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LIQUID CRYSTAL DISPLAYS

RELATED APPLICATIONS

This application claims priority of Korean Patent Applica-
tion No. 10-2006-0071762, filed Jul. 28, 2006, the entire
disclosure of which is incorporated herein by reference.

BACKGROUND

This disclosure relates to liquid crystal displays (LCDs),
and more particularly, to LCDs having an enhanced light
transmittance and improved lateral visibility.

LCDs are one of the more widely used types of flat panel
displays, and typically include two substrates, or panels, hav-
ing a plurality of field-generating electrodes, including pixel
electrodes and a common electrode, arranged thereon, with a
layer of a liquid crystal material being interposed between the
two panels. LCDs control the transmittance of light incident
on the panels by the application of selected voltages to the
field-generating electrodes so as to generate electric fields,
which determine the orientation of the liquid crystal mol-
ecules in the liquid crystal layer and thereby adjust the polar-
ization of the light incident upon the panel.

One type of LCD that is currently receiving increased
attention because of its high contrast ratio and wide reference
viewing angle is referred to as a “vertical alignment” (VA)
mode L.CD, in which, in the absence of an electric field, the
molecules of the liquid crystal layer are aligned such that the
long axes of the molecules are oriented perpendicular to the
panels. The wide viewing angle of the VA mode LCD is
achieved by cutouts or protrusions formed in or on the field-
generating electrodes.

In addition to the above VA mode LCDs, in another effort
to improve lateral visibility, a “domain-division” type of LCD
has been developed, in which the pixel regions thereof are
divided into a plurality of domains so that the orientations of
the liquid crystal molecules can be determined by cutouts or
protrusions that enable the inclinations of the molecules to be
distributed in various directions within the pixel, thereby
widening the reference viewing angle. Since the direction in
which the liquid crystal molecules are inclined can be deter-
mined by the use of cut portions and protrusions, the refer-
ence viewing angle can be widened by arranging the cut
portions and the protrusions in such a way as to distribute the
direction of inclination of the liquid crystal molecules in an
optimum manner.

However, VA mode L.CDs have relatively poor lateral vis-
ibility as compared to their frontal visibility. For example, a
patterned VA (PVA) mode LCD having cutouts displays an
image that becomes brighter at the sides thereof, thereby
resulting in poor lateral visibility. To improve lateral visibil-
ity, a method has been proposed in which each pixel of the
display is divided into two sub-pixels, and one of the two
sub-pixels is directly supplied with a voltage, while the other
is subjected to a voltage drop by capacitive coupling, such
that the two sub-pixels have different voltages applied to
them. However, this method can result in a degradation of the
aperture ratio of the LCD due to the capacitive coupling of the
sub-pixels, and the light transmittance of the display may be
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decreased due to the reduction in the average voltage of each
of the respective sub-pixels.

BRIEF SUMMARY

In accordance with the exemplary embodiments thereof
described herein, the present invention provides LCDs having
both a higher light transmittance and an enhanced lateral
visibility.

In one exemplary embodiment, an LCD includes a gate line
and a storage electrode line formed on a first insulating sub-
strate, a data line insulated from and crossing the gate line, a
first source electrode, at least a portion of which partially
overlaps an nth gate line and is connected to the data line, first
and second drain electrodes, at least a portion of which par-
tially overlap the nth gate line and are separated from the first
source electrode, a first sub-pixel electrode that is electrically
connected to a first drain electrode, a second sub-pixel elec-
trode that is electrically connected to a second drain elec-
trode, a second source electrode, at least a portion of which
partially overlaps an (n+1)th gate line and is electrically con-
nected to the second sub-pixel electrode, and a third drain
electrode, at least a portion of which partially overlaps the
(n+1)th gate line and is separated from the second source
electrode, and which is operable to boost a charge voltage of
the first sub-pixel electrode and to drop acharge voltage of the
second sub-pixel electrode.

In another exemplary embodiment, an LCD includes first
and second thin film transistors controlled by an nth gate line,
a third thin film transistor controlled by an (n+1)th gate line,
a first sub-pixel electrode connected to an output port of the
first thin film transistor, and a second sub-pixel electrode
connected to an output port of the second thin film transistor
and an input portion of the third thin film transistor, and in
which the output port of the third thin film transistor is oper-
able to boost a charge voltage of the first sub-pixel electrode
and to drop a charge voltage of the second sub-pixel elec-
trode.

