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METHOD OF DRIVING A LIQUID CRYSTAL
DISPLAY APPARATUS, ARRAY SUBSTRATE
FOR PERFORMING THE METHOD,
METHOD OF MANUFACTURING THE
ARRAY SUBSTRATE, AND A LIQUID
CRYSTAL DISPLAY APPARATUS HAVING
THE ARRAY SUBSTRATE

[0001] This application claims priority to Korean Patent
Application No. 2008-65987, filed on Jul. 8, 2008, and all the
benefits accruing therefrom under 35 U.S.C. §119, the con-
tents of which in its entirety are herein incorporated by ref-
erence.

BACKGROUND OF THE INVENTION

[0002] 1.Field of the Invention

[0003] Embodiments of the present invention relate to a
method of driving a liquid crystal display (“LCD”) apparatus,
an array substrate for performing the method, a method of
manufacturing the array substrate, and an LCD apparatus
having the array substrate. More particularly, embodiments
of the present invention relate to a method of driving an LCD
apparatus capable of improving display quality, an array sub-
strate for performing the method, a method of manufacturing
the array substrate, and an LCD apparatus having the array
substrate.

[0004] 2. Description of the Related Art

[0005] A liquid crystal display (“L.CD”) is a type of flat
panel display device and is widely used. The LCD includes
two display substrates and a liquid crystal layer interposed
between the two display substrates. The two substrates
respectively have a pixel electrode and a common electrode
for forming an electric field. When the pixel electrode and the
common electrode respectively receive voltages, the electric
field is applied to the liquid crystal layer. Liquid crystal mol-
ecules in the liquid crystal layer are arranged based on the
electric field and the arrangements of the liquid crystal mol-
ecules control an amount of light passing through the liquid
crystal layer, so that the LCD may display an image.

[0006] Ina vertical alignment (“VA”) LCD, a longitudinal
axis of the liquid crystal molecule is vertically arranged with
respect to the display substrates. The VA LCD having a large
contrast ratio is widely used. In order to improving the view-
ing angle of the VA LCD, a patterned vertical alignment
(“PVA”) LCD has been developed. In the PVA LCD, the pixel
electrode and/or the common electrode may be patterned in
order to improve the viewing angle.

[0007] Generally,amobile PVA (“mPVA”) LCD employs a
circular polarization mode having high transmissivity or a
linear polarization mode having high visibility and a high
contrast ratio.

[0008] Inthe mPVA LCD, since the size of a pixel is small,
the mPVA LCD requires a high aperture ratio and a predeter-
mined arrangement of the liquid crystal in which an angle
between the orientation axis of the liquid crystal and a polar-
ization axis of a polarization plate may be about 45°.

[0009] Inthe mPVA LCD, slits are formed in the common
electrode of a color filter substrate and the pixel electrode of
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an array substrate to improve the viewing angle. In the mPVA
LCD, a ratio of an area between the slits to the pixel area is
relatively large.

BRIEF SUMMARY OF THE INVENTION

[0010] It has been determined herein, according to exem-
plary embodiments of the present invention, that the liquid
crystal in a space between the slits in a mobile patterned
vertical alignment liquid crystal display (“mPVA LCD”) may
not be controlled so that the transmissivity may be reduced.
[0011] Embodiments of the present invention provide a
method of driving a liquid crystal display (“L.LCD”) apparatus
capable of improving display quality.

[0012] Embodiments of the present invention also provide
an array substrate for performing the method of the driving
the LCD apparatus.

[0013] Embodiments of the present invention further pro-
vide a method of manufacturing the array substrate.

[0014] Embodiments of the present invention still further
provide an LCD apparatus having the array substrate.
[0015] According to exemplary embodiments of the
present invention, there is provided a method of driving an
LCD apparatus. In the method of driving the LCD apparatus,
a common voltage is applied to a common electrode above a
liquid crystal layer and pixel voltages are applied to pixel
electrodes under the liquid crystal layer to form an electrical
field with the common electrode to control movements of
liquid crystal molecules of the liquid crystal layer. Each of the
pixel electrodes has slits. Then, a supplementary voltage is
applied to a supplementary electrode between the slits of each
pixel electrode to compensate the electric field formed by the
pixel electrodes and the common electrode.

[0016] In an exemplary embodiment of the present inven-
tion, the pixel electrodes may be driven by a row-inversion
method and the supplementary electrode may receive the
supplementary voltage having a phase which is inverted
according to rows of the pixel electrodes to correspond to the
pixel voltage.

[0017] In other exemplary embodiments of the present
invention, the pixel electrodes may be driven by a column-
inversion method and the supplementary electrodes con-
nected according to columns of the pixel electrodes may
receive the supplementary voltage having a phase which is
identical to a phase of the pixel voltage.

[0018] In further other exemplary embodiments of the
present invention, the pixel electrodes may be driven by a
dot-inversion method and the supplementary electrode may
receive the supplementary voltage having a phase which is
inverted by the dot-inversion method.

[0019] Each of the pixel electrodes may include a plurality
of sub-pixel electrodes. The supplementary electrode may
include a plurality of sub-supplementary electrodes corre-
sponding to the sub-pixel electrodes. The sub-pixel elec-
trodes may respectively receive the pixel voltages that have a
same phase. The sub-supplementary electrodes may respec-
tively receive the supplementary voltages that include a first
supplementary voltage having a first phase and a second
supplementary voltage having a second phase that is inverted
with respect to the first phase.

[0020] According to exemplary embodiments of the
present invention, there is provided an array substrate. The
array substrate includes a substrate, a pixel electrode and a
supplementary electrode. The substrate may have a gate line,
a data line and a switching element electrically connected to



US 2010/0007809 Al

the gate line and the data line. The pixel electrode may be
disposed in a pixel area of the substrate and electrically con-
nected to the switching element. The pixel electrode may
include a connection part dividing the pixel area into a plu-
rality of domains and slits extending from the connection
part. The supplementary electrode may correspond to at least
a space between the slits of the pixel electrode.

[0021] The array substrate may further include a first insu-
lation layer formed on the data line and the switching element
and a second insulation layer formed on the first insulation
layer. The supplementary electrode may be formed on the first
insulation layer and the pixel electrode may be formed on the
second insulation layer.

[0022] The array substrate may further include an organic
insulation layer formed between the first insulation layer and
the second insulation layer and the supplementary electrode
may be formed between the organic insulation layer and the
second insulation layer. The supplementary electrode may be
formed in the pixel area and have a plate shape. The supple-
mentary electrode may extend along a portion of a side por-
tion of the pixel area along which end portions of the slits are
arranged.

[0023] The supplementary electrode and the gate line may
be formed from a same layer on an upper surface of the
substrate.

[0024] The supplementary electrode may be integrally
formed with the pixel electrode and connect end portions of
the slits with one another.

[0025] According to exemplary embodiments of the
present invention, there is provided a method of manufactur-
ing an array substrate. In the method of manufacturing the
array substrate, a switching element is formed on a substrate.
Then, a pixel electrode electrically connected to the switching
element is formed in a pixel area of the substrate. The pixel
electrode may include a connection part dividing the pixel
area into a plurality of domains and slits extending from the
connection part. Then. a supplementary electrode corre-
sponding to at least a space between the slits may be formed.
[0026] A first insulation layer may be further formed on the
switching element, with the supplementary electrode formed
onthe first insulation layer, and a second insulation layer may
be further formed between the supplementary electrode and
the pixel electrode.

[0027] An organic insulation layer may be further formed
between the supplementary electrode and the first insulation
layer, before forming the supplementary electrode on the first
insulation layer.

[0028] The supplementary electrode may extend along at
leastaportion of a side portion of the pixel area to connect end
portions of the slits.

