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FIG. 1A
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FIG. 2
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FIG. 5A
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CURVED DISPLAY DEVICE AND METHOD
OF MANUFACTURING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2014-0080921, filed on Jun. 30, 2014,
and Korean Patent Application No. 10-2015-0062685, filed
on May 4, 2015, the contents of which in their entirety are
herein incorporated by reference.

BACKGROUND
[0002] 1.Field of Disclosure
[0003] The present disclosure relates to a curved display

device including an alignment layer to align liquid crystal
molecules and a method of manufacturing the curved display
device.

[0004] 2. Description of the Related Art

[0005] In general, a liquid crystal display device is classi-
fiedinto a twisted nematic mode liquid crystal display device,
a horizontal electric field mode liquid crystal display device,
or a vertical alignment mode liquid crystal display device.
[0006] Inthe vertical alignment mode liquid crystal display
device, liquid crystal molecules of a liquid crystal layer are
aligned in a predetermined direction when no electric field is
applied to the liquid crystal layer to allow a long axis of the
liquid crystal molecules to be aligned vertical to a substrate.
Accordingly, a viewing angle of the vertical alignment mode
liquid crystal display device becomes wider and a contrast
ratio of the vertical alignment mode liquid crystal display
device increases.

[0007] To align the liquid crystal molecules in the prede-
termined direction, a rubbing method and an optical rubbing
method are widely used. The liquid crystal molecules of the
vertical alignment mode liquid crystal display device are
aligned in the predetermined direction using a reactive
mesogel.

SUMMARY

[0008] The present disclosure provides a curved display
device having improved display quality.

[0009] The present disclosure provides a method of manu-
facturing the curved display device having improved display
quality.

[0010] In exemplary embodiments, a method of manufac-
turing a curved display device is provided. The curved display
device is manufactured by providing a first alignment solu-
tion on a first base substrate, curing the first alignment solu-
tion to form a first base layer, providing a second alignment
solution on a second base substrate, curing the second align-
ment solution to form a second base layer, providing a liquid
crystal layer between the first base substrate and the second
base substrate, applying an electric field to the liquid crystal
layer, and applying a first light to the liquid crystal layer to
allow the reactive mesogens to react, and forming a first
alignment forming layer on the first base layer. The first
alignment solution includes a first alignment agent and a
photo-initiator, the second alignment solution includes a sec-
ond alignment agent and does not include the photo-initiator,
and the liquid crystal layer includes a liquid crystal compo-
sition containing reactive mesogens.
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[0011] In an exemplary embodiment, the photo-initiator is
present in an amount of about 0.001 parts by weight to about
20 parts by weight per 100 parts by weight of the alignment
agent.

[0012] In an exemplary embodiment, the photo-initiator
includes at least one of benzyl dimethyl ketal, a-hydroxyke-
tone, methylbenzoylformate, acylphosphine  oxide,
titanocene, a-aminoketone, c-aminoacetophenone, oxime
ester, benzophenone, phenylketone, a-dichloro-acetophe-
none, a-choro-thioxanthone, benzoin alkylether, and deriva-
tives thereof.

[0013] In an exemplary embodiment, each of the reactive
mesogens includes at least one of acrylate, methacrylate,
epoxy, oxetane, vinyl ether, and styrene.

[0014] In an exemplary embodiment, the applying of the
electric field is performed substantially simultaneously with
the forming of the first alignment forming layer on the first
base layer.

[0015] In exemplary embodiments, of a curved display
device includes a first base substrate, a second base substrate
facing the first base substrate, a pixel electrode disposed on
the first base substrate, a common electrode disposed on the
first base substrate or the second base substrate, a first base
layer disposed on the first base substrate, a first alignment
forming layer disposed only on the first base layer and includ-
ing reactive mesogens, a second base layer disposed on the
second base substrate, and a liquid crystal layer disposed
between the first alignment forming layer and the second base
layer, the liquid crystal layer including liquid crystal mol-
ecules.

[0016] In an exemplary embodiment, the reactive
mesogens include at least one of acrylate, methacrylate,
epoxy, oxetane, vinyl ether, and styrene.

[0017] In an exemplary embodiment, the first alignment
forming layer further includes a photo-initiator and deriva-
tives thereof bonded to the reactive mesogen.

[0018] In an exemplary embodiment, the photo-initiator
and the derivatives of the photo-initiator include at least one
of benzyl dimethyl ketal, a-hydroxyketone, methylbenzoyl-
formate, acylphosphine oxide, titanocene, o-aminoketone,
a-aminoacetophenone, oxime ester, benzophenone, phe-
nylketone, c-dichloro acetophenone, a-chloro-thioxanthone,
benzoin alkylether, and derivatives thereof.

[0019] In exemplary embodiments, the first and second
base substrates are curved.

[0020] Inexemplary embodiments, a curved display device
includes a curved first substrate, a curved second substrate, a
liquid crystal layer, a first alignment layer, and a second
alignment layer. The second substrate faces the first substrate.
The liquid crystal layer is interposed between the first and
second substrates and includes liquid crystal molecules. The
first alignment layer includes reactive mesogens polymerized
to each other and is disposed between the first substrate and
the liquid crystal layer. The second alignment layer is dis-
posed between the second substrate and the liquid crystal
layer. Among the liquid crystal molecules, first liquid crystal
molecules disposed in the vicinity of the first alignment layer
have a first pretilt angle, and second liquid crystal molecules
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disposed in the vicinity of the second alignment layer have a
second pretilt angle different from the first pretilt angle.
[0021] In an exemplary embodiment, the first pretilt angle
is about 80 degrees to about 90 degrees.

[0022] In an exemplary embodiment, the second pretilt
angle is about 88 degrees to about 90 degrees.

[0023] In an exemplary embodiment, the first alignment
layer includes a first base layer and a first alignment forming
layer. The first base layer is disposed on the first substrate. The
firstalignment forming layer is disposed on the first base layer
and includes the polymerized reactive mesogens. The first
substrate has a first radius of curvature and the second sub-
strate has a second radius of curvature which is different from
the first radius of curvature.

[0024] In an exemplary embodiment, the first substrate
includes a first base substrate and a pixel electrode disposed
on the first base substrate, and the second substrate includes a
second base substrate and a common electrode disposed on
the second substrate to face the pixel electrode.

[0025] In an exemplary embodiment, the pixel electrode
includes a trunk portion and a plurality of branch portions
extending from the trunk portion.

[0026] In an exemplary embodiment, the curved display
device further includes at least one pixel electrode including
aplurality of domains separated from each other by the trunk
portion.

[0027] Inanexemplary embodiment, the branch portions in
each domain extend in a direction substantially parallel to
each other, and extend in different directions according to the
domains.

[0028] In an exemplary embodiment, the plurality of
domains includes a first domain, a second domain, a third
domain, and a fourth domain.

[0029] In an exemplary embodiment, the curved display
device further includes a first polarizing plate and a second
polarizing plate. The first polarizing plate is disposed under
the first substrate and has a first transmission axis. The second
polarizing plate is disposed above the second substrate and
has a second transmission axis. The first transmission axis is
substantially perpendicular to the second transmission axis.
[0030] Inexemplary embodiments, a curved display device
includes a curved first base substrate, a first alignment layer,
a curved second base substrate, and a second alignment layer.
The first alignment layer includes a first base layer disposed
on the first base substrate and a plurality of first protrusions
disposed on the first base layer. The second base substrate
faces the first substrate. The second alignment layer includes
asecond base layer disposed on the second base substrate and
a plurality of second protrusions disposed on the second base
layer. The first protrusions include first large-size protrusions
each having a particle size equal to or greater than about 30
nanometers (nm) and equal to or less than about 1000 nm in
diameter. The second protrusions include second large-size
protrusions each having a particle size equal to or greater than
about 30 nm and equal to or smaller than about 1000 nm in
diameter. The first base layer includes a first overlap area
overlapped with the first large-size protrusions and a first
non-overlap area not overlapped with the first large-size pro-
trusions. The second base layer includes a second overlap
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area overlapped with the second large-size protrusions and a
second non-overlap area not overlapped with the second
large-size protrusions. The first and second overlap areas
satisfy Equation 1.

D<area of the second overlap area/area of the first

overlap area=4/5. Equation 1

In an exemplary embodiment, the number of the second large-
size protrusions is smaller than a number ofthe first large-size
protrusions.

[0031] Inanexemplary embodiment, the area of the second
overlap area is smaller than an area of the second non-overlap
area.

[0032] Thesecondoverlap area and the second non-overlap
area satisfy Equation 2.

D<area of the second overlap area/area of the second

non-overlap area<5/10. Equation 2

[0033] In an exemplary embodiment, the area of the first
overlap area is equal to or greater than about 3.0x10° nm? and
equal to or less than about 1.0x10° nm* and a unit area of a
surface of the first base layer is about 1.0x10° nm?.

[0034] Inanexemplary embodiment, the area of the second
overlap area exceeds 0 nm? and is equal to or less than about
3.5x10° nm” and a unit area of a surface of the second base
layer is about 1.0x10° nm?>.

[0035] Inexemplary embodiments, a curved display device
includes a curved first base substrate, a first alignment layer,
acurved second base substrate, and a second alignment layer.
The first alignment layer includes a first base layer disposed
on the first base substrate and a plurality of first protrusions
disposed on the first base layer. The second base substrate
faces the first substrate. The second alignment layer includes
asecond base layer disposed on the second base substrate and
a plurality of second protrusions disposed on the second base
layer. The first protrusions include first large-size protrusions
each having a size equal to or greater than about 50 nm and
equal to or smaller than about 1000 nm in diameter. The
second protrusions include second large-size protrusions
each having a particle size equal to or greater than about 50
nm and equal to or smaller than about 1000 nm in diameter.
The first base layer includes a first overlap area overlapped
with the first large-size protrusions and a first non-overlap
area not overlapped with the first large-size protrusions. The
second base layer includes a second overlap area overlapped
with the second large-size protrusions and a second non-
overlap area not overlapped with the second large-size pro-
trusions. The first and second overlap areas satisfy Equation
3.

O<area of the second overlap area/area of the first

overlap area=1/2 Equation 3

[0036] In an exemplary embodiment, the number of the
second large-size protrusions is less than the number of the
first large-size protrusions.

[0037] In an exemplary embodiment, the second overlap

area and the second non-overlap area satisfy following Equa-
tion 4.

D<area of the second overlap area/area of the second

non-overlap areas1/10 Equation 4
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[0038] In an exemplary embodiment, the area of the first
overlap area is equal to or greater than about 0.4x 10° nm* and
equal to or less than about 1.0x10° nm? and the unit area of a
surface of the first base layer is about 1.0x10° nm>.

[0039] Inanexemplary embodiment, the area of the second
overlap area is greater than 0 nm” and equal to or less than
about 0.3x10° nm* and a unit are of a surface of the second
based layer is about 1.0x10° nm?.

[0040] Inexemplary embodiments, a curved display device
includes a curved first substrate, a first alignment layer, a
curved second substrate, and a second alignment layer. The
first alignment layer is disposed on the first substrate and
includes a photo-initiator. The second substrate faces the first
substrate. The second alignment layer is disposed on the
second substrate to face the first alignment layer. The first
alignment layer includes a first base layer, a photo-initiator,
and reactive mesogens polymerized each other.
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[0041] Inanexemplary embodiment, the second alignment
layer is not polymerized to the photo-initiator.

[0042] In an exemplary embodiment, the photo-initiator
includes at least one of benzyl dimethyl ketal, a-hydroxyke-
tone, methylbenzoylformate, acylphosphine  oxide,
titanocene, a-aminoketone, c-aminoacetophenone, oxime
ester, benzophenone, phenylketone, a-dichloro-acetophe-
none, a-chloro-thioxanthone, benzoin alkylether, and deriva-
tives thereof.

[0043] In an exemplary embodiment, each of the reactive
mesogens includes at least one of acrylate, methacrylate,
epoxy, oxetane, vinyl ether, styrene, and derivatives thereof.

[0044] In an exemplary embodiment, the first alignment
layer includes at least one compound having a structure rep-
resented by following Chemical formulas 1 and 2.

Chemical formula 1
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-continued

@)

/N

[0045] Inanexemplary embodiment, the compound having
a structure represented by Chemical formula 1 is present on a
surface of the first alignment layer in an amount greater than
acompound having the structure represented by the Chemical
formula 2.

[0046] According to the above, exemplary embodiments of
the curved display device may have improved display quality.

[0047] In addition, exemplary embodiments of the curved
display device having improved display quality may be
manufactured through the manufacturing method.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] The above and other advantages of the present dis-
closure will become readily apparent by describing in further
detail exemplary embodiments thereof with reference to the
accompanying drawings, wherein:

[0049] FIGS. 1A and 1B are perspective views showing an
exemplary embodiment of a curved display device according
to the present disclosure;

n

0 (0]
N N

@)

Chemical formula 2

0]

N
x
/ §
0 O 0O (0]
N N N

[0050] FIG. 2 is a cross-sectional view showing an exem-
plary embodiment ofa curved display device according to the
present disclosure;

[0051] FIG. 3isaplan view showing onepixel of a plurality
of pixels included in an exemplary embodiment of a curved
display device according to the present disclosure;

[0052] FIG. 4isacross-sectional view taken along a line I-I'
of FIG. 3;
[0053] FIG. 5A is a perspective view showing a first pretilt

angle of first liquid crystal molecules;

[0054] FIG. 5B is a perspective view showing a second
pretilt angle of second liquid crystal molecules;

[0055] FIG. 6A is a perspective view showing an exemplary
embodiment of a curved display device according to the
present disclosure;

[0056] FIG. 6B is a perspective view showing anexemplary
embodiment of a pixel and first and second alignment layers
corresponding to the pixel according to the present disclo-
sure;
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[0057] FIG. 6C is a plan view showing the first alignment
layer when viewed from the direction DR5 of FIG. 6B;
[0058] FIG. 6D is a plan view showing the second align-

ment layer when viewed from the direction DR5 of FIG. 6B;
[0059]
FIG. 6B, showing an area in which the first and second align-

FIG. 6E is aplan view viewed from direction DR3 of

ment layers are overlapped with each other, a lower polarizing
plate, and an upper polarizing plate;

[0060]
an image displayed through an exemplary embodiment of the

FIG. 6F is a view illustrating a user who recognizes

curved display device according to the present disclosure;
[0061]
tive example of a curved display device;

[0062] FIG. 7B is a perspective view showing a pixel and
first and second alignment layers corresponding to the pixel,

FIG. 7A is a perspective view showing a compara-

which are included in the comparative example of the curved
display device;

[0063] FIG. 7C is a plan view showing the first alignment
layer when viewed from the direction DR5 of FIG. 7B;
[0064]
ment layer when viewed from the direction DR5 of FIG. 7B;
[0065]
first and second alignment layers are overlapped with each
other when viewed from a third direction of FIG. 7B;

[0066]
manufacturing a curved display device according the present

FIG. 7D is a plan view showing the second align-

FIG. 7E is a plan view showing an area in which the

FIG. 8 is a flowchart of an exemplary method of

disclosure;

[0067] FIGS. 9A, 9B, and 9C are cross-sectional views
showing an exemplary method of manufacturing a curved
display device according to the present disclosure;

[0068]
content in a liquid crystal layer as a function of the first light

FIG. 10 is a graph illustrating the reactive mesogen

exposure energy measured when the photo-initiator is or is
not present,

[0069] FIG. 11 is a table showing atomic force microscopy
(“AFM”) images of embodiment example 1 and a comparison
example 1;

[0070]
large-size protrusions, each having a particle size of about 30

FIG. 12 is a table showing the distribution area of

nm or more in diameter, in the AFM images of embodiment
example 1 and comparison example 1; and

[0071]
large-size protrusions, each having a particle size of about 30

FIG. 13 is a table showing the distribution area of

nm or more in diameter, in the AFM images of embodiment
example 1 and the comparison example 1.

