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DISPLAY DEVICE AND MANUFACTURING
METHOD THEREOF

[0001] This application claims priority to Korean Patent
Application No. 10-2007-0063820, filed on Jun. 27, 2007,
and all the benefits accruing therefrom under 35 U.S.C. § 119,
the contents of which in its entirety are herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a display device and
a manufacturing method thereof, and more particularly, to a
display device having an improved viewing angle, an
improved display property and increased manufacturing effi-
ciency, and a manufacturing method thereof.

[0004] 2. Description of the Related Art

[0005] Due to recent progress in semiconductor technolo-
gies, a liquid crystal display (“LCD”) device provides
improved performance compared to other types of display
devices.

[0006] Further, the LCD device is small and light, and
consumes less power than a cathode ray tube (“CRT”), and
thus is often used in place of a CRT. The LCD device is also
used in many information processing devices requiring a
display means, such as small devices, e.g., mobile phones and
personal digital assistants (“PDAs”), as well as medium- and
large-size devices such as monitors and televisions, for
example.

[0007] However, the LCD device has a relatively narrow
viewing angle. To overcome the relatively narrow viewing
angle and improve display property over a wide viewing
angle, a vertically-aligned (“VA”) mode LCD device is used,
in which a single pixel is divided into a plurality of domains.
In the VA mode LCD, a long axis of a liquid crystal molecule
is vertically aligned with respect to an upper substrate and a
lower substrate when an electric field is not present between
the upper substrate and the lower substrate. Further, the pixel
is the smallest unit of displaying an image.

[0008] The VA mode liquid crystal display device uses
various methods to induce liquid crystal molecules in respec-
tive domains to have different pretilt directions. For example,
in a patterned vertically aligned (“PVA”) mode LCD, pretilt
directions of the liquid crystal molecules are induced by a
fringe field formed by a cutting pattern in acommon electrode
and a pixel electrode.

[0009] Inthe PVA mode LCD as well as in VA LCDs using
other modes of operation, an additional manufacturing pro-
cess is required to form the cutting pattern. As a result, a
production efficiency of the LCD device is reduced.

[0010] Further, in the conventional VA mode LCD device,
liquid crystal molecules induced in different pretilt directions
in respective domains interfere and collide with each other, or
an unintended force affects the liquid crystal molecules,
thereby creating a domain in which the pretilt directions of the
liquid crystal molecules are not controlled. As a result, light
transmittance is lowered and brightness of the display device
thereby decreases.

BRIEF SUMMARY OF THE INVENTION

[0011] Accordingly, an exemplary embodiment of the
present invention provides a display device having an
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improved viewing angle, enhanced display property and
increased production efficiency.

[0012] An alternative exemplary embodiment of the
present invention provides a manufacturing method of the
display device.

[0013] A display device according to an exemplary
embodiment of the present invention includes: a first panel
having a pixel electrode; a second panel facing the first panel
and having a common electrode; a liquid crystal layer inter-
posed between the first panel and the second panel, the liquid
crystal layer having vertically-aligned liquid crystal mol-
ecules; a first alignment layer disposed on the pixel electrode;
and a second alignment layer disposed on the common elec-
trode.

[0014] At least one of the first alignment layer and the
second alignment layer divides the pixel electrode into a
plurality of domains, is formed to have a plurality of pretilt
directions, each pretilt direction of the plurality of pretilt
directions corresponding to a domain of the plurality of
domains, and pretilts the vertically-aligned liquid crystal
molecules in the domain according to the corresponding
pretilt direction of the domain.

[0015] A sum of horizontal component directions of the
pretilt direction of the domain is substantially equivalent to a
sum of horizontal component directions of a fringe field at a
peripheral boundary of the pixel electrode within the domain.
[0016] The pretilt direction of the at least one of the first
alignment layer and the second alignment layer is directed
from a peripheral region of the pixel electrode to a center
region thereof.

[0017] The pretilt direction of the liquid crystal molecules
is substantially equivalent to a sum of horizontal component
directions of the pretilt direction of the at least one of the first
alignment layer and the second alignment layer.

[0018] The first alignment layer and the second alignment
layer may each include two or more alignment regions having
different pretilt directions, and domains of the plurality of
domains of the pixel electrode are determined by respective
combinations of alignment regions of'the first alignment layer
and the second alignment layer, respectively.

[0019] According to an alternative exemplary embodiment
of the present invention, the different pretilt directions of the
two or more alignment regions of the first alignment layer are
aligned toward each other, the different pretilt directions of
the two or more alignment regions of the second alignment
layer are aligned toward each other, and the different pretilt
directions of the first alignment layer are aligned substantially
perpendicular to the different pretilt directions of the second
alignment layer.

[0020] At least one of the first alignment layer and the
second alignment layer may form four or more domains ofthe
plurality of domains in which the vertically-aligned liquid
crystal molecules are pretilted in different directions, the four
or more domains may form a single domain group, and the
single domain group may correspond to the pixel electrode.

[0021] A first side of the pixel electrode may be formed at
one of an obtuse angle and an acute angle with respect to an
adjacent second side of the pixel electrode. Further, the first
side of the pixel electrode may include at least one bent part.
[0022] A display device according to yet another exem-
plary embodiment of the present invention includes: a first
panel having a thin film transistor, a first pixel electrode
connected to the thin film transistor, and a second pixel elec-
trode connected to the thin film transistor through a coupling
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capacitor; a second pixel electrode connected to the thin film
transistor through a coupling capacitor; a second panel facing
the first panel and having a common electrode; a liquid crystal
layer interposed between the first panel and the second panel,
the liquid crystal layer having vertically-aligned liquid crys-
tal molecules; a first alignment layer disposed on the first
pixel electrode and the second pixel electrode; and a second
alignment layer disposed on the common electrode.

[0023] At least one of the first alignment layer and the
second alignment layer divides at least one of the first pixel
electrode and the second pixel electrode into a plurality of
domains, is formed to have a plurality of pretilt directions,
each pretilt direction of the plurality of pretilt directions cor-
responding to a domain of the plurality of domains, and
pretilts the vertically-aligned liquid crystal molecules in the
domain according to the corresponding pretilt direction of the
domain.

[0024] A sum of horizontal component directions of the
pretilt direction of the domain is substantially equivalent to a
sum of horizontal component directions of a fringe field at a
peripheral boundary of the at least one of the first pixel elec-
trode and the second pixel electrode within the domain.
[0025] The pretilt direction of the at least one of the first
alignment layer and the second alignment layer is directed
from a peripheral region of the at least one of the first pixel
electrode and the second pixel electrode to a center region
thereof.

[0026] The pretilt direction of the liquid crystal molecules
is substantially equivalent to a sum of horizontal component
directions of the pretilt direction of the at least one of the first
alignment layer and the second alignment layer.

[0027] The first alignment layer and the second alignment
layer may each include two or more alignment regions having
different pretilt directions, and domains of the plurality of
domains of the pixel electrode are determined by respective
combinations of alignment regions of the first alignment layer
and the second alignment layer, respectively.

[0028] The different pretilt directions of the two or more
alignment regions of the first alignment layer are aligned
toward other, the different pretilt directions of the two or more
alignment regions of the second alignment layer are aligned
toward each other, and the different pretilt directions of the
first alignment layer are aligned substantially perpendicular
to the different pretilt directions of the second alignment
layer.

[0029] At least one of the first alignment layer and the
second alignment may form four or more domains of the
plurality of domains in which the vertically-aligned liquid
crystal molecules are pretilted in different directions, the four
or more domains form a single domain group, and the single
domain group corresponds to the at least one of the first pixel
electrode and the second pixel electrode.

[0030] A display device according to still another exem-
plary embodiment of the present invention includes: a first
panel having a first thin film transistor, a first pixel electrode
connected to the thin film transistor, a second thin film tran-
sistor, and a second pixel electrode connected to the second
thin film transistor; a second panel facing the first panel and
having a common electrode; a liquid crystal layer interposed
between the first panel and the second panel, the liquid crystal
layer having vertically-aligned liquid crystal molecules; a
first alignment layer disposed on the first pixel electrode and
the second pixel electrode; and a second alignment layer
disposed on the common electrode.
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[0031] At least one of the first alignment layer and the
second alignment layer divides at least one of the first pixel
electrode and the second pixel electrode into a plurality of
domains, is formed to have a plurality of pretilt directions,
each pretilt direction of the plurality of pretilt directions cor-
responding to a domain of the plurality of domains, and
pretilts the vertically-aligned liquid crystal molecules in the
domain according to the corresponding pretilt direction of the
domain.

[0032] A sum of horizontal component directions of the
pretilt direction of the domain is substantially equivalent to a
sum of horizontal component directions of a fringe field at a
peripheral boundary of the at least one of the first pixel elec-
trode and the second pixel electrode within the domain.
[0033] The pretilt direction of the at least one of the first
alignment layer and the second alignment layer is directed
from a peripheral region of the at least one of the first pixel
electrode and the second pixel electrode to a center region
thereof.

[0034] The pretilt direction of the liquid crystal molecules
is substantially equivalent to a sum of horizontal component
directions of the pretilt direction of the at least one of the first
alignment layer and the second alignment layer.

[0035] The first alignment layer and the second alignment
layer may each include two or more alignment regions having
different pretilt directions, and domains of the plurality of
domains of the pixel electrode are determined by respective
combinations of alignment regions of the first alignment layer
and the second alignment layer, respectively.

[0036] The different pretilt directions of the two or more
alignment regions of the first alignment layer are aligned
toward each other, the different pretilt directions of the two or
more alignment regions of the second alignment layer are
aligned toward each other, and the different pretilt directions
of the first alignment layer are aligned substantially perpen-
dicular to the different pretilt directions of the second align-
ment layer.

[0037] At least one of the first alignment layer and the
second alignment layer may form four or more domains ofthe
plurality of domains in which the vertically-aligned liquid
crystal molecules are pretilted in different directions, the four
or more domains form a single domain group, and the single
domain group corresponds to the at least one of the first pixel
electrode and the second pixel electrode.

