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(7) ABSTRACT

A liquid crystal display (LCD) comprises a gate line formed
ona firstinsulation substrate and extending in a first direction;
a data line insulated from the gate line and extending in a
second direction; a pixel electrode comprising a first sub-
pixel electrode connected to the gate line and the dataline and
asecond sub-pixel electrode connected to the gate line and the
data line; first and second voltage lines receiving a pair of
voltages having opposite phases, from an external source; and

(22) Filed: Jun. 27, 2008 first and second storage lines respectively overlapping the
' L . first and second sub-pixel electrodes and respectively receiv-
(30) Foreign Application Priority Data ing first and second storage voltages whose phases are
inverted at a cycle of at least one frame, wherein the first
Jul. 13,2007 (KR) v 10-2007-0070845 storage line is connected to the first and second voltage lines
L . . by a first switching unit, the second storage line is connected
Publication Classification to the first and second voltage lines by a second switching
(51) Int.CL unit, and the first and second switching units apply the pair of
GO2F 1/133 (2006.01) voltages to the first and second storage lines as the first and
GO2F 1/1343 (2006.01) second storage voltages.
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LIQUID CRYSTAL DISPLAY AND METHOD
OF DRIVING THE SAME

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority from Korean Patent
Application No. 10-2007-0070854 filed on Jul. 13, 2007 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 liquid crystal dis-
play (LCD) and a method of driving the same, and more
particularly, to an LCD which can be driven at high speed and
have better lateral visibility and a method of driving the LCD.
[0004] 2. Description of the Related Art

[0005] Generally, an LCD includes a pair of display panels
having electric field generating electrodes, such as pixel elec-
trodes and common electrodes with a liquid crystal layer
interposed between the display panels. The alignment of the
liquid crystal molecules of the liquid crystal layer is deter-
mined by the electric field applied between the electrodes.
The applied electric field controls the polarization of incident
light. As a result, a desired image is displayed on the LCD.
[0006] A vertical alignment (VA) mode LCD aligns the
main directors of the liquid crystal molecules perpendicular
to the upper and lower display panels when no electric field is
applied. VA mode LCDs are popular due to their high contrast
ratios and wide standard viewing angles. However, VA mode
LCDs tend to have poor lateral visibility compared to front
visibility. To provide better lateral visibility, each pixel is
partitioned into two sub-pixels, and a switching device is
formed in each of the sub-pixels. Then, a different voltage is
applied to each of the sub-pixels, thereby controlling the
alignment of liquid crystal molecules.

[0007] AnLCDmay be supplied with an alternating current
(AQ) driving voltage having opposite phases for every hori-
zontal time period. The driving voltages are applied to storage
lines that overlap a pair of sub-pixels. Then, the amplitude of
the voltage applied to each sub-pixel is controlled using the
capacitance between each sub-pixel and a corresponding stor-
age line.

[0008] Recently, amethod of driving an LCD at high speed,
for example, at a 120 Hz frame rate, has been used to improve
motion blur.

[0009] However, if an LCD is driven at high speed, the
horizontal time period of the LCD is shortened, which, in
turn, increases the RC delay of a storage line and may
adversely affect image quality.

SUMMARY OF THE INVENTION

[0010] The present invention provides a liquid crystal dis-
play (LCD) which can be driven at high speed and have better
lateral visibility.

[0011] According to an aspect of the present invention, an
LCD comprises a gate line formed on a first insulation sub-
strate and extending in a first direction; a data line insulated
from the gate line and extending in a second direction; a pixel
electrode comprising a first sub-pixel electrode connected to
the gate line and the data line and a second sub-pixel electrode
connected to the gate line and the data line; first and second
voltage lines receiving a pair of voltages having opposite
phases, from an external source; and first and second storage
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lines respectively overlapping the first and second sub-pixel
electrodes and respectively receiving first and second storage
voltages whose phases are inverted at a cycle of at least one
frame, wherein the first storage line is connected to the first
and second voltage lines by a first switching unit, the second
storage line is connected to the first and second voltage lines
by a second switching unit, and the first and second switching
units apply the pair of voltages to the first and second storage
lines as the first and second storage voltages.

[0012] According to another aspect of the present inven-
tion, a method of driving an LCD comprises applying a gate
signal to a gate line; applying a data voltage to a data line to
charge a pixel electrode comprised of first and second sub-
pixel electrodes; applying first and second storage voltages,
whose phases are inverted at a cycle of at least one frame, to
first and second storage lines overlapping the first and second
sub-pixel electrodes, respectively, wherein the applying of
the first and second storage voltages comprises providing a
pair of voltages having opposite phases from an external
source, and applying the pair of voltages, which are selec-
tively switched on by first and second switching units, to the
first and second storage lines as the first and second storage
voltages; and adjusting amplitudes of the data voltages
charged in the first and second sub-pixel electrodes using the
first and second storage voltages.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] The above and other features and advantages of the
present invention will become more apparent by describing in
detail preferred embodiments thereof with reference to the
attached drawings, in which:

[0014] FIG. 1 schematically illustrates configuration of a
liquid crystal display (LCD) according to an exemplary
embodiment of the present invention;

[0015] FIG. 2 schematically illustrates a pixel array of the
LCD of FIG. 1
[0016] FIG. 3 is an arrangement plan of a lower display

panel of the LCD according to an exemplary embodiment of
the present invention;

[0017] FIG. 4 is an arrangement plan of a lower display
panel of the LCD according to another exemplary embodi-
ment of the present invention;

[0018] FIG. 5is a cross-sectional view of the lower display
panel taken along a line V-V' of FIG. 3;

[0019] FIG. 6 is a cross-sectional view of the lower display
panel taken along a line VI-VI' of FIG. 3;

[0020] FIG. 7 is a cross-sectional view of the lower display
panel taken along a line VII-VII' of FIG. 3;

[0021] FIG. 8 is a cross-sectional view of the LCD includ-
ing the lower display panel illustrated in FIG. 3; and

[0022] FIGS. 9 and 10 show waveforms of signals applied
in a method of driving the LCD according to an exemplary
embodiment of the present invention.

DETAILED DESCRIPTION

[0023] 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
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those of ordinary skill in the art. In the drawings, sizes and
relative sizes of layers and regions may be exaggerated for
clarity.

[0024] It will be understood that when an element or layer
is referred to as being “on” another element or layer, the
element or layer can be directly on another element or layer or
intervening elements or layers. In contrast, when an element
is referred to as being “directly on” another element or layer,
there are no intervening elements or layers 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.

