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LIQUID CRYSTAL DISPLAY AND DRIVING
METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2008-0008998 filed in the
Korean Intellectual Property Office on Jan. 29, 2008, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

[0002] (a) Technical Field

[0003] The present disclosure relates to a liquid crystal
display and a driving method thereof.

[0004] (b) Discussion of Related Art

[0005] A liquid crystal display is one of the most popular
flat panel displays. The liquid crystal display includes two
display panels, each of which has field generating electrodes
such as pixel electrodes and a common electrode, and aliquid
crystal layer between the two display panels. The liquid crys-
tal display displays images by determining alignments of
liquid crystal molecules in the liquid crystal layer and con-
trolling polarization of incident light through an electric field
that is induced at the liquid crystal layer by applying a voltage
to the field generating electrodes.

[0006] The liquid crystal display includes switching ele-
ments connected to each of the pixel electrodes, and a plural-
ity of signal lines, such as gate lines and data lines, for apply-
ing a voltage to the pixel electrodes by controlling the
switching elements.

[0007] Among the liquid crystal displays, a vertically
aligned mode liquid crystal display has been receiving atten-
tion because of a large contrast ratio and a wide reference
viewing angle. In the vertically aligned mode liquid crystal
display, liquid crystal molecules are aligned to have major
axes perpendicular to a display panel when an electric field is
not being applied. The reference viewing angle denotes a
viewing angle with a contrast ratio of 1:10, or denotes a
critical angle for luminance reversal between grays.

[0008] In the case of the vertically aligned mode liquid
crystal display, a pixel is divided into two subpixels, and
transmittance of each subpixel is controlled by applying dif-
ferent voltages to the two subpixels in order to cause lateral
visibility to be close to frontal visibility.

[0009] To control voltages of the two subpixels, a storage
capacitor is introduced. It is difficult to use this method,
however, because the structure and driving method thereof
are too complicated.

SUMMARY OF THE INVENTION

[0010] An exemplary embodiment of the present invention
provides a liquid crystal display including a first gate line
transmitting a first gate signal, a first data line transmitting a
first data voltage, and a first pixel connected to the first gate
line and the first data line and including a first subpixel and a
second subpixel. The first subpixel includes a first switching
element connected to the first gate line, a first liquid crystal
capacitor connected to the first switching element, and a first
storage capacitor having a first terminal and a second termi-
nal. The second subpixel includes a second switching element
connected to the first gate line and the first data line, a second
liquid crystal capacitor connected to the second switching
element, and a second storage capacitor having a first termi-
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nal and a second terminal and having a capacitance different
from a capacitance of the first storage capacitor. The first
terminal of the first storage capacitor is connected to the first
switching element, the first terminal of the second storage
capacitor is connected to the second switching element, and
the second terminal of the first storage capacitor and the
second terminal of the second storage capacitor are coupled
to each other and have a varying voltage.

[0011] The voltage of the second terminals of the first and
second storage capacitors may be fixed while the first and
second switching elements turn on to charge the first and
second liquid crystal capacitors and the first and second stor-
age capacitors. The voltage of the second terminals may vary
after the charging of the first and second liquid crystal capaci-
tors and the first and second storage capacitors is finished.

[0012] The voltage of the second terminals of the first and
second storage capacitors may rise when the voltage stored in
the first and second liquid crystal capacitors and the first and
second storage capacitors has a positive polarity, and it may
drop when the stored voltage has a negative polarity.

[0013] The second terminals of the first and second storage
capacitors are always supplied with an external voltage.

[0014] Theliquid crystal display may further include a first
storage electrode line that has a periodically varying voltage
and is connected to the second terminals of the first and
second storage capacitors.

[0015] The liquid crystal display may further include a
second storage electrode line that has a voltage having a
polarity opposite that of the voltage of the first storage elec-
trode line, a second data line transmitting a second data volt-
age, and a second pixel connected to the first gate line and the
second data line and comprising a third subpixel and a fourth
subpixel. The third subpixel may include a third switching
element connected to the first gate line and the second data
line, a third liquid crystal capacitor connected to the third
switching element, and a third storage capacitor connected
between the third switching element and the second storage
electrode line. The fourth subpixel may include a fourth
switching element connected to the first gate line and the
second data line, a fourth liquid crystal capacitor connected to
the fourth switching element, and a fourth storage capacitor
connected between the fourth switching element and the sec-
ond storage electrode line and having a capacitance different
from a capacitance of the third storage capacitor.

[0016] The second terminals of the first and second storage
capacitors alternate between a voltage-biased state and a
floating state.

