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(57) ABSTRACT

A liquid crystal display and a method for driving the same,
which improve image quality by increasing data line charge
speed, are provided. In the display, a preparatory charging
controller receives current image data to be provided to m
current pixels of an nth horizontal line and a current vertical
polarity-reversal control signal for vertically controlling
polarities of the current image data, compares current image
data with previous data provided to m corresponding previous
pixels of an n—1th horizontal line, compares the current con-
trol signal with a previous one, and determines a logic value
of a preparatory charging control signal based on the com-
parison. A data driver performs either a first operation for
connecting and separating m data lines connected respec-
tively to m current pixels, or a second operation for maintain-
ing the m data lines separated, according to the logic value
and provides the current data to the m pixels.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING THE SAME

[0001] This application claims the benefit of Korean Patent
Application No. 10-2010-0140737, filed on Dec. 31, 2010,
which is hereby incorporated by reference as if fully set forth
herein.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal dis-
play device, and more particularly, to a liquid crystal display
device and a method for driving the same which can improve
image quality by increasing charge speed of data lines.
[0004] 2. Discussion of the Related Art

[0005] Theliquid crystal display device performs a polarity
reversal operation to prevent deterioration of liquid crystal.
However, due to such polarity reversal, each data line may fail
to be sufficiently charged with image data.

SUMMARY OF THE INVENTION

[0006] Accordingly, the present invention is directed to a
liquid crystal display device and a method for driving the
same that substantially obviate one or more problems due to
limitations and disadvantages of the related art.

[0007] An object of the present invention is to provide a
liquid crystal display device and a method for driving the
same, wherein image data of a previous horizontal line and a
current horizontal line are compared, polarity reversal control
signals of the horizontal lines, which control the polarities of
the image data of the horizontal lines, are also compared, and
data lines are connected to each other or separated from each
other according to results of the comparisons, thereby rapidly
and efficiently charging the data lines according to data char-
acteristics.

[0008] Additional advantages, objects, and features of the
invention will be set forth in part in the description which
follows and in part will become apparent to those having
ordinary skill in the art upon examination of the following or
may be learned from practice of the invention. The objectives
and other advantages of the invention may be realized and
attained by the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

[0009] To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied
and broadly described herein, a liquid crystal display device
includes a preparatory charging controller that receives, from
a timing controller, current image data that are to be provided
to m current pixels, where m is a natural number, among a
plurality of pixels located at an nth horizontal line, where n is
a natural number, and a current vertical polarity reversal
control signal for controlling polarities of the current image
data in a vertical direction, compares the current image data
with previous image data that have been provided to m pre-
vious pixels corresponding to the current m pixels among a
plurality of pixels located at an n-1th horizontal line, com-
pares the current vertical polarity reversal control signal with
a previous vertical polarity reversal control signal for control-
ling polarities of the previous image data in a vertical direc-
tion, and determines a logic value of a preparatory charging
control signal based on results of the comparisons, and a data
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driver that performs one of a first operation, in which the data
driver connects m data lines connected respectively to the m
current pixels to each other and again separates the m data
lines from each other, and a second operation, in which the
data driver keeps the m data lines separated from each other,
according to the logic value of the preparatory charging con-
trol signal from the preparatory charging controller and then
provides the current image data from the timing controller to
the m pixels.

[0010] The preparatory charging controller compares k
most significant bits of the current image data with k most
significant bits of the previous image data, where k is a natural
number.

[0011] The preparatory charging controller includes a most
significant bit extractor that receives current image data and a
current vertical polarity reversal control signal from the tim-
ing controller and extracts current most significant bits cor-
responding to k most significant bits from the current image
data, a storage unit that stores current most significant bits and
a current vertical polarity reversal control signal from the
most significant bit extractor, a previous vertical polarity
reversal control signal and previous most significant bits cor-
responding to k most significant bits of the previous image
data have already been stored in the storage unit, and a pre-
paratory charging determinator that compares the current
most significant bits from the most significant bit extractor
with the previous most significant bits from the storage unit,
compares the current vertical polarity reversal control signal
from the most significant bit extractor with the previous ver-
tical polarity reversal control signal from the storage unit, and
determines a logic value of the preparatory charging control
signal based on results of the comparisons.

[0012] The m current pixels include 1st and 2nd current red
pixels for displaying a red image, 1st and 2nd current green
pixels for displaying a green image, and 1st and 2nd current
blue pixels for displaying a blue image, the 1st current red
pixel, the 1st current green pixel, and the 1st current blue pixel
constitute a 1st current unit pixel for displaying one unit
image, the 2nd current red pixel, the 2nd current green pixel,
and the 2nd current blue pixel constitute a 2nd current unit
pixel for displaying one unit image, the m previous pixels
include 1st and 2nd previous red pixels for displaying a red
image, 1st and 2nd previous green pixels for displaying a
green image, and 1st and 2nd previous blue pixels for dis-
playing a blue image, the 1st previous red pixel, the 1st
previous green pixel, and the 1st previous blue pixel consti-
tute a 1st previous unit pixel for displaying one unitimage, the
2nd previous red pixel, the 2nd previous green pixel, and the
2nd previous blue pixel constitute a 2nd previous unit pixel
for displaying one unit image, the current image data include
1st current red data that is to be provided to the 1st current red
pixel, 1st current green data that is to be provided to the 1st
current green pixel, 1st current blue data that is to be provided
to the 1st current blue pixel, 2nd current red data that is to be
provided to the 2nd current red pixel, 2nd current green data
that is to be provided to the 2nd current green pixel, 2nd
current blue data that is to be provided to the 2nd current blue
pixel, and the previous image data include 1st previous red
data that is to be provided to the 1st previous red pixel, 1st
previous green data that is to be provided to the 1st previous
green pixel, 1st previous blue data that is to be provided to the
1st previous blue pixel, 2nd previous red data that is to be
provided to the 2nd previous red pixel, 2nd previous green
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data that is to be provided to the 2nd previous green pixel, 2nd
previous blue data that is to be provided to the 2nd previous
blue pixel.

[0013] The most significant bit extractor extracts 1st cur-
rent red most significant bits corresponding to k most signifi-
cant bits from the 1st current red data, the most significant bit
extractor extracts 1st current green most significant bits cor-
responding to k most significant bits from the 1st current
green data, the most significant bit extractor extracts 1st cur-
rent blue most significant bits corresponding to k most sig-
nificant bits from the 1st current blue data, the most signifi-
cant bit extractor extracts 2nd current red most significant bits
corresponding to k most significant bits from the 2nd current
red data, the most significant bit extractor extracts 2nd current
green most significant bits corresponding to k most signifi-
cant bits from the 2nd current green data, the most significant
bit extractor extracts 2nd current blue most significant bits
corresponding to k most significant bits from the 2nd current
blue data, and the most significant bit extractor synchronizes
and provides the 1st current red most significant bits, the 1st
current green most significant bits, the 1st current blue most
significant bits, the 2nd current red most significant bits, the
2nd current green most significant bits, the 2nd current blue
most significant bits, and the current vertical polarity reversal
control signal to the storage unit and the preparatory charging
determinator.

[0014] 1stprevious red most significant bits corresponding
to k most significant bits of the 1st previous red data, 1st
previous green most significant bits corresponding to k most
significant bits of the 1st previous green data, 1st previous
blue most significant bits corresponding to k most significant
bits of the 1st previous blue data, 2nd previous red most
significant bits corresponding to k most significant bits of the
2nd previous red data, 2nd previous green most significant
bits corresponding to k most significant bits of the 2nd pre-
vious green data, 2nd previous blue most significant bits
corresponding to k most significant bits of the 2nd previous
blue data, and the previous vertical polarity reversal control
signal have already been stored in the storage unit, and the 1st
previous red most significant bits, the 1st previous green most
significant bits, the 1st previous blue most significant bits, the
2nd previous red most significant bits, the 2nd previous green
most significant bits, the 2nd previous blue most significant
bits, and the previous vertical polarity reversal control signal
have been received from the most significant bit extractor.

