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(57) ABSTRACT

A liquid crystal display (LCD) is provided that can improve
lateral visibility while preventing a decrease in luminance.
The LCD includes first and second gate lines which are
arranged in parallel with each other and sequentially transmit
a gate voltage; a data line which intersects the first and second
gate lines and transmits a data voltage; a pixel electrode
which is disposed in a pixel and includes first and second
sub-pixel electrodes that are connected to each other through
afirst charge-sharing capacitor; a first switching device which
is connected to the first gate line, the data line and the first
sub-pixel electrode; a second switching device which is con-

(22) Filed: Sep. 17,2008 nected to the first sub-pixel electrode through a second
charge-sharing capacitor; and a third switching device which
(30) Foreign Application Priority Data is connected to the second gate line and the second sub-pixel
electrode and is also connected to the first sub-pixel electrode
Jan. 31,2008 (KR) .ovvoevvrrnrirns 10-2008-0010184  through the second charge-sharing capacitor.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from Korean Patent
Application No. 10-2008-0010184 filed on Jan. 31, 2008 in
the Korean Intellectual Property Office, the disclosure of
which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device,
and, more particularly, to a liquid crystal display (LCD).
[0004] 2. Description of the Related Art

[0005] Liquid crystal displays (LCD), which are one of the
most widely used flat panel display devices, include two
display panels with field-generating electrodes such as pixel
and common electrodes mounted thereon, and a liquid crystal
layer interposed between the two display panels. An LCD
generates an electric field in a liquid crystal layer by applying
voltages to field-generating electrodes, and thus determines
the alignment of liquid crystal molecules of the liquid crystal
layer and controls the polarization of incident light, thereby
displaying an image.

[0006] The use of a vertically aligned (VA) mode LCD has
become widespread because a VA mode LCD gives a high
contrast ratio and a wide reference viewing angle. In a VA
mode L.CD, liquid crystal molecules are aligned perpendicu-
larly to upper and lower display panels until an electric field
is applied. The reference viewing angle refers to a viewing
angle with a contrast ratio of 1:10, or an inter-gray luminance
inversion limit angle.

[0007] Inordertorealize a wide viewing angle, cut portions
or protrusions may be formed at field-generating electrodes
of a VA mode LCD. Since the direction of the inclination of
liquid crystal molecules is determined by such cut portions or
protrusions, the direction of the inclination of the liquid crys-
tal molecules can be appropriately altered, thereby widening
the reference viewing angle.

[0008] However, the lateral side of a VA mode LCD has
poor visibility compared to its front side. For example, in the
case of a patterned vertically aligned (PVA) mode LCD hav-
ing cut portions, the luminance becomes higher toward either
lateral side of a PVA mode LCD. In some cases, the lumi-
nance difference between high grayscale levels disappears
and an image displayed by a PVA mode LCD is distorted.

SUMMARY OF THE INVENTION

[0009] Aspects of the present invention provide a liquid
crystal display (LCD) which can improve lateral visibility
while preventing a decrease in luminance.

[0010] However, the objectives of the present invention are
not restricted to the one set forth herein. The above and other
objectives of the present invention will become apparent to
one of daily skill in the art to which the present invention
pertains by referencing the detailed description of the present
invention given below.

[0011] According to an aspect of the present invention,
there is provided an LCD including first and second gate lines
which are arranged in parallel with each other and sequen-
tially transmit a gate voltage; a data line which intersects the
first and second gate lines and transmits a data voltage; a pixel
electrode which is disposed in a pixel and includes first and
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second sub-pixel electrodes that are connected to each other
through a first charge-sharing capacitor; a first switching
device which is connected to the first gate line, the data line
and the first sub-pixel electrode; a second switching device
which is connected to the first sub-pixel electrode through a
second charge-sharing capacitor; and a third switching device
which is connected to the second gate line and the second
sub-pixel electrode and is also connected to the first sub-pixel
electrode through the second charge-sharing capacitor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0012] The above and other aspects and features of the
present invention will become apparent by describing in
detail exemplary embodiments thereof with reference to the
attached drawings, in which:

[0013] FIG. 1illustrates a block diagram of a liquid crystal
display (LCD) according to an embodiment of the present
invention;

[0014] FIG. 2illustrates a circuit diagram of the pixel of the
LCD illustrated in FIG. 1;

[0015] FIG. 3 illustrates a graph showing the variation of a
pixel voltage of the LCD illustrated in FIG. 1 with respect to
data voltage; and

[0016] FIG. 4 illustrates a circuit diagram of a pixel of an
LCD according to another embodiment of the present inven-
tion.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

[0017] The present invention will now be described more
fully with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. The
invention may, however, be embodied in many different
forms and should not be construed as being limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the concept of the invention to
those skilled in the art.

