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(57) ABSTRACT

A liquid crystal display (LCD) includes a substrate, gate lines
that extend in a first direction, data lines that cross the gate
lines and extend in a second direction, and unit pixels. Each
unit pixel includes a first subpixel electrode connected to an
i’ gate line by a first switching device, a second subpixel
electrode connected to the i” gate line by a second switching
device, and a third switching device including a drain elec-
trode capacitively coupled to the second subpixel electrode
and a source electrode connected to the first subpixel elec-
trode. The third switching device is connected to an (i+1)”
gate line, the first and second subpixel electrodes between the
i gate line and the (i+1)” gate line are arranged in an order
opposite that of the first and second subpixel electrodes
between the (i+I)” gate line and an (i+2)” gate line.

26 Claims, 8 Drawing Sheets
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LIQUID CRYSTAL DISPLAY

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority from and the benefit of
Korean Patent Application No. 10-2008-0013576, filed on
Feb. 14, 2008, which is hereby incorporated by reference for
all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
(LCD), and more particularly, to an LCD that may have a
minimum defect rate and may be easily repaired.

2. Discussion of the Background

As modern society becomes more dependent on sophisti-
cated information and communication technology, the need
for larger and thinner displays is growing. In particular, since
conventional cathode ray tubes (CRTs) have failed to fully
satisfy these market needs, the demand for flat panel displays
(FPDs), such as plasma display panels (PDPs), plasma
address liquid crystal display panels (PALCs), liquid crystal
displays (LCDs), and organic light emitting diodes (OLEDs),
is increasing dramatically.

LCDs are one of the most widely used FPDs. An LCD
includes two substrates, on which electrodes are disposed,
and aliquid crystal layer disposed between the two substrates.
The alignment of liquid molecules of the liquid crystal layer
is altered when voltages are applied to the electrodes and thus,
the amount of light transmitted may be controlled. In this way,
the LCD displays a desired image.

In order to enhance the lateral visibility of an LCD, each
pixel may be split into two subpixel electrodes, and the sub-
pixel electrodes may be capacitively coupled to each other.
Then, different voltages may be applied to the subpixel elec-
trodes.

A complicated manufacturing process including a photo-
lithography process and an etching process may be performed
on a thin-film transistor (TFT) array substrate of the LCD to
form gate lines, data lines, and pixel electrodes. Here, the
disposition of each element of the LCD may determine a
defect rate in the manufacturing process.

Thus, the dispositions of elements, such as the gate lines,
the data lines, and source and drain electrodes of TFTs,
should be optimized in order to reduce the defect rate in the
manufacturing process.

SUMMARY OF THE INVENTION

The present invention provides a liquid crystal display
(LCD) that may have a minimum defect rate and may be
easily repaired.

Additional features of the invention will be set forth in the
description which follows, and in part will be apparent from
the description, or may be learned by practice of the inven-
tion.

The present invention discloses an LCD including a sub-
strate, a plurality of gate lines that extend in a first direction on
the substrate, a plurality of data lines that cross the gate lines
and extend in a second direction, and a plurality of unit pixels
defined by the gate lines and the data lines. Each unit pixel
includes a first subpixel electrode connected to an i gate line
by a first switching device, a second subpixel electrode con-
nected to the i” gate line by a second switching device that is
adjacent to the first switching device and spaced apart from
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the first subpixel electrode, and a third switching device that
including a drain electrode capacitively coupled to the second
subpixel electrode and a source electrode connected to the
first subpixel electrode. The third switching device is con-
nected to an (i+1)” gate line that is adjacent to the i? gate line.
The first and second subpixel electrodes between the i gate
line and the (i+1)” gate line are arranged in an order opposite
that of the first and second subpixel electrodes between the
(i+1)” gate line and an (i+2)” gate line.

The present invention also discloses an LCD including a
plurality of unit pixels defined by a plurality of gate lines and
a plurality of data lines arranged in a lattice on an insulating
substrate. Each unit pixel includes a first subpixel electrode
connected to an i” gate line by a first switching device, a
second subpixel electrode connected to the i? gate line by a
second switching device that is adjacent to the first switching
device and spaced apart from the first subpixel electrode, and
a third switching device including a drain electrode capaci-
tively coupled to the second subpixel electrode, a source
electrode connected to the first subpixel electrode, and a gate
electrode connected to an (i+1)” gate line. The unit pixels
include a first unit pixel and second unit pixel. In the first unit
pixel the first and second switching devices are connected to
aj™ data line, and in the second unit pixel the first and second
switching devices are connected to a (j+1)” data line. The first
and second subpixel electrodes of the first unit pixel are
arranged in an order opposite that of the first and second
subpixel electrodes of the second unit pixel.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention, and together with the descrip-
tion serve to explain the principles of the invention.

FIG. 1 schematically shows a pixel array of a liquid crystal
display (LCD) according to an exemplary embodiment of the
present invention.

FIG. 2 is a plan view of a first display panel included in the
LCD of FIG. 1.

FIG. 3 is a plan view of a second display panel included in
the LCD of FIG. 1.