[0029] Thesupplementary electrode and a gate electrode of
the switching element may be formed from a same layer on
the substrate.

[0030] According to exemplary embodiments of the
present invention, there is provided an LCD apparatus. The
LCD apparatus includes a first substrate, a liquid crystal layer
and a second substrate.

[0031] The first substrate may include an upper substrate
and a common electrode on a under surface of the upper
substrate. The liquid crystal layer may be under the common
electrode. The second substrate may include a lower substrate
opposite to the upper substrate, a pixel electrode in a pixel
area of the lower substrate, and a supplementary electrode
corresponding 1o at least a space between the slits and apply-

Jan. 14,2010

ing an electrical field to a portion of the liquid crystal layer in
the space between the slits. The liquid crystal layer may be
disposed between the upper substrate and the lower substrate.
The pixel electrode may include a connection part dividing
the pixel area into a plurality of domains and slits extending
from the connection part.

[0032] The second substrate may further include a first
insulation layer formed between the switching element and
the supplementary electrode and a second insulation layer
formed between the supplementary electrode and the pixel
electrode. The supplementary electrode may be formed in the
pixel area and have a plate shape. The supplementary elec-
trode may extend along at least a portion of a side portion of
the pixel area to electrically connect end portions of the slits.
[0033] The supplementary electrode may be integrally
formed with the pixel electrode and extends along at least a
portion of a side portion of the pixel area to electrically
connect end portions of the slits.

[0034] The LCD apparatus may further include a driver
applying a pixel voltage to the pixel electrode and a supple-
mentary voltage to the supplementary electrode, the supple-
mentary voltage forming the electric field applied to the por-
tion of the liquid crystal layer in the space between the slits.
[0035] In an exemplary embodiment of the present inven-
tion, the driver may apply pixel voltages which have opposite
phases to each other to adjacent pixel electrodes, respectively,
and apply supplementary voltages having phases which are
the same as the pixel voltages to corresponding supplemen-
tary electrodes.

[0036] In another exemplary embodiment of the present
invention, the driver may apply pixel voltages which have a
same phase to adjacent pixel electrodes, respectively, and
apply the supplementary voltages having opposite phases to
each other to corresponding supplementary electrodes to the
adjacent pixel electrodes.

[0037] According to the method of driving the LCD appa-
ratus, the array substrate, the method of manufacturing the
array substrate, and the LCD apparatus, a supplementary
electrode may effectively arrange a portion of liquid crystalin
a space between slits of a pixel electrode. Therefore, the
aperture ratio ofa pixel area and the viewing angle of the LCD
apparatus may be improved so that the LCD apparatus may
display improved images.

BRIEF DESCRIPTION OF THE DRAWINGS

[0038] The above and other features and advantages of the
present invention will become readily apparent by reference
to the following detailed description when considered in con-
junction with the accompanying drawings wherein:

[0039] FIG.1isaplanview illustrating an exemplary liquid
crystal display (“LCD”) apparatus in accordance with
Embodiment 1 of the present invention;

[0040] FIG. 2 is an enlarged plan view illustrating exem-
plary pixel areas illustrated in FIG. 1;

[0041] FIG. 3 is a cross-sectional view taken along line I-I'
shown in FIG. 2;

[0042] FIGS. 4A to 4] are cross-sectional views illustrating
an exemplary method of manufacturing an exemplary array
substrate illustrated in FIGS. 1 to 3;

[0043] FIG. 5 is a plan view illustrating an exemplary
supplementary electrode illustrated in FIG. 2;

[0044] FIGS. 6A and 6B are plan views illustrating variant
examples of the supplementary electrode illustrated in FIGS.
2 and 5;
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[0045] FIG. 7 is a flowchart illustrating an exemplary
method of driving the exemplary LCD apparatus illustrated in
FIGS. 110 5;

[0046] FIG. 8 is a graph illustrating waveforms of a pixel
voltage and a supplementary voltage according to the exem-
plary method illustrated in FIG. 7,

[0047] FIG. 9 is a graph illustrating the brightness of the
exemplary LCD apparatus based on the supplementary volt-
age;

[0048] FIG. 10 is a plan view illustrating an exemplary
array substrate employed in an exemplary LCD apparatus in
accordance with Embodiment 2 of the present invention;
[0049] FIG. 11 is a graph illustrating waveforms of a pixel
voltage and a supplementary voltage in accordance with an
exemplary method of driving the exemplary LCD apparatus
having the exemplary array substrate illustrated in FIG. 10;
[0050] FIG. 12 is a plan view illustrating an exemplary
array substrate employed in an exemplary LCD apparatus in
accordance with Embodiment 3 of the present invention;
[0051] FIG. 13 is a cross-sectional view illustrating an
exemplary array substrate employed in an exemplary LCD
apparatus in accordance with Embodiment 4 of the present
mvention;

[0052] FIG. 14 is a plan view illustrating an exemplary
array substrate employed in an exemplary LCD apparatus in
accordance with Embodiment 5 of the present invention;
[0053] FIG. 151sa graph illustrating the transmissivity of a
liquid crystal layer when an exemplary supplementary elec-
trode is integrally formed with a pixel electrode; and

[0054] FIG.16A and 16B are plan views illustrating variant
examples of a pixel electrode illustrated in FIG. 14.

DETAILED DESCRIPTION OF THE INVENTION

[0055] The present invention is described more fully here-
nafter with reference to the accompanying drawings, in
which exemplary embodiments of the present invention are
shown. The present invention may, however, be embodied in
many different forms and should not be construed as limited
to the exemplary embodiments set forth herein. Rather, these
exemplary embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
scope of the present invention to those skilled in the art. In the
drawings, the sizes and relative sizes of layers and regions
may be exaggerated for clarity.

[0056] It will be understood that when an element or layer
is referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numerals 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.

[0057] Tt will be understood that, although the terms first,
second, third etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another element, component, region, layer or section.
Thus, a first element, component, region, layer or section
discussed below could be termed a second element, compo-

Jan. 14,2010

nent, region, layer or section without departing from the
teachings of the present invention.

[0058] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship 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. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0059] The terminology used herein is for the purpose of
describing particular exemplary embodiments only and is not
intended to be limiting of the present invention. As used
herein, the singular forms “a,” “an” and “the” are intended to
include the plural forms as well, unless the context clearly
indicates otherwise. It will be further understood that the
terms “‘coniprises” and/or “comprising,” when used in this
specification, specify the presence of'stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

[0060] Exemplary embodiments of the invention are
described herein with reference to cross-sectional illustra-
tions that are schematic illustrations of idealized example
embodiments (and intermediate structures) of the present
invention. As such, variations from the shapes of the illustra-
tions as a result, for example, of manufacturing techniques
and/or tolerances, are to be expected. Thus, exemplary
embodiments of the present invention should not be con-
strued as limited to the particular shapes of regions illustrated
herein but are to include deviations in shapes that result, for
example, from manufacturing. For example, an implanted
region illustrated as a rectangle will, typically, have rounded
or curved features and/or a gradient of implant concentration
at its edges rather than a binary change from implanted to
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation takes place. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of the present inven-
tion.

[0061] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0062] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.

Embodiment 1

[0063] FIG. 1 is a plan view illustrating a liquid crystal
display (“LCD”) apparatus in accordance with Embodiment
1 of the present invention.
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[0064] Referring to FIG. 1, an LCD apparatus 100 includes
a display panel 10 and a driver 5.

[0065] The display panel 10 includes an array substrate
101, an opposing substrate 105 and aliquid crystal layer. The
array substrate 101 and the opposing substrate 105, which
face each other, are combined with each other by a sealing
member 102. A space defined by the array substrate 101, the
opposing substrate 105 and the sealing member 102 is filled
with liquid crystal to form the liquid crystal layer 107, as will
be further described with respect to FIG. 3. Area 51 of the
display panel 10 may include an area of the array substrate
101 not overlapped by the opposing substrate 105 and may be
an area on which the driver 5 is formed. The display panel 10
includes a display area DA. The display area DA may include
a plurality of pixel areas PA.