[0025] Spatially relative terms, such as “below,” “beneath,”
“lower,” “above,” “upper.” and the like, may be used herein
for ease of description to describe one device or element’s
relationship to another device(s) or element(s) as illustrated in
the drawings. 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 drawings.

[0026] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms are intended to include the plural 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
components, steps, operations, and/or elements, but do not
preclude the presence or addition of one or more other com-
ponents, steps, operations, elements, and/or groups thereof.
[0027] 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 expressly so defined herein.

[0028] Hereinafter, a liquid crystal display (LCD) accord-
ing to exemplary embodiments of the present invention will
be described with reference to the attached drawings.

[0029] FIG. 1 schematically illustrates configuration of an
LCD according to an exemplary embodiment of the present
invention. FIG. 2 schematically illustrates a pixel array of the
LCD of FIG. 1.

[0030] Referring to FIG. 1, the LCD according to the
present embodiment includes a liquid crystal panel 100, a
gate driver 200, and a data driver 300.

[0031] The liquid crystal panel 100 has a plurality of dis-
play signal lines. The display signal lines include a plurality
of gate lines G1 through Gn and a plurality of data liens D1
through Dm. The gate lines G1 through Gn extend in a first
direction, for example, a horizontal direction of the liquid
crystal panel 100. The data lines D1 through Dm extend in a
second direction, for example, a vertical direction of the
liquid crystal panel 100, and intersect the gate lines G1
through Gn.

[0032] A plurality of pixels are connected to the gate lines
G1 through Gn and the data lines D1 through Dm. Each of the
pixels includes switching devices Q1 and Q2, which are con-
nected to one of the gate lines G1 through Gn and one of the
data lines D1 through Dm, and liquid crystal capacitors Clcl

29 <.
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and Clc2 and storage capacitors Cstl and Cst2 which are
connected to the switching devices Q1 and Q2.

[0033] The gate lines G1 through Gn transmit gate signals
to the switching devices Q1 and Q2, and the data lines D1
through Dm apply data voltages, which correspond to data
signals, to the switching devices Q1 and Q2.

[0034] Each of the switching device Q1 and Q2 is a three-
terminal device that includes a control terminal connected to
one of the gate lines G1 through Gn, an input terminal con-
nected to one of the data lines D1 through Dm, and an output
terminal connected to the liquid crystal capacitor Clcl or
Clc2 and the storage capacitor Cstl or Cst2.

[0035] The liquid crystal capacitor Clcl or Clc2 is con-
nected between the output terminal of the switching device
Q1 or Q2 and a common electrode (not shown). The storage
capacitor Cstl or Cst2 is connected between the output ter-
minal of the switching device Q1 or Q2 and the common
electrode. Alternatively, the storage capacitor Cstl or Cst2
may be connected between the output terminal of the switch-
ing device Q1 or Q2 and one of the gate lines G1 through Gn
immediately above the switching device Q1 or Q2.

[0036] The gate driver 200 is connected to the gate lines G1
through Gn and transmits gate signals to the gate lines G1
through Gn in order to activate the switching devices Q1 and
Q2.

[0037] Thedatadriver 300 is connected to the data lines D1
through Dm and applies data voltages, which correspond to
data signals, to the pixels through the data lines D1 through
Dm, respectively.

[0038] The switching devices Q1 and Q2 may be metal
oxide semiconductor (MOS) transistors, and the MOS tran-
sistors may be implemented as thin-film transistors having
channel regions made of polysilicon.

[0039] The LCD according to the present embodiment will
be described in more detail with reference to FIG. 2.

[0040] A lower display panel 1 (see FIG. 8) of the liquid
crystal panel 100 includes a plurality of display signal lines.
The display signal lines include a plurality of gate lines G1
and G2 and a plurality of data lines D1 through D3.

[0041] The gate lines G1 and G2 transmit gate signals,
extend in a horizontal direction of the lower display panel,
and are substantially parallel to each other. The data lines D1
through D3 apply data voltages, extend in a vertical direction
of the lower display panel, and are substantially parallel to
each other.

[0042] Each pixel PX includes a pair of sub-pixels, i.e., first
and second sub-pixels PXa and PXb. The first and second
sub-pixels PXa and PXb face each other with the gate line G1
therebetween. The first and second sub-pixels PXa and PXb
may be connected to the switching devices Q1 and Q2,
respectively, which are connected to substantially the same
data line D1 and the same gate line G1.

[0043] The first and second sub-pixels PXa and PXb may
have different sizes. For example, the first sub-pixel PXa
disposed above the second sub-pixel PXb with the gate line
G1 therebetween may be smaller than the second sub-pixel
PXb disposed under the first sub-pixel PXa.

[0044] The first and second sub-pixels PXa and PXb of
adjacent pixels PXs may be arranged in an alternating fash-
ion. For example, the first and second sub-pixels PXa and
PXb of a plurality of pixels PXs arranged in the horizontal
direction of the lower display panel, that is, along the data
lines D1 through D3, may be arranged in an alternating fash-
ion. In addition, the first and second sub-pixels PXa and PXb
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of a plurality of pixels PXs arranged in the vertical direction
of the lower display panel, thatis, along the gate lines G1 and
G2, may be arranged in an alternating fashion. Consequently,
when the LCD is driven, visibility degradation due to a layout
difference between the first and second sub-pixels PXa and
PXb can be reduced.

[0045] A pair of storage lines, i.e., first and second storage
lines SLal and SLb1 or third and fourth storage lines SLa2
and SLb2, are respectively arranged with the gate line G1 or
G2 therebetween and extend substantially parallel to each
other. Each of the first through fourth storage lines SLal,
SLb1, SLa2 and SLb2 overlaps the first or second sub-pixel
PXa or PXb and forms a storage capacitor together with the
first or second sub-pixel PXa or PXb.

[0046] Predetermined voltages, for example, a pair of volt-
ages higher and lower than a common voltage Vcom, may be
applied from an external source to the first through fourth
storage lines SLal, SLb1, SLa2 and SLb2 as storage voltages.
The firstand second storage lines SLal and SLb1 respectively
overlapping the first and second sub-pixels PXa and PXb
form storage capacitors.