[0015] The preparatory charging determinator includes a
1st comparator that compares the current vertical polarity
reversal control signal from the most significant bit extractor
and the previous vertical polarity reversal control signal from
the storage unit, compares the 1st current red most significant
bits from the most significant bit extractor and the 1st previ-
ous red most significant bits from the storage unit, and sets a
logic value of a 1st comparison signal according to results of
the comparisons, a 2nd comparator that compares the current
vertical polarity reversal control signal from the most signifi-
cant bit extractor and the previous vertical polarity reversal
control signal from the storage unit, compares the 1st current
green most significant bits from the most significant bit
extractor and the 1st previous green most significant bits from
the storage unit, and sets a logic value of a 2nd comparison
signal according to results of the comparisons, a 3rd com-
parator that compares the current vertical polarity reversal
control signal from the most significant bit extractor and the
previous vertical polarity reversal control signal from the
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storage unit, compares the 1st current blue most significant
bits from the most significant bit extractor and the 1st previ-
ous blue most significant bits from the storage unit, and sets a
logic value of a 3rd comparison signal according to results of
the comparisons, a 4th comparator that compares the current
vertical polarity reversal control signal from the most signifi-
cant bit extractor and the previous vertical polarity reversal
control signal from the storage unit, compares the 2nd current
red most significant bits from the most significant bit extrac-
tor and the 2nd previous red most significant bits from the
storage unit, and sets a logic value of a 4th comparison signal
according to results of the comparisons, a 5Sth comparator that
compares the current vertical polarity reversal control signal
from the most significant bit extractor and the previous ver-
tical polarity reversal control signal from the storage unit,
compares the 2nd current green most significant bits from the
most significant bit extractor and the 2nd previous green most
significant bits from the storage unit, and sets a logic value of
a Sth comparison signal according to results of the compari-
sons, a 6th comparator that compares the current vertical
polarity reversal control signal from the most significant bit
extractor and the previous vertical polarity reversal control
signal from the storage unit, compares the 2nd current blue
most significant bits from the most significant bit extractor
and the 2nd previous blue most significant bits from the
storage unit, and sets a logic value of a 6th comparison signal
according to results of the comparisons, and a preparatory
charging decider that determines a logic value of the prepa-
ratory charging control signal based on the logic values of the
1st to 6th comparison signals from the 1st to 6th comparators.

[0016] Each of the comparators outputs a comparison sig-
nal having a high logic value regardless of a result of com-
parison between current most significant bits and previous
most significant bits provided to the comparator when the
current vertical polarity reversal control signal and the previ-
ous vertical polarity reversal control signal have different
values.

[0017] Each of the comparators sets a logic value of a
comparison signal that is to be output from the comparator
based on a result of comparison between current most signifi-
cant bits and previous most significant bits provided to the
comparator when the current vertical polarity reversal control
signal and the previous vertical polarity reversal control sig-
nal have the same value.

[0018] Each of the comparators outputs a comparison sig-
nal having a high logic value when a difference between
levels of current most significant bits and previous most sig-
nificant bits provided to the comparator is equal to or more
than p levels, where p is a natural number and outputs a
comparison signal having a low logic value when a difference
between levels of current most significant bits and previous
most significant bits provided to the comparator is less than p
levels.

[0019] The preparatory charging decider determines the
number of comparison signals having a high logic value pro-
vided from the 1st to 6th comparators and sets the logic value
of the preparatory charging control signal to a high logic
value when the number of the comparison signals having a
high logic value is equal to or greater than q, where q is a
natural number, and sets the logic value of the preparatory
charging control signal to a low logic value when the number
of the comparison signals having a high logic value is less
than q.



US 2012/0169788 Al

[0020] The liquid crystal display device may further
include a synchronization unit that generates 1st and 2nd
preparatory charging control data in response to a preparatory
charging control signal from the preparatory charging con-
troller, sets logic values of the 1st and 2nd preparatory charg-
ing control data according to a logic value of the preparatory
charging control signal, synchronizes the 1st and 2nd prepa-
ratory charging control data and current image data, a current
vertical polarity reversal control signal, and a current hori-
zontal polarity reversal control signal from the timing con-
troller, and rearranges and outputs the synchronized 1st and
2nd preparatory charging control data, current image data,
current vertical polarity reversal control signal, and current
horizontal polarity reversal control signal according to a data
map of the data driver, and an interface unit that transmits the
synchronized 1st and 2nd preparatory charging control data,
the current image data, the current vertical polarity reversal
control signal, and the current horizontal polarity reversal
control signal from the synchronization unit to the data driver,
wherein the current horizontal polarity reversal control signal
is a signal for controlling polarities of current image data in a
horizontal direction.

[0021] Inanother aspect of the present invention, a method
for driving a liquid crystal display device includes a 1st pro-
cess including receiving current image data that are to be
provided to m current pixels among a plurality of pixels
located at an nth horizontal line and a current vertical polarity
reversal control signal for controlling polarities of the current
image data in a vertical direction, a 2nd process including
comparing the current image data with previous image data
that have been provided to m previous pixels corresponding to
the current m pixels among a plurality of pixels located at an
n-1th horizontal line, a 3rd process including comparing the
current vertical polarity reversal control signal with a previ-
ous vertical polarity reversal control signal for controlling
polarities of the previous image data in a vertical direction, a
4th process including determining a logic value of a prepara-
tory charging control signal based on results of the 2nd and
3rd processes, and a 5th process including performing one of
a first operation, in which m data lines connected respectively
to the m current pixels are connected to each other and the m
data lines are again separated from each other, and a second
operation, in which the m data lines are kept separate from
each other, according to the logic value of the preparatory
charging control signal and then providing the current image
data to the m pixels.

[0022] The 2nd process includes comparing k most signifi-
cant bits of the current image data and k most significant bits
of the previous image data.

[0023] The 1st to 4th processes include receiving current
image data and a current vertical polarity reversal control
signal and extracting current most significant bits corre-
sponding to k most significant bits from the current image
data, reading a previous vertical polarity reversal control sig-
nal and previous most significant bits corresponding to k most
significant bits of the previous image data from a storage unit,
storing the current most significant bits and the current verti-
cal polarity reversal control signal in the storage unit, and
comparing the current most significant bits with the previous
most significant bits from the storage unit, comparing the
current vertical polarity reversal control signal with the pre-
vious vertical polarity reversal control signal from the storage
unit, and determining a logic value of the preparatory charg-
ing control signal based on results of the comparisons.
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[0024] Ttis to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this application, illus-
trate embodiment(s) of the invention and together with the
description serve to explain the principle of the invention. In
the drawings:

[0026] FIG. 1 illustrates a display device according to an
embodiment of the present invention;

[0027] FIG. 2 illustrates how switching units provided in
data driver DD operate;

[0028] FIG. 3 illustrates a detailed configuration of prepa-
ratory charging controller PCCB of FIG. 1;

[0029] FIG. 4 illustrates 6 previous pixels located at an
n-1th horizontal line and 6 current pixels located at an nth
horizontal line among all pixels of FIG. 1;

[0030] FIG. 5 illustrates a detailed configuration of the
preparatory charging determinator of FIG. 3;

[0031] FIG. 6 illustrates data output from a mini-LVDS
transmitter;
[0032] FIGS. 7 to 9 illustrate operations of a display device

according to the present invention; and

[0033] FIGS. 10 to 12 illustrate results of simulation
experiments of operation of a display device using a prepa-
ratory charging controller PCCB according to an embodi-
ment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Wher-
ever possible, the same reference numbers will be used
throughout the drawings to refer to the same or like parts.
[0035] FIG. 1 illustrates a display device according to an
embodiment of the present invention.

[0036] As shown in FIG. 1, the display device according to
the present invention includes a display portion DSP, a data
driver DD, a gate driver GD, a timing controller TC, a prepa-
ratory charging controller PCCB, a synchronization unit
SYN, and an interface unit IF.

[0037] The display portion DSP includes pixels PXL, a
plurality of gate lines GL.1 to GL;j for transmitting various
signals required for the pixels PXL to display images, and a
plurality of data lines DL1 to DLAi.

[0038] The pixels PXL are arranged on the display portion
DSPin a matrix form. i pixels PXL are arranged on each of the
horizontal lines HL1 to HLj. The pixels PXL are divided into
red pixels R for displaying red, green pixels G for displaying
green, and blue pixels B for displaying blue. Here, three
pixels, a red pixel, a green pixel, and a blue pixel, which are
connected to the same gate line and are located adjacent to
each other, constitute a single unit pixel UP. The unit pixel UP
displays a single unit image by mixing a red image, a green
image, and a blue image.

[0039] The timing controller TC receives a horizontal syn-
chronization signal, a vertical synchronization signal, a clock
signal, and image data. The timing controller TC generates
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data control signals and gate control signals using the
received horizontal synchronization signal, vertical synchro-
nization signal, and clock signal. The data control signals
include a dot clock, a source shift clock, a source enable
signal, a vertical polarity reversal control signal, a horizontal
polarity reversal control signal, and the like. The gate control
signals include a gate start pulse, a gate shift clock, a gate
output enable signal, and the like. The data control signals are
provided to the data driver DD and the gate control signals are
provided to the gate driver GD.