[0038] A method of manufacturing a display device
includes: forming a first panel having a pixel electrode; form-
ing a second panel facing the first panel and having a common
electrode; forming a first alignment layer on the first panel;
forming a second alignment layer on the second panel; inter-
posing a liquid crystal layer having vertically-aligned liquid
crystal molecules between the first alignment layer and the
second alignment layer; dividing the pixel electrode into a
plurality of domains using at least one of the first alignment
layer and the second alignment layer; and pretilting the ver-
tically-aligned liquid crystal molecules using a pretilt direc-
tion of the at least one of the first alignment layer and the
second alignment layer corresponding to a domain of the
plurality of domains such that a sum of horizontal component
directions of the pretilt direction of the domain is substan-
tially equivalent to a sum of horizontal component directions
of a fringe field formed at a peripheral boundary of the pixel
electrode within the domain.

[0039] The pretilting the vertically-aligned liquid crystal
molecules using the pretilt direction of the at least one of the



US 2009/0002618 A1

first alignment layer and the second alignment layer includes
using a photo alignment including an exposing process using
a mask.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040] The above and other aspects, features and advan-
tages of the present invention will become more readily
apparent by describing in further detail exemplary embodi-
ments thereof with reference to the accompanying drawings,
in which:

[0041] FIG. 1 is a plan view layout of a display device
according to an exemplary embodiment of the present inven-
tion;

[0042] FIG. 2 is a partial cross-sectional view taken along
line II-II' of the display device according to the exemplary
embodiment of the present invention in FIG. 1;

[0043] FIG. 3 is a plan view layout of a pixel electrode of
the display device according to the exemplary embodiment of
the present invention in FIG. 1;

[0044] FIG. 4 is a plan view layout which illustrates pretilt
directions of a first alignment layer of the display device
according to the exemplary embodiment of the present inven-
tion in FIG. 1;

[0045] FIG. 5 is a plan view layout which illustrates pretilt
directions of a second alignment layer of the display device
according to the exemplary embodiment of the present inven-
tion in FIG. 1;

[0046] FIG. 6 is a plan view layout which illustrates pretilt
directions of a first alignment layer and a second alignment
layer in a display device according to an alternative exem-
plary embodiment of the present invention;

[0047] FIG. 7 is a plan view layout of a display device
according to yet another alternative exemplary embodiment
of the present invention;

[0048] FIG. 8 is a plan view layout of a display device
according to still another exemplary embodiment of the
present invention; and

[0049] FIG. 9 is a plan view layout of a display device
according to another exemplary embodiment of the present
invention.

DETAILED DESCRIPTION OF THE INVENTION

[0050] The invention will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
The present invention may, however, be embodied in many
different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. Like reference numerals refer to like ele-
ments throughout.

[0051] It will be understood that when an element is
referred to as being “on” another element, it can be directly on
the other element or intervening elements may be present
therebetween. In contrast, when an element is referred to as
being “directly on” another element, there are no intervening
elements present. As used herein, the term “and/or” includes
any and all combinations of one or more of the associated
listed items.

[0052] 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
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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-
nent, region, layer or section without departing from the
teachings of the present invention.

[0053] 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,” or “includes” and/or “including,” when used
in this specification, specify the presence of stated features,
regions, integers, steps, operations, elements and/or compo-
nents, but do not preclude the presence or addition of one or
more other features, regions, integers, steps, operations, ele-
ments, components and/or groups thereof.

[0054] Furthermore, relative terms, such as “lower” or
“bottom” and “upper” or “top” may be used herein to describe
one element’s relationship to other elements as illustrated in
the Figures. It will be understood that relative terms are
intended to encompass different orientations of the device in
addition to the orientation depicted in the Figures. For
example, if the device in one of the figures is turned over,
elements described as being on the “lower” side of other
elements would then be oriented on the “upper” side of the
other elements. The exemplary term “lower” can, therefore,
encompass both an orientation of “lower” and “upper,”
depending upon the particular orientation of the figure. Simi-
larly, if the device in one of the figures were turned over,
elements described as “below” or “beneath” other elements
would then be oriented “above” the other elements. The
exemplary terms “below” or “beneath” can, therefore,
encompass both an orientation of above and below.

[0055] 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 the present invention belongs. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning which
is consistent with their meaning in the context of the relevant
art and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0056] Exemplary embodiments of the present invention
are described herein with reference to cross section illustra-
tions which are schematic illustrations of idealized embodi-
ments of the present 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 present invention should not be
construed as limited to the particular shapes of regions illus-
trated herein but are to include deviations in shapes which
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles
which are illustrated may be rounded. Thus, the regions illus-
trated in the figures are schematic in nature and their shapes
are not intended to illustrate the precise shape of a region and
are not intended to limit the scope of the present invention.
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[0057] Hereinafter, exemplary embodiments of the present
invention will be explained in further detail with reference to
the accompanying drawings. It will be understood that, since
like reference numerals refer to the same or substantially
similar components within the drawings, repetitive descrip-
tions may be omitted.

[0058] FIG.1is a plan view layout of a display device 901
according to an exemplary embodiment of the present inven-
tion. FIG. 2 is a partial cross-sectional view taken along line
II-IT' of the display device 901 according to the exemplary
embodiment of the present invention in FIG. 1.

[0059] As shown in FIGS. 1 and 2, the display device 901
includes a first panel 100, a second panel 200, a first align-
ment layer 310, a second alignment layer 320 and a liquid
crystal layer 300.

[0060] The first panel 100 includes a first substrate member
110, and a thin film transistor (“TFT”’) 101 and a pixel elec-
trode 180 which are formed on the first substrate member 110.
The first panel 100 further includes a gate line 121 and a data
line 161.

[0061] The first substrate member 110 includes a transpar-
ent material such as glass, quartz, ceramic or plastic, for
example, but is not limited thereto.

[0062] Hereinafter, a configuration of the first panel 100
will be described in further detail with reference to FIGS. 1
and 2.

[0063] A plurality of gate lines 121 and a plurality of gate
electrodes 124 branched from the gate lines 121 are formed
on the first substrate member 110. Gate lines 121 of the
plurality of gate lines 121 and gate electrodes 124 of the
plurality of gate electrodes 124 may further include a first
storage electrode line (not shown).

[0064] In an exemplary embodiment of the present inven-
tion, the gate lines 121 and the gate electrodes 124 include a
metal such as Al, Ag, Cr, Ti, Ta and Mo or an alloy thereof.
Further, FIG. 2 illustrates the gate lines 121 and the gate
electrodes 124 as each being formed of a single layer. In
alternative exemplary embodiments, however, the gate lines
121 and the gate electrodes 124 may have multiple layers
having a first metal layer made of Cr, Mo, Ti, Ta or an alloy
thereof which have good physical and chemical properties,
and a second metal layer made of an Al series or an Ag series
having a low resistance, for example, but not being limited
thereto. In other alternative exemplary embodiments, the gate
lines 121 and the gate electrodes 124 may include various
metals and/or conductive materials in multiple layers pat-
terned by an etching method, for example.

[0065] A gate insulating layer 130 including silicon nitride
(“SiNx™), for example, is formed on the gate lines 121 and the
gate electrodes 124.

[0066] A plurality of data lines 161 and a plurality of gate
lines 121 are formed on the gate insulating layer 130. Data
lines 161 of the plurality of data lines 161 are longitudinally
arranged in a direction substantially perpendicular to a direc-
tion in which gate lines 121 of the plurality of gate lines 121
are longitudinally arranged, as shown in FIG. 1. Further, a
source electrode 165 branches from each data line 161, and a
drain electrode 166 is spaced apart from the source electrode
165. The data lines 161, source electrodes 165 and drain
electrodes 166 may further include a second storage electrode
line (not shown), such that the first storage electrode line of
the gate lines 121 and the second storage electrode line form
a capacitor.
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[0067] Like the gate lines 121 and the gate electrodes 124,
the data lines 161, source electrodes 165 and drain electrodes
166 include a conductive material such as Cr, Mo, Al or an
alloy thereof, for example, but are not limited thereto. The
data lines 161, source electrodes 165 and drain electrodes 166
may be formed in a single layer or, alternatively, in multiple
layers.

[0068] A semiconductor layer 140 is formed between the
gate insulating layer 130 and the source electrodes 165 and
drain electrodes 166. Thus, the gate electrodes 124, the source
electrodes 165 and the drain electrodes 166 serve as elec-
trodes of a respective thin film transistor 101. Further, the
semiconductor layer 140 formed between a source electrode
165 and a drain electrode 166 of the respective thin film
transistor 101 is a channel region of the respective thin film
transistor 101.

[0069] Ohmic contact members 155 and 156 are formed
under each of the source electrodes 165 and the drain elec-
trodes 166 to reduce a contact resistance therebetween. In an
exemplary embodiment, the ohniic contact members 155 and
156 include amorphous silicon (“a-Si”) highly doped with an
n-type dopant, for example, but are not limited thereto.
[0070] A passivation layer 170 is formed on the data lines
161, source electrodes 165 and drain electrodes 166. The
passivation layer 170 includes an insulating material with a
low permittivity such as a-Si:C:O and/or a-Si:O:F formed by
a plasma enhanced chemical vapor deposition (“PECVD”),
for example, or an inorganic insulating material such as sili-
con nitride or silicon oxide, for example, but not being limited
thereto.

[0071] Still referring to FIGS. 1 and 2, a plurality of pixel
electrodes 180 is formed on the passivation layer 170. Pixel
electrodes 180 of the plurality of pixel electrodes 180 include
a transparent conductive material such as indium tin oxide
(“ITO”) or indium zinc oxide (“I1Z0”), for example, but are
not limited thereto.

[0072] The passivation layer 170 is formed to have contact
holes 171 which expose a portion of a respective drain elec-
trode 166 therethrough. Further, the pixel electrodes 180 are
electrically connected to the drain electrodes 166 through the
contact holes 171.

[0073] The second panel 200 includes a second substrate
member 210 and a common electrode 280 formed on the
second substrate member 210. The common electrode 280 is
formed on a surface of the second substrate member 210
facing the first panel 100. The second panel 200 further
includes a light blocking member 220, a color filter 230 and
an overcoat layer 250.

[0074] Hereinafter, a configuration of the second panel 200
will be described in further detail with reference to FIGS. 1
and 2.

[0075] The second substrate member 210 includes a trans-
parent material such as glass, quartz, ceramic or plastic, for
example, but is not limited thereto. The second substrate
member 210 may be formed of the same material as the first
substrate member 110, but alternative exemplary embodi-
ments of the present invention are not limited thereto.