[0047] When the LCD is driven, the storage capacitors and
liquid crystal capacitors sustain voltages, i.e.,the data volt-
ages charged in the first and second sub-pixels PXa and PXb.
The storage capacitors adjust the amplitudes of the data volt-
ages charged in the first and second sub-pixels PXa and PXb
once during at least one frame operation of the LCD, so that
the first and second sub-pixels PXa and PXb can have differ-
ent amplitude data voltages. Consequently, lateral visibility
of the LCD is enhanced. Such a method of driving the LCD
will be described in detail later with reference to FIGS. 9 and
10.

[0048] Referring back to FIG. 2, at least one storage elec-
trode ST may be formed in the first through fourth storage
lines SLal, SLb1, SLa2 and SLb2. For example, the storage
electrode ST having a large width may overlap the first sub-
pixel PXa. Since the storage electrode ST overlaps the first
sub-pixel PXa, a storage capacitance between the first storage
line SLal and the first sub-pixel PXa is larger than a storage
capacitance between the first storage line SLal and the sec-
ond sub-pixel PXb.

[0049] Inthe present embodiment, the storage electrode ST
may overlap the first sub-pixel PXa. However, the storage
electrode ST may overlap the first sub-pixel PXb.

[0050] The lower display panel 1 may include a storage
voltage unit 101 connected to the first through fourth storage
lines SLal, SLb1, SLa2 and SLb2. The storage voltage unit
101 may apply voltages of different sizes to the first through
fourth storage lines SLal, SLb1, SLa2 and SLb2, respec-
tively.

[0051] Specifically, the storage voltage unit 101 may
include a first voltage line 1024, a second voltage line 1025,
and a switching unit 103.

[0052] The first and second voltage lines 102a and 1025
receive voltages of different sizes, for example, a pair of
voltages V;and V; having opposite phases, from an external
source. The voltage V, applied to the first voltage line 1024
may be higher than the common voltage Vcom, and the volt-
age V, applied to the second voltage line 1025 may be lower
than the common voltage Vcom.

[0053] There may be substantially the same voltage differ-
ence, for example, a voltage difference of approximately 2 to
2.5V, between the common voltage Veom and each of the
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voltages V,, and V; applied to the first and second voltage
lines 102a and 1025, respectively.

[0054] The switching unit 103 may be interposed between
each of the first through fourth storage lines SLal, SLbl1,
SLa2 and SLb2 and the first and second voltage lines 1024
and 102b. The switching unit 103 may selectively switch on
the voltages V,,and V,, which are supplied respectively to the
first and second voltage lines 102a and 1025, and thus apply
the storage voltages to each of the first through fourth storage
lines SLal, SLb1, SLa2 and SLb2.

[0055] That is, the switching unit 103 may electrically con-
nect the first and second voltage lines 102a and 1025 to each
of the first through fourth storage lines SLal, SLb1, SLa2 and
SLb2. A first switching unit connected to the first storage line
SLal may apply a pair of the voltages V,,and V,, which have
opposite phases and are provided by the first and second
voltage lines 1024 and 1025, respectively, to the first storage
line SLal as the first storage voltage.

[0056] In this case, the first switching unit may selectively
switch on the pair of voltages V,; and V;in response to a
predetermined signal. Thus the first switching unit may apply
the first storage voltage whose phase is inverted at a cycle of
at least one frame to the first storage line SLal. That is, the
switching unit 103 may perform a switching operation once
in a cycle of at least one frame in synchronization with gate
signals applied to the gate lines G1 and G2. Accordingly, the
pair of voltages V,,and V; may be selectively switched onand
thus the first storage voltage applied to the first storage line
SLal.

[0057] Similarly, a second switching unit connected to the
second storage line SLb1 may apply a pair of the voltages V,,
and V,, which have opposite phases and are provided by the
first and second voltage lines 102a and 1025, respectively, to
the second storage line SLb1 as the second storage voltage.
[0058] In this case, the second switching unit may selec-
tively switch on the pair of voltages V,, and V; in response to
a predetermined signal. Thus the second switching unit may
apply the second storage voltage whose phase is inverted at a
cycle of at least one frame to the second storage line SLb1.
That is, the switching unit 103 may perform a switching
operation once in a cycle of at least one frame in synchroni-
zation with gate signals applied to the gate lines G1 and G2.
Accordingly, the pair of voltages V,, and V; may be selec-
tively switched on and thus the second storage voltage
applied to the second storage line SLb1.

[0059] Hereinafter, the operation of the above LCD will be
described.
[0060] First of all, if a gate signal is applied to the first gate

line G1, the switching devices Q1 and Q2 connected to the
gate line G1 are turned on. When the switching devices Q1
and Q2 are turned on, data voltages provided by the data line
D1 charge the first and second sub-pixels PXa and PXb.
[0061] The first and second storage lines SLal and SLbl
overlap the first and second sub-pixels PXa and PXb, respec-
tively, and respectively receive the first and second storage
voltage.

[0062] The voltage V, lower than the common voltage
Vceom is applied to the first storage line SLal that overlaps the
first sub-pixel PXa as the first storage voltage. In addition, the
voltage V , higher than the common voltage Vcom is applied
to the second storage line SLb1 that overlaps the second
sub-pixel PXb as the second storage voltage.

[0063] If a gate signal is applied to the gate line G2, the
switching devices Q1 and Q2 of the gate line G1 are turned
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off. In this case, the data voltages charged in the first and
second sub-pixels PXa and PXb are sustained.

[0064] The switching unit 103 of the storage voltage 101
performs a switching operation once in synchronization with
a gate signal applied to the gate line G2. Accordingly, the
voltage V, may be applied to the first storage line SLal as the
first storage voltage, and the voltage V, may be applied to the
second storage line SLb1. The switching devices Q1 and Q2
may operate in synchronization with a rising edge of the gate
signal that is applied to the gate line G2.

[0065] The first storage line SLal overlaps the first sub-
pixel PXa charged with the data voltage. If the data voltage
charged in the first sub-pixel PXa is higher than the common
voltage Vcom, it may be increased by the voltage Vyapplied
to the first storage line SLal after the switching operation of
the switching unit 103. Therefore, the amplitudes of the data
voltages charged in the first and second sub-pixels PXa and
PXb may be adjusted differently, thereby enhancing lateral
visibility of the LCD.

[0066] In addition, since the switching unit 103 performs
the switching operation once during at least one frame opera-
tion of the LCD, the pair of voltages V; and V; are alternately
applied to the first and second storage lines SLa and SLb1.
Hence, even if the LCD operates at high speed, for example,
at a speed of 120 Hz, the first and second storage lines SLal
and SLb1 do not have a resistive-capacitive (RC) delay. Con-
sequently, the LCD can be driven at high speed. The method
of driving the LCD will be described in detail later with
reference to FIGS. 9 and 10.

