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FIG. 1B
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LIQUID CRYSTAL DISPLAY HAVING
IMPROVED COLOR REPRODUCTION

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation application of
U.S. patent application Ser. No. 14/986,106 filed Dec. 31,
2015, which claims priority to, and the benefit of, both
Korean Patent Application No. 10-2015-0000728 filed in the
Korean Intellectual Property Office on Jan. 5, 2015, and
Korean Patent Application No. 10-2015-0078618 filed in the
Korean Intellectual Property Office on Jun. 3, 2015, the
entire contents of each of which are incorporated herein by
reference.

BACKGROUND

(a) Field

[0002] Embodiments of the present invention relate gen-
erally to liquid crystal displays. More specifically, embodi-
ments of the present invention relate to liquid crystal dis-
plays having improved color reproduction.

(b) Description of the Related Art

[0003] A liquid crystal display (LCD), unlike a plasma
display panel (PDP) or a field emission display (FED), is a
non-emissive display device that does not form an image by
autonomously emitting light. Rather, it forms images by
relying on externally-generated light. Therefore, in the LCD,
a backlight unit (BLU) outputting light to a rear surface
thereof is utilized.

[0004] The backlight unit for the LCD employs a cold
cathode fluorescent lamp (CCFL) as its light source. How-
ever, use of CCFLs results in LCDs that are excessively
large, suffer from low color purity, and have non-uniform
luminance.

[0005] Recently, a backlight unit adopting three color light
emitting diodes (three color LEDs) as a light source has been
developed. Backlights adopting three color LEDs as their
light sources can reproduce images with high color purity,
and thus can be used in high quality display devices.
However, the resulting cost is high.

[0006] In order to overcome this drawback, a white LED
converting light emitted from a single color LED chip into
white output light has been developed. However, the color
reproducibility of white LEDs is lower than that of the three
color LED.

[0007] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the invention and therefore it may contain
information that does not form the prior art that is already
known in this country to a person of ordinary skill in the art.

SUMMARY

[0008] Embodiments of the present invention provide a
color conversion layer providing improved color reproduc-
ibility, and a liquid crystal display including the same.

[0009] An exemplary embodiment of the present inven-
tion provides a liquid crystal display including: a display
panel, and a color conversion panel coupled to the display
panel and having a color conversion layer, in which the color
conversion layer includes a block copolymer including a
first copolymer and a second copolymer, and quantum rods
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dispersed within the block copolymer. The block copolymer
is separated into a first block structure unit formed by the
first copolymer and a second block structure unit formed by
the second copolymer, and the quantum rods are disposed
within either one of the first block structure unit and the
second block structure unit.

[0010] At least one of the first block structure unit and the
second block structure unit may have a lamellar or cylin-
drical shape.

[0011] The quantum rod may be arranged to be oriented
substantially along one direction.

[0012] The quantum rods may include a red quantum rod
and a green quantum rod.

[0013] The liquid crystal display may further comprise a
light assembly adjacent to the color conversion panel, the
color conversion layer may be provided between the light
assembly and the display panel, and the light assembly may
comprise a light emitting diode.

[0014] The light emitting diode may be configured to emit
light in a predetermined wavelength band, such as an
ultraviolet light or blue light band.

[0015] The color conversion panel may further include a
lower insulating substrate, and the color conversion layer
may be provided on the lower insulating substrate.

[0016] The display panel may include: a thin film transis-
tor provided on the color conversion layer; a pixel electrode
connected to the thin film transistor; an upper insulating
substrate spaced apart from and facing the pixel electrode; a
liquid crystal layer provided between the lower insulating
substrate and the upper insulating substrate; and a common
electrode provided between the upper insulating substrate
and the liquid crystal layer.

[0017] The liquid crystal display may further include a
lower insulating layer provided between the color conver-
sion layer and the thin film transistor

[0018] The liquid crystal display may further include a
polarizer provided on the upper insulating substrate.
[0019] The display panel may include: an insulating sub-
strate facing the lower insulating substrate; a thin film
transistor provided on a surface of the insulating substrate
that faces the lower insulating substrate; a pixel electrode
connected to the thin film transistor; a roof layer facing the
pixel electrode; and a liquid crystal layer provided in a
plurality of microcavities positioned between the pixel elec-
trode and the roof layer.

[0020] The liquid crystal display may further include an
overcoat positioned between the color conversion layer and
the roof layer.

[0021] The liquid crystal display may further include a
polarizer provided on the the insulating substrate; and a
common electrode arranged to form an electric field together
with the pixel electrode.

[0022] The display panel may comprise: an insulating
substrate provided on the color conversion layer; a thin film
transistor provided on the insulating substrate; a pixel elec-
trode connected to the thin film transistor; a roof layer facing
the pixel electrode; and a liquid crystal layer provided in a
plurality of microcavities positioned between the pixel elec-
trode and the roof layer.

[0023] The liquid crystal display may further comprise a
polarizer provided on the roof layer; and a common elec-
trode arranged to form an electric field together with the
pixel electrode.
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[0024] According to the exemplary embodiment of the
present invention, the color conversion layer and the liquid
crystal display including the same have desirable color
reproducibility, and thus it is possible to provide improved
display quality.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] FIG. 1A s a perspective view of a color conversion
layer according to an exemplary embodiment of the present
invention, and FIG. 1B is a cross-sectional view of the color
conversion layer according to the exemplary embodiment of
the present invention.

[0026] FIG. 2Ais a perspective view of a color conversion
layer according to another exemplary embodiment of the
present invention, and FIG. 2B is a cross-sectional view of
this color conversion layer.

[0027] FIG. 3 is a perspective view illustrating a process
of manufacturing a color conversion panel according to an
exemplary embodiment of the present invention, and FIG. 4
is a perspective view illustrating a process of manufacturing
a color conversion panel according to another exemplary
embodiment of the present invention.

[0028] FIG. 5 is a cross-sectional view of a display device
according to an exemplary embodiment of the present
invention.

[0029] FIG. 6 is a plan view of a display device according
to another exemplary embodiment of the present invention.
[0030] FIG. 7 is a plan view of a pixel of the display
device according to FIG. 6.

[0031] FIG. 8 is a cross-sectional view of a part of the
display device of FIG. 6, taken along the line VIII-VIII.
[0032] FIG. 9 is a cross-sectional view of a part of the
display device of FIG. 6, taken along the line IX-IX.
[0033] FIG. 10 is a cross-sectional view of a display
device according to another exemplary embodiment of the
present invention.