FIG. 4 is a plan view of the LCD of FIG. 1.

FIG. 5 is a cross-sectional view ofthe LCD taken along line
V-V' of FIG. 4.

FIG. 6 is a cross-sectional view ofthe LCD taken along line
VI-VT of FIG. 4.

FIG. 7 is an equivalent circuit diagram of the LCD of FIG.
1.

FIG. 8 shows waveforms of voltages which are applied to
the LCD of FIG. 1.

FIG. 9 is a plan view of an LCD according to another
exemplary embodiment of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

The invention is described more fully hereinafter with ref-
erence to the accompanying drawings, in which embodiments
of the invention are shown. This invention may, however, be
embodied in many different forms and should not be con-
strued as limited to the embodiments set forth herein. Rather,
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these embodiments are provided so that this disclosure is
thorough, and will fully convey the scope of the invention to
those skilled in the art. In the drawings, the size and relative
sizes of layer and regions may be exaggerated for clarity. Like
reference numerals in the drawings denote like elements.

It will be understood that when an element or layer is
referred to as being “on” or “connected” to another element or
layer, the element or layer can be directly on or directly
connected to another element or layer, or intervening ele-
ments or layers. In contrast, when an element is referred to as
being “directly on” or “directly connected to” another ele-
ment or layer, there are no intervening elements or layers
present. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed 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 the 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.

Hereinafter, a liquid crystal display (LCD) according to an
exemplary embodiment of the present invention will be
described in detail with reference to the attached drawings.
FIG. 1 schematically shows a pixel array of an LCD accord-
ing to an exemplary embodiment of the present invention.

Referring to FIG. 1, the LCD according to the present
exemplary embodiment includes a plurality of gate lines G,
through G,, and a plurality of data lines D, through D,,,, which
are arranged in a lattice and define pixels. The pixels are
composed of unit pixels PX. Each unit pixel PX is partitioned
into a first subpixel A and a second subpixel B and includes
first, second, and third switching devices that control the first
subpixel A and the second subpixel B. The first, second, and
third switching devices may be first, second, and third thin-
film transistors (TFTs) Q,, Q,, and Q;.

The unit pixels PX are regions surrounded by the gate lines
G, through G,, and the data lines D, through D,,, which are
arranged in a lattice. Each unit pixel PX is partitioned into two
subpixels, that is, the first and second subpixels A and B, in
order to improve visibility. The first subpixel A of each unit
pixel PX is controlled by the first TFT Q,, and the second
subpixel B thereof is controlled by the second TFT Q,. In
addition, the third TFT Q, is connected to the first subpixel A
or the second subpixel B. The third TFT Qj is connected to a
voltage-up capacitor or a voltage-down capacitor, which will
be described in detail below, in order to raise or lower the
voltages charged in the first subpixel A and the second sub-
pixel B.

The same data voltage is applied to the first and second
subpixels A and B of each unit pixel PX by the first and second
TFTs Q, and Q,, respectively. Then, the voltages of the first
and second subpixels A and B are raised or lowered by the
third TFT Qs, so that different voltages are stored in the first
and second subpixels A and B. The specific operation of each
element will be described below.

The first and second subpixels A and B between an i” gate
line G, and an (i+1)” gate line G,,, may be arranged in an
order that is opposite that of the first and second subpixels A
and B between the (i+1)” gate line G,,, and an (i+2)” gate
line G, ,.

If a unit pixel PX connected to a j* data line D, is a first unit
pixel and a unit pixel PX connected to a (j+1)” data line D,

J+1
is a second unit pixel, the first and second subpixels A and B
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of'the first unit pixel may be arranged in the same order as that
the first and second subpixels A and B of the second unit pixel
of the same row of pixels.

The first and second TFTs Q, and Q, may be disposed ona
side of the j” data line D, in a unit pixel PX between the i”” gate
line G, and the (i+1)” gate line G,, ;. Additionally, the first and
second TFTs Q, and Q, may be disposed on the other side of
the j? data line D; in a unit pixel PX between the (i+1)” gate
line G,_, and the (i+2)” gate line G,, ,. That is, the position of
the first and second TFTs Q, and Q,, which branch off from
a data line, may vary according to pixel line. In addition, the
third switching device, i.e., the third TFT Qj, of the unit pixel
PX connected to the i gate line G,, and the first and second
switching devices, i.e., the first and second TFTs Q, and Q,,
of the unit pixel PX connected to the (i+1)” gate line G,, ,
may be switched on or off in response to a gate voltage
received from the same gate line (i.e., the (i+1)” gate line
Gi+l)’

FIG. 2 is a plan view of a first display panel 100 included in
the LCD of FIG. 1. FIG. 3 is a plan view of a second display
panel 200 included in the LCD of FIG. 1. FIG. 4 is a plan view
of'the LCD of FIG. 1. FIG. 5 is a cross-sectional view of the
LCD taken along line V-V' of FIG. 4. FIG. 6 is a cross-
sectional view of the LCD taken along line VI-VI' of FIG. 4.