[0067] Hereinafter, the LCD according to the present
embodiment will be described in more detail with reference
to FIGS. 3 through 8.

[0068] First of all, the lower display panel 1 (see. FIG. 8) of
the LCD according to the present embodiment will be
described in detail with reference to FIGS. 3 through 7. FIG.
3 is an arrangement plan of the lower display panel 1 of the
LCD according to an exemplary embodiment of the present
invention. FIG. 4 is an arrangement plan of a lower display
panel of the LCD according to another exemplary embodi-
ment of the present invention. FIG. 5 is a cross-sectional view
of the lower display panel 1 taken along a line V-V' of FIG. 3.
FIG. 6 is a cross-sectional view of the lower display panel 1
taken along a line VI-VI' of FIG. 3. FIG. 7 is a cross-sectional
view of the lower display panel 1 taken along a line VII-VII'
of FIG. 3.

[0069] A gate line 22 is formed on an insulation substrate
10 which is made of, for example, transparent glass. The gate
line 22 extends in a first direction, for example, a horizontal
direction, and transmits a gate signal. The gate line 22 is
allocated to each pixel. A gate electrode 26 having protrusions
is formed in the gate line 22. The gate electrode 26 formed in
the gate line 22 includes upper and lower protrusions that
divide a pixel into two sub-pixels. A gate line end 24 is formed
at an end of the gate line 22. The gate line end 24 receives a
gate signal from another layer or an external source and
transmits the received gate signal to the gate line 22. A width
of the gate line end 24 is expanded in order for connection
with an external circuit.

[0070] In addition, first and second storage lines 28a and
286 are formed on the insulation substrate 10. The first and
second storage lines 284 and 285 extend across a pixel region
in the horizontal direction and are substantially parallel to the
gate line 22. A storage electrode 29 having a large width is
connected to the first and second storage lines 28a and 285.
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The first and second storage lines 28a and 285 may be
arranged with the gate line 22 therebetween. That is, the first
storage line 284 may be formed in a region above the gate line
22, for example, a region where a first sub-pixel electrode 82a
is disposed, and thus overlap the first sub-pixel electrode 82a.
The second storage line 285 may be formed in a region below
the gate line 22, for example, a region where a second sub-
pixel electrode 825 is disposed, and thus overlap the second
sub-pixel electrode 824.

[0071] Inaddition, the storage electrode 29 may be formed
in the first storage line 284 and overlap the first sub-pixel
electrode 82¢, thereby forming a storage capacitor Cst that
enhances a charge storage capacity of the pixel. In the method
of driving the LCD, which will be described later, the storage
capacitor Cstmay adjust the size of the data voltage applied to
the first sub-pixel electrode 82a.

[0072] Referring to FIG. 6, one or more passivation layers,
for example, a gate insulation layer 30 and a passivation layer
70, may be formed between the first storage line 28« and the
first sub-pixel electrode 82a. A portion of the passivation
layer described above may be removed, and thus the first
sub-pixel electrode 82a and the first storage line 28¢ may
overlap each other. That is, the gate insulation layer 30 may be
formed on the storage electrode 29 of the first storage line
28a, and the storage electrode 29 may overlap the first sub-
pixel electrode 82a with the gate insulation layer 30 therebe-
tween. Accordingly, the size of the storage capacitor Cst
formed between the first sub-pixel electrode 82a and the first
storage line 28a can be increased.

[0073] Referring to FIG. 7, one or more passivation layers,
for example, the gate insulation layer 30 and the passivation
layer 70, may be formed between the second storage line 286
and the second sub-pixel electrode 825. In this case, the
second storage line 2856 and the second sub-pixel electrode
82 may overlap each other with the gate insulation layer 30
and the passivation layer 70 therebetween, thereby forming
another storage capacitor Cst. The storage capacitor Cst
formed by the second storage line 285 and the second sub-
pixel electrode 82b overlapping each other may be relatively
smaller than the storage capacitor Cst formed by the first
storage line 28a and the first sub-pixel electrode 82a overlap-
ping each other.

[0074] That is, referring to FIGS. 6 and 7, aregion in which
the first sub-pixel electrode 82a overlaps the storage electrode
29 of the first storage line 28a is relatively thinner than a
region in which the second sub-pixel electrode 820 overlaps
the second storage line 285. Accordingly, the storage capaci-
tor Cst formed by the first sub-pixel electrode 82a and the first
storage line 28a overlapping each other may be relatively
larger than the storage capacitor Cst formed by the second
sub-pixel electrode 824 and the second storage line 285 over-
lapping each other. In the method of driving the LCD which
will be described later, the effect of the storage capacitor Cst
formed by the second sub-pixel electrode 825 and the second
storage line 284 overlapping each other is omitted.

[0075] In the present embodiment, the first and second
storage line 284, 28b overlaps the center of the pixel region,
that is, the centers of the first and second sub-pixel electrodes
82a and 82b. However, the present invention is not limited
thereto, and the shape and disposition of the first and second
storage line 28a, 28b may vary.

[0076] Referring FIGS. 3 through 7 The gate line 22, the
gate electrode 26, and the gate line end 24 are collectively
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referred to as a gate wiring. And the storage lines 28a and 285
and the storage electrode 29 are collectively referred to as a
storage wiring.

[0077] Each of the gate wiring and the storage wiring may
be formed of aluminum (Al)-based metal, such as aluminum
and an aluminum alloy, silver (Ag)-based metal, such as
silver and a silver alloy, copper (Cu)-based metal such as
copper and a copper alloy, molybdenum (Mo)-based metal,
such as molybdenum and a molybdenum alloy, chrome (Cr),
titanium (Ti) or tantalum (Ta). In addition, each of the gate
wiring and the storage wiring may have a multi-film structure
composed of two conductive films (not shown) with different
physical characteristics. One of the two conductive films is
formed of metal with low resistivity, such as aluminum-based
metal, silver-based metal or copper-based metal, in order to
reduce a signal delay or a voltage drop of the gate wiring or
the storage wiring. On the other hand, the other one of the
conductive films is formed of a different material, in particu-
lar, a material having superior contact characteristics with
indium tin oxide (ITO) and indium zinc oxide (IZ0), such as
molybdenum-based metal, chrome, titanium, or tantalum.
Good examples of the multi-film structure include a combi-
nation of a lower chrome film and an upper aluminum film
and a combination of a lower aluminum film and an upper
molybdenum film. However, the present invention is not lim-
ited thereto. The gate wiring and the storage wiring may be
formed of various metal and conductors.