[0034] FIG. 11 is a simulation result of color reproduc-
ibility of a display device according to the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0035] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0036] In the drawings, the thickness of layers, films,
panels, regions, etc., are exaggerated for clarity. The various
Figures are thus not to scale. Like reference numerals
designate like elements throughout the specification. It will
be understood that when an element such as a layer, film,
region, or substrate is referred to as being “on” another
element, it can be directly on the other element or interven-
ing elements may also be present. In contrast, when an
element is referred to as being “directly on” another element,
there are no intervening elements present.

[0037] All numerical values are approximate, and may
vary. All examples of specific materials and compositions
are to be taken as nonlimiting and exemplary only. Other
suitable materials and compositions may be used instead.
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[0038] Hereinafter, a color conversion layer according to
an exemplary embodiment of the present invention will be
reviewed with reference to FIG. 1. FIG. 1A is a perspective
view of the color conversion layer according to the exem-
plary embodiment of the present invention, and FIG. 1B is
a cross-sectional view of the color conversion layer accord-
ing to the exemplary embodiment of the present invention.
[0039] First, a color conversion layer 23 according to this
exemplary embodiment of the present invention includes
block copolymers including a first block structure unit 23A
and a second block structure unit 23B respectively formed
by a first copolymer and a second copolymer, and quantum
rods 27R and 27G disposed to be dispersed in either one of
the first block structure unit 23A and the second block
structure unit 23B.

[0040] The block copolymers comprising the first block
structure unit 23A and the second block structure unit 23B
are polymers where at least two block structure units having
different chemical properties are connected by covalent
bonding. In order to minimize thermodynamic energy, the
first block structure unit 23 A and the second block structure
unit 23B may be self-assembled to form uniform block
structure units having a size of several nanometers to several
tens of nanometers.

[0041] In this case, the repeated block structure units may
have various shapes such as those including a sphere, a
cylinder, and a lamella. The exemplary embodiment of the
present invention illustrated in FIG. 1A is an example, and
one block structure unit may have a cylinder shape as
shown. The block copolymer formed as described above is
thermodynamically stable. To synthesize this block copoly-
mer, a kind and a ratio of monomers, a molecular weight of
a polymer, and the like may be adjusted to control the size,
the shape, and physical properties of the self-assembled
block structure unit.

[0042] In other words, the block copolymers 23A and 23B
according to the exemplary embodiment of the present
invention include a first copolymer and a second copolymer,
and the copolymers may form separate and distinct first
block structure units 23A and second block structure units
23B during the synthesis step. Referring to FIG. 1A and FIG.
1B, the second block structure unit 23B may have a cylin-
drical shape extending parallel to a substrate, and the first
block structure unit 23 A may have a shape that surrounds the
second block structure unit. In the present exemplary
embodiment, such a structure of each of the block structure
units 23A and 23B is referred to as a cylinder-shaped
structure.

[0043] The block copolymers comprising the first block
structure unit 23A and the second block structure unit 23B
may be made of any material that can form a plurality of
divided areas, and the material may include polyacryloni-
trile-b-polydimethylsiloxane, polyethylene oxide-b-poly-
dimethylsiloxane, poly(2-vinylpyridine)-b-polydimethylsi-
loxane, poly(4-vinylpyridine)-b-polydimethylsiloxane,
polymethyl methacrylate-b-polydimethylsiloxane, poly-
acrylonitrile-b-polypropylene, poly(ethylene oxide)-b-poly-
propylene, polyacrylonitrile-b-polyisobutylene, poly(ethyl-
ene oxide)-b-polyisobutylene, polyacrylonitrile-b-
polyethylene, poly(ethylene oxide)-b-polyethylene,
polyacrylonitrile-b-polyisoprene, poly(ethylene oxide)-b-
polyisoprene, polyacrylonitrile-b-poly(meth)acrylate, poly
(ethylene oxide)-b-poly(meth)acrylate, polyacrylonitrile-b-
polychloroprene, poly(ethylene oxide)-b-polychloroprene,
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polyacrylonitrile-b-polystyrene, poly(ethylene oxide)-b-
polystyrene, polyacrylonitrile-b-poly(vinyl chloride), poly-
acrylonitrile-b-poly(vinyl acetate), polyacrylonitrile-b-poly
(2-vinylpyridine), polyacrylonitrile-b-poly(4-
vinylpyridine), and the like, but are not limited thereto.
[0044] Further, the present specification describes the case
where the block copolymer is a diblock copolymer (i.e., a
copolymer having two block structure units), but the block
copolymer is not limited thereto, and may include a triblock
copolymer (i.e., a copolymer having three block structure
units), a multi-block copolymer (i.e., a copolymer having
four or more block structure units), and/or any combination
thereof.

[0045] A plurality of first block structure units 23A and
second block structure units 23B may exist at a weight ratio
of about 10:90 to about 90:10 and more specifically about
30:70 to about 70:30. In the case where the first block
structure unit 23A and the second block structure unit 23B
exist at a weight ratio in the aforementioned range, a process
condition for forming various patterns may be more readily
adjusted.

[0046] Specifically, after the block copolymers including
the first copolymer and the second copolymer are applied,
ultraviolet ray treatment or heat treatment may be per-
formed, and thus the first block structure unit 23A and the
second block structure unit 23B may form a cylindrical
configuration as shown in FIG. 1. This will be described in
detail later with reference to FIG. 3.

[0047] The quantum rods 27G and 27R according to the
exemplary embodiment of the present invention are dis-
persed in either one of the first block structure unit 23A and
the second block structure unit 23B. Referring to FIG. 1A
and FIG. 1B, the quantum rods 27G and 27R are dispersed
in the second block structure unit 23B, but the invention is
not limited thereto, and the rods may be selectively located
in either one of the first block structure unit 23A and the
second block structure unit 23B.

[0048] The quantum rods 27G and 27R are disposed in
either one of the first block structure unit 23A and the second
block structure unit 23B, and may be arranged to extend
along one particular direction. According to the exemplary
embodiment of the present invention, the quantum rods 27G
and 27R may be located in the second block structure umt
23B, and specifically, may be arranged to extend along a
length direction in the cylinder-shaped second block struc-
ture unit 23B. That is, the major axes of the rods 27G, 27R
are substantially collinear with the major axes of their
second block structure units 23B.

[0049] According to the exemplary embodiment of the
present invention, a color conversion layer 23 including
quantum rods 27G and 27R dispersed within a block copo-
lymer and thus arranged along one direction can be pro-
vided. In this case, blue light B is incident to one surface of
the color conversion layer 23, and passes through color
conversion layer 23 which includes a red quantum rod and
a green quantum rod arranged in one direction, with the net
result being the output of white light W polarized in one
direction. That is, the blue light, the green light, and the red
light are mixed and polarized such that white light W can be
produced. Further, the incident blue light is emitted as light
having an isotropic property, and accordingly a wide view
angle can be improved.