DETAILED DESCRIPTION

[0072]
hereinafter with reference to the accompanying drawings, in

The invention now will be described more fully

which various embodiments are shown. This 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 complete, and will fully
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convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0073]

is referred to as being “on”, “connected to” or “coupled to”

Tt will be understood that when an element or layer

another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0074] It will be understood that, although the terms first,
second, etc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer or section from
another region, layer or section. Thus, a first element, com-
ponent, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of the present invention.
[0075] “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used

Spatially relative terms, such as
herein for ease of description to describe one element or
feature’s relationship to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the spa-
tially relative terms are intended to encompass different ori-
entations of the device in use or operation in addition to the
orientation depicted in the figures. For example, if the device
in the figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0076] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms, “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 “includes” and/or
“including”, when used in this specification, specify the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

[0077]
sive of the stated value and means within an acceptable range

“About” or “approximately” as used herein is inclu-

of deviation for the particular value as determined by one of
ordinary skill in the art, considering the measurement in
question and the error associated with measurement of the
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particular quantity (i.e., the limitations of the measurement
system). For example, “about” can mean within one or more
standard deviations, or within #30%, 20%, 10%, 5% of the
stated value.

[0078]
nical and scientific terms) used herein have the same meaning

Unless otherwise defined, all terms (including tech-

as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0079]
reference to cross section illustrations that are schematic

Exemplary embodiments are described herein with

illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
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 that
are illustrated may be rounded. Thus, the regions illustrated 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 claims.

[0080] Hereinafter, the present invention will be explained
in detail with reference to the accompanying drawings.
[0081] FIG.1Ais aperspective view showing an exemplary
embodiment of a curved display device 10 according to the
present disclosure, and FIG. 1B is also a perspective view
showing an exemplary embodiment of the curved display
device 10 according to the present disclosure. FIG. 2 is a
cross-sectional view showing an exemplary embodiment of
the curved display device 10 according to the present disclo-
sure.

[0082] Referring to FIGS. 1A, 1B, and FIG. 2, the curved
display device 10 includes a first substrate SUBI, a second
substrate SUB2, and a liquid crystal layer LCL. The liquid
crystal layer LCL is disposed between the first and second
substrates SUB1 and SUB2.

[0083] The curved display device 10 displays an image.
The curved display device 10 includes a display area DA
displaying the image and a non-display area NDA not dis-
playing the image.

[0084] When viewed in a thickness direction DR3 of the
curved display device 10, the display area DA has a substan-
tially rectangular shape, but the shape of the display area DA
1s not limited to the rectangular shape. The thickness direction
DR3 may be a front direction of the curved display device 10
as observed from the viewpoint of a user.

[0085] The display area DA includes a plurality of pixel
areas PXL. The pixel areas PXL are defined by a plurality of
gate lines GL and a plurality of data lines DL. The pixel areas

Dec. 31, 2015

PXL are arranged in a matrix form. Each pixel area PXL
includes a pixel PX (refer to FIG. 3).

[0086] When viewed in the thickness direction DR3 of the
curved display device 10, the non-display area NDA sur-
rounds the display area DA. The non-display area NDA is
adjacent to the display area DA 1in a first direction DR1 and in
asecond direction DR2 substantially vertical to the first direc-
tion DRI1.

[0087] The curved display device 10 is curved at a prede-
termined curvature/radius of curvature. The curved display
device 10 is flexible or rigid.

[0088] The curved display device 10 has a concave curva-
ture when the user sees the curved display device 10. When
the user recognizes the image displayed in the curved display
device 10, the user is provided with an improved three-di-
mensional effect, a sense of immersion (or immersiveness),
and presence. In FIGS. 1A and 1B, the curved display device
10 has the concave shape when viewed in the thickness direc-
tion DR3 of the curved display device 10, but is not limited
thereto or thereby. That is, the curved display device 10 may
have a convex shape when viewed in the first direction DR1 or
the second direction DR2 ofthe curved display device 10. The
user may recognize the image displayed on the curved surface
of the curved display device 10.

[0089] The first substrate SUB1 may be curved to have a
first radius of curvature R1. The second substrate SUB2 may
be curved to have a second radius of curvature R2.

[0090] FIG. 3 is a plan view showing one pixel PX of a
plurality of pixels included in a an exemplary embodiment of
a curved display device according to the present disclosure,
and FIG. 4 is a cross-sectional view taken along line I-I' of
FIG. 3. In an exemplary embodiment, the plurality of pixels
have the same structure and function, however for the conve-
nience of explanation, only one pixel will be described in
detail.

[0091] Referring to FIGS. 1A, 1B, and FIGS. 2 to 4, the
curved display device 10 includes the first substrate SUB1, a
first alignment layer ALN1 disposed on the first substrate
SUBL, a second substrate SUB2 facing the first substrate
SUBI, a second alignment layer ALN2 disposed on the sec-
ond substrate SUB2, and the liquid crystal layer LCL intet-
posed between the first and second alignment layers ALN1
and ALN2.

[0092] The first substrate SUB1 includes a first base sub-
strate BS1, a plurality of gate lines GL, a plurality of data lines
DL, and a plurality of pixel areas PXL..

[0093] The first base substrate BS1 may be a polymer sub-
strate, a plastic substrate, a glass substrate, or a quartz sub-
strate. The first base substrate BS1 is a transparent insulating
substrate. The first base substrate BS1 is flexible or rigid.
[0094] For the convenience of explanation, FIGS. 2 and 3
show one pixel connected to one gate line of the gate lines GL.
and one data line of the data lines DL, but the pixel is not
limited thereto or thereby. That is, one gate line and one data
line may be connected to plural pixels or plural gate lines and
plural data lines may be connected to one pixel.

[0095] The gate lines GL are disposed on the first base
substrate BS1 and extend in the first direction DR1. The data
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lines DL extend in the second direction DR2 crossing the first
direction DR1 such that the gate insulating layer GI is dis-
posed between the gate lines GL and the data lines DL. The
gate insulating layer G1 is disposed on an entire surface of the
base substrate BS1 to cover the gate lines GL.

[0096] Each pixel PX includes a thin film transistor TFT, a
pixel electrode PE connected to the thin film transistor TFT,
and a storage electrode part. The thin film transistor TFT
includes a gate electrode GE, the gate insulating layer GI, a
semiconductor pattern SM, a source electrode SE, and a drain
electrode DE. The storage electrode part includes a storage
line SLn extending in the first direction D1 and first and
second branch electrodes LSLn and RSLn, which are
branched from the storage line SLn and extend in the second
direction D2.

[0097] The gate electrode GE is protruded from the gate
line GL or formed on a portion of the gate line GL. The gate
electrode GE includes a metal material. The gate electrode
GE may be formed of a metal material including at least one
of nickel, chromium, molybdenum, aluminum, titanium, cop-
per, tungsten, and an alloy thereof. The gate electrode GE has
a single-layer structure or a multi-layer structure. For
instance, the gate electrode GE may have a triple-layer struc-
ture of molybdenum, aluminum, and molybdenum, which are
sequentially stacked, or a double-layer structure of titanium
and copper, which are sequentially stacked.

[0098] The semiconductor pattern SM is disposed on the
gate insulating layer GI. The semiconductor pattern SM is
disposed on the gate electrode GE such that the gate insulat-
ing layer GI is disposed between the semiconductor pattern
SM and the gate electrode GE. The semiconductor pattern
SM is partially overlapped with the gate electrode GE. The
semiconductor pattern SM includes an active pattern (not
shown) disposed on the gate insulating layer GI and an ohmic
contact layer (not shown) disposed on the active pattern. The
active pattern includes an amorphous silicon thin layer and
the ohmic contact layer includes an n+ amorphous silicon
layer. The ohmic contact layer allows the source and drain
electrodes SE and DE to ohmic contact with the active pat-
tern.

[0099] The source electrode SE is branched from the data
line DL. The source electrode SE is disposed on the ohmic
contact layer and is partially overlapped with the gate elec-
trode GE.

[0100]
source electrode SE such that the semiconductor pattern SM

The drain electrode DE is spaced apart from the

is disposed between the drain electrode DE and the source
electrode SE when viewed in a plan view. The drain electrode
DE is disposed on the ohmic contact layer and is partially
overlapped with the gate electrode GE.

[0101] The source electrode SE and the drain electrode DE
are formed of a metal including at least one of nickel, chro-
mium, molybdenum, aluminum, titanium, copper, tungsten,
and an alloy thereof. The source electrode SE and the drain
electrode DE have a single-layer structure or a multi-layer
structure composed of the above-mentioned metal materials.
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For instance, the source electrode SE and the drain electrode
DE may have a double-layer structure of titanium and copper,
which are sequentially stacked, or a single-layer structure of
the alloy of titanium and copper.

[0102]
exposed through between the source electrode SE and the

Accordingly, an upper surface of the active pattern is

drain electrode DE, and the active pattern serves as a channel
part, e.g., a conductive channel, between the source electrode
SE and the drain electrode DE. The source electrode SE and
the drain electrode DE are overlapped with the semiconductor
pattern SM in areas except for the channel part between the
source electrode SE and the drain electrode DE.

[0103]
electrode DE after passing through a protective layer PSV

The pixel electrode PE is connected to the drain

disposed between the pixel electrode PE and the drain elec-
trode DE. The pixel electrode PE is partially overlapped with
the storage line SLn and the first and second branch electrodes
LSLn and RSLn to form a storage capacitor.

[0104] The protective layer PSV covers the source elec-
trode SE, the drain electrode DE, the channel part, and the
gate insulating layer GI. The protective layer PSV includes a
contact hole CH defined therein which exposes a portion of
the drain electrode DE. The protective layer PSV is formed of
a material which includes silicon nitride or silicon oxide.
[0105] The pixel electrode PE is connected to the drain
electrode DE through the contact hole CH formed in the
protective layer PSV. The pixel electrode PE is formed of
transparent conductive oxide, e.g., indium tin oxide (“ITO”),
indium zinc oxide (“IZ0”), indium tin zinc oxide (“ITZ0”),

etc.

[0106] The pixel electrode PE includes a trunk portion PEa
and a plurality of branch portions PEb extending from the
trunk portion in a radial form. The trunk portion PEa or a part
of the branch portions PEb are connected to the drain elec-
trode DE through the contact hole CH.

[0107]
an exemplary embodiment, the trunk portion PEa has a cross

The trunk portion PEa may have various shapes. In

shapeas shown in FIG. 3. The branch portions PED are spaced
apart from each other to prevent the branch portions PEb from
making contact with each other and extend substantially in
parallel to each other in areas divided by the trunk portion
PEa. The branch portions PEb, which are adjacent to each
other, are spaced apart from each other in terms of microme-
ters in distance. This is to facilitate the alignment of liquid
crystal molecules of the liquid crystal layer LCL to a specific
azimuth on a plane parallel to the first base substrate BS1.

[0108] Each pixel PX is divided into plural domains DM1,
DM2, DM3, and DM4 by the trunk portion PEa. The branch
portions PEb extend in different directions according to the
domains. In an exemplary embodiment, each pixel PX
includes four domains, but the number of the domains is not
limited to only four. That is, each pixel PX may include two,
six, or eight domains or more.
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[0109]
pixel electrode PE. The first alignment layer ALN1 pretilts

The first alignment layer ALNI1 is disposed on the

the liquid crystal molecules LC of the liquid crystal layer
LCL. The first alignment layer ALN1 will be described in
detail later.

[0110]
substrate BS2, a color filter CF, a black matrix BM, and a
common electrode CE. The second base substrate BS2 may

The second substrate SUB2 includes a second base

be formed of a polymer substrate, a plastic substrate, a glass
substrate, or a quartz substrate, but is not limited thereto. The
second substrate BS2 may be, but is not limited to, a trans-
parent insulating substrate. The second base substrate BS2
may be flexible or rigid.

[0111]
substrate BS2 and assigns a color to a light passing through

The color filter CF is disposed on the second base

the liquid crystal layer LCL. In an exemplary embodiment,
the color filter CF is included in the second substrate SUB2,
but it is not limited thereto or thereby. That is, in exemplary
embodiments, the color filter CF may be included in the first
substrate SUB1.

[0112]
substrate BS2 in a position corresponding to a light blocking
area of the first substrate SUB1. The light blocking area is the
area in which the data lines DL, the thin film transistor TF'T,
and the gate lines GL are disposed. Since the pixel electrode

The black matrix BM is disposed on the second base

PE is not formed in the light blocking area, the liquid crystal
molecules are not aligned and light leakage may occur in the
light blocking area. Thus, the black matrix BM disposed in
the light blocking area prevents the occurrence of light leak-
age in the light blocking area. In an exemplary embodiment,
the black matrix BM is included in the second substrate
SUB2, but is not limited thereto or thereby. That is, in an
exemplary embodiment, the black matrix BM may be
included in the first substrate SUB1.

[0113] Although not shown in the figures, an insulating
layer (not shown) may be disposed on the color filter CF and
the black matrix BM.

