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Description
CROSS-REFERENCE TO RELATED APPLICATION

[0001] Thisapplication claims priority to and the benefit
of Korean Patent Application No. 10-2005-0064781 filed
in the Korean Intellectual Property Office on July 18,
2005, the entire contents of which are incorporated here-
in by reference.

Field of the Invention

[0002] The present description relates to a liquid crys-
tal display and a driving method thereof.

Description of the Related Art

[0003] Liquid crystal displays (LCDs) are one of the
most widely used flat panel displays. An LCD includes a
pair of panels provided with field-generating electrodes
such as pixel electrodes and a common electrode and a
liquid crystal (LC) layer interposed between two panels.
The LCD displays images by applying voltages to the
field-generating electrodes to generate an electric field
in the LC layer that determines the orientations of LC
molecules therein to adjust polarization of incident light.
[0004] Among LCDs, the vertical alignment (VA) LCD,
which aligns LC molecules such that the long axes of the
LC molecules are perpendicular to the panels in the ab-
sence of an electric field, has been spotlighted because
ofits high contrast ratio and wide reference viewing angle
which is defined as the angle at which the contrast ratio
is 1:10 or as the limit angle for the inversion in luminance
between grays. The wide viewing angle of the VA mode
LCD can be realized by making cutouts and protrusions
in the field-generating electrodes which can determine
the tilt directions of the LC molecules. The tilt directions
can be distributed in several directions by disposing the
cutouts and protrusions in various ways, such that the
reference viewing angle is widened. However, the VA
mode LCD has relatively poor lateral visibility compared
with front visibility.

[0005] For example, a patterned VA (PVA) mode LCD
having the cutouts shows an image that becomes bright
as it goes far from the front, and in the worse case, me
luminance difference between high grays vanishes such
that the images cannot be perceived. In order to improve
the lateral visibility, it has been suggested to divide each
of the pixel electrodes into two sub-pixel electrodes that
are capacitively coupled to each other. Then, a voltage
is applied directly to one sub-pixel and the other sub-pixel
is supplied with a lower voltage due to the capacitive
coupling. The different sub-pixel voltages causes the two
sub-pixels to have different transmittances. On the other
hand, since an LCD tends to hold a displayed image, the
edges of figures moving images may be blurred and lack
sharpness.

[0006] In order to prevent blurring, an impulse driving

10

15

20

25

30

35

40

45

50

55

method that inserts a black image for a short time be-
tween normal images has been developed. However,
since black images are displayed in the impulse driving
method, the overall brightness is reduced and flickering
may occur to cause the screen to flicker at the boundary
between a black image and a normal image.

SUMMARY OF THE INVENTION

[0007] The present invention prevents the blurring of
an image, minimizes the luminance decrease and flick-
ering improves lateral visibility by applying different first
and second normal image data voltages obtained from
one image to the first and second sub-pixel electrodes
while the impulse data voltage is applied to any one of
the first and second sub-pixel electrodes. Further, the
first normal image data voltage may advantageously be
greater than the second normal image data voltage, and
the area of the first sub-pixel electrode may be smaller
than the area of the second sub-pixel electrode. The im-
pulse data voltage may advantgeously be any one
among the lowest gray voltage, a black gray voltage, and
a gray voltage for luminance in a predetermined range.
[0008] The method of driving a liquid crystal display
includes converting M bundles of image information re-
ceived into respective M bundles of first and second nor-
mal image data and generating a bundle of impulse data;
and converting the first and second normal image data
and the impulse data into the first and second normal
image data voltages and the impulse data voltage, re-
spectively (where M is a natural number). The application
of the first and second normal image data voltages in-
cludes: generating first and second sets of gray voltages
that are different from each other; and selecting the first
and second normal image data voltages from the first
and second sets of gray voltages. The application of the
firstand second normal image data voltages includes the
step of applying the first and second nonnal image data
voltages for the first M rows of pixels to the first and sec-
ond sub-pixel electrodes in the first M rows of pixels al-
ternately and sequentially, respectively, and the applica-
tion of the impulse data voltage includes the step of ap-
plying the impulse data voltage to the second sub-pixel
electrodes in the second M rows of pixels at the same
time (where M is a natural number).

BRIEF DESCRIPTION OF THE DRAWING

[0009] The foregoing and other objects and features
of the invention may become more apparent from a read-
ing of the ensuing description together with me drawing,
in which:

FIG. 1 is a block diagram of an LCD according to an
embodiment of the present invention;

FIG. 2 is an equivalent circuit diagram of a pixel of
an LCD;

FIG. 3 is a timing diagram illustrating driving signals



3 EP 1 746 569 A1 4

of an LCD;

FIG. 4 is aschematic diagramiillustrating images dis-
played according to the driving signals illustrated in
FIG. 3 during one frame.

FIG. 5 is a block diagrame of the data driver;

FIG. 6 is a crcuit diagram of the charge sharing unit
shown in FIG. 5.

FIG. 7 shows waveforms of a voltage following one
data line in accordance with a load signal, a gate
clock sigal, and a reverse signal in charge sharing.
FIG. 8 is an equivalent circuit diagram of two sub-
pixels of an LCD according to another embodiment
of the present invention;

FIG. 9 is an equivalent circuit diagram of a pixel of
an LCD;

FIG. 10is atiming diagram illustrating driving signals
of an LCD including the pixel illustrated in FIG. 6;
FIG. 11 is a schematic diagram illustrating images
displayed according to the driving signals illustrated
in FIG. 10 during one frame.

FIG. 12 and FIG. 13 are timing diagrams illustrating
other examples of driving signals of an LCD accord-
ing to other embodiments of the present invention;
FIG. 14 is an equivalent circuit diagram of a pixel of
an LCD according to another embodiment of the
present invention;

FIG. 15is atiming diagram illustrating driving signals
of an LCD including the pixel illustrated in FIG. 14;
FIG. 16 is an equivalent circuit diagram of a pixel of
an LCD according to another embodiment of the
present invention, and

FIG. 17 is atiming diagram illustrating driving signals
of an LCD including the pixel illustrated in FIG. 16.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0010] To clarify multiple layers and regions, the thick-
nesses of the layers are enlarged in the drawings. Like
reference numerals designate like elements throughout
the specification. When it is said that any part, such as
a layer, film, area, or plate, is positioned on another part,
it means the part is directly on the other part or above
the other part with at least one intermediate part. On the
other hand, if any part is said to be positioned directly on
another part it means that there is no intermediate part
between the two parts.

[0011] First, an LCD according to an embodiment of
the present invention will be described in detail with ref-
erence to FIG. 1 and FIG. 2. FIG. 1 is a block diagram
of all LCD according to an embodiment of the present
invention, and FIG. 2 is an equivalent circuit diagram of
a pixel of an LCD according to the embodiment of the
present invention. As shown in FIG. 1, an LCD according
to an embodiment of the present invention includes a
liquid crystal panel assembly 300, a gate driver 400 and
a data driver 500 that are connected to the liquid crystal
panel assembly 300, a gray voltage generator 800 con-
nected to data driver 500, and a signal controller 600
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controlling the above elements.

[0012] Liquid crystal panel assembly 300 includes a
plurality of signallines Gjand D; (i=1,2, ..., n,j=1,2, ...,
m), and a plurality of pixels PX connected thereto and
arranged substantially in a matrix, as seen in the equiv-
alent circuit diagram. Assembly 300 includes lower and
upper panels 100 and 200 that face each other and an
LC layer 3 interposed therebetween, in a structural view
shown in FIG. 2.

[0013] Display signal lines G;and DJ- include a plurality
of gate lines G; for transmitting gate signals (also referred
to as "scanning signals") and a plurality of data lines D
for transmitting data signals. Gatelines G; extend sub-
stantially in a row direction and substantially parallel to
each other, and data lines D; extend substantially in a
column direction and substantially parallel to each other.
[0014] Each pixel PX includes a switching element Q
connected to signal lines G; and DJ-, and an LC capacitor
C_c and a storage capacitor Cgy that are connected to
the switching element Q. If unnecessary, the storage ca-
pacitor Cgt may be omitted.

[0015] Switching element Q, including a thin film tran-
sistor (TFT), is a three-terminal element provided on the
lower panel 100 and it has a control terminal connected
to gateline G;, an input terminal connected to data line
D;, and an output terminal connected to the LC capacitor
C_ ¢ and the storage capacitor Cgr.

[0016] Liquid crystal capacitor C ¢ includes a pixel
electrode 191 provided on the lower panel 100 and a
common electrode 270 provided on the upper panel 200
as two terminals, and the LC layer 3 disposed between
the two electrodes 191 and 270 functions as a dielectric
of the LC capacitor C .

[0017] Pixel electrode 191 is connected to the switch-
ing element Q, and the common electrode 270 is formed
on the entire surface of the upper panel 200 and supplied
with a common voltage Vcom.

[0018] Unlike FIG. 2, the common electrode 270 may
be provided on the lower panel 100, and in this case, at
least one of the two electrodes 191 and 270 may have
the shape of a bar or a stripe.

[0019] Storage capacitor Cqy, functioning as an aux-
iliary capacitor for the LC capacitor C, ¢, is formed by
overlapping a separate signal line (not shown) that is
provided on the lower panel 100 with pixel electrode 191
viaaninsulator disposed therebetween, and the separate
signal line is supplied with a predetermined voltage such
as a common voltage Vcom. Alternatively, the storage
capacitor Cgt may be formed by overlapping pixel elec-
trode 191 with an upper previous gate line via an insula-
tor.