[0050] Any material is contemplated for the quantum rods
27G and 27R. Embodiments of the invention encompass use
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of any of the various materials capable of forming the
quantum rods 27G and 27R, and these materials include a
material capable of manufacturing quantum dots.

[0051] The quantum rods 27G and 27R have a diameter of
several nanometers when a cross-section is taken at their
center, and may have a length of several tens or several
hundreds of nanometers. According to the exemplary
embodiment, a portion of the quantum rods 27G and 27R
may be arranged at an angle of more than 0° and 10° or less
with respect to a particular direction, e.g. the row direction
or the column direction of pixels of the display of color
conversion layer 23. The diameters of the central cross-
sections of the quantum rods 27G and 27R included in the
color conversion layer 23 may be the same. Moreover,
according to the exemplary embodiment, two kinds of
quantum rods 27G and 27R having differing central cross-
section diameters may be included. Further, according to the
exemplary embodiment, three or more kinds of quantum
rods 27G and 27R having differing central cross-section
diameters may be included. According to a difference in
diameter of the central cross-sections of the quantum rods
27G and 27R, wavelength ranges of light polarized in an
extension direction of the quantum rods 27G and 27R may
vary. As a result, in the exemplary embodiment where the
quantum rods 27G and 27R have multiple different central
cross-sectional diameters, lights having various wavelengths
may be polarized in the extension direction of the quantum
rods 27G and 27R.

[0052] As previously described, the color conversion layer
23 has a polarization property. That is, light that is incident
on the color conversion layer 23 is polarized along an
arrangement direction of the quantum rods 27G and 27R. A
transmissive axis of the color conversion layer 23 is iden-
tical to the arrangement direction of the quantum rods 27G
and 27R. Such a color conversion layer 23 can replace a
polarizer, and therefore, according to the exemplary embodi-
ment of the present invention, at least one polarizer may be
omitted from the liquid crystal or other display device.
[0053] Hereinafter, a color conversion layer according to
another exemplary embodiment of the present invention will
be described with reference to FIG. 2A and FIG. 2B. FIG.
2A is a perspective view of a color conversion layer accord-
ing to another exemplary embodiment of the present inven-
tion, and FIG. 2B is a cross-sectional view of this color
conversion layer.

[0054] A color conversion layer 23 according to another
exemplary embodiment of the present invention includes
block copolymers 23A and 23B including a first block
structure unit 23 A formed by a first copolymer and a second
block structure unit 23B formed by a second copolymer, and
quantum rods 27R and 27G dispersed within either one of
the first block structure unit 23A and the second block
structure unit 23B.

[0055] The block copolymers comprising the first block
structure unit 23A and the second block structure unit 23B
are polymers where at least two block structure units having
different chemical properties are connected by covalent
bonding. The first copolymer and the second copolymer
form separate and distinct first block structure units 23A and
second block structure units 23B according to a manufac-
turing process. The first block structure unit 23A and the
second block structure unit 23B according to another exem-
plary embodiment of the present invention may have a
rectangular pillar shape. Alternatively, they may have a
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lamella or membrane shape where the first block structure
unit 23A and the second block structure unit 23B are
alternately disposed. The formed block structures are ther-
modynamically stable, and in a synthesis step of the block
copolymer, a kind and a ratio of monomers, a molecular
weight of a polymer, and the like may be adjusted to control
the size and physical properties of the self-assembled block
structure unit.

[0056] Any suitable material may be used in forming the
block copolymers comprising the first block structure unit
23 A and the second block structure unit 23B according to the
exemplary embodiment of the present invention. For
example, any material that results in a lamella shape can be
used if that shape is desired, and an example thereof may be
polyacrylonitrile-b-polydimethylsiloxane, polyethylene
oxide-b-polydimethylsiloxane,  poly(2-vinylpyridine)-b-
polydimethylsiloxane, poly(4-vinylpyridine)-b-polydimeth-
ylsiloxane, polymethyl methacrylate-b-polydimethylsilox-
ane, polyacrylonitrile-b-polypropylene,  poly(ethylene
oxide)-b-polypropylene,  polyacrylonitrile-b-polyisobuty-
lene, poly(ethylene oxide)-b-polyisobutylene, polyacryloni-
trile-b-polyethylene, poly(ethylene oxide)-b-polyethylene,
polyacrylonitrile-b-polyisoprene, poly(ethylene oxide)-b-
polyisoprene, polyacrylonitrile-b-poly (meth) acrylate, poly
(ethylene oxide)-b-poly(meth)acrylate, polyacrylonitrile-b-
polychloroprene, poly(ethylene oxide)-b-polychloroprene,
polyacrylonitrile-b-polystyrene, poly(ethylene oxide)-b-
polystyrene, polyacrylonitrile-b-poly(vinyl chloride), poly-
acrylonitrile-b-poly(vinyl acetate), polyacrylonitrile-b-poly
(2-vinylpyridine), polyacrylonitrile-b-poly(4-
vinylpyridine), and the like, but the materials are not limited
thereto.

[0057] Further, the present specification describes the case
where the block copolymer is a diblock copolymer (i.e., a
copolymer having two block structure units), but the block
copolymer is not limited thereto, and may include a triblock
copolymer (i.e., a copolymer having three block structure
units), a multi-block copolymer (i.e., a copolymer having
four or more block structure units), and any combination
thereof.

[0058] The first block structure unit 23A and the second
block structure unit 23B may exist at a weight ratio of about
10:90 to about 90:10, and more specifically about 30:70 to
about 70:30. In the case where the first block structure unit
23A and the second block structure unit 23B exist at a
weight ratio in the aforementioned range, a process condi-
tion for forming various patterns may be more readily
adjusted.

[0059] Specifically, after the block copolymers including
the first copolymer and the second copolymer are applied,
ultraviolet ray treatment or heat treatment may be per-
formed, and thus the block copolymers may form a vertical
lamella shape as in FIGS. 2A and 2B. This will be described
in detail later with reference to FIG. 4.