[0076] The light blocking member 220 is formed on the
second substrate member 210. Further, the light blocking
member 220 includes an opening (not labeled) facing the
pixel electrodes 180 of the first panel 100, and prevents light
from leaking between adjacent pixel electrodes 180. More
specifically, the light blocking member 220 is formed corre-
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sponding to the thin film transistor 101 to block light from the
semiconductor layer 140 of the thin film transistor 101.

[0077] The light blocking member 220 may include a pho-
toresistive organic material having a black pigment, for
example, to block light. The black pigment may include car-
bon black or titanium oxide, for example, but is not limited
thereto.

[0078] The color filter 230 includes three primary colors,
e.g., red, green and blue, sequentially provided on the second
substrate member 210 having the light blocking member 220.
A color of the color filter 230 is not limited to the three
primary colors. Boundaries of color filters 230 having differ-
ent colors are disposed on the light blocking member 220, but
are not limited thereto. For example, in an alternative exem-
plary embodiment, circumferences of the neighboring color
filters 230 may overlap to block light leakage, in which case
the light blocking member 220 may be omitted.

[0079] The overcoat layer 250 is formed on the light block-
ing member 220 and the color filters 230. The overcoat layer
250 protects the color filters 230 and provides planar surface.
The overcoat layer 250 may be omitted in alternative exem-
plary embodiments of the present invention.

[0080] The common electrode 280 is formed on the over-
coat layer 250 to form an electric field between the common
electrode 180 and the pixel electrodes 180. The common
electrode 280 includes a transparent conductive material such
as ITO or indium zinc oxide 1ZO, for example, but is not
limited thereto.

[0081] In alternative exemplary embodiments, the first
panel 100 and the second panel 200 are not limited to the
configurations described herein. Rather, the first panel 100
and the second panel 200 may include various other configu-
rations than those shown in FIGS. 1 and 2 in alternative
exemplary embodiments.

[0082] The liquid crystal layer 300 includes liquid crystal
molecules 301 and is disposed between the first panel 100 and
the second panel 200, as shown in FIG. 2. In an exemplary
embodiment of the present invention, the liquid crystal mol-
ecules 301 are substantially vertically aligned.

[0083] Thefirstalignmentlayer 310 is disposed on the pixel
electrodes 180 and the second alignment layer 320 is dis-
posed on the common electrode 280. More specifically, the
liquid crystal layer 300 is disposed between the first align-
ment layer 310 and the second alignment layer 320. The
liquid crystal molecules 301 of the liquid crystal layer 300 are
vertically aligned by and between the first alignment layer
310 and the second alignment layer 320.

[0084] At least one of the first alignment layer 310 and the
second alignment layer 320 is formed by a tilted light expos-
ing method and thereby pretilts the liquid crystal molecules
301 vertically aligned on a surface thereof. Thus, at least one
of the first alignment layer 310 and the second alignment
layer 320 has a pretilt direction.

[0085] Referring now to FIG. 3, which is a plan view layout
of a pixel electrode of the display device according to the
exemplary embodiment of the present invention in FIG. 1, at
least one of the first alignment layer 310 and the second
alignment layer 320 divides a single pixel electrode 180 into
a single domain group D10. The single domain group D10
includes a first domain D11, a second domain D12, a third
domain D13 and a fourth domain D14. The first domain D11,
the second domain D12, the third domain D13 and the fourth
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domain D14 correspond to the single pixel electrode 180 and
each have a different pretilt direction of the liquid crystal
molecules 301.

[0086] More specifically, the first alignment layer 310 and
the second alignment layer 320 vertically align the liquid
crystal molecules 301 of the liquid crystal layer 300 when a
voltage is not applied between the pixel electrodes 180 and
the common electrode 280, e.g., there is no electric field
therebetween. One of the first alignment layer 310 and the
second alignment layer 320 has a pretilt direction. Therefore,
the vertically-aligned liquid crystal molecules 301 are
pretilted in the pretilt direction of one of the first alignment
layer 310 and the second alignment layer 320, e.g., is in a
pretilt state. In the pretilt state, the vertically-aligned liquid
crystal molecules 301 tilt at a predetermined angle. Put
another way, the pretilt direction refers to a direction in which
the liquid crystal molecules 301 pretilt on a surface of the first
alignment layer 310 and/or the second alignment layer 320,
e.g., the pretilt direction is an angle of inclination. Thus, the
liquid crystal molecules 301 are substantially vertically
aligned and tilt in the pretilt direction on the surface of the first
alignment layer 310 and the second alignment layer 320. In an
exemplary embodiment of the present invention, the liquid
crystal molecules 301 are pretilted in a range from about 0.1°
to about 2° from a vertical direction substantially perpendicu-
lar to the opposite and facing surfaces of the first substrate
member 110 and the second substrate member 210.

[0087] Since the liquid crystal molecules 301 pretilt in
respective particular directions in each of the first domain
D11, the second domain D12, the third domain D13 and the
fourth domain D14, the liquid crystal molecules 301 tilt in
predetermined particular directions in each of the first domain
D11, the second domain D12, the third domain D13 and the
fourth domain D14 when an electric field is formed between
the pixel electrode 180 and the common electrode 280. Thus,
aresponse speed and a display property of the display device
901 according to an exemplary embodiment of the present
invention is effectively improved and/or substantially
enhanced.

[0088] According to an exemplary embodiment of the
presentinvention, the first alignment layer 310 and the second
alignment layer 320 cooperatively divide the single pixel
electrode 180 into the single domain group D10, e.g., into the
first domain D11, the second domain D12, the third domain
D13 and the fourth domain D14. Referring again to FIG. 1, a
dotted line represents a boundary between the first domain
D11, the second domain D12, the third domain D13 and the
fourth domain D14 divided by the first alignment layer 310
and the second alignment layer 320. More specifically, both
the first alignment layer 310 and the second alignment layer
320 have pretilt directions. Further, the first alignment layer
310 and the second alignment layer 320 thereby include at
least two of a first alignment region E11, a second alignment
region E12, a third alignment region E23 and a fourth align-
ment region E24 (FIGS. 4 and 5) each having a different
pretilt direction. As the first alignment region E11 and the
second alignment region E12 of the first alignment layer 310
and the third alignment region E23 and the fourth alignment
region E24 of the second alignment layer 320 are combined to
form the single domain group D10, in which the liquid crystal
molecules 301 pretilt in different directions depending on
which individual domain, e.g., the first domain D11, the sec-
ond domain D12, the third domain D13 or the fourth domain
D14 the liquid crystal molecules 301 are located within.



US 2009/0002618 A1

[0089] A pretilt direction of the liquid crystal molecules
301 is thereby substantially equivalent to a sum of horizontal
component directions of the individual pretilt directions of
the first alignment layer 310 and the second alignment later
320. Hereinafter, the horizontal component directions refer to
directions substantially parallel to opposing facing surfaces
of the first panel 100 and the second panel 200.

[0090] Ifone ofthe first alignment layer 310 and the second
alignment layer 320 does not have a pretilt direction, e.g., if
one of the first alignment layer 310 and the second alignment
layer 320 does not pretilt the liquid crystal molecules 301,
there will be no horizontal component directions of the pretilt
directions of the respective alignment layer. In this case, the
liquid crystal molecules 301 pretilt in a pretilt direction of
another alignment layer of the first alignment layer 310 and
the second alignment layer 320. Put another way, the first
domain D11, the second domain D12, the third domain D13
and the fourth domain D14 are divided by only the respective
alignment layer of the first alignment layer 310 and the sec-
ond alignment layer 320 having the pretilt directions.

[0091] As described above in greater detail, the first domain
D11, the second domain D12, the third domain D13 and the
fourth domain D14 which pretilts the liquid crystal molecules
301 in different directions form a single domain group, e.g.,
the single domain group D10. More specifically, the first
alignment layer 310 and the second alignment layer 320 form
the first domain D11, the second domain D12, the third
domain D13 and the fourth domain D14 pretilting the liquid
crystal molecules 301 in different directions, and the first
domain D11, the second domain D12, the third domain D13
and the fourth domain D14 form the single domain group
having the single domain group D10. At least one single
domain group D10 is formed corresponding to a single pixel
electrode 180, as shown in FIG. 1, which illustrates the single
domain group D10 corresponding to the single pixel elec-
trode 180.

[0092] Generally, a fringe field is formed in a substantially
vertical direction between the pixel electrodes 180 and the
common electrode 280 when a voltage is applied, e.g., an
electric field exists, between the pixel electrodes 180 and the
common electrode 280. While the common electrode 280 is
formed to cover the entire surface of the second substrate
member 210, the pixel electrodes 180 are respectively pro-
vided in pixels, e.g., pixel area (not specifically labeled). As a
result, cutting areas exist between adjacent pixel electrodes
180, and a fringe field F which is uncontrolled forms at a
boundary of'the pixel electrodes 180 as shown in FIG. 2. More
specifically, the fringe field F forms at the boundary of the
pixel electrode 180, and bends inward, e.g., toward a center of
the pixel electrode 180, instead of being vertical between the
pixel electrode 180 and the common electrode 280. The hori-
zontal component direction of the fringe field F formed at the
boundary of the pixel electrode 180 is equivalent to a fringe
field direction A10 shown in FIGS. 2 and 3.

[0093] When an electric field is formed between the pixel
electrode 180 and the common electrode 280, the vertically
aligned liquid crystal molecules 301 are aligned in a con-
trolled direction substantially vertical to the electric field.
However, liquid crystal molecules 301 aligned at the bound-
ary of the pixel electrodes 180 are aligned in another direc-
tion, e.g., are not aligned in the controlled direction substan-
tially vertical to the electric field, due to the fringe field F
formed at the boundary of the pixel electrodes 180, as shown
in FIG. 2. Hereinafter, the controlled direction refers to a
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direction to which the liquid crystal molecules 301 pretilt
from the respective first domain D11, the second domain
D12, the third domain D13 and the fourth domain D14. More
specifically, the liquid crystal molecules 301 disposed at the
boundary of the pixel electrodes 180 tilt in the horizontal
component directions of the fringe field F formed at the
boundary of the pixel electrodes 180 instead of in the pretilt
direction of the respective first domain D11, the second
domain D12, the third domain D13 or the fourth domain D14.
[0094] If the sum direction of the horizontal component
directions of the fringe field F formed at the boundary of the
pixel electrodes 180 is substantially equivalent to the pretilt
directions of the liquid crystal molecules 301 from the respec-
tive first domain D11, the second domain D12, the third
domain D13 and the fourth domain D14, collision and inter-
ference between the liquid crystal molecules 301 is substan-
tially reduced or effectively minimized. To ensure that the
sum direction of the horizontal component directions of the
fringe field F formed at the boundary of the pixel electrodes
180 is substantially equivalent to the pretilt directions of the
liquid crystal molecules 301 from the respective first domain
D11, the second domain D12, the third domain D13 and the
fourth domain D14, the pretilt directions of the liquid crystal
molecules 301 in the respective first domain D11, the second
domain D12, the third domain D13 and the fourth domain
D14 are substantially the same as a first pretilt direction A01,
asecond pretilt direction A02, a third pretilt direction A03 and
a fourth pretilt direction A04, respectively, as shown in FIG.
1.