[0018] It will be understood that when an element is
referred to as being “connected” or “coupled” to another
element, it can be directly connected or coupled to the other
element or intervening elements may be present. In contrast,
when an element is referred to as being “directly connected”
or “directly coupled” to another element, there are no inter-
vening elements present. Like numbers refer to like elements
throughout. As used herein the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

[0019] It should be understood that, although the terms
first, second, etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-
nent, region, layer or section without departing from the
teachings of the present invention.

[0020] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular

forms “a,” “an” and “the” are intended to include the plural
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forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0021] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0022] Furthermore, relative terms such as “below,”
“beneath,” or “lower,” “above,” and “upper” may be used
herein to describe one element’s relationship to another ele-
ment as illustrated in the accompanying drawings. It will be
understood that relative terms are intended to encompass
different orientations of the device in addition to the orienta-
tion depicted in the accompanying drawings. For example, if
the device in the accompanying drawings is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on “upper” sides of the other
elements. Similarly, if the device in one of the figures is turned
over, elements described as “below” or “beneath” other ele-
ments would then be oriented “above” the other elements.
Therefore, the exemplary terms “below” and “beneath” can,
therefore, encompass both an orientation of above and below.
[0023] A liquid crystal display (LCD) according to an
embodiment of the present invention will hereinafter be
described in detail with reference to FIGS. 1 and 2. FIG. 1
illustrates a block diagram of an LCD according to an
embodiment of the present invention, and FIG. 2 illustrates a
circuit diagram of a pixel of the LCD illustrated in FIG. 1.
[0024] Referring to FIG. 1, the LCD includes a liquid crys-
tal panel assembly 300; a gate driver 400 and a data driver 500
which are both connected to the liquid crystal panel assembly
300; a gray voltage generator 800 which is connected to the
data driver 500; and a signal controller 600 which controls the
liquid crystal panel assembly 300, the gate driver 400, the
data driver 500, and the gray voltage generator 800.

[0025] The liquid crystal panel assembly 300 includes a
plurality of display signal lines and a plurality of pixels PX
which are connected to the display signal lines and are
arranged in a matrix. The liquid crystal panel assembly 300
may include a lower display panel (not shown) and an upper
display panel (not shown) which face each other; and a liquid
crystal layer (not shown) which is interposed between the
lower display panel and the upper display panel.

[0026] The display signal lines may be disposed on the
lower display panel. The display signal lines may include a
plurality of gate lines G, through G, which transmit a gate
signal and a plurality of data lines D, through D, which
transmit a data signal. The gate lines G, through G,, extend in
arow direction and are almost parallel with one another, and
the data lines D, through D, extend in a column direction and
are almost parallel with one another.

[0027] Each of the pixels PX includes a switching device
which is connected to a corresponding gate line and a corre-
sponding data line, and a liquid crystal capacitor which is
connected to the switching device. Each of the pixels PX may
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also include a storage capacitor, if necessary, which is con-
nected in parallel to the liquid crystal capacitor.

[0028] Each of the switching devices of the pixels PX is a
tri-terminal device and thus has a control terminal which is
connected to a corresponding gate line, an input terminal
which is connected to a corresponding data line and an output
terminal which is connected to a corresponding liquid crystal
capacitor.

[0029] The gate driver 400 is connected to the gate lines G,
through G,,, applies a gate signal, which is the combination of
ahigh-level gate signal (hereinafter referred to as the gate-on
voltage Von) and a low-level gate signal (hereinafter referred
to as the gate-off voltage Voff) that are both applied to the gate
driver 400 by an external source, to the gate lines (3, through
G,,. Referring to F1G. 1, the gate driver 400 is disposed on one
side of the liquid crystal panel assembly 300, and the gate
lines G, through G,, are all connected to the gate driver 400.
However, the present invention is not restricted to this. That
is, two gate drivers may be provided and disposed on both
sides of the liquid crystal panel assembly 300, and the gate
lines G, through G, are all connected to each of the two gate
drivers. For example, in the case of a large-size LCD, it is
difficult to properly transmit the gate-on voltage Von or the
gate-off voltage Voff from one end to the other end of the gate
lines G, through G, by using only one gate driver. In order to
address this, two gate drivers may be provided. One of the
gate drivers may be connected to one end of the gate lines G,
through G, and the other gate driver may be connected to the
other end of the gate lines G, through G,,. The gate driver 400
may be embedded in the liquid crystal panel assembly 300 as
an integrated circuit having at least one thin-film transistor
(TFT).