The first display panel 100 will now be described with
reference to FIG. 2, FIG. 4, FIG. 5, and FIG. 6. Referring to
FIG. 2, FIG. 4, FIG. 5, and FIG. 6, a first insulating substrate
10 is made of transparent glass or plastic. An i” gate line G,
extends in a first direction on the first insulating substrate 10.
The i” gate line G, includes a first gate electrode 224 and a
second gate electrode 225. The first gate electrode 22a and the
second gate electrode 225 may extend from regions of the i
gate line G,. However, the present invention is not limited
thereto. Alternatively, a portion of the i gate line G, that has
uniform width may function as a first gate electrode 22a and
a second gate electrode 22b.

The first and second gate electrodes 22a and 2256 may be
connected to adjacent gate lines. For example, the first gate
electrode 22a may be connected to the i gate line G,, and the
second gate electrode 225 may be connected to the (i+1)™”
gate line G,_,. That is, two gate lines may be used to control
one pixel PX. Thus, two gate lines may be allocated to one
pixel. Alternatively, as in the present exemplary embodiment,
one gate line may be allocated to one pixel, and a gate line of
an adjacent pixel may be used as the second gate line.

A storage electrode line 28 is disposed on the first insulat-
ing substrate 10 on the same layer as the i” gate line G,. The
storage electrode line 28 may be disposed in various ways. A
gate insulating film 30, which may be made of silicon nitride
or silicon oxide, is stacked on the i gate line G, and the
storage electrode line 28. In addition, first and second semi-
conductor layers 40a and 405, which may be made of hydro-
genated amorphous silicon, are disposed on the gate insulat-
ing film 30. The first semiconductor layer 40a overlaps the
first gate electrode 22a, and the second semiconductor layer
405 overlaps the second gate electrode 225.

Data wiring is disposed on the first and second semicon-
ductor layers 40a and 405. The data wiring includes a j* data
line D,, a first source electrode 65a, a second source electrode
65b, a first drain electrode 664, a second drain electrode 665,
and a third drain electrode 66¢. The j* data line D, extends in
a second direction. The j* data line D, and the i” gate line G,
may cross each other and thus be arranged in a lattice on the
first insulating substrate 10. In this case, the j* data line D;and
the i” gate line G, may cross each other at an angle of 90
degrees, as shown, or at a different angle.
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The first source electrode 65a may branch off from the j
data line D, and the first and second drain electrodes 66a and
665 may be adjacent to and spaced apart from the first source
electrode 65a. The first and second drain electrodes 66a and
660 at least partially overlap the first gate electrode 22a. Thus,
the first source electrode 654, the first drain electrode 664, and
the first gate electrode 22a form three terminals of the first
TFT Q,, and the first source electrode 654, the second drain
electrode 665, and first gate electrode 22a form three termi-
nals of the second TFT Q,. In the present specification, the
first source electrode 65a, the first drain electrode 66a, the
second drain electrode 665, and the first gate electrode 22a
are defined as two switching devices, i.e., the first and second
TFTs Q, and Q,. Alternatively, the first source electrode 65a,
the first drain electrode 664, the second drain electrode 665,
and the first gate electrode 22a may make up a single switch-
ing device that includes a source electrode and two drain
electrodes controlled by a gate electrode.

The second source electrode 655 extends from the second
semiconductor layer 405 toward a first subpixel electrode
824. The third drain electrode 66¢ faces the second source
electrode 655 and is spaced apart from the second source
electrode 655. The third drain electrode 66¢ may extend under
a second subpixel electrode 825. The second source electrode
656 may be connected to the first subpixel electrode 82a
through a contact hole 76¢, and the third drain electrode 66¢
may overlap the second subpixel electrode 826 to form a
capacitor.

Ohmic contact layers 55, 56a, 565, 56¢, and 564 may be
made of n+ hydrogenated amorphous silicon, which may be
doped in high concentration, and are disposed between the
first and second semiconductor layers 40a and 405 and the
data wiring disposed on the first and second semiconductor
layers 40a and 404.

The third drain electrode 66¢ overlaps the storage electrode
line 28 and may include a wide extension portion 67. The
wide extension portion 67 of the third drain electrode 66¢
partially overlaps the storage electrode line 28 and the second
subpixel electrode 8254, which will be described below. The
wide extension portion 67 of the third drain electrode 66¢
overlaps the storage electrode line 28 to form a voltage-down
capacitor and thus reduce an absolute value of a pixel voltage
charged in the first subpixel electrode 824, which will be
described below. The wide extension portion 67 of the third
drain electrode 66¢ also overlaps the second subpixel elec-
trode 826 to form a voltage-up capacitor and thus increase an
absolute value of a pixel voltage charged in the second sub-
pixel electrode 82b. Therefore, even if the same grayscale
data voltage is applied to the first and second subpixel elec-
trodes 82a and 82, voltages charged in the first and second
subpixel electrodes 82a and 826 may be adjusted to have
different values, which will be described in more detail below.

