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LIQUID CRYSTAL DISPLAY AND METHOD
OF MANUFACTURING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2010-0136967 filed on Dec. 28, 2010,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the entire contents of which are incorporated herein by refer-
ence.

BACKGROUND OF THE INVENTION

[0002] (a) Field of the Invention

[0003] The invention relates to a liquid crystal display and
a method of manufacturing the same.

[0004] (b) Description of the Related Art

[0005] A liquid crystal display as one of flat panel display
devices that are widely being used. The liquid crystal display
includes two display panels where field generating electrodes
such as a pixel electrode and a common electrode are formed,
and a liquid crystal layer interposed therebetween.

[0006] The liquid crystal display generates an electric field
in a liquid crystal layer by applying voltage to the field gen-
erating electrodes, to determine orientations of liquid crystal
molecules of the liquid crystal layer and control polarization
of incident light, thereby displaying an image.

[0007] The liquid crystal display also includes a switching
element connected to each pixel electrode, and a plurality of
signal lines including gate lines and data lines for applying the
voltage to the pixel electrode by controlling the switching
element.

[0008] Among the liquid crystal displays, a vertically
aligned mode liquid crystal display in which a long axis of the
liquid crystal molecules are arranged to be vertical to a dis-
play panel in the state in which an electric field is not applied,
has been in the limelight due to a high contrast ratio and a
wide reference viewing angle thereof.

[0009] The vertically aligned mode liquid crystal display
can arrange liquid crystal molecules in diverse directions by
using a fringe electric field, and transmittance may be reduced
due to a horizontal electric field component in the fringe
electric field.

[0010] Further, the vertically aligned mode liquid crystal
display may have side visibility lower than front visibility. In
order to solve the problem, one pixel is partitioned into two
subpixels and voltages of two subpixels are adjusted to be
different from each other to change transmittance. In this
case, since the partitioned pixels should be implemented
within a limited pixel, an aperture ratio is inevitably reduced
due to a limit in design.

[0011] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

BRIEF SUMMARY OF THE INVENTION

[0012] The invention has been made in an effort to provide
a liquid crystal display having advantages of preventing
decrease in transmittance due to a horizontal field component
and decrease in an aperture ratio according to a pixel division.
[0013] Anexemplary embodiment provides a liquid crystal
display includes a first substrate including a pixel area, a
second substrate facing the first substrate, a liquid crystal
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layer between the first electrode and the second electrode and
including liquid crystal molecules, a first electrode on the first
substrate, a second electrode on the first substrate and includ-
ing a minute slit pattern, an insulating layer between the first
substrate and the second substrate, and a third electrode on the
second substrate. The pixel area includes a first region having
a double-electrode structure where the first electrode and the
second electrode overlap, and a second region having a single
electrode structure including the second electrode.

[0014] In an exemplary embodiment, the liquid crystal
molecules may include first liquid crystal molecules disposed
in the first region, and second liquid crystal molecules dis-
posed in the second region. In driving the liquid crystal dis-
play, a tilted angle of the first liquid crystal molecules may be
different from the tilted angle of the second liquid crystal
molecules.

[0015] Inanexemplary embodiment, the first electrode and
the third electrode may be a plate shape, that is, each includ-
ing a continuous solid surface in a plan view.

[0016] Inan exemplary embodiment, the liquid crystal dis-
play may further include an alignment layer disposed on at
least one of the second electrode and the third electrode. At
least one of the liquid crystal layer and the alignment layer
may include an alignment aiding agent.

[0017] In an exemplary embodiment, at least one of the
liquid crystal layer and the alignment layer have a pretilt. The
pretilt may be formed by, when the voltage applied to the first
electrode is a first voltage and, the voltage applied to the
second electrode is a second voltage, exposing the at least one
of the liquid crystal layer and the alignment layer to light
while the first voltage and the second voltage are respectively
applied, wherein the first voltage is lower than the second
voltage.

[0018] In an exemplary embodiment, the first region
includes a vertical electric field generated due to a difference
between the first voltage and the third voltage, and the second
region includes an electric field generated due to a difference
between the second voltage and the third voltage.

[0019] In an exemplary embodiment, the first electrode
receives a data voltage, and the second electrode receives a
lower voltage than the data voltage, such that the liquid crys-
tal display may be driven.

[0020] In an exemplary embodiment, the first electrode
may be substantially symmetric in a first direction, and a
second direction perpendicular to the first direction, in the
plan view.

[0021] Inan exemplary embodiment, the liquid crystal dis-
play may further include a gate line on the first substrate, a
data line on the first substrate and crossing the gate line, a first
thin film transistor and a second thin film transistor connected
to the gate line and the data line, a third thin film transistor
connected to the gate line and the second thin film transistor,
and a reference voltage line connected to the third thin film
transistor. The first electrode may be connected to the first thin
film transistor, and the second electrode may be connected to
the second thin film transistor.

[0022] Inanexemplary embodiment, the first electrode and
the second electrode may be electrically connected to each
other. The first electrode may be connected to the first thin
film transistor by a dummy pattern.

[0023] In an exemplary embodiment, the dummy pattern
may be disposed at a same layer as the second electrode. An
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output terminal of the second thin film transistor may be
connected to the second electrode and an input terminal of the
third thin film transistor.

[0024] In an exemplary embodiment, the second electrode
may include a cross stem including a horizontal stem and a
vertical stem crossing the horizontal stem, and a plurality of
minute branches extending from the cross stem.

[0025] The second electrode may include a plurality of
regions in which the plurality of minute branches extend from
the cross stem in different directions. A thickness of the
insulating layer may be in the range of about 100 nanometers
(nm) to 1500 nm.

