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(57) ABSTRACT

A liquid-crystal display device includes a first polarizer
which has a transmission axis extended in a first direction,
a second polarizer disposed above the first polarizer and
which has a transmission axis extended in a second direction
intersecting the first direction, a liquid-crystal layer disposed
between the first polarizer and the second polarizers, and a
linear patterned layer disposed between the liquid-crystal
layer and the second polarizer, wherein the linear patterned
layer comprises a pattern of linear features and the linear
features of the pattern are extended in the second direction
and spaced apart from one another in the first direction.
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COLOR CONVERSION SUBSTRATE AND
LIQUID-CRYSTAL DISPLAY DEVICE
INCLUDING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2017-0159478, filed on Nov. 27, 2017,
and all the benefits accruing therefrom under 35 U.S.C. §
119, the content of which in its entirety is herein incorpo-
rated by reference.

BACKGROUND

1. Field of the Disclosure

[0002] The invention relates to a color conversion sub-
strate and a liquid-crystal display device including the same.

2. Description of the Related Art

[0003] A display device become more and more important
as multimedia technology evolves. Accordingly, a variety of
display devices such as a liquid-crystal display device and
an organic light-emitting diode display device are being
developed

[0004] For example, a liquid-crystal display device may
control the polarization state of light passing through a
liquid-crystal layer by aligning liquid crystals in the liquid-
crystal layer using an electric field formed between pixel
electrodes and a common electrode. The liquid-crystal layer
may work as an optical shutter for adjusting the amount of
light provided from a light source unit together with two
polarizers disposed on and below it. By doing so, the amount
of light passing through the liquid-crystal layer in each pixel
is controlled, thereby displaying images.

[0005] As liquid-crystal display devices become lager, it is
preferable to achieve better visibility from side angles.

SUMMARY

[0006] To improve visibility from side angles of liquid-
crystal display devices, there has been proposed to use a
pixel electrode having domain dividing means to form a
plurality of domains in a pixel such that liquid crystals are
aligned differently therein. While this approach improves the
visibility from side angles, there are still limitations.
[0007] Features and advantages of the invention provide a
liquid-crystal display device with further improved visibility
from side angles.

[0008] Features and advantages of the invention also pro-
vide a color conversion substrate capable of improving
visibility from side angles.

[0009] These and other Features and advantages, exem-
plary embodiments and advantages of the invention will
become immediately apparent to those of ordinary skill in
the art upon review of the Detailed Description and Claims
to follow.

[0010] According to an exemplary embodiment of the
invention, a liquid-crystal display device includes a first
polarizer which has a transmission axis extended in a first
direction, a second polarizer disposed above the first polar-
izer and which has a transmission axis extended in a second
direction intersecting the first direction, a liquid-crystal layer
disposed between the first polarizer and the second polar-
izers. and a linear patterned layer disposed between the
liquid-crystal layer and the second polarizer, where the
linear patterned layer includes a pattern of linear features
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and the linear features of the pattern are extended in the
second direction and spaced apart from one another in the
first direction.

[0011] In an exemplary embodiment, the liquid-crystal
display device may further include a light source unit, where
the light source unit and the second polarizer may be spaced
apart from each other with the first polarizer interposed
therebetween.

[0012] In an exemplary embodiment, the liquid-crystal
display device may further include a color conversion pat-
tern which converts a color of light incident from the light
source, where the linear patterned layer and the light source
unit may be spaced apart from each other with the color
conversion pattern interposed therebetween.

[0013] In an exemplary embodiment, the liquid-crystal
display device may further include a first pixel representing
a first color, and a second pixel representing a second color
having a peak wavelength longer than that of the first color,
where the second pixel may be located on a side of the first
pixel in the first direction.

[0014] In an exemplary embodiment, the liquid-crystal
display device may further include a light-blocking element
disposed at a boundary between the first pixel and the second
pixel, where the linear patterned layer and the liquid-crystal
layer may be spaced apart from each other with the light-
blocking element interposed therebetween, and where the
light-blocking element may at least partially overlap with
the pattern of linear features in a plan view.

[0015] In an exemplary embodiment, the liquid-crystal
display device may have a pair of longer sides and a pair of
shorter sides, and where the longer sides may be extended in
the first direction, while the shorter side may be extended in
the second direction.

[0016] In an exemplary embodiment, light provided from
the light source unit and incident on the linear patterned
layer may be at least partially diffused in the first direction.
[0017] In an exemplary embodiment, a width of each of
the linear features of the pattern may decrease from the
second polarizer toward the liquid-crystal layer.

[0018] In an exemplary embodiment, a ratio of a spacing
distance between adjacent linear features of the pattern to a
maximum width of each of the linear features may range
from about 0.5 to about 2.0.

[0019] Inan exemplary embodiment, a ratio of a height of
each of the linear features to the maximum width of each of
the linear features may range from about 0.5 to about 1.5.
[0020] In an exemplary embodiment, an inclination angle
defined by a side surface of each of the linear features with
respect to an upper surface of the linear feature may be 45
degrees or more.

[0021] In an exemplary embodiment, a ratio of a maxi-
mum width of each of the linear features to a cell gap of the
liquid-crystal layer may range from about 0.5 to about 2.0,
and where the liquid-crystal layer may include vertically
aligned liquid crystals in its initial orientation.

[0022] In an exemplary embodiment, the maximum width
of each of the linear features may be larger than the cell gap
of the liquid-crystal layer.

[0023] In an exemplary embodiment, the liquid-crystal
display device may further include a pixel electrode dis-
posed between the first polarizer and the liquid-crystal layer,
and a common electrode disposed between the second
polarizer and the liquid-crystal layer, where the linear pat-
terned layer may further include an overcoating layer dis-
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posed between the pattern of linear features and the common
electrode and in contact with the pattern of linear features,
and where a difference between a refractive index of the
pattern of linear features and a refractive index of the
overcoating layer may be equal to or greater than 0.15 and
less than about 0.5.

[0024] In an exemplary embodiment, the second polarizer
may include a wire grid pattern layer including a pattern of
wires and the wires of the pattern are extended in the first
direction and spaced apart from one another in the second
direction, and where a spacing distance between adjacent
linear features of the pattern of linear features may be larger
than a spacing distance between adjacent wires of the pattern
of wires in the second direction.

[0025] In an exemplary embodiment, the liquid-crystal
display device may further include a light source unit, and
a color conversion pattern which converts a color of light
incident from the light source unit, where the light source
unit and the second polarizer may be spaced apart from each
other with the first polarizer interposed therebetween, and
where the second polarizer and the linear patterned layer
may be spaced apart from each other with the color con-
version pattern interposed therebetween.

[0026] In an exemplary embodiment, the liquid-crystal
display device may further include a first pixel which
represents a first color, and a second pixel which represents
a second color having a peak wavelength longer than that of
the first color, where the pattern of linear features may
include a first pattern of linear features disposed in the first
pixel, and a second pattern of linear features disposed in the
second pixel, and where a size of the linear feature of the
second pattern may be greater than a size of the linear
feature of the first pattern.

[0027] In an exemplary embodiment, the liquid-crystal
display device may further include a first pixel and a third
pixel arranged in the first direction, where the pattern of
linear features may include a first pattern of linear features
located in the first pixel, each of the features including a first
side surface and a second side surface arranged in the first
direction in this order, and a second pattern of linear features
located in the third pixel, each of the features including a
third side surface and a fourth side surface arranged in the
first direction in this order, and where an inclination angle of
the first side surface may be substantially equal to an
inclination angle of the fourth side surface, and an inclina-
tion angle of the second side surface may be substantially
equal to an inclination angle of the third side surface.

[0028] In an exemplary embodiment, the liquid-crystal
display device may further include a first pixel and a fourth
pixel arranged in the first direction, the first pixel being
located more to an edge of the liquid-crystal display device
than the fourth pixel, where the pattern of linear features
may include a first pattern of linear features located in the
first pixel, each of the features including a first side surface
and a second side surface arranged in the first direction in
this order, and a second pattern of linear features located in
the fourth pixel, each of the features including a third side
surface and a fourth side surface arranged in the first
direction in this order, and where an inclination angle of the
first side surface may be smaller than an inclination angle of
the third side surface, and an inclination angle of the second
side surface may be substantially larger than an inclination
angle of the fourth side surface.
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[0029] According to an exemplary embodiment of the
invention, a color conversion substrate includes a base, a
pattern of linear features disposed on the base, where the
linear features are spaced apart from one another in a first
direction and extended in a second direction intersecting the
first direction, an organic layer disposed directly on the
pattern of linear features, and a light-blocking element
disposed on the organic layer and in a form of a grid in a plan
view.

[0030] According to an exemplary embodiment of the
invention, at least a part of transmitted light is diffused by
using a linear patterned layer including a pattern of linear
features, thereby improving visibility from side angles of a
liquid-crystal display device.

[0031] In addition, although the linear patterned layer
having the light-diffusion function is disposed between the
liquid-crystal layer and the polarizer, it does not depolarize
the polarized, transmitted light, so that the structure of the
display panel can be simpler, and the reliability can be
improved.

[0032] It should be noted that effects of the invention are
not limited to those described above and other effects of the
invention will be apparent to those skilled in the art from the
following descriptions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] The patent or application file contains at least one
drawing executed in color. Copies of this patent or patent
application publication with color drawing(s) will be pro-
vided by the Office upon request and payment of the
necessary fee.