[0114]
ond base substrate BS2 and forms an electric field in coop-

The common electrode CE is disposed on the sec-

eration with the pixel electrode PE to drive the liquid crystal
layer LCL. In an exemplary embodiment, the common elec-
trode CE is included in the second substrate SUB2, but is not
limited thereto or thereby. That is, the common electrode CE
may be included in the first substrate SUB1. The common
electrode CE is formed of a transparent conductive material.
In detail, the common electrode CE is formed of a conductive
metal oxide, such as indium tin oxide (ITO), indium zinc
oxide (I1Z0), indium tin zinc oxide (ITZ0), etc. The second
alignment layer ALN2 is disposed on the second base sub-
strate BS to cover the common electrode. The second align-
ment layer ALN2 will be described in detail later.
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[0115] The liquid crystal layer LCL including the liquid
crystal molecules LC is provided between the first and second
substrates SUB1 and SUB2. The liquid crystal laver LCL
includes liquid crystal molecules T.C having a dielectric
anisotropy and a liquid crystal composition containing reac-
tive mesogens RM (refer to FIG. 9A) having a light absorp-
tion peak at a predetermined wavelength.

[0116]
limited to, alkenyl-based liquid crystal molecules or alkoxy-

The liquid crystal molecules LC may be, but are not

based liquid crystal molecules.

[0117]
tive dielectric anisotropy, but are not limited thereto or

The liquid crystal molecules LC may have a nega-

thereby. That is, the liquid crystal molecules LC may have a
positive dielectric anisotropy.

[0118]
mesogens RM” as used herein refer to a photo-crosslinkable

The terms “reactive mesogens” or “reactive

low molecular weight or a high molecular weight copolymer
capable of causing a chemical reaction when an ultraviolet
ray is applied thereto. In exemplary embodiments, the reac-
tive mesogens RM include at least one of acrylate, methacry-
late, epoxy, oxetane, vinyl ether, and styrene. In addition, the
reactive mesogens RM may be a material having a bar shaped
structure, a banana shaped structure, aboard shaped structure,
or a disc shaped structure.

[0119]
photo-initiator. For instance, when the photo-initiator con-

The polymerization reaction is initiated by the

taining a benzyl dimethyl ketal group is used, the polymer-
ization reaction occurs by applying a light having a wave-
length of about 340 nm. The polymerization reaction of the
reactive mesogens RM is initiated by the polymerization
reaction of the photo-initiator, thereby causing a chain reac-
tion. When the photo-initiator is present only in one side
portion, e.g., the first substrate, the polymerization reaction of
the reactive mesogen RM in the one side portion occurs much
faster than the polymerization reaction of the reactive
mesogen RM in the other side portion in which the photo-
initiator is not present. Accordingly, the photo-initiator is
provided to only a first base layer PAL1, and thus a first
alignment forming layer PTL1 may be formed only on the
first base substrate BS1.

[0120] FIG. 5Ais a perspective view showing a first pretilt
angle AN1 of first liquid crystal molecules and FIG. 5B is a
perspective view showing a second pretilt angle AN2 of sec-
ond liquid crystal molecules. Hereinafter, the first and second
alignment layers ALN1 and ALN2 will be described in detail.

[0121] The first alignment layer ALN1 includes reactive
mesogens RM polymerized with each other. Accordingly,
among all of the liquid crystal molecules LC of the liquid
crystal layer LCL, the first alignment layer ALN1 pretilts the
first liquid crystal molecules LC1 which are adjacent to the
first alignment layer ALN1. The first liquid crystal molecules
LC1 have the first pretilt angle AN1 with respect to the first
alignment layer ALN1.
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[0122] Referring to FIG. 5A, an angle between a first
straight line NL1 on one surface of the first alignment layer
ALNT and a long axis [.11 of the first liquid crystal molecules
LC1 corresponds to the first pretilt angle AN1. The first pretilt
angle AN1 corresponds to an average value of the pretilt
angles of the first liquid crystal molecules LC1. In an exem-
plary embodiment, the first pretilt angle AN1 has an average
value of about 80 degrees to about 90 degrees. In another
exemplary embodiment, the first pretilt angle AN1 has an
average value of about 80 degrees to about 89 degrees. In yet
another exemplary embodiment, the first pretilt angle AN1
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may have an average value of greater than about 80 degrees
and smaller than about 88 degrees, in order to be different
from a second pretilt angle AN2.

[0123] Referring to FIGS. 4 and 5A, the first alignment
layer ALN1 includes the first base layer PAL1 disposed on the
pixel electrode PE and the first alignment forming layer PTL1
disposed on the first base layer PALL.

[0124]
compound having a chemical structure represented by the

The first alignment layer ALN1 includes at least one

following Chemical formulas 1 and 2.

Chemical formula 1
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-continued
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[0125] The compound having a structure represented by
Chemical formula 1 is present on the surface of the first
alignment layer ALN1 in an amount greater than a compound
having a structure represented by the Chemical formula 2.

[0126] The first base layer PAL1 may include polymers. In
exemplary embodiments, the polymers include at least one of
polyimide, polyamic acid, polyamide, polyamic imide, poly-
ester, polyethylene, polyurethane, polystyrene, etc., a mix-
ture thereof, and a monomer thereof.

[0127] Thefirst base layer PAL1 is formed by coating a first
alignment solution on the first base substrate BS1 and heating
the first alignment solution.

[0128] The first alignment solution includes a first align-
ment agent polymerized to form the first base layer PAL1, the
photo-initiator that initiates the photo-polymerization of the
reactive mesogens RM, and a solvent.

[0129] The first alignment agent includes a monomer of the
polymer, such as a monomer of polyimide, polyamic acid,

n

0 (0]
N N

@)

Chemical formula 2

0]

N
x
/ §
0 O 0O (0]
N N N

polyamide, polyamic imide, polyester, polyethylene, poly-
urethane, polystyrene, etc., or a dimer, an oligomer, or a
mixture thereof.

[0130] In an exemplary embodiment, the first alignment
agent may further include an additive. The additive may be an
antioxidant, to prevent the liquid crystal molecules LC from
being oxidized.

[0131] In exemplary embodiments, the photo initiator
includes at least one of benzyl dimethyl ketal, a-hydroxyke-
tone, methylbenzoylformate, acylphosphine  oxide,
titanocene, a-aminoketone, c-aminoacetophenone, oxime
ester, benzophenone, phenylketone, a-dichloro-acetophe-
none, a-chloro-thioxanthone, and benzoin alkylether, etc.

[0132] Commercially available photo-initiators may be
used, such as Irgacure® 651, Irgacure® 127, Irgacure® 754,
Irgacure® 819, Irgacure® 784, Irgacure® 907, Irgacure®
369, Irgacure® 379, Irgacure® 2959, Irgacure® OXE(1,
Irgacure® OXEO02, or Darocure® TPO, which are manufac-
tured by BASF Co., Ltd.
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[0133] In an exemplary embodiment, the photo-initiator is
provided in amounts of about 0.001 parts by weight to about
20 parts by weight, or about 0.001 parts by weight to about 1
part by weight, per 100 parts by weight of the alignment
agent. The content of the photo-initiator is dependent upon
the kind of photo-initiator to be used and the wavelength that
initiates the photo-reaction. For instance, when the photo-
initiator is Irgacure® 651, the photo-initiator is provided in
amounts of about 0.05 parts by weight; when the photo-
initiator is Irgacure® 127, the photo-initiator is provided in
amounts of about 0.1 parts by weight; when the photo-initia-
tor is Irgacure® 754, the photo-initiator is provided in
amounts of about 0.2 parts by weight; when the photo-initia-
tor is Irgacure® 819, the photo-initiator is provided in
amounts of about 0.01 parts by weight to about 0.1 parts by
weight; when the photo-initiator is Irgacure® 784, the photo-
initiator is provided in amounts of about 0.1 parts by weight;
when the photo-initiator is Irgacure® 907, the photo-initiator
is provided in amounts of about 0.001 parts by weight to about
0.1 parts by weight; when the photo-initiator is Irgacure®
369, the photo-initiator is provided in amounts of about 0.001
parts by weight to about 0.1 parts by weight; when the photo-
initiator is Irgacure® 379, the photo-initiator is provided in
amounts of about 0.001 parts by weight to about 0.1 parts by
weight; when the photo-initiator is Irgacure® 2959, the
photo-initiator is provided in amounts of about 0.001 parts by
weight to about 0.1 parts by weight; when the photo-initiator
is Irgacure® OXEO1, the photo-initiator is provided in
amounts of about 0.01 parts by weight; when the photo-
initiator is Irgacure® OXE02, the photo-initiator is provided
in amounts of about 0.01 parts by weight; and when the
photo-initiator is Darocure® TPO, the photo-initiator is pro-
vided in amounts of about 0.01 parts by weight.

[0134] In an exemplary embodiment, the solvent may be
one of y-butyrolactone, ethylene glycol butyl ether, and
N-methylpyrrolidone, or a mixture obtained by mixing at
least two of y-butyrolactone, ethylene glycol butyl ether, and
N-methylpyrrolidone. However, the solvent is not limited to a
specific material.

[0135] The first alignment solution is polymerized by heat,
and thus the first alignment solution is cured to form the first
base layer PALL. Since the first base layer PAL1 is formed
through a heat curing process, at least a portion of the photo-
initiator does not react, so that at least the portion of the
photo-initiator remains in the first alignment layer ALN1.
[0136] The firstalignment forming layer PTL1 includes the
polymerized reactive mesogens RM (refer to FIG. 9A) and
pretilts the liquid crystal molecules LC. The term “reactive
mesogens” or “reactive mesogens RM” as used herein means
a photocrosslinkable low molecular weight or a high molecu-
lar weight copolymer. When the ultraviolet light is applied to
the reactive mesogens RM, the reactive mesogens cause a
chemical reaction. As a result, a portion of the reactive
mesogens RM are polymerized to be crosslinked. The reac-
tive mesogens RM pretilt the liquid crystal molecules LC to
have a predetermined tilt angle with respect to the surface of
the first substrate SUBI.

[0137] In an exemplary embodiment, the reactive
mesogens RM are not limited to any specific type of reactive
mesogen as long as the polymerization reaction of the reac-
tive mesogens RM is initiated by the photo-initiator when
exposed to a predetermined wavelength. The reactive
mesogens RM may be selected from compounds represented
by following Chemical formula 3.
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P1-spl-Al-sp2-(A2)m-sp3-A3-sp4-P2

[0138] In the above Chemical formula 3, “P1” denotes an
end group containing two to six reaction groups that cause the
polymerization reaction. The P1 reaction groups may be, but
are not limited to, an acrylate group, a methacrylate group, an
epoxy group, an oxetane group, a vinyl ether group, or a
styrene group. Herein, “P2” is selected independently from
“P1” and denotes an end group containing two to six reaction
groups that cause the polymerization reaction. The P2 reac-
tion groups may be, but are not limited to, an acrylate group,
a methacrylate group, an epoxy group, an oxetane group, a
vinyl ether group, or a styrene group. Herein, “Sp1”, “Sp2”,
“Sp3”, and “Sp4” are independently a single bond or a spacer
group including at least one of —CH,—,—COO—,—CO—
CH—CH—, —COO—CH—CH—, —CH,0CH,—, and
—CH,0—. Herein, “A1” and “A3” are independently a
single bond, a cyclohexyl group, a phenyl group, a thiophenyl
group, or a polycyclic aromatic group. Herein, “A2” is a
cyclohexyl group, a phenyl group, a thiophenyl group, or a
polycyclic aromatic hydrocarbon group. In Chemical for-
mula 3, “m” is 1 to 4.

[0139] The reactive mesogens RM may form first protru-
sions BU1 (FIG. 4). The first protrusions BU1 include first
small-size protrusions SBUI1 and first large-size protrusions
LBU1.

[0140] Each first protrusion BUT has a particle size of about
1 nm or more in diameter. The average particle size of the first
protrusions BUI 1s equal to or greater than about 1 nm in
diameter and a representative particle size of the first protru-
sions BU1 is equal to or greater than about 1 nm in diameter.

[0141] The first small-size protrusions SBU1 are distinct
from the first large-size protrusions LBU1 as viewed relative
to a particle size of about 30 nm. For instance, the first small-
size protrusions SBU1 have a particle size equal to or greater
than about 1 nm or less than about 30 am in diameter. The
particle size of each of the first small-size protrusions SBU1
is equal to or greater than about 1 nm and less than about 30
nm, the average particle sizes of the first small-size protru-
sions SBUI is equal to or greater than about 1 nm and less
than about 30 nm in diameter, and the representative particle
size value is equal to or greater than about 1 nm and less than
about 30 nm in diameter.

[0142] Thefirstlarge-size protrusions LBU1 have a particle
size equal to or greater than about 30 nm in diameter. The
particle size of each of the first large-size protrusions LBU1 is
equal to or greater than about 30 nm and less than about 1000
nm in diameter, the average particle size of the first large-size
protrusions LBU1 is equal to or greater than about 30 nm and
less than about 1000 nm in diameter, and the representative
particle size value is equal to or greater than about 30 nm and
less than about 1000 nm in diameter.

[0143] The first small-size protrusions SBU1 may be dis-
tinct from the first large-size protrusions LBU1 as viewed
relative to a particle size of about 50 nm in diameter. For
instance, the first small-size protrusions SBU1 have the par-
ticle size equal to or greater than about 1 nm or less than about
50 nm in diameter. The particle size of each of the first
small-size protrusions SBU1 is equal to or greater than about
1 nm and less than about 50 nm in diameter, the average
particle size of the first small-size protrusions SBU1 is equal
to or greater than about 1 nm and less than about 50 nm, and
the representative value particle size is equal to or greater than
about 1 nm and less than about 50 nm in diameter.

Chemical formula 3
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[0144] Thefirstlarge-size protrusions LBU1 have a particle
size equal to or greater than about 50 nm. The particle size of
each of the first large-size protrusions LBUI is equal to or
greater than about 50 nm and less than about 1000 nm in
diameter, the average particle size of the first large-size pro-
trusions LBUI is equal to or greater than about 50 nm and less
than about 1000 nm in diameter, and the representative par-
ticle size value is equal to or greater than about 50 nm and less
than about 1000 nm in diameter.

[0145] The second alignment layer ALN2 is disposed on
the common electrode CE. The second alignment layer ALN2
does notinclude the polymerized reactive mesogens RM, and
thus among the liquid crystal molecules LC of the liquid
crystal layer LC, the second alignment layer ALN2 does not
pretilt the second liquid crystal molecules LC2 which are
adjacent to the second alignment layer ALN2 L.