[0026] Another exemplary embodiment provides a method
of manufacturing a liquid crystal display. The method
includes forming a first electrode on a first substrate, the first
substrate including a pixel area, forming an insulating layer
on the first electrode, forming a second electrode on the
insulating layer and including a minute slit pattern, the insu-
lating layer between the first electrode and the second elec-
trode, forming a third electrode on a second substrate facing
the first substrate, forming an alignment layer on at least one
of the second electrode and the third electrode, assembling
the first substrate and the second substrate, forming a liquid
crystal layer between the first substrate and the second sub-
strate, applying a first voltage to the first electrode and apply-
ing a second voltage larger than the first voltage to the second
electrode, and irradiating light to the liquid crystal layer while
the first voltage and the second voltage are respectively
applied to the first electrode and the second electrode. The
pixel area includes a first region having a double electrode
structure by overlapping the first electrode and the second
electrode, and a second region having a single electrode struc-
ture including the second electrode. At least one of the liquid
crystal layer and the alignment layer includes an alignment
aiding agent.

[0027] Inanexemplary embodiment, the first electrode and
the third electrode may be respectively formed in a plate
shape, that is, each including a continuous solid surface in a
plan view. The first electrode may be substantially symmetric
in a first direction, and a second direction perpendicular to the
first direction, in the plan view.

[0028] The method may further include forming a gate line
disposed on the first substrate, forming a data line disposed on
the first substrate and crossing the gate line, forming a first
thin film transistor and a second thin film transistor connected
to the gate line and the data line, forming a third thin film
transistor connected to the gate line and the second thin film
transistor, and forming a reference voltage line connected to
the third thin film transistor. The first electrode may be con-
nected to the first thin film transistor and the second electrode
may be connected to the second thin film transistor.

[0029] Another exemplary embodiment provides a method
of driving a liquid crystal display, the method including
applying a first voltage to a first electrode, applying a second
voltage lower than the first voltage to a second electrode,
applying a third voltage to a third electrode, driving a first
region of a pixel area by a vertical electric field generated due
to a difference between the first voltage and the third voltage,
and driving a second region of the pixel area by an electric
field generated due to a difference between the second voltage
and the third voltage. The liquid crystal display comprises a
first substrate including the pixel area, a second substrate
facing the first substrate, a liquid crystal layer between the
first substrate and the second substrate, and including liquid
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crystal molecules, the first electrode on the first substrate, the
second electrode on the first substrate and including a minute
slit pattern, an insulating layer between the first electrode and
the second electrode, the third electrode on the second sub-
strate, wherein the first region includes the first electrode
overlapped with the second electrode, and the second region
includes the second electrode.

[0030] Inanexemplary embodiment, the first electrode and
the second electrode may be electrically connected to each
other.

[0031] In an exemplary embodiment, the first electrode
may be connected to the first thin film transistor by a dummy
pattern. The dummy pattern may be formed at a same layer as
the second electrode.

[0032] Inanexemplary embodiment, an output terminal of
the second thin film transistor may be connected to the second
electrode and an input terminal of the third thin film transistor.
[0033] According to the exemplary embodiments, a high-
speed response can be implemented while maximizing trans-
mittance by using a minute slit electrode in the exposure of an
electric field for forming a pretilt, and using a no-patterned
electrode in actually driving the liquid crystal display.
[0034] Further, the exemplary embodiments achieve an
effect in which a pixel is essentially divided by using a dif-
ference in transmittance efficiency without actually dividing
the pixel in to two subpixels adjacent to each other, such that
an aperture ratio can be improved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0035] The above and other features of this disclosure will
become more apparent by describing in further detail exem-
plary embodiments thereof with reference to the accompany-
ing drawings, in which:

[0036] FIG. 1 is a plan view illustrating an exemplary
embodiment of a liquid crystal display according to the inven-
tion.

[0037] FIG. 2 is a cross-sectional view taken along line
II-II' of FIG. 1 and FIG. 3 is a cross-sectional view taken along
line ITI-1IT' of FIG. 1.

[0038] FIG. 4 is a schematic cross-sectional view illustrat-
ing an exemplary embodiment of process in the manufactur-
ing of a liquid crystal display, showing an electric field direc-
tion in electric field exposure.

[0039] FIG. 5 is a schematic cross-sectional view illustrat-
ing an exemplary embodiment of an electric field direction in
driving the liquid crystal display manufactured in FIG. 4.
[0040] FIG. 6isagraph comparing response characteristics
of'an exemplary embodiment of the invention, and compara-
tive examples, according to a structure of a lower electrode.
[0041] FIG. 7 is a schematic plan view illustrating another
exemplary embodiment of a structure of a pixel electrode
according to the invention.

[0042] FIGS. 8 and 9 are schematic plan views illustrating
another exemplary embodiment of a structure of first and
second pixel electrodes according to the invention.

[0043] FIGS. 10 and 11 are schematic plan views illustrat-
ing still another exemplary embodiment of a structure of first
and second pixel electrodes according to the invention.
[0044] FIG. 12 is an equivalent circuit diagram of an exem-
plary embodiment of one pixel of the liquid crystal display of
FIG. 1.
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[0045] FIG. 13 is a waveform diagram of an exemplary
embodiment of a signal applied to the pixel of the liquid
crystal display of FIG. 1.

DETAILED DESCRIPTION OF THE INVENTION

[0046] The invention will be described more fully herein-
after with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. As those
skilled in the art would realize, the described embodiments
may be modified in various different ways, all without depart-
ing from the spirit or scope of the invention. On the contrary,
the embodiments introduced herein are provided to fully
understand the disclosed contents and fully transfer the spirit
ofthe invention to those skilled in the art. In the drawings, the
thickness of layers, films, panels, regions, etc., are exagger-
ated for clarity.