A better understanding of the above and many other fea-
tures and advantages of the novel LCDs of the present inven-
tion may be obtained from a consideration of the detailed
description of some exemplary embodiments thereof below,
particularly if such consideration is made in conjunction with
the appended drawings, wherein like reference numerals are
used to identify like elements illustrated in one or more of the
figures thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is partial top plan view of a first panel of an exem-
plary embodiment of an LCD in accordance with the present
invention, showing an exemplary single pixel area thereof;

FIG. 2 is a partial top plan view of a second panel of the
exemplary LCD of FIG. 1, showing an exemplary single pixel
area thereof;

FIG. 3 is a partial top plan view of the exemplary LCD in
which the respective first and second panels of FIGS. 1 and 2
are combined;

FIG. 4 is a cross-sectional view of the exemplary LCD of
FIG. 3, as seen along the lines of the section IV-IV' taken
therein;

FIG. 5 is a cross-sectional view of the exemplary LCD of
FIG. 3, as seen along the lines of the section V-V' taken
therein;

FIG. 6 is a schematic circuit diagram of the exemplary
LCD; and,
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FIG. 7 is a diagram illustrating the waveform of voltages
applied to the exemplary LCD of FIG. 6.

DETAILED DESCRIPTION

Advantages and features of the present invention and meth-
ods of accomplishing the same may be understood more
readily by reference to the following detailed description of
preferred embodiments and the accompanying drawings. The
present invention may, however, be embodied in many differ-
ent 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 complete
and will fully convey the concept of the invention to those
skilled in the art, and the present invention will only be
defined by the appended claims.

In the following description, it will be understood that
when an element or alayer is referred to as being “on” another
element or layer, it can be directly on the other element or
layer, or intervening layers or elements may also be present.
In contrast, when an element is referred to as being “directly
on” another element, there are no intervening elements
present. Like reference numerals refer to like elements
throughout the specification. The terms “and/or” comprises
each and at least one combination of referenced items.

Spatially relative terms, such as “below”, “beneath”,
“lower”, “above”, “upper” and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures.

The present invention will be described with reference to
perspective views, cross-sectional views, and/or plan views,
in which preferred embodiments of the invention are shown.
Thus, the profile of an exemplary view may be modified
according to manufacturing techniques and/or allowances.
That is, the embodiments of the invention are not intended to
limit the scope of the present invention but cover all changes
and modifications that can be caused due to a change in
manufacturing process. For example, while an etched region
1s illustrated as a rectangular shape, it may be rounded or have
a predetermined curvature. Thus, regions shown in the draw-
ings are illustrated in schematic form and the shapes of the
regions are presented simply by way of illustration and not as
a limitation.

An exemplary embodiment of an LCD in accordance with
the present invention includes a first panel, a second panel
aligned to face the first panel, and a liquid crystal layer inter-
posed between the two panels. A plurality of pixels is defined
on each panel. Each pixel of the first panel has a pixel elec-
trode associated therewith, and a common electrode com-
monly associated with all of the pixels is provided on the
second panel. The light transmission of the liquid crystal
layer associated with each pixel is controlled by varying the
strength of the electric field created between the pixel elec-
trode and the common electrode. The configuration of the
pixels in the exemplary LCD is described in greater detail
below with reference to the accompanying drawings.

FIG. 1 is partial top plan view of the first panel 100 of the
exemplary LCD, showing an exemplary single pixel area
thereof. FIG. 2 is a partial top plan view of a second panel 200
of the exemplary LCD, showing an exemplary single pixel
area thereof. FIG. 3 is a partial top plan view of the exemplary
LCD in which the respective first and second panels of FIGS.
1 and 2 are shown combined one on top of the other, and
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FIGS. 4 and 5 are cross-sectional views of the exemplary
LCD of FIG. 3 as respectively seen along the lines of the
section IV-IV' and V-V' taken therein.

Withreference to FIGS. 1and 3, each pixel of the first panel
100 is defined by two adjacent gate lines 122 and two adjacent
data lines 162 formed on a first insulating substrate 110. The
first insulating substrate 110 may comprise, for example,
transparent glass or plastic. A plurality of gate lines 122 are
formed on the first insulating substrate 110 and extend in a
first direction thereon. The gate lines 122 include a first por-
tion having an expanded width forming a first gate electrode
124, and a second portion forming a second gate electrode
125. The shapes of the first and second gate electrodes 124
and 125 may vary from those of the particular exemplary
embodiment illustrated. For example, the first gate electrode
124 may not include an expanded portion, whereas, the sec-
ond gate electrode 125 may.