[0030] The gray voltage generator 800 generates a gray
voltage, which is closely related to the transmittance of the
pixels PX. The gray voltage is provided to each of the pixels
PX and may have either a positive value or a negative value
according to a common voltage Vcom.

[0031] Thedata driver 500 is connected to the data lines D,
through D,, of the liquid crystal panel assembly 300 and
applies the gray voltage generated by the gray voltage gen-
erator 800 to the pixels PX as a data voltage. If the gray
voltage generator 800 does not provide all gray voltages but
provides only a reference gray voltage, the data driver 500
may generate various gray voltages by dividing the reference
gray voltage, and select one of the various gray voltages as a
data voltage.

[0032] The gate driver 400 or the data driver 500 may be
integrated on the liquid crystal panel assembly 300 along with
the display signal lines (G, through G, and D, through D,,)
and TFTs. Alternatively, the gate driver 400 or the data driver
500 may be mounted on a flexible printed circuit film (not
shown) and then attached to the liquid crystal panel assembly
300 as a TCP.

[0033] The signal controller 600 controls the operations of
the gate driver 400 and the data driver 500.

[0034] The signal controller 600 receives an input image
signal (R, G and B) and a plurality of input control signals for
controlling the display of the input image signal, for example,
a vertical synchronization signal V. ., a horizontal synchro-
nization signal H_, , a main clock signal MCLK, and a data
enable signal DE, from an external graphics controller (not
shown). The signal controller 600 appropriately processes the
input image signal (R, G and B) according to the input control
signals, thereby generating image data DAT, which complies
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with the operating conditions of the liquid crystal panel
assembly 300. Then, the signal controller 600 generates a gate
control signal CONT1 and a data control signal CONT2,
transmits the gate control signal CONT1 to the gate driver
400, and transmits the data control signal CONT2 and the
image data DAT to the data driver 500.

[0035] The gate control signal CONT1 may include a scan
start signal STV which initiates the operation of the gate
driver 400, 1.e., a scan operation, and at least one clock signal
which controls when to output the gate-on voltage Von. The
gate control signal CONT1 may also include an output enable
signal OF which limits the duration of the gate-on voltage
Von. The clock signal may be used as a selection signal SE.

[0036] The data control signal CONT2 may include a hori-
zontal synchronization start signal STH which indicates the
transmission of the image data DAT, a load signal LOAD
which requests the application of a data voltage correspond-
ing to the image data DAT to the data lines D, throughD,,, and
a data clock signal HCLK. The data control signal CONT2
may also include a reverse signal RVS for reversing the polar-
ity of the data voltage with respect to the common voltage
Vecom, which is referred to as the “polarity of the data volt-
age” hereinafter.

[0037] The data driver 500 receives the image data DAT
from the signal controller 600 in response to the data control
signal CONT2, converts the image data into a data voltage by
selecting a gray voltage corresponding to the image data DAT
from a plurality of gray voltages provided by the gray voltage
generator 800. Then, the data driver 500 applies the data
voltage to the data lines D, through D,

[0038] The gate driver 400 turns on the switching devices
connected to the gate lines G, through G,, by applying the
gate-on voltage Von to the gate lines G, through G, in
response to the gate control signal CONTI. Then, the data
voltage applied to the data lines D, through D,, is transmitted
to each of the pixels PX through the switching devices that are
turned on.

[0039] The difference between the data voltage applied to
each of the pixels PX and the common voltage Vcom may be
interpreted as a voltage that the liquid crystal capacitor of
each of the pixels PX is charged with, i.e., a pixel voltage. The
alignment of liquid crystal molecules in a liquid crystal layer
varies according to the magnitude of a pixel voltage, and,
thus, the polarization of light transmitted through the liquid
crystal layer may also vary, thereby resulting in a variation in
the transmittance of the liquid crystal layer.