[0017] Theliquid crystal display may further include a first
storage electrode line having a first voltage, a second storage
electrode line having a second voltage that is different from
the first voltage, and a second gate line transmitting the sec-
ond gate signal. The first pixel may further include a third
switching element connected to the first gate line, the first
storage electrode line, and the second terminals of the first
and second storage capacitors, and a fourth switching element
connected to the second gate line, the second storage elec-
trode line, and the second terminals of the first and second
storage capacitors.

[0018] The third switching element may transfer the first
voltage while the first and second liquid crystal capacitors and
the first and second storage capacitors are charged, and the
fourth switching element may be turned on to transfer the
second voltage after the third switching element is turned off.
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[0019] The liquid crystal display may further include a
third gate line transmitting a third gate signal, and a second
pixel connected to the second and third gate lines and the first
data line and including a third subpixel a fourth subpixel, a
fifth switching element, and a sixth switching element. The
fifth switching element may be connected to the second gate
line and the second storage electrode line, and the sixth
switching element may be connected to the third gate line and
the first storage electrode line. The third subpixel may include
aseventh switching element connected to the second gate line
and the first data line, a third liquid crystal capacitor con-
nected to the seventh switching element, and a third storage
capacitor connected between the fifth switching element and
the seventh switching element. The fourth subpixel comprises
an eighth switching element connected to the second gate line
and the first data line, a fourth liquid crystal capacitor con-
nected to the eighth switching element, and a fourth storage
capacitor connected between the sixth switching element and
the eighth switching element and having a capacitance dif-
ferent from a capacitance of the third storage capacitor.
[0020] The fifth switching element may transfer the second
voltage while the third and fourth liquid crystal capacitors and
the third and fourth storage capacitors are charged. The sixth
switching element turns on to transfer the first voltage after
the fifth switching element is turned off.

[0021] Voltagesofthe first, second, and third gate lines may
vary sequentially.

[0022] An exemplary embodiment of the present invention
provides a driving method ofa liquid crystal device, including
charging first and second liquid crystal capacitors and first
and second storage capacitors with substantially the same
voltage, floating first terminals of the first liquid crystal
capacitor and the first storage capacitor that are connected to
each other, and first terminals of the second liquid crystal
capacitor and the second storage capacitor that are connected
to each other, and changing voltages of the second terminals
of the first and second storage capacitors by substantially the
same level to cause voltages of the first terminal of the first
liquid crystal capacitor and the first terminal of the second
liquid crystal capacitor to be differentiated.

[0023] Thecapacitance ofthe first storage capacitor may be
different from the capacitance of the second storage capaci-
tor.

[0024] During the charging, the voltages of the second ter-
minals of the first and second storage capacitors may be
maintained at fixed levels.

[0025] Thesteps of changing voltages may include: raising
the voltages of the second terminals of the first and second
storage capacitors when the first and second liquid crystal
capacitors and the first and second storage capacitors are
charged with a positive voltage, and lowering the voltages of
the second terminals ofthe first and second storage capacitors
when the first and second liquid crystal capacitors and the first
and second storage capacitors are charged with a negative
voltage.

[0026] An external voltage may be always applied to the
second terminals of the first and second storage capacitors.
[0027] Thedriving method may further include floating the
second terminals of the first and second storage capacitors
after the step of changing voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] Exemplary embodiments of the present invention
will be understood in more detail from the following descrip-
tion taken in conjunction with the attached drawings.
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[0029] FIG. 1is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion.

[0030] FIG. 21s a schematic diagram illustrating a structure
of a liquid crystal display and an equivalent circuit of two
subpixels according to an exemplary embodiment of the
present invention.

[0031] FIG. 3 is anequivalent circuit diagram of two pixels
of aliquid crystal display according to an exemplary embodi-
ment of the present invention.

[0032] FIG. 4isawaveform diagram of driving voltages for
a liquid crystal display according to an exemplary embodi-
ment of the present invention.

[0033] FIG. 5is anequivalent circuit diagram of two pixels
of aliquid crystal display according to an exemplary embodi-
ment of the present invention.

[0034] FIG. 6isawaveform diagram of driving voltages for
the liquid crystal display shown in FIG. 5.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

[0035] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those of ordinary skill in the art would realize, the
described exemplary embodiments may be modified in vari-
ous different ways, without departing from the spirit or scope
of the present invention.

[0036] Hereinafter, a liquid crystal display according to an
exemplary embodiment of the present invention will be
described with reference to FIG. 1 to FIG. 3.

[0037] FIG. 11is a block diagram of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion, FIG. 2 is a schematic diagram illustrating a structure of
a liquid crystal display and an equivalent circuit of two sub-
pixels according to an exemplary embodiment of the present
invention, and FIG. 3 is an equivalent circuit diagram of two
pixels of a liquid crystal display according to an exemplary
embodiment of the present invention.

