device further includes:

a line memory configured to store the first video data dur-

ing the first interval; and

a determiner configured to compare the second video data

with the first video data from the line memory and deter-
mine whether to perform the charge share operation.

7. The liquid crystal display device of claim 6, wherein the
determiner detects a number of digital pixel signals of the first
video data which have differences of at least first reference
gray level in comparison with digital pixel signals of the
second video data, in order to determine whether to perform
the charge share operation.

8. The liquid crystal display device of claim 7, wherein the
determiner calculates an average gray level of the first video
data and determines whether to perform the charge share
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operation on the basis of the average gray level of the first
video data if the detected number of digital pixel signals of the
first video data is not more than a reference value.

9. The liquid crystal display device of claim 6, wherein the
determiner generates:

a first charge share signal used to control the positive

charge sharer; and

a second charge share signal used to control the negative

charge sharer.

10. The liquid crystal display device of claim 1, wherein
the data driver includes;

a digital-to-analog converter configured to convert video

data into the data voltages; and

a buffer portion formed in a rail-to-rail configuration and

configured to output the data voltages from the digital-
to-analog converter to the data lines.

11. The liquid crystal display device of claim 1, wherein
the liquid crystal display panel is driven in a double race
driving mode.

12. A method of driving a liquid crystal display device
including a plurality of gate lines and a plurality of data lines,
the method comprising:

storing charges corresponding to a data voltage applied to

one of the data lines during a first interval;

detecting a number of digital pixel signals which are oppo-

site to one of odd and even numbered digital pixel sig-
nals of first video data during the first interval and have
differences of at least a first reference gray level in
comparison with corresponding digital pixel signals of
second video data during a second interval; and
determining whether to perform a charge share operation
based at least in part on the detected number of digital
pixel signals exceeding a threshold value, the charge
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share operation performed by providing the stored
charges to said one or another one of the data lines
during the second interval.

13. The method of claim 12 further comprising outputting
a charge share signal when one of odd and even numbered
digital pixel signals of the first video data is entirely no less
than the corresponding digital pixel signals of the second
video data.

14. The method of claim 12 further comprising comparing
an average gray level of the first video data with a second
reference gray level when the detected number of digital pixel
signals corresponds to 1.

15. The method of claim 14 further comprising outputting
a charge share signal when the average gray level of the first
video data is less than the second reference gray level.

16. The method of claim 12 further comprising comparing
an average gray level of the first video data with a third
reference gray level when the detected number of digital pixel
signals corresponds to at least 2.

17. The method of claim 16 further comprising outputting
a charge share signal when the average gray level of the first
video data is less than the third reference gray level.

18. The method of claim 12, wherein the first reference
gray level corresponds to a middle gray level.

19. The method of claim 14, wherein the second reference
gray level is between a maximum gray level and the first
reference gray level.

20. The method of claim 12, wherein the first and third
reference gray levels are substantially the same.
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