[0040] Inthe embodiment of FIGS. 1 and 2, the same data
voltage is provided to a pair of sub-pixels of a pixel PX.
Thereafter, when the gate-on voltage Von is applied to a gate
line adjacent to the pixel PX, the voltage of one of the sub-
pixels is dropped by performing a charge-sharing operation.
As a result, the sub-pixels of the pixel PX are charged with
different voltages, and a gamma curve of the pixel PX
becomes identical to a gamma curve obtained by synthesizing
the gamma curves of the sub-pixels of the pixel PX. The
charge-sharing operation may be performed so that a synthe-
sized gamma curve for the front of an LCD and a synthesized
gamma curve for either side of an LCD can both become
similar to a reference gamma curve for the front of an LCD. In
this manner, it is possible to improve the lateral visibility of an
LCD.
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[0041] Referring to FIG. 2, the LCD may include a plurality
of gate lines GL, and GL,,, which transmit a gate voltage and
a data line DL, which intersects the gate lines GI, and GL,
and transmits a data voltage.

[0042] Referring to FIG. 2, apixel, which belongs to ani-th
row, includes a first sub-pixel SP1 and a second sub-pixel
SP2. The first sub-pixel SP1 includes a first switching device
T1, a first liquid crystal capacitor C,_,, and a first storage
capacitor C_,,. The second sub-pixel SP2 includes the first
switching device T1, a second liquid crystal capacitor C,_,,
and a second storage capacitor C_,,. The first sub-pixel SP1
and the second sub-pixel SP2 are both driven by the first
switching device T1.

[0043] The first switching device T1 is disposed at the
intersection between the i-th gate line GL, and the j-th data
line DL,. A second switching device T2 is connected to the
i-th gate line GL,. A third switching device T3 is connected to
the (i+1)-th gate line GL,, , . Each of the first, second and third
switching devices T1, T2 and T3 may include a TFT.

[0044] The first switching device T1 includes a control
terminal which is connected to the j-th data line DL, and an
output terminal which is connected to the first liquid crystal
capacitor C,_, and the first storage capacitor C,;. The output
terminal of the first switching device T1 is connected to the
second storage capacitor C,,,, and is also connected to the
second liquid crystal capacitor C,, through a first charge-
sharing capacitor C,. The second switching device T2
includes a control terminal which is connected to the i-th gate
line GL;, an output terminal which is connected to the output
terminal of the first switching device T1 through a second
charge-sharing capacitor C,, and an input terminal which is
connected to a storage line SL. Specifically, the input terminal
of the second switching device T2 may be directly connected
to the storage line SL. The third switching device T3 includes
a control terminal which is connected to the (1+1)-th gate line
GL,,,, an input terminal which is connected between the first
charge-sharing capacitor C, and the second liquid crystal
capacitor C,,, and an output terminal which is connected to
the output terminal of the second switching device T2. There-
fore, the output terminal of the third switching device may be
connected to the output terminal of the first switching device
T1 through the second charge-sharing capacitor C,.

[0045] The pixel belonging to the i-th row may also include
a pixel electrode which has a first sub-pixel electrode (not
shown) and a second sub-pixel electrode (not shown). The
first sub-pixel electrode is connected to the output terminal of
the first switching device T1, and the second sub-pixel elec-
trode is connected to the output terminal of the first switching
device T1 through the first charge-sharing capacitor C_. A
common electrode (not shown) may be formed on an upper
display panel (not shown) that faces the display panel.
[0046] The first liquid crystal capacitor C,.; may include
the first sub-pixel electrode, which is connected to the first
switching device T1, the common electrode, and a liquid
crystal material, which is interposed between the first sub-
pixel electrode and the common electrode. The first storage
capacitor C,,, may include the first sub-pixel, the storage line
SL, which is formed on the lower display panel, and a dielec-
tric material, which is interposed between the first sub-pixel
electrode and the storage line SL.

[0047] The second liquid crystal capacitor C,, includes the
second sub-pixel electrode, which is connected to the first
switching device through the first charge-sharing capacitor
C . the common electrode and a liquid crystal material, which
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is interposed between the second sub-pixel electrode and the
common electrode. The second storage capacitor C,,
includes the output terminal of the first switching device T1,
the storage line SL, and a dielectric material, which is inter-
posed between the output terminal of the first switching
device T1 and the storage line SL.