[0095] Thus, in an exemplary embodiment of the present
invention the liquid crystal molecules 301 are prevented from
colliding and creating a texture, e.g., a dark space formed
when the pretilt directions of the liquid crystal molecules 301
are not controlled. Therefore, a viewing angle of the display
device 901 according to an exemplary embodiment improves,
and display property is substantially enhanced while and
production efficiency is effectively improved.

[0096] Hereinafter, the fringe field F formed at the bound-
ary of the pixel electrodes 180 in the respective first domain
D11, the second domain D12, the third domain D13 and the
fourth domain D14, and the pretilt directions of the first
alignment layer 310 and the second alignment layer 320 will
be described in further detail with respect to FIGS. 3-5.
[0097] The fringe field F formed at the boundary of the
pixel electrodes 180 will now be described in further detail
with reference to FIG. 3.

[0098] The arrowsin FIG. 3 correspond to respective fringe
field directions A10, e.g., horizontal component directions of
the fringe field F formed at the boundary of the pixel elec-
trodes 180 or alignment directions of the liquid crystal mol-
ecules 301 by the fringe field F. The sum directions of the
horizontal component directions of the fringe field F formed
in the fringe of the pixel electrodes 180 in the first domain
D11, the second domain D12, the third domain D13 and the
fourth domain D14 are shown in FIG. 3 as a first horizontal
component direction (“HCD”) A21, a second HCD A22; a
third HCD A23 and a fourth HCD A24, respectively. A hori-
zontal component direction of the fringe field F formed at the
boundary of the pixel electrodes 180 may gradually change
depending on a position of a given pixel electrode 180. How-
ever, on average, the alignment direction of the liquid crystal
molecules 301 by the fringe field F formed at the boundary of
the pixel electrodes 180 in the respective first domain D11,
the second domain D12, the third domain D13 and the fourth
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domain D14 are substantially the same as the first HCD A21,
the second HCD A22, the third HCD A23 and the fourth HCD
A24, since the sum directions of the horizontal component
directions of the fringe field F formed at the boundary of the
pixel electrodes 180 in the respective domains represented by
the first HCD A21, the second HCD A22, the third HCD A23
and the fourth HCD A24 are typical alignment directions of
the liquid crystal molecules 301 by the fringe field F in the
respective first domain D11, the second domain D12, the third
domain D13 and the fourth domain D14.

[0099] The alignment regions and the pretilt directions of
the first alignment layer 310 and the second alignment layer
320 will now be described in further detail with reference to
FIGS. 4 and 5.

[0100] FIG.4isaplan view layout which illustrates the first
alignment region E11 and the second alignment region E12
and corresponding first pretilt direction A31 and second
pretilt direction A32, respectively, formed on the first align-
ment layer 310 of the display device according to the exem-
plary embodiment of the present invention in FIG. 1. The first
alignment layer 310 includes the first alignment region E11
having the first pretilt direction A31, and the second align-
ment region E12 having the second pretilt direction A32
facing the first pretilt direction A31. More specifically, the
first alignment layer 310 includes the first alignment region
E11 and the second alignment region E12 which divide a
single pixel having a corresponding pixel electrode 180 in a
longitudinal direction with respect to the pixel electrode 180,
e.g., into an upper part and a lower part, which correspond to
the first alignment region E11 and the second alignment
region E12, as shown in FIG. 4.

[0101] FIG. 5 is a plan view layout which illustrates the
third alignment region E23 and the fourth alignment region
E24 and corresponding third pretilt direction A43 and fourth
pretilt direction A44, respectively, formed on the second
alignment layer 320 of the display device according to the
exemplary embodiment of the present invention in FIG. 1.
More specifically, the second alignment layer 320 includes
the third alignment region E23 having the third pretilt direc-
tion A43 substantially perpendicular to the first pretilt direc-
tion A31 and the second pretilt direction A32, and the fourth
alignment region E24 having the fourth pretilt direction Ad44
facing the third pretilt direction A43. Further, the second
alignment layer 320 includes the third alignment region E23
and the fourth alignment region E24 which divide a single
pixel having a corresponding pixel electrode 180 in a substan-
tially transverse direction of the pixel electrode 180, e.g., into
a left part and a right part which correspond to the third
alignment region E23 and the fourth alignment region E24, as
shown in FIG. 5.

[0102] Referring still to FIGS. 4 and 5, the first pretilt
direction A31 and the second pretilt direction A32 of the first
alignment layer 310 face each other. In addition, the third
pretilt direction A43 and the second pretilt direction Ad4 of
the second alignment layer 320 face each other. Further, the
first pretilt direction A31 and the second pretilt direction A32
of the first alignment layer 310 are substantially perpendicu-
lar to the third pretilt direction A43 and the fourth pretilt
direction A44 of the second alignment layer 320.

[0103] The first pretilt direction A31 and the second pretilt
direction A32 of the first alignment layer 310 and the third
pretilt direction A43 and the fourth pretilt direction A44 of the
second alignment layer 320 are substantially oriented toward
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a center of the pixel electrode 180 from a peripheral boundary
thereof, as shown in FIGS. 5 and 6.

[0104] The first alignment layer 310 and the second align-
ment layer 320 are formed by a photo alignment method, for
example. In an exemplary embodiment, the photo alignment
method includes an exposing process which uses a mask.
Further ultraviolet (“UV”) light may be used in the exposing
process. A tilted exposure process is used in the exposing
process, as well. The tilted exposure process includes an
exposure including tilting a substrate, an exposure including
tilting a light source and an exposure including dividing a
single light source using a lens or a reflection plate, for
example.

[0105] The first alignment layer 310 divided into the first
alignment region E11 and the second alignment region E12,
and the second alignment layer 320 divided into the third
alignment region E23 and the fourth alignment region E24 are
formed by a partial selective exposure using a mask. For
example, the first alignment layer 310 and the second align-
ment layer 320 may be formed by two exposing processes
using the mask. In addition to the photo alignment method
steps described herein, the photo alignment method may
include various other known methods.

[0106] Referring to FIGS. 3-5, an overlapping portion of
the first alignment region E11 of the first alignment layer 310
with the third alignment region E23 of the second alignment
layer 320 is the first domain D11. An overlapping portion of
the first alignment region E11 of the first alignment layer 310
with the fourth alignment region E24 of the second alignment
layer 320 is the second domain D12. An overlapping portion
of the second alignment region E12 of the first alignment
layer 310 with the third alignment region E23 of the second
alignment layer 320 is the third domain D13. An overlapping
portion of the second alignment region E12 of the first align-
ment layer 310 with the fourth alignment region E24 of the
second alignment layer 320 is the fourth domain D14.
[0107] Referringto FIGS. 4 and 5, as a result of the respec-
tive overlapping portions which define the first domain D11,
the second domain D12, the third domain D13 and the fourth
domain D14, as described in greater detail above, liquid crys-
tal molecules 301 in the first domain D11 are vertically
aligned to pretilt in a sum direction of horizontal component
directions of the first pretilt direction A31 and the third pretilt
direction A43. Further, liquid crystal molecules 301 in the
second domain D12 are vertically aligned to pretilt in a sum
direction of horizontal component directions of the first
pretilt direction A31 and the fourth pretilt direction A44. In
addition, liquid crystal molecules 301 in the third domain
D13 are vertically aligned to pretilt in a sum direction of a
horizontal component directions of the second pretilt direc-
tion A32 and the third pretilt direction A43. Finally, liquid
crystal molecules 301 in the fourth domain D14 are vertically
aligned to pretilt in a sum direction of a horizontal component
direction of the second pretilt direction A32 and the fourth
pretilt direction Ad4.

[0108] Thus, the first alignment layer 310 and the second
alignment layer 320 have predetermined pretilt directions
such that sum directions of the horizontal component direc-
tions of the first pretilt direction A31 and the third pretilt
direction A43 are substantially equivalent to that of the fringe
field F formed at the boundary of the pixel electrodes 180 in
the first domain D11, as described above in greater detail.
[0109] Similarly, the first alignment layer 310 and the sec-
ond alignment layer 320 have predetermined pretilt direc-
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tions such that sum directions of horizontal component direc-
tions of the first pretilt direction A31 and the fourth pretilt
direction A44 are substantially equivalent to that of the fringe
field F formed at the boundary of the pixel electrodes 180 in
the second domain D12.

[0110] Likewise, the first alignment layer 310 and the sec-
ond alignment layer 320 have predetermined pretilt direc-
tions such that sum directions of horizontal component direc-
tions of the second pretilt direction A32 and the third pretilt
direction A43 are substantially equivalent to that of the fringe
field F formed at the boundary of the pixel electrodes 180 in
the third domain D13.

[0111] Finally, the first alignment layer 310 and the second
alignment layer 320 thus have predetermined pretilt direc-
tions so that sum directions of horizontal component direc-
tions of the second pretilt direction A32 and the fourth pretilt
direction A44 are substantially equivalent to that of the fringe
field F formed at the boundary of the pixel electrodes 180 in
the fourth domain D14.

[0112] As aresult, the first pretilt direction A01, the second
pretilt direction A02, the third pretilt direction A03 and the
fourth pretilt direction A04 (FIG. 1) of the liquid crystal
molecules 301 aligned by the first alignment layer 310 and the
second alignment layer 320 are substantially equivalent to the
first HCD A21, the second HCD A22, the third HCD A23 and
the fourth HCD A24 (FIG. 3) of the horizontal component
directions of the fringe field F formed at the boundary of the
pixel electrodes 180, in the respective domains of the first
domain D11, the second domain D12, the third domain D13
and the fourth domain D14.