[0047] In addition, in the case of when the layer is men-
tioned to be “on” or “connected to” another layer or substrate,
it may be directly on the other layer or substrate or a third
layer may be interposed between them. As used herein, “con-
nected” includes physically and/or electrically connected.
Like numbers refer to like elements throughout. Throughout
the specification, like reference numerals refer to like ele-
ments. As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.
[0048] It 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 region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the invention.
[0049] Spatially relative terms, such as “below,” “lower,”
“upper” and the like, may be used herein for ease of descrip-
tion to describe the relationship of one element or feature 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 “lower” relative to other
elements or features would then be oriented “above” or
“upper” relative to 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.
[0050] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises” and/
or “comprising,” when used in this specification, specify the
presence of stated features, integers, steps, operations, ele-
ments, and/or components, but do not preclude the presence
or addition of one or more other features, integers, steps,
operations, elements, components, and/or groups thereof.
[0051] Embodiments of the invention are described herein
withreference to cross-sectionillustrations that are schematic
illustrations of idealized embodiments (and intermediate
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structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
but are to include deviations in shapes that result, for example,
from manufacturing.

[0052] 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.

[0053] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0054] Hereinafter, the invention will be described in detail
with reference to the accompanying drawings.

[0055] FIG. 1 is a plan view illustrating an exemplary
embodiment of a liquid crystal display according to the inven-
tion. FIG. 2 is a cross-sectional view taken along line II-II' of
FIG. 1 and FIG. 3 is a cross-sectional view taken along line
TI-IIT of FIG. 1.

[0056] Referring to FIGS. 1 to 3, the liquid crystal display
includes a lower panel 100 and an upper panel 200 which face
each other, a liquid crystal layer 3 including liquid crystal
molecules 310 interposed between the panels 100 and 200,
and a pair of polarizers (not shown) attached to the outside of
the panels 100 and 200.

[0057] First, the upper panel 200 will be described.

[0058] The upper panel 200 corresponds to a second sub-
strate, and a light blocking member 220 is on an upper sub-
strate 210 having transparent and insulating properties. The
light blocking member 220 is called a black matrix, and
reduces or prevents the leakage of light between pixel elec-
trodes 191 and 300 positioned in the lower panel 100
described later. The light blocking member 220 includes por-
tions corresponding to a gate line 121 and a data line 171, and
a portion corresponding to a thin film transistor.

[0059] The light blocking member 220 may be on a lower
substrate 110 instead of the upper substrate 210.

[0060] A firstovercoat 250 is on the light blocking member
220. The first overcoat 250 may include an insulating mate-
rial, and provides a flat (e.g., planar) surface. In an alternative
exemplary embodiment, the overcoat may be omitted.
[0061] A common electrode 270 corresponding to a third
electrode is on the first overcoat 250. Herein, the common
electrode 270 may be formed in a plate shape in a pixel area
or unit pixel area. The plate shape indicates that the common
electrode 270 has a continuous solid surface without divisions

or splits.
[0062] Next, the lower panel 100 will be described.
[0063] A plurality of gate lines 121 are on the lower sub-

strate 110 corresponding to a first substrate, and having an
insulating property. The lower substrate 110 includes the



US 2012/0162559 Al

pixel area, and may include a plurality of pixel areas. The gate
line 121 transfers a gate signal and mainly extends in a hori-
zontal (e.g., transverse) direction of the pixel area. The gate
line 121 includes a first gate electrode 1244, a second gate
electrode 1245, a third gate electrode 124¢, and a wide end
(not shown) for connection with other layers of the liquid
crystal display and an external driving circuit. The gate line
121, the first gate electrode 124a, the second gate electrode
1245 and the third gate electrode 124¢ collectively form a
continuous, single, unitary, indivisible member.

[0064] A gate insulating layer 140 including an insulating
material such as silicon nitride is on the gate line 121. A first
semiconductor 154a, a second semiconductor 1545, and a
third semiconductor 154¢ are on the gate insulating layer 140.
[0065] A plurality of ohmiic contacts 163a, 165a, 1655 and
163c¢ are on the first semiconductor 1544, the second semi-
conductor 1545, and the third semiconductor 154c¢.

[0066] A plurality of data lines 171 includes a first source
electrode 173a and a second source electrode 1735 continu-
ously extending therefrom, to form a single, unitary indivis-
ible member. Data conductors 171, 173¢, 175a, 1755, 175c¢,
and 177 including the date line 171, the first source electrode
173a, the second source electrode 1735, a first drain electrode
175a, a second drain electrode 1755, a third source electrode
173c¢, athird drain electrode 175¢, and areference voltage line
177 are on the ohmic contacts 163a, 165a, 1655 and 163¢, and
the gate insulating layer 140, respectively.

[0067] In an exemplary embodiment of forming the liquid
crystal display, the data conductors, and the semiconductors
and the ohniic contacts positioned therebelow, may be simul-
taneously formed by using one mask.

[0068] The data line 171 includes a wide end (not shown)
for connection with other layers of the liquid crystal display
and an external driving circuit (not shown).

[0069] The reference voltage line 177 includes two vertical
portions 177a parallel to the data line 171, and a horizontal
portion 1775 connecting the two vertical portions 177a to
each other. Delay of a signal flowing into the reference volt-
age line 177 can be reduced or effectively prevented by con-
necting the two vertical portions 177a of the reference voltage
line 177, to the horizontal portion 1775.

[0070] The vertical portion 177a of the reference voltage
line 177 is between the pixel electrodes 191 and 300, and the
data line 171. The reference voltage line 177 is electrically
connected to the third drain electrode 175c¢.