[0034] The above and other aspects and features of the
invention will become more apparent by describing in detail
exemplary embodiments thereof with reference to the
attached drawings, in which:

[0035] FIG. 1 is an exploded, perspective view of a
liquid-crystal display device according to an exemplary
embodiment of the invention;

[0036] FIG. 2 is a cross-sectional view of pixels of the
liquid-crystal display device shown in FIG. 1;

[0037] FIG. 3 is a perspective view of an exemplary
embodiment of a linear patterned layer of FIG. 2;

[0038] FIG. 4 is a cross-sectional view of another exem-
plary embodiment of a liquid-crystal display device accord-
ing to the invention;

[0039] FIGS. 5 to 12 are cross-sectional views of other
exemplary embodiments of a liquid-crystal display device
according to the invention;

[0040] FIG. 13 is a graph showing viewing angle charac-
teristic of the test cell produced according to Example; and
[0041] FIG. 14 is a graph showing viewing angle charac-
teristic of the test cell produced according to Comparative
Example.

DETAILED DESCRIPTION

[0042] Features of the invention and methods of accom-
plishing the same may be understood more readily by
reference to the following detailed description of preferred
embodiments and the accompanying drawings. The inven-
tion may, however, be embodied in many different forms and
should not be construed as being limited to the embodiments
set forth herein. Rather, these embodiments are provided so
that this disclosure will be thorough and complete and will
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fully convey the concept of the invention to those skilled in
the art, and the invention will only be defined by the
appended claims.

[0043] 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, the element or layer can be directly
on, connected or coupled to another element or layer or
intervening elements or layers. 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. As used herein,
connected may refer to elements being physically, electri-
cally and/or fluidly connected to each other.

[0044] Like numbers refer to like elements throughout. As
used herein, the term “and/or” includes any and all combi-
nations of one or more of the associated listed items.
“About” or “approximately” as used herein is inclusive 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% or 5% of the
stated value.

[0045] It will be understood that, although the terms first,
second, third, etc., may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer or
section from another 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.

[0046] Spatially relative terms, such as “below,” “lower,”
“under,” “above,” “upper” and the like, may be used herein
for ease of description to describe the relationship of one
element or feature to another element(s) or feature(s) as
illustrated in the figures. It will be understood that the
spatially relative terms are intended to encompass different
orientations of the device in use or operation, in addition to
the orientation depicted in the figures. For example, if the
device in the figures is turned over, elements described as
“below” or “beneath” relative to other elements or features
would then be oriented “above” relative to the other ele-
ments 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.

[0047] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended
to be limiting. As used herein, the singular forms “a,” “an”
and “the” are intended to include the plural forms as well,
including “at least one,” unless the context clearly indicates
otherwise. It will be further understood that the terms
“comprises,” “comprising,” “includes” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, operations, elements, and/or com-
ponents, but do not preclude the presence or addition of one
or more other features, integers, steps, operations, elements,
components, and/or groups thereof “At least one” is not to
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be construed as limiting “a” or “an.” “Or” means “and/or.”
As used herein, the term “and/or” includes any and all
combinations of one or more of the associated listed items.

[0048] As used herein, a first direction X refers to a
direction in a plane, a second direction Y refers to a direction
intersecting the first direction X in the plane, and a third
direction Z refers to a direction perpendicular to the plane.
In this specification, a direction may mean to includes both
opposite directions parallel to the direction. That is, for
example, the third direction Z may mean to include both a
direction from a bottom to a top and a direction from the top
to the bottom.

[0049] Hereinafter, exemplary embodiments of the inven-
tion will be described with reference to the accompanying
drawings.

[0050] FIG. 1 is an exploded, perspective view of an
exemplary embodiment of a liquid-crystal display device
according to the invention.

[0051] Referring to FIG. 1, a display device 1 according to
an exemplary embodiment of the invention may include a
display panel DP, and a light source unit BLU providing
light to the display panel DP.

[0052] The liquid-crystal display device 1 and the display
panel DP may have a substantially rectangular shape having
a pair of longer sides and a pair of shorter sides when viewed
from the top (i.e., plan view). In some exemplary embodi-
ments, the corners of the display panel DP may be cham-
fered or rounded. The longer sides may be extended in a
direction substantially parallel to a first direction X, and the
shorter sides may be extended in a direction substantially
parallel to a second direction Y. As used herein, the “plane”
refers to the xy-plane defined by two lines extended in the
first direction X and the second direction Y, respectively.

[0053] A plurality of pixels PX1 and PX2 arranged
approximately in a matrix may be defined in the display
panel DP. As used herein, a “pixel” refers to a single area
defined by dividing a display area into sub-areas for color
reproduction in a plan view. A single pixel may represent a
predetermined one of primary colors. That is, a single pixel
may be a minimum unit that can represent a color indepen-
dently of another pixel.

[0054] The plurality of pixels PX1 and PX2 may include
first pixels PX1 for representing a first color, and second
pixels PX2 for representing a second color having a peak
wavelength thereof longer than that of the first color. In an
exemplary embodiment, one first pixel PX1 and one second
pixel PX2 are configured as at least a part of a repeated unit,
so that such repeated units may be arranged in the first
direction X. That is, the second pixels PX2 may be located
on a side of the respective first pixels PX1 in the first
direction X, respectively. The first pixels PX1 may be
repeatedly arranged in the second direction Y, and the
second pixels PX2 may be repeatedly arranged in the second
direction Y. In the following description, the first color
represented by the first pixels PX1 may be blue color having
a peak wavelength in the range of approximately 430 to 470
nanometers (nm), and the second color represented by the
second pixels PX2 may be green color having a peak
wavelength in the range of approximately 530 to 570 nm. It
is, however, to be understood that this is merely illustrative.
In another exemplary embodiment, the second color may be
red color having a peak wavelength in the range of approxi-
mately 610 to 650 nm.
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[0055] The light source unit BLU may be disposed below
the display panel DP to emit light having a certain wave-
length toward the display panel DP. In an exemplary
embodiment, the light source unit BLU may be an edge-lit
light source unit that includes a light source (not shown)
emitting light and a light-guide plate (not shown) guiding
the light provided from the light source toward the display
panel DP. The material of the light-guide plate is not
particularly limited as long as it has high light transmittance.
In an exemplary embodiment, for example, the light-guide
plate may include a glass material, a quartz material, or a
plastic material such as polyethylene terephthalate, polycar-
bonate. In another exemplary embodiment, the light source
unit BLU may be a direct-lit light source unit that includes
a plurality of light sources arranged to overlap with the
display panel DP in a third direction Z.

[0056] The light source may be a light-emitting diode
(“LED™), an organic light-emitting diode (“OLED”), a laser
diode (“LD”), or the like. In an exemplary embodiment, the
light source may emit white light that includes all of the blue
wavelength band, the green wavelength band and the red
wavelength band or may emit blue light that has a single
peak wavelength in the range of approximately 430 to 470
nm

[0057] Although not shown in the drawings, one or more
optical sheets (not shown) may be disposed between the
display panel DP and the light source unit BLU. The optical
sheets may include one or more of a prism sheet, a diffusion
sheet, a (reflective) polarizing sheet, a lenticular lens sheet,
and a micro lens sheet. The optical sheet can improve the
display quality of the liquid-crystal display device 1 by
modulating optical characteristics (e.g., condensation, dif-
fusion, scattering, or polarization characteristics) of the light
provided from the light source unit BLU and traveling
toward the display panel DP.

[0058] Hereinafter, the display panel DP will be described
in detail with reference to FIG. 2.

[0059] FIG. 2 is a cross-sectional view of the pixels of the
liquid-crystal display device of FIG. 1, showing a first pixel
PX1 and a second pixel PX2 located on a side of the first
pixel PX1 in the first direction X. FIG. 3 is a perspective
view of an exemplary embodiment of a linear patterned
layer of FIG. 2.

[0060] Referring to FIGS. 1 to 3, the display panel DP may
include a bottom substrate 11 and a top substrate 21 facing
each other, and a liquid-crystal layer 30 interposed therebe-
tween. The liquid-crystal layer 30 may be sealed by the
bottom substrate 11, the top substrate 21 and a sealing
element (not shown) for attaching them together. The light
provided from the light source unit BLU may transmit the
bottom substrate 11, the liquid-crystal layer 30 and the top
substrate 21 in this order to contribute to displaying images
by the display device 1.

[0061] The bottom substrate 11 will be described first. The
bottom substrate 11 may include a first base 110, a switching
element 200, pixel electrodes 810 and a lower polarizer 610,
and may further include a color conversion pattern layer
301.

[0062] The first base 110 may be a transparent insulating
substrate or a transparent insulating film. In an exemplary
embodiment, for example, the first base 110 may include a
glass material, a quartz material, or a transparent plastic
material. In some exemplary embodiment of the invention,
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the first base 110 may be flexible such that the liquid-crystal
display device 1 may be a curved display device.

[0063] A plurality of switching elements 200 may be
disposed on a main surface (shown as the upper surface in
FIG. 2) of the first base 110. Each of the pixels PX1 and PX2
may include the switching element 200, and the switching
element 200 may transmit or block a driving signal to the
pixel electrode 810, which will be described later. In an
exemplary embodiment, the switching element 200 may be
a thin-film transistor that includes a gate 210, an active layer
220 disposed on the gate 210, and a source 230 and a drain
240 spaced apart from each other on the active layer 220. A
control terminal (e.g., the gate 210) of the switching element
200 may be electrically connected to a gate line GL to
receive a gate driving signal. An input terminal (e.g., the
source 230) of the switching element 200 may be electrically
connected to a data line DL to receive a data driving signal.
An output terminal (e.g., the drain 240) of the switching
element 200 may be electrically connected to the pixel
electrode 810. In an exemplary embodiment, the active layer
220 may include a silicon-based semiconductor material
such as amorphous silicon, polycrystalline silicon and
monocrystalline silicon, or may include an oxide semicon-
ductor material or the like. The active layer 220 may work
as a channel of the switching element 200 and may turn the
channel on or off according to a voltage applied to the gate
210.