In the particular embodiment illustrated, for any given
pixel of the panel 100, the first and second gate electrodes 124
and 125 that are connected to the same gate line 122 respec-
tively control different pixel rows. That is, whereas, the first
gate electrode 124 is connected to the nth gate line 122 and
controls an nth pixel row, the second gate electrode 125 that
controls the nth pixel row is connected to an (n+1)th gate line
122.

A storage electrode line 128 is formed on the first insulat-
ing substrate 110 in the same layer as the gate line 122, and the
overlapping first and second sub-pixel electrodes 181 and 182
thereby form a storage capacitor. The shape and arrangement
of the storage electrode line 128 may be modified from that
shown in the particularly exemplary embodiment illustrated.
Forexample, asillustrated in FIG. 1, the storage electrode line
128 may include two longitudinal portions that extend paral-
lel with each other in the vicinity of a data line 162, an
elongated portion that extends below one of the two longitu-
dinal portions, and an oblique portion that connects the two
longitudinal portions at opposite ends thereof.

A gate insulation layer 130 made of silicon nitride or sili-
con oxide is stacked on the gate lines 122 and the storage
electrode line 128. First and second semiconductor layers 141
and 142 comprising an amorphous hydrogenated silicon are
formed on the gate insulation layer 130. The first semicon-
ductor layer 141 overlaps the first gate electrode 124 and the
second semiconductor layer 142 overlaps the second gate
electrode 125.

A datawire (162,165,166,167, 168, and 169) is formed on
the first and second semiconductor layers 141 and 142. The
data wire (162, 165,166,167, 168, and 169) includes the data
line 162 extending in a second direction perpendicular to the
first direction, a first source electrode 165 branching from the
data line 162, first and second drain electrodes 166 and 167
separated from the first source electrode 165 and located
opposite to each other, a second source electrode 168 extend-
ing from the upper portion of the first source electrode 165 to
a pixel region, and a third drain electrode 169 separated from
and located opposite to the second source electrode 168. The
first source electrode 165 and the first and second drain elec-
trodes 166 and 167 have at least some portions that partially
overlap the first gate electrode 124, while the second source
electrode 168 and the third drain electrode 169 have at least
some portions that partially overlap the second gate electrode
125. Ohmic contact layers 152, 155, 156, 157, 158 and 159,
made of, for example, silicide or n+ amorphous silicon
hydride in which an n-type impurity is highly doped, are
formed between each of the first and second semiconductor
layers 141 and 142 and each of the data wires (162, 165, 166,
167, 168, and 169).
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In the particular embodiment illustrated, the third drain
electrode 169 overlaps the storage electrode line 128, and
may further include a portion 169¢ having an expanded
width. The expanded portion 169« of the third electrode 169
partially overlaps not only the storage electrode line 128, but
also the first sub-pixel electrode 181 that is described below.
The expanded portion 169« and the storage electrode line 128
overlapping the third drain electrode 169 constitute a voltage-
dropping capacitor that functions to drop the absolute value of
the pixel voltage charged in the second sub-pixel electrode
182, in the manner described in more detail below. The
expanded portion 169a and first sub-pixel electrode 181 over-
lapping therewith constitute a voltage-boosting capacitor that
functions to boost the absolute value of a pixel voltage of the
first sub-pixel electrode 181 in the manner described below.
Thus, even though a data voltage of the same level is applied
to the first and second sub-pixel electrodes 181 and 182, the
charge voltages of the first and second sub-pixel electrodes
181 and 182 can be adjusted to have different values, as
described in more detail below.

The first gate electrode 124, the first source electrode 165,
and the first drain electrode 166 form a first thin film transistor
(TFT) having the first semiconductor layer 141 as the channel
thereof. The first gate electrode 124, the first source electrode
165, and the second drain electrode 167 form a second TFT
having the first semiconductor layer 141 as the channel
thereof. The second gate electrode 125, the second source
electrode 168, and the third drain electrode 169 form a third
TFT having the second semiconductor layer 142 as the chan-
nel thereof. As described above, the second gate electrode 125
connected to the third TFT for driving the same pixel region
is connected to the next-adjacent gate line 122 to the gate line
122 to which the first gate electrode 124 is connected.