The first gate electrode 224, the first source electrode 65a,
and the first drain electrode 664 make up the first TFT Q,,
which uses the first semiconductor layer 40a as its channel
portion. The first gate electrode 22a, the first source electrode
65a, and the second drain electrode 665 make up the second
TFT Q,, which also uses the first semiconductor layer 40a as
its channel portion. In addition, the second gate electrode 225,
the second source electrode 655, and the third drain electrode
66¢ make up the third TFT Q;, which uses the second semi-
conductor layer 405 as its channel portion. As described
above, the second gate electrode 225, which is coupled to the
third TFT Q; to drive the same pixel region as the first and
second TFTs Q, and Q,, is connected to the (i+1)” gate line
G,,,,» which is adjacent to the i”* gate line G, having the first
gate electrode 22a connected thereto.
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The first and second TFTs Q, and Q, are adjacent to each
other, and the third TFT Q, faces the firstand second TFTs Q,
and Q, and is spaced from the first and second TFTs Q, and
Q, with the first and second subpixel electrodes 82a and 826
interposed therebetween.

In addition, the first, second, and third switching devices,
i.e. TFTs Q,,Q,, and Q,, are connected to the (i+1)"” gate line
G,, ;. The third TFT Q; is spaced from the first and second
TFTs Q, and Q, in the first direction and connected to a unit
pixel which is adjacent thereto in the second direction. The
first and second TFTs Q, and Q,, which are connected to the
(i+1)™ gate line G,, ;, and the third TFT Q, may be arranged in
an order opposite that of the first and second TFTs Q, and Q,,
which are connected to the (i+2)” gate line G,, ,, and the third
TFT Q..

A passivation layer 70 may be disposed on the data wiring.
The passivation layer 70 may be made of an inorganic mate-
rial, such as silicon nitride, or an organic insulating material.
Alternatively, the passivation layer 70 may include two or
more layers made of both organic and inorganic materials. A
contact hole 765 is formed in the passivation layer 70 to at
least partially expose the second drain electrode 665.

The first and second subpixel electrodes 82a and 826 may
be made of a transparent conductive material, such as indium
tin oxide (ITO) or indium zinc oxide (IZO), and are disposed
on the passivation layer 70.

The first subpixel electrode 82a is connected to the first
drain electrode 66a through the contact hole 764 and partially
overlaps the storage electrode line 28. The second subpixel
electrode 825 is connected to the second drain electrode 665
through the contact hole 765 and partially overlaps the stor-
age electrode line 28. In addition, the first and second sub-
pixel electrodes 82a and 824 are spaced apart from each other
by a first slit 83, and the first slit 83 may overlap the storage
electrode line 28.

The first slit 83 may cause the formation of a fringe field
and defines domains in which liquid crystals move uniformly.
Analignment film (not shown) may further be disposed on the
first and second subpixel electrodes 82a and 8256. The align-
ment film may be, for example, a vertical alignment film. A
portion of the second subpixel electrode 826 may be indented
and tapered. That is, the second subpixel electrode 825 may
have an indented portion. The first subpixel electrode 82a
may be arranged in the indented portion of the second sub-
pixel electrode 824.

While the same data voltage is provided to the first and
second subpixel electrodes 82a and 825, since the second
subpixel electrode 825 is coupled to the voltage-up capacitor,
it is charged with a pixel voltage whose absolute value is
higher than that of the provided data voltage. On the other
hand, since the first subpixel electrode 82a is coupled to the
voltage-down capacitor, it is charged with a pixel voltage
having an absolute value that is lower than that of the provided
data voltage. As described above, since the first and second
subpixel electrodes 82a and 8254 in the same pixel are charged
with different voltages, the distortion of a gamma curve may
be prevented, and lateral visibility may be enhanced.

In the present exemplary embodiment, when the voltage
charged in the first subpixel electrode 82a is reduced, the
voltage charged in the second subpixel electrode 825 is
increased. Therefore, the difference between the voltages
charged in the first and second subpixel electrodes 82a and
825 increases. That is, a greater voltage difference can be
obtained when both the voltage-up capacitor and the voltage-
down capacitor are available than when only the voltage-
down capacitor is available, even if the capacitance of each
capacitor is small. When the voltage-up capacitor and the

i+2
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voltage-down capacitor are available, the size of the third
drain electrode 66¢, which is an electrode of the voltage-up
capacitor and the voltage-down capacitor, may be reduced,
which, in turn, may improve the aperture ratio. In addition,
since the voltage-up capacitor increases voltages, a transmis-
sion rate may be increased.

The second display panel 200 will now be described with
reference to FIG. 3, FIG. 4, FIG. 5, and FIG. 6. Referring to
FIG. 3, FIG. 4, FIG. 5, and FIG. 6, like the first insulating
substrate 10, a second insulating substrate 90, which is a base
substrate of the second display panel 200, may be made of
transparent glass or plastic. A black matrix 94 is disposed on
the second insulating substrate 90 and overlaps the i” gate
line G, and the j* data line D, of the first display panel 100. In
addition, a color filter 92 is disposed in a region surrounded by
the black matrix 94. The color filter 92 overlaps the first and
second subpixel electrodes 82a and 8254 of the first display
panel 100.

Anovercoat layer 95 is disposed on the black matrix 94 and
the color filter 92 to planarize their step heights.