[0146] The liquid crystal molecules LC2 have the second
pretilt angle AN2 with respect to the second alignment layer
ALN2.

[0147] Referring to FIG. 5B, the angle between a second
straight line NL2 on one surface of the second alignment layer
ALN2 and a long axis [L12 of the second liquid crystal mol-
ecules LC2, corresponds to the second pretilt angle AN2. The
second pretilt angle AN2 is different from the first pretilt
angle AN1 and greater than the first pretilt angle AN1. For
instance, the second pretilt angle AN2 corresponds to an
average value, or a representative value, of the pretilt angles
of the second liquid crystal molecules LC2. In an exemplary
embodiment, the second pretilt angle AN2 is about 88 degrees
to about 90 degrees. In another embodiment, the second
pretilt angle AN2 is about 89 degrees or equal to or less than
about 90 degrees. The second pretilt angle AN2 is set to be
greater than the first pretilt angle AN1. According to an exem-
plary embodiment, when the first pretilt angle ANT1 is set to
about 80, about 85, about 86, or about 89 degrees, the second
pretilt angle AN2 is set to about 89.5 degrees or about 90
degrees, which is greater than the first pretilt angle AN1.
[0148] Referring to FIGS. 4 and 5B, the second alignment
layer ALN2 includes a second base layer PAL2 disposed on
the common electrode CE and the second alignment forming
layer PTL2 disposed on the second base layer PAL2. The
second base layer PAL2 is formed of a polymer and includes
at least one of polyimide, polyamic acid, polyamide,
polyamic imide, polyester, polyethylene, polyurethane, poly-
styrene, etc., a mixture of polymers, and a monomer of one or
more polymers.

[0149] The second base layer PAL2 is disposed on the
second base substrate BS2 on which the common electrode
CE is disposed. The second base layer PAL2 is formed by
coating a second alignment solution on the second base sub-
strate BS1 and heating the second alignment solution.
[0150] The second alignment solution includes a second
alignment agent polymerized to form the second base layer
PAL2 and a solvent. The second alignment solution does not
include the photo-initiator included in the first alignment
solution.

[0151] The second alignment agent includes a monomer of
the polymer, in which the polymer includes at least one of
polyimide, polyamic acid, polyamide, polyamic imide, poly-
ester, polyethylene, polyurethane, polystyrene, etc., a dimer,
an oligomer, and a mixture thereof.

[0152] Thesolventisnot limited to a specific material. In an
exemplary embodiment, the solvent includes at least one of
y-butyrolactone, ethylene glycol butyl ether, N-methylpyr-
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rolidone, and a mixture obtained by mixing at least two of
y-butyrolactone, ethylene glycol butyl ether, and N-meth-
ylpyrrolidone.

[0153] The second alignment solution is polymerized by
the heat, and thus the second alignment solution is cured to
form the second base layer PAL2.

[0154] The second alignment forming layer PTL2 includes
the polymerized reactive mesogens RM. The amount of the
reactive mesogens RM included in the second alignment
forming layer PTL2 is less than the amount of reactive
mesogens in the first alignment forming layer PTL1, from the
point of view of an absolute amount. In other words, the
second alignment forming layer PTL.2 does not include the
polymerized reactive mesogens RM. Here, the expression
that the second alignment forming layer PTL2 does not
include the polymerized reactive mesogens RM means that a
portion of the polymerized reactive mesogens RM is coupled
to the second alignment forming layer PTL2 due to a process
error.

[0155] The second alignment forming layer PTL.2 aligns
the second liquid crystal molecules LC2 to allow the second
liquid crystal molecules LC2 to not to have a predetermined
tilt angle with respect to the second substrate SUB2. Accord-
ingly, the second liquid crystal molecules LC2 which are
adjacent to the second base layer PAL2 are randomly dis-
posed on the second alignment layer ALN2 without having a
specific alignment direction. When the electric field is not
applied to the liquid crystal layer LCL, the second liquid
crystal molecules L.C2 are aligned on the second alignment
layer ALN2 in a direction vertical to the second alignment
layer ALN2.

[0156] The reactive mesogens RM polymerized with each
other may form second protrusions BU2 (FIG. 5). The second
protrusions BU2 include second small-size protrusions SBU2
and second large-size protrusions LBU?2.

[0157] Each second protrusion BU2 has a particle size of
about 1 nm or more in diameter. An average particle size of
the second protrusions BU2 is equal to or greater than about
1 nm in diameter, and a representative particle size value of
the second protrusions BU2 is equal to or greater than about
1 nm in diameter.

[0158] The second small-size protrusions SBU2 are dis-
tinct from the second large-size protrusions LBU2 as viewed
relative to a particle size of about 30 nm in diameter. For
instance, the second small-size protrusions SBU2 have a par-
ticle size equal to or greater than about 1 nm or less than about
30 nm in diameter. The particle size of each of the second
small-size protrusions SBU2 is equal to or greater than about
1 nm and less than about 30 nm in diameter, the average
particle size of the second small-size protrusions SBU2 is
equal to or greater than about 1 nm and less than about 30 nm
in diameter, and the representative particle size value is equal
to or greater than about 1 nm and less than about 30 nm in
diameter.

[0159] The second large-size protrusions LBU2 have a par-
ticle size equal to or greater than about 30 nm in diameter. The
particle size of each of the second large-size protrusion LBU2
is equal to or greater than about 30 nm and less than about
1000 nm in diameter, the average particle size of the second
large-size protrusions LBU2 is equal to or greater than about
30 nm and less than about 1000 nm in diameter, and the
representative particle size value is equal to or greater than
about 30 nm and less than about 1000 nm in diameter.
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[0160] The second small-size protrusions SBU2 may be
distinct from the second large-size protrusions LBU2 as
viewed relative to a particle size of about 50 nm in diameter.
For instance, the second small-size protrusions SBU2 have
the particle size equal to or greater than about 1 nm or less
than about 50 nm in diameter. The particle size of each of the
second small-size protrusions SBU?2 is equal to or greater
than about 1 nm and less than about 50 nm in diameter, the
average particle size of the second small-size protrusions
SBU2 is equal to or greater than about 1 nm and less than
about 50 nm in diameter, and the representative particle size
value is equal to or greater than about 1 nm and less than about
50 nm in diameter.

[0161] Thesecond large-size protrusions LBU2 have a par-
ticle size equal to or greater than about 50 nm in diameter. The
particle size of each of the second large-size protrusions
LBU2 is equal to or greater than about 50 nm and less than
about 1000 nm in diameter, the average particle size of the
second large-size protrusions LBU2 is equal to or greater than
about 50 nm and less than about 1000 nm in diameter, and the
representative particle size value is equal to or greater than
about 50 nm and less than about 1000 nm in diameter.
[0162] Hereinafter, the distribution of the first protrusions
BU1 on the first base layer PAL1 and the distribution of the
second protrusion BU2 on the second base layer PAL2, will
be described in detail.

[0163] As described above, thereactive mesogens are poly-
merized with each other to form the first protrusions BU1 on
the first base layer PALI. In addition, the first protrusions
BU1 include the first small-size protrusions SBU1 and the
first large-size protrusions LBUIL. In this case, the first base
layer PAL1 includes a first overlap area overlapped with the
first large-size protrusions LBU1 and a first non-overlap area
not overlapped with the first large-size protrusions LBUT.
[0164] The polymerized reactive mesogens form the sec-
ond protrusions BU2 on the second base layer PAL2. In
addition, the second protrusions BU2 include both the second
small-size protrusions SBU2 and the second large-size pro-
trusions LBU2. In this case, the second base layer PAL2
includes a second overlap area overlapped with the second
large-size protrusions LBU2 and a second non-overlap area
not overlapped with the second large-size protrusions LBU2.
[0165] The first overlap and first non-overlap areas are
delineated from the second overlap and second non-overlap
areas by a boundary line between an area in which the large-
size protrusions are present and an area in which the large-
size protrusions are not present when viewed from a third
direction DR3 (refer to FIG. 6B).

[0166] Thearea ofthe first overlap area, which is described
hereinafter, may be the whole area of the first overlap area on
the first base layer PAL1, and an average value or a represen-
tative value of the area may be determined on the basis of an
arbitrary unitarea onthe first base layer PAL1. In addition, the
area of the first non-overlap area may be the whole area of the
first non-overlap area on the first base layer PAL1, and an
average value or a representative value of the area may be
determined on the basis of an arbitrary unit area on the first
base layer PAL1. Further, each of the area of the second
overlap area and the area of the second non-overlap area may
be the whole area of the second overlap and second non-
overlap areas on the second base layer PAL2, and an average
value or a representative value of the area may be determined
on the basis of an arbitrary unit area on the second base layer
PAL2.
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[0167] In exemplary embodiments, the first and second
large-size protrusions LBU1 and LBU?2 have a particle size
equal to or greater than about 30 nm and equal to or less than
about 1000 nm in diameter.

[0168] When the first and second large-size protrusions
LBU1 and LBU2 have a particle size equal to or greater than
about 30 nm and equal to or less than about 1000 nm in
diameter, the curved display device 10 satisfies the following
Equation 1.

D<area of the second overlap area/area of the first

overlap areas4/5 Equation 1

[0169] When a value obtained by dividing the area of the
second overlap area by the area of the first overlap area
exceeds 4/5, the liquid crystal molecules adjacent to the sec-
ond alignment layer ALN2 are pretilted, and thus a dark area
in which the light is not perceived occurs, as will be described
later with reference to FIGS. 7A to 7E.

[0170] The area of the second overlap area may be smaller
than the area of the second non-overlap area. In an exemplary
embodiment the curved display device 10 satisfies the follow-
ing Equation 2.

O<area of the second overlap area/area of the second

non-overlap areas3/10 Equation 2

[0171] When a value obtained by dividing the area of the
second overlap area by the area of the second non-overlap
area is equal to or greater than 5/10, the liquid crystal mol-
ecules adjacent to the second alignment layer ALN2 are
pretilted, and thus the dark area in which the light is not
perceived occurs, as will be described later with reference to
FIGS. 7A to 7E.

[0172] Theareaofthe first overlap area is equal to or greater
than about 3.0x10° nm? and equal to or less than about 1.0x
10° nm? while the unit area of the surface of the first base layer
PAL1 is about 1.0x10° nm®. When the area of the first overlap
area is smaller than about 3.0x10°> nm? compared to the unit
area (about 1.0x10° nm*) of the surface of the first base layer
PAL1, it is difficult to pretilt not only the liquid crystal mol-
ecules adjacent to the first alignment layer ALNT1, but also the
liquid crystal molecules adjacent to the second alignment
layer ALN2 since the total number of the first large-size
protrusions L.BU1 is small.

[0173] The area of the second overlap area exceeds 0 nm?
and is equal to or less than about 3.5x10° nm? while the unit
area of the surface of the second base layer PAL2 is about
1.0x10° nm®. When the area of the second overlap area
exceeds about 3.5x10° nm? compared to the unit area (about
1.0x10° nm?) of the surface of the second base layer PAL2, a
dark area occurs in which the light is not perceived since the
liquid crystal molecules adjacent to the second alignment
layer ALN2 are pretilted.

[0174] Since the amount of the reactive mesogens RM
included in the first alignment layer ALNT1 is larger than the
amount included in the second alignment layer ALN2, the
number of the second large-size protrusions LBU2 is smaller
than the number of the first large-size protrusions LBU1.

[0175] In an exemplary embodiment, the first and second
large-size protrusions LBU1 and LBU2 have a particle size
equal to or greater than about 50 nm and equal to or less than
about 1000 nm.

[0176] When the first and second large-size protrusions
LBU1 and I.LBU2 have a particle size equal to or greater than
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about 50 nm and equal to or less than about 1000 nm in
diameter, the curved display device 10 satisfies the following
Equation 3.

O<area of the second overlap area/area of the first

overlap area=1/2 Equation 3

When a value obtained by dividing the area of the second
overlap area by the area of the first overlap area exceeds 1/2,
the liquid crystal molecules adjacent to the second alignment
layer ALN2 are pretilted, and thus the dark area in which the
light is not perceived occurs.

[0177] The area of the second overlap area may be smaller
than the area of the second non-overlap area. In an exemplary
embodiment, the curved display device 10 satisfies the fol-
lowing Equation 4.

O<area of the second overlap area/area of the second

non-overlap areas1/10 Equation 4

[0178] When a value obtained by dividing the area of the
second overlap area by the area of the second non-overlap
area exceeds 1/10, the liquid crystal molecules adjacent to the
second alignment layer ALN?2 are pretilted, and thus the dark
area in which the light is not perceived occurs.

[0179] Theareaof'the firstoverlap area is equal to or greater
than about 0.4x10° nm> and equal to or less than about 1.0x
10° nm? while the unit area of the surface ofthe first base layer
PAL1 s about 1.0x10° nm>. In this case, it is difficult to pretilt
not only the liquid crystal molecules adjacent to the first
alignment layer ALN1 but also the liquid crystal molecules
adjacent to the second alignment layer ALN2 since the num-
ber of the first large-size protrusions LBU1 is small.

[0180] The area of the second overlap area exceeds 0 nn1>
and is equal to or less than about 0.3x10° nm? while the unit
area of the surface of the second base layer PAL2 is about
1.0x10° nm> When the area of the second overlap area
exceeds about 0.3x10° nm? compared to the unit area (about
1.0x10° nm?) of the surface of the second base layer PAL2,
the dark area in which the light is not perceived occurs since
the liquid crystal molecules adjacent to the second alignment
layer ALN2 are pretilted.

[0181] FIG. 6Ais aperspective view showing anexemplary
embodiment of a curved display device according to the
present disclosure. FIG. 6B is a perspective view showing a
pixel PX and first and second alignment layers ALN1 and
ALN2 corresponding to the pixel PX according to an exem-
plary embodiment of the present disclosure. FIG. 6Cis a plan
view of the first alignment layer ALN1 when viewed from a
direction DR5 of FIG. 6B. FIG. 6D is a plan view of the
second alignment layer ALN2 when viewed from the direc-
tion DR5 of FIG. 6B. FIG. 6F is a plan view of an area in
which the first and second alignment layers ALN1 and ALN2
are overlapped with each other, with a lower polarizing plate
POL1, and with an upper polarizing plate POL2, as viewed
from a third direction DR3 of FIG. 6B. FIG. 6E further shows
the lower polarizing plate POL1 disposed under the first
substrate SUB1 and an upper polarizing plate POL2 disposed
on the second substrate SUB2. FIG. 6F is an illustration of a
user who recognizes an image displayed through an exem-
plary embodiment of a curved display device according to the
present disclosure.