[0038] As shown in FIG. 1, the liquid crystal display
according to an exemplary embodiment of the present inven-
tion includes a liquid crystal panel assembly 300, a gate driver
400, a data driver 500, a storage electrode driver 700, a gray
voltage generator 800, and a signal controller 600.

[0039] In an equivalent circuit, the panel assembly 300
includes a plurality of signal lines GL, DL1, DL2, SL.1, and
SL2 (see FIG. 3), and a plurality of pixels PX connected
thereto and arranged in a matrix form. Further, the panel
assembly 300 includes a lower panel 100 and an upper panel
200 facing each other with a liquid crystal layer 3 therebe-
tween as shown in FIG. 2.

[0040] Referring to FIG. 3, the signal lines include a plu-
rality of gate lines GL for transferring a gate signal, which
may be referred to as a scanning signal, a plurality of data
lines DL1 and DL2 for transferring data voltages Vd, and a
pair of first and second storage electrode lines SL1 and SI.2
for transferring storage electrode signals Vstl and Vst2. The
first and second storage electrode lines SL1 and SL2 are
supplied with first and second storage electrode signals Vstl
and Vst2 that are periodic signals having opposite phases,
respectively. The gate lines GL and the first and second stor-
age electrode lines SL.1 and SL.2 extend generally in a row
direction and are approximately parallel to each other. The
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data lines DL1 and DL2 extend generally in a column direc-
tion and are approximately parallel to each other.

[0041] Each pixel PX includes two subpixels. Each of the
subpixels includes a switching element, a liquid crystal
capacitor, and a storage capacitor. For example, each of pixels
PX1 and PX2 includes two subpixels PXa and PXb and PXc
and PXd, respectively and each of the subpixels PXa, PXb,
PXec, and PXd includes a switching element Qa, Qb, or Qc,
Qd, aliquid crystal capacitor Clca, Cleb, or Clee, Cled, and a
storage capacitor Csta, Cstb, or Cstc, Cstd, as shown in FIG.
3

[0042] Each of the switching elements Qa, Qb, Qc, and Qd
is a three terminal element, such as a thin film transistor
disposed in the lower panel 100. Each of the switching ele-
ments Qa, Qb, Qc, and Qd has a control terminal connected to
the gate line GL, an input terminal connected to the data line
DL1 or DL2, and an output terminal connected to the liquid
crystal capacitor Clea, Cleb, Clee, or Cled and the storage
capacitor Csta, Cstb, Cstc, or Cstd.

[0043] Referring to FIG. 2, each liquid crystal capacitor
Clca and Clcb respectively includes a subpixel electrode PEa
and PEb of the lower panel 100 and a common electrode 270
of the upper panel 200 forming two terminals. The liquid
crystal layer 3 disposed between the subpixel electrodes PEa
and PEb and the common electrode 270 functions as a dielec-
tric of the liquid crystal capacitors Clca and Clcb. The two
subpixel electrodes PEa and PEb are separated from each
other and form a pixel electrode PE. The common electrode
270 covers an entire surface of the upper panel 200 and
receives a common voltage Veom. The liquid crystal layer 3
may have negative dielectric anisotropy, and liquid crystal
molecules of the liquid crystal layer 3 may be aligned such
that their major axes are perpendicular to the surfaces of the
two display panels 100 and 200 in the absence of an electric
field.

[0044] The liquid crystal capacitors Clec and Cled may
have the same structures as the liquid crystal capacitors Clca
and Clcb.

[0045] Thestorage capacitors Csta, Cstb, Cstc, and Cstd are
respectively connected to the switching elements Qa, Qb, Qc,
and Qd, and to the first and second storage electrode lines SL.1
and SL2. Each of the storage capacitors Csta, Cstb, Cstc, and
Cstd includes a subpixel electrode PEa or PEb and a storage
electrode line SLL1 or SL2, which is provided on the lower
panel 100, overlaps the subpixel electrode PEa or PEb via an
insulator.

[0046] In each of the pixels PX1 and PX2, the storage
capacitors Csta and Cstb or Cstc and Cstd of the two subpixels
PXaand PXb or PXcand PXd have different capacitances and
are connected to the same storage electrode line SL.1 or SL2.
The storage capacitors Csta, Csth, Cstc, and Cstd of adjacent
pixels PX1 and PX2, however, are connected to different
storage electrode lines SL.1 and SI.2.