A passivation layer 170 is formed on the data wire (162,
165,166, 167, 168, and 169). The passivation layer 170 may
comprise an inorganic insulator material, such as silicon
nitride (SiNx), or alternatively, an organic insulator material.
In yet another alternative, the passivation layer 170 may com-
prise a stacked structure having two or more layers, including
an inorganic insulator material and an organic insulator mate-
rial. The passivation layer 170 includes contact holes 176,177
and 178 that expose at least some parts of the first and second
drain electrodes 166 and 167 and the second source electrode
168.

Pixel electrodes, made of transparent conductive materials,
are formed on the data wire (162, 165, 166, 167, 168, and
169). The pixel electrodes include first and second sub pixel
electrodes 181 and 182 that are separated from each other by
a partitioning member 186. The first sub pixel electrode 181
is connected to the first drain electrode 167 through the con-
tact hole 176, and overlaps a longitudinal portion of the stor-
age electrode line 128 at one side thereof and the expanded
portion thereof.

The second sub pixel electrode 182 is connected to the
second drain electrode 167 and the second source electrode
168 through the contact holes 177 and 178, and overlaps a
longitudinal portion at the other side of the storage electrode
line 128. A cutout portion 185 is recessed at the center of the
second sub pixel electrode 182. In addition, the first and
second sub pixel electrodes 181 and 182 are separated from
each other with respect to an oblique portion of the storage
electrode line 128. In other words, the oblique portion of the
storage electrode line 128 overlaps the partitioning member
186 that separates the first and second sub pixel electrodes
181 and 182 from each other. The cutout portion 185 and the
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partitioning member 186 induce fringe fields that define
domains, within each of which the liquid crystal material
exhibits a uniform behavior.

Although not illustrated in the figure, an alignment film
may also be provided on the pixel electrodes. The alignment
film may comprise, for example, a vertical alignment film.

As those of skill in the art will appreciate, although the
same data voltage is applied to the first and second sub-pixel
electrodes 181 and 182, the first sub pixel electrode 181 will
be charged with a pixel voltage that has an absolute value
which is greater than that of the data voltage applied, as the
result of the coupling of a voltage-boosting capacitor thereto,
whereas. the second sub pixel electrode 182 will be charged
with a pixel voltage that has an absolute value that is less than
that of the applied data voltage, as the result of the coupling
thereto of a voltage-dropping capacitor. In other words, sub
pixel electrodes of the same pixel electrode are charged with
different voltages, thereby improving the lateral visibility of
the display by preventing distortion in the gamma curve
thereof. In the particular exemplary embodiment illustrated,
since the voltage charged in the second sub pixel electrode
182 increases and the voltage charged in the first sub pixel
electrode 181 decreases, the difference between the voltages
charged in the first and second sub pixel electrodes 181 and
182 increases. Therefore, even a capacitor having a relatively
small capacitance can produce a sufficient voltage difference,
as compared to the case in which only a voltage-dropping
capacitor is provided. This suggests that an area of the third
drain electrode 169 forming either a voltage-boosting or volt-
age-dropping capacitor can be reduced, thereby advanta-
geously achieving an improved aspect ratio. Additionally,
since the voltage is boosted, the transmittance of the pixel,
and hence, of the display, is also enhanced.

The second panel 200 of the exemplary LCD is described
in further detail below with reference to FIGS. 2 and 3-5. Like
the first insulating substrate 110, the second panel 200 com-
prises a second insulating substrate 210, which may comprise
transparent glass or plastic. A black matrix 220 is formed on
the second insulating substrate 210. The black matrix 220
overlaps the gate line 122 and the data line 162 of the first
panel 100. A color filter 230 is formed in an area outlined by
the black matrix 220. The color filter 230 is aligned so as to
overlap the first and second sub pixel electrodes 181 and 182
of the first panel 100 when the two panels are sandwiched
together.

An overcoat layer 240 is formed over the black matrix 220
and the color filter 230 to planarize the stepped surfaces
thereof.