[0040] The preparatory charging controller PCCB receives
current image data that are to be provided to m current pixels
(m being a natural number) among a plurality of pixels
located at the nth horizontal line (n being a natural number)
and a current vertical polarity reversal control signal vPOL_n
from the timing controller TC. Here, the vertical polarity
reversal control signal vPOL _n is a signal for controlling the
polarities of the current image data Data in the vertical direc-
tion.

[0041] Then, the preparatory charging controller PCCB
compares the current image data Data with previous image
data that have been provided to m previous pixels located at
the n—1thhorizontal line HL.n-1. Here, the preparatory charg-
ing controller PCCB may compare k most significant bits (k:
natural number) of the current image data Data with k most
significant bits of the previous image data.

[0042] In addition, the preparatory charging controller
PCCB compares the current vertical polarity reversal control
signal vPOL_n with a previous vertical polarity reversal con-
trol signal vPOL_n-1. Here, the vertical polarity reversal
control signal vPOL_n-1 is a signal for controlling the polar-
ity of previous image data in the vertical direction.

[0043] Then, the preparatory charging controller PCCB
determines the logic value of a preparatory charging control
signal PCCS based on the compared results.

[0044] In the above manner, the preparatory charging con-
troller PCCB divides i current image data that are to be
provided to all of the i current pixels included in the nth
horizontal line HLn into groups of m image data and sequen-
tially analyzes the groups of m image data.

[0045] The synchronization unit SYN generates first and
second preparatory charging control data in response to the
preparatory charging control signal PCCS from the prepara-
tory charging controller PCCB. The synchronization unit
SYN setsthe logic values of the first and second preparatory
charging control data according to the logic value of the
preparatory charging control signal PCCS. Then, the syn-
chronization unit SYN synchronizes the first and second pre-
paratory charging control data and the current image data, the
current vertical polarity reversal control signal vPOL_n, and
the current horizontal polarity reversal control signal hAPOL_n
received from the timing controller TC and rearranges and
outputs the synchronized first and second preparatory charg-
ing control data, the synchronized current image data, the
synchronized current vertical polarity reversal control signal
vPOL_n, and the synchronized current horizontal polarity
reversal control signal hPOL_n according to a data map of the
data driver DD.

[0046] The interface unit IF transmits the first and second
preparatory charging control data, the current image data, the
current vertical polarity reversal control signal vPOL_n, and
the current horizontal polarity reversal control signal hPOL_n
received from the synchronization unit SYN to the data driver
DD. Here, the current horizontal polarity reversal control
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signal hPOL_n is a signal for controlling the polarities of the
current image data in the horizontal direction.

[0047] The datadriver DD performs one of a first operation
and a second operation according to the logic value of the
preparatory charging control signal PCCS provided from the
preparatory charging controller PCCB through the interface
unit IF and the synchronization unit SYN. That is, the data
driver DD performs one of the first and second operations
according to the logic value of the first and second prepara-
tory charging control data from the interface unit IF. In
details, when the logic values of both the first and second
preparatory charging control data are high, the data driver DD
performs the first operation in which the data driver DD
connects all m data lines connected respectively to the m
current pixels to each other and then separates the m data lines
DL from each other. On the other hand, when the logic value
of the first preparatory charging control data is high and the
logic value of the second preparatory charging control data is
low, the data driver DD performs the second operation in
which the data driver DD keeps all the m data lines separated
from each other. After performing one of the first and second
operations, the data driver DD provides the current image
data, provided from the timing controller TC through the
interface unit IF and the synchronization unit SYN, to the
current pixels through the m data lines.

[0048] The data driver DD includes a plurality of switching
units to perform the first and second operations as described
above. That is, the data driver DD includes i output channels
for providing i image data to i data lines. Each of the switch-
ing units connects m output channels to each other, or discon-
nects m output channels from each other.

[0049] FIG. 2 illustrates how the switching units provided
in the data driver DD operate. For example, as shown in FIG.
2, 6 output channels CH1 to CH6 may be connected to each
other or may be disconnected from each other through one
switching unit SW. Here, if 6 output channels are all con-
nected to each other through the switching unit, 6 data lines
DL1 to DL6 corresponding to the 6 output channels are all
connected to each other. This allows 6 previous image data
that have been charged in the 6 data lines DL1 to DL6 to be
mixed and averaged. The 6 previous image data are image
data that have been provided to 6 previous pixels. Here, since
the 6 previous image data that have been charged in the 6
previous pixels have different polarities, the averaged image
data have a voltage close to the common voltage. For
example, in the case where 1st to 6th previous image data
have been charged in 1st to 6th previous pixels connected to
the 1st to 6th data lines shown in FIG. 2, the 1st to 6th image
data may sequentially have a positive polarity (+), a negative
polarity (=), a positive polarity (+), a negative polarity (-), a
positive polarity (+), and a negative polarity (=) or may
sequentially have a positive polarity (+), a negative polarity
(), a negative polarity (=), a positive polarity (+), a positive
polarity (+), and a negative polarity (-) or may sequentially
have a positive polarity (+), a positive polarity (+), a negative
polarity (=), a negative polarity (=), a positive polarity (+),
and a positive polarity (+).

[0050] Thus, before providing m current image data to m
data lines, the data driver DD determines whether to allow the
m data lines to have averaged image data during a disable
duration of a source enable signal or to the m data lines to
continue to have m previous image data that have been pro-
vided to previous pixels. The data driver DD makes this
determination based on the previous image data, the current
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image data, the previous vertical polarity reversal control
signal vPOL_n-1, and the current vertical polarity reversal
control signal vPOL _n as described above.

[0051] After making this determination, the data driver DD
may provide m current image data corresponding to the m
current pixels to the m data lines in a normal state in which the
m output channels are separated from each other such that the
m data lines are not connected to each other, thereby improv-
ing charge speed of the m data lines.

[0052] The operations of switching units SW are individu-
ally controlled. That is, one switching unit SW may be con-
trolled to perform the first operation while another switching
unit SW is controlled to perform the second operation.
Accordingly, when m output channels of one switching unit
SW are all connected to each other, m output channels of
another switching unit SW may be kept separate from each
other.

[0053] FIG. 3 illustrates a detailed configuration of the
preparatory charging controller PCCB of FIG. 1.

[0054] The preparatory charging controller PCCB includes
a most significant bit extractor MBE, a storage unit MEM,
and a preparatory charging determinator PCD as shown in
FIG. 3.

[0055] The most significant bit extractor MBE receives
current image data and the current vertical polarity reversal
control signal vPOL_n from the timing controller TC and
extracts current most significant bits corresponding to k most
significant bits from the current image data. Here, k is a
natural number which may be, for example, 2.

[0056] The storage unit MEM stores the current most sig-
nificant bits from the most significant bit extractor MBE and
the current vertical polarity reversal control signal vPOL_n
from the most significant bit extractor MBE. Here, a previous
vertical polarity reversal control signal vPOL_n-1 and pre-
vious most significant bits corresponding to the k most sig-
nificant bits of the previous image data have already been
stored in the storage unit MEM.

[0057] The preparatory charging determinator PCD com-
pares the current most significant bits from the most signifi-
cant bit extractor MBE and the previous most significant bits
from the storage unit MEM. The preparatory charging deter-
minator PCD compares the current vertical polarity reversal
control signal vPOL_n from the most significant bit extractor
MBE and the previous vertical polarity reversal control signal
vPOL_n-1 from the storage unit MEM. The preparatory
charging determinator PCD then determines the logic value
ofthe preparatory charging control signal PCCS based on the
compared results and outputs the preparatory charging con-
trol signal PCCS having the determined logic value.

[0058] In the meantime, in the present invention, the value
“m” may be defined as 6 such that 6 current image data that
are to be provided to 6 current pixels can be analyzed. Here,
the 6 current pixels constitute 2 unit pixels.

[0059] FIG. 4 illustrates 6 previous pixels R1, G1, B1, R2,
G2, and B2 located at the n—-1th horizontal line HL.n-1 and 6
current pixels R11, G11, B11, R22, G22, and B22 located at
the nth horizontal line HLn among all pixels of FIG. 1.
[0060] As shown in FIG. 4, the 6 previous pixels R1, G1,
B1, R2, G2, and B2 located at the n-1th horizontal line
HLn-1 include 1st and 2nd previous red pixels R1 and R2 for
displaying red images, 1st and 2nd previous green pixels G1
and G2 for displaying green images, and 1st and 2nd previous
blue pixels B1 and B2 for displaying blue images. Here, the
1st previous red pixel R1, the 1st previous green pixel G1, and
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the 1st previous blue pixel B1 constitute a 1st previous unit
pixel UP1 for displaying one unit image. The 2nd previous
red pixel R2, the 2nd previous green pixel G2, and the 2nd
previous blue pixel B2 constitute a 2nd previous unit pixel
UP2 for displaying one unit image.