[0020] In order to implement color display, each pixel
PX uniquely displays one of the primary colors (spatial
division) or each pixel PX sequentially displays the pri-
mary colors in turn (temporal division) such that the spa-
tial or temporal sum of the primary colors is recognized
as a desired color. The primary colors are red, green,
and blue.
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[0021] FIG. 2 shows an example of spatial division in
which each pixel PX includes a color filter 230 represent-
ing one of the primary colors in an area of the upper panel
200 facing pixel electrode 191. Unlike FIG. 2, the color
filter 230 may be provided on or under pixel electrode
191 provided on the lower panel 100. One or more po-
larizers (not shown) for polarizing light are attached on
the outer surface of the liquid crystal panel assembly 300.
[0022] Referring to FIG. 1 again, the gray voltage gen-
erator 800 generates two sets of a plurality of gray volt-
ages (or reference gray voltages) related to the transmit-
tance of pixels PZ+X. The two sets of (reference) gray
voltages are generated based on different gamma curves
from each other. The (reference) gray voltages in one
set have a positive polarity with respect to the common
voltage Vcom, while those in the other set have a nega-
tive polarity with respect to the common voltage Vcom.
However, only one set of (reference) gray voltages may
be generated instead of generating the two sets of (ref-
erence) gray voltages.

[0023] Gate driver 400 is connected to gatelines G; of
the liquid crystal panel assembly 300 and synthesizes a
gate-on voltage Von and a gate-off voltage Voff to gen-
erate gate signals Vg that are applied to gatelines G;.
[0024] Data driver 500 is connected to data lines D; of
the liquid crystal panel assembly 300 and selects one set
out of the two sets of gray voltages supplied from the
gray voltage generator 800 and then applies a gray volt-
age among the selected set of gray voltages to data line
D; as a data signal. However, in the case where the gray
voltage generator 800 supplies only reference gray volt-
ages of predetermined number rather than supplying
voltages for all grays, data driver 500 divides the refer-
ence gray voltages to generate gray voltages for all grays,
from which data signals are selected.

Signal controller 600 controls gate driver 400 and data
driver 500.

[0025] Each ofthedrivers 400,500, 600, and 800 men-
tioned above may be directly mounted on the liquid crys-
tal panel assembly 300 in the form of at least one inte-
grated circuit (IC) chip, or may be mounted on a flexible
printed circuit film (not shown) in a tape carrier package
(TCP) type thatis attached to the liquid crystal panel as-
sembly 300, or may be mounted on a separate printed
circuit board (not shown). On the other hand, each of the
drivers 400, 500, 600, and 800 may be integrated into
the liquid crystal panel assembly 300 in the form of a
plurality of driving circuits. Also, the drivers 400, 500,
600, and 800 may be integrated into a single chip, and
in this case, at least one thereof or at least one circuit
element forming those may be located outside of the sin-
gle chip.

[0026] The operation of the above-described LCD will
be described in detail with reference to FIG. 3 and FIG.
5. FIG. 3 is a timing diagram illustrating driving signals
of an LCD according to an embodiment of the present
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invention, and FIG. 4 is a schematic diagram illustrating
images displayed according to the driving signals illus-
trated in FIG. 3 during one frame.

[0027] Signal controller 600 is supplied with input im-
age signals R, G, and B and input control signals con-
trolling the display thereof from an external graphics con-
troller (not shown). The input image signals R, G, and B
include luminance information of each pixel PX, and the
luminance has a predetermined number of grays, for ex-
ample, 1024 (=210), 256 (=28), or 64 (=2%) grays. The
input control signals include, for example, a vertical syn-
chronization signal Vsync, a horizontal synchronization
signal Hsync, a main clock MCLK, and a data enable
signal DE.

[0028] On the basis of the input control signals and the
input image signals R, G and B, signal controller 600
adequately processes the input image signals R, G, and
B suitably for the operating condition of the liquid crystal
panel assembly 300 and data driver 500 and generates
gate control signals CONT1 and data control signals
CONTZ2. Then, signal controller 600 transmits gatecon-
trol signals CONT1 to gate driver 400 and transmits the
processed image signals DAT and data control signals
CONT2 to data driver 500.

[0029] Output image signals DAT are digital signals
having a predetermined number of values (or grays) and
include normal image data generated based on the input
image signals R, G, and B and impulse data for impulse
driving.

[0030] Gate control signals CONT1 include a scanning
start signal STV for instructing to start scanning, a gate
clock signal CPV for controlling the output time of a gate-
on voltage Von, and at least one output enable signal OE
for defining the duration of the gate-on voltage Von.
[0031] Data control signals CONT2 include a horizon-
tal synchronization start signal STH for informing of the
start of output image signals DAT transmission for a row
of pixels PX, a load signal LOAD for instructing to apply
data signals to the liquid crystal panel assembly 300, and
a data clock signal HCLK.

[0032] Data control signal CONT2 further includes an
inversion signal RVS for reversing the voltage polarity of
the data signals with respect to the common voltage
Vcom (hereinafter, "the voltage polarity of the data sig-
nals with respect to the common voltage Vcom" is re-
ferred to as "the polarity of the data signals").

[0033] Signal controller 600 converts M bundles of in-
put image signals R, G, and B into M bundles of normal
image data and generates a bundle of impulse data, and
then it transmits (M+1) bundles of output image signals
DAT during the substantially same time while the M bun-
dles of input image signals R, G, and B are inputted
(where M is a natural number).

[0034] Therefore, the frequency of the horizontal syn-
chronization start signal STH is (M+1)/M times the fre-
quency of the horizontal synchronization signal Hsync.
Also, the frequency of data clock signal HCLK with which
the output image signals DAT are synchronized may be
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(M+1)/M times the frequency of the main clock MCLK
with which the input image signals R, G, and B are syn-
chronized. For example, M is set as 3 in FIG. 3.

[0035] Inresponse todata control signals CONT2 from
signal controller 600, data driver 500 receives output im-
age signals DAT for a row of pixels PX, converts the
output image signals DAT into analog data voltages Vd
by selecting gray voltages corresponding to the respec-
tive output image signals DAT, and applies the analog
data voltages to the corresponding data lines DJ-.

[0036] Data voltages Vd include normal image data
voltages N into which the normal image data are con-
verted and an impulse data voltage | into which the im-
pulse data is converted. Data driver 500 operates a
charge sharing function in synchronization with the load
signal LOAD before the applicaiotn of the data voltages
to data lines D;. The charge sharing function will be de-
scribed in detail later.

[0037] When the gray voltage generator 800 gener-
ates two sets of gray voltages, gray values of the normal
image data are the same as those of the impulse data,
and gray voltages for the respective grays of the normal
image data and the impulse data may be different from
each other since different sets of gray voltages corre-
spond to the normal image data and the impulse data,
respectively.

[0038] The gamma curve of the normal image data is
determined according to the characteristics of an LCD,
and the gamma curve of the impulse data represents
lower luminance than the gamma curve of the normal
image data. In some cases, the gamma curve of the im-
pulse data may represent black for all grays or an arbi-
trary fixed luminance.

[0039] On the contrary, when the gray voltage gener-
ator 800 generates one set of gray voltages, impulse data
may be generated by compensating the input image sig-
nals R, G, and B in accordance with a predetermined rule.
[0040] Theimpulse data have gray values smallerthan
the gray values of the normal image data for the same
input image signals R, G, and B, and in some cases, the
impulse data may have an arbitrary fixed gray. The fixed
gray may be the lowest gray, black, or a gray at a pre-
determined level representing luminance in a predeter-
mined range.

[0041] Gate driver 400 applies a gate on voltage Von
to at least one gate line G; in response to gatecontrol
signals CONT1 from signal controller 600, thereby turn-
ing on the switching element Q connected to gateline G;.
Then, data voltage Vd applied to data line D; is applied
to the corresponding pixel PX through the turned-on
switching element Q. The difference between the data
voltage applied to the pixel PX and the common voltage
Vcom is represented as a charge voltage, which is re-
ferred to as a pixel voltage.

[0042] The LC molecules have orientations depending
on the magnitude of the pixel voltage, and the molecular
orientations determine the polarization of light passing
through the LC layer 3. This change of the light polariza-
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tion causes a change of the light transmittance through
the polarizers attached to the liquid crystal panel assem-
bly 300.

[0043] By repeating this procedure by a unit of the hor-
izontal period (which is also denoted by "1H"), all pixels
PXare sequentially supplied with normal image data volt-
ages N and animpulse data voltage |, and normal images
and impulse images for a frame are displayed once dur-
ing one frame.

[0044] When one frame is finished, the next frame
starts, and the inversion signal RVS applied to data driver
500 is controlled such that the polarity of data voltage Vd
applied to the respective pixels PX is reversed to be op-
posite to the polarity in the previous frame (which is re-
ferred to as "frame inversion"). Here, even in one frame,
polarity of the normal image data voltages N flowing in a
data line may vary in accordance with the characteristics
of the inversion signal RVS (for example, row inversion
and dot inversion). Otherwise, polarities of the normal
image data voltages N applied to a packet of pixels may
be different from each other (for example, column inver-
sion and dot inversion),

[0045] The polarity of the impulse data voltage | also
varies in accordance with the characteristics of the inver-
sion signal RVS, but it may have an arbitrary polarity
unlike FIG. 3. The normal images are sequentially dis-
played one by one pixel from the first row of pixels to the
bottom row, and the impulse images are sequentially dis-
played three by three pixels from the k-th row of pixels
to the bottom row. By displaying like this, an impulse im-
age band having a width of the k-th row looks like it ro-
tates, When necessary, the normal images and the im-
pulse images may be displayed starting from the bottom
row to the top row. This will be described in more detail
as follows.