A common electrode 250, made of a transparent conduc-
tive material, such as ITO or IZ0, is formed on the overcoat
layer 240. The common electrode 250 is formed over the
entire surface of the second panel 200, and has a plurality of
cutouts for each pixel. For example, three cutouts 253, 254
and 255 may be provided for each pixel, as shown in FIG. 2.
More specifically, the two cutouts 253 and 254 are formed so
as to overlap the first sub pixel electrode 181 of the first panel
100, to extend in opposite directions parallel to the oblique
portions of the storage electrode line 128, and to bend at the
edges of the first and second sub pixel electrodes 181 and 182
s0 as to be parallel with the gate line 122 or the data line 162.
The cutouts 253 and 254 are not connected with each other at
the center of the pixel region. The cutout 255 is formed so as
to overlap the second sub pixel electrode 182 of the first panel
100, to extends in opposite directions parallel with the
oblique portions of the storage electrode line 128, and to bend
so as to be paralle] with the gate line 122. The portions of the
cutout 255 that extend in opposite directions are combined



US 7,532,269 B2

7

with each other at the center of the pixel region. The cutouts
253, 254 and 255, together with the partitioning member 186
and the cutout portion 185 of the second sub pixel electrode
182, are operable to induce fringe fields that define domains,
within each of which the liquid crystal material exhibits a
uniform behavior.

Although not illustrated in the figure, an alignment film
may further be provided on the common electrode 250. The
alignment film may comprise, for example, a vertical align-
ment film.

Referring to FIGS. 4 and 5, a liquid crystal layer 300,
including multiple liquid crystal molecules 301, is interposed
between the first and second panels 100 and 200. In a voltage-
off state, i.e.. in the absence of an electric field, the liquid
crystal molecules 310 are aligned vertically with respect to
the electric field in accordance with the properties of an
alignment film provided in the LCD. However, when a volt-
age of a selected value is applied between the pixel electrodes
(181 and 182) of the first panel 100 and the common electrode
250 of the second panel 200, an electric field is imposed on the
liquid crystal layer 300 in the area of the pixel, so that the
liquid crystal molecules 310 rotate a selected amount in a
selected direction. If the liquid crystal molecules 310 have a
negative dielectric anisotropy, they rotate in a direction pet-
pendicular to the electric field. If the liquid crystal molecules
310 have a positive dielectric anisotropy, they rotate in a
direction parallel to the electric field. Transmittance of light
through the liquid crystal layer 300 is determined by the
amount of rotation of the liquid crystal molecules 310. One or
more polarizers (not illustrated) are attached to the exterior
side(s) of the first panel 100 and/or the second panel 200,
thereby controlling the overall transmittance of the LCD. In
the exemplary LCD embodiment described above, since
fringe fields are created by the cutout 185 and the partitioning
member 186 provided in the first panel 100, and by the cutouts
253,254 and 255 provided in the second panel 200, the liquid
crystal molecules 310 rotate in specific directions in each of
the multiple domains. Therefore, a display panel with a wide
viewing angle is achieved, the occurrence of textures due to
collision of the liquid crystal molecules 310 is prevented, and
the speed of rotation of the liquid crystal molecules 310, that
is, their response speed to an electric field, is increased.

Following is a detailed description of the operation of the
above LCD in connection with FIG. 6, which is a schematic
circuit diagram of a single exemplary pixel area of the LCD of
FIGS. 3, 4 and 5, and in which the pixel area illustrated is
positioned between an nth gate line and an (n+1)th gate line.
In FIG. 6, “A1” indicates a first sub pixel electrode area, and
“A2” indicates a second sub pixel electrode area. FIG. 7 is a
diagram illustrating the respective waveforms of various volt-
ages applied to the LCD of FIG. 6. As may be seen in FIG. 7,
data voltages that are inverted with respect to a common
voltage are applied to the gate lines for the time periods
corresponding to the duration of the respective consecutive
frames indicated therein.

For convenience of explanation, it is assumed that a com-
mon voltage Vcom of 5V is supplied to a storage electrode
line and a common electrode, a data voltage of 7V is applied
for a time period corresponding to the duration of the first
frame, and a data voltage of 3 V is applied for a time period
corresponding to the duration of the second frame. When the
7V data voltage of 7V is applied to a data line Dm, a gate-on
signal is applied to the nth gate line Gn, and first and second
TFTs Q1 and Q2 are consequently turned on so that the data
voltage is thereby applied to the first and second sub pixel
electrode areas Al and A2. The first and second sub pixel
electrode areas A1 and A2 are connected to the same data line
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Dm, and therefore, the amplitudes of the voltages applied to a
terminal P1 positioned in the first sub pixel electrode area Al
and a terminal P2 positioned in the second sub pixel electrode
area A2 are the same as each other. In other words, while the
gate-on signal is being applied to the nth gate line Gn, the sub
pixel voltages Vpx1 and Vpx2 derived from the 7 V are
respectively supplied to the terminals P1 and P2.