[0064] The color conversion pattern layer 301 may be
disposed on the switching element 200. The color conver-
sion pattern layer 301 may include a first color conversion
pattern 311 disposed in the first pixel PX1, and a second
color conversion pattern 321 disposed in the second pixel
PX2. The first color conversion pattern 311 and the second
color conversion pattern 321 may convert the color of
incident light, e.g., the light provided from the light source
unit BLU toward the display panel DP and incident thereon,
such that the color of the exiting light is different from the
color of the incident light. In an exemplary embodiment, for
example, the light after passing through the first color
conversion pattern 311 or the second color conversion
pattern 321 may be converted into the light of a predeter-
mined wavelength band.

[0065] In an exemplary embodiment, the first color con-
version pattern 311 and the second color conversion pattern
321 may be wavelength-selective optical filters that block
the light of a particular wavelength band while transmitting
the light of other wavelength bands to thereby selectively
transmit light in some wavelength bands.

[0066] The first color conversion pattern 311 may receive
the light provided from the light source unit BLU and may
transmit light of the blue wavelength band having a peak
wavelength of blue light while blocking light of green and/or
red wavelength bands having a peak wavelength longer than
that of blue light. For example, the first color conversion
pattern 311 may be a color filter that selectively absorbs
green and/or red wavelength bands. In an exemplary
embodiment, the color filter may include a base resin, and a
colorant such as pigment or dye dissolved or dispersed in the
base resin.

[0067] In addition, the second color conversion pattern
321 may receive the light provided from the light source unit
BLU and may transmit light of the green wavelength band
having a peak wavelength of green while blocking light of
the blue wavelength band having a peak wavelength shorter
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than that of the green light and/or light in the red wavelength
band having a peak wavelength longer than that of the green
light. For example, the second color conversion pattern 321
may be a color filter that selectively absorbs green and/or
red-light wavelength bands.

[0068] In alight path from the light source unit BLU to a
viewer (not shown), the first color conversion pattern 311 for
converting transmitted light into blue light is disposed in the
first pixel PX1 for representing blue color, and the second
color conversion pattern 321 for converting the transmitted
light into green light is disposed in the second pixel PX2.
Thus, the pixels PX1 and PX2 can represent different colors,
and the liquid-crystal display device 1 can realize color
display.

[0069] An intermediate layer 410 may be disposed on the
color conversion pattern layer 301. The intermediate layer
410 is disposed across the pixels PX1 and PX2 to isolate
elements thereon from elements thereunder and/or to reduce
level differences occurred by the switching element 200,
electrodes (not shown) and wirings including the gate line
GL the data line DL. The intermediate layer 410 may include
one or more layers. In an exemplary embodiment, for
example, the intermediate layer 410 may include an organic
layer made of an organic material, an inorganic layer made
of an inorganic material or a stack of an organic layer and an
inorganic layer.

[0070] The plurality of pixel electrodes 810 may be dis-
posed on the intermediate layer 410. The pixel electrodes
810 may be an electric field generating electrode that forms
an electric field in the liquid-crystal layer 30 together with
the common electrode 820 to be described later. The pixel
electrodes 810 disposed in the pixels PX1 and PX2, respec-
tively, may be controlled independently and may receive
different driving signals. For example, each of the pixel
electrodes 810 may be electrically connected to the output
terminal of the switching element 200 through a contact hole
defined by the intermediate layer 410 and by the color
conversion pattern layer 301. The electric field formed by
the pixel electrodes 810 and the common electrode 820 may
control the behavior of the liquid crystals 35 disposed in the
pixel and may align the liquid crystals 35. The pixel elec-
trodes 810 may be made of a transparent conductive mate-
rial. Examples of the transparent conductive material may
include indium tin oxide (“ITO”), indium zinc oxide
(“1Z0™), zinc oxide (ZnO), indium (III) oxide (In,O;),
indium gallium oxide (“IGO”), or aluminum zinc oxide
(“AZ0O”). Although not shown in the drawings, the pixel
electrode 810 may have domain dividing means, e.g., fine
slits in a plan view.

[0071] In some exemplary embodiments of the invention,
a first alignment layer 910 may be disposed on the pixel
electrodes 810. The first alignment layer 910 may induce an
initial orientation of the liquid crystals 35 in the liquid-
crystal layer 30. As used herein, the term “initial orientation
of liquid crystals” refers to the orientation of the liquid
crystals when no electric field is formed across the liquid-
crystal layer. For example, the first alignment layer 910 may
be a vertical alignment layer that has an imide group in a
repeating unit of the main chain and has a vertical aligner
introduced as a side chain.

[0072] The lower polarizer 610 may transmit components
of the polarized light oscillating in a direction parallel to its
transmission axis and partially block components of the
polarized light oscillating in a direction intersecting the
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transmission axis, thereby converting unpolarized incident
light into light in a particular polarization state. That is, the
lower polarizer 610 may have a polarizing function. The
lower polarizer 610 may be an absorptive polarizer that
absorbs components of the polarized light that oscillates in
a direction intersecting its transmission axis, or a reflective
polarizer that reflects components of the polarized light that
oscillates in a direction intersecting its transmission axis.
[0073] The lower polarizer 610 may be disposed between
the light source unit BLU and the liquid-crystal layer 30. In
an exemplary embodiment, the lower polarizer 610 may be
disposed on a main surface of the first base 110 (shown as
the lower surface in FIG. 2). The lower polarizer 610 may
be disposed directly on the surface of the first base 110, may
be coupled with the first base 110 via an adhesive layer (not
shown), or may be spaced apart from the first base 110. The
transmission axis of the lower polarizer 610 may be sub-
stantially parallel to the first direction X. In an exemplary
embodiment, for example, the lower polarizer 610 may
transmit components of the polarized light parallel to the
longer axis of the display panel DP and may block compo-
nents of the polarized light parallel to the shorter axis of the
display panel DP.

[0074] FIG. 2 illustrates an example where the lower
polarizer 610 is disposed on the lower surface of the first
base 110. It is, however, to be understood that this is merely
illustrative. In other exemplary embodiments, the lower
polarizer 610 may be disposed at any position between the
light source unit BLU and the liquid-crystal layer 30 (e.g.,
between the first base 110 and the switching element 200,
between the switching element 200 and the color conversion
pattern layer 301, or between the color conversion pattern
layer 301 and the intermediate layer 410).

[0075] Next, the liquid-crystal layer 30 will be described.
The liquid-crystal layer 30 may include liquid crystals 35
that are initially orientated. As used herein, “liquid crystal”
refers to molecules having liquid-crystal characteristics or a
collection of such molecules. In an exemplary embodiment,
the liquid crystals 35 have negative dielectric anisotropy,
and their long axis may be aligned substantially perpendicu-
lar to the xy-plane in the initial orientation state. In some
exemplary embodiments, the liquid crystals 35 may have a
predetermined pre-tilt in their initial orientation. In this case,
the angle defined by the major axis of the liquid crystals 35
with respect to the xy-plane may be approximately 80
degrees or more, or approximately 85 degrees or more. The
initial orientation of the liquid crystals 35 may be induced by
the first alignment layer 910 and the second alignment layer
920 described later.

[0076] The liquid-crystal layer 30 may be disposed
between the lower polarizer 610 and an upper polarizer 621
to be described later. When an electric field is formed
between the pixel electrodes 810 and the common electrode
820, the liquid crystals 35 may be tilted in a certain direction
to change the polarization state of the light passing through
the liquid-crystal layer 30 generally in the third direction Z.
The liquid-crystal layer 30 may perform an optical shutter
fanction for adjusting the amount of light that is provided
from the light source unit BLU and passes through the
liquid-crystal layer 30, together with the lower polarizer 610
and the upper polarizer 621.

[0077] Insome exemplary embodiment of the invention, a
cell gap G of the liquid-crystal layer 30 may be approxi-
mately 2.5 to 3.5 micrometers (um), or approximately 2.9 to
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3.3 um. The cell gap G of the liquid-crystal layer 30 may be
defined as the thickness of the liquid-crystal layer 30 in a
region where effective light transmission occurs. In an
exemplary embodiment where the liquid-crystal layer 30
includes substantially vertically orientated liquid crystals 35,
when the cell gap G of the liquid-crystal layer 30 is within
the above range, aligned liquid crystals 35 can exhibit
optical anisotropic characteristics, e.g., good polarization
state control characteristics, and high light transmittance.
[0078] Next, the top substrate 21 will be described. The
top substrate 21 may include a second base 120, a common
electrode 820 and the upper polarizer 621 and may further
include a linear patterned layer 501.

[0079] The second base 120 may be a transparent substrate
or a transparent film. In an exemplary embodiment, for
example, the second base 120 may be made of a glass
material, a quartz material or a transparent plastic material,
like the first base 110. In some exemplary embodiments of
the invention, the second base 120 may be flexible such that
the liquid-crystal display device 1 may be a curved display
device.

[0080] The linear patterned layer 501 may be disposed on
a main surface (shown as the lower surface in FIG. 2) of the
second base 120. The linear patterned layer 501 may be
disposed between the lower polarizer 610 and the upper
polarizer 621 to be described later, specifically between the
liquid-crystal layer 30 and the upper polarizer 621.

[0081] The linear patterned layer 501 may include a
pattern of linear features 511 and may further include a first
overcoating layer 520 disposed on the pattern of linear
features 511. The first overcoating layer 520 may be dis-
posed directly on the pattern of linear features 511 to form
an optical interface between the pattern of linear features
511 and the first overcoating layer 520.