[0113] FIG. 1 illustrates the single domain group D10
formed in the single pixel having a corresponding pixel elec-
trode 180. However, alternative exemplary embodiments of
the present invention are not limited thereto. Alternatively, for
example, but not being limited thereto, two or more domain
groups D10 may be formed in a single pixel.

[0114] Inexemplary embodiments of the present invention
as described in greater detail above, a viewing angle of the
display device 901 substantially improves, a display property
is substantially enhanced and production efficiency is effec-
tively increased.

[0115] More specifically, the sum directions of the horizon-
tal component directions of the fringe field F formed at the
boundary of the pixel electrodes 180 in the respective
domains are substantially equivalent to those of the horizontal
component directions of the pretilt directions of the first and
second alignment layer 310 and the second alignment layer
320. In exemplary embodiments, there may be an error within
arange of approximately 5° between the sum directions of the
horizontal component directions of the fringe field F formed
at the boundary of the pixel electrodes 180, and the sum
directions of the horizontal component directions of the
pretilt directions of the first alignment layer 310 and the
second alignment layer 320.

[0116] As a result, collisions between the liquid crystal
molecules 301 are substantially reduced or effectively mini-
mized as a result of the fringe field F formed in the fringe of
the pixel electrodes 180 and the pretilt directions of the liquid
crystal molecules 301 by the first alignment layer 310 and the
second alignment layer 320. As a result of the collisions
between the liquid crystals 301 being substantially reduced or
effectively minimized, a texture, e.g., a dark space, is pre-
vented in the display device 901 according to exemplary
embodiments of the present invention.

Jan. 1, 2009

[0117] Further, a pattern is not required in the common
electrode 280 to pretilt the liquid crystal molecules 301 of the
liquid crystal layer 300, since the liquid crystal molecules 301
are pretilted by the first alignment layer 310 and the second
alignment layer 320. Thus, a production process of the dis-
play device 901 is simplified. For example, the first alignment
layer 310 and the second alignment layer 320 pretilt the liquid
crystal molecules 301 as well as vertically align the liquid
crystal molecules 301 of the liquid crystal layer 300. The first
alignment layer 310 and the second alignment layer 320 may
be formed by an exposing method using a mask, as described
above in greater detail. Therefore, an additional process for
pretilting the liquid crystal molecules 301 by the first align-
ment layer 310 and the second alignment layer 320 is mini-
mized.

[0118] A manufacturing method of the display device 901
according to an exemplary embodiment of the present inven-
tion will now be described in further detail. The first panel 100
and the second panel 200 are manufactured by various known
methods, and a detailed description thereof will therefore not
be provided herein.

[0119] Referring to FIG. 2, the first alignment layer 310 is
formed on the first panel 100 including the thin film transistor
101 and the pixel electrode 180. The first alignment layer 310
is divided into the first alignment region E11 and the second
alignment region E12 (FIG. 4) aligned in different directions,
as described above in greater detail. As shown in FIG. 4, the
first alignment layer 310 includes the first alignment region
E11 having the first pretilt direction A31, and the second
alignment region E12 having the second pretilt direction A32
facing the first pretilt direction A31.

[0120] The first alignment layer 310 is formed by a photo
alignment method, e.g., by an exposing process using a mask.
More specifically, a photo alignment material is first provided
on the pixel electrodes 180 of the first panel 100. The photo
alignment material may include various known materials.
The first alignment region E11 is then exposed by UV light
while the mask covers other regions, e.g., the second align-
ment region E12, thereby aligning the first alignment region
E11 in the first pretilt direction A31. The second alignment
region E12 is then exposed to UV light while the mask covers
other regions, e.g., the first alignment region E11, thereby
aligning the second alignment region E12 in the second pretilt
direction A32. Thus, the first alignment layer 310 which is
divided into the first alignment region E11 and the second
alignment region E12 is formed. The first alignment region
E11 and the second alignment region E12 of the first align-
ment layer 310 divide the single pixel in a longitudinal direc-
tion, e.g., into an upper part and a lower part, as described
above in greater detail and illustrated in FIG. 4.

[0121] Next, the second alignment layer 320 is formed on
the second panel 200 including the common electrode 280.
More specifically, the second alignment layer 320 is divided
into the third alignment region E23 and the fourth alignment
region D24 (FIG. 5) aligned in different directions. As shown
in FIG. 5, the second alignment layer 320 includes the third
alignment region E23 having the third pretilt direction A43,
and the fourth alignment region E24 having the fourth pretilt
direction A44 facing the third pretilt direction A43.

[0122] The second alignment layer 320 is formed by the
same or a substantially similar method as the first alignment
layer 310. Thus, the photo alignment material is first provided
on the common electrode 280 of the second panel 200. The
third alignment region E23 is then exposed to UV light while
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the mask covers other regions, e.g., the fourth alignment
region E24, thereby aligning the third alignment region E23
in the third pretilt direction A43. The fourth alignment region
E24 is then exposed to UV light while the mask covers other
regions, e.g., the third alignment region E23, thereby aligning
the fourth alignment region E24 in the fourth pretilt direction
Ad44. As a result, the second alignment layer 320 which is
divided into the third alignment region E23 and the fourth
alignment region E24 is formed. The third alignment region
E23 and the fourth alignment region E24 of the second align-
ment layer 320 divide the single pixel in a transverse direc-
tion, e.g., into left part and a right part, as described above in
greater detail and illustrated in FIG. 5.

[0123] Next, the first panel 100 having the first alignment
layer 310 and the second panel 200 having the second align-
ment layer 320 are disposed to face each other, and are then
adhered to each other. The liquid crystal layer 300 including
the plurality of vertically aligned liquid crystal molecules 301
is interposed between the first panel 100 and the second panel
200, thereby forming the display device 901.

[0124] Alternative exemplary embodiments of the present
invention are not limited to the description above. Alterna-
tively, for example, the liquid crystal layer 300 may be dis-
posed on one of the first panel 100 and the second panel 200
before the first panel 100 and the second panel 200 are
adhered to each other, but alternative exemplary embodi-
ments of the present invention are not limited thereto.
[0125] The first alignment layer 310 and the second align-
ment layer 320 divide a corresponding single pixel electrode
180 into the first domain D11, the second domain D12, the
third domain D13 and the fourth domain D14. Therefore, the
combined first alignment region E11 and the second align-
ment region E12 of'the first alignment layer 310, and the third
alignment region E23 and the fourth alignment region E24 of
the second alignment layer 320 form the first domain D11, the
second domain D12, the third domain D13 and the fourth
domain D14 in which the liquid crystal molecules 301 pretilt
in predetermined directions. More specifically, an overlap-
ping part between the first alignment region E11 of the first
alignment layer 310 and the third alignment region E23 of the
second alignment layer 320 is the first domain D11. Likewise,
an overlapping part between the first alignment region E11 of
the first alignment layer 310 and the fourth alignment region
E24 of the second alignment layer 320 is the second domain
D12. Similarly, an overlapping part between the second align-
ment region E12 of the first alignment layer 310 and the third
alignment region E23 of the second alignment layer 320 is the
third domain D13. Finally, an overlapping part between the
second alignment region E12 of the first alignment layer 310
and the fourth alignment region E24 of the second alignment
layer 320 is the fourth domain D14, as described above in
greater detail.

[0126] As aresult, liquid crystal molecules 301 of the liquid
crystal layer 300 are vertically aligned by the first alignment
layer 310 and the second alignment layer 320, and pretilt in
the respective first domain D11, second domain D12, third
domain D13 and fourth domain D14 in different directions,
e.g., the first pretilt direction A01, the second pretilt direction
A02, the third pretilt direction A03 and the fourth pretilt
direction A04. More specifically, the liquid crystal molecules
301 in the first domain D11 are aligned to pretilt in a sum
direction of horizontal component directions of the first
pretilt direction A31 and the third pretilt direction A43. The
liquid crystal molecules 301 in the second domain D12 are
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aligned to pretilt in a sum direction of horizontal component
directions of the first pretilt direction A31 and the fourth
pretilt direction Ad4. The liquid crystal molecules 301 in the
third domain D13 are aligned to pretilt in a sum direction of
horizontal component directions of the second pretilt direc-
tion A32 and the third pretilt direction A43. The liquid crystal
molecules 301 in the fourth domain D14 are aligned to pretilt
in a sum direction of horizontal component directions among
the second pretilt direction A32 and the fourth pretilt direc-
tion A44.

[0127] The first alignment layer 310 and the second align-
ment layer 320 are formed so that the first HCD A21, the
second HCD A22, the third HCD A23 and the fourth HCD
A24 of the liquid crystal molecules 301 vertically aligned by
the fringe field F formed at the boundary of the pixel elec-
trodes 180 in the respective domains are substantially equiva-
lent to the first pretilt direction A01, the second pretilt direc-
tion A02, the third pretilt direction A03 and the fourth pretilt
direction A04, respectively, of the liquid crystal molecules
301 by the first alignment layer 310 and the second alignment
layer 320.

[0128] Thus, according to the manufacturing method
according to an exemplary embodiment of the present as
described above, the display device 901 having an improved
viewing angle, enhanced display property and increased pro-
duction efficiency is manufactured.

[0129] Since lying directions of the liquid crystal mol-
ecules 301 by the fringe field F formed at the boundary of the
pixel electrodes 180 are substantially equivalent to the pretilt
directions of the liquid crystal molecules 301 by the first
alignment layer 310 and the second alignment layer 320,
unnecessary collisions between the liquid crystal molecules
301 are minimized.

[0130] The first alignment layer 310 and the second align-
ment layer 320 vertically align the liquid crystal molecules
301 of the liquid crystal layer 300, and pretilt the liquid
crystal molecules 301, thereby omitting a requirement for a
separate means to pretilt the liquid crystal molecules 301 of
the liquid crystal layer 300, e.g., by using a pattern on the
common electrode 280, thereby omitting a requirement for
forming the pattern thereon. Thus, a production process of the
display device 901 is simplified.

[0131] The first alignment layer 310 and the second align-
ment layer 320 may be formed by two exposing processes
using a mask. Thus, an additional process to pretilt the liquid
crystal molecules 301 by the first alignment layer 310 and the
second alignment layer 320 may be substantially reduced or
effectively minimized.

[0132] A display device according to an alternative exem-
plary embodiment of the present invention will now be
described in further detail with reference to FIG. 6. FIG. 6 is
a plan view layout which illustrates alignment regions and
pretilt directions formed on a first alignment layer 310 and a
second alignment layer 320 in a display device 902 according
to an alternative exemplary embodiment of the present inven-
tion. The same reference characters are used to designate the
same or like components in FIG. 6, and repetitive descriptions
thereof have therefore been omitted below.