In the particular exemplary embodiment illustrated, a first
liquid crystal capacitor Clel, a first storage capacitor Cstl, a
second liquid crystal capacitor Clc2, and a second storage
capacitor Cst2 are charged with a voltage of 2V, i.e., the
difference between each of the sub pixel voltages Vpx1 and
Vpx2 and the common voltage Vcom. Meanwhile, a voltage
of 7V is applied to a terminal labeled “a” connected to the
terminal P1, and inversion driving is thereby performed for
the duration of each frame. Thus, assuming that a voltage of
approximately 3 V is applied to a terminal labeled “b” for a
time period corresponding to the duration of the previous
frame, a voltage of approximately 4V is charged in a voltage-
boosting capacitor Cup provided between the terminals a and
b, while a voltage of approximately 2 V is charged in a
voltage-dropping capacitor, Cdown.

If a gate-off voltage is then applied to the nth gate line Gn,
the first TFT Q1 and the second TFT Q2 are thereby turned
off, and the voltage charged in the first sub pixel electrode
area Al and the second sub pixel electrode area A2 is reduced
by a first “kickback” voltage, labeled “Vkbl,” for the first
frame

After alapse of one horizontal period (1H) from the time at
which the gate-on signal is applied to the nth gate line Gn, the
gate-on signal is applied to the (n+1)th gate line Gn+1, so that
a third TFT Q3 connected to the (n+1)th gate line Gn+1 is
turned on. When the third TFT Q3 is turned on, the terminal
P2 and the terminal b are electrically connected to each other,
so that a voltage of 7 V is supplied to the terminal b. Since
approximately 4V is charged in the voltage-boosting capaci-
tor Cup, the voltage of the terminal P2 rises instantaneously.
Meanwhile, since approximately 2 V is charged in the volt-
age-dropping capacitor Cdown and one end of the voltage-
dropping capacitor Cdown is connected to the storage elec-
trode line, the voltage of the terminal b falls instantaneously.
Accordingly, the voltage charged in the first sub pixel elec-
trode area A1 is instantaneously increased by the coupling
thereto of the voltage-boosting capacitor Cup (i.e., Veupl of
FIG. 7), and the voltage charged in the second sub pixel
electrode area A2 is instantaneously decreased by the cou-
pling thereto of the voltage-dropping capacitor Cdown (V-
downl of FIG. 7).

If a gate-off voltage is then applied to the (n+1)th gate line
Gn+1, the voltage charged in the first sub pixel electrode area
Al decreases slightly by a second kickback voltage, labeled
“Vkb11,” for the first frame, and the voltage charged in the
second sub pixel electrode area A2 is further decreased by a
third kickback voltage, labeled “Vkb12,” for the first frame.
For the time period corresponding to the duration of the first
frame, the first sub pixel electrode area A1 and the second sub
pixel electrode area A2 are maintained at the voltages Vpx1
and Vpx2 respectively charged therein.

Thus, as described above, while the same voltage is applied
to the first and second sub-pixel electrode areas A1 and A2 for
atime period corresponding to the duration of the first frame,
the voltage Vpx1 charged in the first sub pixel electrode area
Al is increased, and the voltage Vpx2 charged in the second
sub pixel electrode area A2 is decreased, and accordingly, a
higher voltage can be charged in the first sub pixel electrode
area A1 than in the second sub pixel electrode area A2. That
is, the absolute value of the voltage charged in the first liquid
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crystal capacitor Clc1 and the first storage capacitor Cstl
provided in the first sub pixel electrode area A1 is larger than
the absolute value of the voltage charged in the second liquid
crystal capacitor Clc2 and the second storage capacitor Cst2
provided in the second sub pixel electrode area A2.

The voltages charged in the respective sub pixel electrodes
during the second frame are described next in conjunction
with FIGS. 6 and 7.

When a data voltage of 3 V is applied to the data line Dm,
if a gate-on signal is applied to the nth gate line Gn for the
second frame, the first and second TFTs Q1 and Q2 are turned
on so that the data voltage is applied to the first and second sub
pixel electrode areas Al and A2. While the gate-on signal is
being applied to the nth gate line Gn, sub pixel voltages Vpx1
and Vpx2 derived from the 3 V are supplied to the terminals
P1 and P2. Here, the first liquid crystal capacitor Clcl, the
first storage capacitor Cstl, the second liquid crystal capaci-
tor Clc2, and the second storage capacitor Cst2 are charged
with a voltage of -2V, i.e., the difference between each of the
sub pixel voltages Vpx1 and Vpx2 and the common voltage
Vcom. Meanwhile, a voltage of 3V is applied to the terminal
“a” connected to the terminal P1 and inversion driving is
thereby performed for a time period corresponding to the
duration of each frame. Thus, assuming a voltage of approxi-
mately 3 V is applied to the terminal b for the time period
corresponding to the duration of the previous frame, a voltage
of approximately —4 V is charged in a voltage-boosting
capacitor Cup provided between the terminals a and b, while
a voltage of approximately -2 V is charged in a voltage-
dropping capacitor, Cdown.