[0046] The scanning start signal STV including a nor-
mal image data pulse P1 for normal image data and an
impulse data pulse (not shown) for impulse data is ap-
plied to the gate driving circuit (or integrated circuit chip)
that is connected to the gate line in the first row of pixels.
The normal image data pulse P1 has a width of 1H, and
the impulse data pulse has a width of 4H.

[0047] The time when the impulse data pulse is gen-
erated is determined on the basis of the position where
the impulse images are displayed. If the impulse data
voltage | is applied to pixels PZ+X in the k-th through the
(k+2)-th rows of pixels after normal image data voltages
N are applied to pixels PZ+X in the first through the third
rows of pixels, an impulse data pulse is generated at the
time when a (n-k)/n vertical period elapses after the nor-
mal image data pulse is generated (where nis the vertical
resolution).

[0048] One normal image data pulse P1 and one im-
pulse data pulse are generated in one frame. Carry sig-
nals CS generated by the previous gate driving circuit
also include a normal image data pulse (not shown) for
normal image data and an impulse data pulse P2 for im-
pulse data and is applied to the respective gate driving
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circuits exceptfor the gate driving circuit that the scanning
start signal STV is applied to.

[0049] Due to the impulse data pulse of the scanning
start signal STV, the impulse data pulse P2 of the carry
signal CS is applied to the gate driving circuit connected
to the gate line in the k-th row of pixels when the normal
image data pulse P1 of the scanning start signal STV is
applied to the first gate driving circuit. A plurality of output
enable signals OE that limit the duration of a gate-on
voltage Von that is supplied to and output from the re-
spective gate driving circuits have two waveforms includ-
ing a normal image data waveform OEN for normalimage
data and animpulse data waveform OEI forimpulse data,
which alternate at appropriate times under the control of
signal controller 600.

[0050] These two waveforms OEN and OEB are re-
versed to form each other and have a period equal to
four horizontal periods. A high level of the output enable
signals OE represses the output of the gate-on voltage
Von to make the gate-off voltage Voffbe output, while a
low level thereof make the gate-on voltage Von be output.
Therefore, when the output enable signals OE have a
normal image data waveform OEN, only the normal im-
age data voltages N are applied to the corresponding
pixels PX since a gate-on voltage Von is output during
the application of the normal image data voltages N.
[0051] Onthe contrary, when the outputenable signals
OE have animpulse data waveform OElI, only the impulse
data voltage | is applied to the corresponding pixels PX
since a gate-on voltage Von is output during the applica-
tion of the impulse data voltage |. The output enable sig-
nal OE applied to a gate driving circuit to which the normal
image data pulse P1 of the scanning start signal STV
and the carry signal CS is applied has a normal image
data waveform OEN, while the output enable signal OE
applied to a gate driving circuit, which the impulse data
pulse P2 of the scanning start signal STV and the carry
signal CS is applied to, has an impulse data waveform
OEl.

[0052] A gate clock signal CPV includes a first clock
having a width of 1H and a second clock having a width
of 2H, and two of the first clocks and one of the second
clock alternate repeatedly. Each scanning pulse is gen-
erated in synchronization with each clock rising edge of
the gate clock signal CPV.

Therefore, no scanning pulse is generated at every fourth
starting point of the horizontal period when the second
clock of gateclock signal CPV falls.

[0053] The width of the scanning pulse is substantially
equal to the width of the pulses P1 and P2 of the scanning
start signal STV and me carry signal CS.

[0054] When the pulse P1 of the scanning start signal
STV is applied to the first gate driving circuit, the respec-
tive scanning pulses are sequentially applied to the cor-
responding gate lines as gate signals g4, g,, and g3 in
the first to third horizontal periods. Then, the output from
the first gate driving circuit is repressed due to the output
enable signal OE in the fourth horizontal period. Again,
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the respective scanning pulses are sequentially applied
to the corresponding gate lines as gate signals g,, gs,
and gg in the fifth to seventh horizontal periods, and the
output from the gate driving circuit is repressed in the
eighth horizontal period. In this way gate signals are ap-
plied to all the gate lines. Thereby, normal image data
voltages N are sequentially applied from pixels PZ+X
connected to the first gate line, and so the respective
pixels PX are sequentially charged with their own normal
image data voltages N.

[0055] When the pulse P2 of the carry signal CS is
applied to the gate driving circuit connected to the gate
line in the k-th row of pixels, and in response to this, each
scanning pulse has a width of 4H and overlaps each oth-
er. However, the output from the gate driving circuit is
repressed due to the output enable signal OE in the first
to third horizontal periods (the repressed parts of the
scanning pulse are shaded with oblique lines), but a gate-
on voltage Von is output in the fourth horizontal period.
[0056] Therefore, gate signals gy, 9x+¢, and gy., are
applied to the corresponding gate lines at the same time
in the fourth horizontal period.

Likewise, gate signals gy.3, Jx+4, and gy.5 are applied to
the corresponding gate lines at the same time in the
eighth horizontal period. In this way, gate signals are ap-
plied to all gate lines to the last gate line, and again, gate
signals are applied from the first gate line to the (k-1)-th
gate line. Thereby, impulse data voltage | is applied to
three pixels at one time, three by three from pixels PZ+X
connected to the k-th gate line, so all pixels PX are se-
quentially charged with the impulse data voltage 1.
[0057] Referring to FIG. 4, impulse images of the pre-
vious frame are displayed from the top to the 1/4 position
of the initial screen for one frame, and normal images of
the previous frame are displayed below the 1/4 position
of the screen, For the driving signals in FIG. 3 k is equal
to n/4, thus the vertical width of the impulse images is
25% of the vertical width of the whole screen. This ratio
represents the ratio of the impulse images to all images
displayed at one pixel during a frame.

[0058] When the pulse P1 of the scanning start signal
STV and the pulse P2 of the carry signal CS are applied,
normal images are sequentially displayed downwards
from the top of the screen, and impulse images are se-
quentially displayed from the upper 1/4 position of the
screen to the bottom. After a 1/4 frame elapses, normal
images are displayed from the top to the upper 1/4 posi-
tion of the screen, and impulse images are displayed
from the upper 1/4 position to the middle of the screen.
[0059] As described above, impulse images are dis-
played erasing the normal images of the previous frame,
and normal images are displayed erasing the upper part
oftheimpulse images. The impulse images are displayed
having a width of 25% of the screen and look as if they
rotate from the top to the bottom during a frame.

[0060] In FIG. 3, the operation was described with re-
spect to three rows of pixels, but it may be described with
respect to an arbitrary number of rows of pixels. Also, k
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is a variable regulating the vertical width of the impulse
image band and may be set as necessary within the
range of the vertical resolution. By displaying normal im-
ages and impulse images as described above, blurring
can be prevented and charge ratio of the pixel voltages
can be increased since the increase of the frequency for
impulse driving is relatively low.

[0061] Before the application of the normal image data
voltage or the impulse data voltage to data lines D|-D,y,,
data driver 500 operates the charge sharing in synchro-
nization with the load signal LOAD, to connect data lines
D\-D,,, to each other. The operation of data driver 500 will
be described in detail with reference to FIG. 5.

[0062] FIG. 5 is a block diagram of the data driver ac-
cording to an embodiment of the present invention, FIG.
6 is a circuit diagram of the charge sharing unit shown in
FIG. 5, and FIG. 7 shows waveforms of a voltage follow-
ing one data line in accordance with a load signal, a gate
clock signal, and a reverse signal in charge sharing.
[0063] Referring to FIG. 5, data driver 500 includes a
shift register unit 510, a latch 520, a digital-analog con-
verter 530, a buffer 540, and a charge sharing unit 550.
As shown in FIG. 6, the charge sharing unit 550 includes
a plurality of switching elements SC4-SC,,,_4 connected
between adjacent data lines. Each switching element
SC4-SC,,,.¢ is a transmission gate having a control ter-
minal and an inverse control terminal. The switching el-
ements SC4-SC,,.4 are supplied with the load signal
LOAD through the control terminals.

[0064] Shift register unit 510 is supplied with the hori-
zontal synchronization start signal STH and transmits the
image data DAT for a row of pixels PX to the latch 520
by sequentially shifting the input image data DAT in syn-
chronization with data clock signal HCLK. Shift register
unit 510 includes a plurality of shift registers. Each shift
register stores the image data DAT by sequentially shift-
ing it a predetermined amount, and then outputs a shift
clock signal (not shown) to a shift register of the next
stage. By repeating the procedure, the image data DAT
for a row of pixels PX are sequentially shifted into the
shift register unit 510.