[0078] The gate insulation layer 30, which is formed of
silicon nitride (SiNx), is disposed on the gate line 22 and the
storage wiring.

[0079] A semiconductor layer 40 is disposed on the gate
insulation layer 30 and is made of hydrogenated amorphous
silicon or polycrystalline silicon. The semiconductor layer 40
may have various shapes. For example, the semiconductor
layer 40 may be shaped like an island or may be linear. As in
the present invention, the semiconductor layer 40 shaped like
an island may be formed on the gate electrode 26. Alterna-
tively, if the semiconductor layer 40 is linear, it may be
disposed under a data line 62 and extend onto the gate elec-
trode 26.

[0080] Ohmic contact layers 55, 56a and 565 are disposed
on the semiconductor layer 40. Ohmic contact layers 55, 564
and 564 are island-shaped or linear-shaped. Each of the
ohmic contact layers 55, 564 and 565 is formed of a material,
such as silicide or n+ hydrogenated amorphous silicon doped
with n-type impurities in high concentration. If the ohmic
contact layers 55, 56a and 564 are shaped like islands, they
are disposed under drain electrodes 66a and 664 and a source
electrode 65. If the ohmic contact layers 55, 56a and 564 are
linear, they may extend under the data line 62.

[0081] The data line 62 and the drain electrodes 66a and
664 are formed on the ohmic contact layers 55, 56a and 565
and the gate insulation layer 30. The data line 62 extends in
the second direction, for example, in the vertical direction,
and crosses the gate line 22 and the first and second storage
lines 28a and 285 to define a pixel. In addition, the source
electrode 65 extends like a branch from the data line 62 onto
the ohmic contact layers 55, 56a and 565.

[0082] A dataline end 68 is formed at an end of the data line
62. The data line end 68 receives a data signal from another
layer or an external source and transmits the data signal to the
data line 62. A width of the data line end 68 is expanded for
connection with an external circuit.
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[0083] Thedrainelectrodes 66a and 664 are separated from
the source electrode 65 and disposed on the ohmic contact
layers 56a and 565 with the source electrode 65, which is
disposed on the ohmic contact layer 55, therebetween.
[0084] A vertically extending portion of the data line 62 is
connected to the source electrode 65 and crosses the gate line
22 and the first and second storage lines 28a and 28b.
[0085] Thedataline 62, the data line end 68, and the source
electrode 65 are collectively referred to as a data wiring. The
data wiring may be formed of chrome, molybdenum-based
metal, or refractory metal such as tantalum and titanium. In
addition, the data wiring may have a multi-film structure
composed of a lower film (not shown), which is formed of
refractory metal, and an upper film (not shown) which is
formed of a material with low resistivity and is disposed on
the lower film. As described above, examples of the multi-
film structure may include a combination of a lower chrome
film and an upper aluminum film and a combination of a
lower aluminum film and an upper molybdenum film. Alter-
natively, the multi-film structure may be a three-film structure
having molybdenum-aluminum-molybdenum films.

[0086] The source electrode 65 at least partially overlaps
the semiconductor layer 40. In addition, the drain electrodes
66a and 665 at least partially overlap the semiconductor layer
40 while the source electrode 65 is interposed between the
drain electrodes 66a and 665. The ohmic contact layers 55,
56a and 565 exist between the semiconductor layer 40 dis-
posed thereunder and the source electrode 65 and the drain
electrodes 66a and 665 disposed thereabove. The ohmic con-
tact layers 55, 56a and 565 reduce contact resistance.

[0087] Each of the drain electrodes 66a and 665 has a
stick-shaped end, which overlaps the semiconductor layer 40,
and wide drain electrode expansion portions which extend
from the stick-shaped end.

[0088] The passivation layer 70 is formed on the data wir-
ing and the exposed semiconductor layer 40. The passivation
layer 70 is formed of an inorganic matter such as silicon
nitride or silicon oxide, an organic matter having photosen-
sitivity and superior planarization characteristics, or a low-k
dielectric material formed by plasma enhanced chemical
vapor deposition (PECVD), such as a-Si:C:O or a-Si:O:F.
The passivation layer 70 may be composed of a lower inor-
ganic layer and an upper organic layer in order to protect
exposed portions of the semiconductor layer 40 while taking
advantage of the superior characteristics of the organic layer.
In addition, a red, green or blue color filter layer may be used
as the passivation layer 70. In the present embodiment, the
passivation layer 70 having a signal-layer structure is
described as an example.

[0089] A plurality of contact holes 78, 76a and 765 respec-
tively exposing the data line end 68 and the drain electrode
expansion portions 67a and 675 are formed in the passivation
layer 70. In addition, a contact hole 74 exposing the gate line
end 24 is formed in the passivation layer 70 and the gate
insulation layer 30. A pixel electrode shaped like a flat board
is electrically connected to the drain electrodes 66a and 665
by the contact holes 76a and 76.

[0090] Specifically, the pixel electrode may be split into
upper and lower portions with the gate line 22 therebetween
and may be made of transparent conductors, such as ITO or
170, or reflective conductors such as aluminum. More spe-
cifically, the pixel electrode may include the first and second
sub-pixel electrodes 82a and 82b. The first sub-pixel elec-
trode 82a is physically and electrically connected to the drain
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electrode 66a by the contact hole 76a. In addition, the first
sub-pixel electrode 824 is disposed above the gate line 22 and
overlaps the first storage line 28a. On the other hand, the
second sub-pixel electrode 825 is electrically and physically
connected to the drain electrode 665 by the contact hole 765.
In addition, the second sub-pixel electrode 825 is disposed
under the gate line 22 and overlaps the second storage line
28b. The first and second sub-pixel electrodes 82a and 825 are
supplied with the substantially the same data signal. i.e., the
same data voltage, from the single data line 62.

[0091] The first and second sub-pixel electrodes 82a and
825, to which the same data voltage is applied, generate an
electric field together with a common electrode 150 (see FIG.
8) in an upperdisplay panel 2 (see FIG. 8), thereby controlling
the arrangement of liquid crystal molecules between the first
and second sub-pixel electrodes 82a and 826 and the common
electrode 150.