A common electrode 91 may be made of a transparent
conductive material, such as ITO or IZO, and is disposed on
the overcoat layer 95. The common electrode 91 is disposed
on a whole surface of the second display panel 200 and
includes a second slit 93 in each pixel unit PX. The second slit
93 causes the formation of a fringe field together with the first
slit 83 interposed between the first and second subpixel elec-
trodes 82a and 824 of the first display panel 100 and defines
domains in which liquid crystals move uniformly. In addition,
an alignment film (not shown) may further be disposed on the
common electrode 91. The alignment film may be a vertical
alignment film.

Referring to FIG. 5 and FIG. 6, a liquid crystal layer 300
including a plurality of liquid crystals 301 is disposed
between the first display panel 100 and the second display
panel 200. When no electric field is generated in the LCD, the
liquid crystals 301 may be, for example, vertically aligned
according to characteristics of the alignment film included in
the LCD. However, when voltages are applied to the first and
second subpixel electrodes 82a and 8254 of the first display
panel 100 and the common electrode 91 of the second display
panel 200, an electric field is formed in the liquid crystal layer
300, thereby rotating the liquid crystals 301.

In this case, if the liquid crystals 301 included in the liquid
crystal layer 300 have negative dielectric anisotropy, they
rotate in a direction perpendicular to the electric field. If the
liquid crystals 301 have positive dielectric anisotropy, they
rotate in a direction parallel to the electric field. The degree of
rotation of the liquid crystals 301 determines the transmission
of light through the liquid crystal layer 300. If a polarizer (not
shown) is attached to an outer side of the first display panel
100 and/or the second display panel 200, the overall trans-
mission rate of the LCD may be controlled using the polar-
izer.

As described above, the first slit 83 of the first display panel
100 and the second slit 93 of the second display panel 200
create a fringe field in the LCD according to the present
exemplary embodiment. Thus, the rotation of the liquid crys-
tals 301 caused by the generation of the electric field has
certain directionality in each domain partitioned by the first
and second slits 83 and 93. As a result, visibility may be
enhanced, and texture created by the collision of the liquid
crystals 301 may be prevented. Furthermore, the speed of
rotation of the liquid crystals 301, that is, the reaction speed of
the liquid crystals 310 to the electric field, may be increased.

FIG. 7 is an equivalent circuit diagram of the LCD of FIG.
1. FIG. 8 shows waveforms of voltages which are applied to
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the LCD of FIG. 1. FIG. 7 shows a circuit diagram of a pixel
region located between the i” gate line G, and the (i+1)” gate
line G,,, as an example. In FIG. 7, reference character ‘A’
indicates a first subpixel electrode region, and reference char-
acter ‘B’ indicates a second subpixel electrode region.

For simplicity, it is assumed that a common voltage Vcom
applied to the storage electrode line 28 and the common
electrode 91 is 5V, that a data voltage of 7V is applied during
a first frame, and that a data voltage of 3 V is applied during
a second frame. While a data voltage of 7 V is being applied
to the j” data line D,, if a gate-on signal is transmitted to the
i gate line G,, the firstand second TFTs Q, and Q, are turned
on. Accordingly, the data voltage of 7V is applied to the first
and second subpixel electrodes 82a and 825. Since the first
and second TFTs Q, and Q, are connected to the same data
line, i.e., the j* data line D,, a voltage applied to a node P,,
which is connected to the first subpixel electrode 824, is equal
to a voltage applied to a node P,, which is connected to the
second subpixel electrode 824. That is, while the gate-on
signal is transmitted to the i” gate line G,, subpixel voltages
Vpx1 and Vpx2 of 7V are provided to the nodes P, and P,,
respectively. Here, a first liquid crystal capacitor Clcl, a first
storage capacitor Cst1, a second liquid crystal capacitor Clc2,
and a second storage capacitor Cst2 are charged with 2 V,
which is the difference between the subpixel voltages Vpx1
and Vpx2 and the common voltage Vcom.

Meanwhile, a voltage of 7V is also applied to a node that
is connected to the node P,. Since inversion driving is per-
formed on a frame-by-frame basis in the present exemplary
embodiment, if approximately 3 V is applied to a node b
during a previous frame, a voltage-up capacitor Cup between
the nodes a and b is charged with approximately +4 V, and a
voltage-down capacitor Cdown is charged with approxi-
mately +2 V.

Ifa gate-off voltage is applied to the i” gate line G, the first
and second TFTs Q, and Q, are turned off, and the subpixel
voltages Vpx1 and Vpx2 charged in the first and second
subpixel electrodes 82a and 825, respectively, are reduced by
a first kickback voltage Vkb1.