[0065] Latch 520 outputs the image data DAT from the
shift register unit 510 to the digital-analog converter 530
in synchronization with the load signal LOAD. Digital-an-
alog converter 530 is supplied with the gray voltages Vg,
from the gray voltage generator 800 and selects one of
the gray voltages Vy,,, which corresponds to the image
data DAT, respectively. The polarity of the selected gray
voltage is defined by the reverse signal RVS. Next, the
digital-analog converter 530 converts the selected gray
voltages into corresponding analog data voltages, re-
spectively.

[0066] Buffer 540 outputs the analog data voltages
from the digital-analog converter 530 to the charge shar-
ing unit 550. As described above, the charge sharing unit
550 includes transmission gates supplied with the load
signal LOAD through the control terminals. Referring to
FIG. 7, for a high level of the load signal LOAD, the trans-
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mission gates SC4-SC,,,_; are turned-on, and thereby all
data lines D4-D,,, are connected to each other. Thereby,
voltage levels of all data lines D4-D,,, are the same as a
predetermined level, thatis, charge sharingis performed.
Next, when a level of the load signal LOAD is changed
into a low level, the transmission gates SC,-SC,,_4 are
turned-off in synchronization with a falling edge of the
load signal LOAD, and thereby the data voltages are
transmitted through data lines D4-D,,,.

[0067] Accordingly, by the charge sharing based on
the load signal LOAD, the voltages DOUT change the
normal image data voltages or the impulse data voltages
after the voltages DOUT have a predetermined magni-
tude V1. At this time, it is preferable that the load signal
LOAD has a pulse width enough to reach the voltages
DOUT at the predetermined magnitude V 1 by the charge
sharing. Preferably, the pulse width of the load signal
LOAD may be about 1.0 p.s and more. Furthermore, pref-
erably, a period from a time that the load signal LOAD is
changed from a low level to a high level to a time that
gateclock signal CPV is changed from a low level to a
high level may be about 1.8 p.s.

[0068] At this time, the polarity of the data voltage is
defined by a level of the reverse signal RVS when the
image data for a row of pixels PX are applied from latch
520 to digital-analog converter 530 in synchronization
with load signal LOAD changing from a low level to a high
level. That is, when the level of the reverse signal RVS
is high, the polarity of the data voltage is positive, and
when the level of the reverse signal RVS is low the polarity
of the data voltage is negative. However, the polarity re-
lation of the data voltage and the reverse signal RVS may
be reversed.

[0069] As described above, before applying the data
voltages corresponding to the image data DAT to data
lines D-D,,,, the voltages of all data lines D,-D,,, are made
uniform at the predetermined magnitude V1 by the
charge sharing. Thereby, since voltages of data lines
D\-D,, vary from the uniform voltage V 1 to a desired
voltage, such as the normal image data voltage or the
impulse data voltage, all pixels PZ+X are charged by the
impulse data voltages or the normal image data voltages,
under the same charging condition.

[0070] Thus, horizontal line deterioration decreases
due to the difference between the charging condition
when a pixel is charged from an impulse data voltage of
one polarity, such as a black image data voltage, into a
normal image data voltage and the charging condition
when a pixel is charged from a normal image data voltage
into a normal image data voltage of the opposite polarity.
[0071] Next,anLCD according to another embodiment
of the present invention will be described in detail with
reference to FIG.8 along with FIG. 1.

However, detailed description will be omitted for the
same parts as the previous embodiment described
above. FIG. 8 is an equivalent circuit diagram of two sub-
pixels of an LCD according to another embodiment of
the present invention.
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[0072] As shown in FIG. 1, an LCD according to an-
other embodiment of the present invention also includes
a liquid crystal panel assembly 300, a gate driver 400, a
data driver 500, a gray voltage generator 800, and a sig-
nal controller 600. As shown in FIG. 8, the liquid crystal
panel assembly 300 includes a plurality of display signal
lines (not shown), and a plurality of pixels PX connected
thereto and arranged substantially in a matrix, as seen
in the equivalent circuit diagram.

[0073] Liquid crystal panel assembly 300 includes low-
er and upper panels 100 and 200 that face each other
and an LC layer 3 interposed therebetween, as in the
structural view shown in FIG. 8.

[0074] The display signal lines include a plurality of
gate lines (not shown) for transmitting gate signals (also
referred to as "scanning signals") and a plurality of data
lines (not shown) for transmitting data signals. The gate
lines extend substantially in a row direction and substan-
tially parallel to each other, and the data lines extend
substantially in a column direction and substantially par-
allel to each other.

[0075] Each pixel PXincludes a pair of sub-pixels, and
each sub-pixel includes an LC capacitor C| caand C|¢b,
respectively. At least one of the two sub-pixels includes
a switching element (not shown) connected to a gate line,
a data line, and an LC capacitor C| ca and C| ¢b. LC ca-
pacitor C ca/C cb includes a sub-pixel electrode
PEa/PEb provided on the lower panel 100 and acommon
electrode CE provided on the upper panel 200 as two
terminals, and LC layer 3 disposed between the sub-pixel
electrode PEa/PEb and the common electrode CE func-
tions as a dielectric of LC capacitor C_-a/C cb.

[0076] The pair of sub-pixel electrodes PEa and PEb
are separated from each other and form a pixel electrode
PE. Common electrode CE is formed on the entire sur-
face of the upper panel 200 and is supplied with a com-
mon voltage Vcom.

[0077] LC layer 3 has negative dielectric anisotropy,
and the LC molecules in the LC layer 3 may be aligned
such that their long axes are substantially horizontal or
perpendicular to the two panels in the absence of an elec-
tric field.In order to implement color display, each pixel
PX may display colors by the method of spatial division
or temporal division.

[0078] FIG. 8 shows an example of spatial division in
which each pixel PX includes a color filter CF represent-
ing one of the primary colors in an area of the upper panel
200 facing pixel electrode PE. Unlike FIG. 8, color filter
CF may be provided on or under the first and second
sub-pixel electrodes PEa and PEb provided on the lower
panel 100.

[0079] Polarizers (not shown) are provided on the out-
er surface of the panels 100 and 200, and the polarization
axes of the two polarizers may be perpendicular to each
other. One of the two polarizers may be omitted when
the LCD is a reflective LCD. When the polarization axes
of the two polarizers are perpendicular to each other,
incidentlightinto the LC layerin the absence of an electric
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field cannot pass through the polarizer.

[0080] Gray voltage generator 800 generates at least
two sets of a plurality of gray voltages (or reference gray
voltages) related to transmittance of pixels P2+X. Atleast
two sets of (reference) gray voltages are generated on
the basis of different gamma curves from each other.
Each set of (reference) gray voltages includes voltages
having positive-polarity with respect to the common volt-
age Vcom and voltages having negative-polarity with re-
spect to the common voltage Vcom. However, only one
set of (reference) gray voltages may be generated in-
stead of generating at least two sets of (reference) gray
voltages.

[0081] Now, the operation of the above-described LCD
will be described in detail. Signal controller 600 is sup-
plied with input image signals R, G, and B and input con-
trol signals controlling the display thereof from an exter-
nal graphics controller. On the basis of the input control
signals and the input image signals R, G and B, signal
controller 600 adequately processes the inputimage sig-
nals R, G, and B suitably for the operating condition of
the liquid crystal panel assembly 300 and data driver 500
and generates gate control signals CONT1 and data con-
trol signals CONT2. Then, signal controller 600 transmits
gatecontrol signals CONT1 to gate driver 400 and trans-
mits the processed image signals DAT and data control
signals CONT2 to data driver 500.

[0082] Output image signals DAT include normal im-
age data generated based on the input image signals R,
G, and B and impulse data for impulse driving. Gatecon-
trol signals CONT1 include a scanning start signal STV,
a gate clock signal CPV, and at least one output enable
signal OE.

[0083] Data control signals CONT2 include a horizon-
tal synchronization start signal STH for informing of the
start of image data transmission for a packet of sub-pix-
els, a load signal LOAD for instructing to apply the data
signals to the liquid crystal panel assembly 300, a data
clock signal HCLK, and an inversion signal RVS.
[0084] Inresponse todata control signals CONT2 from
signal controller 600, data driver 500 receives output im-
age signals DAT for a packet of sub-pixels, converts the
output image signals DAT into analog data voltages Vd
by selecting gray voltages corresponding to the respec-
tive output image signal DAT, and applies the analog
data voltages to the corresponding data lines.

[0085] Gate driver 400 applies a gate on voltage Von
to a gate line in response to gatecontrol signals CONT1
from signal controller 600, thereby turning on the switch-
ing element connected to the gate line. Then, the data
voltages applied to the data lines are applied to the cor-
responding sub-pixels PXa and PXb through the turned-
on switching element.

[0086] When a pair of sub-pixel electrodes PEa and
PEb forming a pixel electrode PE are connected to sep-
arate switching elements respectively, that is, each sub-
pixel has its own respective switching element, the two
sub-pixels may be applied with different data voltages
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either through the same data line at a different time from
each other or through different data lines from each other
at the same time.

[0087] On the other hand, when a sub-pixel electrode
PEais connected to a switching element (not shown) and
the other sub-pixel electrode PEb is capacitively coupled
to the sub-pixel electrode PEa, only the sub-pixel includ-
ing the sub-pixel electrode PEa is supplied with data volt-
ages through the switching element, and the sub-pixel
including the sub-pixel electrode PEb is supplied with
voltages depending on the voltages of the sub-pixel elec-
trode PEa.