Next, if a gate-offvoltage is then applied to the nth gate line
Gn, the first TFT Q1 and the second TFT Q2 are turned off,
and the voltage charged in the first sub pixel electrode area Al
and the second sub pixel electrode area A2 is reduced by a first
kickback voltage, labeled “Vkb2,” for the second frame.

After alapse of one horizontal period (1H) from the time at
which the gate-on signal is applied to the nth gate line Gn, the
gate-on signal is applied to the (n+1)th gate line Gn+1, so that
the third TFT Q3 connected to the (n+1)th gate line Gn+1 is
turned on. When the third TFT Q3 is turned on, the terminal
P2 and the terminal b are electrically connected to each other
so that a voltage of 3 V is supplied to the terminal b. Since
approximately -4 V is charged in the voltage-boosting
capacitor Cup, the voltage of the terminal P1 rises instanta-
neously. Meanwhile, since approximately -2 V is charged in
the voltage-dropping capacitor Cdown, and one end of the
voltage-dropping capacitor Cdown is connected to the stor-
age electrode line, the voltage of the terminal b rises instan-
taneously. Accordingly, the voltage charged in the first sub
pixel electrode area A1 is instantaneously increased by the
coupling thereto of the voltage-boosting capacitor Cup (i.e.,
Veup2 of FIG. 7), and the voltage charged in the second sub
pixel electrode area A2 is instantaneously decreased by the
coupling thereto of the voltage-dropping capacitor, Cdown
(Vedown?2 of FIG. 7).

If a gate-off voltage is then applied to the (n+1)th gate line
Gn+1, the voltage charged in the first sub pixel electrode area
Al is decrease slightly by a second kickback voltage, Vkb21,
for the second frame, and the voltage charged in the second
sub pixel electrode area A2 is further decreased by a third
kickback voltage, Vkb22, for the second frame. Thus, for a
time period corresponding to the duration of the first frame,
the first sub pixel electrode area A1 and the second sub pixel
electrode area A2 are maintained at the voltages of Vpx1 and
Vpx2 respectively charged therein.

As described above, while the same voltage is thus applied
to the first and second sub-pixel electrode areas Al and A2 for
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a time period corresponding to the duration of the second
frame, the voltage charged in the first sub pixel electrode area
Al is decreased, and the voltage charged in the second sub
pixel electrode area A2 is increased, and accordingly, a lower
voltage is charged in the first sub pixel electrode area Al than
in the second sub pixel electrode area A2. That is, as during
the first frame, the absolute value of the voltage charged in the
first liquid crystal capacitor Clc1 and the first storage capaci-
tor Cstl in the first sub pixel electrode area A1 is larger than
the absolute value of the voltage charged in the second liquid
crystal capacitor Clc2 and the second storage capacitor Cst2
in the second sub pixel electrode area A2.

As described above, in the exemplary LCD of the present
invention, the absolute value of the voltage charged in the first
liquid crystal capacitor Clcl and the first storage capacitor
Cstl in the first sub pixel electrode area Al is larger than the
absolute value of the voltage charged in the second liquid
crystal capacitor Clc2 and the second storage capacitor Cst2
in the second sub pixel electrode area A2, irrespective of the
frame, Therefore, even if the same data voltage is applied to
the first sub pixel electrode area A1 and the second sub pixel
electrode area A2, different voltages are respectively charged
therein, thereby preventing distortion in the gamma curve.
Further, according to the present invention, since the magni-
tude of the absolute value of the voltage charged in the first
pixel electrode area A1 is made to increase while the magni-
tude of the absolute value of the voltage charged in the second
pixel electrode area A2 is made to decrease, the difference
between the voltages charged in the first sub pixel electrode
area Al and the second sub pixel electrode area A2 is
increased with respect to the same data voltage applied
thereto.