[0182] Referring to FIGS. 6A to 6D, the first alignment
layer ALN1 includes four lower alignment areas designated
L_AA1,[_AA2 1_AA3, and]._AA4. The lower alignment
areas [L_AAl, L_AA2 [, _AA3, and I._AA4 include a first
lower alignment area [,_AAl, a second lower alignment area
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[_AA2, a third lower alignment area [,_AA3, and a fourth
lower alignment area I,_AA4. The lower alignment areas
[_AA1,L_AA2,T_AA3, and I_AA4 are disposed to over-
lap with domains DM1, DM2, DM3, and DM4 in the direc-
tion DR opposite to a normal line direction DR4 of'the pixel
PX.

[0183] The first liquid crystal molecules LC1 (refer to FIG.
4) are pretilted by the polymerized reactive mesogens RM
(refer to FIG. 9A) on each of the first lower alignment area
L_AALl, the second lower alignment area I,_AA2, the third
lower alignment area I,_AA3, and the fourth lower alignment
area L_AAd4, which respectively correspond to the first, sec-
ond, third, and fourth domains DM1, DM2, DM3, and DM4.
When the electric field is applied to the liquid crystal layer
LCL, the pretilted liquid crystal molecules are horizontally
aligned much faster than the liquid crystal molecules that are
not pretilted. That is, the vertically aligned liquid crystal
molecules are rapidly realigned in the horizontal direction.

[0184] Whenthe electric fieldis applied to theliquid crystal
layer LCL, the pretilted first liquid crystal molecules are
horizontally aligned on the first lower alignment area [,_AA1
in the extending direction of the branch portions PEb (refer to
FIG. 3). The extending direction of the branch portions PEb is
substantially parallel to a first sub-direction D1. The first
sub-direction D1 refers to an average direction of all direc-
tions in which the first liquid crystal molecules L.C1 are
horizontally aligned on the first lower alignment areal,_AA1l.

[0185] Similarly, when the electric field is applied to the
liquid crystal layer LCL, the pretilted first liquid crystal mol-
ecules LC1 are horizontally aligned in a second sub-direction
D2 on the second lower alignment area [,_A A2, horizontally
aligned in a third sub-direction D3 on the third lower align-
ment area [,_AA3, and horizontally aligned in a fourth sub-
direction D4 on the fourth lower alignment area ,_AA4. The
second sub-direction D2 refers to an average direction of all
directions in which the first liquid crystal molecules LC1 are
horizontally aligned on the second lower alignment area
L_AA2; the third sub-direction D3 refers to an average direc-
tion of all directions in which the first liquid crystal molecules
LC1 are horizontally aligned on the third lower alignment
area L_AA3; and the fourth sub-direction D4 refers to an
average direction of all directions in which the first liquid
crystal molecules LC1 are horizontally aligned on the fourth
lower alignment arca [,_AA4.

[0186] The second alignment layer ALN2 includes four
upper alignment areas U_AAl1, U_AA2, U_AA3, and
U_AA4. The upper alignment areas U_AA1, U_AA2,
U_AA3, and U_AA4 include a first upper alignment area
U_AA1,asecond upper alignment area U_A A2, athird upper
alignment area U_AA3, and a fourth upper alignment area
U_AA4. The upper alignment areas U_AA1, U_AA2,
U_AA3, and U_AA4 are disposed to respectively overlap
with the domains DM1, DM2, DM3, and DM4 in the direc-
tion DRS, which lies in an opposite direction to the normal
line direction DR4 of the pixel PX.

[0187] The second alignment layer ALN2 does not include
the polymerized reactive mesogens RM. Accordingly, the
second liquid crystal molecules LC2 are not pretilted on each
of the first upper alignment area U_AA1, the second upper
alignment area U_AA2, the third upper alignment area
U_AA3, and the fourth upper alignment area U_AA4. As a
result, the second liquid crystal molecules L.C2 are randomly
provided without having a specific alignment direction.
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[0188] Whenthe electric field is applied to theliquid crystal
layer LCL, the second liquid crystal molecules LC2 are ran-
domly and horizontally aligned. However, the second liquid
crystal molecules LC2 may have a direction whichis substan-
tially parallel to the first sub-direction D1 due to the pretilted
first liquid crystal molecules LC1 and the branch portions
PEb. The degree in which the first liquid crystal molecules
LC1 of the first lower alighment area [,_AAI are aligned in
the first sub-direction D1 is referred to as a first scholar value,
and the degree in which the second liquid crystal molecules
LC2 of the first upper alignment area U_AA1 are aligned in
the first sub-direction D1 is referred to as a second scholar
value. The second scholar value is much smaller than the first
scholar value. Since the second liquid crystal molecules LC2
are not pretilted, the speed at which the second liquid crystal
molecules LC2 are horizontally aligned on the first upper
alignment area U_AA1 is extremely slow as compared to the
speed at which the first liquid crystal molecules LC1 (refer to
FIG. 4) are horizontally aligned on the first lower alignment
area [,_AAl. In addition, the number of the second liquid
crystal molecules LC2 horizontally aligned in the first sub-
direction D1 is much smaller than the number of the first
liquid crystal molecules LC1 horizontally aligned in the first
sub-direction D1.

[0189] Similarly, when the electric field is applied to the
liquid crystal layer L.CL, the second liquid crystal molecules
LC2 are: horizontally aligned in the second sub-direction D2
on the second upper alignment area U_AA2, horizontally
aligned in the third sub-direction D3 on the third upper align-
ment area U_AA3, and horizontally aligned in the fourth
sub-direction D4 on the fourth upper alignment area U_AA4.

[0190] Referring to FIGS. 6A to 6E, when viewed in the
third direction DR3, the first and second alignment layers
ALN1 and ALN2 have six overlap areas OVAl, OVA2,
OVA3, OVA4, OVAS5, and OVAG, each in which the first and
second alignment layers ALN1 and ALN2 overlap with each
other. The overlap areas OVA1, OVA2, OVA3, OVA4, OVAS,
and OVAG6 include a first overlap area OVA1, a second overlap
area OVA2, a third overlap area OVA3, a fourth overlap area
OVA4, a fifth overlap area OVAS, and a sixth overlap area
OVAG.

[0191] Whenthe electric fieldis applied to theliquid crystal
layer LCL, a direction of an optical axis of the liquid crystal
layer LCL may be substantially the same as an average value
of the horizontal alignment direction of the first liquid crystal
molecules LC1 on the lower alignment areas LAAL, [,_AA2,
[_AA3, and I._AA4 and the horizontal alignment direction
of the second liquid crystal molecules LC2 on the upper
alignment areas U_AA1, U_AA2, U_AA3, and U_AA4.

[0192] The second overlap area OVA2 corresponds to an
area in which the second lower alignment area [,_AA2 over-
laps the first upper alignment area U_AA1. Since the second
liquid crystal molecules LC2 substantially are not pretilted
and the first liquid crystal molecules LC1 are pretilted, the
speed at which the second liquid crystal molecules L.C2 are
horizontally aligned in the first overlap area OVAl is
extremely slow as compared to the speed at which the first
liquid crystal molecules LC1 are horizontally aligned in the
first overlap area OVAL. In addition, the number of the second
liquid crystal molecules LC2 horizontally aligned in the sec-
ond sub-direction D2 is much smaller than the number of the
first liquid crystal molecules LC1 horizontally aligned in the
first sub-direction D1.
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[0193] Therefore, when the electric field is applied to the
liquid crystal layer LCL, the direction of the optical axis of the
liquid crystal layer LCL may be substantially parallel to the
second sub-direction D2 in the second overlap area OVA2.
Similarly, when the electric field is applied to the liquid
crystal layer LCL, the direction of the optical axis of the liquid
crystal layer LCL may be substantially parallel to the fourth
sub-direction D4 in the fifth overlap area OVAS.

[0194] Thehorizontal alignment direction of the first liquid
crystal molecules LC1 in the first overlap area OVA1 may be
substantially the same as the horizontal alignment direction
of the second liquid crystal molecules LC2. Thus, the direc-
tion of the optical axis of the liquid crystal layer LCL may be
substantially parallel to the first sub-direction D1 in the first
overlap area OVAL. Similarly, the direction of the optical axis
ofthe liquid crystal layer LCL may be substantially parallel to
the second sub-direction D2 in the third overlap area OVA3,
the direction of the optical axis of the liquid crystal layer LCL
may be substantially parallel to the third sub-direction D3 in
the fourth overlap area OVA4, and the direction of the optical
axis of the liquid crystal layer LCL may be substantially
parallel to the fourth sub-direction D4 in the sixth overlap
area OVAG.

[0195] The lower polarizing plate POL1 has a first trans-
mission axis PA1 and the upper polarizing plate POL2 has a
second transmission axis PA2. The first transmission axis
PA1 is substantially perpendicular to the second transmission
axis PA2. Forinstance, when the first transmission axis PA1 is
substantially parallel to the second direction DR2, the second
transmission axis PA2 is substantially parallel to the first
direction DR1. In FIG. 6E, for convenience of explanation,
the lower and upper polarizing plates POL1 and POL2 are
shown to be smaller than the first and second alignment layers
ALN1 and ALN2.

[0196] Referring to FIGS. 6A to 6F, the direction of the
optical axis of the liquid crystal layer LCL is not parallel to
the direction of the first transmission axis PA1 of the lower
polarizing plate POL1 or to the direction of the second trans-
mission axis PA2 of the upper polarizing plate POL2 in each
of the first, second, third, fourth, fifth, and sixth overlap areas
OVA1, OVA2, OVA3, OVA4, OVAS, and OVA6 of the exem-
plary curved display device 10. Accordingly, the user USER
may perceive the light transmitting through the first, second,
third, fourth, fifth, and sixth overlap areas OVA1, OVA2,
OVA3, OVA4, OVAS, and OVAG.

[0197] FIG. 7A is a perspective view showing a curved
display device 1000 according to a comparison example. FIG.
7B is a perspective view showing a pixel px and first and
second alignment layers alnl and aln2 corresponding to the
pixel, which are included in the comparative curved display
device. FIG. 7C is a plan view showing the first alignment
layer alnl when viewed from a direction DRS of FIG. 7B.
FIG. 7D is a plan view showing the second alignment layer
aln2 when viewed from the direction DRS of FIG. 7B. FIG.
7E is a plan view showing an area in which the first and
second alignment layers alnl and aln2 overlap each other
when viewed from a third direction of FIG. 7B.

[0198] Referring to FIGS. 7A to 7E, the curved display
device 1000 of the comparison example includes a first align-
ment layer alnl containing reactive mesogens polymerized
with each other and a second alignment layer aln2 containing
reactive mesogens polymerized with each other. The first and
second alignment layers alnl and aln2 may include the same
polymerized reactive mesogen. Accordingly, first liquid crys-
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tal molecules on the first alignment layer alnl are pretilted
and the second liquid crystal molecules on the second align-
ment layer aln2 are pretilted. A pretilt angle of the first liquid
crystal molecules may be substantially the same as a pretilt
angle of the second liquid crystal molecules.

[0199] When an electric field is applied to a liquid crystal
layer Icl, the first liquid crystal molecules on lower alignment
areas |_aal, 1 _aa2, 1_aa3, and 1_aa4 are horizontally aligned
in the same direction as that in which the second liquid crystal
molecules on upper alignment areasu_aal,u_aa2,u_aa3, and
u_aa4 are horizontally aligned. Since both the first and second
liquid crystal molecules are pretilted, the speed at which the
first liquid crystal molecules are horizontally aligned is sub-
stantially similar to the speed at which the second liquid
crystal molecules are horizontally aligned.

[0200] In more detail, when the electric field is applied to
the liquid crystal layer lcl due to a driving voltage, the first
liquid crystal molecules on the first lower alignment area
1_aal and the second liquid crystal molecules on the first
upper alignment area u_aal are horizontally aligned in the
first sub-direction D1 and are substantially parallel to the first
sub-direction D1; the first liquid crystal molecules on the
second lower alignment area 1_aa2 and the second liquid
crystal molecules on the second upper alignment area u_aa2
are horizontally aligned in the second sub-direction D2 and
are substantially parallel to the second sub-direction D2; the
firstliquid crystal molecules on the third lower alignment area
1_aa3 and the second liquid crystal molecules on the third
upper alignment area u_aa3 are horizontally aligned in the
third sub-direction D3 and are substantially parallel to the
third sub-direction D3; and the first liquid crystal molecules
on the fourth lower alignment area 1_aa4 and the second
liquid crystal molecules on the fourth upper alignment area
u_aa4 are horizontally aligned in the fourth sub-direction D4
and are substantially parallel to the fourth sub-direction D4.

[0201] Referring to FIG. 7D, when viewed in the third
direction DR3, the first and second alignment layers alnl and
aln2 include overlap areas oval, ova2, ova3, ovad, ovaS, and
ovab, each in which the first alignment layer alnl is over-
lapped with the second alignment layer aln2. The overlap
areas oval, ova2, ova3, ovad, ova5, and ovaé include a first
overlap area oval, a second overlap area ova2, a third overlap
area ova3, a fourth overlap area ovad, a fifth overlap ova5, and
a sixth overlap area ova6.

[0202] In the curved display device 1000, the first and sec-
ond liquid crystal molecules are pretilted in the second over-
lap area ova2. Therefore, a direction of the optical axis of the
liquid crystal layer Icl in the second overlap area ova2 is
substantially parallel to an eighth sub-direction D8 obtained
by summing the first and second sub-directions D1 and D2.
Similarly, a direction of an optical axis of the liquid crystal
layer Icl in the fifth overlap area ova5 is substantially parallel
to a tenth sub-direction D10 obtained by summing the third
and fourth sub-directions D3 and D4.

[0203] The curved display device 1000 includes a lower
polarizing plate poll and an upper polarizing plate pol2. The
first transmission axis pal of the lower polarizing plate poll is
substantially perpendicular to a second transmission axis pa2
of the upper polarizing plate pol2. For instance, when the first
transmission axis pal of the lower polarizing plate poll is
substantially parallel to the second direction DR2, the second
transmission axis pa2 of the upper polarizing plate pol2 is
substantially parallel to the first direction DR1. The first
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direction DR1 may be substantially parallel to the eighth
sub-direction D8 or the tenth sub-direction D10.