[0088] The area of a sub-pixel electrode PEais smaller
than the area of a sub-pixel electrode PEb, and the volt-
age of the sub-pixel electrode PEa is higher than the
voltage of the sub-pixel electrode PEb.

[0089] Like this, when the potential difference is gen-
erated across the LC capacitors C_ caand C| b, an elec-
tric field that is substantially perpendicular to the panels
100 and 200 is generated in the LC layer 3.

[0090] Hereinafter, pixel electrode PE and the com-
mon electrode CE are referred to together as "field gen-
erating electrodes". Then, the LC molecules in the LC
layer 3 tilt in response to the electric field such that their
long axes become perpendicular to the electric field di-
rection, and the degree of the tilt of the LC molecules
determines the change of the polarization of incident light
onto the LC layer 3. This change of the light polarization
causes a change of light transmittance through the po-
larizers, and in this way, the LCD displays images.
[0091] The tilt angle of the LC molecules depends on
the strength of the electric field. Since the voltages of the
two LC capacitors C caand C b are different from each
other, the tilt angles of the LC molecules are also different
from each other and thus the luminance of the two sub-
pixels are different. Accordingly, voltage of LC capacitor
C_ca and voltage of the LC capacitor C_cb can be ad-
justed so that an image viewed from a lateral side is most
similar to an image viewed from the front, that is, the
lateral gamma curve can be made to be most similar to
the frontal gamma curve, thereby improving the lateral
visibility. Also, when the area of the sub-pixel electrode
PEa applied with higher voltage is smaller than that of
the sub-pixel electrode PEb, the lateral gamma curve
can be more similar to the frontal gamma curve.

[0092] Particularly, when the area ratio of the sub-pixel
electrodes PEa and PEDb is approximately 1:2, the lateral
gamma curve is much more similar to the frontal gamma
curve, thereby more improving the lateral visibility. By
repeating this procedure by a unit of the horizontal period
(which is also denoted by "1H"), all sub-pixels PXa and
PXb are sequentially supplied with data voltages Vd, and
normal images and impulse images for a frame are dis-
played during one frame.

[0093] When one frame is finshed, the next frame
starts, and the inversion signal RVS applied to data driver
500 is controlled such that the polarity of data voltage Vd
applied to the respective sub-pixels PXa and PXb is re-
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versed to be opposite to the polarity in the previous frame.
Even in one frame, the inversion signal RVS applied to
data driver 500 is controlled in accordance with the po-
larity inversion type such as row inversion, dot inversion,
and column inversion.

[0094] During one frame, normal images based on the
normal image data are displayed in the sub-pixels PXa,
and normal images based on the normal image data and
impulse images based on the impulse data are displayed
once for eachin the sub-pixels PXb. Even though impulse
images are displayed only in the sub-pixel PXb as men-
tioned above, if the area ratio of the sub-pixel electrode
PEDb to the sub-pixel electrode PEa is increased and the
display ratio of the impulse images to the whole screen
is increased, blurring can be reduced to the same level
as when the impulse images are displayed in the sub-
pixels PXa and PXb.

[0095] An LCD according to another embodiment of
the present invention, wherein the two sub-pixels illus-
trated in FIG. 8 are applied with different data voltages
through the same data line at a different time from each
other, will be described in detail with reference to FIG.9.
[0096] FIG.9is an equivalent circuit diagram of a pixel
of an LCD according to another embodiment of the
present invention. Referring to FIG. 9, an LCD according
to another embodiment of the present invention has sig-
nal lines including a plurality of pairs of gate lines GLa
and GLb, a plurality of data lines DL, and a plurality of
storage electrode lines SL and a plurality of pixels PX
connected to signal lines.

[0097] Each pixel PXincludes a pair of sub-pixels PXa
and PXb, and each sub-pixel PXa/PXb includes a
switching element Qa/Qb that is connected to the
corresponding gate line GLa/GLb and a data line DL
respectively, an LC capacitor C ca/C cb that is
connected to the switching element Qa/Qb, and a storage
capacitor Cgra/Cgtb that is connected to the switching
element Qa/Qb and the storage electrode line SL.
[0098] Each switching element Qa/Qb, including a thin
film transistor (TFT), is a three-terminal element provided
on the lower panel 100, and it has a control terminal con-
nected to a gate line GLa/GLb, an input terminal con-
nected to a data line DL, and an output terminal connect-
edtoan LC capacitor C| -a/C cb and a storage capacitor
Cgra/Cgrb.

[0099] Storage capacitor Cgra/Cgtb functioning as an
auxiliary capacitor for the LC capacitor C_ca/C ¢b is
formed by overlapping a storage electrode line SL that
is provided on the lower panel 100 with a sub-pixel elec-
trode PEa/PEDb via an insulator disposed therebetween,
and the storage electrode line SL is supplied with a pre-
determined voltage such as the common voltage Vcom.
[0100] Alternatively, the storage capacitors Cgqra and
Cgtb may be formed by overlapping the sub-pixel elec-
trodes PEa and PEb with an upper previous gate line via
an insulator. Here, detailed description of the LC capac-
itors C| ca and C_cb, which were described above in the
previous embodiment, will be omitted.
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[0101] The operation of the above-described LCD will
be described in detail with reference to FIG. 10 and FIG.
11. FIG. 10is a timing diagram illustrating driving signals
of an LCD including the pixel illustrated in FIG. 9, and
FIG. 11 is a schematic diagram illustrating images dis-
played according to the driving signals illustrated in FIG.
10 during one frame.

[0102] Inthe LCD including the pixel illustrated in FIG.
9, signal controller 600 supplied with input image signals
R, G, and B converts them into outputimage signals DAT
including normal image data Na for the sub-pixels PXa,
and normal image data Nb and impulse data | for the
sub-pixels PXb, which are transmitted to data driver 500.
[0103] Signal controller 600 converts M bundles of in-
put image signals R, G, and B into M bundles of normal
image data Na and M bundles of normal image data Nb
and generates a bundle of impulse data I, and then it
transmits (2M+1) bundles of output image signals DAT
during the substantially same time while the M bundles
of input image signals R, G, and B are input (where M is
a natural number).

[0104] Therefore, the frequency of the horizontal syn-
chronization start signal STH is (2M+1)/M times the fre-
quency of the horizontal synchronization signal Hsync.
Also, the frequency of data clock signal HCLK with which
the output image signals DAT are synchronized may be
(2M+1)/M times the frequency of the main clock MCLK
with which the input image signals R, G, and B are syn-
chronized. For example, M is set as 3 in FIG. 10.
[0105] Data driver 500 receives output image signals
DAT for a row of sub-pixels, converts the output image
signals DAT into analog data voltages Vd by selecting
gray voltages corresponding to the respective output im-
age signals DAT, and applies the analog data voltages
Vdtothe corresponding data lines DL. When gray voltage
generator 800 generates one set of gray voltages, the
normal image data Na and Nb may be generated to be
different from each other, thereby applying different volt-
ages to respective sub-pixels PXa and PXb. Alternative-
ly, separate sets of gray voltages for the two sub-pixels
PXa and PXb, which are alternately applied to data driver
500 or alternately selected by data driver 500, may be
generated while the normal image data are the same,
thereby applying different voltages to the two sub-pixels
PXa and PXb, respectively. However, it is preferable to
compensate the image signals or generate sets of gray
voltages such that the merged gamma curve of the two
sub-pixels PXa and PXb is close to the frontal reference
gamma curve.

[0106] For example, the frontal merged gamma curve
is made to accord with the frontal reference gamma curve
thatis determined to be the most appropriate for the liquid
crystal panel assembly, and the lateral merged gamma
curve is made to be most similar to the frontal reference
gamma curve.

[0107] With respecttothe impulse data |, the gray volt-
age generator 800 may generate separate sets of gray
voltages, or the sets of gray voltages for the normal image
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data Na and Nb may be used.

[0108] As illustrated in FIG. 10, data driver 500 se-
quentially applies data voltages Vd for the respective
sub-pixels PXa and PXb in the first through third rows of
pixels to the corresponding data lines DL every 1H during
the first through sixth horizontal periods.

[0109] Gatedriver400, whichis synchronized with this,
also sequentially applies gate signals g4,-93;, to gatelines
GLa and GLb respectively connected to the sub-pixels
PXa and PXb in the first through third rows of pixels every
1H during the first through sixth periods, thereby turning
on the switching elements Qa and Qb connected respec-
tively to gatelines GLa and GLb.

[0110] Then, data voltages Vd applied to data lines DL,
which correspond to the normal image data Na and Nb,
are applied to the corresponding sub-pixels PXa and PXb
through the turned-on switching elements Qa and Qb,
respectively. Then, data driver 500 applies data voltages
Vd for impulse data | to data lines DL during the seventh
horizontal period TI.

[0111] In the seventh horizontal period Tl, gate driver
400 applies gatesignals gy, 9x+1p, @and gy+op, to gatelines
GLb connected to the sub-pixels PXb in the k-th through
(k+2)-th rows of pixels respectively at the same time,
thereby turning on the switching elements Qb connected
to gatelines GLb.

[0112] Then, data voltages Vd applied to data lines DL
and corresponding to the impulse data 1 are applied to
the corresponding sub-pixels PXb through the turned-on
switching elements Qb. In this way, data voltages Vd
corresponding to the normal image data Na and Nb are
applied to the corresponding sub-pixels PXa and PXb
during 6 horizontal periods for every three rows of pixels,
and data voltages Vd corresponding to the impulse data
| are applied to the corresponding sub-pixels PXb during
1 horizontal period.