[0061] In addition, as shown in FIG. 4, the 6 current pixels
R11, G11, B11, R22, G22, and B22 located at the nth hori-
zontal line HLn include 1st and 2nd current red pixels R11
and R22 for displaying red images, 1st and 2nd current green
pixels Gil and G22 for displaying green images, and 1st and
2nd current blue pixels B11 and B22 for displaying blue
images. Here, the 1st current red pixel R11, the 1st current
green pixel G11, and the 1st current blue pixel B11 constitute
a 1stcurrent unit pixel UP1 for displaying one unit image. The
2nd current red pixel R22, the 2nd current green pixel G22,
and the 2nd current blue pixel B22 constitute a 2nd current
unit pixel UP2 for displaying one unit image. Here, image
data provided to the pixels are classified as follows.

[0062] Thatis, the previous image data include 1st previous
red data provided to the 1st previous red pixel R1, 1st previous
green data provided to the 1st previous green pixel G1, 1st
previous blue data provided to the 1st previous blue pixel B1,
2nd previous red data provided to the 2nd previous red pixel
R2, 2nd previous green data provided to the 2nd previous
green pixel G2, and 2nd previous blue data provided to the
2nd previous blue pixel B2.

[0063] In addition, the current image data Data include 1st
current red data provided to the 1st current red pixel R11, 1st
current green data provided to the 1st current green pixel G11,
1st current blue data provided to the 1st current blue pixel
B11, 2nd current red data provided to the 2nd current red pixel
R22, 2nd current green data provided to the 2nd current green
pixel G22, and 2nd current blue data provided to the 2nd
current blue pixel B22.

[0064] The following is a detailed description of operations
of the most significant bit extractor MBE, the storage unit
MEM,; and the preparatory charging determinator PCD pro-
vided in the preparatory charging controller PCCB based on
the pixels and the image data provided to the pixels shown in
FIG. 4.

[0065] Referring to FIG. 5, the most significant bit extrac-
tor MBE extracts 1st current red most significant bits Rd1_n
corresponding to k most significant bits from the 1st current
red data. The most significant bit extractor MBE extracts 1st
current green most significant bits Gd1_n corresponding to k
most significant bits from the 1st current green data. The most
significant bit extractor MBE extracts 1st current blue most
significant bits Bd1_n corresponding to k most significant
bits from the 1st current blue data. In addition, the most
significant bit extractor MBE extracts 2nd current red most
significant bits Rd2_n corresponding to k most significant
bits from the 2nd current red data. The most significant bit
extractor MBE extracts 2nd current green most significant
bits Gd2_n corresponding to k most significant bits from the
2nd current green data. The most significant bit extractor
MBE extracts 2nd current blue most significant bits Bd2_n
corresponding to k most significant bits from the 2nd current
blue data. In addition, the most significant bit extractor syn-
chronizes the 1st current red most significant bits Rd1_n, the
1st current green most significant bits Gd1_n, the 1st current
blue most significant bits Bd1_n, the 2nd current red most
significant bits Rd2_n, the 2nd current green most significant
bits Gd2_n, and the 2nd current blue most significant bits
Bd2_n with the current vertical polarity reversal control sig-
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nal vPOL_n and provides the synchronized bits and current
vertical polarity reversal control signal vPOL _nto the storage
unit MEM and the preparatory charging determinator PCD.
[0066] The storage unit MEM previously stores 1st previ-
ous red most significant bits Rd1_n-1 corresponding to k
most significant bits of the 1st previous red data, 1st previous
green most significant bits Gd1_n-1 corresponding to k most
significant bits of the 1st previous green data, 1st previous
blue most significant bits Bd1_n-1 corresponding to k most
significant bits of the 1st previous blue data, 2nd previous red
most significant bits Rd2_n-1 corresponding to k most sig-
nificant bits of the 2nd previous red data, 2nd previous green
most significant bits Gd2_n-1 corresponding to k most sig-
nificant bits of the 2nd previous green data, 2nd previous blue
most significant bits Bd2_n-1 corresponding to k most sig-
nificant bits of the 2nd previous blue data, and the previous
vertical polarity reversal control signal vPOL_n-1.
[0067] The 1st previous red most significant bits Rd1_n-1,
the 1st previous green most significant bits Gd1_n-1, the 1st
previous blue most significant bits Bd1_n-1, the 2nd previous
red most significant bits Rd2_n-1, the 2nd previous green
most significant bits Gd2_n-1, the 2nd previous blue most
significant bits Bd2_n-1, and the previous vertical polarity
reversal control signal vPOL_n-1 stored in the storage unit
MEM have been received from the most significant bit extrac-
tor MBE described above.
[0068] The storage unit MEM stores image data corre-
sponding to pixels of one horizontal line. However, as
described above, the storage unit MEM stores k most signifi-
cant bits of the image data of each pixel rather than all bits of
the image data of each pixel.
[0069] For example, the amount of data to be stored in the
storage unit MEM is calculated as follows when image data
provided to each pixel is 10 bits and the k most significant bits
are 2 bits in the case of a Full High Definition (FHD) display
device having 1920 unit pixels per horizontal line.

storage unit MEM capacity=1920*1/2*(2 bit*6+1

bit)=12,480 bits
[0070] Inthis equation, 1 bit indicates the bit of the vertical
polarity reversal control signal. The 1-bit vertical polarity
reversal control signal is used to control the polarity of 6
image data. Thus, a 1-bit vertical polarity reversal control
signal is required per 6 image data.
[0071] An SRAM (Static Random Access Memory) may be
used for the storage unit MEM of the present invention.
[0072] FIG. 5 illustrates a detailed configuration of the
preparatory charging determinator PCD of FIG. 3.
[0073] As shown in FIG. 5, the preparatory charging deter-
minator PCD includes 1stto 6th comparators CB1 to CB6 and
a preparatory charging decider PJD.
[0074] The 1st comparator CB1 compares the current ver-
tical polarity reversal control signal vPOL_n from the most
significant bit extractor MBE and the previous vertical polar-
ity reversal control signal vPOL_n-1 from the storage unit
MEM. The 1st comparator CB1 also compares the 1st current
red most significant bits Rd1_n from the most significant bit
extractor MBE and the 1st previous red most significant bits
Rd1_n-1 from the storage unit MEM. The 1st comparator
CB1 sets alogic value of a 1st comparison signal CS1 accord-
ing to the comparison results and outputs the 1st comparison
signal CS1 having the set logic value.
[0075] The 2nd comparator CB2 compares the current ver-
tical polarity reversal control signal vPOL_n from the most
significant bit extractor MBE and the previous vertical polar-
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ity reversal control signal vPOL_n-1 from the storage unit
MEM. The 2nd comparator CB2 also compares the 1st cur-
rent green most significant bits Gd1_n from the most signifi-
cant bit extractor MBE and the 1st previous green most sig-
nificant bits Gd1_n-1 from the storage unit MEM. The 2nd
comparator CB2 sets a logic value of a 2nd comparison signal
CS2 according to the comparison results and outputs the 2nd
comparison signal CS2 having the set logic value.

[0076] The 3rd comparator CB3 compares the current ver-
tical polarity reversal control signal vPOL_n from the most
significant bit extractor MBE and the previous vertical polar-
ity reversal control signal vPOL_n-1 from the storage unit
MEM. The 3rd comparator CB3 also compares the 1st current
blue most significant bits Bd1_n from the most significant bit
extractor MBE and the 1st previous blue most significant bits
Bdl_n-1 from the storage unit MEM. The 3rd comparator
CB3sets a logic value of'a 3rd comparison signal CS3 accord-
ing to the comparison results and outputs the 3rd comparison
signal CS3 having the set logic value.

[0077] The 4th comparator CB4 compares the current ver-
tical polarity reversal control signal vPOL_n from the most
significant bit extractor MBE and the previous vertical polar-
ity reversal control signal vPOL_n-1 from the storage unit
MEM. The 4th comparator CB4 also compares the 2nd cur-
rent red most significant bits Rd2_n from the most significant
bit extractor MBE and the 2nd previous red most significant
bits Rd2_n-1 from the storage unit MEM. The 4th compara-
tor CB4 sets a logic value of a 4th comparison signal CS4
according to the comparison results and outputs the 4th com-
parison signal CS4 having the set logic value.