[0060] The quantum rods 27G and 27R according to the
exemplary embodiment of the present invention are dis-
posed to be dispersed in the block copolymers, and specifi-
cally may be disposed in either one of the first block
structure unit 23A and the second block structure unit 23B.
Referring to FIG. 2A and FIG. 2B, the quantum rods 27G
and 27R are disposed to be dispersed in the second block
structure units 23B, but are not limited thereto, and may be
selectively disposed in either one of the first block structure
units 23A and the second block structure units 23B.
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[0061] The quantum rods 27G and 27R may be arranged
along one direction in either one of the first block structure
unit 23A and the second block structure unit 23B. For
example, as shown in FIG. 2A and FIG. 2B, the quantum
rods 27G and 27R may be arranged along a length direction
of a lamella shape.

[0062] According to the exemplary embodiment of the
present invention, a color conversion layer 23 including the
quantum rods 27G and 27R dispersed in the block copoly-
mers and thus arranged along one direction can be provided.
When blue light B is incident on one surface of the color
conversion layer 23, the blue light B is passed through the
color conversion layer 23 which includes a red quantum rod
27R and a green quantum rod 27G arranged along one
direction. The incident light is thus emitted as white light W
polarized in one direction. That is, the blue light, the green
light, and the red light are mixed and polarized such that
white light W can be produced. Further, the blue light B is
passed through the color conversion layer 23 and is thus
emitted as light having an isotropic property, and accord-
ingly a wide view angle can be improved.

[0063] A material of the quantum rods 27G and 27R is not
limited, various materials capable of forming the quantum
rods 27G and 27R may be used, and the materials include a
material capable of manufacturing quantum dots.

[0064] The quantum rods 27G and 27R have a diameter of
several nanometers when a cross-section is taken at the
center, and may have a length of several tens or several
hundreds of nanometers. According to the exemplary
embodiment, a portion of the quantum rods 27G and 27R
may be arranged at an angle of more than 0° and 10° or less
with respect to a particular direction, e.g. the row direction
or the column direction of pixels of the display of color
conversion layer 23. The diameters of the central cross-
sections of the quantum rods 27G and 27R included in the
color conversion layer 23 may all be substantially the same.
Alternatively, according to the exemplary embodiment, two
kinds of quantum rods 27G and 27R having different central
cross-sectional diameters may be included. Further, accord-
ing to the exemplary embodiment, three or more kinds of
quantum rods 27G and 27R having different central cross-
sectional diameters may be included. According to a differ-
ence in diameter of the central cross-sections of the quantum
rods 27G and 27R, wavelength ranges of light polarized in
an extension direction of the quantum rods 27G and 27R are
different from each other. As a result, in the exemplary
embodiment where there are multiple different central cross-
sectional diameters of the quantum rods 27G and 27R, light
having various wavelengths may be polarized in the exten-
sion direction of the quantum rods 27G and 27R.

[0065] As previously described, the color conversion layer
23 has a polarization property. Light that is incident on the
color conversion layer 23 is polarized along an arrangement
direction of the quantum rods 27G and 27R to be emitted as
polarized light. A transmissive axis of the color conversion
layer 23 is identical to the arrangement direction of the
quantum rods 27G and 27R. Such a color conversion layer
23 can replace a polarizer, and therefore, according to the
present exemplary embodiment, a polarizer can be omitted
from the display.

[0066] Hereinafter, a process of manufacturing a color
conversion panel according to the exemplary embodiment of
the present invention will be reviewed with reference to
FIGS. 3 and 4. FIG. 3 is a perspective view illustrating a
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process of manufacturing a color conversion panel accord-
ing to the exemplary embodiment of the present invention,
and FIG. 4 is a perspective view illustrating a process of
manufacturing a color conversion panel according to another
exemplary embodiment of the present invention.

[0067] First, as illustrated in FIGS. 3 and 4, quantum rods
27R and 27G are dispersed on an insulation substrate 22 in
which a guide pattern GP s disposed, and a block copolymer
including a first copolymer and a second copolymer is
applied. Next, a heat treatment process is performed accord-
ing to a ratio of the first copolymer and the second copoly-
mer included in the block copolymer. According to the heat
treatment process, the block copolymer may form a prede-
termined pattern according to the guide pattern GP.

[0068] Specifically, in the case where a mole fraction
between the first copolymer and the second copolymer is
appropriately adjusted, the block copolymer may be sub-
jected to phase separation into a plurality of individual
regions (a first block structure unit and a second block
structure unit 23A and 23B) by heat treatment at a prede-
termined temperature.

[0069] The heat treatment process may be performed at a
glass transition temperature or more and less than a thermal
decomposition temperature of the block copolymer. The
heat treatment time is not particularly limited. Fine phase
separation of the block copolymer occurs by heat treatment.
[0070] According to the aforementioned manufacturing
process, in the exemplary embodiment of the present inven-
tion, as illustrated in FIG. 3, a cylinder-shaped block copo-
lymer may be formed, or as illustrated in FIG. 4, a lamella-
shaped block copolymer may be formed.

[0071] Further, referring to FIG. 3, the quantum rods
dispersed in the block copolymer are selectively disposed in
either one of the first block structure unit 23A and the second
block structure unit 23B according to phase separation, and
may be arranged in one direction according to the guide
pattern GP.

[0072] The exemplary embodiment of FIG. 4 is not sepa-
rately described in detail, but the quantum rods may be
disposed to be arranged in one direction and within either
one of the first block structure unit 23A and the second block
structure unit 23B.

[0073] Hereinafter, a liquid crystal display including the
color conversion layer according to the exemplary embodi-
ment of the present invention will be reviewed with refer-
ence to FIG. 5. FIG. 5 is a cross-sectional view of a display
device according to the exemplary embodiment of the
present invention, and FIG. 6 is a cross-sectional view of a
display device according to another exemplary embodiment
of the present invention.

[0074] First, referring to FIG. 5, a liquid crystal display
according to the exemplary embodiment of the present
invention includes a display panel 50, a color conversion
panel 20, and a light assembly 500. According to the
exemplary embodiment of the present invention, the color
conversion panel 20 may be provided on the light assembly
500, and the display panel 50 may be provided on the color
conversion panel 20. That is, the color conversion panel 20
may be provided between the light assembly 500 and the
display panel 50.