[0204] Thus, when the driving voltage is applied and the
electric field is formed in the liquid crystal layer Icl, the
direction of the optical axis of the liquid crystal layer Icl is
substantially parallel to the direction of the first transmission
axis pal of the lower polarizing plate poll or to the direction
of the second transmission axis pa2 of the upper polarizing
plate pol2, in each of the second and sixth overlap areas ova2
and ovaé.

[0205] When the direction of the first transmission axis pal
of the lower polarizing plate poll is substantially parallel to
the direction of the optical axis of the liquid crystallayer Icl in
each of the second and sixth overlap areas ova2 and ova6, the
light transmitting through the lower polarizing plate poll is
blocked by the second transmission axis pa2 of the upper
polarizing plate pol2 after passing through the second and
sixth overlap areas ova2 and ova6.

[0206] In addition, when the direction of the second trans-
mission axis pa2 of the upper polarizing plate pol2 is substan-
tially parallel to the direction of the optical axis of the liquid
crystal layer Icl in each of the second and sixth overlap areas
ova2 and ova6, the light transmitting through the lower polar-
izing plate poll does not transmit through the second and
sixth overlap areas ova2 and ova6. Accordingly, the user may
not perceive the light in the second and sixth overlap areas
ova2 and ova6.

[0207] That is, according to the curved display device 1000
of the comparison example, the first liquid crystal molecules
on the lower alignment areas of the first alignment layer and
the second liquid crystal molecules on the upper alignment
areas of the second alignment layer are aligned in the same
direction, and the user does not perceive the light in the case
where the first and second substrates are curved. As a result,
texture defects occur in which a dark area is perceived in the
pixel.

[0208] However, according to the exemplary curved dis-
play device described with reference to FIGS. 6A to 6F, the
first liquid crystal molecules are pretilted at the first pretilt
angle, but the second liquid crystal molecules are not pretilted
and have a second pretilt angle different from the first pretilt
angle. Therefore, the texture defects do not occur in the exem-
plary curved display device according to the present disclo-
sure even when the first and second substrates are curved. As
a result, the display quality of the exemplary curved display
device according to the present disclosure may be improved.
[0209] In addition, the amount of non-reacted, residual
reactive mesogens which remain in the curved display device
is reduced in accordance with the use of the photo-initiator,
and thus defects caused by the residual reactive mesogens are
reduced. Further, since the photo-initiator increases the reac-
tion speed of the reactive mesogens, the process time required
to form the alignment layers is shortened.

[0210] FIG. 8isa flowchart showing an exemplary embodi-
ment of a method of manufacturing the curved display device
according to the present disclosure.

[0211] Referring to FIG. 8, to manufacture the curved dis-
play device, the pixel electrode is formed on the first base
substrate (S110) and the first base layer is formed on the first
base substrate (S120). Separately, the common electrode is
formed on the second base substrate (S130) and the second
base layer is formed on the second base substrate (S140).
Then, the liquid crystal layer is formed between the first base
layer and the second base layer (S150). The liquid crystal
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layer includes the reactive mesogens. After that, the electric
field is applied to the liquid crystal layer (S161), and substan-
tially simultaneously, a first light exposure process is per-
formed on the liquid crystal layer (S162) to form the align-
ment forming layer (8160). Then, a second light exposure
process is performed on the liquid crystal layer after the
electric field is removed (5170).

[0212] FIGS. 9A, 9B, and 9C are cross-sectional views
showing a method of manufacturing an exemplary embodi-
ment of a curved display device according to the present
disclosure.

[0213] Referring to FIGS. 1A, 1B, 2 to 8, 9A, 9B, and 9C,
the pixel electrode PE is provided on the first base substrate
BS1.

[0214] A gate pattern is formed on the first base substrate
BS1. The gate pattern includes the gate lines G and the
storage electrode part. The gate pattern is formed by a pho-
tolithography process. The gate insulating layer GI is formed
on the gate pattern. The semiconductor pattern SM is formed
on the gate insulating layer GI. The semiconductor pattern
SM includes the active pattern (not shown) and the ohmic
contact layer (not shown) formed on the active pattern. The
semiconductor pattern SM is formed using a photolithogra-
phy process. A data pattern is formed on the semiconductor
pattern SM. The data pattern includes the data lines DL, the
source electrode SE, and the drain electrode DE. The data
pattern is formed by a photolithography process. The semi-
conductor pattern SM and the data pattern are formed using a
half mask or a diffraction mask. The protective layer PSV is
formed on the data pattern. The protective layer PSV includes
a contact hole CH defined therein and through which the
portion of the drain electrode DE is exposed. The protective
layer PSV is formed using a photolithography process. The
pixel electrode PE is formed on the protective layer PSV and
connected to the drain electrode DE through the contact hole
CH. The pixel electrode PE is formed using a photolithogra-
phy process.

[0215] Then, the first base layer PAL1 is formed on the first
base substrate BS1. The first base layer PAL1 is formed by
coating the first alignment solution on the first base substrate
BS1 and heating the first alignment solution.

[0216] The first alignment solution includes the first align-
ment agent, the photo-initiator, and the solvent. The first
alignment agent is polymerized to form the first base layer
PAL1 and the photo-initiator initiates the photo-polymeriza-
tion of the reactive mesogens. The alignment agent includes a
monomer of the polymer, in which the polymer includes at
least one of polyimide, polyamic acid, polyamide, polyamic
imide, polyester, polyethylene, polyurethane, polystyrene,
etc., a dimer, an oligomer, and a mixture thereof.

[0217] In an exemplary embodiment, the first alignment
agent may further include an additive. In an exemplary
embodiment, the additive is an antioxidant, to prevent the
liquid crystal molecules LC from being oxidized.

[0218] The photo-initiator, includes at least one of benzyl
dimethyl ketal, a-hydroxyketone, methylbenzoylformate,
acylphosphine oxide, titanocene, c-aminoketone, ci-ami-
noacetophenone, oxime ester, benzophenone, phenylketone,
a-dichloro-acetophenone, a-chloro-thioxanthone, and ben-
zoin alkylether, etc.

[0219] Commercially available photo-initiators may be
used, such as Irgacure® 651, Irgacure® 127, Irgacure® 754,
Irgacure® 819, Irgacure® 784, Irgacure® 907, Irgacure®

Dec. 31, 2015

369, Irgacure® 379, Irgacure® 2959, Irgacure® OXEOI,
Irgacure® OXEO02, Darocure® TPO, which are manufactured
by BASF Co., Ltd.

[0220] In an exemplary embodiment, the photo-initiator is
provided in amounts of about 0.001 parts by weight to about
2 parts by weight, or in amounts of about 0.001 parts by
weight to about 1 part by weight, per 100 parts by weight of
the first alignment agent. The amount of the photo-initiator is
dependent upon the type of the photo-initiator used and the
wavelength that initiates the photo-reaction. For instance,
when the photo-initiator is Irgacure® 651, the photo-initiator
is provided in amounts of about 0.05 parts by weight; when
the photo-initiator is Irgacure® 127, the photo-initiator is
provided in amounts of about 0.1 parts by weight; when the
photo-initiator is Irgacure® 754, the photo-initiator is pro-
vided in amounts of about 0.2 parts by weight; when the
photo-initiator is Irgacure® 819, the photo-initiator is pro-
vided in amounts of about 0.01 parts by weight to about 0.1
parts by weight; when the photo-initiator is Irgacure® 784,
the photo-initiator is provided in amounts of about 0.1 parts
by weight; when the photo-initiator is Irgacure® 907, the
photo-initiator is provided in amounts of about 0.001 parts by
weight to about 0.1 parts by weight; when the photo-initiator
is Irgacure® 369, the photo-initiator is provided in amounts
of about 0.001 parts by weight to about 0.1 parts by weight;
when the photo-initiator is Irgacure® 379, the photo-initiator
is provided inamounts of about 0.001 parts by weight to about
0.1 parts by weight; when the photo-initiator is Irgacure®
2959, the photo-initiator is provided in amounts of about
0.001 parts by weight to about 0.1 parts by weight; when the
photo-initiator is Irgacure® OXEOI1, the photo-initiator is
provided in amounts of about 0.01 parts by weight; when the
photo-initiator is Irgacure® OXEO02, the photo-initiator is
provided in amounts of about 0.01 parts by weight; and when
the photo-initiator is Darocure® TPO, the photo-initiator is
provided in amounts of about 0.01 parts by weight.

[0221] The solvent is not limited to a specific material as
long as the solvent is mixed with the first alignment agent and
the reactive mesogens to form the alignment solution. In an
exemplary embodiment, the solvent may include at least one
of y-butyrolactone, ethylene glycol buty! ether, and N-meth-
vlpyrrolidone, or a mixture obtained by mixing at least two of
y-butyrolactone, ethylene glycol butyl ether, and N-meth-
ylpyrrolidone.

[0222] The first alignment solution is polymerized by heat,
and thus the first alignment solution is cured to form the first
base layer PAL1. Since the first alignment solution is formed
through a heat curing process, at least the portion of the
photo-initiator does not react, so that at least the portion of the
photo-initiator remains in the first alignment solution.
[0223] Hereinafter, the method of forming the second sub-
strate SUB2 will be described in detail.

[0224] The color filter CF is formed on the second base
substrate BS2 to represent the colors. The common electrode
CE is formed on the color filter CF. The color filter CF and the
common electrode CE are formed using a photolithography
process, but the process is not limited thereto or thereby.
[0225] Thesecondbaselayer PAL2 is formed on the second
base substrate BS2 on which the common electrode CE is
formed. The second base layer PAL2 is formed by coating the
second alignment solution on the second base substrate BS1
and heating the second alignment solution.

[0226] The second alignment solution includes a second
alignment agent and the solvent. The second alignment solu-
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tion is polymerized to form the second base layer PAL2. The
second alignment solution does not contain the photo-initia-
tor contained in the first alignment solution.

[0227] The alignment agent includes a monomer of the
polymer, in which the polymer includes at least one of poly-
imide, polyamic acid, polyamide, polyamic imide, polyester,
polyethylene, polyurethane, polystyrene, etc., a dimer, an
oligomer, and a mixture thereof.

[0228] The solvent is not limited to a specific material as
long as the solvent is mixed with the second alignment agent
and the reactive mesogens to form the second alignment
solution. In the present exemplary embodiment, the solvent
may be at least one of y-butyrolactone (y-BL), ethylene glycol
butyl ether (BCS), and N-methylpyrrolidone (NMP), and a
mixture obtained by mixing at least two of y-BL, BCS, and
NMP.

[0229] The second alignment solution is polymerized by
heat, and thus the second alignment solution is cured to form
the second base layer PAL2.

[0230] Then, as shown in FIG. 9A, the first substrate SUB1
and the second substrate SUB2 are disposed to face each other
and a liquid crystal composition is provided between the first
and second substrates SUB1 and SUB2 to form the liquid
crystal layer LCL.

[0231] The liquid crystal layer LCL includes the liquid
crystal molecules LC having dielectric anisotropy and the
liquid crystal composition including the reactive mesogens
RM having a light absorption peak at a predetermined wave-
length.

[0232] The liquid crystal molecules LC have negative
dielectric anisotropy, but are not limited thereto or thereby.
That 1s, the liquid crystal molecules LC may have the positive
dielectric anisotropy.

[0233] The term “reactive mesogens RM” or “reactive
mesogen” used herein means a photocrosslinkable low
molecular weight or high molecular weight copolymer
including a mesogen group having a liquid crystal property.
Examples of suitable reactive mesogens RM are those includ-
ing acrylate, methacrylate, epoxy, oxetane, vinyl ether, or
styrene. In addition, the reactive mesogens RM may be a
material having a bar shaped structure, a banana shaped struc-
ture, a board shaped structure, or a disc shaped structure.

[0234] The polymerization reaction is initiated by the
photo-initiator. For instance, when the photo-initiator con-
tains a benzyl dimethy] ketal group, the polymerization reac-
tion occurs by applying a light having the wavelength of about
340 nm. The polymerization reaction of the reactive
mesogens RM is initiated by the polymerization reaction of
the photo-initiator, thereby causing a chain reaction. When
the photo-initiator is present only in one side portion, e.g., the
first substrate, the polymerization reaction of the reactive
mesogens RM in the one side portion occurs much faster than
the polymerization reaction of the reactive mesogens RM in
the other side portion in which the photo-initiator is not
present. Accordingly, when the photo-initiator is provided to
only the first base layer PAL1, the first alignment forming
layer PTL1 may be formed only on the first base substrate
BSI.
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[0235] In an exemplary embodiment, the reactive
mesogens RM are not limited to specific reactive mesogens as
long as the polymerization reaction of the reactive mesogens
RM is initiated by the photo-initiator at the predetermined
wavelength. The reactive mesogens RM are selected from
compounds having a structure represented by following
chemical formula 3.

P1-spl-Al-sp2-(A2)m-sp3-A3-spd-P2 Chemical formula 3
[0236] In the above Chemical formula 3, “P1” denotes an
end group containing two to six reaction groups that causethe
polymerization reaction. The P1 reaction groups may be an
acrylate group, a methacrylate group, an epoxy group, an
oxetane group, a vinyl-ether group, or a styrene group. “P2”
is independently provided from “P1” and denotes an end
group containing two to six reaction groups that cause the
polymerization reaction. The P2 reaction groups may be, an
acrylate group, a methacrylate group, an epoxy group, an
oxetane group, a vinyl ether group, or a styrene group. “Sp1”,
“Sp2”, “Sp3”, and “Sp4” are independently a single bond or
a spacer group including at least one of —CH,—, —COO—,
—CO—CH—CH—, —CO0—CH—CH—,
—CH,0CH,—, and—CH,0—. “A1” and “A3” are indepen-
dently a single bond, a cyclohexyl group, a phenyl group, a
thiophenyl group, and a polycyclic aromatic group. “A2” isa
cyclohexyl group, a phenyl group, a thiophenyl group, and a
polycyclic aromatic hydrocarbon group. In Chemical for-
mula 3, “m” is 1 to 4.

[0237] FIG. 10 is a graph illustrating the reactive mesogen
content in the liquid crystal layer as a function of the first light
exposure energy, for cases where the photo-initiator is either
present or is not present. In FIG. 10, the first sample repre-
sents a case in which no photo-initiator is included in the first
and second base layers, the second sample represents a case in
which the photo-initiator is included only in the first align-
ment layer, and the third sample represents a case in which a
photo-initiator which is different from the photo-initiator
included in the first sample alignment layer is included in the
first main alignment layer.

