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(7) ABSTRACT

A curved display device includes a thin film transistor display
unit including a first insulation substrate; a common electrode
display unit disposed opposite to the thin film transistor dis-
play unit and including a second insulation substrate; a liquid
crystal layer disposed between the thin film transistor display
unit and the common electrode display unit; and a plurality of
color filters disposed on the first insulation substrate or the
second insulation substrate, where each color filter includes
an overlapping compensation region, which overlaps an adja-
cent color filter, and a non-overlapping region, which does not
overlap the adjacent color filter, the overlapping compensa-
tion region defines a stepped region having a step height with

299 the non-overlapping region.
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FIG. 3
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FIG. 10

Form thin film transistor display unit including plurality 510
of color filters to form stepped region
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Form common electrode display 520
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Inject liquid crystal between thin film transistor display 530
unit and common electrode display unit facing each other
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CURVED DISPLAY DEVICE AND
MANUFACTURING METHOD THEREOF

[0001] This application claims priority to Korean Patent
Application No. 10-2013-0070299, filed on Jun. 19, 2013,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the content of which in its entirety is herein incorporated by
reference.

BACKGROUND
[0002] (a) Technical Field
[0003] Exemplary embodiments of the invention relates to

a curved display device and a manufacturing method of the
curved display device, and more particularly, to a curved
display device, in which an interval between display units is
maintained to be substantially constant through a height of a
stepped region of a color filter that varies by a stress thereon.
[0004] (b) Description of the Related Art

[0005] A liquid crystal display, which is one of the most
widely used types of flat display, typically includes two dis-
play units on which an electric field generating electrode,
such as a pixel electrode and a common electrode, is formed,
and a liquid crystal layer disposed therebetween. The liquid
crystal display generates an electric field on the liquid crystal
layer by applying voltage to the electric field generating elec-
trode, determines a direction of liquid crystal molecules of the
liquid crystal layer through the generated electric field, and
displays an image by controlling polarization of incident
light.

[0006] The liquid crystal display may be used as a display
device of atelevision receiver, which has a substantially large
sized screen. When the size of the liquid crystal display is
substantially large, a difference in the visual field increases
when a viewer views a center portion of the screen and when
the viewer views both left and right ends of the screen.
[0007] To compensate for such difference in the visual
field, a display device may have a curved shape by bending
the display device to be in a concave shape or a convex shape.
The display device may be provided in a portrait type having
a vertical length longer than a horizontal length and bent in a
vertical direction based on the viewer, and may be provided in
a landscape type having a vertical length shorter than a hori-
zontal length and bent in a horizontal direction, based on the
viewer.

[0008] However, in such a liquid crystal display having a
curved shape by bending the liquid crystal display. a shear
stress is applied to a substrate positioned to be inward of a
curved surface between two substrates. Accordingly, an inter-
val between the two substrate may not be substantially con-
stantly maintained.

SUMMARY

[0009] Exemplary embodiments of the invention provide a
curved display device, in which an interval of a region, on
which a shear stress is concentrated, is effectively main-
tained.

[0010] An exemplary embodiment of the invention pro-
vides a curved display device, including: a thin film transistor
display unit including a first insulation substrate; a common
electrode display unit disposed opposite to the thin film tran-
sistor display unit and including a second insulation sub-
strate; a liquid crystal layer disposed between the thin film
transistor display unit and the common electrode display unit;
and a plurality of color filters disposed on the first insulation
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substrate or the second insulation substrate, where each color
filter includes an overlapping compensation region, which
overlaps an adjacent color filter, and a non-overlapping
region, which does not overlap the adjacent color filter, the
overlapping compensation region defines a stepped region
having a step height with the non-overlapping region.
[0011] Inan exemplary embodiment, the step height corre-
sponds to a stress thereon.

[0012] Inan exemplary embodiment, the step height of the
stepped region may be calculated based on the following
equation:

B
A= 45,

[0013] where A denotes a value of the stress expressed in
kilogram force, and B denotes a value of the step height
expressed in micrometer.

[0014] Inanexemplary embodiment, the step height of the
stepped region may be in a range of about 1.2 micrometers
(um) to about 1.9 micrometers (Lm).

[0015] In an exemplary embodiment, a ratio of an interval
between the thin film transistor display unit and the common
electrode display unit with respect to the step height of the
stepped region may be in a range of about 0.4 to about 0.6.
[0016] In an exemplary embodiment, the interval between
the thin film transistor display unit and the common electrode
display unit may be in a range of about 0.3 um to about 0.9

[0017] In an exemplary embodiment, the curved display
device may further include a fixing member configured to
maintain an interval between the thin film transistor display
unit and the common electrode display unit, where the step
height of the stepped region may gradually vary based on the
fixing member.

[0018] In an exemplary embodiment, the stress may be
concentrated in a longitudinal direction of the curved display
device from a position at which the fixing member is dis-
posed.

[0019] In an exemplary embodiment, the curved display
device may further include a thin film transistor element
disposed on the first insulation substrate, and a main column
spacer disposed between the first insulation substrate and the
second insulation substrate and in a position at which the thin
film transistor element is disposed.

[0020] In an exemplary embodiment, the color filter may
include a step compensation region, and the curved display
device may further include a sub-column spacer positioned
on the step compensation region.

[0021] In an exemplary embodiment, each color filter may
include a plurality of overlapping compensation regions.
[0022] In an exemplary embodiment, an interval between
the thin film transistor display unit and the common electrode
display unit may be substantially constant.

[0023] Inanexemplary embodiment, the second insulation
substrate may be disposed to be inward based on a curvature
radius, and the second insulation substrate may be less com-
pressed in a longitudinal direction of the curved display
device than the first insulation substrate.

[0024] Another exemplary embodiment of the invention
provides a curved display device, including: a thin film tran-
sistor display unit including a first insulation substrate; a
common electrode display unit disposed opposite to the thin
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film transistor display unit, and including a second insulation
substrate; a liquid crystal layer disposed between the thin film
transistor display unit and the common electrode display unit;
a plurality of color filters disposed on the first insulation
substrate or the second insulation substrate, where each color
filter includes an overlapping compensation region, which
overlaps an adjacent color filter, and a non-overlapping
region, which does not overlap the adjacent color filter; and a
light blocking member disposed adjacent to the color filter
and overlapping the overlapping compensation region, where
the light blocking member and the overlapping compensation
region, which overlap each other, defines a stepped region
having a step height with the non-overlapping region.