[0113] During one frame, data voltages Vd corre-
sponding to the normal image data Na are applied to all
sub-pixels PXa, and data voltages Vd corresponding to
the normal image data Nb and the impulse data | are
applied to all sub-pixels PXb once for each, thereby dis-
playing normal images and impulse images for one
frame.

[0114] The process of displaying the normal images
and the impulse images isillustrated in FIG. 11. Like FIG.
4, k is equal to n/4 (n is the vertical resolution), and de-
tailed description about the pattern displayed will be omit-
ted here since it is substantially same as FIG. 4.

[0115] However, since normal images are displayed
in the sub-pixels PXa located in the region where impulse
images are displayed, like the portions shaded with ob-
lique lines, luminance in this region is higher than the
same region illustrated in FIG. 4. In the present embod-
iment, even though impulse images are displayed in the
sub-pixels PXb, impulse images may be displayed in the
sub-pixels PXa.

[0116] As mentioned above, luminance decrease can
be minimized as well as blurring prevented by displaying
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impulse images in any one of the two sub-pixels PXa and
PXb while normal images are displayed in the other sub-
pixel. In addition, charge ratio of the pixel voltages can
be increased, since the increase of the frequency for im-
pulse driving is relatively low, by displaying impulse im-
ages in the sub-pixels in a plurality of rows at the same
time.

[0117] Numerous characteristics of the LCD illustrated
in FIG. 2 to FIG. 4 may be applied to the LCD illustrated
in FIG. 8 to FIG. 11.

[0118] Next, another driving method for displaying im-
pulse images in an LCD including the pixel illustrated in
FIG. 9 will be described in detail with reference to FIG.
12.FIG. 12is atiming diagramiillustrating other examples
of driving signals of an LCD according to other embodi-
ments of the present invention. The timing diagram illus-
trated in FIG. 12 is about driving signals in which polarity
ofthe data voltages is reversed every three rows of pixels.
As illustrated in FIG. 12, data driver 500 sequentially ap-
plies data voltages having positive-polarity for the re-
spective sub-pixels PXa and PXb in the first through third
rows of pixels to the corresponding data lines DL every
1 H during the first through sixth horizontal periods.
[0119] Gatedriver400, whichis synchronized with this,
also sequentially applies gate signals g4,-g3;, to gatelines
GLa and GLb respectively connected to the sub-pixels
PXa and PXb in the first through third rows of pixels every
1H during the first through sixth periods, thereby turning
on the switching elements Qa and Qb connected to gate-
lines GLa and GLb respectively.

[0120] Data voltages Vd having positive-polarity ap-
plied to data lines DL, which correspond to normal image
data Na and Nb, are applied to the corresponding sub-
pixels PXa and PXb through the turned-on switching el-
ements Qa and Qb, respectively. Data driver 500 applies
data voltages Vd for impulse data | to data lines DL during
the seventh horizontal period.

[0121] Inthe seventh horizontal period, gate driver 400
applies gatesignals gy, 9+ 1y, @Nd gy+op to gatelines GLb
connected to the sub-pixels PXb in the k-th through the
(k+2)-th rows of pixels respectively at the same time,
thereby turning on the switching elements Qb connected
to gatelines GLb.

[0122] Data voltages Vd applied to data lines DL and
corresponding to the impulse data | are applied to the
corresponding sub-pixels PXb through the turned-on
switching elements Qb. Data driver 500 applies a prede-
termined data voltage having negative-polarity during a
period of predetermined time TC. However, no gate line
is applied with a gate-on voltage Von. The predetermined
time TC may be equal to or different from 1 horizontal
period.

[0123] Also, the predetermined data voltage having
negative-polarity may be determined on the basis of the
data voltages having negative-polarity for normal image
data Na applied to the sub-pixels PXa in the fourth row
of pixels, but it may have a fixed value.

[0124] In this way, data voltages Vd corresponding to
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the normal image data Na and Nb are applied to the cor-
responding sub-pixels PXa and PXb during 6 horizontal
periods for every three rows of pixels, and data voltages
Vd corresponding to the impulse data | are applied to the
corresponding sub-pixels PXb during 1 horizontal period.
In addition, data voltages Vd having opposite polarity to
that of the previous dada voltages Vd are applied during
a period of predetermined time TC, thereby precharging.
[0125] During one frame, data voltages Vd corre-
sponding to the normal image data Na are applied to all
sub-pixels PXa, and data voltages Vd corresponding to
the normal image data Nb and the impulse data | are
applied to all sub-pixels PXb once for each, thereby dis-
playing normal images and impulse images for one
frame.

[0126] Asillustrated in FIG. 12, pixel voltages Vp hav-
ing positive-polarity and negative-polarity are alternately
charged in the sub-pixels PXa and PXb every three rows
of pixels, and the charge ratio of pixel voltage Vp is in-
creased because, when the polarity is reversed, data
lines DL are precharged with a predetermined data volt-
age having the same polarity as the next during a period
of the predetermined time TC. Numerous characteristics
of the LCD illustrated in FIG. 10 and FIG. | | may be
applied to the LCD illustrated in FIG. 12.

[0127] Another driving method for displaying impulse
images in an LCD including the pixel illustrated in FIG. 9
will be described in detail with reference to FIG. 13. FIG.
13 is a timing diagram illustrating other examples of driv-
ing signals of an LCD according to other embodiments
of the present invention.

[0128] Signal controller 600 converts the input image
signals R, G, and B into normal image data for the sub-
pixels PXa and PXb, but it does not generate impulse
data separately. Gray voltage generator 800 generates
separate sets of gray voltages for the two sub-pixels PXa
and PXb respectively, which are alternately supplied to
data driver 500 or alternately selected by data driver 500.
Data driver 500, as already described with reference to
FIGs. 5 to 7, has the function of charge sharing that con-
nects all input terminals of data driver 500 inside during
a certain period of time.

[0129] When the polarity of half of the data voltages
from data driver 500 is positive and the polarity of the
other half is negative, half of the whole data lines DL are
charged with data voltages having positive-polarity and
the other half are charged with data voltages having neg-
ative-polarity.

[0130] Therefore, when data driver 500 connects all
output terminals, the charges in data lines DL are rear-
ranged so that the output terminals of data driver 500 are
applied with a charge sharing voltage I thatis in the middle
between the positive-polarity and the negative-polarity
voltages, which is approximately on a level of the com-
mon voltage Vcom.

[0131] Gate driver 400 applies a gate-on voltage Von
to the sub-pixels PXb in a predetermined row such that
the charge sharing voltage | is applied to the sub-pixels
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PXb in a predetermined row. Charge sharing voltage | is
used as an impulse data voltage.

[0132] Referring to FIG. 13, the period of 1H is divided
into two parts of a data voltage output period when the
load signal LOAD has a low level and a charge sharing
period when the load signal LOAD has a high level.
[0133] Data driver 500 receives normal image data for
a row of pixels from signal controller 600, and in the first
half of the data voltage output period, selects gray volt-
ages corresponding to the normal image data out of the
set of gray voltages for the sub-pixels PXa generated by
the gray voltage generator 800, which are applied to data
lines DL as data voltages Na.

[0134] Gate driver 400 applies a gate-on voltage Von
toagate line GLa connected to the sub-pixels PXa, there-
by applying data voltages Na applied to data lines DL to
the corresponding sub-pixels PXa.

[0135] Then, inthe second half of the data voltage out-
put period, the set of gray voltages for the sub-pixels PXb
are supplied to data driver 500 by the gray voltage gen-
erator 800 or selected by data driver 500, thereby apply-
ing data voltages Nb for the sub-pixels PXb to data lines
DL.

[0136] Again, gatedriver 400 applies a gate-on voltage
Von to gateline GLb connected to the sub-pixels PXb,
thereby applying data voltages Nb applied to data lines
DL to the corresponding sub-pixels PXb.

[0137] A charge sharing period starts when the load
signal LOAD has a high level, and data driver 500 shares
charges of the whole data lines DL, and as a result, the
charge sharing voltage 1 is applied to data lines DL.
[0138] Atthe sametime, gate driver400 applies agate-
on voltage Von to a gate line GLb connected to the sub-
pixels PXb in a predetermined row of pixels (for example,
the k-th row of pixels), thereby applying the charge shar-
ing voltage | to the corresponding sub-pixels PXb. By
repeating this procedure eavh unit of the horizontal pe-
riod, all sub-pixels PXa and PXb display normal images
and impulse images according to the charge sharing volt-
age | during one frame.

[0139] As illustrated in FIG. 13, the change sharing
voltage | may be applied to the sub-pixels PXb in a row
of pixels during a plurality of horizontal periods, or the
charge sharing voltage | may be applied to the sub-pixels
PXb in a plurality of rows of pixels at the same time.
[0140] Charge sharing voltage | can be applied to the
sub-pixels PXb sufficiently even when the charge sharing
period is short. In the data voltage output period, the
lengths of the periods when data voltages Na and Nb for
the sub-pixels PXa and PXb are applied respectively may
be different from each other.