[0082] Each of the patiern of linear features 511 and the
first overcoating layer 520 may be made of a transparent
organic or inorganic material having a predetermined refrac-
tive index. In an exemplary embodiment, for example, the
pattern of linear features 511 may include an organic mate-
rial such as a porous siloxane resin, a porous silsesquioxane
resin, an acrylic resin, an ethylene resin, a carbonate resin
and a styrene resin, a non-metallic inorganic material such as
a porous silicon, a silicon oxide and silicon nitride, or a
metallic material such as magnesia (MgO) and ITO. The first
overcoating layer 520 may be an organic layer including an
organic material such as a porous siloxane resin, a porous
silsesquioxane resin, an acrylic resin, an ethylene resin, a
carbonate resin or a styrene resin. The difference between
the refractive index of the pattern of linear features 511 and
the refractive index of the first overcoating layer 520 may be
approximately 0.10 or more, approximately 0.11 or more,
approximately 0.12 or mote, approximately 0.13 or more,
approximately 0.14 or more, approximately 0.15 or more, or
approximately 0.20 or more. As a non-limiting example, the
refractive index of the pattern of linear features 511 may be
approximately 1.55 to 1.8, and the refractive index of the
first overcoating layer 520 may be approximately 1.3 to
1.55. In some exemplary embodiments whetre the pattern of
linear features 511 include or is made of an organic material,
the pattern of linear features 511 may further include a
photosensitive material.

[0083] The difference between the refractive index of the
pattern of linear features 511 and the refractive index of the
first overcoating layer 520 may be less than 0.5. If, the
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difference between the refractive index of the pattern of
linear features 511 and the refractive index of the first
overcoating layer 520, which are in contact with each other
to form the optical interface, is equal to or greater than 0.5,
the critical angle at which the total reflection occurs at the
optical interface decreases such that the total amount of light
that is totally reflected increases too much. As a result, the
display quality is drastically deteriorated. In addition, there
may be a problem that the polarized light passing there-
through is depolarized by the pattern of linear features 511.
[0084] In an exemplary embodiment, the first overcoating
layer 520 may include an organic material such as acrylic
resin, and the pattern of linear features 511 may include a
metallic material such as magnesia having a higher refrac-
tive index than that of acrylic resin. Alternatively, the first
overcoating layer 520 may include porous silicon, and the
pattern of linear features 511 may include an organic mate-
rial such as acrylic resin having a higher refractive index
than that of porous silicon. In another exemplary embodi-
ment, the refractive index of the first overcoating layer 520
may be greater than the refractive index of the pattern of
linear features 511. For example, the refractive index of the
first overcoating layer 520 may be approximately 1.55 to
1.8, and the refractive index of the pattern of linear features
511 may be approximately 1.3 to 1.55. As mentioned earlier,
the difference between the refractive index of the pattern of
linear features 511 and the refractive index of the first
overcoating layer 520 may be approximately 0.10 or more,
approximately 0.11 or more, approximately 0.12 or more,
approximately 0.13 or more, approximately 0.14 or more,
approximately 0.15 or more, or approximately 0.20 or more.
In addition, the difference between the refractive index of
the pattern of linear features 511 and the refractive index of
the first overcoating layer 520 may be less than 0.5.
[0085] The pattern of linear features 511 may be extended
in the second direction Y. In addition, the linear features may
be spaced apart from one another in the first direction X. In
an exemplary embodiment, for example, the linear features
may extend in a direction parallel to the transmission axis
(e.g., the second direction Y) of the upper polarizer 621 to
be described later. When the light provided from the light
source unit BLU passes through the lower polarizer 610, the
liquid-crystal layer 30 and the upper polarizer 621 in this
order, by aligning the direction in which the linear features
511 are extended with the transmission axis of the upper
polarizer 621, it is possible to suppress that the directors of
the polarized light controlled by aligning the liquid crystals
35 in the liquid-crystal layer 30 are changed by the pattern
of linear features 511.

[0086] The width of the pattern of linear features 511 may
gradually decrease from the second base 120 toward the
liquid-crystal layer 30. In an exemplary embodiment, for
example, the pattern of linear features 511 may be tapered
toward the lower surface thereof. FIG. 3 illustrates an
example where the cross section of the pattern of linear
features 511 along the first direction X is an inverted
trapezoidal shape. It is, however, to be understood that this
is merely illustrative. The cross section of the pattern of
linear features 511 may have substantially the same shape
along the extending direction (i.e., the second direction Y).
[0087] As the width of the pattern of linear features 511
decreases from the second base 120 toward the liquid-crystal
layer 30, the side surface of the pattern of linear features 511
may have an inclination. The pattern of linear features 511
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includes the inclined surfaces, and accordingly the inclined
optical interfaces corresponding to the inclined surfaces may
be formed between the pattern of linear features 511 and the
first overcoating layer 520 such that the light incident on the
linear patterned layer 501 can be partially diffused. In an
exemplary embodiment, the angle of inclination 8 of the side
surfaces of the pattern of linear features 511 may be greater
than approximately 30 degrees and less than 90 degrees,
greater than approximately 40 degrees and less than 90
degrees, or greater than approximately 45 degrees and less
than 90 degrees. As used herein, the “inclination angle of the
pattern of linear feature” refers to the angle defined by the
upper surface (i.e., xy-plane) having a maximum width W,
and a side surface having an inclination of the pattern of
linear features 511 in the cross section cut along the first
direction X. If the inclination angle 6 of the pattern of linear
features 511 is 45 degrees or more, a predetermined ratio
between the maximum width W, and the height H of the
pattern of linear features 511 can be established such that the
linear patterned layer 501 may have light diffusion charac-
teristics.

[0088] The lower limit of the maximum width W, of the
pattern of linear features 511 in the first direction X, for
example, the width of the upper surface of the pattern of
linear features 511 (see FIG. 3), may be approximately 1.5
pum. By making the maximum width W, of the pattern of
linear features 511 sufficiently larger than the wavelength of
the incident light, e.g., more than twice the wavelength of
the incident light, it is possible to prevent the polarization
state of the transmitted light given by the liquid-crystal layer
30 from being depolarized. In addition, the upper limit of the
maximum width W, of the pattern of linear features 511 may
be approximately 5.0 pm. By making the maximum width
W, of the pattern of linear features 511 be 5.0 pum or less, the
light after passing through the linear patterned layer 501 can
include more diffused light components than the straight
light components. That is, by making the maximum width
W, of the pattern of linear features 511 to be 5.0 um or less,
the linear patterned layer 501 can exhibit better light diffu-
sion function than the light condensing function.

[0089] The spacing distance D, between the adjacent
linear features in the first direction X may be chosen taking
into account the maximum width W, of the pattern of linear
features 511. In an exemplary embodiment, a ratio D,/W, of
the spacing distance D, of the linear features to the maxi-
mum width W, of the pattern of linear features 511 may be
approximately 0.5 to 2.0, approximately 0.5 to 1.5, or
approximately 0.5 to 1.0. When the ratio D,/W, of the
spacing distance D, to the maximum width W, of the pattern
of linear features 511 is 0.5 or more, the linear patterned
layer 501 can be given diffusion characteristics without
substantially decreasing the brightness of the light passing
through the display panel DP. If the ratio D,/W, of the
separation distance D, to the maximum width W, of the
pattern of linear features 511 is too large, the diffusion
characteristics of the linear patterned layer 501 may be
trivial. In an exemplary embodiment, the lower limit of the
spacing distance D, between the adjacent linear features in
the first direction X may be approximately 0.8 um, and the
upper limit thereof may be approximately 10.0 um, approxi-
mately 9.0 um, approximately 8.0 um, approximately 7.0
pm, approximately 6.0 um, or approximately 5.0 pm.

[0090] The height H of the pattern of linear features 511 in
the third direction Z may be selected taking into account the
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maximum width W, of the pattern of linear features 511. In
an exemplary embodiment, a ratio H/'W, of the height H to
the maximum width W, of the pattern of linear features 511
may be approximately 0.5 to 1.5, approximately 0.5 to 1.4,
approximately 0.5 to 1.3, or approximately 0.5 to 1.2. When
the ratio H/W | of the height H to the maximum width W, of
the pattern of linear features 511 is 0.5 or more, the polarized
light passing through the pattern of linear features 511 is not
depolarized, such that the direction of the polarized light
controlled by the liquid-crystal layer 30 can be maintained.
In an exemplary embodiment, the lower limit of the height
H of the pattern of linear features 511 may be approximately
0.75 pum, approximately 0.80 um, approximately 0.90 pm, or
approximately 1.0 pm. By making the height H of the pattern
of linear features 511 larger than the wavelength of the
incident light, it is possible to prevent the polarization state
of the transmitted light given by the liquid-crystal layer 30
from being depolarized by the pattern of linear features 511.
[0091] In addition, if the ratio H/'W, of the height H to the
maximum width W, of the pattern of linear features 511 is
larger than 1.5, the light after passing through the linear
patterned layer 501 may fail to fully contribute to displaying
images by the liquid-crystal display device 1. For example,
when the ratio H/W, of the height H to the maximum width
W, of the pattern of linear features 511 is greater than 1.5,
a significant amount of the transmitted light may be totally
reflected off the optical interface between the linear pat-
terned layer 501 and the second base 120, such that the
out-coupling efficiency of the display panel DP may be
remarkably reduced. As a non-limiting example, the upper
limit of the height H of the pattern of linear features 511 may
be approximately 10.0 um, approximately 9.0 pm, approxi-
mately 8.0 um, approximately 7.0 um, approximately 6.0
wm, or approximately 5.0 pm.

[0092] On the other hand, the maximum width W, of the
pattern of linear features 511 may be selected taking into
account the cell gap G of the liquid-crystal layer 30. In an
exemplary embodiment, for example, a ratio W,/G of the
maximum width W, of the pattern of linear features 511 to
the cell gap G of the liquid-crystal layer 30 may be approxi-
mately 0.5 to 2.0, approximately 0.5 to 1.9, approximately
0.5 to 1.8, approximately 0.5 to 1.7, approximately 0.5 to
1.6, or approximately 0.5 to 1.5.