[0025] Still another exemplary embodiment of the inven-
tion provides a display manufacturing method of a curved
display device, the method including: providing a thin film
transistor display unit including a first insulation substrate
and a plurality of color filters; providing a common electrode
display unit including a second insulation substrate and a
common electrode to be opposite to the thin film transistor
display unit; and providing liquid crystal between the thin
film transistor display unit and the common electrode display
unit that face each other, where adjacent color filters of the
color filters overlap each other such that an overlapping com-
pensation region is provided between the adjacent color fil-
ters, and the overlapping region defines a stepped region
having a step height with a non-overlapping region of the
color filters.

[0026] In an exemplary embodiment, the method may fur-
ther include providing a thin film transistor element on the
first insulation substrate; and providing a main column spacer
between the first insulation substrate and the second insula-
tion substrate and in a position at which the thin film transistor
element is provided.

[0027] In an exemplary embodiment, the method may fur-
ther include providing a step compensation region using the
color filter; and providing a sub-column spacer on the step
compensation region.

[0028] According to exemplary embodiments of the curved
display device, an interval between display units in a region
on which a stress is concentrated is effectively maintained to
be substantially constant, thereby improving display quality
thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The above and other features of the invention will
become more apparent by describing in detail exemplary
embodiments thereof with reference to the attached drawings,
in which:

[0030] FIG. 1 is a perspective view of an exemplary
embodiment ofa curved display device according to an exem-
plary embodiment of the invention;

[0031] FIG. 2 s a top plan view of an exemplary embodi-
ment of the curved display device according to an exemplary
embodiment of the invention;

[0032] FIG. 3 is a cross-sectional view taken along line I-1
of the curved display device of FI1G. 2;

[0033] FIG.4isacross-sectional view taken along line 1I-11
of the curved display device of FIG. 2;

[0034] FIG. 5 is a cross-sectional view of an alternative
exemplary embodiment of a curved display device according
to the invention;
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[0035] FIG. 6 is a schematic view illustrating a step height
of an exemplary embodiment of a curved display device
according to the invention;

[0036] FIG.7isa cross-sectional view ofthe curved display
device of FIG. 6;

[0037] FIG. 8 is a perspective view of an exemplary
embodiment of a color filter of FIG. 7,

[0038] FIG. 9 is a graph showing results of a performance
test on an exemplary embodiment of the invention; and
[0039] FIG. 10 is a flowchart illustrating an exemplary
embodiment of a manufacturing method of a curved display
device according to the invention.

DETAILED DESCRIPTION

[0040] The invention will be described more fully herein-
after with reference to the accompanying drawings, in which
embodiments of the invention 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
convey the scope of the invention to those skilled in the art.
Like reference numerals refer to like elements throughout.
[0041] It will be understood that when an element or layer
is referred to as being “on”, “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like 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.

[0042] 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 element, component, region, layer or section. Thus, a
first element, component, region, layer or section discussed
below could be termed a second element, component, region,
layer or section without departing from the teachings of the
invention.

[0043] Spatially relative terms, such as “beneath”,
“below”, “lower”, “above”, “upper” and the like, may be used
herein for ease of description to describe one element or
feature’s 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.

[0044] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms, “a”, “an” and “the” are intended to include the plural
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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.

[0045] “About” or “approximately” as used herein is inclu-
sive of the stated value and means within an acceptable range
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
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.

[0046] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0047] Embodiments are described herein with reference to
cross section illustrations that are schematic 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 sche-
matic 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 claims set forth herein.

[0048] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0049] Hereinafter, an exemplary embodiment of a curved
display device according to the invention will be described
with reference to FIGS. 1 through 8.

[0050] FIG. 1 is a perspective view of an exemplary
embodiment of a curved display device 10 according to the
invention, FIG. 2 is a top plan view of the curved display
device 10 of FIG. 1, FIG. 3 is a cross-sectional view taken
along line I-I of the curved display device 10 of FIG. 2, FIG.
4 is a cross-sectional view taken along line II-1I of the curved
display device 10 of FIG. 2, FIG. 5is a cross-sectional view of
an alternative exemplary embodiment of a curved display
device according to the invention, FIG. 6 is a schematic view
illustrating a step height of an exemplary embodiment of a
curved display device according to the invention, FIG. 7 is a
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cross-sectional view of the curved display device of FIG. 6,
and FIG. 8 is a perspective view of an exemplary embodiment
of a color filter of FIG. 7.

[0051] Referring to FIG. 1, an exemplary embodiment of
the curved display device 10 includes a thin film transistor
display unit 100 including a first insulation substrate 110, a
common electrode display unit 200 including a second insu-
lation substrate 210, and a liquid crystal layer 3 positioned
between the thin film transistor display unit 100 and the
common electrode display unit 200. In such an embodiment,
the thin film transistor display unit 100 and the common
electrode display unit 200 may be disposed opposite to, e.g.,
facing, each other.

[0052] In an exemplary embodiment, a sealant 300 is dis-
posed at an edge of the first insulation substrate 110 and the
second insulation substrate 210. The first insulation substrate
110 and the second insulation substrate 210 may be combined
with each other by the sealant 300, and the sealant 300 may
confine the liquid crystal layer 3 between the first insulation
substrate 110 and the second insulation substrate 210.
[0053] The sealant 300 may include resin, initiator or filler,
for example. The resin may include acryl resin, epoxy resin,
urethane resin, or a combination thereof, and the initiator may
include a photo initiator that absorbs light of a visible ray
region or light of an ultraviolet (“UV”) ray region or a thermal
initiator that reacts to heat, for example. In one exemplary
embodiment, for example, the photo initiator may be oxime
base as an initiator that absorbs light having a wavelength of
about 400 nanometers (nm) in the visibleray region. The filler
may include core shell particles, inorganic planar filler or the
like, for example.

[0054] The curved display device 10 may further include a
fixing member (not shown) configured to fix the curved dis-
play device 10 to be in a predetermined shape, e.g., a curved
shape, such that the thin film transistor display unit 100
including the first insulation substrate 110 and the common
electrode display unit 200 including the second insulation
substrate 210 have a predetermined curvature.

[0055] In such an embodiment, the curved display device
10 may be bent with a constant curvature radius.

[0056] In an exemplary embodiment, the fixing member
may be formed at a predetermined position of an edge of the
display device, and maintains an interval between two display
units to be substantially constant. In such an embodiment, the
curved display device 10 forms the curvature, and an interval
between the display units may vary. In an exemplary embodi-
ment, the display device maintains the substantially constant
interval by the fixing member disposed at a predetermined
position.