[0071] The horizontal portion 1775 of the reference voltage
line 177 is between the pixel electrodes 191 and 300, and the
gate line 121. Accordingly, the reference voltage line 177 may
reduce signal interferences between the pixel electrodes 191
and 300, and the data line 171, and between the pixel elec-
trodes 191 and 300, and the gate line 121, respectively.
[0072] The first gate electrode 124a, the first source elec-
trode 1734, and the first drain electrode 175a collectively
form a first thin film transistor Qa (refer to FIG. 12) together
with the first semiconductor 154a. A channel of the first thin
film transistor Qa is on the semiconductor portion 154a
between the first source electrode 173a and the first drain
electrode 175a. Similarly, the second gate electrode 1245, the
second source electrode 1735, and the second drain electrode
175b collectively form a second thin film transistor Qb (refer
to FIG. 12) together with the second semiconductor 1545. A
channel of the second thin film transistor Qb is on the semi-
conductor portion 1545 between the second source electrode
1734 and the second drain electrode 1754. Similarly, the third
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gate electrode 124c¢, the third source electrode 173¢ and the
third drain electrode 175¢ collectively form a third thin film
transistor Qc (refer to FIG. 12) together with the third semi-
conductor 154¢. A channel of the third thin film transistor Qc
is formed on the semiconductor portion 154¢ between the
third source electrode 173¢ and the third drain electrode 175c¢.
[0073] A first passivation layer 180a is on the data conduc-
tors 171, 173¢, 175a, 17556, 175¢, and 177 and the exposed
semiconductor portions 154a, 1545, and 154¢. The first pas-
sivation layer 180a may include an inorganic insulating mate-
rial such as silicon nitride and silicon oxide.

[0074] An organic layer 230 is on the first passivation layer
180a. The organic layer 230 includes a first contact hole 1854
and a second contact hole 1855 extended through a thickness
thereof. The first contact hole 185a exposes the first drain
electrode 175a and the second contact hole 1855 exposes the
second drain electrode 175b.

[0075] The organic layer 230 may provide a flat and planar
surface, and may be a color filter. The organic layer 230 used
as the color filter may elongate in a vertical (e.g., longitudinal)
direction of the pixel area, and parallel to the pixel electrodes
191 and 300. Each color filter 230 may display one of three
primary colors such as red, green, and blue. However, the
color filter 230 is not limited to three primary colors such as
red, green, and blue, and may display one color of cyan,
magenta, yellow, and white-based colors.

[0076] A second overcoat 1805 is on the organic layer 230.
The second overcoat 1805 may include an insulating mate-
rial, reduces or effectively prevents the color filter 230 from
being exposed and provides a flat surface. A first pixel elec-
trode 191 is on the second overcoat 1805. The first pixel
electrode 191 may include a transparent conductive material
such as indium tin oxide (“ITO”) or (“IZ0O”), or a reflective
metal such as aluminum, silver, chromium, or an alloy
thereof.

[0077] A second passivation 180c¢ is on the first pixel elec-
trode 191. A thickness of the second passivation 180c¢ is in the
range of about 100 nanometers (nm) to about 1500 nm. The
second passivation layer 180c¢ includes a dummy hole 183
extended through a thickness thereof and exposing the first
pixel electrode 191. A dummy pattern 83 and a second pixel
electrode 300 are on the second passivation layer 180c. The
dummy pattern 83 is in the first contact hole 1854 and the
dummy hole 183, to thereby electrically connect the first
drain electrode 175a and the first pixel electrode 191 to each
other.

[0078] The second pixel electrode 300 is in most of the unit
pixel area and includes a minute slit pattern. The second pixel
electrode 300 including the minute slit pattern is in an overall
quadrangle planar shape. The second pixel electrode 300
includes a cross stem constituted by a horizontal stem 320,
and a vertical stem 330 crossing the horizontal stem 320.
Further, the second pixel electrode 300 is divided into four
subregions by the horizontal stem 320 and the vertical stem
330, and each subregion includes a plurality of minute
branches 340.

[0079] One end of the vertical stem 330 of the second pixel
electrode 300 is elongated so as to be electrically connected
with the second drain electrode 1754 through the second
contact hole 1855.

[0080] Thesecond pixel electrode 300 including the minute
slit pattern will be described in detail.

[0081] As illustrated in the plan view of FIG. 1, one of the
minute branches 340 of the second pixel electrode 300
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extends obliquely in a top left direction from the horizontal
stem 320 or the vertical stem 330, and another of the minute
branches 340 extends obliquely in a top right direction from
the horizontal stem 320 or the vertical stem 330. Further,
another of the minute branches 340 extends obliquely in a
lower left direction from the horizontal stem 320 or the ver-
tical stem 330, and a remainder of minute branches 340
extends obliquely in a lower right direction from the horizon-
tal stem 320 or the vertical stem 330. The extending direction
of the minute branches 340 of two adjacent subregions may
be perpendicular to each other. Although not shown, a width
of the minute branch 340 may be gradually expanded in a
direction towards or away from the horizontal stem 320 or the
vertical stem 330, respectively.

[0082] The first pixel electrode 191 may be a substantially
plate shape having a planar a rhombus shape in the unit pixel
area as illustrated in FIG. 1. As described above, the plate
shape indicates the rhombus has a continuous solid surface
without divisions or splits. Since the first pixel electrode 191
has the rhombus shape, the first pixel electrode 191 may be at
only a portion of the unit pixel area. However, the first pixel
electrode 191 is not limited to the rhombus shape, and may be
modified in various shape positioned at a portion of the unit
pixel area so as to have a double electrode structure together
with the second pixel electrode 300 as described below in
detail. In this case, the shape of the first pixel electrode 191
may be horizontally and vertically symmetric.