[0048] The first charge-sharing capacitor C, includes the
output terminal of the first switching device T1, the second
sub-pixel electrode, and a dielectric material, which is inter-
posed between the output terminal of the first switching
device T1 and the second sub-pixel electrode. The second
charge-sharing capacitor C, includes the output terminal of
the first switching device T1, the output terminal of the sec-
ond switching device T2 and a dielectric material, which is
interposed between the output terminal of the first switching
device T1 and the output terminal of the second switching
device T2. When a pixel voltage is applied from the j-th data
line DL, through the fitst switching device T1, the first charge-
sharing capacitor C,, reduces the difference between a pixel
voltage that the first liquid crystal capacitor C,, is charged
with and a pixel voltage that the second liquid crystal capaci-
tor C,_, is charged with. The first charge-sharing capacitor C,,
the second charge-sharing capacitor C,, and the second
switching device T2 reduce the pixel voltage that the first
liquid crystal capacitor C,_, is charged with and increase the
pixel voltage that the second liquid crystal capacitor C,_, is
charged with.

[0049] Thefirst and second storage capacitors C,; and C_,,
maintain the pixel voltages that the first and second liquid
crystal capacitors C,,; and C,, are respectively charged with.
A fixed voltage, e.g., the common voltage Vcom, may be
applied to the storage line SL.

[0050] When the gate-on voltage Von is applied to the i-th
gateline GL,, the data voltage is applied to the first and second
sub-pixel electrodes of the pixel belonging to the i-th row. The
first sub-pixel electrode, which is directly connected to the
first switching device T1, is charged with a higher voltage
than the second sub-pixel electrode, which is connected to the
first switching device T1 through the first charge-sharing
capacitor C,. That is, the first liquid crystal capacitor C, , is
charged with a higher voltage than the second liquid crystal
capacitor C,_,. The voltages that the first and second liquid
crystal capacitors C,., and C,_, are respectively charged with
are referred to as pixel voltages.

[0051] The first charge-sharing capacitor C, is charged
with a voltage lower than the data voltage.

[0052] When the gate-on voltage Von is applied to the i-th
gate line GL,, the second switching device T2 is turned on,
and the common voltage Vcom is applied to the output ter-
minal of the second switching device T2. Therefore, the sec-
ond charge-sharing capacitor C, is charged with a voltage
corresponding to the difference between the data voltage Vd
and the common voltage Vcom. For convenience, assume that
the common voltage Vcom is 0 V.

[0053] Thereafter, when the gate-off voltage Voff'is applied
to the i-th gate line GL,, the first and second sub-pixels SP1
and SP2 are electrically isolated from the j-th data line DL,.
That is, the first and second sub-pixel electrodes, which are
charged with different voltages, maintain to be electrically
floated from the j-th data line DL, in response to the gate-off
voltage Voff.

[0054] When the gate-on voltage Von is applied to the
(i+1)-th gate line GL,, ,, the data voltage is applied to each of

i+13
first and second sub-pixel electrodes of a pixel belonging to
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an (i+1)-th row through a first switching device (not shown)
connected to the (i+1)-th gate line GL,, | , and the third switch-
ing device T3 is turned on. Then, the output terminal of the
second switching device T2 and the second sub-pixel elec-
trode of the pixel belonging to the i-th row are electrically
connected, and the first charge-sharing capacitor C,, and the
second charge-sharing capacitor C, are connected in parallel.
The first charge-sharing capacitor C, is already charged with
a voltage higher than the data voltage Vd and the second
charge-sharing capacitor C, is already charged with a voltage
lower than the data voltage Vd due to the application of the
gate-on voltage Von to the i-th gate line GL,. Accordingly, the
difference between voltages respectively applied to both
sides of the first charge-sharing capacitor C, increases due to
the influence of the second charge-sharing capacitor C,, and
thus, the difference between the data voltages respectively
stored in the first and second sub-pixel electrodes of the pixel
belonging to the i-th row also increases. That is, the data
voltage of the first sub-pixel electrode increases, whereas the
data voltage of the second sub-pixel electrode decreases.

[0055] The pixel voltages of the first and second sub-pixel
electrodes of the pixel belonging to the i-th row will herein-
after be described in further detail. Referring to F1G. 2, a first
node N1 is disposed between the output terminal of the first
switching device T1 and the first liquid crystal capacitor C,,,
asecond node N2 is disposed between the first charge-sharing
capacitor C, and the second liquid crystal capacitor C,,, and
athird node N3 is disposed between the output terminal of the
second switching device T2 and the second charge-sharing
capacitor C,. The second node N2 may also be interpreted as
being disposed between the first charge-sharing capacitor C,
and the output terminal of the third switching device T3.
Likewise, the third node N2 may also be interpreted as being
disposed between the output terminal ofthe second switching
device T2 and the output terminal of the third switching
device T3.