[0057] In an exemplary embodiment, the fixing member
may be symmetrically positioned at an edge of the display
device. In one exemplary embodiment, for example, the fix-
ing member may be positioned at an edge corresponding to
about Y4 point and about %4 point of the display device in a
horizontal direction (widthwise direction), but not being lim-
ited thereto. In such an embodiment, the fixing member may
be disposed at any symmetric position.

[0058] In an exemplary embodiment, as illustrated in FIG.
1, the curved display device 10 includes the first insulation
substrate 110 and the second insulation substrate 210, each
curved with a substantially constant curvature. An observer
observes an image displayed on a portion (e.g., a side or a
surface) of the curved display device 10 that is concavely bent
in a horizontal direction (left and right directions of the
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observer). In such an embodiment, the observer may observe
the display device from a side of the second insulation sub-
strate 210.

[0059] Insuchanembodiment, the first insulation substrate
110and the second insulation substrate 210 are curved to have
a substantially constant curvature radius. In such an embodi-
ment, a center of the curvature radius of the horizontal direc-
tion is positioned on an outer side of the second insulation
substrate 210, that is, in a direction toward the observer.
[0060] In an exemplary embodiment, a plurality of thin
films is disposed on the first insulation substrate 110. In one
exemplary embodiment, for example, a gate line 121, a thin
film transistor element, a data line, a color filter and the like,
may be disposed on the first insulation substrate 110.

[0061] In an exemplary embodiment, a plurality of thin
films is disposed on the second insulation substrate 210. In
one exemplary embodiment, for example, a common elec-
trode and the like may be disposed on the second insulation
substrate 210.

[0062] Referring to FIGS. 2 to 5, an exemplary embodi-
ment of the curved display device 10 includes the thin film
transistor display unit 100, the common electrode display unit
200 disposed opposite to, e.g., facing, the thin film transistor
display unit 100, and the liquid crystal layer 3 disposed
between the thin film transistor display unit 100 and the
common electrode display unit 200.

[0063] Hereinafter, the thin film transistor display unit 100
will be described in detail.

[0064] A plurality of gate lines (121: 121¢; and 1215)
including gate electrodes (124: 124a; and 1245) is disposed
on the first insulation substrate 110 including an insulating
material such as glass or plastic, for example, and a gate
insulating layer 140, a plurality of thin film transistor ele-
ments (154: 154a and 154b), a plurality of ohmic contacts 163
and 165, a plurality of data lines 171, and a plurality of drain
electrodes (175: 175qa; and 1754) are sequentially disposed
thereon.

[0065] The gate lines 121 transfer a gate signal, and extend
substantially in a first direction, e.g., a horizontal direction.
[0066] The data lines 171 transfer a data signal and extend
substantially in a second direction substantially vertical to the
first direction (e.g., a vertical direction) to intersect the gate
line 121. Each data line 171 includes a plurality of source
electrodes (173: 173a; and 173b) that extends toward the gate
electrode 124. The drain electrode 175 is spaced apart from
the data line 171 and faces the source electrode 173 with
respect to the gate electrode 124.

[0067] In an exemplary embodiment, a voltage line 178
may extend substantially in the second direction on the first
insulation substrate 110.

[0068] The thin film transistor element 154 is disposed on
the gate electrode 124, and the ohmic contacts 163 and 165
are disposed on the thin film transistor element 154, between
the thin film transistor element 154 and the data line 171 and
between the thin film transistor element 154 and the drain
electrode 175, thereby reducing contact resistance therebe-
tween.

[0069] A single gate electrode 124, a single source elec-
trode 173 and a single drain electrode 175 constitute a single
thin film transistor (“TFT”) together with the thin film tran-
sistor element 154, and a channel of the thin film transistor is
formed in the thin film transistor element 154 between the
source electrode 173 and the drain electrode 175.
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[0070] In an exemplary embodiment, a first passivation
layer 180 is disposed on the thin film transistor element 154,
the source electrode 173, the drain electrode 175, the gate
insulating layer 140 and the data lines 171.

[0071] In an exemplary embodiment, a light blocking
member 220 may be disposed on the thin film transistor
element 154, the source electrode 173, the drain electrode
175. According to another exemplary embodiment of the
invention, the light blocking member 220 may be disposed on
the gate line 121 and the data line 171, and color filters 230R,
230G and 230B may be disposed in a pixel region defined by
the light blocking member 220.

[0072] In an exemplary embodiment, the light blocking
member 220 may include carbon black of which content is
about 7% or less. In an alternative exemplary embodiment,
the light blocking member 220 may include only an organic
black material such as perylene black or aniline black, for
example, instead of including the carbon black. The light
blocking member 220 has the infrared ray (“IR”) transmit-
tance of about 60% or more. Herein, a wavelength of the IR
may be greater than or equal to about 1000 nm, or about 1500
nm or more.

[0073] A second passivation layer 181 is disposed on the
color filters 230R, 230G and 230B. A contact hole 185 is
defined in the passivation layer 181 and the color filters 230R,
230G and 230B and exposes the drain electrode 175.

[0074] The pixel electrodes (191: 191a; and 1915) are dis-
posed on the passivation layer 181 and connected to the drain
electrode 175 via the contact hole 185.

[0075] The common electrode display unit 200 faces the
thin film transistor display unit 100, and includes the second
insulation substrate 210 and a common electrode 270 dis-
posed thereon. In an alternative exemplary embodiment, the
common electrode 270 may be disposed on the thin film
transistor display unit 100.

[0076] The liquid crystal layer 3 is disposed between the
common electrode display unit 200 and the thin film transis-
tor display unit 100.

[0077] In an exemplary embodiment, the liquid crystal
layer 3 between the first insulation substrate 110 and the
second insulation substrate 210 may be any type of liquid
crystal layer 3, such as a twisted nematic (“TN”) mode, a
vertical aligned (“VA”) mode, an in plane switching (“IPS”)
mode, a blue phase (“BP”) mode, and the like, for example.

[0078] Inanexemplary embodiment, an alignment layer 21
may be disposed in at least one of the first insulation substrate
110 and the second insulation substrate 210, and the align-
ment layer 21 may be rubbed or optically aligned in a prede-
termined direction. In an alternative exemplary embodiment,
at least one of the liquid crystal layer 3 and the alignment
layer 21 may include a photopolymer material.

[0079] An exemplary embodiment of the curved display
device 10 will be described in greater detail with reference to
FIG. 3. As described above with reference to FIG. 2, the gate
electrode 124, the gate insulating layer 140, the thin film
transistor element 154, the ohmic contact layers 163 and 165,
and the source and drain electrodes 173 and 175 are sequen-
tially disposed on the thin film transistor display unit 100 of
the curved display device 10.