[0078] The 5th comparator CB5 compares the current ver-
tical polarity reversal control signal vPOL_n from the most
significant bit extractor MBE and the previous vertical polar-
ity reversal control signal vPOL_n-1 from the storage unit
MEM. The 5th comparator CBS also compares the 2nd cur-
rent green most significant bits Gd2_n from the most signifi-
cant bit extractor MBE and the 2nd previous green most
significant bits Gd2_n-1 from the storage unit MEM. The 5th
comparator CBS5 sets a logic value of a 5th comparison signal
CS5 according to the comparison results and outputs the 5th
comparison signal CS5 having the set logic value.

[0079] The 6th comparator CB6 compares the current ver-
tical polarity reversal control signal vPOL_n from the most
significant bit extractor MBE and the previous vertical polar-
ity reversal control signal vPOL_n-1 from the storage unit
MEM. The 6th comparator CB6 also compares the 2nd cur-
rent blue most significant bits Bd2_n from the most signifi-
cant bit extractor MBE and the 2nd previous blue most sig-
nificant bits Bd2_n-1 from the storage unit MEM. The 6th
comparator CB6 sets a logic value of a 6th comparison signal
CS6 according to the comparison results and outputs the 6th
comparison signal CS6 having the set logic value.

[0080] The preparatory charging decider PID determines
the logic value of the preparatory charging control signal
PCCS based on the logic values of the 1st to 6th comparison
signals CS1 to CS6 and outputs the preparatory charging
control signal PCCS having the determined logic value.
[0081] When the current vertical polarity reversal control
signal vPOL_n and the previous vertical polarity reversal
control signal vPOL_n-1 have different values, each com-
parator CB1 to CB6 outputs a comparison signal having a
high logic value regardless of the comparison results between
the previous most significant bits and the current most sig-
nificant bits provided to the comparator. For example, in the
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example of FIG. 5, the 1stto 6th comparators output 1st to 6th
comparison signals CS1 to CS6 having high logic values
when the previous vertical polarity reversal control signal
vPOL_n-1 has a high logic value and the current vertical
polarity reversal control signal vPOL_n has a low logic value.
[0082] However, when the current vertical polarity reversal
control signal vPOL_n and the previous vertical polarity
reversal control signal vPOL_n-1 have the same value, each
comparator CB1 to CB6 sets a logic value of a comparison
signal, which is to be output from the comparator, based on
the results of comparison between the previous most signifi-
cant bits and the current most significant bits provided to the
comparator. For example, in the example of FIG. 5, when
both the previous vertical polarity reversal control signal
vPOL_n-1 and the current vertical polarity reversal control
signal vPOL_n have a high logic value, each of the 1st to 6th
comparators compares the values of previous most significant
bits and the values of the current most significant bits and sets
a logic value of a comparison signal, which is to be output
from the comparator, based on the differences between the
values of the previous most significant bits and the current
most significant bits.

[0083] When the most significant bits are 2 bits, the image
data is classified as one of 4 levels. For example, if the current
image data is 10 bits, the most significant bits of the current
image data may be one of 00, 01, 10, and 11. Here, the 10-bit
current image data is classified as 1st level data when the
current image data is one of 0000000000 to 0011111111 (Oth
to 255th gray levels), and the 10-bit current image data is
classified as 2nd level data when the current image data is one
0f 0100000000 to 0111111111 (256th to 511th gray levels),
and the 10-bit current image data is classified as 3rd level data
when the current image data is one of 1000000000 to
1011111111 (512th to 767th gray levels), and the 10-bit cur-
rent image data is classified as 4th level data when the current
image data is one of 1100000000 to 1111111111 (768th to
1023rd gray levels).

[0084] Accordingly, each comparator compares the levels
of pairs of 2 most significant bits provided to the comparator
to calculate the difference between the levels. For example,
when both the previous vertical polarity reversal control sig-
nal vPOL_n-1 and the current vertical polarity reversal con-
trol signal vPOL_n have a high logic value and “00” is input
as the value of the 1st previous red most significant bits
Rd1_n-1 and “10” is input as the value of the 1st current red
most significant bits Rd1_n to the 1st comparator as described
above, the 1st comparator calculates 2 as the difference
between the levels of the pair of the 2 most significant bits.
The comparator then sets the logic value of the 1st compari-
son signal CS1 according to the calculated difference. For
example, in the case where the 1st comparator CB1 outputs a
comparison signal having a high logic value when the differ-
ence between the levels of the current most significant bits
and the previous most significant bits provided to the 1st
comparator CB1 is equal to or greater than 3 levels and
outputs a comparison signal having a low logic value when
the difference is less than 3 levels, the 1st comparator CB1
outputs the 1st comparison signal CS1 having a low logic
value when the level difference is calculated as 2 as described
above.

[0085] In this manner, each of the other 2nd to 6th com-
parators CB2 to CB6 compares the level difference between
the previous most significant bits and the current most sig-
nificant bits input to the comparator and sets a logic value of
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a comparison signal according to the comparison result and
outputs the comparison signal having the set logic value.
[0086] The preparatory charging decider PJD outputs a
preparatory charging control signal PCCS having a high logic
value when the number of comparison signals having a high
logic value among the 1st to 6th comparison signals CS1 to
CS6 provided from the 1st to 6th comparators CB1 to CB6 is
4 or greater, while the preparatory charging decider PJD
outputs a preparatory charging control signal PCCS having a
low logic value when the number of comparison signals hav-
ing a high logic value is less than 4.

[0087] The preparatory charging control signal PCCS out-
put from the preparatory charging decider PID is provided to
the synchronization unit SYN.

[0088] The synchronization unit SYN generates 1st and
2nd preparatory charging control data in response to the pre-
paratory charging control signal PCCS from the preparatory
charging controller PCCB. Then the synchronization unit
SYN sets the logic values of the 1st and 2nd preparatory
charging control data according to the logic value of the
preparatory charging control signal PCCS. The synchroniza-
tion unit SYN then synchronizes the 1st and 2nd preparatory
charging control data and the current image data, the current
vertical polarity reversal control signal vPOL _n, and the cur-
rent horizontal polarity reversal control signal received from
the timing controller TC, and rearranges and outputs the
synchronized 1st and 2nd preparatory charging control data,
current image data, current vertical polarity reversal control
signal vPOL_n, and current horizontal polarity reversal con-
trol signal according to the data map of the data driver DD.
[0089] The interface unit IF transmits the 1st and 2nd pre-
paratory charging control data, the current image data, the
current vertical polarity reversal control signal vPOL_n, and
the current horizontal polarity reversal control signal received
from the synchronization unit SYN to the data driver DD.
Here, the horizontal polarity reversal control signal is a signal
for controlling the polarities of the current image data in the
horizontal direction.

[0090] The interface unit IF includes a mini-LVDS (Low
Voltage Differential Signalingl. VDS) transmitter and a mini-
LVDS receiver.

[0091] FIG. 6 illustrates data output from the mini-LVDS
transmitter.
[0092] The mini-LVDS transmitter transmits a single data

through each pair of low voltage differential lines. FIG. 6
illustrates a structure in which 8 pairs of low voltage differ-
ential lines (a total of 16 low voltage differential lines) LV0+
to LV7+ transmit 8 data in parallel.

[0093] That is, in the structure of FIG. 6, 1st 10-bit current
red data D00 to D09, 1st 10-bit current green data D12 to D19,
1st 10-bit current blue data D20 to D29, 2nd 10-bit current red
data D30 to D39, 2nd 10-bit current green data D40 to D49,
2nd 10-bit current blue data D50 to D59, 1st 1-bit preparatory
charging control data G_Model, 2nd 1-bit preparatory charg-
ing control data G_Mode2, a current 1-bit vertical polarity
reversal control signal vPOL_n, and a current 1-bit horizontal
polarity reversal control signal G_HIVN are provided to the
mini-LVDS receiver through the 8 pairs of low voltage dif-
ferential lines LV0+ to LV7+.

[0094] Here, in the case where the mini-LVDS transmitter
having the 8-pair structure is used, 64-bit data can be trans-
mitted. 2 bits among the 64 bits are idle bits. In the present
invention, the 2 idle bits are used to transmit the 1st and 2nd
preparatory charging control data G_Model and G_Mode2.
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[0095] Here, as shown in FIG. 6, when both the 1st and 2nd
preparatory charging control data G_Model and G_Mode2
have a low logic value, the data driver DD performs a charge
share operation. This charge share operation is the first opera-
tion described above. On the other hand, when the 1st prepa-
ratory charging control data G_Model has a high logic value
and the 2nd preparatory charging control data G_Mode2 has
a low logic value, the data driver DD performs a Hi-z opera-
tion instead of the charge share operation. The Hi-z operation
is the second operation described above.