[0066] The opposing substrate 105 may include a color
filter substrate having color filters. The color filters may
include a red color filter, a green color filter and a blue color
filter. The array substrate 101 may include a switching ele-
ment 108, as will be further described below with respect to
FIG. 3, and be driven by a matrix driving method using the
switching element 108.

[0067] Inaddition, the array substrate 101 includes a pixel
electrode 171, as will be described with respect to FIG. 2, and
the opposing substrate 105 includes a common electrode 190,
as will be described with respect to FIG. 3.

[0068] The array substrate 101 may have a substantially
rectangular shape. Hereinafter, a width direction of the array
substrate 101 is referred to as an x direction, and a length
direction of the array substrate 101 is referred to as a y
direction.

[0069] FIG. 2 is an enlarged plan view illustrating exem-
plary pixel areas illustrated in FIG. 1. FIG. 3 is a cross-
sectional view taken along line I-I' shown in FIG. 2.

[0070] For the sake of convenience, FIG. 2 only shows a
portion of the array substrate 101 and FIG. 3 shows a portion
of the display panel 100 corresponding to the portion of the
array substrate 101 illustrated in FIG. 2.

[0071] Referring to FIGS. 1 to 3, the array substrate 101
includes a lower substrate 102, a plurality of gate lines 111, a
plurality of data lines 115, a plurality of switching elements
108, a supplementary electrode 160, and a pixel electrode
171.

[0072] FIGS. 4A to 4] are cross-sectional views illustrating
an exemplary method of manufacturing an exemplary array
substrate illustrated in FIGS. 1 to 3.

[0073] Intheexemplary method of manufacturing the array
substrate 101, a gate metal layer is formed on the lower
substrate 102 such as by a sputtering method. The gate metal
layer may include a two-layer structure which has an alumi-
num (Al) layer and a molybdenum (Mo) layer. The gate metal
layer may have a thickness of about 3,000 A. As illustrated in
FIG. 4A, the gate metal layer is patterned by a photo-etching
method to form the gate lines 111 and the gate electrodes 112
protruding from the gate lines 111. The gate lines 111 extend
in the x direction to be parallel with one another.

[0074] Then, as illustrated in FIGS. 2 and FIG. 4B, a gate
insulation layer 113 and a semiconductor pattern 114 are
formed. The gate insulation layer 113 is formed on the gate
lines 111 and on the exposed portions of the lower substrate
102. For example, the gate insulation layer 113 may include a
silicon nitride and have a thickness of about 4,500 A. A
semiconductor layer is formed on the gate insulation layer
113. The semiconductor layer may include a first amorphous
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silicon (“a-Si”) layer a second amorphous silicon (“n+ a-Si”)
layer doped with n+ ions at high concentration. The first and
second amorphous layers may respectively have thicknesses
of about 2,000 A and about 500 A. The semiconductor layer
is etched to form the semiconductor pattern 114. The semi-
conductor pattern 114 is formed on the gate insulation layer
113 which is formed on the gate lines 111.

[0075] Then, as illustrated in FIG. 2 and FIG. 4C, a data
metal layer is formed on the gate insulation layer 113 and on
the semiconductor pattern 114. The data metal layer may have
a three-layer structure in which a first molybdenum layer, an
aluminum layer and a second molybdenum layer are sequen-
tially stacked. The first molybdenum layer, the aluminum
layer and the second molybdenum layer may respectively
have thicknesses of about 300 A, about 2,500 A and about
1,000 A. The data metal layer is patterned to form the data
lines 115, a source electrode 121 and a drain electrode 123.
[0076] The data lines 115 are formed on the gate insulation
layer 113 and extend in the y direction. The source electrode
121 may be formed adjacent to a position at which the gate
line 111 crosses the data line 115. The source electrode 121
protrudes from the data line 115 to overlap with the semicon-
ductor pattern 114.

[0077] The drain electrode 123 is formed on the semicon-
ductor pattern 114 and faces the source electrode 121. The
drain electrode 123 may extend so that a portion of the drain
electrode 123 may be disposed in the pixel area PA.

[0078] Inoneexemplary embodiment of the present inven-
tion, the pixel area PA may have a substantially rectangular
shape which has a length along the y direction. In another
exemplary embodiment of the present invention, the pixel
area PA may have a substantially ‘7’ shape. The gate lines 111
may be disposed adjacent to the pixel area PA and extend in
the x direction. The data lines 115 may be disposed adjacent
to the pixel area PA and extend in the y direction.

[0079] When the semiconductor layer and the data metal
layer are etched by a single etching process, the data line 115,
the source electrode 121, and the drain electrode 123 may be
formed on the semiconductor pattern 114 and the semicon-
ductor pattern 114 may be formed on the gate insulation layer
113 which is formed on the gate electrode 112. A portion of
the semiconductor pattern 114 between the source electrode
121 and the drain electrode 123 may be etched back to define
a channel layer.

[0080] The gate electrode 112, the gate insulation layer
113, the semiconductor pattern 114, the source electrode 121,
and the drain electrode 123 define a switching element 108.
[0081] Then, as illustrated in FIG. 4D, a first passivation
layer 130 is formed on the lower substrate 102 on which the
data lines 115 are formed. The first passivation layer 130 may
include silicon nitride. The first passivation layer 130 may
have a thickness of about 2,000 A. The first passivation layer
130 may have a contact hole to expose a portion of the drain
electrode 123, as will be later shown as hole 143 in FIG. 4H.
[0082] Then, asillustrated in FIG. 4E, an organic insulation
layer 140 is formed on the first passivation layer 130. The
organic insulation layer 140 may have a thickness of about 2
pm. The organic insulation layer 140 may reduce a parasitic
capacitance between the pixel electrode 171 and the data line
115. When the pixel electrode 171 does not overlap with the
data line 115, the organic insulation layer 140 may be omit-
ted.

[0083] FIG. 5 is a plan view illustrating an exemplary
supplementary electrode illustrated in FIG. 2. For the sake of
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convenience, FIG. 5 does not show the gate line 111, the data
line 115 and the switching element 108.

[0084] As illustrated in FIG. 2, FIG. 4F and FIG. 5, the
supplementary electrode 160 is formed on the organic insu-
lation layer 140. The supplementary electrode 160 and the
pixel electrode 171 form a storage capacitor for maintaining
a pixel voltage applied to the pixel electrode 171 during one
frame.

[0085] A first transparent conductive material layer is
formed on the organic insulation layer 140. The first trans-
parent conductive material layer may include indium tin
oxide (“ITO”) or indium zinc oxide (“IZ0”) and have a thick-
ness of about 900 A. As illustrated in FIG. 4F and FIG. 5, the
first transparent conductive material layer is patterned to form
a supplementary electrode pattern which includes supple-
mentary lines 161 as shown in FIG. 2, and as supplementary
lines 161a, 1615 and 161¢ in FIG. 5, and the supplementary
electrode 160. The supplementary lines 161 may receive a
supplementary voltage from line 37 shown in FIG. 1. The
supplementary lines 161a, 1615 and 161¢ may be parallel
with the gate lines 111. A plurality of the supplementary
electrodes 160 may protrude from each of the supplementary
lines 161a, 1615 and 161c¢. First and second supplementary
electrodes 160a and 1605 respectively protruding from adja-
cent ones of the supplementary lines 161a, 1615 and 161¢
may be alternately disposed. In an exemplary embodiment as
shown in FIG. 5, first supplementary electrode 160a may be
overlapped by first pixel electrode 171a and second supple-
mentary electrode 1605 may be overlapped by second pixel
electrode 1715.