[0083] In an exemplary embodiment, the unit pixel area
may be a region crossing the gate line 121 and the data line
171, but is not necessarily limited thereto.

[0084] Indetail, the pixel area is classified into a first region
having a double-electrode structure where the first pixel elec-
trode 191 and the second pixel electrode 300 overlap each
other, and a second region excluding the first region and
having a single electrode structure including the second pixel
electrode 300. In driving the liquid crystal display, a tilted
angle at which first liquid crystal molecules positioned in the
first region are inclined is different from a tilted angle at
which second liquid crystal molecules positioned in the sec-
ond region are inclined. The tilted angles are different
because the electric field generated in the first region is dif-
ferent from the electric field generated in the second region.
[0085] Alignment layers 11 and 21 are at the inside of each
of the panels 100 and 200 and may be a vertical alignment
layer.

[0086] Polarizers (not shown) are at the outside of the pan-
els 100 and 200, and polarization axes of two polarizers are
perpendicular to each other. In one exemplary embodiment, a
polarization axis of one of the polarizers is parallel to the gate
line 121. In the case of the reflective liquid crystal display, one
of two polarizers may be omitted.

[0087] The liquid crystal layer 3 is interposed between the
panels 100 and 200, and the liquid crystal molecules 310
included in the liquid crystal layer 3 may have a negative
dielectric anisotropy. The liquid crystal molecules 310 of the
liquid crystal layer 3 have a pretilt so that a long axis is
approximately parallel to a longitudinal direction of the
minute branch 340 of the second pixel electrode 300, and may
be aligned so as to be perpendicular to the surfaces of the
panels 100 and 200 while the electric field is not applied.
Further, the liquid crystal layer 3 further includes an align-
ment aiding agent 50 including reactive mesogen, and the
liquid crystal molecules 310 may have a pretilt so that the long
axis thereof is approximately parallel to the longitudinal
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direction of the minute branch 340 of the second pixel elec-
trode 300 by the alignment aiding agent 50.

[0088] Inanother exemplary embodiment of the invention,
the alignment aiding agent 50 may be included in the align-
ment layers 11 and 21 instead of the liquid crystal layer 3. In
this case, the alignment layers 11 and 21 include a main-chain
and a side-chain, and the alignment aiding agent 50 is con-
nected to the side-chain and may be electrically negative.
Consequently, the alignment layers 11 and 21 may have a
pretilt by using the alignment aiding agent 50

[0089] Hereinafter, an exemplary embodiment of a method
of manufacturing a liquid crystal display according to the
invention will be described with reference to FIGS. 1 to 4.
FIG. 4 is a schematic cross-sectional view illustrating an
electric field direction in electric field exposure in the exem-
plary embodiment of FIG. 1.

[0090] Referring to FIGS. 1 to 3, the lower panel 100 and
the upper panel 200 are manufactured, respectively.

[0091] Theupperpanel 200 is manufactured by a method as
described below.

[0092] The light blocking member 220 is formed on the
upper substrate 210 and then the first overcoat 250 is formed
thereon. The common electrode 270 is formed on the first
overcoat 250. The alignment layer 21 is formed on the com-
mon electrode 270.

[0093] Thelower panel 100 is manufactured by a method as
described below.

[0094] The gate line 121 including first to third gate elec-
trodes 124a, 1245, and 124c, the gate insulating layer 140,
semiconductor layers 151, 154a, 1545, and 154c, the data line
171 including first to third source electrodes 173a, 1735, and
173¢, first to third drain electrodes 175a, 1755, and 175¢, and
the first passivation layer 180a are sequentially formed by
stacking and patterning a plurality of thin films on the lower
substrate 110.

[0095] The organic layer 230 is formed on the first passi-
vation layer 180a.

[0096] The second overcoat 1805 is formed on the organic
layer 230. A conductive layer such as ITO or IZO is stacked
and patterned on the second overcoat 1805 to form the first
pixel electrode 191 which is at a portion of a unit pixel area
and has a substantially plate shape. Subsequently, a second
passivation layer 180c¢ is formed on the first pixel electrode
191.

[0097] The first contact hole 185a exposing the first drain
electrode 1754, the second contact hole 1856 exposing the
second drain electrode 1755, a third contact hole 185¢ expos-
ing the third drain electrode 175¢, and a dummy hole 183
exposing the first pixel electrode 191 are formed by pattering
the second passivation layer 180c.

[0098] The dummy pattern 83 and the second pixel elec-
trode 300 which electrically connect the first drain electrode
175a and the first pixel electrode 191, are formed by stacking
and patterning the conductive layer such as ITO or IZO on the
second passivation layer 180c. Thereafter, the alignment
layer 11 is coated on the second pixel electrode 300.

[0099] Next, the liquid crystal layer 3 is formed by assem-
bling the lower panel 100 and the upper panel 200 manufac-
tured by the method as described above, and injecting a mix-
ture of the liquid crystal molecules 310 and the alignment
aiding agent 50 therebetween. However, the liquid crystal
layer 3 may be formed by dropping the mixture of the liquid
crystal molecules 310 and the alignment aiding agent S0 on
the lower panel 100 or the upper panel 200. In the exemplary
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embodiment, the alignment aiding agent 50 is included in the
liquid crystal layer 3, but in another exemplary embodiment,
the alignment aiding agent 50 may be formed so as to be
included in alignment layers 11 and 21 rather than the liquid
crystal layer 3.