[0075] The display panel 50, in order to display an image,
includes a lower display panel 100 including a thin film
transistor array, an upper display panel 200 including an
upper insulation substrate 210 that faces the lower display
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substrate 100, and a liquid crystal layer 3 interposed between
the lower display panel 100 and the upper display panel 200.
The display panel 50 may further include a polarizer 12
disposed on one surface of the upper display panel 200.
[0076] In this case, one or more of a coating-type polar-
izer, an attached-type polarizer and a wire grid polarizer may
be used as the polarizer 12, and such a polarizer 12 may be
provided on one surface of the upper display panel 200 using
various methods such as a film form, a coating form, an
attachment form, and other like processes. However, such a
description is one example, and thus this is not restrictive.
[0077] First, a plurality of pixel electrodes is disposed in
a matrix form on the lower insulating layer 110 of the lower
display panel 100. A gate line (not shown) extending in a
row direction and including a gate electrode 124, a gate
insulating layer 140 disposed on the gate line (not shown),
and a semiconductor layer 154 disposed on the gate insu-
lating layer 140, are formed on the layer 110. Then, a data
line (not shown) is disposed on the semiconductor layer 154
to extend in a column direction, and includes a source
electrode 173 and a drain electrode 175. A passivation layer
180 is disposed on the drain electrode 175, and a pixel
electrode 191 is disposed on the lower insulating layer 110
to be connected to drain electrode 175 through a contact
hole.

[0078] A semiconductor layer 154 disposed on the gate
electrode 124 forms a channel layer in a region exposed by
the source electrode 173 and the drain electrode 175, and the
gate electrode 124, the semiconductor layer 154, the source
electrode 173, and the drain electrode 175 form one thin film
transistor. An array of such transistors is formed as above.
[0079] Next, the upper insulating substrate 210 is provided
at a predetermined distance from the lower display panel
100 while facing the lower display panel 100. A plurality of
color filters 230R, 230G, and 230B and a light blocking
member 220, a planarization layer 250, and a common
electrode 270 are provided between the upper insulating
substrate 210 and the liquid crystal layer 3. A plurality of
color filters 230R, 230G, and 230B and a light blocking
member 220 are provided on a surface of the upper insu-
lating substrate 210 facing the lower display panel 100. A
planarization layer 250 providing a flat surface may be
disposed on a surface of the color filters 230R, 230G, and
230B and of the light blocking member 220 facing the lower
display panel 100, and a common electrode 270 is disposed
thereon facing the lower display panel 100. According to the
exemplary embodiment of the invention, the planarization
layer 250 may be omitted.

[0080] The common electrode 270 receives a common
voltage to form an electric field together with the pixel
electrodes 191, to arrange liquid crystal molecules 31 in the
liquid crystal layer 3.

[0081] The liquid crystal layer 3 includes a plurality of
liquid crystal molecules 31, and an arrangement direction of
the liquid crystal molecules 31 is controlled by an electric
field formed between the pixel electrode 191 and the com-
mon electrode 270. According to arrangement of the liquid
crystal molecules 31, transmittance of light received from a
light assembly 500 may thereby be controlled to display an
image.

[0082] The present specification describes a liquid crystal
display panel where a liquid crystal panel forms a vertical
electric field, but is not limited thereto, and the liquid crystal
display panel may instead be a display device such as a
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plasma display panel (PDP), a liquid crystal display panel
forming a horizontal electric field, an organic light emitting
diode display (OLED), a surface conduction electron-emit-
ter display (SED), a field emission display (FED), a vacuum
fluorescent display (VFD), an E-paper, or the like.

[0083] The color conversion panel 20 for polarizing light
that is incident from the light assembly 500 and providing
better color reproducibility may be disposed on the bottom
surface of the display panel 50, and the polarizer 12 polar-
izing output light is disposed on one surface of the display
panel on which the color conversion panel 20 is not dis-
posed.

[0084] The color conversion panel 20 not only improves
color reproducibility but also provides a polarization func-
tion, and therefore a polarizer conventionally provided on
one side of the display panel 50 where the color conversion
panel 20 is disposed may be omitted.

[0085] The color conversion panel 20 disposed in the
bottom surface of the display panel 50, that is, between the
display panel 50 and the light assembly 500, may further
include the above-described color conversion layer 23 and a
lower insulating substrate 22 disposed on the bottom surface
of the color conversion layer 23.

[0086] The color conversion layer 23 and the lower insu-
lating substrate 22 are provided between the light assembly
500 and the display panel 50. The color conversion layer 23
may be provided on a surface of the lower insulating
substrate 22 that faces the display device 50.

[0087] The color conversion layer 23 according to the
exemplary embodiment of the present invention is the same
as or similar to any of the above-described color conversion
layers 23, and therefore no further description of the color
conversion layer 23 will be provided here.

[0088] The light assembly 500 may include a light source
(not shown) disposed facing the bottom surface of the color
conversion panel 20 and generating light, and a light guide
plate (not illustrated) receiving the light and guiding the
received light in a direction of the display panel 50 and the
color conversion panel 20.

[0089] As an example of the present invention, the light
assembly 500 may include at least one light emitting diode
(not shown), and as the light emitting diode, a diode emitting
blue light may be used, or a diode emitting ultraviolet rays
may be used. A diode emitting light having light of any
predetermined wavelength may be used. As described
above, in the case where the light source does not emit white
light but emits only light having a predetermined wave-
length, since a phosphor changing light of a predetermined
wavelength into white light does not need to be further
formed in a light emitting diode package used as the light
source, a manufacturing cost of the light source is reduced.
[0090] According to the exemplary embodiment of the
present invention, blue light B is incident on the bottom
surface of the color conversion panel 20 from the light
assembly 500, and passes through the color conversion
panel 20 which includes a red quantum rod and a green
quantum rod, to output white light W polarized in one
direction.

[0091] In this case, light that is incident on the color
conversion layer 23 is polarized in the alignment direction of
the quantum rods 27G and 27R and then emitted, and a
transmissive axis of the color conversion layer 23 is iden-
tical to the arrangement direction of the quantum rods 27G
and 27R (i.e. the direction of the major axes of rods 27G and
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27R). The polarized white light passes through the display
panel 50 to be output as red light R, green light G, and blue
light B according to the color filters 230R, 230G, and 230B.
[0092] The outputred light R, green light G, and blue light
B are emitted in all directions, and accordingly, a wide view
angle of the liquid crystal display device according to the
exemplary embodiment of the present invention can be
improved, and display quality can be improved through high
color purity and color reproducibility.

[0093] Hereinafter, a liquid crystal display according to
another exemplary embodiment of the present invention will
be illustrated with reference to FIG. 6 to FIG. 9. FIG. 6 is a
plan view of a display panel according to another exemplary
embodiment of the present invention, FIG. 7 is a plan view
of a pixel of the display device according to the other
exemplary embodiment of the present invention, FIG. 8 is a
cross-sectional view of a part of the display device of FIG.
6 taken along the line VIII-VIII, and FIG. 9 is a cross-
sectional view of a part of the display device of FIG. 6 taken
along the line IX-IX.

[0094] Referring to FIG. 6, a display panel according to
the present exemplary embodiment will be described. In
FIG. 6, a plan view of the display panel is illustrated, and a
portion of its constituent elements is illustrated for conve-
nience of description.