[0096] FIGS.7to9 illustrate operations of a display device
according to the present invention.

[0097] As shown in FIG. 7, a black image is displayed in a
rectangular form at a central portion of the display portion
DSP and a white image is displayed around the central por-
tion.

[0098] In the case of an image of a 1st region #1, pixels
included in an n-1th horizontal line HL.n-1 among 4 arbitrary
consecutive horizontal lines HL.n-1to HLn+2 display a white
image and pixels included in 3 consecutive horizontal lines
subsequent to the n-1th horizontal line HLn-1 display a
black image.

[0099] On the other hand, in the case of an image of a 2nd
region #2, all pixels included in 4 arbitrary consecutive hori-
zontal lines HL.n-1 to HLn+2 display a black image.

[0100] FIG. 8(a) illustrates the polarities of image data
provided to pixels located at the 1st region #1 of FIG. 7 and
FIG. 8(b) illustrates the polarities of image data provided to
pixels located at the 2nd region #2 of FIG. 7.

[0101] As shown in FIG. 8, the polarities of the pixels are
reversed in a horizontal direction in a 1-dot reversal manner
and are reversed in a vertical direction in a 2-dot reversal
manner. That is, a positive polarity and a negative polarity are
alternately shown in the horizontal direction and 2 positive
polarities and 2 negative polarities are alternately shown in
the vertical direction.

[0102] Operations of pixels (A, B) arranged along the 1st
horizontal line are described below.

[0103] First, in FIGS. 8(a) and (b), a pixel located at the
n-1th horizontal line HL.n-1 in the 1st vertical line is defined
as a 1st pixel, a pixel located at the nth horizontal line HLn in
the 1st vertical line is defined as a 2nd pixel, a pixel located at
the n+1th horizontal line HL.n+1 in the 1st vertical line is
defined as a 3rd pixel, and a pixel located at the n+2th hori-
zontal line HLn+2 in the 1st vertical line is defined as a 4th
pixel.

[0104] As shown in FIG. 8(a), the 1st pixel receives image
data corresponding to positive white and the 2nd pixel
receives image data corresponding to positive black. That is,
it can be seen from FIG. 8(a) that the 1st and 2nd pixels have
the same polarity. Here, it can also be seen that a previous
vertical polarity reversal control signal that has been provided
to the 1st pixel and a current vertical polarity reversal control
signal that will be provided to the 2nd pixel have the same
value when the 1st pixel is a previous pixel and the 2nd pixel
is a current pixel. Accordingly, the level of 1st previous red
most significant bits Rd1_n-1 of 1st previous red data pro-
vided to the 1st pixel and the level of 1st current red most
significant bits Rd1_n of 1st current red data provided to the
2nd pixel are compared, and one of the first and second
operations is selected according to the comparison result.
Here, the difference between the level of the 1st previous red
most significant bits Rd1_n-1 and the level of the 1st current
red most significant bits Rd1_n is 3 levels since the 1st pre-
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vious red data provided to the 1st pixel has alogic value of 11
corresponding to the 4th level and the 1st current red data that
will be provided to the 2nd pixel has a logic value of 00
corresponding to the 1st level. Accordingly, a data line con-
nected to the 2nd pixel is connected to the 5 remaining data
lines before the 1st current red data is provided to the data
line. That is, 1 output channel corresponding to the data line
of the 2nd pixel and the other remaining 5 output channels
corresponding to the 5 data lines are connected to each other.
[0105] FIG. 9(a) corresponds to FIG. 8(a). As can be seen
from FIG. 9(a), after 1st previous red data corresponding to
the positive white +W is applied to an output channel during
a Istenable period En 1 ofa source output enable signal SOE,
6 output channels are connected to each other during a 1st
blank period BL1 of the source output enable signal SOE such
that the 1st previous red data drops to the level of the common
voltage Vcom. Thereafter, the connection of the output chan-
nels is released and 1st current red data corresponding to the
positive black +B is applied to the output channel during a 2nd
enable period En2 of the source output enable signal SOE.
This increases the charge speed of the output channels and the
data lines connected to the output channels.

[0106] The 2nd pixel receives image data corresponding to
the positive black +B and the 3rd pixel receives image data
corresponding to the negative black —B. That is, the polarity
of'the 2nd pixel is different from the polarity of the 3rd pixel.
Thus, it can be seen that a previous vertical polarity reversal
control signal vPOL_n-1 that has been provided to the 2nd
pixel and a current vertical polarity reversal control signal
vPOL _n that will be provided to the 3rd pixel have different
values if the 2nd pixel is the previous pixel and the 3rd pixel
is the current pixel. Accordingly, the data driver DD performs
the first operation described above before providing the 1st
current red data to the data line connected to the 3rd pixel.
[0107] On the other hand, the 3rd and 4th pixels have the
same polarity since the 3rd pixel receives image data corre-
sponding to the negative black —B and the 4th pixel receives
image data corresponding to the positive black +B. Thus, it
can be seen that a previous vertical polarity reversal control
signal vPOL_n-1 that has been provided to the 3rd pixel and
acurrent vertical polarity reversal control signal vPOL _n that
will be provided to the 4th pixel have the same value if the 3rd
pixel s the previous pixel and the 4th pixel is the current pixel.
Here, the difference between the level of the 1st previous red
data that has been provided to the 3rd pixel and the level of the
1st current red data that will be provided to the 4th pixel is O
since both the 1st previous red data and the 1st current red data
have the 1st level corresponding to black. Accordingly, the
data driver DD performs the second operation described
above before providing the 1st current red data to the data line
connected to the 4th pixel. That is, the data driver DD pro-
vides corresponding current data to the 6 data lines connected
to the 6 output channels after keeping the 6 output channels
disconnected from each other.

[0108] As shown in FIG. 8(5), the 1st pixel receives image
data corresponding to positive white +W and the 2nd pixel
also receives image data corresponding to positive white +W.
That is, it can be seen from FIG. 8(5) that the 1st and 2nd
pixels have the same polarity, and the most significant bits of
the 1st and 2nd pixels also have the same level. Here, it can
also be seen that a previous vertical polarity reversal control
signal that has been provided to the 1st pixel and a current
vertical polarity reversal control signal that will be provided
to the 2nd pixel have the same value when the 1st pixel is a
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previous pixel and the 2nd pixel is a current pixel. Accord-
ingly, the level of 1st previous red most significant bits Rd1_
n-1 of 1st previous red data provided to the 1st pixel and the
level of 1st current red most significant bits Rd1_n of 1st
current red data provided to the 2nd pixel are compared, and
one of the first and second operations is selected according to
the comparison result. Here, the difference between the level
of the 1st previous red most significant bits Rd1_n-1 of the
1st previous red data and the level of the 1st current red most
significant bits Rd1_n of the 1st current red data is O since the
1st previous red data provided to the 1st pixel has alogic value
of 11 corresponding to the 4th level and the 1st current red
data that will be provided to the 2nd pixel has a logic value of
11 corresponding to the 4th level. Accordingly, a data line
connected to the 2nd pixel is maintained in a normal state in
which the data line is separated from the 5 remaining data
lines before the 1st current red data is provided to the data
line. That is, output channels corresponding to the data line of
the 2nd pixel and 5 output channels corresponding to the 5
data lines are kept separate from each other.

[0109] FIG. 9(b) corresponds to FIG. 8(5). As can be seen
from FIG. 9(b), after 1st previous red data corresponding to
the positive white is applied to an output channel during a 1st
enable period Enl of a source output enable signal SOE, 6
output channels are in a normal state in which the 6 output
channels are separated from each other during a 1st blank
period BL1 of the source output enable signal SOE such that
the level of the 1st previous red data is maintained without
change. Thereafter, 1st current red data corresponding to the
positive black is applied to the output channels during a 2nd
enable period En2 of the source output enable signal SOE.
This increases the charge speed of the output channels and the
data lines connected to the output channels.

[0110] The 2nd pixel receives image data corresponding to
the positive white +W and the 3rd pixel receives image data
corresponding to the negative white. That is, the polarity of
the 2nd pixel is different from the polarity of the 3rd pixel.
Thus, it can be seen that a previous vertical polarity reversal
control signal vPOL_n-1 that has been provided to the 2nd
pixel and a current vertical polarity reversal control signal
vPOL _n that will be provided to the 3rd pixel have different
values if the 2nd pixel is the previous pixel and the 3rd pixel
is the current pixel. Accordingly, the data driver DD performs
the first operation described above before providing the 1st
current red data to the data line connected to the 3rd pixel.