[0056] For convenience, it is assumed that the common
voltage Vcom, which is applied to the storage line SL, is 0V,
that the data voltage Vd is a relative voltage to the common
voltage Vcom, and that the first and second storage capacitors
C,;; and C_, are not provided.

[0057] When the gate-on voltage is applied to the i-th gate
line GL,, the first switching device T1 is turned on, and the
data voltage Vd is applied to the first node N1. Also, the
second switching device T2 is turned on, and the common
voltage Vcom is applied to the third node N3. Therefore, the
voltage at the first node N1 becomes the same as the data
voltage Vd, and the voltage at the third node N3 becomes 0 V.
According to the voltage divider rule, the voltage at the sec-
ond node N2 satisfies the following equation:

Cm
Cl+Cm

[0058] Then, the first liquid crystal capacitor C,,,, the sec-
ond liquid crystal capacitor C,_,, the first charge-sharing
capacitor C, and the second charge-sharing capacitor C, have
charge quantities Qh, Ql, Qm and Qn, respectively. The
charge quantities Qh, Ql, Qm and Qn may be defined by
Equation (1):
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Oh=ChxVd M

On=CnxVd

where Ch indicates the capacitance of the first liquid crystal
capacitor C,;, Cl indicates the capacitance of the second
liquid crystal capacitor C,_,. Cm indicates the capacitance of
the first charge-sharing capacitor C, and Cn indicates the
capacitance of the second charge-sharing capacitor C,.
[0059] Thereafter, the gate-off voltage Voffis applied to the
i-th gate line GL,, and the gate-on voltage is applied to the
(i+1)-th gate line GL,, ;. Then, the first and second switching
devices T1 and T2 are turned off, the third switching device
T3 is turned on, and the first liquid crystal capacitor C,,,, the
second liquid crystal capacitor C,_,, the first charge-sharing
capacitor C,, and the second charge-sharing capacitor C, have
charge quantities Qh', QI', Qm', and Qn'. The charge quanti-
ties Qh', QI', Qm' and Qn' may be defined by Equation (2):

Oh'=Chx¥1

QI'=Cix¥2

om'=Cm(¥1-¥2)

On'=Cnx(V1-12) (2.
[0060] Since the total charge quantity of the capacitors

connected to the first node N1 is maintained, the charge
quantities Qh, Qm, Qu, Qh', Qm', and Qn' satisfy Equation
©F

Oh+Om+On=0h'+Om"+0n’ 3).
[0061] In addition, since the total charge quantity of the
capacitors connected to the first node N1 is also maintained,
the charge quantities Qh, Qm, Qn, Qh', Qm', and Qn satisfy
Equation (4):

O1-Om-0n=0I'-0m*-0n’ @.
[0062] The voltage V1 of the first node N1 and the voltage

V2 of the second node N2 can be calculated using Equations
(1) through (4), as indicated by Equation (5):

Cl-Cm-Cn &)
V1 :Vd[l + ]

P(CI+Cm)

Vo = vd Cm {1 Ch-Cn
ECweml T TP

where P=Cl-Ch+(CI+Cl)(Cm+Cn). Here, V1>Vd and V2<Vd
Since Ch-Cn<P, V2<Vd, and Cm<(Cl+Cm).

[0063] If the data voltage Vd is a positive voltage greater
than the common voltage Vcom, the pixel voltage (V1) of the
first sub-pixel SP1 becomes greater than the data voltage Vd,
and the pixel voltage (V2) of the second sub-pixel SP2
becomes lower than the data voltage Vd. In contrast, if the
data voltage Vd is a negative voltage lower than the common
voltage Vcom, the pixel voltage (V1) of the first sub-pixel
SP1 becomes lower than the data voltage Vd, and the pixel
voltage (V2) of the second sub-pixel SP2 becomes higher
than the data voltage Vd. Therefore, the absolute value of the
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pixel voltage (V1) of the first sub-pixel SP1 is always greater
than the absolute value ofthe pixel voltage (V2) of the second
sub-pixel SP2.