[0086] The supplementary lines 161a, 1615 and 161¢ may
respectively overlap with the gate lines 111, and the supple-
mentary electrodes 160 protrude from the supplementary
lines 1614, 1615 and 161c to be disposed in the pixel areas
PA. The data line 115 may be disposed between adjacent
supplementary electrodes 160. In exemplary embodiments of
the present invention, the supplementary electrode 160 may
partially overlap with the data line 115.

[0087] Since the supplementary electrode 160 may be
formed of a transparent material, an aperture ratio of the pixel
area PA may be increased, although the supplementary elec-
trode 160 is formed in the pixel area PA.

[0088] Since the first and second supplementary electrodes
160 respectively protruding from adjacent ones of the supple-
mentary lines 161a, 1615 and 161¢ may be alternately dis-
posed, the LCD apparatus 100 may be driven by a line-
inversion method, a column-inversion method or a dot-
inversion method.

[0089] For example, the supplementary electrodes 160
downwardly protruding from an n-th supplementary line
1615 may be disposed in odd-numbered pixel areas PA of
pixel areas PA between an n-th gate line and an (n+1)-th gate
line, and the supplementary electrodes 160 upwardly protrud-
ing from an (n+1)-th supplementary line 161¢ may be dis-
posed in even-numbered pixel areas PA of the pixel areas PA
between the n-th gate line and the (n+1)-th gate line. In
addition, the supplementary electrodes 160 downwardly pro-
truding from an (n-1)-th supplementary line 161¢ may be
disposed in odd-numbered pixel areas PA of pixel areas PA
between an (n-1)-th gate line and the n-th gate line, and the
supplementary electrodes 160 upwardly protruding from the
n-th supplementary line 1615 may be disposed in even-num-
bered pixel areas PA of the pixel areas PA between the (n-1)-
th gate line and the n-th gate line.
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[0090] Then, as illustrated in F1G. 4G, a second passivation
layer 165 may be formed on the supplementary electrode 160.
The second passivation layer 165 may include silicon nitride.
The second passivation layer 165 may include a contact hole
which is connected to the contact hole of the organic insula-
tion layer 140, which is collectively referred to as contact hole
143 in FIG. 4H.

[0091] As illustrated in FIG. 4H, a second transparent con-
ductive material layer is formed on the second passivation
layer 165. The second transparent conductive material layer
may include a transparent conductive material, suchas [ITO or
170. The second transparent conductive material layer may
have a thickness of about 900 A. The second transparent
conductive material layer is patterned to form the pixel elec-
trode 171. The pixel electrode 171 is electrically connected to
the drain electrode 123 through the contact hole 143 which
includes contact holes of the organic insulation layer 140 and
the second passivation layer 165.

[0092] The pixel electrode 171 may include a connection
part 172 and a slit part 175.

[0093] Inexemplary embodiments of the presentinvention,
as 1llustrated in FIG. 2, the connection part 172 may include
a first connection part and a second connection part. The first
connection part may extend in the x direction and the second
connection part may extend in the y direction. The first and
second connection parts may form a substantially cross con-
figuration. The connection part 172 may divide the pixel area
PA into four domains.

[0094] The slit part 175 may include a plurality of silts
extending from the connection part 172 to a side portion of the
pixel area PA. For example, the slits may include first silts and
second slits. The first silts may extend in a first direction
which is inclined with respect to both the gate line 111 and the
data line 115. The second slits may extend in a second direc-
tion which is substantially perpendicular to the first direction.
For example, the first direction may be inclined with respect
to the gate line 111 by about 45°. Each of the four domains of
the pixel area PA may include the slits extending in the same
direction. The slits disposed in adjacent domains of the pixel
area PA may extend in different directions from each other.
[0095] For example, in FIGS. 2 and 5, two domains of the
four domains, which are arranged in a diagonal direction of
the pixel areas PA, may include the slits extending in the first
direction and remaining two domains of the four domains
may include the slits extending in the second direction.
[0096] Then, as illustrated in FIG. 41, a lower orientation
layer 168 is formed on the pixel electrode 171 to cover the
pixel electrode 171.

[0097] Thelower orientation layer 168 may initially orien-
tate liquid crystal molecules of the liquid crystal layer 107 in
a direction which is substantially perpendicular to the array
substrate 101 and the opposing substrate 105.

[0098] The array substrate 101 may further include a lower
polarization plate 30. As illustrated in FIG. 41, the lower
polarization plate 30 may be disposed on a rear surface of the
lower substrate 102.

[0099] The lower polarization plate 30 may have a polar-
ization axis which is substantially parallel with the x direc-
tion. Then, an angle between the first direction in which the
first slits extend and the polarization axis of the lower polar-
ization plate 30 may be about 30° and an angle between the
second direction in which the second slits extend and the
polarization axis of the lower polarization plate 30 may be
about 135°.
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[0100] Referring again to FIGS. 1 and 3, the opposing
substrate 105 may include an upper substrate 104, a light-
blocking pattern 181, a color filter pattern 185, an overcoat
layer 187, a common electrode 190, an upper orientation
layer 60, and an upper polarization plate 70.

[0101] The light-blocking pattern 181 may be formed on a
lower surface of the upper substrate 104 and correspond to the
gateline 111, the data line 115 and the switching element 108.
The color filter pattern 185 may be formed on the lower
surface of the upper substrate 104 and correspond to the pixel
area PA. The color filter pattern 185 may include a red color
filter, a green color filter and a blue color filter. The red, green
and blue color filters may be respectively disposed in the pixel
areas PA along the x direction.

[0102] Theovercoat layer 187 may be formed on the lower
surface of the upper substrate 104 to cover the color filter
pattern 185 and the light-blocking pattern 181. The common
electrode 190 may be formed on the overcoat layer 187.
[0103] Theupperorientation layer 60 may be formed on the
common electrode 190 and vertically orientate the liquid
crystal molecules of the liquid crystal layer 170.

[0104] The upper polarization plate 70 may be disposed on
an upper surface of the upper substrate 104. The upper polar-
ization plate 70 may have a polarization axis that is substan-
tially perpendicular to the polarization axis of the lower polar-
ization plate 30.

[0105] Whena data signal from the driver 5 is applied to the
data line 115 and a gate signal is applied to the gate line 111,
the data signal is converted into a pixel voltage by the switch-
ing element 108 and the pixel voltage is applied to the pixel
electrode 171.

[0106] Inexemplary embodiments of the present invention,
since the pixel electrode 171 includes a connection part 172
and the slit part 175 and the liquid crystal layer 107 includes
the liquid crystal that is in vertical alignment, the liquid crys-
tal of the liquid crystal layer 107 may be aligned in different
directions according to the domains of the pixel areas PA.
[0107] A distance between adjacent slits in the slit part 175
may be smaller than or substantially equal to a thickness of
the liquid crystal layer 107. The slits of the pixel electrode 171
may align the liquid crystal molecules in a direction that is
substantially parallel with an extension direction of the slits of
the pixel electrode 171.

[0108] In contrary to exemplary embodiments of the
present invention, when the array substrate 101 does not
include the supplementary electrode 160, an electric field
may not beapplied between the slits of the pixel electrode 171
oraweak electric field may be applied between the slits of the
pixel electrode 171, because of an absence of an electrode
opposing the common electrode 190 in a space between the
slits of the pixel electrode 171. In addition, the weak electric
field in a side portion of the pixel area PA may be interfered
with by a signal transferred through the data line 115.
[0109] Inexemplary embodiments of the present invention,
the supplementary electrode 160 may have a portion corre-
sponding to the pixel electrode 171 and a portion correspond-
ing to the space between the slits of the pixel electrode 171. In
addition, the supplementary electrode 160 may receive a
supplementary voltage. The supplementary voltage may have
a phase that is substantially the same as the phase of the pixel
voltage or an inverted phase of the pixel voltage according to
driving methods.