[0080] In an exemplary embodiment, the color filter 230 is
disposed. The color filter (230: 230R; 230G; and 230B) may
represent a primary color, such as red, green and blue, and
may represent a primary color of each pixel by positioning a
color filter or a light emitting layer for emitting light of a
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unique color on a region corresponding to each pixel. In one
exemplary embodiment, the color filter may include a red
color filter 230R, a green color filter 230G and a blue color
filter 230B.

[0081] The color filters 230R, 230G and 230B may have a
band shape and may be disposed between adjacent data lines
171. The color filters 230R, 230G and 230B may include a
pigment and a photosensitive organic material representing
red, green or blue.

[0082] When light is supplied from a light source (not
shown), such as a backlight, disposed under the color filter
230, the color filter 230 transmits only light in a predeter-
mined wavelength range corresponding to a color to be rep-
resented by the color filter 230. In an exemplary embodiment,
the color filter 230 may include a first layer and a second layer
having difference refractive indices, and thereby transmit
only the light in the predetermined wavelength range corre-
sponding to the color to be represented, and reflects light in a
remaining wavelength, e.g., light having a wavelength out-
side the predetermined wavelength range. In one exemplary
embodiment, for example, the red filter 230R transmits only
light in a wavelength region of about 580 nanometers (nm) to
about 780 nanometers (nm) and reflects all of the light in a
remaining region thereof, the green filter 230G transmits only
light in a wavelength region of about 450 nm to about 650 nm
and reflects all of the light in a remaining region thereof, and
the blue filter 230B transmits only light in a wavelength
region of about 380 nm to about 560 nm and reflects all of the
light in a remaining region thereof.

[0083] The common electrode display unit 200 may
include the second insulation substrate 210, the common
electrode 270 and the alignment layer 21.

[0084] A main column spacer 310 may be disposed
between the thin film transistor display unit 100 and the
common electrode display unit 200. The main column spacer
310 maintains an interval between the first insulation sub-
strate 110 and the second insulation substrate 210 to be sub-
stantially constant, and to effectively prevent deformation
and damage of a substrate that may occur due to a difference
between internal pressure and external pressure of a vacuum
vessel.

[0085] In such an embodiment, a sub-column spacer 330
may be disposed between the thin film transistor display unit
100 and the common electrode display unit 200. The sub-
column spacer 330 may be disposed on the thin film transistor
display unit 100 or the common electrode display unit 200. In
an exemplary embodiment, where the sub-column spacer 330
is disposed on the thin film transistor display unit 100, the
sub-column spacer 330 is spaced apart from the common
electrode display unit 200 by a predetermined distance. In an
alternative exemplary embodiment, where the sub-column
spacer 330 is disposed on the common electrode display unit
200, the sub-column spacer 330 is spaced apart from the thin
film transistor display unit 100 by a predetermined distance.
In another alternative exemplary embodiment, the sub-col-
umn spacer 330 may be disposed on the thin film transistor
display unit 100 and on the common electrode display unit
200.

[0086] In an exemplary embodiment, a plurality of sub-
column spacers 330 may be included. In such an embodi-
ment, where the plurality of sub-column spacers 330 is
included, the predetermined distance from each sub-column
spacer 330 to the thin film transistor display unit 100 or the
common electrode display unit 200 may differ to achieve a

Dec. 25,2014

stress distribution effect against various types of shear
stresses. In one exemplary embodiment, for example, each
pixel includes two sub-column spacers 330, including a first
sub-column spacer at an interval of about 0.35 micrometer
(um) from the thin film transistor display unit 100 or the
common electrode display unit 200 and a second sub-column
spacer at an interval of about 0.2 pm from the thin film
transistor display unit 100 or the common electrode display
unit 200. Such different intervals may be determined by a
height of the sub-column spacer 330 or a step compensation
region defined by the color filter 230. In an exemplary
embodiment, where the color filter 230 is substantially flat or
planarized, the predetermined interval may be determined by
the height of the sub-column spacer 330. In an exemplary
embodiment, where the sub-column spacers 330 have sub-
stantially the same height from each other, the predetermined
interval may be determined by different intervals between the
thin film transistor display unit 100 or the common electrode
display unit 200 based on the step compensation region of the
color filter 230. The predetermined interval may be deter-
mined based on both the height of the sub-column spacer 330
and the step compensation region.

[0087] In such an embodiment, a spacer (e.g., the main
column space 310 or the sub-column spacers 330) may
include ceramic or glass, for example, or may have various
shapes such as a circular column, a rectangular column, a wall
type, and the like, for example.

[0088] FIG. 4is across-sectional view taken along line 11-11
of the curved display device 10 of FIG. 2. FIG. 4 shows a step
between a stepped region by an overlapping compensation
region of the color filter 230 and a remaining region, which is
anon-overlapping region, of the color filter 230, and a height
difference between the stepped region by the overlapping
compensation region and the non-overlapping region is
referred to as a step height.

[0089] Referring to FIGS. 3 and 4, the thin film transistor
display unit 100 includes the gate insulating layer 140 posi-
tioned on the first insulation substrate 110, and the source and
drain electrodes 173 and 175 are positioned on the gate insu-
lating layer 140. The first passivation layer 180 is positioned
on the source and drain electrodes 173 and 175, and the color
filter 230 is positioned on the passivation layer 180. The color
filter 230 may include the red filter 230R, the green filter
230G, and the blue filter 230B. Referring to FIG. 4, in an
exemplary embodiment of the invention, the red, green and
blue may be repeatedly alternately arranged.

[0090] In such an embodiment, the red filter 230R is dis-
posedon the passivation layer 180, and the red filter 230R and
the green filter 230G overlap each other at the overlapping
compensation region, to thereby define the stepped region
having a step height D1. One of two color filters at the over-
lapping compensation region may be disposed in a lower
portion of the overlapping compensation regions, and the
other of the two color filters at the overlapping compensation
region may be disposed in an upper portion of the overlapping
compensation region. In one exemplary embodiment of the
invention, as shown in FIG. 4, the red filter 230R may be
disposed in the lower portion of the overlapping compensa-
tion regions.

[0091] In an exemplary embodiment, the red filter 230R
and the green filter 230G overlap each other at the overlap-
ping compensation region therebetween, to thereby define the
step height D1, which is a height difference between the
stepped region and the flat region, which is a non-overlapping
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region of the color filter 230 adjacent to the overlapping
compensation region. In such an embodiment, an interval D2
between a surface of the thin film transistor display unit 100
corresponding to the overlapping compensation region and an
opposing surface of the common electrode display unit 200 is
shorter than an interval D3 between a surface of the thin film
transistor display unit 100 corresponding to the non-overlap-
ping region adjacent to the overlapping compensation region
ofthe red filter 230R or the green filter 230G, and an opposing
surface of the common electrode display unit 200. In an
exemplary embodiment, a stepped region that defined by
overlapped two adjacent color filters at the overlapping com-
pensation region functions as a column spacer that maintains
an interval such that a separate column spacer may be omitted
therefrom.