[0133] AsshowninFIG. 6, the firstalignment layer 310 and
the second alignment layer 320 include a first alignment
region E31, a second alignment region E32, a third alignment
region E33 and a fourth alignment region E34 which each
have an associated pretilt direction Axx. The pretilt directions
Axx are substantially equivalent to sum directions of hori-
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zontal component directions of a fringe field F (FIG. 2)
formed at a boundary of pixel electrodes 180 in associated
first domain D11, second domain D12, third domain D13 and
fourth domain D14. More specifically, each of the first align-
ment layer 310 and the second alignment layer 320 have the
first alignment region E31, the second alignment region E32,
the third alignment region E33 and the fourth alignment
region E34 which are in the first domain D11, the second
domain D12, the third domain D13 and the fourth domain
D14, respectively, included in a single domain group D10.
[0134] As a result, the display device 902 has an improved
light transmittance and increased response time.

[0135] However, the first alignment layer 310 and the sec-
ond alignment layer 320 may be formed through four separate
exposing processes, thereby possibly lowering production
efficiency. Therefore, alternative exemplary embodiments of
the present invention are not limited to those described above.
[0136] For example, only one of the first alignment layer
310 and the second alignment layer 320 may pretilt vertically-
aligned liquid crystal molecules 301. Put another way, only
one of the first alignment layer 310 and the second alignment
layer 320 may have pretilt directions in alternative exemplary
embodiments of the present invention.

[0137] Inaddition, an alignment layer of the first alignment
layer 310 and the second alignment layer 320 which does not
have pretilt directions does not have horizontal component
directions, either. Thus, only an alignment layer of the first
alignment layer 310 and the second alignment layer 320
having the pretilt directions may pretilt the liquid crystal
molecules 301.

[0138] Further, in this case the first domain D11, the second
domain D12, the third domain D13 and the fourth domain
D14 are divided only by the alignment layer having the pretilt
directions.

[0139] Thus, the display device 902 has improved light
transmittance while minimizing a decrease of production effi-
ciency. However, a response speed of the display device 902
is lowered in this case.

[0140] A display device according to yet another alterna-
tive exemplary embodiment of the present invention will now
be described with reference to FIGS. 1, 2 and 7. FIG. 7 is a
plan view layout of a display device according to yet another
alternative exemplary embodiment of the present invention.
The same reference characters are used to designate the same
orlike components in FIGS. 1, 2 and 7, and repetitive descrip-
tions thereof have therefore been omitted below.

[0141] Asshown in FIG. 7, a first pixel electrode 181 and a
second pixel electrode 182 are disposed in a single pixel, e.g.,
a single pixel area, of a display device 903. More specifically,
the pixel includes at least one first pixel electrode 181 and at
least one second pixel electrode 182.

[0142] The first pixel electrode 181 and the second pixel
electrode 182 correspond to a first single domain group D10
and a second single D20, respectively. More specifically, the
first domain group D10 corresponds to the first pixel electrode
181 while the second domain group D20 corresponds to the
second pixel electrode 182, as shown in FIG. 7.

[0143] The first domain group D10 includes a first domain
D11, a second domain D12, a third domain D13 and a fourth
domain D14, while the second domain group D20 includes a
fifth domain D21, a sixth domain D22, a seventh domain D23
and an eighth domain D24, all formed by a combination of
alignment regions of the first alignment layer 310 and align-
ment regions of the second alignment layer 320.
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[0144] More specifically, the first alignment layer 310 and
the second alignment layer 320 have pretilt directions Axx
such that sum directions of horizontal component directions
of a fringe field F (FIG. 2) formed at a boundary of the first
pixel electrode 180 and the second pixel electrode 190 in
respective domains are substantially equivalent to sum direc-
tions of horizontal component directions of pretilt directions
of the first alignment layer 310 and the second alignment
layer 320. Thus, liquid crystal molecules 301 of a liquid
crystal layer 300 pretilt in respective directions of arrows
representing respective associated pretilt directions Axx in
FIG. 7.

[0145] The pretilt directions Axx of the first alignment
layer 310 and the second alignment layer 320 are substan-
tially directed to a center of the first pixel electrode 181 and
the second pixel electrode 182 from respective boundaries
thereof, as illustrated in FIG. 7.

[0146] The first single domain group D10 and the second
single domain group D20 each have four domains in which
the liquid crystal molecules 301 pretilt in different directions.
Thus, a total of eight domains, e.g., the first domain D11, the
second domain D12, the third domain D13, the fourth domain
D14, the fifth domain D21, the sixth domain D22, the seventh
domain D23 and the eighth domain D24, having four kinds of
pretilt directions exist in an exemplary embodiment of the
present invention. Alternative exemplary embodiments of the
present invention are not limited thereto, however. For
example, the liquid crystal molecules 301 may tilt in different
directions for each separate domain, e.g., to have eight kinds
of pretilt directions in an alternative exemplary embodiment.

[0147] Further, FIG. 7 illustrates the first single domain
group D10 and the second single domain group D20 which
each have four domains, respectively, but alternative exem-
plary embodiments are not limited thereto. For example, two
or more single domain groups may be included in alternative
exemplary embodiments of the present invention.

[0148] Referring still to FIG. 7, a thin film transistor 101 is
connected to the first pixel electrode 181 through a contact
hole 171, and the thin film transistor 101 is connected to the
second pixel electrode 182 through capacitive coupling, for
example.

[0149] As a result, different data signals are applied to the
first pixel electrode 181 and the second pixel electrode 182.
More specifically, the first pixel electrode 181 receives a data
signal through a drain electrode 166 of the thin film transistor
101. In contrast, the second pixel electrode 182 receives a
capacitively-coupled data signal through a coupling capaci-
tance C, between an insulating layer (not shown) between
the second pixel electrode 182 and an extension part 169 of
the drain electrode 166, instead of receiving the data signal
directly from the drain electrode 166 of the thin film transistor
101. Thus, the second pixel electrode 182 receives the capaci-
tively-coupled data signal having a different level, e.g., a
lower level, than a level of the data signal applied to the first
pixel electrode 181 due to the coupling capacitance Cp. As a
result, a brightness of the first single domain group D10
corresponding to the first pixel electrode 181 is different from
a brightness of the second domain group D20 corresponding
to the second pixel electrode 182. More specifically, the
capacitively-coupled data signal applied to the second pixel
electrode 182 may have a voltage which is about 50% to about
90% of a voltage of the data signal applied to the first pixel
electrode 181.
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[0150] As a result, the brightness of the first domain group
D10 is different from that of the second domain group D20,
and the first domain group D10 and the second domain group
D20 are substantially different from each other even if a
respective pair of domains, e.g., the domain D11 of the first
single domain group D10 and the domain D21 of the second
single domain group D20, pretilt the liquid crystal molecules
301 in the same direction. As a result, a front brightness
and/or color and a lateral brightness and/or color, for
example, are compensated, thereby improving a lateral vis-
ibility, for example of the display device 903 according to an
exemplary embodiment of the present invention.

[0151] Thus, the display device 903 according to an exem-
plary embodiment of the present invention has a substantially
improved viewing angle and display property. Typical lying
directions of the liquid crystal molecules 301 by the fringe
field F formed at the boundary of the first pixel electrode 181
and the second pixel electrode 182 are substantially equiva-
lent to respective pretilt directions of the liquid crystal mol-
ecules 301 by the first alignment layer 310 and the second
alignment layer 320, thereby minimizing collisions between
the liquid crystal molecules 301, as described above in greater
detail.

[0152] Further, the first alignment layer 310 and the second
alignment layer 320 vertically align the liquid crystal mol-
ecules 301 ofthe liquid crystal layer 300, and at the same time
pretilt the liquid crystal molecules 301, thereby omitting a
requirement for a means to pretilt the liquid crystal molecules
301 of the liquid crystal layer 300, e.g., by using a pattern on
a common electrode 280, thereby omitting a need to form the
pattern thereon. Thus, a production process of the display
device 903 is effectively simplified.

[0153] A display device 904 according to still another
exemplary embodiment of the present invention will now be
described with reference to FIGS. 1,2, 7 and 8. FIG. 8 isa plan
view layout of a display device according to still another
alternative exemplary embodiment of the present invention.
The same reference characters are used to designate the same
or like components in FIGS. 1, 2, 7 and 8, and repetitive
descriptions thereof have therefore been omitted below.
[0154] As shown in FIG. 8, at least a first pixel electrode
181 and a second pixel electrode 182 are disposed in a single
pixel, e.g., a single pixel area, of the display device 904. More
specifically, the pixel includes at least one first pixel electrode
181 and at least one second pixel electrode 182.

[0155] The first pixel electrode 181 and the second pixel
electrode 182 correspond to a first single domain group D10
and a second single domain group D20, respectively. More
specifically, the first domain group D10 corresponds to the
first pixel electrode 181 while the second domain group D20
corresponds to the second pixel electrode 182.

[0156] The domain group D10 includes a first domain D11,
a second domain D12, a third domain D13 and a fourth
domain D14, while the second domain group D20 includes a
fifth domain D21, a sixth domain D22, a seventh domain D23
and an eighth domain D24, all formed by the combination of
respective alignment regions of a first alignment layer 310
and corresponding alignment regions of a second alignment
layer 320.

[0157] The first alignment layer 310 and the second align-
ment layer 320 have corresponding pretilt directions such that
sum directions of horizontal component directions of a fringe
field F (FIG. 2) formed at a boundary of the first pixel elec-
trode 181 and the second pixel electrode 182 are substantially
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equivalent to sum directions of horizontal component direc-
tions of associated pretilt directions Axx of the first alignment
layer 310 and the second alignment layer 320. Thus, liquid
crystal molecules 301 of a liquid crystal layer 300 pretilt in
respective pretilt directions Axx as indicated by correspond-
ing arrows in FIG. 8.

[0158] The pretilt directions Axx of the first alignment
layer 310 and the second alignment layer 320 are substan-
tially directed toward a center of the first pixel electrode 181
and the second pixel electrode 182 from respective bound-
aries thereof.