[0110] Accordingly, in the space between the slits of the
pixel electrode 171, an electric field may be generated
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between the supplementary electrode 160 and the common
electrode 190 and the liquid crystal between the slits of the
pixel electrode 171 may be controlled based on a predeter-
mined mode. According to exemplary embodiments of the
present invention, the aperture ratio of the pixel area PA may
be increased and the response time of the liquid crystal layer
107 may be improved.

[0111] The supplementary electrode 160 may prevent a
parasitic capacitance between the pixel electrode 171 and the
data line 115 to prevent the data signal from being distorted.
[0112] FIGS. 6A and 6B are plan views illustrating variant
examples of the supplementary electrode illustrated in FIGS.
2 and 5.

[0113] Referring to FIGS. 6A and 6B, gate lines 311, 411,
data lines 315, 415, and pixel electrodes 371, 471 having
connection parts 372, 472, and slits 375, 475 are formed
substantially the same as in the previous exemplary embodi-
ments. The supplementary electrodes 360 and 460 may
extend along a side portion of the pixel area PA so that the
supplementary electrodes 360 and 460 may overlap only with
end portions of the slits 375 and 475 in the pixel electrodes
371 and 471, respectively. In an exemplary embodiment of
the present invention, as illustrated in FIG. 6A, the supple-
mentary electrode 360 may extend along an entire side por-
tion of the pixel area PA. In another exemplary embodiment
of the present invention, as illustrated in FIG. 6B, the supple-
mentary electrode 460 may extend along a portion of the
entire side portion of the pixel area PA. For example, the
supplementary electrode 460 may extend only along sides of
the pixel areas PA, which are parallel to the y direction.
[0114] In the array substrates 301 and 401 which respec-
tively have the supplementary electrodes 360 and 460 illus-
trated in FIGS. 6A and 6B, since the supplementary elec-
trodes 360 and 460 extend only along the side portion of the
pixel area PA, the array substrates 301 and 401 may have light
transmissivity greater than that of an array substrate having a
supplementary electrode which entirely overlaps with the
pixel area PA.

[0115] FIG. 7 is a flowchart illustrating an exemplary
method of driving the exemplary LCD apparatus illustrated in
FIGS. 1 to 5. FIG. 8 is a graph illustrating waveforms of a
pixel voltage and a supplementary voltage according to the
exemplary method illustrated in FIG. 7.

[0116] Referringto FIGS. 7 and 8, in the exemplary method
of driving the LCD apparatus, a common voltage Vcom is
applied to a common electrode 190 (step S10). As illustrated
above, the driver 5 may apply the common voltage Vcom to
the common electrode 190 via a common line electrically
connected to the common electrode 190.

[0117] A pixel voltage Vp is applied to a pixel electrode 171
which has a slit part 175 controlling a movement direction of
liquid crystal molecules (step S30).

[0118] Hereinafter, a pixel electrode in an n-th row and an
m-th column is referred to as a first pixel electrode 171a. As
illustrated in FIG. 8, a first pixel voltage Vp1 applied to the
first pixel electrode 171a may be a data signal which is a
substantially pulse wave swinging between +Va and -Va with
respect to the common voltage Vcom. The first pixel voltage
Vpl initially applied to the first pixel electrode 171a may be
+Va.

[0119] Hereinafter, one of pixel electrodes in an (n+1)-th
row that is adjacent to the n-th row is referred to as a second
pixel electrode 1715. In an exemplary embodiment of the
present invention, the second pixel electrode 1715 may be a
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pixel electrode in the m-th column. In another exemplary
embodiment of the present invention, the second pixel elec-
trode 1715 may be a pixel electrode in an (m+1)-th column
which is adjacent to the m-th column.

[0120] As illustrated in FIG. 8, a second pixel voltage Vp2
applied to the second pixel electrode 1715 may be a data
signal which is a substantially pulse wave swinging between
-Vband +Vb with respect to the common voltage Veom. The
second pixel voltage Vpl initially applied to the second pixel
electrode 1715 may be -Vb. For example, Va and Vb may be
substantially the same as about 7.5V

[0121] The first pixel voltage Vpl and the second pixel
voltage Vp2 are respectively applied to the first pixel elec-
trode 171a and the second pixel electrode 1715 according to
control of a gate signal GS. The first pixel voltage Vpl may
have a phase that is substantially the same as an inverted phase
ofthe second pixel voltage Vp2. As illustrated above, the first
pixel electrode 1714 is disposed in the n-th row and the m-th
column and the second pixel electrode 1715 is disposed in the
(n+1)-th row and the m-th column or the (m+1)-th column.
Therefore, the method of driving the LCD apparatus may
include a dot-inversion driving method, a column-inversion
driving method and a line-inversion driving method.

[0122] Then, a supplementary voltage Ve is applied to the
supplementary electrode 160 (step S50).

[0123] Forexample, a first supplementary voltage Vel may
be applied to a first supplementary electrode 160a under the
first pixel electrode 171a. An electric field between the first
supplementary electrode 1604 and the common electrode 190
may compensate a weak electric field applied to the space
between the slits of the first pixel electrode 171a. As illus-
trated in FIG. 8, the first supplementary voltage Vcl and the
first pixel voltage Vpl may be simultaneously applied to the
first supplementary electrode 160a and the first pixel elec-
trode 171a, respectively The first supplementary voltage Vcl
may have a phase that is substantially the same as that of the
first pixel voltage Vpl.

[0124] 1In addition, a second supplementary voltage Vc2
may be applied to a second supplementary electrode 1605
under the second pixel electrode 1715 An electric field
between the second supplementary electrode 1605 and the
common electrode 190 may compensate a weak electric field
applied to the space between the slits of the second pixel
electrode 1715. As illustrated in FIG. 8, the second supple-
mentary voltage Vc2 and the second pixel voltage Vp2 may
be simultaneously applied to the second supplementary elec-
trode 1605 and the second pixel electrode 1715, respectively
The second supplementary voltage Vc2 may have a phase that
is substantially the same as that of the second pixel voltage
Vp2.

[0125] Accordingly, the first and second pixel voltages Vp1
and Vp2 respectively applied to the first and second pixel
electrodes 171a and 1715 may have voltage levels that are
larger than that of the data signals outputted from the drain
electrodes 123 of the switching elements 108. As a result, the
brightness of the LCD apparatus maybe increased.

[0126] FIG. 9 is a graph illustrating the brightness of the
LCD apparatus based on the supplementary voltage.

[0127] InFIG.9, ahorizontal axis indicates the supplemen-
tary voltage applied to the supplementary electrode 160 and a
vertical axis indicates the brightness in the display area DA of
the LCD apparatus 100.

[0128] Referring to FIG. 9, when the pixel voltage is 3V or
3.5V, the brightness is in a range of about 20 cd/m? to about
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50 cd/m?, although the supplementary voltage is increased to
be in a range of 0.5 V to 2 V. When the pixel voltage is 7.5V,
the brightness is in a range of about 240 cd/m” to about 270
cd/m?. When the pixel voltage is large, the brightness may be
considerably increased independent of a relation between the
phase of the supplementary voltage and the phase of the pixel
voltage.

[0129] That is, when the pixel voltage is larger than a pre-
determined voltage level, the electric field between the
supplementary electrode 160 and the common electrode 190
may effectively compensate the weak electric field applied to
the space between the slits of the pixel electrode 171 so that
the light transmissivity of the liquid crystal in the space
between the slits of the pixel electrode 171 may be consider-
ably increased. Therefore, the light transmissivity of the LCD
apparatus 100 may be increased.