[0092] As described above, the first sub-pixel electrode 82a
and the first storage line 28a may form a larger storage capaci-
tor Cst than the second sub-pixel electrode 825 and the second
storage line 285. The storage capacitor Cst is connected, in
parallel, to aliquid crystal capacitor Clc formed between each
of the first and second sub-pixel electrodes 82a and 825 and
the common electrode 150. Therefore, the storage capacitor
Cst may sustain a voltage applied to each of the first and
second sub-pixel electrodes 82a and 825 even after a switch-
ing device is turned off and strengthen a voltage sustaining
capability. Furthermore, the storage capacitor Cst may con-
trol the size of the data voltage applied to each of the first and
second sub-pixel electrodes 82a and 824 differently.

[0093] An auxiliary gate line end 86 and an auxiliary data
line end 88 are formed on the passivation layer 70 and con-
nected to the gate line end 24 and the data line end 68 by the
contact holes 74 and 78, respectively. The first and second
sub-pixel electrodes 82a and 825, the auxiliary gate line end
86 and the auxiliary data line end 88 are made of transparent
conductors, such as ITO or IZO, or reflective conductors such
as aluminum. The auxiliary gate line end 86 and the auxiliary
data line end 88 complement adhesiveness of the gate lineend
24 and the data line end 68 with an external device and protect
the gate line end 24 and the data line end 68.

[0094] Referring to FIG. 4, each of first and second sub-
pixel electrodes 82a and 825 may be shaped like bent bands.
Specifically, a pixel electrode may be split into the first and
second sub-pixel electrodes 82a and 82b with a gate line 22
therebetween, and each of the first and second sub-pixel elec-
trodes 82a and 82 may be bent at an angle of approximately
45 or -45 degrees with respect to the gate line 22.

[0095] Referring to FIGS. 3 and 4, the first and second
sub-pixel electrodes 82a and 824 described above may have
different sizes. For example, the first sub-pixel electrode 82a
may be smaller than the second sub-pixel electrode 825. That
is, the storage capacitor Cst controls the data voltage applied
to the first sub-pixel electrode 82a using a relatively higher
grayscale than a grayscale used for the data voltage applied to
the second sub-pixel electrode 825. Thus, the first sub-pixel
electrode 82a may be smaller than the second sub-pixel elec-
trode 825, thereby enhancing lateral visibility of the LCD.
[0096] The first sub-pixel electrode 82a¢ may be shorter
than the second sub-pixel electrode 824 in an x-axis direction,
for example, the horizontal direction. A ratio of the size of the
first sub-pixel electrode 82a to the size of the second sub-
pixel electrode 825 may be approximately 1:1.5 to 1:2.
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[0097] Analignment film (not shown) may be coated onthe
first and second sub-pixel electrodes 82a and 825 and the
passivation layer 70.

[0098] Hereinafter, the upper display panel 2 and the LCD
will be described in detail with reference to FIG. 8. FIG. 8 is
across-sectional view of the LCD including the lower display
panel 1 illustrated in FIG. 3.

[0099] Referring to FIG. 8, a black matrix 120, which pre-
vents leakage of light and defines a pixel region, is formed on
an insulation substrate 110 made of transparent glass. Here,
the black matrix 120 may correspond to regions where the
gate line 22 and a thin film transistor of the lower display
panel 1 are formed. In addition, the black matrix 120 may
prevent the leakage of light caused by splitting of the pixel
electrode into the first and second sub-pixels 82a and 825.
The black matrix 120 may be made of metal (metal oxide),
such as chrome or chrome oxide, or organic black resist.
[0100] In addition, red, green and blue (RGB) color filters
130 may be sequentially arranged in the pixel region between
the black matrices 120.

[0101] The common electrode 150 formed of a transparent
conductive material, such as ITO or 170, is disposed on the
overcoat layer 140. The common electrode 150 may face the
first and second sub-pixel electrode 82a and 825 of the lower
display panel 1. In addition, the common electrode 150
includes one or more domain partition portions 152, such as
apertures or protrusions. The domain partition portions 152
may split a plurality of liquid crystal molecules 5 into a
plurality of domains and may pre-tilt the liquid crystal mol-
ecules 5 in each domain in a predetermined direction.
[0102] In the present embodiment, apertures are formed as
the domain partition portions 152. However, the present
invention is not limited thereto, and protrusions may be
formed at positions of the apertures. Alternatively, the domain
partition portions 152 may be formed on the pixel electrode,
that is, the first and second sub-pixel electrodes 82a and 824.
Alternatively, the domain partition portions 152 may not be
formed in the first and second pixel electrodes 82a and 825 or
the common electrode 150, and the liquid crystal molecules 5
may be aligned using rays.

[0103] Analignment film (not shown) may be coated onthe
commor electrode 150.

[0104] A liquid crystal layer 3 may include the liquid crys-
tal molecules 5 and may be interposed between the upper
display panel 2 and the lower display panel 1. When no
electric field is applied between the first and second pixel
electrodes 824 and 825 and the common electrode 150, direc-
tors of the liquid crystal molecules 5 may be aligned perpen-
dicular to the lower and upper display panels 1 and 2, and the
liquid crystal molecules 5 may have negative dielectric
anisotropy.

[0105] The LCD is composed of the above basic structure
and elements added to the basic structure, such as a polarizer
and a backlight. Here, the polarizer is installed on each of both
sides of the basic structure. One of two transmission axes of
each polarizer is disposed parallel to the gate line 22, and the
other one of the transmission axes is disposed perpendicular
to the gate line 22.

[0106] If an electric field is applied between the common
electrode 150 of the upper display panel 2 and the first and
second sub-pixel electrodes 82a and 825 of the lower display
panel 1, an electric field perpendicular to the lower and upper
display panels 1 and 2 is formed in most regions. However, a
horizontal electric field is formed in the vicinity of the domain
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partition portions 152 of the common electrode 150. The
horizontal electric field helps the alignment of the liquid
crystal molecules 5 in each domain.

[0107] Hereinafter, amethod of driving the LCD structured
as described above will be described in detail with reference
to FIGS. 9 and 10. The present embodiment will be described
with reference to FIG. 2 as well as FIGS. 9 and 10 for ease of
description.

[0108] FIGS. 9 and 10 show waveforms of signals accord-
ing to the operation of the LCD.

[0109] As described above with reference to FIGS. 1
through 8, the LCD according to the present embodiment
includes the gate lines G1 and G2, the data lines D1 through
D3, the first and second sub-pixels PXa and PXb, the first and
second storage lines SLal and SLb1, and the storage voltage
unit 101, which will not be described in detail.