Referring to FIG. 8, the voltage of the i gate line G, is Vgn
and the voltage of the (i+1)” gate line G,,, is Vgn+1. When a
first horizontal period 1H passes after the gate-on voltage is
applied to the i gate line G,, the gate-on voltage is applied to
the (i+1)” gate line G,, ,, and the third TFT Q, connected to
the (i+1)” gate line G,, |, is turned on. As the third TFT Q, is
turned on, the nodes P, and b are connected to each other.
Thus, a voltage of 7 V is provided to the node b. Here, since
the voltage-up capacitor Cup is charged with approximately
+4V, the voltage of the node P, instantaneously increases. On
the other hand, since the voltage-down capacitor Cdown is
charged with approximately +2V and has an end connected to
the storage electrode line 28, the voltage of the node b instan-
taneously drops. Therefore, the subpixel voltage Vpx2
charged in the second subpixel electrode 825 instantaneously
increases (as indicated by reference numeral Veup1 in FIG. 8)
because the second subpixel electrode 825 is coupled to the
voltage-up capacitor Cup. In addition, the subpixel voltage
Vpx1 charged in the first subpixel electrode 82a instanta-
neously decreases (as indicated by reference numeral
Vedownl in FIG. 8) because the first subpixel electrode 82a
is coupled to the voltage-down capacitor Cdown.

Ifthe gate-off voltage is applied to the (i+1)” gate line G,, ,,
the subpixel voltage Vpx2 charged in the second subpixel
electrode 825 is slightly reduced by a second kickback volt-
age Vkb12, and the subpixel voltage Vpx1 charged in the first
subpixel electrode 824 is further reduced by a second kick-
back voltage Vkb1l. During the first frame, the first and
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second subpixel electrodes 82a and 824 sustain the subpixel
voltages Vpx1 and Vpx2 charged therein.

As described above, even if the same voltage is applied to
the first and second subpixel electrodes 82a and 824 during
the first frame, since the subpixel voltage Vpx1 of the first
subpixel electrode 82a is reduced while the subpixel voltage
Vpx2 of the second subpixel electrode 824 is increased, the
second subpixel electrode 826 may be charged with a higher
voltage than the first subpixel electrode 82a. That is, the
absolute value of the voltage charged in the second liquid
crystal capacitor Clc2 and the second storage capacitor Cst2
of the second subpixel electrode region B may become higher
than that of the voltage charged in the first liquid crystal
capacitor Clc1 and the first storage capacitor Cstl of the first
subpixel electrode region A.

Next, the subpixel voltages Vpx1 and Vpx2 charged in the
first and second subpixel electrodes 82a and 824, respec-
tively, during a second frame will be described. While a data
voltage of 3 V is being applied to the j? data line D,, if the
gate-on signal is transmitted again to the i” gate line G, when
the second frame begins, the first and second TFTs Q, and Q,
are turned on. Accordingly, the data voltage of 3 V is applied
to the first and second subpixel electrodes 82a and 825. While
the gate-on signal is transmitted to the i gate line G,, the
subpixel voltages Vpx1 and Vpx2 of 3 V are provided to the
nodes P, and P,, respectively. Here, the first liquid crystal
capacitor Clcl, the first storage capacitor Cstl, the second
liquid crystal capacitor Clc2, and the second storage capacitor
Cst2 are charged with -2 V, which is the difference between
the subpixel voltages Vpx1 and Vpx2 and the common volt-
age Vcom.

Meanwhile, a voltage of 3V is also applied to the node that
is connected to the node P,. Since approximately 7 V was
applied to the node b during the first frame, the voltage-up
capacitor Cup between the nodes a and b is charged with
approximately —4 V, and the voltage-down capacitor Cdown
is charged with approximately -2 V.

If the gate-off voltage is applied to the i” gate line G,, the
first and second TFTs Q, and Q, are turned off, and the
subpixel voltages Vpx1 and Vpx2 charged in the first and
second subpixel electrodes 82a and 82b, respectively, are
reduced by a first kickback voltage Vkb2.

After the first horizontal period 1H, if the gate-on voltage is
applied to the (i+1)” gate line G,, ,, the third TFT Q, con-
nected to the (i+1)” gate line G,, , is turned on. When the third
TFT Q5 is turned on, the nodes P, and b are connected to each
other. Thus, a voltage of 3V is provided to the node b. Here,
since the voltage-up capacitor Cup is charged with approxi-
mately —4 V, the voltage of the node P, instantaneously drops.
On the other hand, since the voltage-down capacitor Cdown is
charged with approximately -2V and has an end connected to
the storage electrode line 28, the voltage of the node b instan-
taneously increases. Therefore, the subpixel voltage Vpx2
charged in the second subpixel electrode 825 instantaneously
decreases (as indicated by reference numeral Veup2 in FIG.
8) because the second subpixel electrode 824 is coupled to the
voltage-up capacitor Cup. In addition, the subpixel voltage
Vpx1 charged in the first subpixel electrode 82a instanta-
neously increases (as indicated by reference numeral
Vedown2 in FIG. 8) because the first subpixel electrode 824
is coupled to the voltage-down capacitor Cdown.

Ifthe gate-off voltage is applied to the (i+1)” gate line G,, ,,
the subpixel voltage Vpx1 charged in the first subpixel elec-
trode 82a is reduced by a second kickback voltage Vkb21,
and the subpixel voltage Vpx2 charged in the second subpixel
electrode 825 is further reduced by a second kickback voltage
Vkb22. During the second frame, the first and second sub-
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pixel electrodes 82a and 825 sustain the subpixel voltages
Vpx1 and Vpx2 charged therein.