[0095] A display panel according to the present exemplary
embodiment includes an insulating substrate 110 made of a
material such as glass or plastic, and a roof layer 360
disposed on the insulating substrate 110.

[0096] The insulating substrate 110 includes a plurality of
pixel areas PX. The plurality of pixel areas PX are arranged
in a matrix format including a plurality of pixel rows and a
plurality of pixel columns. Each pixel area PX may include
a first subpixel area PXa and a second subpixel area PXb.
The first subpixel area PXa and the second subpixel area
PXb may be vertically arranged, although any spatial
arrangement is contemplated.

[0097] A first valley V1 is disposed between the first
subpixel area PXa and the second subpixel area PXb in a
pixel row direction, and a second valley V2 is disposed
between adjacent pixel columns.

[0098] The rooflayer 360 extends in a pixel row direction.
In this case, in the first valley V1, the roof layer 360 is
removed to form injection holes 307 so that constituent
elements disposed below the roof layer 360 are exposed.
[0099] Each rooflayer 360 is formed to be separated from
the insulating substrate 110 between the adjacent second
valleys V2 to form a microcavity 305. Further, each roof
layer 360 is formed to be attached to the insulating substrate
110 at the second valley V2 to cover both sides of the
microcavity 305.

[0100] The structure of the display device according to the
exemplary embodiment of the present invention described
above is just one example, and may be modified in various
ways. For example, the layout form of the pixel area PX, the
first valleys V1, and the second valleys V2 may be modified,
the plurality of roof layers 360 may be connected to each
other in the first valleys V1, and a part of each roof layer 360
may be separated from the insulating substrate 110 in the
second valley V2 and thus the adjacent microcavities 305
may be connected to each other.

[0101] Next, referring to FIG. 7 to FIG. 9 along with FIG.
6, a pixel area of the display device and a stacking structure
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of the display device according to the present exemplary
embodiment will be described.

[0102] First, referring to FIG. 8 and FIG. 9, the liquid
crystal display according to the present exemplary embodi-
ment includes a display panel 50, a color conversion panel
20, and a light assembly 500.

[0103] The color conversion panel 20 is disposed on the
light assembly panel 500, and the display panel 50 may be
disposed on the color conversion panel 20. That is, the color
conversion panel 20 may be disposed between the display
panel 50 and the light assembly panel 500.

[0104] In this case, the liquid crystal display device may
further include a polarizer 12 disposed on one side of the
display panel 50. Specifically, the color conversion panel 20
may be disposed on the bottom surface of the display panel
50, and the polarizer 12 may be disposed on another surface
of the display panel 50, neither contacting nor facing the
color conversion panel 20.

[0105] Inthis case, one or more of a coating-type polarizer
and a wire grid polarizer may be used as the polarizer 12,
and such a polarizer 12 may be provided on one surface of
the display panel 50 using various methods such as a film
form, a coating form, an attachment form, or like process.
However, such a description is merely one example, and
thus this is not restrictive.

[0106] Meanwhile, the color conversion panel 20 and the
light assembly 500 included in the liquid crystal display
according to the present exemplary embodiment are the
same as those of the above-described exemplary embodi-
ment, and therefore no further description will be provided.

[0107] Referring to FIG. 7 to FIG. 9, the display panel 50
according to the present exemplary embodiment will be
described. A plurality of gate conductors including a plural-
ity of gate lines 121, a plurality of step-down gate lines 123,
and a plurality of storage electrode lines 131 are disposed on
a surface of the insulating substrate 110 facing the color
conversion panel 20.

[0108] The gate line 121 and the step-down gate line 123
mainly extend in a horizontal direction to transfer gate
signals. The gate conductor further includes a first gate
electrode 124/ and a second gate electrode 124/ protruding
upward and downward from the gate line 121, and further
includes a third gate electrode 124¢ protruding upward from
the step-down gate line 123. The first gate electrode 124%
and the second gate electrode 124/ are connected with each
other to form one continuous projection. In this case, the
shapes of the first, second, and third gate electrodes 1247,
124/ and 124¢ may be modified.

[0109] The storage electrode line 131 mainly extends in a
horizontal direction and transfers a predetermined voltage
such as a common voltage Vcom. The storage electrode line
131 includes storage electrodes 129 protruding upward and
downward, a pair of vertical portions 134 extending down-
ward to be substantially perpendicular to the gate line 121,
and a horizontal portion 127 connecting ends of the pair of
vertical portions 134.

[0110] The horizontal portion 127 includes a capacitor
electrode 137 extending downward.

[0111] A gate insulating layer 140 is disposed on a surface
of the gate conductor 121, 123, 124/, 124/ 124¢, and 131
facing the color conversion panel 20. The gate insulating
layer 140 may be made of an inorganic insulating material
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such as a silicon nitride (SiNx) and a silicon oxide (SiOx).
Further, the gate insulating layer 140 may be formed as a
single layer or a multilayer.

[0112] A first semiconductor 1544, a second semiconduc-
tor 154/, and a third semiconductor 154¢ are disposed on a
surface of the gate insulating layer 140 facing the color
conversion panel 20. The first semiconductor 154/ may be
disposed on the first gate electrode 1244, the second semi-
conductor 154/ may be disposed on the second gate elec-
trode 124/ and the third semiconductor 154¢ may be dis-
posed on the third gate electrode 124¢. The first
semiconductor 1544 and the second semiconductor 154/
may be connected to each other, and the second semicon-
ductor 154/ and the third semiconductor 154¢ may be
connected to each other.

[0113] Further, the first semiconductor 1542 may be
extended to the lower portion of the data line 171. The first
to third semiconductors 1544, 154/, and 154¢ may be made
of amorphous silicon, polycrystalline silicon, a metal oxide,
and the like.

[0114] Ohmic contacts (not illustrated) may be further
disposed on a surface of the first to third semiconductors
154k, 154/, and 154¢ facing the color conversion panel 20,
respectively. The ohmic contacts may be made of silicide, or
a material such as n+hydrogenated amorphous silicon in
which an n-type impurity is doped at a high concentration.

[0115] A data conductor including a data line 171, a first
source electrode 1734, a second source electrode 173/, a
third source electrode 173¢, a first drain electrode 1754, a
second drain electrode 175/, and a third drain electrode 175¢
is disposed on a surface of the first to third semiconductors
154k, 154/, and 154¢ facing the color conversion panel 20.