[0047] For color display, each of the pixels PX uniquely
represents one of the primary colors (spatial division) or each
of the pixels PX sequentially represents the primary colors in
turn (temporal division) such that the spatial or temporal sum
of the primary colors are recognized as a desired color. An
exampleofa set of the primary colors includes red, green, and
blue colors. FIG. 2 shows an example of the spatial division in
which each of the pixels PX includes a color filter 230 repre-
senting one of the primary colors in an area of the upper panel
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200. Alternatively, the color filter 230 may be provided on or
under the subpixel electrodes PEa and PEb of the lower panel
100.

[0048] Polarizers (not shown) are provided on outer sur-
faces of the display panels 100 and 200. The polarization axes
of the two polarizers may orthogonally cross each other. In
the case of a reflective liquid crystal display, one of the two
polarizers may be omitted. The crossed polarizers block inci-
dent light entering into the liquid crystal layer 3 when no
electric fleld is applied thereto.

[0049] Referring to FIG. 1again, the gray voltage generator
800 generates a plurality of gray voltages or reference gray
voltages related to the light transmittance of the pixels PX.
[0050] The gate driver 400 is connected to the gate line GL
of the panel assembly 300, and synthesizes a gate-on voltage
Von and a gate-off voltage Voff fed thereto to generate the gate
signal Vg for application to the gate line GL.

[0051] The data driver 500 is connected to the data lines
DL1 and DL2 of the panel assembly 300, and applies data
voltages Vd, which are selected from the gray voltages sup-
plied from the gray voltage generator 800, to the data lines
DL1 and DL2. When the gray voltage generator 800 genet-
ates only a small number of the reference gray voltages rather
than all the gray voltages, however, the data driver 500 may
divide the reference gray voltages to generate the data volt-
ages among the gray voltages.

[0052] The storage electrode driver 700 is connected to the
first and second storage electrode lines SI.1 and SL.2, shown
in FIG. 3, of the panel assembly 300, and applies a pair of
storage electrode signals Vstl and Vst2 having opposite
phases to the first and second storage electrode lines SL.1 and
SL.2. The storage electrode driver 700 may be embodied as a
chip with the gate driver 400.

[0053] The signal controller 600 controls the gate driver
400, the data driver 500, and the storage electrode driver 700.
[0054] Each of the driving apparatus 400, 500, 600, 700,
and 800 may include at least one integrated circuit (IC) chip
(not shown) mounted on the panel assembly 300 or on a
flexible printed circuit (FPC) film (not shown) in a tape carrier
package (TCP) type, which is attached to the panel assembly
300. Alternatively, the driving apparatus 400, 500, 600, 700,
and 800 may be mounted on an additional printed circuit
board (PCB) (not shown). In an exemplary embodiment, at
least one of the driving apparatus 400, 500, 600, 700, and 800
may be integrated into the panel assembly 300. Alternatively,
the driving apparatus 400, 500, 600, 700, and 800 may be
integrated into a single IC chip. In this case, at least one of
circuit elements may be disposed outside of the single IC
chip.

[0055] Hereinafter, the operation of a liquid crystal display
according to an exemplary embodiment of the present inven-
tion will be described in detail with reference to FIG. 1 to FIG.
4.

[0056] FIG. 4isawaveform diagram of driving voltages for
a liquid crystal display according to an exemplary embodi-
ment of the present invention.

[0057] Referring to FIG. 1 first, the signal controller 600
receives input image signals R, G, and B and input control
signals for controlling the display thereof from an external
graphics controller (not shown). Each of the input image
signals R, G, and B includes information about the luminance
of a pixel PX. The luminance has a predetermined number of
grays, for example, 1024=210, 256=28, or 64=26. The input
control signals include a vertical synchronization signal
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Vsync, ahorizontal synchronizing signal Hsync, a main clock
signal MCLK, and a data enable signal DE.

[0058] On the basis of the input control signals and the
input image signals R, G, and B, the signal controller 600
processes the input image signals R, G, and B appropriately
for an operation condition of the liquid crystal panel assembly
300, and generates gate control signals CONT1, data control
signals CONT2, and a storage electrode control signal
CONT3. The signal controller 600 sends the gate control
signals CONT1 to the gate driver 400, sends the data control
signal CONT2 and the processed image signals DAT to the
data driver 500, and sends the storage electrode control signal
CONT3 to the storage electrode driver 700. The output image
signals DAT are digital signals having a predetermined num-
ber of values or grays.

[0059] Responsiveto the data control signals CONT2 of the
signal controller 600, the data driver 500 receives the digital
image signals DAT for one row of pixels PX, converts the
digital image signals DAT to analog data voltages selected
from the gray voltages, and applies the analog data voltages to
the data lines DL.1 and DL2.