[0111] On the other hand, the 3rd pixel receives image data
corresponding to the negative white and the 4th pixel also
receives image data corresponding to the negative white. That
is, it can be seen that the 3rd and 4th pixels have the same
polarity. Thus, a previous vertical polarity reversal control
signal vPOL_n-1 that has been provided to the 3rd pixel and
a current vertical polarity reversal control signal vPOL _n that
will be provided to the 4th pixel have the same value if the 3rd
pixel is the previous pixel and the 4th pixel is the current pixel.
Here, the difference between the level of the 1st previous red
data that has been provided to the 3rd pixel and the level of the
1st current red data that will be provided to the 4th pixel is 0
since both the 1st previous red data and the 1st current red data
have the 4th level corresponding to white. Accordingly, the
data driver DD performs the second operation described
above before providing the 1st current red data to the data line
connected to the 4th pixel. That is, the data driver DD pro-
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vides corresponding current data to the 6 data lines connected
to the 6 output channels after keeping the 6 output channels
disconnected from each other.

[0112] FIGS. 10 to 12 illustrate results of simulation
experiments of operation of a display device using a prepa-
ratory charging controller PCCB according to an embodi-
ment of the present invention.

[0113] FIG. 11 shows the simulation result subsequent to
that of FIG. 10. In the simulation experiments of FIGS. 10 and
11, polarities of pixels are controlled such that the polarities
are reversed in a horizontal direction in a 2-dot reversal man-
ner. FIGS. 10 and 11 show results of simulation experiments
of the white background (of the 2nd region #2) of FIG. 8.

[0114] A charge share operation is performed for the 1st
horizontal line of a frame since the 1st horizontal line of the
frame is the first load of a frame blank duration.

[0115] The 1st horizontal line, which is immediately prior
to the 2nd horizontal line, has the same polarity as the 2nd
horizontal line and is white and therefore a charge share
operation is performed for the 1st horizontal line and the 2nd
horizontal line.

[0116] The 3rd horizontal line and the 2nd horizontal line,
which is immediately prior to the 3rd horizontal line, have
opposite polarities and therefore a charge share operation is
performed for the 2nd horizontal line and the 3rd horizontal
line.

[0117] Tt is more advantageous in terms of charging effects
that a charge share operation be performed when the current
horizontal line has a different polarity from the previous
horizontal line as described above.

[0118] On the other hand, it is more advantageous in terms
of charging effects that a charge share operation is not per-
formed when the current horizontal line and the previous
horizontal line have the same polarity and a similar data level.

[0119] In the simulation experiment of FIG. 12, polarities
ofpixels are controlled such that the polarities are reversed in
a vertical direction in a 2-dot reversal manner. FIG. 12 also
shows the results of a simulation experiment of FIG. 8.

[0120] The nth horizontal line HLn is the 1st horizontal line
in which a polarity change has occurred. A charge share
operation is performed since the polarity of the current hori-
zontal line has changed from the polarity of the previous
horizontal line although the previous horizontal line is white
and the current horizontal line is also white.

[0121] The polarity of the n+1th horizontal line HL.n+1 is
kept equal to that of the previous horizontal line and the
difference between the data level of the n+1th horizontal line
HLn+1 and that of the previous horizontal line is 3 levels or
more. The previous horizontal line is maintained at white and
the current horizontal line is a mixture of white and black. The
white region of the n+1th horizontal line HL.n+1 is main-
tained at the same polarity and the same data level as the
previous horizontal line and therefore a charge share opera-
tion is not performed.

[0122] When the nth horizontal line HLn is white and the
n+1th horizontal line HL.n+1 is black, a charge share opera-
tion is performed if the two horizontal lines have the same
polarity and different data levels.

[0123] The n+2th horizontal line is the 1st line in which a
polarity change has occurred and therefore a charge share
operation is performed.
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[0124] As is apparent from the above description, a liquid
crystal display device and a method for driving the same
according to the present invention have the following advan-
tages.

[0125] According to the present invention, the difference
between levels of data provided to pixels of a current hori-
zontal line and pixels of a previous horizontal line is deter-
mined and whether or not polarity reversal control signals
provided to the pixels of the current horizontal line and the
pixels of the previous horizontal line are identical is also
determined and a charge share operation is selectively per-
formed according to results of the determinations, thereby
efficiently increasing charge speed of data lines according to
data characteristics. This can increase image quality.

[0126] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope of
the inventions. Thus, it is intended that the present invention
covers the modifications and variations of this invention pro-
vided they come within the scope of the appended claims and
their equivalents.

What is claimed is:

1. A liquid crystal display device comprising:

a preparatory charging controller that receives, from a tim-
ing controller, current image data that are to be provided
to m current pixels, where m is a natural number, among
a plurality of pixels located at an nth horizontal line,
where n is a natural number, and a current vertical polar-
ity reversal control signal for controlling polarities of the
current image data in a vertical direction, compares the
current image data with previous image data that have
been provided to m previous pixels corresponding to the
current m pixels among a plurality of pixels located at an
n-1th horizontal line, compares the current vertical
polarity reversal control signal with a previous vertical
polarity reversal control signal for controlling polarities
of the previous image data in a vertical direction, and
determines a logic value of a preparatory charging con-
trol signal based on results of the comparisons; and

a data driver that performs one of a first operation, in which
the data driver connects m data lines connected respec-
tively to the m current pixels to each other and again
separates the m data lines from each other, and a second
operation, in which the data driver keeps the m data lines
separated from each other, according to the logic value
of the preparatory charging control signal from the pre-
paratory charging controller and then provides the cur-
rent image data from the timing controller to the m
pixels.

2. The liquid crystal display device according to claim 1,
wherein the preparatory charging controller compares k most
significant bits of the current image data with k most signifi-
cant bits of the previous image data, where k is a natural
number.

3. The liquid crystal display device according to claim 2,
wherein the preparatory charging controller includes:

a most significant bit extractor that receives current image
data and a current vertical polarity reversal control sig-
nal from the timing controller and extracts current most
significant bits corresponding to k most significant bits
from the current image data;

a storage unit that stores current most significant bits and a
current vertical polarity reversal control signal from the
most significant bit extractor, wherein a previous verti-
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cal polarity reversal control signal and previous most
significant bits corresponding to k most significant bits
of the previous image data have already been stored in
the storage unit; and

a preparatory charging determinator that compares the cur-
rent most significant bits from the most significant bit
extractor with the previous most significant bits from the
storage unit, compares the current vertical polarity
reversal control signal from the most significant bit
extractor with the previous vertical polarity reversal con-
trol signal from the storage unit, and determines a logic
value of the preparatory charging control signal based on
results of the comparisons.

4. The liquid crystal display device according to claim 3,
wherein the m current pixels include 1st and 2nd current red
pixels for displaying a red image, 1st and 2nd current green
pixels for displaying a green image, and 1st and 2nd current
blue pixels for displaying a blue image,

the 1st current red pixel, the 1st current green pixel, and the

1st current blue pixel constitute a 1st current unit pixel
for displaying one unit image,

the 2nd current red pixel, the 2nd current green pixel, and

the 2nd current blue pixel constitute a 2nd current unit
pixel for displaying one unit image,
the m previous pixels include 1st and 2nd previous red
pixels for displaying a red image, 1st and 2nd previous
green pixels for displaying a green image, and 1st and
2nd previous blue pixels for displaying a blue image,

the 1st previous red pixel, the 1st previous green pixel, and
the 1st previous blue pixel constitute a 1st previous unit
pixel for displaying one unit image,

the 2nd previous red pixel, the 2nd previous green pixel,

and the 2nd previous blue pixel constitute a 2nd previous
unit pixel for displaying one unit image,

the current image data include 1st current red data that is to

be provided to the 1st current red pixel, 1st current green
data that is to be provided to the 1st current green pixel,
1st current blue data that is to be provided to the 1st
current blue pixel, 2nd current red data that is to be
provided to the 2nd current red pixel, 2nd current green
data that is to be provided to the 2nd current green pixel,
2nd current blue data that is to be provided to the 2nd
current blue pixel, and

the previous image data include 1st previous red data that is
to be provided to the 1st previous red pixel, 1st previous
green data that is to be provided to the 1st previous green
pixel, 1st previous blue data that is to be provided to the
1st previous blue pixel, 2nd previous red data that is to be
provided to the 2nd previous red pixel, 2nd previous
green data that is to be provided to the 2nd previous
green pixel, 2nd previous blue data that is to be provided
to the 2nd previous blue pixel.