[0159] The first single domain group D10 and the second
single domain group D20 each have four kinds of domains in
which the liquid crystal molecules 301 pretilt in different
directions. Thus, a total of eight domains, e.g., the first
domain D11, the second domain D12, the third domain D13,
the fourth domain D14, the fifth domain D21, the sixth
domain D22, the seventh domain D23 and the eighth domain
D24, having four kinds of pretilt directions exist, but alterna-
tive exemplary embodiments of the present invention are not
limited thereto. For example, the liquid crystal molecules 301
may tilt in different directions for each individual domain,
e.g., the first domain D11, the second domain D12, the third
domain D13, the fourth domain D14, the fifth domain D21,
the sixth domain D22, the seventh domain D23 and the eighth
domain D24, such that there are eight pretilt directions.
[0160] Further, FIG. 8 illustrates the first single domain
group D10 and the second single domain group D20 which
have four domains, respectively, but alternative exemplary
embodiments are not limited thereto. Alternatively, each of
the respective first single domain group D10 and the second
single domain group D20 may include two or more domains.
[0161] Referring still to FIG. 8, the display device 904
includes a first thin film transistor 101 connected to the first
pixel electrode 181 and a second thin film transistor 102
connected to the second pixel electrode 182. The first thin film
transistor 101 and the second thin film transistor 102 are
connected to different individual data lines 161 of a plurality
of data lines 161. More specifically, the first pixel electrode
181 and the second pixel electrode 182 may receive different
data signals through the first thin film transistor 101 and the
second thin film transistor 102, respectively.

[0162] Thus, a brightness of the first domain group D10
corresponding to the first pixel electrode 181 may be different
from a brightness of the second domain group D20 corre-
sponding to the second pixel electrode 182.

[0163] Sincethe brightness of the first domain group D10 is
different from that of the second domain group D20, the
domains are substantially different from each other even
when a pair of a single domains of the first domain group D10
and the second domain group D20, e.g., the domain D13 of
the first single domain group D10 and the domain D23 of the
second single domain group D20, pretilt the liquid crystal
molecules 301 in a substantially similar direction. Thus, a
plurality of different domains exists in a single pixel. There-
fore, a front and a lateral brightness and/or color are effec-
tively compensated, thereby improving a lateral visibility, for
example, of the display device 904 according to an exemplary
embodiment of the present invention.

[0164] Therefore, the display device 904 has an improved
viewing angle and display property.

[0165] Typical lying directions of the liquid crystal mol-
ecules 301 by the fringe field F formed at the boundary of the
first pixel electrode 181 and the second pixel electrode 182
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are substantially equivalent to pretilt directions of the liquid
crystal molecules 301 by the first alignment layer 310 and the
second alignment layer 320, thereby minimizing collisions
between the liquid crystal molecules 301.

[0166] Thus, the first alignment layer 310 and the second
alignment layer 320 vertically align the liquid crystal mol-
ecules 301 ofthe liquid crystal layer 300, and at the same time
pretilt the liquid crystal molecules 301, thereby omitting a
requirement for a means to pretilt the liquid crystal molecules
301 of the liquid crystal layer 300, e.g., by using a pattern on
the common electrode 280, thereby omitting a need for form-
ing the pattern thereon. Thus, a production process of the
display device 904 is substantially simplified.

[0167] A display device according to another exemplary
embodiment of the present invention will now be described in
further detail with reference to FIGS. 1, 2 and 9. FIG. 9 is a
plan view layout of a display device according to another
alternative exemplary embodiment of the present invention.
The same reference characters are used to designate the same
or like components in FIGS. 1, 2, and 9, and repetitive
descriptions thereof have therefore been omitted below.
[0168] As shown in FIG. 9, a pixel electrode 180 of a
display device 905 has sides formed in an angular direction.
More specifically, interior lateral corners of the pixel elec-
trode 180 have either an acute angle or an obtuse angle, e.g.,
the interior corners of the pixel electrode 180 are not right
angles, in contrast to exemplary embodiments of the present
invention discussed in greater detail above with respect to
FIGS. 1-8. Further, at least one of a gate line 121 and a data
line 161 formed in a first panel 100 has an angular portion
bent in a substantially zigzag pattern. For example, referring
to FIG. 9, it can be seen that gate lines 121 extend in a first
substantially row direction and adjacent gate lines 121 are
substantially parallel to each other. In contrast, data lines 161
extend generally in a second direction substantially perpen-
dicular to the first direction at intersections of the data lines
161 with the gate lines 121, but at least one of the data lines
161 deviates from the second direction and extends in an
angular direction between adjacent intersections of the of the
data lines 161 with the gate lines 121.

[0169] Still referring to FIG. 9, respective sides of the pixel
electrode 180 formed in a given angular direction are parallel
to the associated angular portion. It will be noted that while
FIG. 9 illustrates the data lines 161 having angular portions,
alternative exemplary embodiments of the present invention
are not limited thereto. For example, a lateral side of the pixel
electrode 180 in a longitudinal direction may be formed in an
angular direction while the gate line 121 and the data line 161
do not have angular portions.

[0170] Further, the pixel electrode 180 in alternative exem-
plary embodiments may have various other shapes such as a
chevron shape, a “Z” shape or a double “Z” shape, for
example, but is not limited thereto.

[0171] An angular side of the pixel electrode 180, as
described above in reference to FIG. 9, forms a preset angle
with a polarizing axis of a polarizing plate (not shown)
attached to the first panel 100 and the second panel 200,
thereby substantially improving a viewing angle of the dis-
play device 905 and effectively minimizing waste of the
polarizing plate in a production process, thereby substantially
reducing a production cost thereof.

[0172] Still referring to FIG. 9, the first alignment layer 310
and the second alignment layer 320 divide the pixel electrode
180 into a first domain D11, a second domain D12, a third
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domain D13, and a fourth domain D14. More specifically, the
first domain D11, the second domain D12, the third domain
D13, and the fourth domain D14 may be formed by combined
alignment regions of the first alignment layer 310 and corre-
sponding alignment regions of the second alignment layer
320, as described above in greater detail.

[0173] The first alignment layer 310 and the second align-
ment layer 320 have pretilt directions such that sum directions
ofhorizontal component directions of a fringe field F (FIG. 2)
formed at a boundary of the pixel electrodes 180 in respective
domains, e.g., the first domain D11, the second domain D12,
the third domain D13, and the fourth domain D14, are sub-
stantially equivalent to sum directions of horizontal compo-
nent directions of pretilt directions Axx of the first alignment
layer 310 and the second alignment layer 320, as indicated by
arrows corresponding to respective pretilt directions Axx in
FIG. 9.

[0174] Therefore, the display device 905 has an improved
viewing angle and display property. Typical lying directions
of the liquid crystal molecules 301 by the fringe field F
formed at the boundary of the pixel electrodes 180 are sub-
stantially equivalent to the pretilt directions Axx of the liquid
crystal molecules 301 by the first alignment layer 310 and the
second alignment layer 320, thereby minimizing collisions
between the liquid crystal molecules 301.

[0175] Further, the first alignment layer 310 and the second
alignment layer 320 vertically align the liquid crystal mol-
ecules 301 of'the liquid crystal layer 300, and at the same time
pretilt the liquid crystal molecules 301, thereby eliminating a
requirement for a means to pretilt the liquid crystal molecules
301 of the liquid crystal layer 300, e.g., by using a pattern on
the common electrode 280, thereby omitting a need to form
the pattern thereon. Thus, a production process of the display
device 905 is simplified.

[0176] The first domain D11, the second domain D12, the
third domain D13, and the fourth domain D14 which pretilt
the liquid crystal molecules 301 in different directions are
combined into a single domain group D10. FIG. 9 illustrates
the first domain D11, the second domain D12, the third
domain D13, and the fourth domain D14 which correspond to
the single pixel electrode 180 and form the single domain
group D10, but alternative exemplary embodiments of the
present invention are not limited thereto. For example, a
plurality of domain groups D10 may be formed correspond-
ing to the single pixel electrode 180.

[0177] In summary, as described above in greater detail,
exemplary embodiment of the present invention include a
display device having an improved viewing angle, an
enhanced display property and increased production effi-
ciency.

[0178] More specifically, typical lying directions of liquid
crystal molecules by a fringe field formed in a fringe area of
pixel electrodes are substantially equivalent to pretilt direc-
tions of'the liquid crystal molecules by a first alignment layer
and a second alignment layer, thereby minimizing collisions
between adjacent liquid crystal molecules thereby reducing
formation of a texture, e.g., a dark area, in the display device.

[0179] Further, since the liquid crystal molecules are
pretilted by the first alignment layer and the second alignment
layer, a pattern to pretilt the liquid crystal molecules is not
required on a common electrode. Thus, a production process
of the display device is simplified, since the first alignment
layer and the second alignment layer vertically align the
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liquid crystal molecules of the liquid crystal layer, and at the
same time pretilt the liquid crystal molecules.

[0180] The first alignment layer and the second alignment
layer may be formed by an exposing process using a mask.
Thus, an additional process for pretilting the liquid crystal
molecules is effectively eliminated.

[0181] According to exemplary embodiments of the
present invention as described herein, a display device has
advantages which include, but are not limited to, improved
viewing angle, improved display property and increased
manufacturing efficiency.

[0182] However, the present invention should not be con-
strued as being limited to the exemplary embodiments set
forth herein. Rather, these exemplary embodiments are pro-
vided so that this disclosure will be thorough and complete
and will fully convey the concept of the present invention to
those skilled in the art.

[0183] For example, while a display panel which employs
an amorphous silicon thin film transistor formed by a five
mask process has been described herein, alternative exem-
plary embodiments of the present invention are not limited
thereto.

[0184] Further, a vertically aligned liquid crystal display
panel in which a single pixel is the smallest unit of displaying
an image and is divided into a plurality of domains has been
described herein, but alternative exemplary embodiments of
the present invention are not limited thereto.

[0185] While the present invention has been particularly
shown and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary skill
in the art that various changes in form and details may be
made therein without departing from the spirit or scope of the
present invention as defined by the following claims.

What is claimed is:

1. A display device, comprising:

a first panel having a pixel electrode;

a second panel facing the first panel and having a common

electrode;

aliquid crystal layer interposed between the first panel and

the second panel, the liquid crystal layer having verti-
cally-aligned liquid crystal molecules;

a first alignment layer disposed on the pixel electrode; and

a second alignment layer disposed on the common elec-

trode,

wherein at least one of the first alignment layer and the

second alignment layer

divides the pixel electrode into a plurality of domains,

is formed to have a plurality of pretilt directions, each
pretilt direction of the plurality of pretilt directions
corresponding to a domain of the plurality of
domains, and

pretilts the vertically-aligned liquid crystal molecules in
the domain according to the corresponding pretilt
direction of the domain, and

a sum of horizontal component directions of the pretilt

direction of the domain is substantially equivalent to a
sum of horizontal component directions of a fringe field
ata peripheral boundary of the pixel electrode within the
domain.