[0110] Referring to FIGS. 2 and 9, it is assumed that first
and second data voltages V,,, , and V,, |, which have
different sizes and are lower than the common voltage Vcom,
are charged in the first and second sub-pixels PXa and PXb
during a previous frame operation of the LCD. In addition, it
is also assumed that the first and second data voltages V., ,
and Vpy, |, which are higher than the common voltage
Vcom, are applied from the data line D1 to the first and second
sub-pixels PXa and PXb when a first gate signal GS1 is
applied to the gateline G1 during a current frame operation of
the LCD. While the first gate signal GS1 is on, the first and
second sub-pixels PXa and PXb are charged with the first and
second data voltages V5, | and Vg, |.

[0111] Of the pair of voltages V, and V provided to the
first and second voltage lines 102a and 102b of the storage
voltage unit 101, the voltage V,, which is lower than the
common voltage Vcom, is applied to the first storage line
SLal that overlaps the first sub-pixel PXa as the second
storage voltage.

[0112] If the first gate signal GS1 is turned off while a
second gate signal GS2 is turned on, the first storage line SLal
is connected to the first voltage line 102a by the switching
operation of the switching unit 103 of the storage voltage unit
101. Accordingly, the voltage V,;, which is higher than the
common voltage Vcom, is applied to the first storage line
SLal as the first storage voltage.

[0113] Inaddition, the first and second data voltages V.,
and Vpy, , which were charged in the first sub-pixel PXa
and the second sub-pixel PXb while the first gate signal GS1
was on, are sustained.

[0114] Here, a storage capacitor is formed between the first
storage line SLal and the first sub-pixel PXa by the voltage
V, whichis applied to the first storage line SLal and is higher
than the common voltage Vcom. The storage capacitor sig-
nificantly increases the first data voltage V,, ; charged in
the first sub-pixel PXa as compared to the second data voltage
Vpxs_ 1 charged in the second sub-pixel PXb.

[0115] Accordingly, the first and second data voltages
V, . 1and Vg, ; charged in the first and second sub-pixels
PXa and PXb may have different sizes, which, in turn, may
adjust an angle at which the liquid crystal molecules 5 (See
FIG. 8) are arranged. Consequently, lateral visibility of the
LCD can be enhanced.

[0116] Here, the switching unit 103 of the storage voltage
unit 101 operates in synchronization with a rising edge of the
second gate signal GS2. In addition, the voltage V,, applied to
the first storage line SLal may be higher than the common
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voltage Vcom. For example, there may be a voltage difference
AV1 of 2 to 2.5V between the voltage V; and the common
voltage Vcom.
[0117] Due to the voltage V, the size of the first data
voltage Vy, | may be increased to become larger than the
second data voltage V., , by ahalfto a quarter of the size of
the voltage V,,. For example, it may be assumed that the
voltage V,1s 5V greater than the second storage voltage V.
In this case, the voltage V,, is 2.5 V higher than the common
voltage Veom. In addition, the voltage V; is 2.5V lower than
the common voltage Vcom. Here, the ﬁrst datavoltageV,
can be increased by a half to a quarter of the voltage V. That
is, the first data voltage Vo, , may be increased by approxi-
mately 2 to 2.5 V with respect to the second data voltage
Vexs 1
[0118] As described above with respect to FIG. 2, a storage
capacitor may also be formed between the second storage line
SLb1 and the second sub-pixel PXb. In addition, when the
LCD is driven, the second storage line SLb1 is connected to
the second voltage line 1025 by the switching operation of the
switching unit 103. Accordingly, the voltage V;, which is
lower than the common voltage Vecom, is applied to the sec-
ond storage line SLb1. As a result, the second data voltage
V., 1 of the second sub-pixel PXb may become relatively
smaller than the first data voltage V., , due to the voltage
V, applied to the second storage line SLbl. In the present
embodiment, a change in the size of the second data voltage
V. 1 due to the storage capacitor formed by the second
storage line SLb1 and the second sub-pixel PXb overlapping
each other is omitted.
[0119] Hereinafter, another method of driving the LCD will
be described with reference to FIGS. 2 and 10.
[0120] Referring to FIGS. 2 and 10, it is assumed that the
firstand second data voltages V .y, ;andVpy, ,,whichhave
different sizes and are higher than the common voltage Veom,
are charged in the first and second sub-pixels PXa and PXb
during a previous frame operation of the LCD. In addition, it
1s also assumed that the first and second data voltages Vpy, |
andV,y, ,,whichare lower than the common voltage Vcom,
are applied from the data line D1 to the first and second
sub-pixels PXa and PXb when the first gate signal GS1 is
applied to the gate line G1 during a current frame operation of
the LCD. During a cycle of the first gate signal GS1, the first
and second sub-pixels PXa and PXb are charged with the first
and second data voltages Vi, ;and Vi, .
[0121] The voltage V,,, which is higher than the common
voltage Veom, is applied to the first storage line SLal that
overlaps the first sub-pixel PXa.
[0122] If the first gate signal GS1 is turned off while the
second gate signal GS2 is turned on, the first storage line SLal
is connected to the second voltage line 1025 by the switching
operation of the switching unit 103 of the storage voltage unit
101. Accordingly, the voltage V,, which is lower than the
common voltage Vcom, is applied to the first storage line
SLal.
[0123] Inaddition, the first and second data voltages V
and Vpy, ,, which were charged in the first sub-pixel PXa
and the second sub-pixel PXb while the first gate signal GS1
was on, are sustained.
[0124] Here, a storage capacitor is formed between the first
storage line SLal and the first sub-pixel PXa by the voltage
V, which is applied to the first storage line SLal and is lower
than the common voltage Vcom. The storage capacitor sig-
nificantly increases the first data voltage V., , charged in
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the first sub-pixel PXa as compared to the second data voltage
Ve ; charged in the second sub-pixel PXb.

[0125] Accordingly, the first and second data voltages
Vpx. 1and V., charged in the first and second sub-pixels
PXa and PXb may have different sizes, which, in turn, may
adjust the angle at which the liquid crystal molecules 5 are
arranged. Consequently, lateral visibility of the LCD can be
enhanced.

[0126] The switching unit 103 of the storage voltage unit
101 operates in synchronization with a rising edge of the
second gate signal GS2. In addition, the voltage V, applied to
the first storage line SLal may be higher than the common
voltage Vcom. Forexample, there may be a voltage difference
AV2 of 2 to 2.5 V between the voltage V; and the common
voltage Vcom. Here, there may be substantially the same
voltage difference (AV1=AV2) between the common voltage
Veom and each of the voltage V; described above with ref-
erence to FIG. 9 and the voltage V;.