[0130] For example, in the pixel area PA illustrated in FIG.
5, the pixel voltages Vpl and Vp2 applied to the first and
second pixel electrodes 171a and 1715 overlapping with the
first and second supplementary electrodes 160a and 1605
may be increased by the supplementary voltages Vel and Ve2
appliedto the firstand second supplementary electrodes 160a
and 1604. In the space between the slits of the first and second
pixel electrodes 171a and 1715, the supplementary voltages
Vel and Ve2 applied to the first and second supplementary
electrodes 160a and 1605 may effectively arrange the liquid
crystal molecules. Therefore, the brightness ofthe LCD appa-
ratus may be increased.

[0131] According to the exemplary method of driving the
exemplary LCD apparatus, the exemplary array substrate for
performing the method and the exemplary LCD apparatus
having the array substrate, since the pixel electrode 171 hav-
ing the connection part 172 and the slit part 175 may divide
the pixel area PA into multi-domains, the viewing angle of the
LCD apparatus 100 may be improved. Also, since the supple-
mentary electrode 160 may compensate the weak electric
field applied to the space between the slits of the pixel elec-
trode 171, the light transmissivity of the side portion of the
pixel area PA may be increased. In addition, since the supple-
mentary voltage Ve applied to the supplementary electrode
160 increase the pixel voltage Vp applied to the pixel elec-
trode 171, the brightness of the LCD apparatus 100 maybe
further increased.

Embodiment 2

[0132] FIG. 10 is a plan view illustrating an exemplary
array substrate employed in an exemplary LCD apparatus in
accordance with Embodiment 2 of the present invention. For
the sake of convenience, FIG. 10 shows the gate line 511, but
does not show the data line and the switching element. An
array substrate 501 and an LCD apparatus having the array
substrate 501 has components that are substantially the same
as those of the arrays substrate 101 illustrated in FIGS.11t0 5,
except that a first pixel electrode 571a and a second pixel
electrode 5716 are disposed in a single pixel area PA and a
first supplementary electrode 560a and a second supplemen-
tary electrode 5604 are disposed under the first and second
pixel electrodes 571a and 5716.

[0133] Referring to FIG. 10, the first and second pixel elec-
trodes 571a and 5715 are arranged in the single pixel area PA
along the y direction. The first and second pixel electrodes
571a and 5715 may be adjacent to each other. Each of the first
and second pixel electrodes 5371¢ and 5715 may have a con-
nection part and the slit part. The first and second pixel elec-
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trodes 571a and 5715 may be sub-pixel electrodes for form-
ing a single pixel. The first and second pixel electrodes 571a
and 5715 may correspond to one of the red color filter, the
green color filter and the blue color filter formed on the
opposing substrate.

[0134] In an exemplary embodiment of the present inven-
tion, the first and second pixel electrodes 571a and 5715 may
be respectively connected to separate switching elements to
independently receive pixel voltages from the two switching
elements. In another exemplary embodiment of the present
invention, the first and second pixel electrodes 571a and 5715
may receive the same pixel voltage from a single data line.
[0135] The first and second supplementary electrodes 560a
and 5605 may be connected to separate supplementary lines
561a, 5615 and 561c. The first and second supplementary
electrodes 560a and 5605 may be disposed corresponding to
atleast a space between end portions of the slits of the first and
second pixel electrodes 571a and 5715 to compensate electric
fields generated by the first and second pixel electrodes 571a
and 5715.

[0136] An exemplary method of manufacturing an exem-
plary array substrate described hereinafter is substantially the
same as the exemplary method of manufacturing the exem-
plary array substrate illustrated in FIGS. 4A to 41, except for
the disposition of the pixel electrode. Thus, any repetitive
explanation will be omitted.

[0137] As described above, the pixel electrode may be
formed by processes that are substantially the same as those
of forming the pixel electrode illustrated in Embodiment 1,
except that the pixel electrode includes the first and second
pixel electrodes 571a and 5715.

[0138] FIG. 11 is a graph illustrating waveforms of a pixel
voltage and a supplementary voltage in accordance with an
exemplary method of driving the exemplary LCD apparatus
having the exemplary array substrate illustrated in FIG. 10.
[0139] Referring to FIGS. 10 and 11, an exemplary method
of driving an exemplary LCD apparatus in accordance with
Embodiment 2 of the present invention may be substantially
the same as the exemplary method illustrated in FIGS. 7 and
8, except for a method of applying the supplementary voltage
to the supplementary electrode. Thus, any repetitive explana-
tion will be omitted.

[0140] InEmbodiment 2, the first and second pixel voltages
Vpl and Vp2 which have the same phase are respectively
applied to the first pixel electrode 571a and the second pixel
electrode 5715.

[0141] In Embodiment 2, the first supplementary voltage
Vel and the second supplementary voltage Vc2 that has an
inverted phase with respect to the phase of the first supple-
mentary voltage Vcl may be respectively applied to the first
and second supplementary electrodes 560a and 5605. There-
fore, in a single pixel area PA, different electric fields may be
applied to the liquid crystal, so that the viewing angle of the
LCD apparatus in accordance with Embodiment 2 of the
present invention may be larger than that of the LCD appara-
tus in accordance with Embodiment 1 of the present inven-
tion.

[0142] For example, as illustrated in FIG. 11, the first
supplementary voltage Vcl applied to the first supplementary
electrode 560a may have a phase that is substantially the same
as that of the first pixel voltage Vp1 and the second supple-
mentary voltage Vc2 applied to the second supplementary
electrode 5605 may have an inverted phase with respect to the
second pixel voltage Vp2.
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[0143] The first supplementary voltage Vcl having the
phase that is substantially the same as that of the first pixel
voltage Vpl1 raises the first pixel voltage Vpl. For example,
the first supplementary voltage of about 2 V may raise the first
pixel voltage from about 7.5V to about 8§ V.

[0144] The second supplementary voltage Vc2 having the
inverted phase with respect to the second pixel voltage Vp2
lowers the second pixel voltage Vp2. For example, the second
supplementary voltage of about -2 V may lower the second
pixel voltage from about 7.5V to about 6 V.

[0145] When the first and second pixel voltages Vpl and
Vp2 have the same phase and the first supplementary voltage
Vel and the second supplementary voltage Ve2 have opposite
phases to each other, the brightness may be increased at a
position corresponding to the first pixel electrode 571a
because the first pixel voltage Vpl is raised, and the bright-
ness may be decreased at a position corresponding to the
second pixel electrode 5715 because the second pixel voltage
Vp2 is lowered.

[0146] Accordingly, different pixel voltages are applied to
the pixel electrodes in a single pixel area PA, so that the
viewing angle may be increased. Also, the supplementary
electrode effectively controls the arrangement of the liquid
crystal corresponding to the space between the end portions
of the slits of the pixel electrode, so that the aperture ratio of
the pixel areas PA may be increased. As a result, the display
quality of the LCD apparatus may be improved.

Embodiment 3

[0147] FIG. 12 is a plan view illustrating an exemplary
array substrate employed in an exemplary LCD apparatus in
accordance with Embodiment 3 of the present invention. For
the sake of convenience, FIG. 12 does not show the gate line,
the data line and the switching element.

[0148] Referring to FIG. 12, an array substrate 701 in
accordance with Embodiment 3 of the present invention may
have components that are substantially the same as those of
the array substrate 101 illustrated in FIGS. 1 to 5, except for
the shape of a supplementary electrode 760. Thus, the same or
similar components are referred to using the same reference
numerals and any repetitive explanation is omitted.