[0116] The data lines 171 transfer data signals and mainly
extend in a vertical direction to cross the gate lines 121 and
the step-down gate lines 123. Each data line 171 includes a
first source electrode 1734 and a second source electrode
173/ which extend toward the first gate electrode 124% and
the second gate electrode 124/ and are connected to each
other.

[0117] Each of the first drain electrode 1754, the second
drain electrode 175/, and the third drain electrode 175¢
includes one wide end portion and an opposite rod-shaped
end portion. The rod-shaped end portions of the first drain
electrode 175/ and the second drain electrode 175/ are
partially surrounded by the first source electrode 173/ and
the second source electrode 173/. One wide end portion of
the second drain electrode 175/ is again extended to form a
third source electrode 173¢ which is bent in a ‘U’-shape. A
wide end portion 177¢ of the third drain electrode 175¢
overlaps the capacitive electrode 137 to form a step-down
capacitor Cstd, and the rod-shaped end portion of the third
drain electrode 175¢ is partially surrounded by the third
source electrode 173¢.

[0118] The first gate electrode 1244, the first source elec-
trode 173/, and the first drain electrode 175/ form a first thin
film transistor Qh together with the first semiconductor
154%; the second gate electrode 124/ the second source
electrode 173/, and the second drain electrode 175/ form a
second thin film transistor Q1 together with the second
semiconductor 154/, and the third gate electrode 124c¢, the
third source electrode 173¢, and the third drain electrode
175¢ form the third thin film transistor Qc together with the
third semiconductor 154c.
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[0119] The first semiconductor 154/, the second semicon-
ductor 154/, and the third semiconductor 154¢ are connected
to each other to form a stripe shape, and may have substan-
tially the same planar shape as the data conductor 171, 1734,
1731, 173c, 175k, 1751, and 175¢ and the ohmic contacts
therebelow, except for channel regions between the source
electrodes 1734, 173/, and 173c and the drain electrodes
175k, 1731, and 175c¢.

[0120] Inthe first semiconductor 154/, an exposed portion
which is not covered by the first source electrode 1734 and
the first drain electrode 1754 is disposed between the first
source electrode 173/ and the first drain electrode 1754. In
the second semiconductor 154/, an exposed portion which is
not covered by the second source electrode 173/ and the
second drain electrode 175/ is disposed between the second
source electrode 173/ and the second drain electrode 175/. In
addition, in the third semiconductor 154¢, an exposed por-
tion which is not covered by the third source electrode 173¢
and the third drain electrode 175¢ is disposed between the
third source electrode 173¢ and the third drain electrode
175c.

[0121] The passivation layer 180 is formed on the data
conductor 171, 1734, 173/, 173¢, 175h, 175/, and 175¢ as
well as the semiconductors 1544, 154/, and 154¢ exposed
between the respective source electrodes 1734/173/173¢
and the respective drain electrodes 1754/175//175¢. The
passivation layer 180 may be made of an organic insulating
material or an inorganic insulating material, and may be
formed as a single layer or a multilayer structure.

[0122] Color filters 230R, 230G, and 230B are disposed in
each pixel area PX on a surface of the passivation layer 180
facing the color conversion panel 20. Each color filter 230R,
230G, and 230B may display a primary color such as one of
the three primary colors red, green, and blue. The displayed
color is not limited to these three primary colors though, but
the color filters 230R, 230G, and 230B may alternatively
display one of cyan, magenta, yellow, and white-based
colors. Unlike those illustrated above, the color filters 230R,
230G, and 230B may be elongated between the adjacent data
lines 171.

[0123] A light blocking member 220 is disposed in a
region between the adjacent color filters 230R, 230G, and
230B. The light blocking member 220 is formed at a
boundary between the pixel area PX and the thin film
transistor, to prevent light leakage. The color filters 230R,
230G, and 230B are disposed in each of the first subpixel
area PXa and the second subpixel area PXb, and the light
blocking member 220 may be disposed between the first
subpixel area PXa and the second subpixel area PXb.

[0124] A first insulating layer 240 may be disposed on a
surface of the color filters 230R, 230G, and 230B and the
light blocking member 220 facing the color conversion
panel 20. The first insulating layer 240 may be made of an
inorganic insulating material such as a silicon nitride (SiNx),
a silicon oxide (SiOx), a silicon oxynitride (SiOxNy), and
the like. The first insulating layer 240 protects the color
filters 230R, 230G, and 230B and the light blocking member
220, and may be omitted as necessary.

[0125] A plurality of first contact holes 185k and a plu-
rality of second contact holes 185/ are formed to expose the
wide end portions of the first drain electrodes 175k and the
wide end portions of the second drain electrodes 175/,
respectively. The contact holes 185k, 185/ are formed
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through the first insulating layer 240, the light blocking
member 220, and the passivation layer 180.

[0126] A pixel electrode 191 is disposed on a surface of
the first insulating layer 240 facing the color conversion
panel 20. The pixel electrode 191 may be made of a
transparent metal material such as indium tin oxide (ITQO)
and indium zinc oxide (IZ0).

[0127] The pixel electrode 191 includes a first subpixel
electrode 191/ and a second subpixel electrode 191/ which
are separated from each other with the gate line 121 and the
step-down gate line 123 therebetween, and which are respec-
tively disposed above and below the pixel area PX based on
the gate line 121 and the step-down gate line 123 to be
adjacent to each other in a column direction. That is, the first
subpixel electrode 191% and the second subpixel electrode
191/ are separated from each other with the first valley V1
therebetween, the first subpixel electrode 1917 is disposed in
the first subpixel area PXa, and the second subpixel elec-
trode 191/ is disposed in the second subpixel area PXb.
[0128] The first subpixel electrode 191/ and the second
subpixel electrode 191/ are connected with the first drain
electrode 175/ and the second drain electrode 175/ through
the first contact hole 1854 and the second contact hole 185/,
respectively. Accordingly, when the first thin film transistor
Qh and the second thin film transistor Q1 are turned on, the
first thin film transistor Qh and the second thin film transistor
Q1 receive data voltages from the first drain electrode 175/
and the second drain electrode 175/ respectively.

[0129] An overall shape of each of the first subpixel
electrode 191/ and the second subpixel electrode 191/ is a
quadrangle. The first subpixel electrode 191/ and the second
subpixel electrode 191/ include cross stems including hori-
zontal stems 193/ and 193/ and vertical stems 192/ and 192/
crossing the horizontal stems 193/ and 193/, respectively.
Further, the first subpixel electrode 191/ and the second
subpixel electrode 191/ include a plurality of minute
branches 194~ and 194/, and projections 1974 and 197/
protruding downward and upward from edge sides of the
subpixel electrodes 191/ and 191/, respectively.