[0093] If the ratio W,/G of the maximum width W, of the
pattern of linear features 511 to the cell gap G is 0.5 or more,
it is possible to sufficiently rotate the polarization direction
of incident light having a certain wavelength by using the
liquid-crystal layer 30, e.g., in the range of approximately 90
degrees or less, and it is possible to prevent the pattern of
linear features 511 from interfering with the polarization
state of the light having the wavelength. In addition, if the
ratio W,/G of the maximum width W, of the pattern of linear
features 511 to the cell gap G is larger than 1.5, color mixture
defects or the like may occur such that the display quality of
the liquid-crystal display device 1 may remarkably decrease.
[0094] In some exemplary embodiments, the maximum
width W, of the pattern of linear features 511 may be greater
than the cell gap G of the liquid-crystal layer 30. In this case,
the luminance as well as visibility from side angles of the
liquid-crystal display device 1 can be improved.

[0095] The minimum width W, of the pattern of linear
features 511 in the first direction X, e.g., the width of the
lower surface of the pattern of linear features 511 (see FIG.
3) may be smaller than the maximum width W, of the
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pattern of linear features 511. The minimum width W, of the
pattern of linear features 511 may have certain relationships
with the maximum width W, the height H and the inclina-
tion angle 8 of the pattern of linear features 511. Although
FIG. 3 depicts an example where the width W, of the lower
surface of the pattern of linear features 511 is larger than 0
and has a predetermined area, the two inclined surfaces (the
side surfaces) of a linear feature of the pattern of linear
features 511 may meet each other to form a vertex in another
exemplary embodiment. In other words, the minimum width
W, of the pattern of linear features 511 may be zero.
[0096] The linear patterned layer 501 including the pattern
of linear features 511 may diffuse at least a part of the
transmitted light through the side surfaces in the first direc-
tion X. That is, the linear features extending in the second
direction Y and spaced apart from one another in the first
direction X may diffuse the transmitted light in the spacing
direction (i.e., the first direction X) much more than in the
extending direction (i.e., the second direction Y). In other
words, the linear patterned layer 501 may have the optical
anisotropy, i.e., the diffusion characteristic in one direction
is larger than that in another direction on the plane.

[0097] In an exemplary embodiment where the liquid-
crystal display device 1 and the display panel DP have the
longer sides in the first direction X and the shorter sides in
the second direction Y, the above-described linear patterned
layer 501 can allow the light exiting from the liquid-crystal
display device 1 to scatter in the longer axis direction (i.e.,
first direction X). In this manner, the difference in bright-
ness, contrast or color coordinates between the image per-
ceived by a viewer in front of the liquid-crystal display
device 1 and the image perceived by a viewer watching the
liquid-crystal display device 1 from a side in the longer axis
direction thereof can be reduced, thereby improving the
visibility from side angles in the longer axis direction of the
liquid-crystal display device 1. On the other hand, since the
light contributing to displaying images can be prevented
from scattering in the shorter axis direction of the liquid-
crystal display device 1, it can include a sufficient straight
light component, and thereby reproducing a clear image
without lowering luminance or the like.

[0098] A light-blocking element 430 may be disposed on
the linear patterned layer 501. The light-blocking element
430 can block the transmission of light. In an exemplary
embodiment, for example, the light-blocking element 430
may include a colorant such as a black pigment and a black
dye or may be made of a metal material. The light-blocking
element 430 may be disposed on the boundary between
adjacent pixels in a plan view to prevent color mixing
defects between the pixels. In an exemplary embodiment,
for example, the light-blocking element 430 may have a
substantially lattice-like shape defining openings corre-
sponding to the pixels PX1 and PX2 in a plan view. The
light-blocking element 430 may partially overlap with the
pattern of linear features 511 of the linear patterned layer
501 in a plan view. As used herein, the phase “element A
overlaps with element B” means that they overlap with each
other in the third direction Z (i.e., in a plan view), unless
stated otherwise.

[0099] In some exemplary embodiments of the invention,
a second overcoating layer 450 may be disposed on the
light-blocking element 430. The second overcoating layer
450 may be a planarization layer that reduces a level
difference occurred by the light-blocking element 430 or the
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like disposed on the second base 120. The second overcoat-
ing layer 450 is not particularly limited in its material as long
as it is a material having excellent planarization character-
istics and light transmittance. In an exemplary embodiment,
for example, the second overcoating layer 450 may be an
organic layer including an organic material such as an epoxy
resin, an acrylic resin, an imide resin, a cardo resin, a
siloxane resin and a silsesquioxane resin. In another exem-
plary embodiment, the second overcoating layer 450 may be
omitted.

[0100] The common electrode 820 may be disposed on the
second overcoating layer 450. In an exemplary embodiment,
for example, the common electrode 820 may be disposed
directly on the second overcoating layer 450. The common
electrode 820 may be disposed across the first pixel PX1 and
the second pixel PX2 and may receive a common voltage.
The common electrode 820 may generate an electric field
together with the pixel electrodes 810. The common elec-
trode 820 may include or be made of a transparent conduc-
tive material like the pixel electrode 810.

[0101] In some exemplary embodiments of the invention,
a second alignment layer 920 may be disposed on the
common electrode 820. The second alignment layer 920
may induce an initial orientation of the liquid crystals 35 in
the liquid-crystal layer 30. Like the first alignment layer 910,
the second alignment layer 920 may be a vertical alignment
layer that has an imide group in a repeating unit of the main
chain and has a vertical aligner introduced as a side chain.
[0102] The upper polarizer 621 may have a polarizing
fanction. The upper polarizer 621 may be either an absorp-
tive polarizer or a reflective polarizer. The upper polarizer
621 may be disposed between the liquid-crystal layer 30 and
a viewer (not shown). That is, the upper polarizer 621 and
the lower polarizer 610 may be spaced apart from each other
with the liquid-crystal layer 30 interposed therebetween. In
addition, the upper polarizer 621 and the liquid-crystal layer
30 may be spaced apart from each other with the linear
patterned layer 501 interposed therebetween.

[0103] In an exemplary embodiment, the upper polarizing
element 621 may be disposed on a main surface of the
second base 120 (shown as the upper surface in FIG. 2). The
upper polarizer 621 may be disposed directly on the main
surface of the second base 120, may be coupled with the
second base 120 via an adhesive layer (not shown), or may
be spaced apart from the second base 120. The transmission
axis of the upper polarizer 621 may be substantially parallel
to the second direction Y. In an exemplary embodiment, for
example, the upper polarizer 621 may transmit components
of the polarized light parallel to the direction in which the
pattern of linear features 511 is extended (i.e., the second
direction Y), and may block components of the polarized
light parallel to the direction in which the linear features are
spaced apart from one another (i.e., the first direction X).
[0104] Although FIG. 2 depicts an example where the
upper polarizer 621 is disposed on the upper surface of the
second base 120, this is merely illustrative. In other exem-
plary embodiments, the upper polarizer 621 may be dis-
posed at any location between a viewer (not shown) and the
linear patterned layer 501 (e.g., between the second base 120
and the linear patterned layer 501), between the linear
patterned layer 501 and the light-blocking element 430,
between the light-blocking element 430 and the second
overcoating layer 450, or between the second overcoating
layer 450 and the common electrode 820.
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[0105] Hereinafter, other exemplary embodiments of the
invention will be described. The description on substantially
the identical elements as the liquid-crystal display device 1
according to the above-described exemplary embodiment
will be omitted, which will be clearly understood by those
skilled in the art from the accompanying drawings.

[0106] FIG. 4 is a cross-sectional view of another exem-
plary embodiment of a liquid-crystal display device accord-
ing to the invention.

[0107] Referring to FIG. 4, a liquid-crystal display device
2 according to this exemplary embodiment is different from
the liquid-crystal display device 1 according to the exem-
plary embodiment shown in FIG. 2 and the like in that a
color conversion pattern layer 302 is disposed between the
liquid-crystal layer 30 and the upper polarizer 621.

[0108] In an exemplary embodiment, the top substrate 22
may be a color conversion substrate that includes a second
base 120, a common electrode 820, an upper polarizer 621
and a linear patterned layer 501, and further includes a color
conversion pattern layer 302.

[0109] The color conversion pattern layer 302 may be
disposed on the light-blocking element 430. The color
conversion pattern layer 302 may include a first color
conversion pattern 312 disposed in the first pixel PX1, and
a second color conversion pattern 322 disposed in the
second pixel PX2. In an exemplary embodiment, for
example, the first color conversion pattern 312 may be a
color filter that selectively absorbs the green and/or red
wavelength bands, while the second color conversion pat-
tern 322 may be a color filter that selectively absorbs the
blue and/or red wavelength bands.

[0110] 1In the liquid-crystal display device 2 according to
this exemplary embodiment, the linear patterned layer 501
contributing to the improvement of the viewing angle is
disposed after the light-blocking element 430 on the light
path from the light source unit BLU to a viewer (not shown)
such that the display quality of the liquid-crystal display
device 2 can be further improved. That is, the display quality
of the liquid-crystal display device 2 can be improved by
disposing the linear patterned layer 501 and the light source
unit BLU spaced apart from each other with the color
conversion pattern layer 302 and the light-blocking element
430 therebetween.

[0111] In an exemplary embodiment, for example, the
color conversion pattern layer 302 may be used to make the
transmitted light have a particular color, and then the light-
blocking element 430 may prevent the color mixture defect
of the light passing through each of the pixels. Then, at least
a part of the transmitted light is diffused by the linear
patterned layer 501 such that it scatters in the first direction
X, thereby improving the visibility from side angles of the
liquid-crystal display device 2 in the first direction X, (e.g.,
in the longer axis direction).

[0112] Insome exemplary embodiment of the invention, a
second overcoating layer 450 may be disposed between the
color conversion pattern layer 302 and the common elec-
trode 820.

[0113] FIG. § is a cross-sectional view of still another
exemplary embodiment of a liquid-crystal display device
according to the invention.