Therefore, the magnitude of the data voltage applied to
provide the same luminance is reduced, which is advanta-
geous in achieving an improved display aspect ratio. Further,
since the magnitude of the pixel voltage charged in a pixel
electrode with the same data voltage applied thereto is
increased, the light transmittance of the display is enhanced.
According to the exemplary LCDs of the present invention
described herein, the use of capacitors enables the absolute
value of the voltage charged in a second sub pixel electrode to
be reduced and the absolute value of a voltage charged in a
first sub pixel electrode to be increased, so that the difference
between the voltages charged in the first and second sub pixel
electrodes is increased. As a result, the light transmittance of
the LCD is increased and its lateral visibility is improved.

By now, those of skill in this art will appreciate that many
modifications, substitutions and variations can be made in
and to LCDs of this invention without departing from its spirit
and scope. In light of this, the scope of the present invention
should not be limited to that of the particular embodiments
illustrated and described herein, as they are only exemplary in
nature, butinstead, should be fully commensurate with that of
the claims appended hereafter and their functional equiva-
lents.

What is claimed is:

1. A liquid crystal display (LCD), comprising:

a gate line and a storage electrode line formed on a first
insulating substrate;

a data line insulated from and crossing the gate line;

a first source electrode electrically connected to the data
line, at least a portion of which partially overlaps an nth
gate line;

first and second drain electrodes, at least a portion of which
partially overlap the nth gate line and which are sepa-
rated from the first source electrode;
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a first sub-pixel electrode electrically connected to a first
drain electrode;

a second sub-pixel electrode electrically connected to a
second drain electrode;

a second source electrode electrically connected to the
second sub-pixel electrode, at least a portion of which
partially overlaps an (n+1)th gate line; and,

athird drain electrode, at least a portion of which partially
overlaps the (n+1)th gate line, and which is separated
from the second source electrode and operable to boost
a charge voltage of the first sub-pixel electrode and to
drop a charge voltage of the second sub-pixel electrode.

2. The LCD of claim 1, wherein the third drain electrode at
least partially overlaps the first sub-pixel electrode.

3. The LCD of claim 2, wherein an area of overlap of the
third drain electrode and the first sub-pixel electrode forms a
voltage-boosting capacitor operable to boost a charge voltage
of the first sub-pixel electrode.

4. The LCD of claim 2, wherein the third drain electrode at
least partially overlaps the storage electrode line.

5. The LCD of claim 4, wherein an area of overlap of the
third drain electrode and the storage electrode line forms a
voltage-dropping capacitor operable to drop a charge voltage
of the second sub-pixel electrode.

6. The LCD of claim 1, wherein the data line provides the
first and second sub-pixel electrodes with the same charge
voltage.

7. The LCD of claim 1, wherein at least a portion of the
storage electrode line overlaps a partitioning member sepa-
rating the first and second sub-pixel electrodes from each
other.

8. The LCD of claim 1, further comprising:

a second insulating substrate facing the first insulating

substrate;

a common electrode formed on the second insulating sub-
strate; and,

a layer of a liquid crystal material interposed between the
first and second substrates.
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9. The LCD of claim 8, wherein the common electrode
includes a cut portion that is substantially parallel to a parti-
tioning member separating the first and second sub-pixel
electrodes from each other, and wherein the partitioning
member and the cut portion divide the liquid crystal layer into
a plurality of domains.

10. A liquid crystal display (LCD), comprising:

first and second thin film transistors controlled by an nth
gate line;

a third thin film transistor controlled by an (n+1)th gate
line;

a first sub-pixel electrode connected to an output port of the
first thin film transistor; and,

a second sub-pixel electrode connected to an output port of
the second thin film transistor and an input portion of the
third thin film transistor,

wherein the output port of the third thin film transistor is
operable to boost a charge voltage of the first sub-pixel
electrode and to drop a charge voltage of the second
sub-pixel electrode.

11. The LCD of claim 10, wherein a capacitor operable to
boost the charge voltage of the first sub-pixel electrode is
formed between an output port of the third thin film transistor
and the first sub-pixel electrode.

12. The LCD of claim 11, further comprising a storage
electrode line overlapping the first and second sub-pixel elec-
trodes and thereby forming a storage capacitor, and wherein a
capacitor operable to drop the charge voltage of the second
sub-pixel electrode is formed between an output port of the
third thin film transistor and the storage electrode line.

13. The LCD of claim 10, wherein input ports of the first
and second thin film transistors are connected to the same data
line, and wherein the same charge voltage is applied to the
first and second sub-pixel electrodes when the first and sec-
ond thin film transistors are turned on.
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