[0060] The gate driver 400 applies the gate-on voltage Von
to agate line GL according to the gate control signals CONT1
from the signal controller 600, thereby turning on the switch-
ing elements Qa, Qb, Qc, and Qd connected thereto. Then, the
data voltages Vd applied to the data lines DL1 and DL2 are
then applied to the subpixels PXa, PXb, PXc, and PXd
through the switching elements Qa, Qb, Qc, and Qd, respec-
tively.

[0061] In this exemplary embodiment, two subpixels PXa
and PXb or PXc and PXd forming a pixel PX1 or PX2 receive
the same data voltage Vd at the same time through the same
data line DL1 or DL2, and two adjacent pixels PX1 and PX2
receive data voltages Vd having opposite polarities relative to
the common voltage Vcom. The data voltages Vd applied to
the two adjacent pixels PX1 and PX2, however, may have the
same polarity. In this case, the two pixels PX1 and PX2 may
be connected to the same storage electrode line SL.1 or SL.2,
and one of the storage electrode lines SL.1 and SL2 may be
omitted.

[0062] For descriptive convenience, among two terminals
of each of the capacitors Clca-Cled and Csta-Cstd, a terminal
connected to the switching elements Qa-Qd is referred to as a
first terminal and the other is referred to as a second terminal.
As described above, the first terminal of each of the liquid
crystal capacitors Clca-Cled is connected to the first terminal
of a corresponding storage capacitor Csta-Cstd.

[0063] Referring to FIG. 4, voltages Pa and Pb of the first
terminals of the capacitors Clca, Csta, Clcb and Cstb in the
pixel PX1 rise at nearly the same rate to a predetermined level.
On the other hand, the first terminal voltages Pc and Pd of the
capacitors Clcc, Cste, Cled, and Cstd in the pixel PX2 fall to
a predetermined level at substantially the same rate.

[0064] Thereafter, when the switching elements Qa, Qb,
Qc, and Qd turn off, the first terminal of each capacitor
Clca-Cled, or Csta-Cstd becomes floating. Because the gate
voltage Vg is changed to the gate-off voltage Voff from the
gate-on voltage Von, the first terminal voltage Pa, Pb, Pc, or
Pd drops by a kickback voltage Vkb.

[0065] Subsequently, the voltages of the first and second
storage electrode lines SL.1 and SL.2 change to cause the first
terminal voltages Pa, Pb, Pc, and Pd to be different from each
other.
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[0066] In more detail, the voltage variation of the second
terminals of two storage capacitors Csta and Cstb or Cstc and
Cstd in each pixel PX1 or PX2 are substantially the same. The
first terminal voltages Pa and Pb or Pc and Pd become differ-
ent because the capacitances of the two storage capacitors
Csta and Cstb or Cstc and Cstd are different, however, from
each other.

[0067] The variation APk (k=a, b, ¢, d) of the first terminal
voltage Pk is in proportion to Cstk/(Ct+Cstk),wherein Ct
denotes the total capacitance of the other capacitors con-
nected to the first terminal. For example, if Csta is larger than
Cstb, APa becomes larger than APb because Csta/(Ct+Csta)
>Csth/(Ct+Cstb) as shown in FIG. 4. Likewise, if Cstc is
larger than Cstd, APc becomes larger than APd as shown in
FIG. 4.

[0068] Finally, the voltages Vpal, Vpbl, Vpcl, and Vpdl
of the liquid crystal capacitors Clca, Clcb, Clec, and Cled
become different through the above-described processes.

[0069] Ifa potential difference is generated across the lig-
uid crystal capacitor Clca, Clcb, Clec, or Cled, an electric
field is generated in the liquid crystal layer 3. Then, the major
axes of the liquid crystal molecules of the liquid crystal layer
3 tilt in response to the electric field, and the polarization of
the light incident on the liquid crystal layer 3 varies depend-
ing on the tilt angles of the liquid crystal molecules. The
polarizer(s) (not shown) converts the light polarization into
the light transmittance such that the liquid crystal display
displays an image through the light transmittance.

[0070] The tilt angles of the liquid crystal molecules
depend on the strength of the electric field. Because the volt-
ages of two liquid crystal capacitors Clca and Clcb or Clec
and Cled are different from each other, two subpixels PXaand
PXb or PXc and PXdhave different luminance. Therefore, the
capacitances of two storage capacitors Csta and Cstb or Cstc
and Cstd can be adjusted so that an image seen from a lateral
side is the closest to an image seen from a frontal side, that is,
alateral gamma curve is the closest to a frontal gamma curve.
Then, the lateral visibility can be improved.

[0071] By repeating this procedure by a unit of a horizontal
period, also referred to as “1H” and equal to one period of the
horizontal synchronization signal Hsync and the data enable
signal DE, the data voltages Vd from the data driver 500 are
applied to all pixels PX to display an image of a frame.