[0114] Referring to FIG. 5, a liquid-crystal display device
3 according to this exemplary embodiment is different from
the liquid-crystal display device 2 according to the exem-
plary embodiment shown in FIG. 4 in that the side surfaces
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of the linear feature in the pattern of linear features 513 meet
to form a vertex and there is no the lower surface of a pattern
of linear features 513 parallel to the xy-plane.

[0115] In an exemplary embodiment, for example, in a
cross section of a feature of the pattern of linear features 513
cut in the first direction X, the cross section of the pattern of
linear features 513 may be an inverted triangle. That is, the
cross section of the pattern of linear features 513 may have
a wedge shape. The inclination angle, the maximum width,
the spacing distance, the height and the like of the linear
features of the pattern of linear features 513 according to this
exemplary embodiment may be selected within the range
described above with reference to FIG. 3.

[0116] FIG. 6 is a cross-sectional view of still another
exemplary embodiment of a liquid-crystal display device
according to the invention.

[0117] Referring to FIG. 6, a liquid-crystal display device
4 according to this exemplary embodiment is different from
the liquid-crystal display device 3 according to the exem-
plary embodiment shown in FIG. 5 in that a plurality of
patterns of linear features in a linear patterned layer 504
includes a first pattern of linear features 514a and a second
pattern of linear features 5145 having different sizes.
[0118] In this exemplary embodiment, a first pixel PX1 is
a pixel for representing blue color, and a second pixel PX2
is a pixel for representing green color having a peak wave-
length longer than that of blue color.

[0119] The linear patterned layer 504 may include a plu-
rality of patterns of linear features 514a and 5145, and the
plurality of patterns of linear features 514a and 514b may
include a first pattern of linear features 514a disposed in the
first pixel PX1 and a second pattern of linear features 5145
disposed in the second pixels PX2. The first pattern of linear
features 514a and the second pattern of linear features 5145
may extend in the second direction Y. In addition, the linear
features of the first pattern of linear features 514a may be
spaced apart from one another in the first direction X, and
the linear features of the second pattern of linear features
5145 may be spaced apart from one another in the first
direction X. The first pattern of linear features 5144 and the
second pattern of linear features 5145 adjacent to each other
may be spaced apart in the first direction X.

[0120] The first pattern of linear features 514a and the
second pattern of linear features 5145 may include or be
made of the same transparent, organic or inorganic material
and may have substantially the same refractive index.
[0121] In an exemplary embodiment, the size of the linear
feature of the second pattern 5145 may be greater than the
size of the linear feature of the first pattern 514a. In an
exemplary embodiment, for example, the maximum width
(shown as the upper surface in FIG. 6) of the linear feature
of the second pattern 5145 is greater than the maximum
width of the linear feature of the first pattern of 514a, and/or
the height of the linear feature of the second pattern 5145 in
the third direction Z may be greater than the height of the
linear feature of the first pattern 5144. In another exemplary
embodiment, the maximum width or the height of the linear
feature of the second pattern 5145 and the first pattern 514a
may be substantially the same.

[0122] The light incident on the linear patterned layer 504
after having passed through the color conversion pattern
layer 302 may have different wavelength bands in different
pixels. In an exemplary embodiment, for example, the light
incident on the linear patterned layer 504 in the first pixel
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PX1 has a blue light wavelength band, and the light incident
on the linear patterned layer 504 in the second pixel PX2 has
a green light wavelength band. In this case, the diffusion
efficiency of the transmitted light in the first direction X by
the linear patterned layer 504 may be different for different
wavelength bands. In an exemplary embodiment, for
example, the diffusion efficiency of the blue light wave-
length band by the first pattern of linear features 514a may
be higher than the diffusion efficiency of the blue light
wavelength band by the second pattern of linear features
514b which is larger than the first pattern of linear features
514a. The diffusion efficiency of the green light wavelength
band by the second pattern of linear features 5145 may be
higher than the diffusion efficiency of the green light wave-
length band by the first pattern of linear features 514a which
is smaller than the second pattern of linear features 5145. As
described above, the maximum width, height and the like of
the patterns of linear features 514a and 5145 are larger than
the wavelength of the transmitted light, thereby preventing
the polarization state of the transmitted light from being
depolarized by the patterns of linear features 514a and 5145.
It is, however, to be understood that this is merely illustra-
tive.

[0123] Therefore, in the liquid-crystal display device 4
according to this exemplary embodiment, the first pattern of
linear features 514q in the first pixel PX1 representing blue
color has an excellent diffusion efficiency with respect to
blue light compared to green light and has such a size that
it does not depolarize the polarized light. In addition, the
second pattern of linear features 5145 in the second pixel
PX2 has an excellent diffusion efficiency with respect to
green light as compared with blue light and has such a size
that it does not depolarize the polarized light. As a result, the
visibility from side angles of the liquid-crystal display
device 4 can be further improved.

[0124] The inclination angle, maximum width, spacing
distance, height, etc. of each of the linear features of the first
pattern of linear features 514a and the second pattern of
linear features 5145 may be selected within the range
described above with reference to FIG. 3 and the like.
[0125] In another exemplary embodiment, the size of the
first pattern of linear features 514a in the first pixel PX1 may
be larger than the size of the second pattern of linear features
5144 in the second pixel PX2.

[0126] FIG. 7 is a cross-sectional view of still another
exemplary embodiment of a liquid-crystal display device
according to the invention. FIG. 8 is a view of an exemplary
embodiment of the linear patterned layer shown in FIG. 7.
[0127] Referring to FIGS. 7 and 8, a liquid-crystal display
device 5 according to this exemplary embodiment is differ-
ent from the liquid-crystal display device 3 according to the
exemplary embodiment shown in FIG. 5§ in that a linear
patterned layer 505 includes a first pattern of linear features
515a and a second pattern of linear features 5155 each linear
feature of which has different inclination angles at two side
surfaces and disposed symmetric with each other.

[0128] In this exemplary embodiment, a first pixel PX1
and a third pixel PX3 may be arranged in the first direction
X. That is, the third pixel PX3 may be located on a side of
the first pixel PX1 in the first direction X. In an exemplary
embodiment, for example, the first pixel PX1 may be on the
left side while the third pixel PX3 may be located on the
right side of the display panel DP with respect to an
imaginary line (hereinafter referred to as a center line)
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extending in the second direction Y passing through the
center of the display panel DP in a plan view. It is, however,
to be understood that this is merely illustrative. The first
pixel PX1 and the third pixel PX3 may represent the same
color or different colors.

[0129] The linear patterned layer 505 may include a
plurality of patterns of linear features 515a and 5155, and
the plurality of patterns of linear features 5154 and 515b
may include a first pattern of linear features 5154 disposed
in the first pixel PX1 and a second pattern of linear features
515b disposed in the third pixels PX3. The first pattern of
linear features 5154 and the second pattern of linear features
515h may extend in the second direction Y. In addition, the
linear features of the first pattern of linear features 5154 may
be spaced apart from one another in the first direction X, and
linear features of the second pattern of linear features 5145
may be spaced apart from one another in the first direction
X. The first pattern of linear features 5154 and the second
pattern of linear features 5156 adjacent to each other may be
spaced apart in the first direction X.

[0130] Each feature of the first pattern of linear features
515a may include a first side surface S1 on one side and a
second side surface S2 on the other side in the first direction
X. In an exemplary embodiment, the first side surface S1 and
the second side surface S2 may have different inclinations.
In an exemplary embodiment, for example, each of a first
inclination angle 61 defined by the first side surface S1 with
respect to the xy-plane and a second inclination angle 62
defined by the second side surface S2 with respect to the
xy-plane may be equal to or greater than 30 degrees and less
than 90 degrees, and the second inclination angle 82 may be
larger than the first inclination angle 61.

[0131] In addition, each feature of the second pattern of
linear features 5156 may include a third side surface S3 on
one side and a fourth side surface S4 on the other side in the
first direction X. In an exemplary embodiment, the third side
surface S3 and the fourth side surface S4 may have different
inclinations. In an exemplary embodiment, for example,
each of a third inclination angle 63 defined by the third side
surface S3 with respect to the xy-plane and a fourth incli-
nation angle 64 defined by the fourth side surface S4 with
respect to the xy-plane may be equal to or greater than 30
degrees and less than 90 degrees, and the third inclination
angle 63 may be larger than the fourth inclination angle 64.

[0132] In some exemplary embodiment of the invention,
the first inclination angle 81 of the first pattern of linear
features 515a¢ may be substantially equal to the fourth
inclination angle 64 of the second pattern of linear features
5154, and the second inclination angle 62 of the first pattern
of linear features 5154 may be substantially equal to the
third inclination angle 63 of the second pattern of linear
features 5155. That is, the first pattern of linear features 5154
in the first pixel PX1 and the second pattern of linear
features 51556 in the third pixel PX3 may be arranged
symmetrically with respect to the center line.

[0133] The linear patterned layer 505 including the first
pattern of linear features 515a and the second pattern of
linear features 5156 may diffuse the transmitted light in the
first direction X. The first pattern of linear features 515¢ or
the second pattern of linear features 5155 having different
inclination angles of one side surface and the other side
surface may induce the diffused, transmitted light to travel
differently in both direction of the first direction X.



US 2019/0163023 A1

[0134] In an exemplary embodiment in which the first
pixel PX1 is located on the left side while the third pixel PX3
is located on the right side of the display panel DP, the first
pixel PX1 is configured to further enhance the visibility
from the right angle more than the visibility from the left
angle, while the third pixel PX3 is configured to further
enhance the visibility from the left angle more than the
visibility from the right angle. By doing so, the display
quality of the liquid-crystal display device 5 can be further
improved. It is, however, to be understood that this is merely
illustrative.

[0135] In another exemplary embodiment, the first incli-
nation angle 01 of the first pattern of linear features 5154 in
the first pixel PX1 may be larger than the second inclination
angle 02 and/or the fourth inclination angle 04 of the second
pattern of linear features 5155 in the third pixel PX3 may be
larger than the third inclination angle 03.