[0092] Next, aportion of the green filter 230G and a portion
of the blue filter 230B overlap each other, to thereby define the
overlapping compensation region, and the overlapping com-
pensation region defines another stepped region with a non-
overlapping region. One of two color filters at the overlapping
compensation region may be disposed in a lower portion of
the overlapping compensation regions, and the other of the
two color filters at the overlapping compensation region may
be disposed in an upper portion of the overlapping compen-
sation region. In one exemplary embodiment of the invention,
the green filter 230G may be positioned on a lower of the
overlapping region between the green filter 230G and the blue
filter 230B.

[0093] In an exemplary embodiment, the green filter 230G
and the blue filter 230B overlap each other at the overlapping
compensation region therebetween, to thereby define the step
height D1, which is a height difference between the stepped
region and the flat region, which is the non-overlapping
region of the green filter 230G and the blue filter 230B adja-
cent to the portion of the green filter 230G and the portion of
the blue filter 230B that overlap each other at the overlapping
compensation region. In such an embodiment, an interval
between a surface of the thin film transistor display unit 100
corresponding to the overlapping compensation region and an
opposing surface of the common electrode display unit 200 is
shorter than an interval between a surface of the thin film
transistor display unit 100 corresponding to the non-overlap-
ping region adjacent to the overlapping compensation region
of the green filter 230G or the blue filter 230B, and a surface
of the facing common electrode display unit 200. In an exem-
plary embodiment, a stepped region that defined by over-
lapped two adjacent color filters at the overlapping compen-
sation region functions as a column spacer that maintains an
interval such that a separate column spacer may be omitted
therefrom.

[0094] Next, a portion of the blue filter 230B and a portion
of the red filter 230R overlap each other at the overlapping
compensation region to thereby define an overlapping com-
pensation region therebetween such that a non-overlapping
region. One of two color filters at the overlapping compensa-
tion region may be disposed in a lower portion of the over-
lapping compensation regions, and the other of the two color
filters at the overlapping compensation region may be dis-
posed in an upper portion of the overlapping compensation
region. In an exemplary embodiment of the invention, the red
filter 230R may be positioned in the lower portion.

[0095] In an exemplary embodiment, a portion of the blue
filter 230B and a portion of the red filter 230R overlap each
other at the overlapping compensation region, to thereby
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define the step height D1 with a non-overlapping region adja-
cent to the overlapping compensation region. In such an
embodiment, an interval between a surface of the thin film
transistor display unit 100 corresponding to the overlapping
compensation region and an opposite surface of the common
electrode display unit 200 is shorter than an interval between
a surface of the thin film transistor display unit 100 corre-
sponding to the non-overlapping region of the blue filter 230B
or the red filter 230R, and a surface of the facing common
electrode display unit 200. In an exemplary embodiment, a
stepped region that defined by overlapped two adjacent color
filters at the overlapping compensation region functions as a
column spacer that maintains an interval such that a separate
column spacer may be omitted therefrom.

[0096] In an exemplary embodiment, as described above,
each color filter 230 includes at least edge portions that over-
lap an edge portion of an adjacent color filter 230 to thereby
define a stepped region corresponding to the overlapping
compensation region. In such an embodiment, an overlapped
portion of two adjacent color filters 230 at the overlapping
compensation regions is the stepped region having a step
height with a non-overlapping region adjacent to the overlap-
ping compensation region.

[0097] In such an embodiment, as described above, the
stepped region at the overlapping compensation region has
the step height D1, which is a height of the stepped region at
the overlapping compensation region from the non-overlap-
ping region. Due to the step height D1, an interval D2 between
the surface of the thin film transistor display unit 100 corre-
sponding to the compensation region and the opposing sur-
face of the common electrode display unit 200 is shorter than
an interval D3 between the surface of the thin film transistor
display unit 100 corresponding to the non-overlapping region
and the opposing surface of the common electrode display
unit 200.

[0098] The stepped region formed by overlapped portions
of adjacent color filters 230 in the overlapping compensation
region maintains an interval between the thin film transistor
display unit 100 and the common electrode display unit 200.
In such an embodiment, the interval between the thin film
transistor display unit 100 including the first insulation sub-
strate 110 and the common electrode display unit 200 includ-
ing the second insulation substrate 210 may be maintained to
be substantially constant by the stepped region, and a degra-
dation in display quality may be effectively prevented from
occurring due to irregularity of an interval that may be gen-
erated on the curved display device 10.

[0099] FIG. 5 is a cross-sectional view of an alternative
exemplary embodiment of a curved display device according
to the invention. The curved display device in FIG. 5 is sub-
stantially the same as the curved display device shown in
FIGS. 1 to 4 except for the color filters 230. The same or like
elements shown in FIG. 5 have been labeled with the same
reference characters as used above to describe the exemplary
embodiments of the curved display device shown in FIGS. 1
to 4, and any repetitive detailed description thereof may here-
inafter be omitted or simplified.

[0100] Referring to FIG. 5, in an alternative exemplary
embodiment, the thin film transistor display unit 100 may
include the gate insulating layer 140 disposed on the first
insulation substrate 110, and the source and drain electrodes
173, 175 are disposed on the gate insulating layer 140. The
first passivation layer 180 is disposed on the data lines 171,
and the color filter 230 is disposed on the first passivation
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layer 180. The color filter 230 may include a red filter, a green
filter, and a blue filter, and includes a stepped region which is
defined by the overlapping compensation regions of the adja-
cent color filters 230 and functions as a main column spacer.
An interval between the thin film transistor display unit 100
and the common electrode display unit 200 at the stepped
region is substantially small, for example, may be in a range
of about 0.3 pm to about 0.9 um.

[0101] Insuch an embodiment, the sub-column spacer 330
may be further disposed on the color filter 230. The sub-
column spacer 330 may be disposed between overlapping
compensation regions of each pixel. In an exemplary embodi-
ment, a plurality of sub-column spacers 330 may be disposed
in each pixel. The sub-column spacer 330 may be disposed on
the color filter 230 between overlapping compensation
regions of each pixel, or may be disposed on the common
electrode display unit 200. In an alternative exemplary
embodiment, the sub-column spacers 330 may be disposed on
both the color filter 230 and the common electrode display
unit 200.