[0238] Referring to FIG. 10, the reactive mesogens
included in the liquid crystal layer are polymerized following
the light exposure, and thus the percentage of reactive
mesogens is reduced in the liquid crystal layer. However, the
reduction in reactive mesogen content in the first sample
including no photo-initiator was smaller than the reduction of
the reactive mesogen content observed in the second and third
samples including the photo-initiator. This means that the
reaction speed of the reactive mesogens is much faster when
the photo-initiator is included in the liquid crystal layer as
compared to the reaction speed of the reactive mesogens
when the photo-initiator is not included in the liquid crystal
layer.

[0239] The following Table 1 represents the reduction in
content of the reactive mesogens in the liquid crystal layer
due to the first light exposure when the photo-initiator exists
in the first main alignment layer. In the following Table 1,
various photo-initiators are used, but the kind of photo-initia-
tors and the other elements are maintained without variation.
As shown in the following Table 1, when the photo-initiator is
present in the liquid crystal layer, the content of the reactive
mesogens is extremely reduced in the liquid crystal layer as
the amount of light exposure energy increases.
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TABLE 1
Applied Reactive ppm
energy mesogen Percentage  (parts per
Photo-initiator Q)] content (wt %) (wt %) million)
Irgacure 127 07 0.170 85.2 1704
107 0.025 123 247
207 0.012 6.1 123
307 0.006 3.1 61
407 0.0035 25 49
507 0.003 1.6 32
60 1 0.003 15 30
707 Less than — —
detection limit
Irgacure 369 07 0.147 73.4 1468
107 0.026 12.9 259
207 0.011 5.6 113
307 0.003 2.6 33
407 0.004 2.0 39
507 0.003 14 28
60 T Less than — —
detection limit
707 Less than — —
detection limit
Irgacure 651 07 0.188 94.2 1885
107 0.027 133 267
207 0.013 6.3 125
307 0.006 3.1 62
407 0.0035 25 50
507 0.004 2.0 40
60 T 0.004 1.8 36
707 Less than — —
detection limit
Irgacure 819 07 0.150 75.0 1501
107 0.023 115 231
207 0.010 5.2 105
307 0.007 33 67
407 0.004 2.0 40
507 0.003 1.6 31
60 T Less than — —
detection limit
707 Less than — —

detection limit

[0240] Referring to FIG. 10 and Table 1, since the photo-
initiator is included only in the first base layer, the polymer-
ization reaction speed of the reactive mesogens in the first
base layer is much faster than the reaction speed in the second
base layer. Accordingly, the polymerization reaction of the
reactive mesogens mainly occurs between the first base layer
and the liquid crystal layer, and the occurrence of the poly-
merization reaction of the reactive mesogens between the
second base layer and the liquid crystal laver is relatively
smaller than that occurring between the first base layer and
the liquid crystal layer. Therefore, the alignment forming
layer substantially is not formed on the second base layer, and
the alignment of the liquid crystal molecules is notinfluenced
even though the alignment forming layer is formed on the
second base layer.

[0241] Referring to FIG. 9B, the electric field is applied to
the liquid crystal composition. The electric field is formed by
respectively applying a voltage to the pixel electrode PE and
the common electrode CE. Then, a first light L1 is irradiated
onto the liquid crystal layer LCL to perform the first light
exposure on the liquid crystal layer LCL while the electric
field is simultaneously applied to the liquid crystal composi-
tion.

[0242] The first light .1 has a wavelength longer than that
of a second light .2 (refer to FIG. 9C). The first light .1 may
be, but is not limited to, an ultraviolet light having a wave-
length of about 10 nm to about 400 nm. According to another
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embodiment, the first light L1 may have a wavelength of
about 220 nm to about 350 nm, corresponding to the maxi-
mum absorption wavelength of the reactive mesogens RM.
The first light L1 may be polarized or unpolarized.

[0243] In an exemplary embodiment, the first light L1 is
irradiated on the liquid crystal composition at an applied
(exposure) energy of about 0.1 joules per square centimeter
(J/em®) to about 50 Jem® for a time period of about 30
seconds to about 300 seconds. However, the applied energy
and the time period vary depending on the type of reactive
mesogens RM.

[0244] When the first light L1 is irradiated to the liquid
crystal layer LCL, the first alignment forming layer PTL1
(see FIG. 9C) is formed on the first base layer PAL1, butisnot
formed on the second base layer PAL2. Since the polymer-
ization reaction of the reactive mesogens RM is initiated by
the photo-initiator and since the photo-initiator is provided
only from the first base layer PAL1, the polymerization reac-
tion of the reactive mesogens RM mainly occurs between the
first base layer PAL1 and the liquid crystal layer LCL, but
does not occur between the second base layer PAL2 and the
liquid crystal layer LCL.

[0245] In more detail, when the electric field is applied to
the liquid crystal molecules LC, the reactive mesogens RM
are aligned in the same direction as the liquid crystal mol-
ecules LC which are disposed in the vicinity of the reactive
mesogens RM. Then, when the first light L1 is provided, the
reaction of the photo-initiator occurs before the polymeriza-
tion reaction of the reactive mesogens RM occurs as a chain
reaction. As a result, the reactive mesogens RM are polymer-
ized to each other by the first light .1 and a network structure
is formed from the reactive mesogens RM. The reactive
mesogens RM are coupled with (crosslinked to) adjacent
reactive mesogens to form side chains. In these conditions,
the reactive mesogens RM have a specific directivity in an
average alignment direction of the liquid crystal molecules
LC since the reactive mesogens RM form the network struc-
ture after the liquid crystal molecules LC are aligned. There-
fore, although the electric field disappears, the liquid crystal
molecules LC disposed in the vicinity of the network struc-
ture have the pretilt angle.

[0246] Referring to FIG. 9C, after the electric field has been
removed (disappears), the second light L2 having a wave-
length shorter than that of the first light L1 is irradiated on the
liquid crystal composition to perform the second light expo-
sure on the liquid crystal composition.

[0247] The second light .2 may be, but is not limited to, an
ultraviolet light and have a wavelength of about 10 nm to
about 400 nm. According to another embodiment, the second
light L.2 may have a wavelength of about 220 nm to about 350
nm. The second light 1.2 may be polarized or unpolarized.

[0248] In an exemplary embodiment, the second light 1.2
has a brightness of about 0.05 milliwatt per square centimeter
(mW/cm?) to about 0.6 mW/cm® and is irradiated on the
liquid crystal composition for a time period of about 10 min-
utes to about 90 minutes. However, the brightness and the
time period vary depending on the type of reactive mesogens
RM used. When the second light 1.2 is irradiated on the first
alignment forming layer PTL1 during the second light expo-
sure period, sites of the first alignment forming layer PTL1,
which were not previously reacted, are completely reacted,
and thus the first alignment forming layer PTL1 becomes
stabilized.
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[0249] Thus, the curved display device including the first
alignment forming layer PTL1 may be manufactured through
the above-mentioned method.

[0250] Inthe present exemplary embodiment, the manufac-
turing method of the curved display device may further
include allowing the first and second substrates to be curved
in one direction after exposure to the second light has been
completed. According to another exemplary embodiment, the
manufacturing method of the curved display device may fur-
ther include allowing the first and second substrates to be
curved prior to forming the first and second base layers.

Examples

Embodiment Example 1

[0251] The first base substrate was prepared and the first
base layer was formed on the firstbase substrate using the first
alignment solution containing the photo-initiator. The second
base substrate was prepared and the second base layer was
formed on the second base substrate using the second align-
ment solution which did not contain the photo-initiator. The
liquid crystal composition containing the reactive mesogens
was provided between the first and second base substrates and
the light and the electric field were simultaneously applied to
the liquid crystal composition in order to form the first align-
ment layer including the first large-size protrusions and the
second alignment layer including the second large-size pro-
trusions. The curved display device was manufactured
through the above-mentioned processes. Two samples of the
first alignment layer in embodiment example 1 were collected
(designated sample #1 and sample #2, respectively), and two
samples of the second alignment layer in embodiment
example 1 were also collected (designated sample #3 and
sample #4).

Comparison Example 1

[0252] The curved display device was manufactured
through the same processes as those described for embodi-
ment example 1 except that the photo-initiator was not used
when the first base layer was formed. Two samples of the first
alignment layer of comparison example 1 were collected
(designated sample #5 and sample #6), and two samples of
the second alignment layer of comparison example 1 were
also collected (designated sample #7 and sample #8).
[0253] 1. Measurement of Embodiment Example 1 and
Comparison Example 1

[0254] 1) AFM Measurement
[0255] AFM images of samples #1, #2, #3, and #4 of the
embodiment example 1 and images of samples #5, #6, #7, and
#8 of comparison example 1 were measured by using an AFM
(atomic force microscope) STA-500. The measured AFM
images are shown in FI1G. 11.

[0256] 2) Measurement of Distribution of the Large-Size
Protrusions
[0257] 1) Measurement of the Distribution of the Large-

Size Protrusions Each Having a Particle Size Equal to or
Greater than about 30 nm in Diameter.

[0258] On thebasis of the measured AFM images, the areas
in which the first large-size protrusions each having the par-
ticle size equal to or greater than about 30 nm in diameter
were distributed was measured in samples #1 and #2 of
embodiment example 1 and samples #5 and #6 of comparison
example 1. The areas in which the second large-size protru-
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sions each having the particle size equal to or greater than
about 30 nm were distributed, was measured in samples #3
and #4 of embodiment example 1 and samples #7 and #8 of
comparison example 1. The results are shown in FIG. 12. In
FIG. 12, the areas in which the first large-size protrusions or
the second large-size protrusions were distributed are indi-
cated by a grey color. The areas, in which there are no first
large-size protrusions or second large-size protrusions, are
indicated by a black color.

[0259] 2) Measurement of Distribution of the Large-Size
Protrusions Each Having a Particle Size Equal to or Greater
than about 50 nm in Diameter.

[0260] On thebasis of the measured AFM images, the areas
in which the first large-size protrusions each having the par-
ticle size equal to or greater than about 50 nm in diameter
were distributed was measured in samples #1 and #2 of
embodiment example 1, and samples #5 and #6 of compari-
son example 1. The areas in which the second large-size
protrusions each having the particle size equal to or greater
than about 50 nm in diameter were distributed was measured
in samples #3 and #4 of embodiment example 1 and samples
#7 and #8 of comparison example 1. The measured results are
shown in FIG. 13. The areas in which the first large-size
protrusions or the second large-size protrusions were distrib-
uted, are indicated by a grey color. The areas in which the first
large-size protrusions or the second large-size protrusions
were not distributed, are indicated by a black color.

[0261] 2.Measurement Results of Embodiment Example 1
and Comparison Example 1

[0262] 1) AFM Analysis of the Second Large-Size Protru-
sions and the First Large-Size Protrusions

[0263] Referring to FIG. 11, the shape, number, and distri-
bution of the first large-size protrusions in samples #5 and #6
of comparison example 1 were similar to the shape, number,
and distribution of the second large-size protrusions in
samples #7 and #8 of comparison example 1. However, the
number of the first large-size protrusions in samples #1 and #2
of embodiment example 1 was much higher than the number
of the second large-size protrusions in samples #3 and #4 of
embodiment example 1.

[0264] 2) Analysis of Distributions of the Second Large-
Size Protrusions and the First Large-Size Protrusions

[0265] @ Analysis of the distribution of the large-size
protrusions each having the particle size equal to or greater
than about 30 nm in diameter.

[0266] Table 2 shows the size of the area in which the
second large-size protrusions each having the particle size
equal to or greater than about 30 nm are distributed in the
measured AFM images and the size of area in which the first
large-size protrusions each having the particle size equal to or
greater than about 30 nm are distributed in the measured AFM
images. In each of the AFM images, the sum of'the size of the
area in which the first large-size protrusions are distributed
and the size of the area in which the first large-size protrusions
are not distributed is about 1.0x10% nm?. In addition, in each
of the AFM images, the sum of the size of the area in which
the second large-size protrusions are distributed and the size
of the area in which the second large-size protrusions are not
distributed is about 1.0x10° nm?,
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TABLE 2
Size of Size of Size of
Size of area in area In area in
area in which the which the which the
which the protrusions Number of protrusions  protrusions
protrusions are not first or second are are not
Embodiment are distributed ~ distributed large-size Comparison distributed  distributed
example 1 (nm?) (nm?) protrusions example 1 (nm?) (nm?)
#3 1.489 x 10° 8.511x 10° 43 #1 8.046 x 10°  1.954x 10°
#4 2605x10°  7395x10° 55 #3 6.056x10° 3.944x 10°
#l 3471x10°  6529x10° 104 # 4983x10°  5.017x 10°
#2 4572 x 10° 5428 x 10° 71 #6 6.755x 10°  3.245x 10°
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[0267] Referring to Table 2 and FIG. 12, the size of the
distribution area of the second large-size protrusions is
smaller than the size of the distribution area of the first large-
size protrusions in embodiment example 1. In addition, in
embodiment example 1, the size of the distribution area of the
second large-size protrusions is smaller than the size of the
area in which the second large-size protrusions are not dis-
tributed, and the size of the distribution area of the first large-
size protrusions is smaller than the size of the area in which
the first large-size protrusions are not distributed.

ticle size equal to or greater than about 50 nm are distributed
in the measured AFM images, and the size of area in which the
first large-size protrusions each having the particle size equal
to or greater than about 50 nm are distributed in the measured
AFM images. In each of the AFM images, the sum of the size
of the area in which the first large-size protrusions are dis-
tributed and the size of the area in which the first large-size
protrusions each are not distributed is about 1.0x10° nm®. In
addition, in each of the AFM images, the sum of the size of the
area in which the second large-size protrusions are distributed

[0268] In embodiment example 1, values obtained by  and the size of the area in which the second large-size pro-
dividing the size of the distribution area of the second large- trusions are not distributed is about 1.0x10° nm?.
TABLE 3
Size of area  Size of area Size of area Size of area
in which the in whichthe Number of in which in which the  Number of
protrusions  protrusions first or the protrusions second or
Embodiment are are not second protrusions are not first large-
example  distributed  distributed large-size  Comparison are distributed  distributed size
1 (nm?) (nm?) protrusions  example 1 {nm?) (nm?) protrusions
#3 0.2374x 10> 9.7626 x 10° 6 #7 2.630x10°  7370x 10° 34
"o — — #8 o 2223x10°  7.777x10° 33
#l 0.5686 x 10° 9.4314 x 10° 37 #5 1.564 x 10° 8.436 x 10° 19
#2 0.7318 x 10° 9.2682 x 10° 32 #6 1.809 x 10° 8.191 x 10° 51

size protrusions by the size of the distribution area of the first
large-size protrusions indicate 43/100, 32/100, 3/4, and
57/100.