[0072] When the next frame starts after one frame finishes,
the inversion control signal applied to the data driver 500
from the signal controller 600 is controlled such that the
polarity of the data voltages for every pixel PX is reversed,
which is referred to as “frame inversion”.

[0073] Referring to FI1G. 4, in the next frame, the polarity of
the data voltage Vd applied to each of the pixels PX1 and PX2
is reversed, and the polarities of the storage electrode signals
Vstl and Vst2 are also reversed. Therefore, the direction of
the voltage variation APa, APb, APc, and APd becomes
reversed and the voltages across the liquid crystal capacitors
Clea, Clcb, Clec, and Cled become Vpa2, Vpb2, Vpc2, and
Vpd2.

[0074] Hereinafter, a liquid crystal display and a driving
method thereof according to an exemplary embodiment of the
present invention will be described in detail with reference to
FIG. 5 and FIG. 6.

[0075] FIG. 5is anequivalent circuit diagram of two pixels
of aliquid crystal display according to an exemplary embodi-
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ment of the present invention, and FIG. 6 is a waveform
diagram of driving voltages for the liquid crystal display
shown in FIG. 5.

[0076] Referring to FIG. 5, a liquid crystal display accord-
ing to this exemplary embodiment includes a plurality of gate
lines GL1, GL.2, and GL3, a plurality of data lines DL, and a
pair of first and second storage electrode lines SL1 and SL2.
The first storage electrode line SL.1 and the second storage
electrode line SL.2 may have different voltages, and the volt-
age of each of the first and second storage electrode lines SL.1
and SL.2 may sustain a constant value.

[0077] As in FIG. 3, each of pixels PX3 and PX4 includes
two subpixels PXa and PXb or PXc and PXd. Each of the
subpixels PXa, PXb, PXc, and PXd respectively includes a
switching element Qal, Qb1, Qc1, or Qdl connected to a gate
line GL1 or GL2 and a data line DL, and a liquid crystal
capacitor Clea, Clcb, Clee, and Cled and a storage capacitor
Csta, Csth, Cstc and Cstd respectively connected to the
switching element Qal, Qbl, Qcl, and Qd1. The capaci-
tances of the storage capacitors Csta and Cstb are different
from each other, and the capacitances of the storage capaci-
tors Cstc and Cstd are also different from each other.

[0078] Unlike what is shown in FIG. 3, each of the pixels
PX3 and PX4 further includes two switching elements Qa2
and Qb2 or Qc2 and Qd2 respectively connected to different
gate lines GL1 and GL2 and different storage electrode lines
SL.1 and SL.2.

[0079] For example, one switching element Qa2 of the
pixel PX3 has a control terminal connected to a gate line GL1,
hereinafter, referred to as a current gate line, connected to the
switching elements Qal and Qbl of the pixel PX3, an input
terminal connected to the first storage electrode line SL1, and
an oufput terminal connected to the storage capacitors Csta
and Cstb. The other switching element Qb2 has a control
terminal connected to a lower gate line GL.2, hereinafter,
referred to as a next gate line, an input terminal connected to
the second storage electrode line SL2, and an output terminal
connected to the storage capacitors Csta and Cstb.

[0080] One switching element Qc2 ofa pixel PX4 disposed
below the pixel PX3 has a control terminal connected to a
current gate line GL2, an input terminal connected to the
second storage electrode line S[.2, and an output terminal
connected to the storage capacitors Cstc and Cstd. The other
switching element Qd2 has a control terminal connected to
the next gate line GL3, an input terminal connected to the first
storage electrode line SI.1, and an output terminal connected
to the storage capacitors Cstc and Cstd.

[0081] In each of the pixels PX3 and PX4 of the liquid
crystal display, one of the two switching elements Qa2 and
Qb2 or Qc2 and Qd2 is turned on to sustain the voltage of the
second terminal of the storage capacitors Csta and Cstb or
Cstc and Cstd, while the liquid crystal capacitors Clca and
Clcb or Clee and Cled and the storage capacitors Csta and
Cstb or Cstc and Cstd are charged.

[0082] When the charging of the liquid crystal capacitors
Clca and Cleb or Clec and Cled and the storage capacitors
Csta and Cstb or Cste and Cstd is finished and the switching
element Qa2 or Qc2 becomes turned off, the other switching
element is turned on to change the first terminal voltages Pa
and Pb or Pc and Pd by the predetermined values APaand APb
or APc and APd, thereby changing the voltages Vpa, Vpb,
Vpe, and Vpd across the liquid crystal capacitors Clca and
Cleb or Clec and Cled. Subsequently, the switching element
Qb2 or Qd2 turns off to make a node AB or CD at the second
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terminal of the storage capacitors Csta and Cstb or Cstc and
Cstd floating, thereby sustaining a voltage.