[0064] When the first and second sub-pixels have different
pixel voltages, the lateral visibility of an LCD can be
improved. That is, a pair of gray voltage sets that originate
from the same image data and have different gamma curves
are stored in the first and second sub-pixels SP1 and SP2, and
a gamma curve of the pixel having the first and second sub-
pixels SP1 and SP2 may become the same as a gamma curve
obtained by synthesizing the gamma curves stored in the first
and second sub-pixels SP1 and SP2. A pair of gray voltage
sets may be determined so that a synthesized gamma curve for
the frontof an LCD and a synthesized gamma curve for either
side ofan LCD can both become similar to a reference gamma
curve for the front of an LCD. In this manner, it is possible to
improve the lateral visibility of an LCD.

[0065] Inaddition, since the data voltage Vd is provided to
the first and second sub-pixels SP1 and SP2 with the use of
only one switching device, e.g., the first switching device T1,
itis possible to simplify the structure of a liquid crystal panel
assembly and increase the aperture ratio of an LCD, com-
pared to the case when the data voltage Vd is provided to the
first and second sub-pixels SP1 and SP2 with the use of more
than one switching device.

[0066] FIG. 3 illustrates a graph of variations in the pixel
voltages of first and second sub-pixel electrodes with respect
to a data voltage applied to the first and second sub-pixels
through a data line. The graph of FIG. 3 is based on the
assumption that the capacitance Ch of the first liquid crystal
capacitor C,_,, the capacitance Cl of the second liquid crystal
capacitor C,,, the capacitance Cm of the first charge-sharing
capacitor C, and the capacitance Cn of the second charge-
sharing capacitor C,, satisfy the equation:

Ch:Cl:Cm:Cn=5:4:10:50.

[0067] Referring to FIG. 3, when a data voltage of 5V is
applied, the pixel voltage of the first sub-pixel electrode
increases by 2 V and thus becomes 7 V, whereas the pixel
voltage of the second sub-pixel electrode decreases by 2V and
thus becomes 3 V. Therefore, it is possible to secure a suffi-
cient difference between the pixel electrodes of the first and
second sub-pixel electrodes.

[0068] The pixel voltages of the first and second sub-pixel
electrodes may be adjusted by setting the capacitance Ch of
the first liquid crystal capacitor C,.; to be the same as or
similar to the capacitance Cl of the second liquid crystal
capacitor C,, and appropriately adjusting the capacitance
Cm of the first charge-sharing capacitor C, and the capaci-
tance Cn of the second charge-sharing capacitor C,. For
example, when the ratio of the capacitance Cm of the first
charge-sharing capacitor C, and the capacitance Cn of the
second charge-sharing capacitor C, ranges from 1:2to 1:5, it
is possible to secure a sufficient difference between the pixel
voltages of the first and second sub-pixel electrodes and thus
to improve the lateral visibility of an LCD.