[0127] Due to the voltage V,, the size of the first data
voltage V., | may be increased to become larger than the
second data voltage V., , by ahalfto aquarter of the size of
the voltage V; . For example, it is assumed that the first storage
voltage V,,is 5V greater than the voltage V. In this case, the
voltage V, is 2.5 V lower than the common voltage Vcom. In
addition, the voltage V,, is 2.5 V higher than the common
voltage Vcom. Here, the first data voltage V,y, | can be
increased by a half to a quarter of the voltage V. That is, the
first data voltage V., ; may be increased by approximately
2 to 2.5V with respect to the second data voltage V., .
[0128] Referring to FIGS. 2, 9 and 10, each pixel PX
including the first and second sub-pixels PXa and PXb may be
inversely driven with respect to the common voltage Vcom. In
the present embodiment, a dot inversion driving method will
be described as an example. In the dot inversion driving
method, every two adjacent pixels PX have opposite signs,
that is, a positive polarity and a negative polarity, with respect
to the common voltage Vcom during one frame operation of
the LCD.

[0129] Specifically, as illustrated in FIG. 9, during one
frame of the LCD, the first and second sub-pixels PXa and
PXb that form one pixel PX may be driven with the positive
polarity with respect to the common voltage Vcom. On the
other hand, as illustrated in FIG. 10, during one frame of the
LCD, the first and second sub-pixels PXa and PXb that form
another pixel PX may be driven with the negative polarity
with respect to the common voltage Vcom.

[0130] Here, if one of the adjacent pixels PXs operates with
a positive polarity with respect to the common voltage Vcom,
the other pixel PX may operate with a negative polarity with
respect to the common voltage Vcom.

[0131] As described above, in an LCD and a method of
driving the same according to the present invention, voltages
having opposite phases are selectively switched on and thus
applied to a storage line, which overlaps a pixel, at a cycle of
at least one frame. Therefore, even if one horizontal time
period of the LCD is shortened since the LCD is driven at high
speed, an RC delay that occurs in the storage line can be
reduced. In addition, since one pixel is partitioned into a pair
of sub-pixels having different sizes, lateral visibility of the
LCD can be enhanced.

[0132] 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 in form and detail may be made
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therein without departing from the spirit and scope of the
present invention as defined by the following claims. The
exemplary embodiments should be considered in a descrip-
tive sense only and not for purposes of limitation.

What is claimed is:

1. A liquid crystal display (LCD) comprising:

a gateline formed on a first insulation substrate and extend-
ing in a first direction;

a data line insulated from the gate line and extending in a
second direction;

a pixel electrode comprising a first sub-pixel electrode
connected to the gate line and the data line and a second
sub-pixel electrode connected to the gate line and the
data line;

first and second voltage lines receiving a pair of voltages
having opposite phases, from an external source; and

first and second storage lines respectively overlapping the
first and second sub-pixel electrodes and respectively
receiving first and second storage voltages whose phases
are inverted at a cycle of at least one frame,

wherein the first storage line is connected to the first and
second voltage lines by a first switching unit, the second
storage line is connected to the first and second voltage
lines by a second switching unit, and the first and second
switching units apply the pair of voltages to the first and
second storage lines as the first and second storage volt-
ages.

2. The LCD of claim 1, wherein a gate signal is applied to
the gate line, and the first and second switching units invert
the phases of'the first and second storage voltages in synchro-
nization with a next gate signal which is applied to next gate
line neighboring the gate line.

3. The LCD of claim 2, wherein the first and second switch-
ing units are synchronized with a rising edge of the next gate
signal.

4. The LCD of claim 1, wherein a voltage difference
between each of the first and second storage voltages and a
common voltage is 2 to 2.5 V.

5. The LCD of claim 1, wherein the first sub-pixel electrode
is smaller than the second sub-pixel electrode.

6. The LCD of claim 5, wherein data voltages are applied to
the first and second sub-pixel electrodes, and the data voltage
charged in the first sub-pixel electrode is greater than the data
voltage charged in the second sub-pixel electrode.

7. The LCD of claim 5, wherein a ratio of a size of the first
sub-pixel electrode to a size of the second sub-pixel electrode
is 1:1.5t0 1:2.

8. The LCD of claim 5, wherein the first and second sub-
pixel electrodes of adjacent pixel electrodes are alternately
arranged.

9. The LCD of claim 5, further comprising an insulation
layer between the first and second sub-pixel electrodes and
the first and second storage lines, wherein a thickness of the
insulation layer interposed between the first sub-pixel elec-
trode and the first storage line is less than the thickness of the
insulation layer interposed between the second sub-pixel
electrode and the second storage line.

10. The LCD of claim 1, wherein the first and second
sub-pixel electrodes are separated from each other with the
gate line therebetween.

11. The LCD of claim 1, wherein the first and second
sub-pixel electrodes are bent at an angle of substantially -45
or 45 degrees with respect to the gate line.
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12. A method of driving an LCD, the method comprising:

applying a gate signal to a gate line;

applying a data voltage to a data line to charge a pixel
electrode comprised of first and second sub-pixel elec-
trodes;

applying first and second storage voltages, whose phases
are inverted at a cycle of at least one frame, to first and
second storage lines overlapping the first and second
sub-pixel electrodes, respectively,

wherein the applying of the first and second storage volt-
ages comprises providing a pair of voltages having
opposite phases from an external source, and applying
the pair of voltages, which are selectively switched on by
first and second switching units, to the first and second
storage lines as the firstand second storage voltages; and

adjusting amplitudes of the data voltages charged in the
first and second sub-pixel electrodes using the first and
second storage voltages.
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13. The method of claim 12, wherein the first and second
switching units invert the phases of the first and second stor-
age voltages in synchronization with a next gate signal which
is applied to next gate line neighboring the gate line.

14. The method of claim 13, wherein the first and second
switching units are synchronized with a rising edge of the
next gate signal.

15. The method of claim 12, wherein a ratio of a size of the
first sub-pixel electrode to a size of the second sub-pixel
electrode is 1:1.5 to 1:2.

16. The method of claim 12, wherein, in the adjusting of the
amplitudes of the data voltages charged in the first and second
sub-pixel electrodes, the data voltages charged in the first and
second sub-pixel electrodes are respectively increased by a
half to a quarter of the first and second storage voltages.

17. The method of claim 12, wherein the pixel electrode is
dot-inverted.
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