[0102] In an exemplary embodiment, where at least two
sub-column spacers 330 are disposed in each pixel, an inter-
val by each sub-column spacer 330 may be different from
each other.

[0103] Inanexemplary embodiment, where a non-overlap-
ping region other than the overlapping compensation region
of the color filter 230 is substantially flat, at least two sub-
column spacers 330 are positioned on the non-overlapping
region, and each sub-column spacer 330 may have a different
size. In such an embodiment, the interval between the sub-
column spacers 330 and the color filter 230 or the common
electrode display unit 200 may differ from each other due to
the different size of each sub-column spacer 330.

[0104] According to another exemplary embodiment, each
sub-column spacer 330 has the same size, and the interval
between the sub-column spacers 330 and the color filter 230
or the common electrode display unit 200 may differ from
each other by a step compensation region defined in the
non-overlapping region of the color filter 230. In another
alternative exemplary embodiment, the interval between the
sub-column spacers 330 and the color filter 230 or the com-
mon electrode display unit 200 may differ from each other by
the different size of each sub-column spacer 330 and by the
step compensation region defined in the non-overlapping
region of the color filter 230.

[0105] According to an exemplary embodiment of the
invention, the stepped region may have different step heights
in the curved display device. Hereinafter, the stepped region
will be described in greater detail with reference to FIGS. 6
through 8.

[0106] In an exemplary embodiment of a curved display
unit, a stress concentration occurs in the curved display
device 10 due to a curvature of a curved shape thereof. In an
exemplary embodiment, the curved display device may
include a fixing member, and the stress concentration occurs
in a vertical direction (e.g., a lengthwise direction) of the
display unit, for example, the thin film transistor display unit
100 and the common electrode display unit 200 at a point at
which the fixing member is positioned. In such an embodi-
ment, the interval between the thin film transistor display unit
100 and the common electrode display unit 200 may not be
effectively maintained at the point at which the stress concen-
tration occurs.
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[0107] 1In anexemplary embodiment, as illustrated in FIG.
6, in a case in which the fixing member is included at a V4
point and a ¥ point of the display unit in a longitudinal
direction (e.g., the horizontal direction) of the display unit,
the display unit may be divided into a center region corre-
sponding to aregion with obliquelines in FIG. 6, on which the
stress is mostly concentrated, a region surrounding the center
region and which is the next highest stress, and a remaining
region. As shown in FIG. 6, the highest stress concentration
occurs at the point at which the fixing member is positioned,
and the stress gradually decreases as moving toward both side
ends of the display unit from the point at which the fixing
member is positioned.

[0108] In an exemplary embodiment, the stress concentra-
tion may occur in the display device as illustrated in FIG. 6,
and a step height may be provided in the display device as
illustrated in FIG. 7. In such an embodiment, a stepped region
having a step height A,, which is highest, is disposed in a
region A, and the step height is gradually decreased substan-
tially in proportion to the stress concentration in an order of a
region B having a step height B,, and a region C having a step
height C,,.

[0109] The step height of the stepped region may be calcu-
lated based on the following Equation 1.

Az 45 Equation 1

B
0.

—

[0110] In Equation 1, A denotes a value of stress in kilo-
gram force (kgf) and B denotes a value of the step height in
micrometer (um). In one exemplary embodiment, for
example, when the stress at a point of the display device is
about 7.5 kgf, the step height at the point of the display device
may be about 1.2 pm.

[0111] Inan exemplary embodiment, the step height of the
stepped region calculated by Equation 1 may be in a range of
about 1.2 um to about 1.9 um. In an exemplary embodiment,
the step height may be controlled by adjusting a width of the
overlapping compensation region. In an exemplary embodi-
ment, as illustrated in FIG. 8, the step height increases (e.g.,
Ch<Bh<Ah) based on an increase in the width (e.g,
Cw<Bw<Aw). That is, the step height decreases, as the width
decreases. In an exemplary embodiment, a ratio of an interval
between the thin film transistor display unit 100 and the
common electrode display unit 200 at a non-overlapping
region with respect to the step height of the stepped region
may be in a range of about 0.4 to about 0.6. In such an
embodiment, the interval between the thin film transistor
display unit 100 and the common electrode display unit 200 at
the non-overlapping region may be, for example, about 3.0
pum.

[0112] Inanexemplary embodiment, an interval between a
surface of the thin film transistor display unit 100 and a
surface of the common electrode display unit 200 at the
non-overlapping region may be in a range of about 0.3 pum to
about 0.9 pm, for example, may be about 0.3 pm.

[0113] The step height of the stepped region may vary
based on an overlapping length of the overlapping compen-
sation region. In an exemplary embodiment, when a width of
the overlapping compensation region between adjacent color
filters is about 9 pum, the step height of the stepped region on
the overlapping compensation region may be about 1.6 pm.
As the width of the overlapping compensation region



US 2014/0375936 A1l

between the color filters increases, the step height of the
formed stepped region increases. Accordingly, in an exem-
plary embodiment, the overlapping width of the overlapping
compensation region may be controlled to thereby control the
step height of the stepped region.

[0114] In an exemplary embodiment, as described above,
the curved display device includes the fixing member (not
shown) to maintain the curvature to be substantially constant.
As described above, in such an embodiment, a shear stress is
concentrated on a region on which the fixing member is
positioned. The fixing member may be symmetrically posi-
tioned based on a center of the curved display device. The
stepped region defined by the overlapping compensation
region may also be symmetrically disposed based on the
center of the curved display device. In an exemplary embodi-
ment, a shear stress of a display device may be substantially
symmetrically concentrated, and the stepped region by the
overlapping compensation region is thereby substantially
symmetrically disposed in correspondence to the shear stress.
[0115] In an exemplary embodiment, the height of the
stepped region gradually increases corresponding to a con-
tinuous and gradual increase in the shear stress, or the height
of the stepped region gradually decreases corresponding to a
continuous and gradual decrease in the shear stress.

[0116] FIG. 6 shows one exemplary embodiment, where
the stress concentration generally occurs at a point at which
the fixing member is positioned in the curved display device,
but the invention is not limited thereto.

[0117] In an exemplary embodiment, a stress distribution
map of the display device may be obtained by analyzing a
stress map of the display device. In such an embodiment, a
stepped region having a high step height is disposed on a
portion on which the stress is greatly concentrated and a
stepped region having a low step height is disposed on a
portion on which the stress is relatively less concentrated
based on the stress distribution map. In such an embodiment,
the step height varies corresponding to the stress, and the step
height is controlled by an overlapping width of the color filter,
that is, an overlapping width of the color filter increases in a
region having a high step height, and the overlapping width of
the color filter decreases in a region having a low step height.
[0118] Hereinafter, a liquid crystal margin and a smear
characteristic of an exemplary embodiment of a curved dis-
play device according to the invention will be described with
reference to FIG. 9.