[0069] Inaddition, when the ratio of the sum of the capaci-
tance Cm of the first charge-sharing capacitor C, and the
capacitance Cl of the second liquid crystal capacitor C,_, and
the capacitance Cn of the second charge-sharing capacitor C,,
i.e., (Cm+Cl):Cn, ranges from 1:1 to 1:4, it is possible to
secure a sufficient difference between the pixel voltages of the
first and second sub-pixel electrodes and thus to improve the
lateral visibility of an LCD.
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[0070] An LCD according to another embodiment of the
present invention will hereinafter be described in detail with
reference to FIG. 4. FIG. 4 illustrates a circuit diagram of a
pixel of an LCD according to another embodiment of the
present invention. In FIGS. 1, 2 and 4, like reference numeral
indicate like elements, and thus, detailed descriptions thereof
will be skipped. The LCD of the embodiment of FIG. 4 will
hereinafter be described, mainly focusing on the differences
with the LCD of the embodiment of FIGS. 1 and 2.
[0071] Referring to FIG. 4, a second switching device T2
includes a control terminal which is connected to ani-th gate
line GL,, an output terminal which is connected to an output
terminal of a first switching device T1, and an input terminal
which is connected to astorage line SL. Specifically, the input
terminal of the second switching device T2 is connected to the
storage line SL through an auxiliary capacitor C3. Since the
input terminal of the second switching device T2 and the
storage line SL are located on different levels, it may be
difficult to directly connect the input terminal of the second
switching device T2 to the storage line SL. In this case, the
input terminal of the second switching device T2 may be
connected to the storage line SL through an auxiliary capaci-
tor C3, thereby facilitating the manufacture of the LCD.
[0072] IntheembodimentofFIG.4,like inthe embodiment
of FIGS. 1 and 2, when a pixel voltage V1 of a first sub-pixel
SP1 is different from a pixel voltage V2 of a second sub-pixel
SP2 due to the operations of first and second charge-sharing
capacitors C, and C,, it is possible to improve the lateral
visibility of the LCD.
[0073] As described above, according to the present inven-
tion, a pixel electrode is divided into a pair of sub-pixel
electrodes, and charge sharing is performed so that the sub-
pixel electrodes can have different pixel voltages. Therefore,
it is possible to improve the lateral visibility of an LCD. In
addition, according to the present invention, a switching
device is connected to one end of a charge-sharing capacitor,
which performs charge sharing, so that the difference
between the pixel voltages of the sub-pixel electrodes can
increase. Therefore, it is possible to further improve the lat-
eral visibility of an LCD. Moreover, according to the present
invention, a data voltage is applied to the sub-pixel electrodes
with the use of only one switching device. Therefore, it is
possible to reduce the number of switching devices necessary
for controlling the sub-pixel electrodes and to increase the
aperture ratio of the LCD.
[0074] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes may be made in the form and
details without departing from the spirit and scope of the
present invention as defined by the following claims.
What is claimed is:
1. A liquid crystal display (LCD), comprising:
first and second gate lines which are arranged in parallel
with each other and sequentially transmit a gate voltage;
a data line which intersects the first and second gate lines
and transmits a data voltage;
apixel electrode which is disposed in a pixel and comprises
first and second sub-pixel electrodes that are connected
to each other through a first charge-sharing capacitor;
a first switching device which is connected to the first gate
line, the data line and the first sub-pixel electrode;
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a second switching device which is connected to the first
sub-pixel electrode through a second charge-sharing
capacitor; and

a third switching device which is connected to the second
gate line and the second sub-pixel electrode and is also
connected to the first sub-pixel electrode through the
second charge-sharing capacitor.

2. The LCD of claim 1, further comprising a storage line
which extends in parallel with the first gate line and transmits
a common voltage, wherein the second switching device
comprises a control terminal which is connected to the first
gate line, an output terminal which is connected to the second
charge-sharing capacitor, and an input terminal which is con-
nected to the storage line.

3. The LCD of claim 2, wherein the input terminal of the
second switching device is directly connected to the storage
line.

4. The LCD of claim 3, wherein the second charge-sharing
capacitor is charged with a voltage corresponding to the dif-
ference between the data voltage and the common voltage, if
a gate-on voltage is applied to the first gate line.

5. The LCD of claim 2, wherein the input terminal of the
second switching device is connected to the storage line
through an auxiliary capacitor.

6. The LCD of claim 1, wherein the ratio of the capacitance
of the first charge-sharing capacitor and the capacitance of the
second charge-sharing capacitor ranges from about 1:2 to
about 1:5.

7. The LCD of claim 1, further comprising a common
electrode which faces the pixel electrode, wherein the ratio of
the sum of the capacitance Cm of the first charge-sharing
capacitor and the capacitance Cl of a liquid crystal capacitor
and the capacitance Cn of the second charge-sharing capaci-
tor [(Cm+Cl):Cn] ranges from about 1:1 to about 1:4.

8. A method of display, comprising:

providing first and second gate lines which are arranged in
parallel with each other and sequentially transmit a gate
voltage;

providing a data line which intersects the first and second
gate lines and transmits a data voltage;

providing a pixel electrode which is disposed in a pixel and
comprises first and second sub-pixel electrodes that are
connected to each other through a first charge-sharing
capacitor;

providing a first switching device which is connected to the
first gate line, the data line and the first sub-pixel elec-
trode;

providing a second switching device which is connected to
the first sub-pixel electrode through a second charge-
sharing capacitor;

providing a third switching device which is connected to
the second gate line and the second sub-pixel electrode
and is also connected to the first sub-pixel electrode
through the second charge-sharing capacitor; and

charge sharing between data voltages of the first and second
sub-pixel electrodes, such that a pixel voltage of the first
sub-pixel electrode becomes greater than the data voltage and
a pixel voltage of the second sub-pixel electrode becomes
lower than the data voltage.
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