2. The display device according to claim 1, wherein the
pretilt direction of the at least one of the first alignment layer
and the second alignment layer is directed from a peripheral
region of the pixel electrode to a center region thereof.
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3. The display device according to claim 1, wherein the
pretilt direction of the liquid crystal molecules is substantially
equivalent to a sum of horizontal component directions of the
pretilt direction of the at least one of the first alignment layer
and the second alignment layer.

4. The display device according to claim 3, wherein the first
alignment layer and the second alignment layer each com-
prise two or more alignment regions having different pretilt
directions, and

domains of the plurality of domains of the pixel electrode
are determined by respective combinations of alignment
regions of the first alignment layer and the second align-
ment layer, respectively.

5. The display device according to claim 4, wherein the
different pretilt directions of the two or more alignment
regions of the first alignment layer are aligned toward each
other,

the different pretilt directions of the two or more alignment
regions of the second alignment layer are aligned toward
each other, and

the different pretilt directions of the first alignment layer
are aligned substantially perpendicular to the different
pretilt directions of the second alignment layer.

6. The display device according to claim 1, wherein

at least one of the first alignment layer and the second
alignment layer form four or more domains of the plu-
rality of domains in which the vertically-aligned liquid
crystal molecules are pretilted in different directions,

the four or more domains form a single domain group, and

the single domain group corresponds to the pixel electrode.

7. The display device according to claim 1, wherein a first
side of the pixel electrode is formed at one of an obtuse angle
and an acute angle with respect to an adjacent second side of
the pixel electrode.

8. The display device according to claim 7, wherein the first
side of the pixel electrode comprises at least one bent part.

9. A display device, comprising:

a first panel comprising:

a thin film transistor;

a first pixel electrode connected to the thin film transis-
tor; and

a second pixel electrode connected to the thin film tran-
sistor through a coupling capacitor;
a second panel facing the first panel and having a common
electrode;
a liquid crystal layer interposed between the first panel and
the second panel, the liquid crystal layer having verti-
cally-aligned liquid crystal molecules;
a first alignment layer disposed on the first pixel electrode
and the second pixel electrode; and
a second alignment layer disposed on the common elec-
trode,
wherein at least one of the first alignment layer and the
second alignment layer
divides at least one of the first pixel electrode and the
second pixel electrode into a plurality of domains,

is formed to have a plurality of pretilt directions, each
pretilt direction of the plurality of pretilt directions
corresponding to a domain of the plurality of
domains, and

pretilts the vertically-aligned liquid crystal molecules in
the domain according to the corresponding pretilt
direction of the domain, and
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a sum of horizontal component directions of the pretilt
direction of the domain is substantially equivalent to a
sum of horizontal component directions of a fringe field
at a peripheral boundary of the at least one of the first
pixel electrode and the second pixel electrode within the
domain.

10. The display device according to claim 9, wherein the
pretilt direction of the at least one of the first alignment layer
and the second alignment layer is directed from a peripheral
region of the at least one of the first pixel electrode and the
second pixel electrode to a center region thereof.

11. The display device according to claim 9, wherein the
pretilt direction of the liquid crystal molecules is substantially
equivalent to a sum of horizontal component directions of the
pretilt direction of the at least one of the first alignment layer
and the second alignment layer.

12. The display device according to claim 11, wherein the
first alignment layer and the second alignment layer each
comprise two or more alignment regions having different
pretilt directions, and

domains of the plurality of domains of the pixel electrode
are determined by respective combinations of alignment
regions of the first alignment layer and the second align-
ment layer, respectively.

13. The display device according to claim 12, wherein

the different pretilt directions of the two or more alignment
regions of the first alignment layer are aligned toward
other,

the different pretilt directions of the two or more alignment
regions of the second alignment layer are aligned toward
each other, and

the different pretilt directions of the first alignment layer
are aligned substantially perpendicular to the different
pretilt directions of the second alignment layer.

14. The display device according to claim 9, wherein

at least one of the first alignment layer and the second
alignment layer forms four or more domains of the plu-
rality of domains in which the vertically-aligned liquid
crystal molecules are pretilted in different directions,

the four or more domains form a single domain group, and

the single domain group corresponds to the at least one of
the first pixel electrode and the second pixel electrode.

15. A display device, comprising:

a first panel comprising:

a first thin film transistor;

a first pixel electrode connected to the thin film transis-
tor;

a second thin film transistor; and

a second pixel electrode connected to the second thin
film transistor;

a second panel facing the first panel and having a common
electrode;

aliquid crystal layer interposed between the first panel and
the second panel, the liquid crystal layer having verti-
cally-aligned liquid crystal molecules;

a first alignment layer disposed on the first pixel electrode
and the second pixel electrode;

a second alignment layer disposed on the common elec-
trode,

wherein at least one of the first alignment layer and the
second alignment layer
divides at least one of the first pixel electrode and the

second pixel electrode into a plurality of domains,

14
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is formed to have a plurality of pretilt directions, each
pretilt direction of the plurality of pretilt directions
corresponding to a domain of the plurality of
domains, and

pretilts the vertically-aligned liquid crystal molecules in
the domain according to the corresponding pretilt
direction of the domain, and

a sum of horizontal component directions of the pretilt

direction of the domain is substantially equivalent to a
sum of horizontal component directions of a fringe field
at a peripheral boundary of the at least one of the first
pixel electrode and the second pixel electrode within the
domain.

16. The display device according to claim 15, wherein the
pretilt direction of the at least one of the first alignment layer
and the second alignment layer is directed from a peripheral
region of the at least one of the first pixel electrode and the
second pixel electrode to a center region thereof.

17. The display device according to claim 15, wherein the
pretilt direction of the liquid crystal molecules is substantially
equivalent to a sum of horizontal component directions of the
pretilt direction of the at least one of the first alignment layer
and the second alignment layer.

18. The display device according to claim 17, wherein

the first alignment layer and the second alignment layer

each comprise two or more alignment regions having
different pretilt directions, and

domains of the plurality of domains of the pixel electrode

are determined by respective combinations of alignment
regions of the first alignment layer and the second align-
ment layer, respectively.

19. The display device according to claim 18, wherein

the different pretilt directions of the two or more alignment

regions of the first alignment layer are aligned toward
each other,

the different pretilt directions of the two or more alignment

regions of the second alignment layer are aligned toward
each other, and

the different pretilt directions of the first alignment layer

are aligned substantially perpendicular to the different
pretilt directions of the second alignment layer.

20. The display device according to claim 15, wherein

at least one of the first alignment layer and the second

alignment layer forms four or more domains of the plu-
rality of domains in which the vertically-aligned liquid
crystal molecules are pretilted in different directions,
the four or more domains form a single domain group, and
the single domain group corresponds to the at least one of
the first pixel electrode and the second pixel electrode.

21. A method of manufacturing a display device, the
method comprising:

forming a first panel having a pixel electrode;

forming a second panel facing the first panel and having a

common electrode;

forming a first alignment layer on the first panel;

forming a second alignment layer on the second panel;

interposing a liquid crystal layer having vertically-aligned

liquid crystal molecules between the first alignment
layer and the second alignment layer;

dividing the pixel electrode into a plurality of domains

using at least one of the first alignment layer and the
second alignment layer; and

pretilting the vertically-aligned liquid crystal molecules

using a pretilt direction of the at least one of the first
alignment layer and the second alignment layer corre-
sponding to a domain of the plurality of domains such
that a sum of horizontal component directions of the
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pretilt direction of the domain is substantially equivalent pretilt direction of the at least one of the first alignment layer

to a sum of horizontal component directions of a fringe and the second alignment layer comprises using a photo
field formed at a peripheral boundary of the pixel elec- alignment method including an exposing process using a
trode within the domain. mask.

22. The method according to claim 21, wherein the pretilt-
ing the vertically-aligned liquid crystal molecules using the kok ok ok ok



patsnap

TRAFROE) EREBENEFERZE
NIF(2E)E US20090002618A1 K (2E)R 2009-01-01
RS US12/136802 iR 2008-06-11

FRIFBENPAGE) ZEBFHALH
i (E R AGR) SAMSUNG ELECTRONICS CO. , LTD.
LETERIB(ERR)A(E) = EDISPLAY CO. , LTD.

[FRIRBAA LEE JUN WOO
WOO HWA SUNG
JEON BAEK KYUN
KIM KYOUNG TAE
LEE IN SUK

REBAA LEE, JUN-WOO
WOO, HWA-SUNG
JEON, BAEK-KYUN
KIM, KYOUNG-TAE

LEE, IN-SUK
IPCH%E GO2F1/1337
CPCH%E GO2F1/133707 GO2F2001/134345 GO2F2001/133742
£ 54 1020070063820 2007-06-27 KR
H N FF 3Tk US8537314
ShEREERE Espacenet  USPTO
BEGR) 501
—HEREE  AF  5-ER, SEGESREER, SEENE @ @
—ERNARBENERE N TE—ERNE-_ER2E , EEEER li iERE = —
BNRRS T E-DARRBEERESRL , URREEL KGR LK N L j\\% ,, =1
%ZEEF‘:‘]%O ﬁ—Hﬂﬁ%ﬂﬁ:Hﬂﬁ%mE’JEQ\—/I\*‘:‘@%EEW&Uﬁﬁ A011\77//(N j/r‘~ | Ao2
2408 ARAERAEEZ NS M |, FR TS [ 1E 28R i
MR EENRNRRED F. ZFES RNTRES I KFESETSE et ] o H i1
ZHEXR LETHHREGERERPAR D RLEN LT EZNKETESTRZ O Y HE
e ey 1| I

A04— L+ % Kfi [ IlI

121 171 124 166 ,
101


https://share-analytics.zhihuiya.com/view/258368a3-7280-405c-8ca5-39499f0b0c8c
https://worldwide.espacenet.com/patent/search/family/040159968/publication/US2009002618A1?q=US2009002618A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220090002618%22.PGNR.&OS=DN/20090002618&RS=DN/20090002618