[0119] FIG.9 is a graph showing results of a performance
test on an exemplary embodiment of the invention.

[0120] As shown in FIG. 9, as for the smear characteristic,
an inspector applied a predetermined pressure to the curved
display device in which the interval by the step varied, and
then proceeded with an evaluation with naked eyes, and
thereby verified that the portion to which the pressure was
applied was observed as a black gap.

[0121] Referring to FIG. 9, the smear characteristic had a
tendency to increase according to a decrease in the interval by
the stepped region.

[0122] As for the liquid crystal margin effect, when the
interval by the stepped region decreased down to about 0.3
wm, the liquid crystal margin was not affected. Here, when the
interval by the stepped region is about 0.2 um, the liquid
crystal margin showed a very low value and thus, was verified
to be inappropriate for the curved display device.

[0123] As described above, as for the smear characteristic,
the stepped region may improve the smear characteristic
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according to a decrease in the interval. However, as for the
liquid crystal margin characteristic, when the interval
decreases to be less than about 0.3 um, the liquid crystal
margin may not be effectively secured.

[0124] Accordingly, in an exemplary embodiment of the
display device including the stepped region by the overlap-
ping compensation region, the interval may be equal to or
greater than about 0.3 um.

[0125] Hereinafter, an exemplary embodiment of a manu-
facturing method of the curved display device according to
the invention will be described with reference to FIG. 10.
[0126] FIG. 10 is a flowchart illustrating an exemplary
embodiment of a manufacturing method of a curved display
device according to the invention.

[0127] In an exemplary embodiment, the manufacturing
method of the curved display device includes providing, e.g.,
forming, a thin film transistor display unit including a first
insulation substrate and a plurality of color filters (S10),
providing, e.g., forming, a second insulation substrate includ-
ing a common electrode (S20), and providing, e.g., injecting,
liquid crystal between the first insulation substrate and the
second insulation substrate that face each other (S30). FIG. 10
shows an exemplary embodiment of a manufacturing method
of a curved display device, in which the plurality of color
filters 230 are disposed on the first insulation substrate, but the
invention is not limited thereto. In an exemplary embodiment,
the plurality of color filters 230 may be provided, e.g,
formed, on the second insulation substrate in which the com-
mon electrode is disposed.

[0128] Inanexemplary embodiment, the providing the thin
film transistor display unit including the first insulation sub-
strate and the color filters may include providing a plurality of
gate lines 121 including the gate electrode 124 on the first
insulation substrate 110 including an insulating material such
as glass or plastic, for example, and sequentially providing
the gate insulating layer 140, the plurality of thin film tran-
sistor elements 154, the plurality of ohmic contacts 163 and
165, the plurality of data lines 171, and the plurality of drain
electrodes 175 on the first insulation substrate.

[0129] Inanexemplary embodiment, the providing the thin
film transistor display unit including the first insulation sub-
strate and the color filters may further include providing the
color filters 230, e.g., providing the red filter 230R, the green
filter 230G and the blue filter 230B to overlap each other.
[0130] Insuch an embodiment, the overlapping compensa-
tion region of the red filter 230R and the overlapping com-
pensation region of the green filter 230G overlap each other,
to thereby form a stepped region.

[0131] Insuch an embodiment, the blue filter 230B is pro-
vided such that overlapping compensation regions positioned
at both ends of the blue filter 230B overlap the overlapping
compensation region of the green filter 230G and the over-
lapping compensation region of the red filter 230R, respec-
tively, to thereby form the stepped region.

[0132] In such an embodiment, the step height of the
stepped region by the overlapping compensation region may
be in a range of about 1.2 um to about 1.8 um, for example,
may be about 1.8 pm.

[0133] The stepped region is provided in a position in the
display device corresponding to the shear stress of the display
device. In an exemplary embodiment, as illustrated in FIGS.
7 and 8, a high stepped region is provided at a point A at which
the concentration of the shear stress of the display device is
relatively high, and alow stepped region is provided at a point
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C at which the concentration of the shear stress is relatively
low. Therefore, the step height is configured to gradually
increase or decrease in correspondence to the shear stress by
analyzing the overall shear stress applied to the display
device.

[0134] In one exemplary embodiment, for example, the
shear stress of the display device is generally symmetrically
concentrated with respect to the display device, and the
stepped region defined by the overlapping compensation
region is thereby symmetrically provided in correspondence
to the shear stress. In such an embodiment, the height of the
stepped region also gradually increases or decrease based on
a continuous and gradual increase or decrease in the shear
stress.

[0135] Inan exemplary embodiment, as shown in FIG. 10,
the manufacturing method of the curved display device may
further include providing, e.g., forming, a column spacer
(e.g., the main spacer 310) on the first insulation substrate on
which the thin film transistor element is provided, or the
second insulation substrate corresponding thereto.

[0136] Insuchanembodiment,the providing thecolor filter
230 may further include providing a step compensation
region of the color filter 230 at opposing ends of the non-
overlapping region of the color filter 230.

[0137] In an exemplary embodiment, the manufacturing
method of the curved display device may further include
providing the sub-column spacer 330 on the step compensa-
tion region. The sub-column spacer 330 may be positioned on
any one of the thin film transistor display unit 100 and the
common electrode display unit 200. When the sub-column
spacer 330 is provided on the thin film transistor display unit
100, the sub-column spacer 330 is spaced apart from the
common electrode display unit 200 by a predetermined dis-
tance. When the sub-column spacer 330 is provided on the
common electrode display unit 200, the sub-column spacer
330 is spaced apart from the thin film transistor display unit
100 by a predetermined distance.

[0138] In one exemplary embodiment, for example, as
illustrated in FIG. 6, the sub-column spacer 330 may be
provided on the thin film transistor display unit 100, and a
predetermined distance between the plurality of sub-column
spacers 330 and the common electrode display unit 200 on the
formed step compensation region may be substantially the
same as or different from each other. When the predetermined
distance is different, a distribution effect of the shear stress
may be improved.

[0139] In an exemplary embodiment of the invention, the
shear stress is distributed through the stepped region corre-
sponding to overlapping between the color filters 230, but the
invention is not limited thereto. According to another exem-
plary embodiment of the invention, a stepped region may be
configured through the stepped region provided by overlap-
ping between the light blocking member 220 positioned on
the first insulation substrate 110 and the color filter 230,
overlapping between a flattening organic layer and the color
filter 230, or overlapping between the light blocking member
and a coloring column spacer. In such an embodiment, other
constituent elements are substantially similar to the configu-
ration of the exemplary embodiments of the curved display
device described herein, and thus, any repetitive detailed
description thereof will be omitted.