5. The liquid crystal display device according to claim 4,
wherein the most significant bit extractor extracts 1st current
red most significant bits corresponding to k most significant
bits from the 1st current red data,

the most significant bit extractor extracts 1st current green

most significant bits corresponding to k most significant
bits from the 1st current green data,

the most significant bit extractor extracts 1st current blue

most significant bits corresponding to k most significant
bits from the 1st current blue data,
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the most significant bit extractor extracts 2nd current red
most significant bits corresponding to k most significant
bits from the 2nd current red data,

the most significant bit extractor extracts 2nd current green
most significant bits corresponding to k most significant
bits from the 2nd current green data,

the most significant bit extractor extracts 2nd current blue
most significant bits corresponding to k most significant
bits from the 2nd current blue data, and

the most significant bit extractor synchronizes and pro-
vides the 1st current red most significant bits, the 1st
current green most significant bits, the 1st current blue
most significant bits, the 2nd current red most significant
bits, the 2nd current green most significant bits, the 2nd
current blue most significant bits, and the current verti-
cal polarity reversal control signal to the storage unit and
the preparatory charging determinator.

6. The liquid crystal display device according to claim 5,
wherein 1st previous red most significant bits corresponding
to k most significant bits of the 1st previous red data, st
previous green most significant bits corresponding to k most
significant bits of the 1st previous green data, 1st previous
blue most significant bits corresponding to k most significant
bits of the 1st previous blue data, 2nd previous red most
significant bits corresponding to k most significant bits of the
2nd previous red data, 2nd previous green most significant
bits corresponding to k most significant bits of the 2nd pre-
vious green data, 2nd previous blue most significant bits
corresponding to k most significant bits of the 2nd previous
blue data, and the previous vertical polarity reversal control
signal have already been stored in the storage unit, and

the 1st previous red most significant bits, the 1st previous
green most significant bits, the 1st previous blue most
significant bits, the 2nd previous red most significant
bits, the 2nd previous green most significant bits, the 2nd
previous blue most significant bits, and the previous
vertical polarity reversal control signal have been
received from the most significant bit extractor.

7. The liquid crystal display device according to claim 6,

wherein the preparatory charging determinator includes:

a 1st comparator that compares the current vertical polarity
reversal control signal from the most significant bit
extractor and the previous vertical polarity reversal con-
trol signal from the storage unit, compares the 1st cur-
rent red most significant bits from the most significant
bit extractor and the 1st previous red most significant
bits from the storage unit, and sets a logic value of a 1st
comparison signal according to results of the compari-
sons;

a 2nd comparator that compares the current vertical polar-
ity reversal control signal from the most significant bit
extractor and the previous vertical polarity reversal con-
trol signal from the storage unit, compares the 1st cur-
rent green most significant bits from the most significant
bit extractor and the 1st previous green most significant
bits from the storage unit, and sets a logic value of a 2nd
comparison signal according to results of the compari-
sons;

a 3rd comparator that compares the current vertical polar-
ity reversal control signal from the most significant bit
extractor and the previous vertical polarity reversal con-
trol signal from the storage unit, compares the 1st cur-
rent blue most significant bits from the most significant
bit extractor and the 1st previous blue most significant
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bits from the storage unit, and sets a logic value of a 3rd
comparison signal according to results of the compari-
sons;

a 4th comparator that compares the current vertical polarity
reversal control signal from the most significant bit
extractor and the previous vertical polarity reversal con-
trol signal from the storage unit, compares the 2nd cur-
rent red most significant bits from the most significant
bit extractor and the 2nd previous red most significant
bits from the storage unit, and sets a logic value of a 4th
comparison signal according to results of the compari-
sons;

a Sthcomparator that compares the current vertical polarity
reversal control signal from the most significant bit
extractor and the previous vertical polarity reversal con-
trol signal from the storage unit, compares the 2nd cur-
rent green most significant bits from the most significant
bit extractor and the 2nd previous green most significant
bits from the storage unit, and sets a logic value of a 5th
comparison signal according to results of the compari-
sons;

a 6th comparator that compares the current vertical polarity
reversal control signal from the most significant bit
extractor and the previous vertical polarity reversal con-
trol signal from the storage unit, compares the 2nd cur-
rent blue most significant bits from the most significant
bit extractor and the 2nd previous blue most significant
bits from the storage unit, and sets a logic value of a 6th
comparison signal according to results of the compari-
sons; and

a preparatory charging decider that determines a logic
value of the preparatory charging control signal based on
the logic values of the 1st to 6th comparison signals from
the 1st to 6th comparators.

8. The liquid crystal display device according to claim 7,
wherein each of the comparators outputs a comparison signal
having a high logic value regardless of a result of comparison
between current most significant bits and previous most sig-
nificant bits provided to the comparator when the current
vertical polarity reversal control signal and the previous ver-
tical polarity reversal control signal have different values.

9. The liquid crystal display device according to claim 1,
wherein each of the comparators sets a logic value of a com-
parison signal that is to be output from the comparator based
on a result of comparison between current most significant
bits and previous most significant bits provided to the com-
parator when the current vertical polarity reversal control
signal and the previous vertical polarity reversal control sig-
nal have the same value.

10. The liquid crystal display device according to claim 9,
wherein each of the comparators outputs a comparison signal
having a high logic value when a difference between levels of
current most significant bits and previous most significant
bits provided to the comparator is equal to or more than p
levels, where p is a natural number and outputs a comparison
signal having a low logic value when a difference between
levels of current most significant bits and previous most sig-
nificant bits provided to the comparator is less than p levels.

11. The liquid crystal display device according to claim 10,
wherein the preparatory charging decider determines the
number of comparison signals having a high logic value pro-
vided from the 1st to 6th comparators and sets the logic value
of the preparatory charging control signal to a high logic
value when the number of the comparison signals having a
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high logic value is equal to or greater than q, where q is a
natural number, and sets the logic value of the preparatory
charging control signal to a low logic value when the number
of the comparison signals having a high logic value is less
than q.

12. The liquid crystal display device according to claim 1,

further comprising:

a synchronization unit that generates 1st and 2nd prepara-
tory charging control data in response to a preparatory
charging control signal from the preparatory charging
controller, sets logic values of the 1st and 2nd prepara-
tory charging control data according to a logic value of
the preparatory charging control signal, synchronizes
the 1st and 2nd preparatory charging control data and
current image data, a current vertical polarity reversal
control signal, and a current horizontal polarity reversal
control signal from the timing controller, and rearranges
and outputs the synchronized 1st and 2nd preparatory
charging control data, current image data, current verti-
cal polarity reversal control signal, and current horizon-
tal polarity reversal control signal according to a data
map of the data driver; and

an interface unit that transmits the synchronized 1st and
2nd preparatory charging control data, the current image
data, the current vertical polarity reversal control signal,
and the current horizontal polarity reversal control sig-
nal from the synchronization unit to the data driver,

wherein the current horizontal polarity reversal control
signal is a signal for controlling polarities of current
image data in a horizontal direction.

13. A method for driving a liquid crystal display device, the

method comprising:

a 1st process including receiving current image data that
are to be provided to m current pixels among a plurality
of pixels located at an nth horizontal line and a current
vertical polarity reversal control signal for controlling
polarities of the current image data in a vertical direc-
tion;

a 2nd process including comparing the current image data
with previous image data that have been provided to m
previous pixels corresponding to the current m pixels
among a plurality of pixels located at an n—1th horizon-
tal line;
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a 3rd process including comparing the current vertical
polarity reversal control signal with a previous vertical
polarity reversal control signal for controlling polarities
of the previous image data in a vertical direction;

a 4th process including determining a logic value of a
preparatory charging control signal based on results of
the 2nd and 3rd processes; and

a 5th process including performing one of a first operation,
in which m data lines connected respectively to the m
current pixels are connected to each other and the m data
lines are again separated from each other, and a second
operation, in which the m data lines are kept separate
from each other, according to the logic value of the
preparatory charging control signal and then providing
the current image data to the m pixels.

14. The method according to claim 13, wherein the 2nd
process includes comparing k most significant bits of the
current image data and k most significant bits of the previous
image data.

15. The method according to claim 14, wherein the 1st to
4th processes include:

receiving current image data and a current vertical polarity
reversal control signal and extracting current most sig-
nificant bits corresponding to k most significant bits
from the current image data;

reading a previous vertical polarity reversal control signal
and previous most significant bits corresponding to k
most significant bits of the previous image data from a
storage unit;

storing the current most significant bits and the current
vertical polarity reversal control signal in the storage
unit; and

comparing the current most significant bits with the previ-
ous most significant bits from the storage unit, compar-
ing the current vertical polarity reversal control signal
with the previous vertical polarity reversal control signal
from the storage unit, and determining a logic value of
the preparatory charging control signal based on results
of the comparisons.
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