[0141] According to the present embodiment, as men-
tioned above, since data driver 500 supplies voltages for
impulse images through charge sharing at the output ter-
minals, instead of generating impulse data separately,
the operation of signal controller 600 and data driver 500
are simple, and it is unnecessary for the gray voltage
generator 800 to generate an additional set of gray volt-
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ages.
[0142] In addition, when the polarity of the data volt-
ages is subject to row inversion or dot inversion, the
charge ratio of the pixel voltages can be increased since
data lines DL are charged sufficiently to the level of the
common voltage Vcom. Numerous characteristics of the
LCD illustrated in FIG. 10 and FIG. 11 may be applied to
the LCD illustrated in FIG. 13.

[0143] An LCD according to another embodiment of
the present invention, wherein the two sub-pixels illus-
trated in FIG. 8 are applied with different data voltages
through different data lines at the same time, will be de-
scribed in detail with reference to FIG. 14. FIG. 14 is an
equivalent circuit diagram of a pixel of an LCD according
to another embodiment of the present invention.

[0144] Referring to FIG. 14, an LCD according to an-
other embodiment of the present invention has signal
lines including a plurality of gate lines GL, a plurality of
pairs of data lines DLa and DLb, and a plurality of storage
electrode lines SL and a plurality of pixels PX connected
to the signal lines. Each pixel PX includes a pair of sub-
pixels PXc and PXd, and each sub-pixel PXc/PXd in-
cludes a switching element Qc/Qd that is connected to
the corresponding gate line GL and data line DLa/DLb
respectively, an LC capacitor C -¢/C, d that is connect-
ed to the switching element Qc/Qd, and a storage capac-
itor Cgrc/Cgrd thatis connected to the switching element
Qc/Qd and the storage electrode line SL.

[0145] Each switching element Qc/Qd, including a
TFT, is a three-terminal element provided on the lower
panel 100 and has a control terminal connected to a gate
line GL, an input terminal connected to a data line
DLa/DLb, and an output terminal connected to an LC
capacitor C, -¢/C| cd and a storage capacitor Cg1¢/Cgrd.
The detailed description of the LC capacitors C| -c and
C_cd and the storage capacitors Cgrc and Cgrd, which
were described above in the previous embodiment, will
be omitied.

[0146] The operation of the above-described LCD will
be described in detail with reference to FIG. 15 which is
a timing diagram illustrating driving signals of an LCD
including the pixel illustrated in FIG. 14.

[0147] Inthe LCD including the pixel illustrated in FIG.
14, signal controller 600 supplied with inputimage signals
R, G, and B for a row of pixels converts them into output
image signals DAT including normal image data Na for
the sub-pixels PXc and normal image data Nb for the
sub-pixels PXd, or it converts them into output image
signals DAT including normal image data Na for the sub-
pixels PXc and impulse data | for the sub-pixels PXd,
which are transmitted to data driver 500.

[0148] Data driver 500 receives output image signals
DAT for arow of pixels, converts the outputimage signals
DAT into analog data voltages Vda and Vdb by selecting
gray voltages corresponding to the respective output im-
age signals DAT, and applies the analog data voltages
Vda and Vdb to the corresponding data lines DLa and
DLb, respectively.
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[0149] When the gray voltage generator 800 gener-
ates one set of gray voltages, the normal image data Na
and Nb may be generated to be different from each other,
thereby applying different voltages to respective sub-pix-
els PXc and PXd. It is preferable to compensate the im-
age signals or generate sets of gray voltages such that
the merged gamma curve of the two sub-pixels PXc and
PXd is close to the frontal reference gamma curve.
[0150] For example, the frontal merged gamma curve
is made to accord with the frontal reference gamma curve
thatis determined to be the most appropriate for the liquid
crystal panel assembly, and the lateral merged gamma
curve is made to be most similar to the frontal reference
gamma curve.

[0151] Asillustratedin FIG. 15, data driver 500 applies
data voltages Vda and Vdb corresponding respectively
to the normal image data Na and Nb for the respective
sub-pixels PXc and PXd in the first row of pixels to the
corresponding data lines DLa and DLb, respectively.
[0152] Gatedriver400 applies gatesignal g, to gateline
GL connected to the sub-pixels PXc and PXd in the first
row of pixels, thereby turning on the switching elements
Qc and Qd connected to gateline GL at the same time.
[0153] Data voltages Vda and Vdb applied respective-
ly to data lines DLa and DLb are applied to the corre-
sponding sub-pixels PXc and PXd through the turned-on
switching elements Qc and Qd, respectively.

[0154] Dta driver 500 applies data voltages Vda and
Vdb corresponding respectively to the normal image data
Na and the impulse data | for the respective sub-pixels
PXcand PXdinthe k-th row of pixels to the corresponding
data lines DLa and DLb, respectively.

[0155] Gatedriver400 applies gatesignal g, to gateline
GL connected to the sub-pixels PXc and PXd in the k-th
row of pixels, thereby turning on the switching elements
Qc and Qd connected to gateline GL at the same time.
[0156] Data voltages Vda and Vdb applied respective-
ly to data lines DLa and DLb are applied to the corre-
sponding sub-pixels PXc and PXd through the turned-on
switching elements Qc and Qd, respectively. In this way,
data voltages Vda and Vdb corresponding to the normal
image data Na and Nb are applied to the sub-pixels PXc
and PXdin arow of pixels respectively, and data voltages
Vda and Vdb corresponding respectively to the normal
image data Na and the impulse data | are applied to the
sub-pixels PXc and PXd in one other row of pixels re-
spectively, alternately every 1 horizontal period.

[0157] During one frame, data voltages Vda corre-
sponding to the normal image data Na are applied to all
sub-pixels PXc, and data voltages Vdb corresponding to
the normal image data Nb and the impulse data | are
applied to all sub-pixels PXd once for each, thereby dis-
playing normal images and impulse images for one
frame. Numerous characteristics of the LCD illustrated
in FIG. 9 to FIG. 11 may be applied to the LCD illustrated
in FIG. 14 and FIG. 15.

[0158] An LCD according to another embodiment of
the present invention, wherein only one sub-pixel of the
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two sub-pixels illustrated in FIG. 8 is applied with a data
voltage through a switching element and the other pixel
is capacitively coupled, will be described in detail with
reference to FIG.16 whichis an equivalent circuit diagram
of a pixel of an LCD according to another embodiment
of the present invention.

[0159] Referring to FIG. 16, an LCD according to an-
other embodiment of the present invention has signal
lines including a plurality of gate lines GL and a plurality
of data lines DL, and a plurality of pixels PX connected
to the signal lines. Each pixel PX includes a pair of a first
sub-pixel PXe and a second sub-pixel PXfand a coupling
capacitor Ccp connected between the two sub-pixels
PXe and PXf.

[0160] The first sub-pixel PXe includes a switching el-
ement Q that is connected to the corresponding gate line
GL and data line DL, and a first LC capacitor C -e and
a storage capacitor Cqy that are connected to the switch-
ing element Q, and the second sub-pixel PXf includes a
second LC capacitor C| f connected to the coupling ca-
pacitor Ccp.

[0161] Switching element Q, including a TFT, is a
three-terminal element provided on the lower panel 100,
and it has a control terminal connected to a gate line GL,
an input terminal connected to a data line DL, and an
output terminal connected to an LC capacitor C, e, a
storage capacitor Cqte, and a coupling capacitor Ccp.
[0162] Switching clement Q applies data voltages from
a data line DL to the first LC capacitor C| e and the cou-
pling capacitor Ccp in response to a gate signal from a
gate line, and the coupling capacitor Ccp transmits the
data voltage having a modified magnitude to the second
LC capacitor C f.

[0163] If storage capacitor Cqre is supplied with the
common voltage Vcom and each of the capacitors C e,
Cste, C cf, and Ccp and the capacitances thereof are
denoted as the same reference characters, the relation
between the voltage Ve charged across the first LC ca-
pacitor and the voltage Vf charged across the second LC
capacitor C| f is given by:

(01641 VE=Vex[Cep/(Cep + Cych)]

[0165] Since the term Ccp/(Ccp+C f) is smaller than
one, the voltage Vf charged across the second LC ca-
pacitor C f is always smaller than the voltage Ve
charged across the first LC capacitor C, ce. This inequal-
ity of voltages may be also true for a case that the voltage
supplied to the storage capacitor Cgre is not equal to the
common voltage Vcom.

[0166] The appropriate ratio of the voltage Ve of the
first LC capacitor C| ce and the voltage Vf of the second
LC capacitor C| f can be adjusted by varying the capac-
itance of the coupling capacitor Ccp.

[0167] The operation of the above-described LCD will
be described in detail with reference to FIG. 17 which is
a timing diagram illustrating driving signals of an LCD
including the pixel illustrated in FIG. 16.
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[0168] Inthe LCD including the pixel illustrated in FIG.
16, signal controller 600 supplied with inputimage signals
R, G, and B for a row of pixels converts them into output
image signals DAT including normal image data N or
impulse data |, which are transmitted to data driver 500.
[0169] Data driver 500 receives output image signals
DAT for arow of pixels, converts the output image signals
DAT into analog data voltages Vd by selecting gray volt-
ages corresponding to the respective output image sig-
nals DAT, and applies the analog data voltages Vd to the
corresponding data lines DL. As illustrated in FIG. 17,
data driver 500 applies data voltages Vd corresponding
to the normal image data N for the first row of pixels to
the corresponding data lines DL.