[0269] In embodiment example 1, values obtained by
dividing the size of the distribution area of the second large-
size protrusions by the size of the area in which the second
large-size protrusions are not distributed indicate 1/5, 17/100,
35/100, and 3/10. However, in the comparison example 1, the
size of the distribution area of the first large-size protrusions
is smaller than the size of the distribution area of the second
large-size protrusions. In addition, in comparison example 1,
the size of the distribution area of the second large-size pro-
trusions is greater than the size of the area in which the second
large-size protrusions are not distributed, and the size of the
distribution area of the first large-size protrusions is smaller
or greater than the size of the area in which the first large-size
protrusions are not distributed.

[0270] @ Analysis of distribution of the large-size protru-
sions each having the particle size equal to or greater than
about 50 nm in diameter.

[0271] The following Table 3 shows the size of area in
which the second large-size protrusions each having the par-

[0272] Referring to Table 3 and FIG. 13, the size of the
distribution area of the second large-size protrusions is
smaller than the size of the distribution area of the first large-
size protrusions in embodiment example 1.

[0273] In embodiment example 1, values obtained by
dividing the size of the distribution area of the second large-
size protrusions by the size of the distribution area of the first
large-size protrusions indicate 42/100 and 32/100.

[0274] In embodiment example 1, a value obtained by
dividing the size of the distribution area of the second large-
size protrusions by the size of the area in which the second
large-size protrusions are not distributed indicates 24/1000.
[0275] However, in the comparison example 1, the size of
the distribution area of the second large-size protrusions is
smaller than the size of the distribution area of the first large-
size protrusions, and the size of the distribution area of the
second large-size protrusions is about 3/10 or 4/10 of the size
of the area in which the second large-size protrusions are not
distributed.

[0276] Although the exemplary embodiments of the
present invention have been described, it is understood that
the present invention should not be limited to these exemplary
embodiments but various changes and modifications can be
made by one ordinary skilled in the art within the spirit and
scope of the present invention as hereinafter claimed.
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What is claimed is:

1. A method of manufacturing a curved display device,
comprising:

providing a first alignment solution on a first base sub-

strate, wherein the first alignment solution comprises a
first alignment agent and a photo-initiator;

curing the first alignment solution to form a firstbase layer;

providing a second alignment solution on a second base

substrate, wherein the second alignment solution com-
prises a second alignment agent and does not comprise
the photoinitiator;

curing the second alignment solution to form a second base

layer;

providing a liquid crystal layer between the first base sub-

strate and the second base substrate, wherein the liquid
crystal layer comprises a liquid crystal composition
comprising reactive mesogens;

applying an electric field to the liquid crystal layer; and

applying a first light to the liquid crystal layer to allow the

reactive mesogens to react and forming a first alignment
forming layer on the first base layer.

2. The method of claim 1, wherein the photo-initiator is
connected to the first alignment agent via a side chain.

3. The method of claim 1, wherein the photo-initiator is
present in the first alignment solution in an amount of about
0.001 parts by weight to about 20 parts by weight per 100
parts by weight of the alignment agent.

4. The method of claim 1, wherein the photo-initiator com-
prises at least one of benzyl dimethyl ketal, o-hydroxyketone,
methylbenzoylformate, acylphosphine oxide, titanocene,
a-aminoketone, a-aminoacetophenone, oxime ester, ben-
zophenone,  phenylketone,  a-dichloro-acetophenone,
a-chloro-thioxanthone, benzoin alkylether, and derivatives
thereof.

5. The method of claim 3, wherein each of the reactive
mesogens comprises at least one of acrylate, methacrylate,
epoxy, oxetane, vinyl ether, and styrene.

6. The method of claim 1, wherein the applying of the
electric field is performed substantially simultaneously as the
forming of the first alignment forming layer on the first base
layer.

7. The method of claim 5, further comprising applying a
second light different from the first light to the liquid crystal
layer after the electric field has been removed.

8. The method of claim 1, further comprising:

providing a pixel electrode on the first base substrate; and

providing a common electrode on the second base sub-

strate, wherein the electric field is formed between the
pixel electrode and the common electrode.

9. The method of claim 8, wherein the pixel electrode
comprises a trunk portion and a plurality of branch portions
protruding from and extending from the trunk portion.

10. The method of claim 9, wherein the first base substrate
comprises a plurality of pixel areas each comprising a plural-
ity of domains, and the branch portions extend in different
directions depending on the domains.

11. A curved display device comprising:

a first base substrate;

a second base substrate facing the first base substrate;

a pixel electrode disposed on the first base substrate;

a common electrode disposed on the first base substrate or

the second base substrate;

a first base layer disposed on the first base substrate;
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a first alignment forming layer disposed only on the first
base layer, wherein the first alignment forming layer
comprises a reactive mesogen;

a second base layer disposed on the second base substrate;
and

a liquid crystal layer disposed between the first alignment
forming layer and the second base layer and comprising
liquid crystal molecules.

12. The curved display device of claim 11, wherein the
reactive mesogen comprises at least one of acrylate, meth-
acrylate, epoxy, oxetane, vinyl ether, and styrene.

13. The curved display device of claim 11, wherein the first
alignment forming layer further comprises a photo-initiator
and derivatives thereof bonded to the reactive mesogen.

14. The curved display device of claim 13, wherein each of
the photo-initiator and the derivatives of the photo-initiator
comprise at least one of benzyl dimethyl ketal, a-hydroxyke-
tone, methylbenzoylformate, acylphosphine  oxide,
titanocene, a-aminoketone, o-aminoacetophenone, oxime
ester, benzophenone, phenylketone, a-dichloro-acetophe-
none, a-chloro-thioxanthone, benzoin alkylether, and deriva-
tives thereof.

15. The curved display device of claim 11, wherein the
pixel electrode is disposed on the first base substrate, the
common electrode is disposed on the second base substrate,
and the pixel electrode comprises a trunk portion and a plu-
rality of branch portions protruding from and extending from
the trunk portion.

16. The curved display device of claim 15, wherein the first
base substrate comprises a plurality of pixel areas each com-
prising a plurality of domains, and the branch portions extend
in different directions depending on the domains.

17. The curved display device of claim 11, wherein the
liquid crystal molecules disposed in the vicinity of the first
alignment forming layer have a pretilt angle different from a
pretilt angle of the liquid crystal molecules disposed in the
vicinity of the second base layer.

18. The curved display device of claim 17, wherein the
pretilt angle of the liquid crystal molecules disposed in the
vicinity of the first alignment forming layer is about 80
degrees to about 90 degrees.

19. The curved display device of claim 18, wherein the
pretilt angle of the liquid crystal molecules disposed in the
vicinity of the second base layer is about 88 degrees to about
90 degrees.

20. The curved display device of claim 11, wherein each of
the first and the second base substrates are curved.

21. A curved display device comprising;

a curved first substrate;

a curved second substrate facing the first substrate; and

a liquid crystal layer provided between the first substrate
and the second substrate, wherein the liquid crystal layer
comprises liquid crystal molecules,

wherein the first substrate comprises a first base substrate;
and a first alignment layer provided between the first
base substrate and the liquid crystal layer, wherein the
first alignment layer comprises reactive mesogens poly-
merized to each other;

wherein the second substrate comprises a second base sub-
strate; and a second alignment layer provided between
the second base substrate and the liquid crystal layer;
and

wherein first liquid crystal molecules disposed in the vicin-
ity of the first alignment layer have a first pretilt angle
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and second liquid crystal molecules disposed in the
vicinity of the second alignment layer have a second
pretilt angle different from the first pretilt angle.

22. The curved display device of claim 21, wherein the first
pretilt angle is about 80 degrees to about 90 degrees.

23. The curved display device of claim 21, wherein the
second pretilt angle is about 88 degrees to about 90 degrees.

24. The curved display device of claim 21, wherein the first
substrate has a first radius of curvature and the second sub-
strate has a second radius of curvature different from the first
radius of curvature.

25. The curved display device of claim 21, wherein the first
substrate further comprises a pixel electrode disposed on the
first base substrate, and the second substrate further com-
prises a common electrode disposed on the second substrate
and facing the pixel electrode.

26. The curved display device of claim 25, wherein the
pixel electrode comprises a trunk portion and a plurality of
branch portions extending from the trunk portion.

27. The curved display device of claim 26, wherein the
pixel electrode comprises a plurality of domains in which the
extending directions of the branch portions are different from
each other with respect to the trunk portion.

28. The curved display device of claim 26, wherein the
branch portions in each domain extend in a direction substan-
tially parallel to each other.

29. The curved display device of claim 28, wherein the
plurality of domains comprises a first domain, a second
domain, a third domain, and a fourth domain.

30. The curved display device of claim 21, further com-
prising:

afirst polarizing plate disposed under the first substrate and
having a first transmission axis; and

a second polarizing plate disposed above the second sub-
strate and having a second transmission axis, wherein
the first transmission axis is substantially perpendicular
to the second transmission axis.

31. A curved display device comprising;

a curved first base substrate;

a first alignment layer comprising a first base layer dis-
posed on the curved first base substrate and a plurality of
first protrusions disposed on the first base layer;

a curved second base substrate facing the first substrate;
and

a second alignment layer comprising a second base layer
disposed on the second base substrate and a plurality of
second protrusions disposed on the second base layer,

wherein the first protrusions comprise first large-size pro-
trusions each having a particle size equal to or greater
than about 30nm and equal to or less than about 1000 nm
in diameter, and wherein the second protrusions com-
prise second large-size protrusions each having a par-
ticle size equal to or greater than about 30 nm and equal
to or less than about 1000 nm in diameter,

wherein the first base layer comprises a first overlap area
overlapping the first large-size protrusions; and a first
non-overlap area not overlapping the first large-size pro-
trusions,

wherein the second base layer comprises a second overlap
area overlapping the second large-size protrusions; and a
second non-overlap area not overlapping the second
large-size protrusions, and

wherein the first and second overlap areas satisfy Equation
1.
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D<area of the second overlap area/area of the first

overlap area<4/5 Equation 1

32. The curved display device of claim 31, wherein a num-
ber of the second large-size protrusions is less than a number
of the first large-size protrusions.

33. The curved display device of claim 31, wherein the area
of the second overlap area is less than an area of the second
non-overlap area.

34. The curved display device of claim 31, wherein the
second overlap area and the second non-overlap area satisfy
Equation 2.

D<area of the second overlap area/area of the second

non-overlap area<5/10 Equation 2:

35. The curved display device of claim 31, wherein the area
of the first overlap area is equal to or greater than about
3.0x10° nm* and equal to or less than about 1.0x10° nm* and
aunit area of a surface of the first base layer is about 1.0x10°
nm®.

36. The curved display device of claim 31, wherein the area
of the second overlap area is greater than 0 nm? and equal to
or less than about 3.5x10° nm? and to a unit area of a surface
of the second base layer is about 1.0x10° nm>.

37. A curved display device comprising;

a curved first base substrate;

a first alignment layer comprising a first base layer dis-
posed on the first base substrate and a plurality of first
protrusions disposed on the first base layer;

a curved second base substrate facing the first substrate;
and

a second alignment layer comprising a second base layer
disposed on the second base substrate and a plurality of
second protrusions disposed on the second base layer,

wherein the first protrusions comprise first large-size pro-
trusions each having a particle size equal to or greater
than about 50 nm and equal to or less than about 1000 nm
in diameter, and wherein the second protrusions com-
prise second large-size protrusions each having a par-
ticle size equal to or greater than about 50 nm and equal
to or less than about 1000 nm in diameter,

wherein the first base layer comprises a first overlap area
overlapping the first large-size protrusions; and a first
non-overlap area not overlapping the first large-size pro-
trusions,

wherein the second base layer comprises a second overlap
area overlapping the second large-size protrusions; and a
second non-overlap area not overlapping the second
large-size protrusions, and

wherein the first and second overlap areas satistfy Equation
3.

D<area of the second overlap area/area of the first

overlap area=1/2 Equation 3

38. The curved display device of claim 37, wherein a num-
ber of the second large-size protrusions is less than a number
of the first large-size protrusions.

39. The curved display device of claim 37, wherein the
second overlap area and the second non-overlap area satisfy
Equation 4.

D<area of the second overlap area/area of the second

non-overlap area<1/10 Equation 4

40. The curved display device of claim 37, wherein the area
of the first overlap area is equal to or greater than about
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0.4x10° nm? and equal to or less than about 1.0x10° nm? and
a unit area of a surface of the first base layer about 1.0x10°
nm”.

41. The curved display device of claim 37, wherein the area
of the second overlap area is greater than 0 nm* and equal to
or less than about 0.3x10° nm* and a unit area of a surface of
the second base layer is about 1.0x10° nm?.

42. A curved display device comprising;

a curved first substrate;

a first alignment layer disposed on the first substrate;

a curved second substrate facing the first substrate; and

asecond alignment layer disposed on the second substrate

and facing the first alignment layer,

wherein the first alignment layer comprises:

a first base layer;
a photo-initiator; and
reactive mesogens polymerized each other.
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43. The curved display device of claim 42, wherein the
second alignment layer is not polymerized to the photo-ini-
tiator.

44. The curved display device of claim 42, wherein the
photo-initiator comprises at least one of benzyl dimethyl
ketal, a-hydroxyketone, methylbenzoylformate, acylphos-
phine oxide, titanocene, c.-aminoketone, a-aminoacetophe-
none, oxime ester, benzophenone, phenylketone, a-dichloro-
acetophenone, a-chloro-thioxanthone, benzoin alkylether,
and derivatives thereof.

45. The curved display device of claim 42, wherein each of
the reactive mesogens comprises at least one of acrylate,
methacrylate, epoxy, oxetane, vinyl ether, styrene, and
derivatives thereof.

46. The curved display device claim 42, wherein the first
alignment layer comprises at least one compound having a
structure represented by following Chemical formulas 1 and
2.

Chemical formula 1
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-continued
Chemical formula 2
0]
[0) OH
N
x
0
%O ]
@] (0] 0 0} O 0]
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N N N N
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o o) 0 0] 0] 0]

47. The curved display device of claim 46, wherein the
compound having a structure represented by Chemical for-
mula 1 is present on a surface of the first alignment layer in an
amount greater than a compound having the structure repre-
sented by Chemical formula 2.

#* #* * #* *
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