[0149] InEmbodiment 3 of the present invention, although
FIG. 12 shows the supplementary electrode 760 formed on
the entire surface of the array substrate 701, a portion of the
supplementary electrode 760 formed on the switching ele-
ment may be reduced. Thus, the supplementary electrode 760
may be nearly completely disposed under the pixel electrode
771, which includes the connection part 772 and the slit part
775, such that the pixel electrode 771 overlaps the supple-
mentary electrode 760 in all of each pixel area PA.

[0150] An exemplary method of manufacturing the exem-
plary array substrate in accordance with Embodiment 3 of the
present invention may be substantially the same as the exem-
plary method illustrated in FIGS. 4A to 41, except that the
supplementary electrode is formed on substantially the entire
surface of the first passivation layer.

[0151] In Embodiment 3 of the present invention, a trans-
parent conductive material layer is formed on the first passi-
vation layer. The transparent conductive material layer may
include ITO or IZO. Portions of the transparent conductive
material layer corresponding to the switching element, the
data line and the gate line may be removed by an etching
method to form the supplementary electrode 760. The supple-
mentary electrode 760 may correspond to all pixel areas PA.
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[0152] In an exemplary method of driving the exemplary
LCD apparatus in accordance with Embodiment 3 of the
present invention, the pixel electrodes 771 may be driven by
the line-inversion method and the supplementary electrode
760 may receive the supplementary voltage of which the
phase is inverted according to the rows to correspond to the
pixel voltage. Except for the above-mentioned technical fea-
tures, the method in accordance with Embodiment 3 of the
present invention may be substantially the same as the
method of driving the LCD apparatus illustrated in FIGS. 7
and 8. Thus, any repetitive explanation will be omitted.

Embodiment 4

[0153] FIG. 13 is a cross-sectional view illustrating an
exemplary array substrate employed in an exemplary LCD
apparatus in accordance with Embodiment 4 of the present
invention.

[0154] Referring to FIG. 13, an array substrate 901 in
accordance with Embodiment 4 of the present invention may
have components that are substantially the same as those of
the array substrate illustrated in FIGS. 1 to 5, except that the
supplementary electrode 160 and the gate line 111 are formed
from the same layer, the second passivation layer is not
formed, and the pixel electrode 175 is formed directly on the
organic insulation layer 140. Thus, the same or similar com-
ponents are referred to using the same reference numerals and
any repetitive explanation is omitted.

[0155] An exemplary method of manufacturing the exem-
plary array substrate in accordance with Embodiment 4 of the
present invention may be substantially the same as the
method of manufacturing the array substrate illustrated in
FIGS. 4A to 4H, except that the supplementary electrode 160
and the gate line 111 are formed from the same layer on the
lower substrate 102.

[0156] The supplementary electrode 160 may include a
transparent conductive material and may be simultaneously
and integrally formed with the gate line in the pixel area PA of
the lower substrate 102.

[0157] According to the exemplary method of manufactur-
ing the array substrate in accordance with Embodiment 4 of
the present invention, since the second passivation layer is not
formed, processes for manufacturing the array substrate may
be simplified and productivity may be improved.

[0158] An exemplary method of driving an LCD apparatus
according to Embodiment 4 may be substantially the same as
the exemplary method of driving the LCD apparatus illus-
trated in FIGS. 7t0 9. Thus, any repetitive explanation will be
omitted.

Embodiment 5

[0159] FIG. 14 is a plan view illustrating an array substrate
employed in an LCD apparatus in accordance with Embodi-
ment 5 of the present invention.

[0160] Referring to FIG. 14, an array substrate 1001 and an
LCD apparatus may have components that are substantially
the same as those of the array substrate and the LCD appara-
tus illustrated in FIGS. 1 to 5, except that the supplementary
electrode 1060 is integrally formed with the pixel electrode
1071 and the second passivation layer is not formed. Thus, the
same or similar components are referred to using substan-
tially the same reference numerals and any repetitive expla-
nation is omitted. For example, the pixel electrode 1071
includes the connection part 1072 and slits 1075, a gate line
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1011 extends adjacent to the pixel area PA, and a switching
element includes a gate electrode 1012, a source electrode
1021, and a drain electrode 1023.

[0161] In the array substrate and the LCD apparatus in
accordance with Embodiment 5 of the present invention, the
supplementary electrode 1060 may be integrally formed with
the pixel electrode 1071 and electrically connect end portions
of the slits 1075 of the pixel electrode 1071 with one another.
[0162] The supplementary electrode 1060 may extend
along side portions of the pixel area PA. For example, the
supplementary electrode 1060 may extend along the data line
1015 and the gate line 1011. The supplementary electrode
1060 may partially overlap with the data line 1015 and the
gate line 1011.

[0163] Theend portions of the slits 1075 may be connected
to one another by the supplementary electrode 1060. As a
result, the supplementary electrode 1060 may compensate the
weak electric field applied to the space between the slits 1075
of the pixel electrode 1071. Therefore, the supplementary
electrode 1060 may prevent the light transmissivity of a por-
tion of the liquid crystal layer corresponding to the space
between the slits 1075 from being reduced.

[0164] An exemplary method of manufacturing an array
substrate in accordance with Embodiment 5 of the present
invention may be substantially the same as the exemplary
method of manufacturing the array substrate illustrated in
FIGS. 4A to 4H, except that the supplementary electrode
1060 and the pixel electrode 1071 are integrally formed with
each other on the organic insulation layer and the second
passivation layer is not formed. Thus, any repetitive explana-
tion will be omitted.

[0165] Intheexemplary method of manufacturing the array
substrate in accordance with Embodiment 5 of the present
invention, the supplementary electrode 1060 is integrally
formed with the pixel electrode 1071. The supplementary
electrode 1060 may surround the pixel electrode 1071 to
electrically connect end portions of the slits 1075 with one
another. Alternatively, the supplementary electrode 1060 may
surround a portion of the pixel electrode 1071 to electrically
connect some of all end portions of the slits 1075 with one
another.

[0166] Inan exemplary method of driving an LCD appara-
tus in accordance with Embodiment 5 of the present inven-
tion, the pixel electrode 1071 is electrically connected to the
supplementary electrode 1060.

[0167] Accordingly, the pixel voltage applied to the pixel
electrode 1071 is applied to the supplementary electrode
1060 and the liquid crystal adjacent to the sides of the pixel
area PA may be controlled by the supplementary electrode
1060 so that the transmissivity of the pixel area PA may be
improved.

[0168] FIG. 15 is a graph illustrating the transmissivity of a
liquid crystal layer when an exemplary supplementary elec-
trode is integrally formed with a pixel electrode.

[0169] InFIG. 15, a curve ‘REF’ indicates a change of the
light transmissivity of the LCD apparatus, which does not
have the supplementary electrode 1060 illustrated above so
that the end portions of the slits 1075 are spaced apart from
one another, according to a time after the pixel electrode 1071
receives the pixel voltage.

[0170] Also, in FIG. 15, a curve ‘a’ indicates the change of
the light transmissivity of the LCD apparatus, which have the
supplementary electrode 1060 electrically connecting the end
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portions of the slits 1075, according to a time after the pixel
electrode 1071 receives the pixel voltage.

[0171] Referring to FIG. 15, the curve ‘@’ has a maximum
value of the light transmissivity that is larger than that of the
curve ‘REF” and reaches a predetermined value of the trans-
missivity faster than the curve ‘REF’. That is, the LCD appa-
ratus having the supplementary electrode has a response time
and light transmissivity that are larger than those of the LCD
apparatus not having the supplementary electrode. In the
LCD apparatus in accordance with exemplary embodiments
of the present invention, the supplementary electrode 1060
electrically connects the end portions of the slits 1075 of the
pixel electrode 1071 to control the liquid crystal in the space
between the slits 1075 of the pixel electrode 1071. Therefore,
the light transmissivity and the response time of the LCD
apparatus in accordance with exemplary embodiments of the
present invention may be improved.