[0100] Next, referring to FIG. 4, voltages are applied to the
first pixel electrode 191 and the second pixel electrode 300.
Assuming that the voltage applied to the common electrode
270 is a first voltage V1, the voltage applied to the second
pixel electrode 300 is a second voltage V2, and the voltage
applied to the first pixel electrode 191 is a third voltage V3,
the voltages are applied to the first pixel electrode 191 and the
second pixel electrode 300 so as to make the third voltage V3
have voltage lower than the second voltage V2. The first
voltage V1 may be zero.

[0101] That is, a fringe field E is formed by applying the
second voltage V2 larger than the third voltage V3 with
respect to the first voltage V1. The liquid crystal molecules
310 incline toward the outside of the pixel area by the gener-
ated fringe field. In detail, since only a strong fringe field is
present at a non-electrode portion between the minute
branches 340 of the second pixel electrode 300, the liquid
crystal molecules 310 are aligned in a predetermined direc-
tion. A final domain direction of an entire of the liquid crystal
molecules is determined by elastic energy between the liquid
crystal molecules 310 which incline in a predetermined direc-
tion by the vertical field of the minute branches 340.

[0102] Next, light1 is irradiated to the liquid crystal display
while the fringe field E shown in FIG. 4 is formed. Accord-
ingly, the liquid crystal molecules 310 may have the pretilt.
[0103] A structure of a final liquid crystal display including
the pretilt may be formed by exposing the liquid crystal layer
3 or the alignment layers 11 or 21 to light while applying
voltages to the pixel electrodes as described above, during an
exposure process. The pretilt of the liquid crystal layer 3 or
the alignment layers 11 or 21 is considered a distinct struc-
tural characteristic of the final liquid crystal display. Since the
pretilt is imparted by exposing the liquid crystal layer 3 or the
alignment layers 11 or 21 to light while applying voltages to
the pixel electrodes as described above, is considered to
impart the distinct structural characteristic of the pretilt of the
liquid crystal layer 3 or the alignment layers 11 or 21.
[0104] FIG. 5 is a schematic cross-sectional view illustrat-
ing an exemplary embodiment of an electric field direction in
driving the liquid crystal display manufactured in FIG. 4.
[0105] Referringto FIG. 5, the liquid crystal display manu-
factured in FIG. 4 may be driven under the condition as
described below. The third voltage V3 applied to the first pixel
electrode 191 is a data voltage applied through the data line
171, and the second voltage V2 applied to the second pixel
electrode 300 is a voltage lower than the third voltage V3. A
common voltage Vcom having a constant magnitude is
applied to the common electrode 270. Accordingly, the liquid
crystal molecules 310 may move by the vertical field E1
generated between the common electrode 270 and the first
pixel electrode 191.

[0106] Therefore, since the liquid crystal molecules in most
of the first region of the pixel area move only by the vertical
field in driving the liquid crystal display, reduction in trans-
mittance due to the horizontal field can be minimized and a
high-speed response can be implemented. In addition, since
only the second pixel electrode 300 having the minute slit
pattern is positioned in the second region of the pixel area
unlike the first region, the second region is affected by an
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electric field different from the first region of the pixel area.
Accordingly, visibility can be improved by showing the same
effect as dividing the pixel.

[0107] FIG. 6isagraph comparing response characteristics
of'an exemplary embodiment of the invention, and compara-
tive examples, according to a structure of a lower electrode.
[0108] Comparative example 1 shown in FIG. 6 corre-
sponds to a liquid crystal display of an overall double-elec-
trode structure including a common electrode at an upper
substrate and a pixel electrode having a minute slit pattern at
alower substrate. Comparative example 2 corresponds to the
liquid crystal display of an overall double-electrode structure
including the common electrode at the upper substrate and the
pixel electrode having a plate shape at the lower substrate.
The exemplary embodiment of the invention corresponds to
the liquid crystal display of an overall triple-electrode struc-
ture including the common electrode at the upper substrate,
and a first pixel electrode having a plate shape and a second
pixel electrode having a minute slit pattern at the lower sub-
strate, with an insulating layer interposed therebetween.
[0109] Referring to FIG. 6, with respect to the response
characteristic, the exemplary embodiment of the invention is
worse than comparative example 2, but is better than com-
parative example 1. Although the exemplary embodiment is
worse than comparative example 2 with respect to the
response speed, in the case of than comparative example 2, it
is difficult to efficiently control a reclining direction of the
liquid crystal because the pixel electrode formed at the lower
substrate has a plate shape. Accordingly, the transmittance is
reduced.

[0110] The liquid crystal display according to the exem-
plary embodiment of the invention is improved with respect
to the response speed as compared with the structure of the
pixel electrode having the minute slit pattern in the related art,
and is excellent with respect to the transmittance.

[0111] FIG. 7 is a schematic plan view illustrating another
exemplary embodiment of a structure of a pixel electrode
according to the invention.

[0112] Referring to FIG. 7, the first pixel electrode is
extended to an edge of the rectangle shape, unlike the first
pixel electrode 191 of the exemplary embodiment shown in
FIG. 1. Material of the first pixel electrode 191 is absent at the
middle of the rectangle. In other words, a layout of the first
region and the second region of the pixel area shown in FIG.
1 is opposite to the layout described in FIG. 1.

[0113] FIGS. 8 and 9 are schematic plan views illustrating
another exemplary embodiment of a structure of first and
second pixel electrodes according to the invention.

[0114] Referring to FIGS. 8 and 9, a first pixel electrode
191 further includes branches 1915 protruding from an edge
side of the first pixel electrode 191 shown in FIG. 1. In
addition, the second pixel electrode 300 in the exemplary
embodiment has a similar shape to the second pixel electrode
300 of the exemplary embodiment shown in FIG. 1, but has a
relatively wide interval between a plurality of minute
branches 340. In the exemplary embodiment, the plurality of
minute branches 340 may be between the branches 191s of
the first pixel electrode 191.