As described above, even if the same voltage is applied to
the first and second subpixel electrodes 82a and 8256 during
the second frame, since the subpixel voltage Vpx1 of the first
subpixel electrode 82a is increased while the subpixel voltage
Vpx2 of the second subpixel electrode 825 is reduced, the
second subpixel electrode 825 may be charged with a lower
voltage than the first subpixel electrode 82a. That is, during
the second frame, the absolute value of the voltage charged in
the second liquid crystal capacitor Clc2 and the second stor-
age capacitor Cst2 of the second subpixel electrode region B
may become higher than that of the voltage charged in the first
liquid crystal capacitor Clc1 and the first storage capacitor
Cstl of the first subpixel electrode region A.

Hereinafter, an LCD according to another exemplary
embodiment of the present invention will be described in
detail with reference to FIG. 9. FIG. 9 is a plan view of an
LCD according to another exemplary embodiment of the
present invention. For the simplicity of description, elements
substantially identical to those of the previous exemplary
embodiment are indicated by like reference numerals, and
thus their description will be omitted.

In the LCD according to the present exemplary embodi-
ment, a first subpixel electrode 824 is surrounded by a j” data
line D, and a second subpixel electrode 82b. A first drain
electrode 664' and a second source electrode 655' overlap a
portion of the second subpixel electrode 825 and are con-
nected to the first subpixel electrode 82a’".

Since the first drain electrode 66a' and the second source
electrode 654" are disposed on a different layer than the first
subpixel electrode 824" and thus, are insulated from the first
subpixel electrode 824', they may partially overlap the second
subpixel electrode 825'. The first drain electrode 664" and the
second source electrode 655' may be parallel to the i data
line D;.

The first subpixel electrode 82a is substantially triangular
and is surrounded by the second subpixel electrode 825'. The
second subpixel electrode 825" may be adjacent to first and
second TFTs Q,' and Q,', and the second subpixel electrode
82b' may be disposed between the first subpixel electrode
824" and an i gate line G,.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the present
invention with out departing from the spirit or scope of the
invention. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided
they come with in the scope of the appended claims and their
equivalents.

What is claimed is:

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

a substrate;

aplurality of gate lines that extend in a first direction on the
substrate;

a plurality of data lines that cross the gate lines and extend
in a second direction; and

a plurality of unit pixels defined by the gate lines and the
data lines,

wherein each unit pixel comprises:

a first subpixel electrode connected to a data line by a first
switching device, a gate electrode of the first switching
device being connected to the i gate line;

a second subpixel electrode connected to the a data line by
a second switching device that is adjacent to the first
switching device, the second subpixel electrode being
spaced apart from the first subpixel electrode, a gate
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electrode of the second switching device being con-
nected to the i” gate line; and

a third switching device including a drain electrode capaci-

tively coupled to the second subpixel electrode and a
source electrode connected to the first subpixel elec-
trode, the third switching device being connected to an
(i+1)” gate line that is adjacent to the ith gate line,
wherein the first subpixel electrode and the second sub-
pixel electrode between the ith gate line and the (i+1)”
gate line are arranged in an order opposite that of the first
subpixel electrode and the second subpixel electrode
between the (i+1)” gate line and an (i+2)” gate line.
2. The LCD of claim 1, wherein the data lines comprise a
first data line to deliver a data voltage to a unit pixel connected
to the i gate line and a second data line to deliver a data
voltage to a unit pixel connected to the (i+1)” gate line.
3. The LCD of claim 2, wherein the third switching device
of the unit pixel connected to the i” gate line and the first
switching device and the second switching device of the unit
pixel connected to the (i+1)” gate line are switched on or off
in response to a gate voltage received from the (i+1)” gate
line.
4. The LCD of claim 1, wherein a first unit pixel comprises
the first switching device and the second switching device
connected to the i” gate line and the third switching device
connected to the (i+1)” gate line,
wherein a second unit pixel comprises a first switching
device and a second switching device connected to the
(i+1)” gate line, and

wherein the third switching device of the first unit pixel is
spaced apart from the first switching device and the
second switching device of the second unit pixel, the
second unit pixel being adjacent to the first unit pixel in
the first direction.

5. The LCD of claim 4, wherein the first switching device,
the second switching device, and the third switching device
connected to the (i+1)” gate line are arranged in an order
opposite that of the first switching device, the second switch-
ing device, and the third switching device connected to the
(i+2)” gate line.

6. The LCD of claim 1, wherein the first switching device
and the second switching device are simultaneously switched
on or off in response to the gate voltage received from the i”
gate line.

7. The LCD of claim 1, wherein the source electrode does
not overlap the second subpixel electrode.

8. The LCD of claim 7, wherein the source electrode is
parallel to the data lines.

9. The LCD of claim 7, wherein the second subpixel elec-
trode comprises a tapered, indented portion,

wherein a portion of the first subpixel electrode is arranged

in the indented portion of the second subpixel electrode,
and

wherein another portion of the first subpixel electrode

extends adjacent to the i gate line or the (i+1)” gate line
and parallel to the drain electrode of the third switching
device.