[0172] FIG.16A and 16B are plan views illustrating variant
examples of a pixel electrode illustrated in FIG. 14.

[0173] Referring to FIGS.16A and 16B, the supplementary
electrodes 1260 and 1360 in array substrates 1201 and 1301
may electrically connect some or all of the end portions of the
slits 1275 and 1375 in the pixel electrodes 1271 and 1371,
which also have connection parts 1272 and 1372, respectively
For example, as illustrated in FIG. 6A, the supplementary
electrode 1260 may extend along vertical sides of the pixel
area PA to electrically connect the end portions of the slits
1275 arranged along the vertical sides of the pixel area PA.
Alternatively, as illustrated in FIG. 6B, the supplementary
electrode 1360 may extend along horizontal sides of the pixel
area PA to electrically connect the end portions of the slits

1375 arranged along the horizontal sides of the pixel areas
PA.

[0174] According to the variant example of the pixel elec-
trode illustrated in FIGS. 16A and 16B, an area in which the
supplementary electrode overlaps with the data line 1015 or
the gate line 1011 may be reduced. Therefore, the array sub-
strate having the pixel electrode illustrated in FIGS. 16A and
16B may have a parasitic capacitance that is smaller than that
of the array substrate illustrated in FIG. 14.

[0175] According to the exemplary method of driving the
exemplary LCD apparatus, the exemplary array substrate, the
exemplary method of manufacturing the exemplary array
substrate, and the exemplary LCD apparatus, light transmis-
sivity and a viewing angle may be improved.

[0176] The foregoing is illustrative of the present invention
and is not to be construed as limiting thereof. Although a few
exemplary embodiments of the present invention have been
described, those skilled in the art will readily appreciate that
many modifications are possible in the exemplary embodi-
ments without materially departing from the novel teachings
and advantages of this invention. Accordingly, all such modi-
fications are intended to be included within the scope of the
present invention as defined in the claims. In the claims,
means-plus-function clauses are intended to cover the struc-
tures described herein as performing the recited function and
not only structural equivalents but also equivalent structures.
Therefore, it is to be understood that the foregoing is illustra-
tive of the present invention and is not to be construed as
limited to the specific embodiments disclosed, and that modi-
fications to the disclosed embodiments, as well as other
embodiments, are intended to be included within the scope of
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the appended claims. The present invention is defined by the
following claims, with equivalents of the claims to be
included therein.

What is claimed is:

1. A method of driving an LCD apparatus, the method
comprising;

applying a common voltage to a common electrode above
a liquid crystal layer;

applying pixel voltages to pixel electrodes under the liquid
crystal layer to form an electrical field with the common
electrode to control movements of liquid crystal mol-
ecules of the liquid crystal layer, each of the pixel elec-
trodes having slits; and

applying a supplementary voltage to a supplementary elec-
trode between the slits of each pixel electrode to com-
pensate the electric field formed by the pixel electrodes
and the common electrode.

2. The method of claim 1, wherein the pixel electrodes are
driven by a row-inversion method and the supplementary
electrode receives the supplementary voltage having a phase
which is inverted according to rows of the pixel electrodes to
correspond to the pixel voltage.

3. The method of claim 1, wherein the pixel electrodes are
driven by a column-inversion method and the supplementary
electrode connected according to columns of the pixel elec-
trodes receive the supplementary voltage having a phase
which is identical to a phase of the pixel voltage.

4. The method of claim 1, wherein the pixel electrodes are
driven by a dot-inversion method and the supplementary elec-
trode receives the supplementary voltage having a phase
which is inverted by the dot-inversion method.

5. The method of claim 1, wherein each of the pixel elec-
trodes comprises a plurality of sub-pixel electrodes, the
supplementary electrode comprises a plurality of sub-supple-
mentary electrodes corresponding to the sub-pixel electrodes,
the sub-pixel electrodes respectively receive the pixel volt-
ages that have a same phase, and the sub-supplementary
electrodes respectively receive the supplementary voltages
that include a first supplementary voltage having a first phase
and a second supplementary voltage having a second phase
that is inverted with respect to the first phase.

6. An array substrate comprising:

a substrate having a gate line, a data line and a switching
element electrically connected to the gate line and the
data line;

a pixel electrode disposed in a pixel area of the substrate
and electrically connected to the switching element, the
pixel electrode including a connection part dividing the
pixel area into a plurality of domains and slits extending
from the connection part; and

asupplementary electrode corresponding to at least a space
between the slits of the pixel electrode.

7. The array substrate of claim 6, further comprising a first
insulation layer formed on the data line and the switching
element and a second insulation layer formed on the first
insulation layer,

wherein the supplementary electrode is formed on the first
insulation layer and the pixel electrode is formed on the
second insulation layer.

8. The array substrate of claim 7, further comprising an

organic insulation layer formed between the first insulation
layer and the second insulation layer,
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wherein the supplementary electrode is formed between
the organic insulation layer and the second insulation
layer.

9. The array substrate of claim 7, wherein the supplemen-
tary electrode is formed in the pixel area and has a plate shape.

10. The array substrate of claim 7, wherein the supplemen-
tary electrode extends along a portion of a side portion of the
pixel area along which end portions of the slits are arranged.

11. The array substrate of claim 6, wherein the supplemen-
tary electrode and the gate line are formed from a same layer
on an upper surface of the substrate.

12. The array substrate of claim 6, wherein the supplemen-
tary electrode 1s integrally formed with the pixel electrode
and connects end portions of the slits with one another.

13. An LCD apparatus, comprising:

a first substrate including an upper substrate and a common

electrode on an under surface of the upper substrate;

a liquid crystal layer under the common electrode; and

a second substrate including a lower substrate opposite to

the upper substrate, the liquid crystal layer being inter-
posed between the upper substrate and the lower sub-
strate, a pixel electrode in a pixel area of the lower
substrate, the pixel electrode including a connection part
dividing the pixel area into a plurality of domains and
slits extending from the connection part, and a supple-
mentary electrode corresponding to at least a space
between the slits and applying an electrical field to a
portion of the liquid crystal layer in the space between
the slits.

14. The LCD apparatus of claim 13, wherein the second
substrate further comprises:

a first insulation layer formed between the switching ele-

ment and the supplementary electrode; and
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a second insulation layer formed between the supplemen-

tary electrode and the pixel electrode.

15. The LCD apparatus of claim 14, wherein the supple-
mentary electrode is formed in the pixel area and has a plate
shape.

16. The LCD apparatus of claim 14, wherein the supple-
mentary electrode extends along at least a portion of a side
portion of the pixel area to electrically connect end portions of
the slits.

17. The LCD apparatus of claim 13, wherein the supple-
mentary electrode is integrally formed with the pixel elec-
trode and extends along at least a portion of a side portion of
the pixel area to electrically connect end portions of the slits.

18. The LCD apparatus of claim 13, further comprising a
driver applying a pixel voltage to the pixel electrode and a
supplementary voltage to the supplementary electrode, the
supplementary voltage forming the electric field applied to
the portion of the liquid crystal layer in the space between the
slits.

19. The LCD apparatus of claim 18, wherein the driver
applies pixel voltages which have opposite phases to each
other to adjacent pixel electrodes, respectively, and applies
supplementary voltages having phases which are the same as
the pixel voltages to corresponding supplementary elec-
trodes.

20. The LCD apparatus of claim 18, wherein the driver
applies pixel voltages which have a same phase to adjacent
pixel electrodes, respectively, and applies supplementary
voltages having opposite phases to each other to correspond-
ing supplementary electrodes to the adjacent pixel electrodes.
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