[0115] FIGS. 10 and 11 are schematic plan views illustrat-
ing still another exemplary embodiment of a structure of first
and second pixel electrodes according to the invention.
[0116] Referring to FIGS. 10 and 11, a first pixel electrode
191 further includes the branch 191s protruding from the
center of each side of the rhombus shape. In the liquid crystal
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display according to the exemplary embodiment, a total of
twelve domains defined according to an aligned direction and
an inclined angel of the liquid crystal molecules may be
included. In the exemplary embodiment shown in FIGS. 7 to
9, total eight domains may be included.

[0117] The features and the disclosure of the exemplary
embodiment shown in FIGS. 1 to 3 may be applied to the
exemplary embodiment shown in FIGS. 7to 11, except for the
portion described above.

[0118] The structure of the pixel electrode, that is, the first
pixel electrode 191 and the second pixel electrode 300 both
positioned at the lower substrate 100 described with reference
to FIGS. 7 to 11 are just exemplary embodiments thereof, and
the shapes of the first pixel electrode 191 and the second pixel
electrode 300 may be variously modified.

[0119] Hereinafter, an exemplary embodiment of a layout
of a signal line and a pixel of the liquid crystal display of the
invention, and a driving method thereof will be described
with reference to FIGS. 12 and 13. FIG. 12 is an equivalent
circuit diagram for one pixel of the liquid crystal display of
FIG. 1. FIG. 13 is a waveform diagram of a signal applied to
the pixel of the liquid crystal display of FIG. 1.

[0120] Referring to FIG. 12, one pixel of the liquid crystal
display of the invention includes a plurality of signal lines
including a gate line GL transmitting a gate signal, a data line
DL transmitting a data signal and a reference voltage line RL
transmitting a divided reference voltage Vr, and a first switch-
ing element Qa, a second switching element Qb, a third
switching element Qc, a first liquid crystal capacitor Clca,
and a second liquid crystal capacitor Clcb which are con-
nected to the plurality of signal lines.

[0121] The first switching element Qa and the second
switching element Qb are respectively connected to a same
one of the gate lines GL and a same one the data line DL.. The
third switching element Qc is connected to an output terminal
ofthe second switching element Qb and the reference voltage
line RL.

[0122] The first switching element Qa and the second
switching element Qb are three-terminal elements of a thin
film transistor. Control terminals thereof are connected to the
same one gate line GL, input terminals are connected to the
same one data line DL, an output terminal of the first switch-
ing element Qa is connected to the first liquid crystal capaci-
tor Clca, and an output terminal of the second switching
element Qb is connected to input terminals of the second
liquid crystal capacitor Clcb and the third switching element
Qc.

[0123] The third switching element Qc is also a three-ter-
minal element of the thin film transistor. A control terminal
thereof is connected to the gate line GL, an input terminal is
connected to the second liquid crystal capacitor Clcb, and an
output terminal is connected to the reference voltage line RL.
[0124] Referring to FIG. 13, when a gate on Von signal is
applied to the gate line GL, the first switching element Qa, the
second switching element Qb, and the third switching ele-
ment Qc which are connected thereto are turned on. Accord-
ingly, the data voltage applied to the data line DL is respec-
tively applied to a first electrode PEa and a second electrode
PEDb through the respective first switching element Qa and the
second switching element Qb which are turned on. In this
case, the data voltages applied to the first electrode PEa and
the second electrode PEb may be charged at the same value as
each other. However, in the exemplary embodiment of the
invention, the voltage applied to the second electrode PEb is

Jun. 28, 2012

divided through the third switching element Qc connected
with the second switching element Qb in series. Accordingly,
a voltage Vb applied to the second electrode PEb is smaller
than a voltage Va applied to the first electrode PEa.

[0125] Finally, a voltage charged to the first liquid crystal
capacitor Clca is different from a voltage charged to the
second liquid crystal capacitor Clcb. Since the voltage
charged to the first liquid crystal capacitor Clca is different
from the voltage charged to the second liquid crystal capaci-
tor Clcb, inclined angles of the liquid crystal molecules in the
first region and the second region of the pixel area are differ-
ent, such that luminance in two regions is different. There-
fore, an image viewed from the side can be maximally close
to an image viewed from the front by properly adjusting the
voltage charged to the first liquid crystal capacitor Clca and
the voltage charged to the second liquid crystal capacitor Clcb
such that side visibility can be improved.

[0126] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A liquid crystal display, comprising:

a first substrate including a pixel area;

a second substrate facing the first substrate;

a liquid crystal layer interposed between the first substrate
and the second substrate, and including liquid crystal
molecules;

a first electrode, and a second electrode including a minute
slit pattern, on the first substrate;

an insulating layer between the first electrode and the sec-
ond electrode; and

a third electrode on the second substrate,

wherein the pixel area includes:

a first region having a double-electrode structure where the
first electrode and the second electrode overlap, and

a second region having a single electrode structure includ-
ing the second electrode.

2. The liquid crystal display of claim 1, wherein:

the liquid crystal molecules include first liquid crystal mol-
ecules in the first region and second liquid crystal mol-
ecules in the second region, and

atilted angle of the first liquid crystal molecules is different
from a tilted angle of the second liquid crystal molecules
when the liquid crystal display is driven.

3. The liquid crystal display of claim 2, wherein:

the first electrode and the third electrode each including a
continuous solid surface in a plan view.

4. The liquid crystal display of claim 3, further comprising:

an alignment layer on at least one of the second electrode
and the third electrode, and

wherein at least one of the liquid crystal layer and the
alignment layer includes an alignment aiding agent.