[0136] FIG. 9 is a cross-sectional view of still another
exemplary embodiment of a liquid-crystal display device
according to the invention. FIG. 10 is a view of an exem-
plary embodiment of the linear patterned layer shown in
FIG. 9.

[0137] Referring to FIGS. 9 and 10, a liquid-crystal dis-
play device 6 according to this exemplary embodiment is
different from the liquid-crystal display device 3 according
to the exemplary embodiment shown in FIG. 5 in that a
linear patterned layer 506 includes a first pattern of linear
features 5164 and a second pattern of linear features 5165
which have different inclination angles at two side surfaces.
[0138] In this exemplary embodiment, a first pixel PX1
and a fourth pixel PX4 may be arranged in the first direction
X. That is, the fourth pixel PX4 may be located on a side of
the first pixel PX1 in the first direction X. For example, the
fourth pixel PX4 may be located near the center line, and the
first pixel PX1 may be located closer to the edge side in the
first direction X than the fourth pixel PX4. It is, however, to
be understood that this is merely illustrative. The first pixel
PX1 and the fourth pixel PX4 may represent the same color
or different colors.

[0139] The linear patterned layer 506 may include a
plurality of patterns of linear features 516a and 5165, and
the plurality of patterns of linear features 516a and 5165
may include a first pattern of linear features 5164 disposed
in the first pixel PX1 and a second pattern of linear features
5164 disposed in the fourth pixels PX4. The first pattern of
linear features 5164 and the second pattern of linear features
516h may extend in the second direction Y. In addition, the
linear features of the first pattern of linear features 5162 may
be spaced apart from one another in the first direction X, and
the linear features of the second pattern of linear features
514h may be spaced apart from one another in the first
direction X. The first pattern of linear features 5164 and the
second pattern of linear features 5165 adjacent to each other
may be spaced apart in the first direction X.

[0140] Each feature of the first pattern of linear features
516a may include a first side surface S1 on one side and a
second side surface S2 on the other side in the first direction
X. In an exemplary embodiment, the first side surface S1 and
the second side surface S2 may have the same inclination. In
an exemplary embodiment, for example, a first inclination
angle 01 defined by the first side surface S1 with respect to
the xy-plane and the second inclination angle 62 defined by
the second side surface S2 with respect to the xy-plane may
be equal to or greater than 30 degrees and less than 90
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degrees, and the second inclination angle 62 may be equal
to the first inclination angle 81. In another exemplary
embodiment, the second inclination angle 62 may be dif-
ferent from the first inclination angle 61.

[0141] In addition, each feature of the second pattern of
linear features 5165 may include a third side surface S3 on
one side and a fourth side surface S4 on the other side in the
first direction X. In an exemplary embodiment, the third side
surface S3 and the fourth side surface S4 may have different
inclinations. In an exemplary embodiment, for example, a
third inclination angle 63 defined by the third side surface S3
with respect to the xy-plane and a fourth inclination angle 64
defined by the fourth side surface S4 with respect to the
xy-plane may be equal to or greater than 30 degrees and less
than 90 degrees, and the third inclination angle 63 may be
larger than the fourth inclination angle 64.

[0142] In some exemplary embodiment of the invention,
the first inclination angle 81 of the first pattern of linear
features 5164 may be smaller than the third inclination angle
03 of the second pattern of linear features 5165, and the
second inclination angle 02 of the first pattern of linear
features 516a may be greater than the fourth inclination
angle 04 of the second pattern of linear features 5165. The
first pattern of linear features 5164 and the second pattern of
linear features 5165 may have different shapes.

[0143] The linear patterned layer 506 including the first
pattern of linear features 5164 and the second pattern of
linear features 5165 may diffuse the transmitted light in the
first direction X. The second pattern of linear features 5165
having different inclination angles of one side surface and
the other side surface may induce the diffused, transmitted
light to travel differently in both opposite directions of the
first direction X.

[0144] In an exemplary embodiment in which the first
pixel PX1 is located on the left edge while the fourth pixel
PX4 is located on the center of the display panel DP, the
fourth pixel PX4 is configured to further enhance the vis-
ibility from the left angle more than the visibility from the
left side angle of the first pixel PX1. By doing so, the display
quality of the liquid-crystal display device 6 can be further
improved. It is, however, to be understood that this is merely
illustrative.

[0145] Inanother exemplary embodiment, the fourth incli-
nation angle 64 of the second pattern of linear features 5165
in the fourth pixel PX4 may be larger than the third
inclination angle 03.

[0146] FIG. 11 is a cross-sectional view of still another
exemplary embodiment of a liquid-crystal display device
according to the invention. FIG. 12 is a view showing an
exemplary embodiment of the linear patterned layer and the
upper polarizer of FIG. 11.

[0147] Referring to FIGS. 11 and 12, a liquid-crystal
display device 7 according to this exemplary embodiment is
different from the liquid-crystal display device 2 according
to the exemplary embodiment shown in FIG. 2 in that an
upper polarizer 627 is disposed between a color conversion
pattern 327 and a liquid-crystal layer 30.

[0148] In an exemplary embodiment, the upper polarizer
627 may be a reflective polarizer including a wire grid
pattern layer. The wire grid pattern layer may include a
pattern of wires 627w

[0149] The direction in which the pattern of wires 627w is
extended may intersect the direction in which the pattern of
linear features 511 of the linear patterned layer 501 is
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extended. In an exemplary embodiment, for example, the
pattern of wires 627w may be extended in the first direction
X. In addition, the wires of the pattern 627w may be spaced
apart from one another in the second direction Y. The
transmission axis of the upper polarizer 627 including the
pattern of wires 627w extended in the first direction X and
spaced apart from one another in the second direction Y may
be substantially parallel to the second direction Y. The upper
polarizer 627 including the pattern of wires 627w may
selectively transmit only the components of the polarized
light oscillating in the direction parallel to the transmission
axis while reflecting the components of the polarized light
oscillating in the direction intersecting the transmission axis.

[0150] Kinds of material used in the pattern of wires 627w
is not particularly limited as long as it is a material that is
easy to process and has a high light reflectance. It may
include, for example, a metal material. By making the
pattern of wires 627w with a metal material having excellent
light reflectance, it is possible to effectively reflect the
components of the polarized light oscillating in the direction
intersecting the transmission axis. Examples of the metal
material may include aluminum (Al), silver (Ag), gold (Au),
copper (Cu), titanium (T1), molybdenum (Mo), nickel (Ni),
an oxide thereof, or an alloy thereof. Although not shown in
the drawings, in some exemplary embodiments, the pattern
of wires 627w may be a stack of a metal pattern made of a
metal material and an inorganic pattern made of a non-
metallic inorganic material. Examples of the non-metallic
inorganic material may include silicon oxide, silicon nitride,
silicon oxynitride, silicon nitride oxide and the like. In some
exemplary embodiments, the upper polarizer 627 may fur-
ther include a barrier layer (not shown) disposed on and/or
under the wire pattern layer that includes the pattern of wires
627w. The barrier layer may include or be made of an
inorganic material such as silicon nitride or silicon oxide, or
an organic material. The barrier layer can prevent corrosion
or damage to the pattern of wires 627w caused by impurities
such as moisture and air permeate from the outside. The
barrier layer may be in contact with the second overcoating
layer 450 and/or the common electrode 820.

[0151] In an exemplary embodiment, the spacing distance
D, between adjacent linear features of the pattern of linear
features 511 in the linear patterned layer 501 in the first
direction X may be greater than the spacing distance D,
between the adjacent wires of the pattern 627w in the upper
polarizer 627 in the second direction Y. In an exemplary
embodiment, the spacing distance D, between adjacent
wires of the pattern 627w in the second direction Y may be
approximately 20 to 80 nm. By making the spacing distance
D, of the pattern of linear features 511 larger than the
spacing distance D, of the pattern of wires 627w, it is
possible to give excellent polarization function to the upper
polarizer 627 and also to prevent the directors of the
polarized light controlled by the liquid-crystal layer 30 from
being depolarized even if the linear patterned layer 501
having light diffusion function is disposed next to the upper
polarizer 627.

[0152] The color conversion pattern 327 may be disposed
on the light-blocking element 430. The color conversion
pattern 327 may be disposed in the second pixel PX2 but not
in the first pixel PX1. The color conversion pattern 327 may
convert the color of incident light such that the color of the
exiting light is different from that of the incident light. In an
exemplary embodiment, the color conversion pattern 327
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may include a material that converts or shifts the peak
wavelength of the incident light to another peak wavelength,
ie., a wavelength shift material 327¢. Examples of the
wavelength shift material 3274 may include quantum dots,
quantum rods, and fluorescent materials. In an exemplary
embodiment, for example, a quantum dot can emit a color as
an electron transition from conduction band to valence band.
The quantum dot material may have a core-shell structure.
The core may be semiconductor nanocrystalline material.
Examples of the core of the quantum dots may include, but
is not limited to, silicon (S1) nanocrystals, II-VI group
compound nanocrystals, and 1II-V group compound nanoc-
rystals, etc. In an exemplary embodiment, the wavelength
shift material 327¢ may include a core made of cadmium
selenide (CdSe), cadmium telluride (CdTe), cadmium sul-
fide (CdS) or indium phosphide (InP), and an outer shell
made of zinc sulfide (ZnS).