[0140] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention is
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not limited to the disclosed embodiments, but, on the con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims.

What is claimed is:

1. A curved display device, comprising:

a thin film transistor display unit comprising a first insula-
tion substrate;

a common electrode display unit disposed opposite to the
thin film transistor display unit, and comprising a second
insulation substrate;

a liquid crystal layer disposed between the thin film tran-
sistor display unit and the common electrode display
unit; and

a plurality of color filters disposed on the first insulation
substrate or the second insulation substrate,

wherein each color filter comprises an overlapping com-
pensation region, which overlaps an adjacent color filter,
and a non-overlapping region, which does not overlap
the adjacent color filter, and

the overlapping compensation region defines a stepped
region having a step height with the non-overlapping
region.

2. The curved display device of claim 1, wherein

the step height of the stepped region corresponds to a stress
thereon.

3. The curved display device of claim 2, wherein

the step height of the stepped region is calculated based on
the following equation:

A=—-45
0.1 ’

wherein A denotes a value of the stress expressed in kilo-
gram force, and B denotes a value of the step height
expressed in micrometer.

4. The curved display device of claim 3, wherein

the step height of the stepped region is in a range of about
1.2 micrometers to about 1.9 micrometers.

5. The curved display device of claim 2, wherein

aratio of an interval between the thin film transistor display
unit and the common electrode display unit at the non-
overlapping region with respect to the step height of the
stepped region is in a range of about 0.4 to about 0.6.

6. The curved display device of claim 5, wherein

an interval between the thin film transistor display unit and
the common electrode display unit at the stepped region
is in a range of about 0.3 micrometer to about 0.9
micrometer.

7. The curved display device of claim 2, further compris-

ing:

a fixing member configured to maintain an interval
between the thin film transistor display unit and the
common electrode display unit,

wherein the step height of the stepped region gradually
varies based on the fixing member.

8. The curved display device of claim 7, wherein

the stress is concentrated in a longitudinal direction of the
curved display device from a position at which the fixing
member is disposed.

9. The curved display device of claim 1, further compris-

ing:
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a thin film transistor element disposed on the first insula-
tion substrate; and

a main column spacer disposed on a region between the
first insulation substrate and the second insulation sub-
strate and in a position at which the thin film transistor
element is disposed.

10. The curved display device of claim 9, wherein

the color filters comprise a step compensation region, and

the curved display device further comprises a sub-column
spacer disposed on the step compensation region.

11. The curved display device of claim 1, wherein

each color filter comprises a plurality of overlapping com-
pensation regions.

12. The curved display device of claim 2, wherein

an interval between the thin film transistor display unit and
the common electrode display unit is substantially con-
stant.

13. The curved display device of claim 12, wherein

the second insulation substrate is disposed to be inward
based on a curvature radius thereof, and

the second insulation substrate is less compressed in a
longitudinal direction of the curved display device than
the first insulation substrate.

14. A curved display device, comprising:

a thin film transistor display unit comprising a first insula-
tion substrate;

a common electrode display unit disposed opposite to the
thin film transistor display unit, and comprising a second
insulation substrate;

a liquid crystal layer disposed between the thin film tran-
sistor display unit and the common electrode display
unit;

a plurality of color filters disposed on the first insulation
substrate or the second insulation substrate, wherein
each color filter comprises an overlapping compensation
region, which overlaps an adjacent color filter, and a
non-overlapping region, which does not overlap the
adjacent color filter; and

a light blocking member disposed adjacent to each color
filter and overlapping the overlapping compensation
region of each color filter,

wherein the light blocking member and the overlapping
compensation region, which overlap each other, defines
a stepped region having a step height with the non-
overlapping region.

15. The curved display device of claim 14, wherein

the step height of the stepped region corresponds to a stress
thereon.

16. The curved display device of claim 15, wherein

the step height of the stepped region is calculated based on
the following equation:

A=—-45,

wherein A denotes a value of the stress expressed in kilo-
gram force, and B denotes a value of the step height
expressed in micrometer.

17. The curved display device of claim 16, wherein

the step height of the stepped region is in a range of about
1.2 micrometers to about 1.9 micrometers.

10

Dec. 25,2014

18. The curved display device of claim 15, wherein
aratio of an interval between the thin film transistor display
unit and the common electrode display unit at the non-
overlapping region with respect to the step height of the
stepped region is in a range of about 0.4 to about 0.6.
19. The curved display device of claim 18, wherein

the interval between the thin film transistor display unit and
the common electrode display unit at the stepped region
is in a range of about 0.3 micrometer to about 0.9
micrometer.

20. A manufacturing method of a curved display device,

the method comprising:

providing a thin film transistor display unit comprising a
first insulation substrate and a plurality of color filters;

providing a common electrode display unit comprising a
second insulation substrate and a common electrode to
be opposite to the thin film transistor display unit; and

providing liquid crystal between the thin film transistor
display unit and the common electrode display unit,

wherein

adjacent color filters of the color filters overlap each other
such that an overlapping compensation region is pro-
vided between the adjacent color filters, and

the overlapping compensation region defines a stepped
region having a step height with a non-overlapping
region of the color filters.

21. The method of claim 20, wherein

the step height of the stepped region corresponds to a stress
thereon.

22. The method of claim 21, wherein

the step height of the stepped region is calculated based on
the following equation:

wherein A denotes a value of the stress in kilogram force,
and B denotes a value of the step height in micrometer.

23. The curved display device of claim 22, wherein

the step height of the stepped region is in a range of about
1.2 micrometers to about 1.9 micrometers.

24. The method of claim 21, wherein

aratio of an interval between the thin film transistor display
unit and the common electrode display unit at the non-
overlapping region with respect to the step height of the
stepped region is in a range of about 0.4 to about 0.6.

25. The method of claim 24, wherein

an interval between the thin film transistor display unit and
the common electrode display unit at the stepped region
is in a range of about 0.3 micrometer to about 0.9
micrometer.

26. The method of claim 21, further comprising:
providing a thin film transistor element on the first insula-
tion substrate; and

providing a main column spacer between the first insula-
tion substrate and the second insulation substrate and in
a position, at which the thin film transistor element is
provided.
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27. The method of claim 26, further comprising:

providing a step compensation region using the color filter;
and

providing a sub-column spacer on the step compensation
region.
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