5. The liquid crystal display of claim 4, wherein:

the at least one of the liquid crystal layer and the alignment
layer has a pretilt; and

the pretilt is formed by:

when the voltage applied to the first electrode is a first
voltage and, the voltage applied to the second electrode
is asecond voltage, exposing the at least one of the liquid
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crystal layer and the alignment layer to light while the
first voltage and the second voltage are respectively
applied,

wherein the first voltage is lower than the second voltage.

6. The liquid crystal display of claim 5, wherein:

the first region includes a vertical electric field generated
due to a difference between the first voltage and the third
voltage, and

the second region includes an electric field generated due to
a difference between the second voltage and the third
voltage.

7. The liquid crystal display of claim 6, wherein:

the first electrode receives a data voltage, and the second
electrode receives a lower voltage than the data voltage,
such that the liquid crystal display is driven.

8. The liquid crystal display of claim 3, wherein:

the first electrode is substantially symmetric in a first direc-
tion, and a second direction perpendicular to the first
direction, in the plan view.

9. The liquid crystal display of claim 1, further comprising:

a gate line on the first substrate;

a data line on the first substrate and crossing the gate line;

a first thin film transistor and a second thin film transistor
connected to the gate line and the data line;

a third thin film transistor connected to the gate line and the
second thin film transistor; and

a reference voltage line connected to the third thin film
transistor,

wherein the first electrode is connected to the first thin film
transistor, and the second electrode is connected to the
second thin film transistor.

10. The liquid crystal display of claim 9, wherein:

the first electrode and the second electrode are electrically
connected to each other.

11. The liquid crystal display of claim 10, wherein:

the first electrode is connected to the first thin film transis-
tor by a dummy pattern.

12. The liquid crystal display of claim 11, wherein:

the dummy pattern is disposed at a same layer as the second
electrode.

13. The liquid crystal display of claim 9, wherein:

an output terminal of the second thin film transistor is
connected to the second electrode and an input terminal
of the third thin film transistor.

14. The liquid crystal display of claim 1, wherein:

the second electrode includes a cross stem including a
horizontal stem, and a vertical stem crossing the hori-
zontal stem and

a plurality of minute branches extending from the cross
stem.

15. The liquid crystal display of claim 14, wherein:

the second electrode includes a plurality of regions in
which the plurality of minute branches extend from the
cross stem in different directions.

16. The liquid crystal display of claim 1, wherein:

athickness of the insulating layer is in a range of about 100
nanometers to 1500 nanometers.

17. A method of manufacturing a liquid crystal display, the

method comprising:

forming a first electrode on a first substrate, the first sub-
strate including a pixel area;

forming an insulating layer on the first electrode;
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forming a second electrode on the insulating layer and
including a minute slit pattern, the insulating layer
between the first electrode and the second electrode;

forming a third electrode on a second substrate facing the
first substrate;

forming an alignment layer on at least one of the second
electrode and the third electrode;

assembling the first substrate and the second substrate;

forming a liquid crystal layer between the first substrate
and the second substrate;

applying a first voltage to the first electrode, and applying
a second voltage larger than the first voltage to the sec-
ond electrode; and

irradiating light to the liquid crystal layer while the first
voltage and the second voltage are respectively applied
to the first electrode and the second electrode,

wherein the pixel area includes a first region having a
double-electrode structure by overlapping the first elec-
trode and the second electrode, and a second region
having a single electrode structure including the second
electrode, and

at least one of the liquid crystal layer and the alignment
layer includes an alignment aiding agent.

18. The method of claim 17, wherein:

the first electrode and the third electrode each including a
continuous solid surface in a plan view.

19. The method of claim 18, wherein:

the first electrode is substantially symmetric in a first direc-
tion, and a second direction perpendicular to the first
direction, in the plan view.

20. The method of claim 17, further comprising:

forming a gate line disposed on the first substrate;

forming a data line disposed on the first substrate and
crossing the gate line;

forming a first thin film transistor and a second thin film
transistor connected to the gate line and the data line;

forming a third thin film transistor connected to the gate
line and the second thin film transistor; and

forming a reference voltage line connected to the third thin
film transistor,

wherein the first electrode is connected to the first thin film
transistor and the second electrode is connected to the
second thin film transistor.

21. The method of claim 20, wherein:

the first electrode and the second electrode are electrically
connected to each other.

22. The method of claim 21, wherein:

the first electrode is connected to the first thin film transis-
tor by a dummy pattern.

23. The method of claim 22, wherein:

the dummy pattern is formed at a same layer as the second
electrode.

24. The method of claim 20, wherein:

an output terminal of the second thin film transistor is
connected to the second electrode and an input terminal
of the third thin film transistor.

25. A method of driving a liquid crystal display, the method

including:

applying a first voltage to a first electrode;

applying a second voltage lower than the first voltage to a
second electrode;

applying a third voltage to a third electrode;



US 2012/0162559 Al

driving a first region of a pixel area by a vertical electric
field generated due to a difference between the first
voltage and the third voltage, and
driving a second region of the pixel area by an electric field
generated due to a difference between the second volt-
age and the third voltage;
wherein the liquid crystal display comprises:
a first substrate including the pixel area;
a second substrate facing the first substrate:
a liquid crystal layer between the first substrate and the
second substrate, and including liquid crystal mol-
ecules;
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the first electrode on the first substrate;

the second electrode on the first substrate and including
a minute slit pattern;

an insulating layer between the first electrode and the
second electrode;

the third electrode on the second substrate;

wherein:

the first region includes the first electrode overlapped
with the second electrode, and

the second region includes the second electrode.
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