10. The LCD of claim 1, wherein the drain electrode is
parallel to the data lines.

11. The LCD of claim 1, further comprising a storage
electrode that overlaps the drain electrode.

12. The LCD of claim 11, wherein the first subpixel elec-
trode and the second subpixel electrode are spaced apart from
each other by a slit, and the storage electrode at least partially
overlaps the slit.

13. The LCD of claim 12, wherein the drain electrode and
the second subpixel electrode form a voltage-up capacitor,
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which raises a voltage charged in the second subpixel elec-
trode, and the drain electrode and the storage electrode form
a voltage-down capacitor, which lowers a voltage charged in
the first subpixel electrode.

14.The LCD of claim 1, wherein the third switching device
faces the first switching device and the second switching
device and is spaced apart from the first switching device and
the second switching device with the first subpixel electrode
and the second subpixel electrode disposed therebetween.

15. An LCD comprising a plurality of unit pixels defined by
a plurality of gate lines and a plurality of data lines arranged
in a lattice on an insulating substrate,

wherein each unit pixel comprises:

a first subpixel electrode connected to a data line by a first
switching device, a gate electrode of the first switching
device being connected to the i” gate line;

a second subpixel electrode connected to the a data line by
a second switching device that is adjacent to the first
switching device, the second subpixel electrode being
spaced apart from the first subpixel electrode, a gate
electrode of the second switching device being con-
nected to the i” gate line; and

a third switching device comprising a drain electrode
capacitively coupled to the second subpixel electrode, a
source electrode connected to the first subpixel elec-
trode, and a gate electrode connected to an (i+1)” gate
line,

wherein the unit pixels comprise a first unit pixel, in which
the first switching device and the second switching
device of the first unit pixel are connected to the i gate
line and a j* data line, and a second unit pixel, in which
the first switching device and the second switching
device of the second unit pixel are connected to the i+1%
gate line and a (j+1)” data line, and

wherein the first subpixel electrode and the second sub-
pixel electrode of the first unit pixel are arranged in an
order opposite that of the first subpixel electrode and the
second subpixel electrode of the second unit pixel.

16. The LCD of claim 15, wherein the first unit pixel and
the second unit pixel are adjacent to each other in a direction
in which the data lines extend.

17. The LCD of claim 15, wherein the third switching
device of the first unit pixel and the first switching device and
the second switching device of the second unit pixel are
spaced apart from each other and are switched on or off in
response to a gate voltage received from the (i+1)” gate line.

18. The LCD of claim 16, wherein the first switching
device, the second switching device, and the third switching
device of the first unit pixel are arranged in an order opposite
that of the first switching device, the second switching device,
and the third switching device of the second unit pixel.

19. The LCD of claim 16, wherein the j data line applies
a data voltage to the first switching device and the second
switching device connected to the i gate line, and the (j+1)*
data line applies a data voltage to the first switching device
and the second switching device connected to the (i+1)” gate
line.

20. The LCD of claim 16, wherein the source electrode of
the third switching device does not overlap the second sub-
pixel electrode.

21. The LCD of claim 18, wherein the second subpixel
electrode comprises a tapered, indented portion,

wherein a portion of the first subpixel electrode is arranged
in the indented portion of the second subpixel electrode,
and



US 8,203,516 B2

13

wherein another portion of the first subpixel electrode
extends adjacent to the i gate line or the (i+1)” gate line
and parallel to the drain electrode of the third switching
device.

22.The LCD of claim 15, wherein the source electrode and
the drain electrode are parallel to the data lines.

23. The LCD of claim 15, further comprising a storage
electrode that overlaps the drain electrode.

24. The LCD of claim 23, wherein the first subpixel elec-
trode and the second subpixel electrode are spaced apart from
each other by a slit, and the storage electrode at least partially
overlaps the slit.

25. The LCD of claim 23, wherein the drain electrode and
the second subpixel electrode form a voltage-up capacitor,
which raises a voltage charged in the second subpixel elec-
trode, and the drain electrode and the storage electrode form
a voltage-down capacitor, which lowers a voltage charged in
the first subpixel electrode.

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

a substrate;

aplurality of gate lines that extend in a first direction on the

substrate;
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a plurality of data lines that cross the gate lines and extend
in a second direction; and a plurality of unit pixels
defined by the gate lines and the data lines,

wherein each unit pixel comprises:

a first subpixel electrode connected to a data line by a first
switching device, a gate electrode of the first switching
device being connected to the i” gate line;

a second subpixel electrode connected to the a data line by
a second switching device that is adjacent to the first
switching device, the second subpixel electrode being
spaced apart from the first subpixel electrode, a gate
electrode of the second switching device being con-
nected to the i gate line; and

a third switching device including a drain electrode capaci-
tively coupled to the second subpixel electrode and a
source electrode connected to the first subpixel elec-
trode, the third switching device being connected to an
(i+1)™” gate line that is adjacent to the i” gate line.
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