[0153] In an exemplary embodiment, for example, the
wavelength shift material 327¢ of the color conversion
pattern 327 may absorb at least a part of the light provided
from the light source unit BLU to emit light having a peak
wavelength of green. By doing so, the color conversion
pattern 327 may convert the incident light into green light,
and the second pixel PX2 may represent green color.
[0154] In addition, a first wavelength band filter 710 may
be disposed between the color conversion pattern 327 and
the light-blocking element 430. The first wavelength band
filter 710 may be a wavelength-selective optical filter that
selectively transmits only light in a wavelength band includ-
ing a green peak wavelength. In an exemplary embodiment,
for example, the first wavelength band filter 710 may be a
color filter that selectively absorbs light in a blue wavelength
band. The first wavelength band filter 710 may transmit the
peak wavelength of green while blocking the transmission of
the light of the blue wavelength band such that the wave-
length spectrum of the transmitted light is further sharpened
around the peak wavelength of green represented by the
second pixel PX2. As a result, the color purity of green
represented by the second pixel PX2 can be improved,
thereby improving the display quality of the liquid-crystal
display device 7.

[0155] In some exemplary embodiments, a transparent
pattern 337 may be disposed on the light-blocking element
430 in the first pixel PX1. The transparent pattern 337 may
transmit the light provided by the light source unit BLU, for
example, blue light without changing the color of the
incident light substantially. In this manner, the first pixel
PX1 can represent blue color.

[0156] A second wavelength band filter 720 may be dis-
posed on the color conversion pattern 327 and the transpar-
ent pattern 337. The second wavelength band filter 720 may
be a wavelength-selective optical filter that selectively trans-
mits only light in a wavelength band including a peak
wavelength of blue and reflects light in green and/or red
wavelength bands. In an exemplary embodiment, for
example, the second wavelength band filter 720 may be a
distributed Bragg reflector that selectively transmits only
light in the blue wavelength band. The second wavelength
band filter 720 may receive light emitted from the wave-
length shift material 327¢ and may reflect the light emitted
toward the second wavelength band filter 720, thereby
increasing the amount of light transmitted to a viewer (not
shown) and contributing to color display. By doing so, the
efficiency of utilizing of light can be increased, and display
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quality such as brightness and color purity of the liquid-
crystal display device 7 can be improved.

[0157] Hereinafter, the invention will be described in more
detail with reference to Example, Comparative Example and
Experimental Example.

Example

[0158] A test cell for the liquid-crystal display device
according to the exemplary embodiments of FIG. 2 and the
like described above was produced. The difference in the
refractive index between the linear patterned layer and the
first overcoating layer was approximately 0.2.

Comparative Example

[0159] A test cell of a liquid-crystal display device having
the same structure as that of the Example was produced,
except that the difference in the refractive index was 0.5.

Experimental Example

[0160] The viewing angle characteristics of the test cells
produced according to Example and Comparative Example
were measured, and the results are shown in FIGS. 13 and
14.

[0161] FIG. 13 is a graph showing viewing angle charac-
teristic of the test cell produced according to Example. FIG.
14 is a graph showing viewing angle characteristic of the test
cell produced according to Comparative Example.

[0162] Referring to FIG. 13, it can be seen that the test cell
according to Example exhibit excellent visibility in the
center and in the left and right regions, and also in the upper
and lower regions.

[0163] Referring to FIG. 14, it can be seen that the test cell
according to Comparative Example has poor display quality
generally as compared with the test cell according to
Example. In particular, it can be seen that the visibility is
poor in the left and right regions at angles of 30 to 50 degrees
and in the upper and lower regions.

[0164] That is, it can be seen that if the difference in the
refractive index between the linear patterned layer and the
first overcoating layer forming the optical interface with the
linear patterned layer is 0.5 or more, the luminance in the
front and the visibility characteristic in the left-right regions
and the upper and lower regions are drastically decreased.
[0165] While the invention has been particularly illus-
trated and described with reference to exemplary embodi-
ments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and detail may
be made therein without departing from the spirit and scope
of the invention as defined by the following claims. The
exemplary embodiments should be considered in a descrip-
tive sense only and not for purposes of limitation.

What is claimed is:

1. A liquid-crystal display device comprising:

a first polarizer which has a transmission axis extended in
a first direction;

a second polarizer disposed above the first polarizer and
which has a transmission axis extended in a second
direction intersecting the first direction;

a liquid-crystal layer disposed between the first polarizer
and the second polarizers; and

a linear patterned layer disposed between the liquid-
crystal layer and the second polarizer, wherein the
linear patterned layer comprises a pattern of linear
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features and the linear features of the pattern are
extended in the second direction and spaced apart from
one another in the first direction.

2. The liquid-crystal display device of claim 1, further
comprising:

a light source unit,

wherein the light source unit and the second polarizer are

spaced apart from each other with the first polarizer
interposed therebetween.

3. The liquid-crystal display device of claim 2, further
comprising:

a color conversion pattern which converts a color of light

incident from the light source,

wherein the linear patterned layer and the light source unit

are spaced apart from each other with the color con-
version pattern interposed therebetween.

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

a first pixel representing a first color; and

a second pixel representing a second color having a peak

wavelength longer than that of the first color, and
wherein the second pixel is located on a side of the first
pixel in the first direction.

5. The liquid-crystal display device of claim 4, further
comprising:

a light-blocking element disposed at a boundary between

the first pixel and the second pixel,

wherein the linear patterned layer and the liquid-crystal

layer are spaced apart from each other with the light-
blocking element interposed therebetween, and
wherein the light-blocking element at least partially
overlaps with the pattern of linear features in a plan
view.

6. The liquid-crystal display device of claim 2, wherein
the liquid-crystal display device has a pair of longer sides
and a pair of shorter sides, and

wherein the longer sides are extended in the first direction,

while the shorter side are extended in the second
direction.

7. The liquid-crystal display device of claim 6, wherein
light provided from the light source unit and incident on the
linear patterned layer is at least partially diffused in the first
direction.

8. The liquid-crystal display device of claim 1, wherein a
width of each of the linear features of the pattern decreases
from the second polarizer toward the liquid-crystal layer.

9. The liquid-crystal display device of claim 8, wherein a
ratio of a spacing distance between adjacent linear features
of the pattern to a maximum width of each of the linear
features ranges from about 0.5 to about 2.0.

10. The liquid-crystal display device of claim 9, wherein
a ratio of a height of each of the linear features to the
maximum width of each of the linear features ranges from
about 0.5 to about 1.5.

11. The liquid-crystal display device of claim 9, wherein
an inclination angle defined by a side surface of each of the
linear features with respect to an upper surface of the linear
feature is 45 degrees or more.

12. The liquid-crystal display device of claim 1, wherein
aratio of a maximum width of each of the linear features to
a cell gap of the liquid-crystal layer ranges from about 0.5
to about 2.0, and wherein the liquid-crystal layer comprises
vertically aligned liquid crystals in its initial orientation.
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13. The liquid-crystal display device of claim 12, wherein
the maximum width of each of the linear features is larger
than the cell gap of the liquid-crystal layer.

14. The liquid-crystal display device of claim 1, further
comprising:

a pixel electrode disposed between the first polarizer and

the liquid-crystal layer; and

a common electrode disposed between the second polat-

izer and the liquid-crystal layer,

wherein the linear patterned layer further comprises an

overcoating layer disposed between the pattern of lin-
ear features and the common electrode and in contact
with the pattern of linear features, and wherein a
difference between a refractive index of the pattern of
linear features and a refractive index of the overcoating
layer is equal to or greater than 0.15 and less than about
0.5.

15. The liquid-crystal display device of claim 1, wherein
the second polarizer comprises a wire grid pattern layer
comprising a pattern of wires and the wires of the pattern are
extended in the first direction and spaced apart from one
another in the second direction, and

wherein a spacing distance between adjacent linear fea-

tures of the pattern of linear features is larger than a
spacing distance between adjacent wires of the pattern
of wires in the second direction.

16. The liquid-crystal display device of claim 15, further
comprising:

a light source unit; and

a color conversion pattern which converts a color of light

incident from the light source unit,

wherein the light source unit and the second polarizer are

spaced apart from each other with the first polarizer
interposed therebetween, and

wherein the second polarizer and the linear patterned

layer are spaced apart from each other with the color
conversion pattern interposed therebetween.

17. The liquid-crystal display device of claim 1, further
comprising:

a first pixel which represents a first color; and

a second pixel which represents a second color having a

peak wavelength longer than that of the first color,
wherein the pattern of linear features comprises:
a first pattern of linear features disposed in the first
pixel; and
a second pattern of linear features disposed in the
second pixel, and
wherein a size of the linear feature of the second pattern
is greater than a size of the linear feature of the first
pattern.
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18. The liquid crystal display device of claim 1, further

comptrising:

a first pixel and a third pixel arranged in the first direction,

wherein the pattern of linear features comprises:

a first pattern of linear features located in the first pixel,
each of the features comprising a first side surface
and a second side surface arranged in the first
direction with this order; and

a second pattern of linear features located in the third
pixel, each of the features comprising a third side
surface and a fourth side surface arranged in the first
direction with this order, and

wherein an inclination angle of the first side surface is
substantially equal to an inclination angle of the fourth
side surface, and an inclination angle of the second side
surface is substantially equal to an inclination angle of
the third side surface.

19. The liquid-crystal display device of claim 1, further

comprising:

a first pixel and a fourth pixel arranged in the first
direction, the first pixel being located more to an edge
of the liquid-crystal display device than the fourth
pixel,

wherein the pattern of linear features comprises:

a first pattern of linear features located in the first pixel,
each of the features comprising a first side surface
and a second side surface arranged in the first
direction in this order; and

a second pattern of linear features located in the fourth
pixel, each of the features comprising a third side
surface and a fourth side surface arranged in the first
direction in this order, and

wherein an inclination angle of the first side surface is
smaller than an inclination angle of the third side
surface, and an inclination angle of the second side
surface is substantially larger than an inclination angle
of the fourth side surface.

20. A color conversion substrate comprising:

a base;

a pattern of linear features disposed on the base, wherein
the linear features are spaced apart from one another in
a first direction and extended in a second direction
intersecting the first direction;

an organic layer disposed directly on the pattern of linear
features; and

a light-blocking element disposed on the organic layer
and in a form of a grid in a plan view.
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