[0083] InFIG.6, g1, g2, and g3 denote gate signals respec-
tively flowing through the gate lines GL1, GL2, and GL3,
VAB denotes the voltage of the node AB shown in FIG. 5, and
VCD denotes the voltage of the node CD shown in FIG. 5.
[0084] 1In this way, the luminance of two subpixels in one
pixel can be made different, while applying the same voltage
to the storage capacitors of the two subpixels.

[0085] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed exemplary embodiments, but, on
the contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.

What is claimed is:

1. A liquid crystal display comprising:

a first gate line transmitting a first gate signal;

a first data line transmitting a first data voltage; and

a first pixel connected to the first gate line and the first data

line and including a first subpixel and a second subpixel,
wherein

the first subpixel comprises a first switching element con-

nected to the first gate line, a first liquid crystal capacitor
connected to the first switching element, and a first stor-
age capacitor having a first terminal and a second termi-
nal,

the second subpixel comprises a second switching element

connected to the first gate line and the first data line, a
second liquid crystal capacitor connected to the second
switching element, and a second storage capacitor hav-
ing a first terminal and a second terminal and having a
capacitance different from a capacitance of the first stor-
age capacitor,

the first terminal of the first storage capacitor is connected

to the first switching element,

the first terminal of the second storage capacitor is con-

nected to the second switching element, and

the second terminal of the first storage capacitor and the

second terminal of the second storage capacitor are
coupled to each other and have a varying voltage.

2. The liquid crystal display of claim 1, wherein the voltage
of the second terminals of the first and second storage capaci-
tors

is fixed while the first and second switching elements turn

on to charge the first and second liquid crystal capacitors
and the first and second storage capacitors, and

varies after the charging of the first and second storage

capacitors is finished.

3. The liquid crystal display of claim 2, wherein the voltage
of the second terminals of the first and second storage capaci-
tors

rises when the voltage stored in the first and second liquid

crystal capacitors and the first and second storage
capacitors has a positive polarity, and

drops when the voltage stored in the first and second liquid

crystal capacitors and the first and second storage
capacitors has a negative polarity.

4. The liquid crystal display of claim 3, wherein the second
terminal of the first and second storage capacitors is supplied
with an external voltage.

5. The liquid crystal display of claim 4, further comprising
a first storage electrode line that has a periodically varying
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voltage and is connected to the second terminals of the first
and second storage capacitors.

6. The liquid crystal display of claim 5, further comprising:

a second storage electrode line that has a voltage having a

polarity opposite a polarity of the voltage of the first
storage electrode line;

a second data line transmitting a second data voltage; and

a second pixel connected to the first gate line and the

second data line and comprising a third subpixel and a
fourth subpixel,

wherein the third subpixel comprises a third switching

element connected to the first gate line and the second
data line, a third liquid crystal capacitor connected to the
third switching element, and a third storage capacitor
connected between the third switching element and the
second storage electrode line, and

the fourth subpixel comprises a fourth switching element

connected to the first gate line and the second data line,
a fourth liquid crystal capacitor connected to the fourth
switching element, and a fourth storage capacitor con-
nected between the fourth switching element and the
second storage electrode line and having a capacitance
different from a capacitance of the third storage capaci-
tor.

7. The liquid crystal display of claim 3, wherein the second
terminals of the first and second storage capacitors alternate
between a voltage-biased state and a floating state.

8. The liquid crystal display of claim 7, further comprising:

a first storage electrode line having a first voltage;

asecond storage electrode linehaving a second voltage that

is different from the first voltage; and

a second gate line transmitting the second gate signal,

wherein the first pixel further comprises

a third switching element connected to the first gate line,

the first storage electrode line, and the second terminals
of the first and second storage capacitors, and

a fourth switching element connected to the second gate

line, the second storage electrode line, and the second
terminals of the first and second storage capacitors.

9. The liquid crystal display of claim 8, wherein the third
switching element transfers the first voltage while the first and
second liquid crystal capacitors and the first and second stor-
age capacitors are charged, and

the fourth switching element is turned on to transfer the

second voltage after the third switching element is
turned off.