[0170] Gatedriver400 applies gatesignal g, to gateline
GL in the first row of pixels, thereby turning on the switch-
ing elements Q connected to gateline GL. Data voltages
Vd applied to data lines DL are applied to the correspond-
ing sub-pixels PXe through the turned-on switching ele-
ments Q.

[0171] Data driver 500 applies data voltages Vd cor-
responding to the impulse data | for the k-th row of pixels
to the corresponding data lines DL.

Gate driver 400 applies gatesignal g, to gateline GL in
the k-th row of pixels, thereby turning on the switching
elements Q connected to gateline GL. Data voltages Vd
applied to data lines DL are applied to the corresponding
sub-pixels PXe through the turned-on switching ele-
ments Q. In this way, data voltages Vd corresponding to
the normal image data N are applied to the sub-pixels
PXe in a row of pixels, and data voltages Vd correspond-
ing to the impulse data | are applied to the sub-pixels
PXe in one other row of pixels, alternately every one hor-
izontal period.

[0172] During one frame, data voltages Vd corre-
sponding to the normal image data N and the impulse
data | are applied to all sub-pixels PXe once for each,
thereby displaying normal images and impulse images
for one frame. Numerous characteristics of the LCD il-
lustrated in FIG. 14 and FIG. 15 may be applied to the
LCD illustrated in FIG. 16 and FIG. 17.

[0173] As mentioned above, according to the present
invention, the charge ratio of the pixel voltages can be
increased since the driving time for displaying impulse
images can be relatively reduced by displaying impulse
images in a plurality of rows of pixels at the same time,
as a result, flickering of the screen due to a low charge
ratio can be minimized.

[0174] Also, luminance decrease can be minimized as
well as blurring prevented by displaying an impulse im-
age in one sub-pixel while a normal image is displayed
in the other sub-pixel.

[0175] Although preferred embodiments of the present
invention have been described in detail hereinabove, it
should be clearly understood that many variations and/or
modifications of the basic inventive concepts herein
taught will be apparent to those skilled in the art, will still
fall within the spirit and scope of the present invention.
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Where technical features mentioned in any claim are fol-
lowed by reference signs, those reference signs have
been included for the sole purpose of increasing the in-
telligibility of the claims and accordingly such reference
signs do not have any limiting effect on the scope of each
element identified by way of example by such reference
signs.

Claims
1. Aliquid crystal display comprising:

a plurality of gate lines transmitting a gate-on
voltage;

a plurality of data lines transmitting first and sec-
ond normal image data voltages and an impulse
data voltage;

a plurality of pixels connected to the gate lines
and the data lines, each of the pixels including
first and second sub-pixel electrodes;

a gate driver connected to the gate lines and
applying the gate-on voltage to the gate lines;
and

a data driver connected to the data lines and
applying the first and second normal image data
voltages and the impulse data voltage to the da-
ta lines,

wherein the first and second normal image data volt-
ages applied to the first sub-pixel electrode and the
second sub-pixel electrode respectively are different
from each other and are obtained from one image
information, and

the impulse data voltage is applied to any one of the
first and second sub-pixel electrodes.

2. The liquid crystal display of claim 1, wherein the first
normal image data voltages are greater than the sec-
ond normal image data voltages, and the area of the
first sub-pixel electrode is smaller than the area of
the second sub-pixel electrode.

3. The liquid crystal display of claim 2, wherein the im-
pulse data voltage is applied to the second sub-pixel
electrode.

4. The liquid crystal display of claim 1, wherein the im-
pulse data voltage is lower than the first and second
normal image data voltages.

5. The liquid crystal display of claim 4, wherein the im-
pulse data voltage is any one among the lowest gray
voltage, a black gray voltage, and a gray voltage for
luminance in a predetermined range.

6. The liquid crystal display of claim 1, further compris-
ing a signal controller that receives M bundles of im-



10.

11.

12.

13.

14.

27

age information, converts them into respective M
bundles of first and second normal image data, gen-
erates a bundle of impulse data, and then transmits
the first and second normal image data and the im-
pulse data to the data driver (where M is a natural
number).

The liquid crystal display of claim 6, wherein the first
normal image data are greater than the second nor-
mal image data, and the impulse data are smaller
than the second normal image data.

The liquid crystal display of claim 1, wherein a first
set of gray voltages and a second set of gray voltages
that are different from each other are generated, and
the first and second normal image data voltages are
selected from the first and second sets of gray volt-
ages respectively and applied to the first and second
sub-pixel electrodes, respectively.

The liquid crystal display of claim 1, wherein first and
second switching elements connected to the firstand
second sub-pixel electrodes respectively are further
included, and

the gate lines include first and second gate lines that
are connected to the first and second switching ele-
ments, respectively.

The liquid crystal display of claim 9, wherein the im-
pulse data voltage is applied to the second sub-pixel
electrodes in a plurality of rows of pixels at the same
time.

The liquid crystal display of claim 9, wherein the first
and second normal image data voltages are alter-
nately and sequentially applied to the first and sec-
ond sub-pixel electrodes in a plurality of rows of pix-
els, respectively.

The liquid crystal display of claim 9, wherein the first
and second normal image data voltages for the first
M rows of pixels are alternately and sequentially ap-
plied to the first and second sub-pixel electrodes in
the first M rows of pixels, and then the impulse data
voltage is applied to the second sub-pixel electrodes
in the second M rows of pixels at the same time
(where M is a natural number).

The liquid crystal display of claim 12, wherein the
impulse data voltage is applied to the second sub-
pixel electrodes in the second M rows of pixels, and
then a predetermined precharge voltage having po-
larity that is opposite to the polarity of the first and
second normal image data voltages applied to the
first and second sub-pixel electrodes in the first M
rows of pixels is applied to the data lines.

The liquid crystal display of claim 9, wherein the data
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15.

16.

17.

18.

19.

20.

21,

22,

28

driver connects a plurality of output terminals and
the gate driver applies the gate-on voltage to the
second gate line.

The liquid crystal display of claim 14, wherein the
gate driver applies the gate-on voltage to the second
gate line a plurality of times during a plurality of hor-
izontal periods.

The liquid crystal display of claim 14, wherein the
gate driver applies the gate-on voltage to the second
gate lines in a plurality of rows of pixels at the same
time.

The liquid crystal display of claim 1, wherein first and
second switching elements connected to the firstand
second sub-pixel electrodes respectively are further
included, and

me data lines include first and second data lines that
are connected to the first and second switching ele-
ments, respectively.

The liquid crystal display of claim 17, wherein the
first and second normal image data voltages for a
first row of pixels are applied to the first and second
sub-pixel electrodes in the first row of pixels respec-
tively, and then the first normal image data voltages
and the impulse data voltage for a second row of
pixels are applied to the first and second sub-pixel
electrodes in the second row of pixels respectively.

A method of driving a liquid crystal display including
a plurality of pixels that include first and second sub-
pixel electrodes, me method comprising:

applying first and second normal image data
voltages to the first and second sub-pixel elec-
trodes respectively; and

applying an impulse data voltage to one of the
first and second sub-pixel electrodes,

wherein the first and second normal image data volt-
ages are different from each other and are obtained
from one image information.

The method of driving a liquid crystal display of claim
19, wherein the first normal image data voltages are
greater than the second normalimage data voltages,
and the area of the first sub-pixel electrode is smaller
than the area of the second sub-pixel electrode.

The method of driving a liquid crystal display of claim
20, wherein the impulse data voltage is applied to
the second sub-pixel electrode.

The method of driving a liquid crystal display of claim
21, wherein the impulse data voltage is applied to
the second sub-pixel electrodes in a plurality of rows
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28.
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of pixels at the same time.

The method of driving a liquid crystal display of claim
20, wherein the impulse data voltage is any one
among the lowest gray voltage, a black gray voltage,
and a gray voltage for luminance in a predetermined
range.

The method of driving a liquid crystal display of claim
19, further comprising:

converting M bundles of image information re-
ceived into respective M bundles of first and sec-
ond normal image data and generating a bundle
of impulse data; and

converting the first and second normal image
data and the impulse data into the first and sec-
ond normalimage data voltages and the impulse
data voltage, respectively (where M is a natural
number).

The method of driving a liquid crystal display of claim
24, wherein the first normal image data are greater
than the second normal image data, and the impulse
data are smaller than the second normal image data.

The method of driving a liquid crystal display of claim
19, wherein the application of the first and second
normal image data voltages comprises:

generating firstand second sets of gray voltages
that are different from each other; and
selecting the firstand second normal image data
voltages from the first and second sets of gray
voltages.

The method of driving a liquid crystal display of claim
19, wherein the application of the first and second
normal image data voltages comprises a step of ap-
plying the first and second normal image data volt-
ages for the first M rows of pixels to the first and
second sub-pixel electrodes in the first M rows of
pixels alternately and sequentially, respectively, and
the application of the impulse data voltage comprises
a step of applying the impulse data voltage to the
second sub-pixel electrodes in the second M rows
of pixels at the same time (where M is a natural
number).

The method of driving a liquid crystal display of claim
19, wherein the application of the first and second
normal image data voltages comprises a step of ap-
plying the first and second normal image data volt-
ages for a first row of pixels to the first and second
sub-pixel electrodes in the first row of pixels respec-
tively, and

the application of the impulse data voltage comprises
a step of applying the first normal image data volt-
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ages and the impulse data voltage for a second row
of pixels to the first and second sub-pixel electrodes
in the second row of pixels respectively.
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