10. The liquid crystal display of claim 9, further compris-
ing:

a third gate line transmitting a third gate signal; and

a second pixel connected to the second and third gate lines

and the first data line and comprising a third subpixel, a
fourth subpixel, a fifth switching element, and a sixth
switching element,

wherein the fifth switching element is connected to the

second gate line and the second storage electrode line,
the sixth switching element is connected to the third gate
line and the first storage electrode line,

the third subpixel comprises a seventh switching element

connected to the second gate line and the first data line,
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a third liquid crystal capacitor connected to the seventh
switching element, and a third storage capacitor con-
nected between the fifth switching element and the sev-
enth switching element, and

the fourth subpixel comprises an eighth switching element

connected to the second gate line and the first data line,
a fourth liquid crystal capacitor connected to the eighth
switching element, and a fourth storage capacitor con-
nected between the sixth switching element and the
eighth switching element and having a capacitance dif-
ferent from a capacitance of the third storage capacitor.

11. The liquid crystal device of claim 10, wherein the fifth
switching element transfers the second voltage while the third
and fourth liquid crystal capacitors and the third and fourth
storage capacitors are charged, and

the sixth switching element turns on to transfer the first

voltage after the fifth switching element is turned off.

12. The liquid crystal device of claim 11, wherein voltages
of the first, second, and third gate lines vary sequentially.

13. A driving method of a liquid crystal device, compris-
ing:

charging first and second liquid crystal capacitors and first

and second storage capacitors with substantially the
same voltage;

floating first terminals of the first liquid crystal capacitor

and the first storage capacitor that are connected to each
other, and first terminals of the second liquid crystal
capacitor and the second storage capacitor that are con-
nected to each other; and

changing voltages of the second terminals of the first and

second storage capacitors by substantially the same level
to cause voltages of the first terminal of the first liquid
crystal capacitor and the first terminal of the second
liquid crystal capacitor to be differentiated.

14. The driving method of claim 13, wherein a capacitance
of the first storage capacitor is different from a capacitance of
the second storage capacitor.

15. The driving method of claim 14, wherein during the
charging, the voltages of the second terminals of the first and
second storage capacitors are maintained at fixed values.

16. The driving method of claim 15, wherein the changing
voltages comprises:

raising the voltages of the second terminals of the first and

second storage capacitors when the first and second
liquid crystal capacitors and the first and second storage
capacitors are charged with a positive voltage, and
lowering the voltages of the second terminals of the first
and second storage capacitors when the first and second
liquid crystal capacitors and the first and second storage
capacitors are charged with a negative voltage.

17. The driving method of claim 16, further comprising:

applying an external voltage to the second terminals of the

first and second storage capacitors constantly.

18. The driving method of claim 16, further comprising:

floating the second terminals of the first and second storage

capacitors after changing the voltages.

L T



patsnap

TRAFROE) RBEREBRER FZE
NIF(2E)E US20090190052A1 K (2E)R 2009-07-30
RS US12/243560 iR 2008-10-01

[FRIEB(EF)A(IRE) JUNG KWANG CHUL
JUNG MEE HYE

RIB(ERR)AGE) JUNG KWANGE
JUNG MEEE

HHIEHE (TR AGE) JUNG KWANGE
JUNG MEEE

[FRIRBAA JUNG KWANG CHUL
JUNG MEE HYE

LN JUNG, KWANG-CHUL
JUNG, MEE-HYE

IPCH K& GO02F1/133
CPCH %= G09G3/3614 G09G3/3648 G09G2300/0443 G09G2320/028 G09G2300/0809 G09G2300/0876
G09G2300/0447

£ 5 1020080008998 2008-01-29 KR
H A I3 FF TR US8570265
ShEBEEEE Espacenet  USPTO
BEGE) .
—HRBLTE , AEARE—WDRESHE—WRE  ARE-BRE L "
REHE-HEL  ARERHE—WREAR-HEEtAEE-—F T Cen T -
BENE=-FRENE—BE. T FRETEEIE—MRENE cﬁgwm i wf
—FRTY  EEFE-FATHNE—RILEE , UREFE—H  wk— . ;
FHE-HTHE—FHETR. F-FREDHERNE—BREN Bg - EE
E-WEENBE-FATM  EENE-FAAAMHNE-RELEE I BEE - B
UREEE-mFNE R FAEEEFRABRANE - FEBRERE " e | | 12 | Ss
E-FHARBNER, E-THRETNE—REEE-FXAM , B ME$EE 2 EE&ZMM°
SERBANE SRS AAT - EHEANE S REEE = B - HE
BN E R EIL RS HEAT N EE, g - EE

) ‘

i Vlm gi)o m


https://share-analytics.zhihuiya.com/view/0f4251a1-874f-463f-8f8c-545ea16372b8
https://worldwide.espacenet.com/patent/search/family/040898849/publication/US2009190052A1?q=US2009190052A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090190052%22.PGNR.&OS=DN/20090190052&RS=DN/20090190052