[0130] The pixel electrode 191 is divided into four
domains by the horizontal stems 193% and 193/ and the
vertical stems 192/ and 192/. The minute branches 194/ and
194/ obliquely extend from the horizontal stems 193/ and
193/ and the vertical stems 192/ and 192/, and the direction
of extension may form an angle of approximately 45° or
135° with the gate line 121 or the horizontal stems 193/ and
193/, Further, directions of extension of the minute branches
1947 and 194/ of two adjacent domains may be orthogonal
to each other.

[0131] The layout form of the pixel area, the structure of
the thin film transistor, and the shape of the pixel electrode
described above are exemplary only, and the present inven-
tion is not limited thereto and may be modified in various
ways.

[0132] The second insulating layer 250 is disposed on a
surface of the pixel electrode 191 facing the color conver-
sion panel 20, and the second insulating layer 250 may be
made of the same material as the first insulating layer 240.
In this case, the second insulating layer 250 can be omitted.
[0133] The common electrode 270 is disposed on the pixel
electrode 191 so as to be spaced apart from the pixel
electrode 191 by a predetermined distance. A microcavity
305 is formed between the pixel electrode 191 and the
common electrode 270. That is, the microcavity 305 is
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surrounded by the pixel electrode 191 and the common
electrode 270. A width and an area of the microcavity 305
may be variously modified according to a size and a reso-
lution of the display device.

[0134] The common electrode 270 may be made of a
transparent metal material such as indium tin oxide (ITQO)
and indium zinc oxide (IZO). A predetermined voltage may
be applied to the common electrode 270, and an electric field
may be generated between the pixel electrode 191 and the
common electrode 270.

[0135] A first alignment layer 11 is disposed on a surface
of the pixel electrode 191 facing the color conversion panel
20. When the second insulating layer 250 is omitted, the first
alignment layer 11 may be disposed immediately above the
pixel electrode 191 or the first insulating layer 240. A second
alignment layer 21 is disposed between the common elec-
trode 270 and the liquid crystal layer 3 so as to face the first
alignment layer 11.

[0136] The first alignment layer 11 and the second align-
ment layer 21 may be formed as vertical alignment layers,
and may be made of alignment materials such as polyamic
acid, polysiloxane, and polyimide. The first and second
alignment layers 11 and 21 may be connected to each other
at the edges of the pixel areas PX. The first and second
alignment layers 11, 21 may also be formed within each
microcavity 305.

[0137] A liquid crystal layer configured by liquid crystal
molecules 310 is formed in each microcavity 305. The liquid
crystal molecules 310 have negative dielectric anisotropy,
and may stand up in a direction perpendicular to the sub-
strate 110 when no electric field is applied. That is, the liquid
crystal molecules 310 may be vertically aligned.

[0138] The first subpixel electrode 191% and the second
subpixel electrode 191/ to which the data voltages are
applied generate an electric field together with the common
electrode 270 to determine directions of the liquid crystal
molecules 310 disposed in the microcavity 305 between the
two electrodes 191 and 270. Luminance of light passing
through the liquid crystal layer varies according to the
directions of the liquid crystal molecules 310 determined as
above.

[0139] A third insulating layer 350 may be further dis-
posed on a surface of the common electrode 270 facing the
color conversion panel 20. The third insulating layer 350
may be made of an inorganic insulating material such as a
silicon nitride (SiNx), a silicon oxide (8iOx), and a silicon
oxynitride (SiOxNy), and may be omitted as necessary.
[0140] A roof layer 360 is disposed on a surface of the
third insulating layer 350 facing the color conversion panel
20. The roof layer 360 may be made of an organic material.
The microcavity 305 is formed below the roof layer 360, and
the roof layer 360 is hardened by a curing process to
maintain the shape of the microcavity 305. That is, the roof
layer 360 is formed to be spaced apart from the pixel
electrode 191 with the microcavities 305 therebetween.
[0141] The roof layers 360 are formed in each pixel area
PX along a pixel row and in the second valley V2, but the
roof layer 360 is not formed in, i.e. is removed from, the first
valley V1. That is, the roof layer 360 is not formed between
the first subpixel area PXa and the second subpixel area
PXb. The microcavity 305 is formed below each roof layer
360 at each of the first subpixel area PXa and the second
subpixel area PXb. In the second valley V2, the microcavity
305 is not formed below the roof layer 360, but is formed to
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be attached to the insulating substrate 110. Accordingly, a
thickness of the roof layer 360 disposed at the second valley
V2 may be larger than a thickness of the roof layer 360
disposed at each of the first subpixel area PXa and the
second subpixel area PXb. The upper surface and both sides
of the microcavity 305 are formed to be covered by the roof
layer 360.

[0142] An injection hole 307 exposing a part of the
microcavity 305 is formed in the common electrode 270, the
third insulating layer 350, and the roof layer 360. The
injection holes 307 may be formed to face each other at the
edges of the first subpixel area PXa and the second subpixel
area PXb. That is, the injection holes 307 may correspond to
the lower side of the first subpixel area PXa and the upper
side of the second subpixel area PXb to expose the sides of
both microcavities 305 of a pixel. Since each microcavity
305 is exposed by an injection hole 307, an aligning agent,
a liquid crystal material, or the like may be injected into the
microcavity 305 through the injection hole 307.

[0143] A fourth insulating layer 370 may be disposed on
a surface of the roof layer 360 facing the color conversion
panel 20, and an overcoat 390 may be disposed on a surface
of the fourth insulating layer 370 facing the color conversion
panel 20. In this case, the fourth insulating layer 370 may be
omitted.

[0144] The overcoat 390 is formed to cover the injection
holes 307. That is, the overcoat 390 may seal each micro-
cavity 305 so as to prevent the liquid crystal molecules 310
formed in the microcavity 305 from being discharged to the
outside, or leaking out. Since the overcoat 390 contacts the
liquid crystal molecules 310, the overcoat 390 is made of a
material which does not react with liquid crystal molecules
310.

[0145] The overcoat 390 may be formed as a multilayer
structure such as a double layer or a triple layer. The double
layer is configured with two layers made of different mate-
rials. The triple layer is configured with three layers, and
materials of adjacent layers are different from each other.
For example, the overcoat 390 may include a layer made of
an organic insulating material and a layer made of an
inorganic insulating material.

[0146] As described hereinabove, the color conversion
panel 20 may be provided facing one surface of the display
panel 50 to provide much more improved color reproduc-
ibility while polarizing light that is incident from the light
assembly 500, and the polarizer 12 is provided on another
surface of the display panel 50 which does not face the color
conversion panel 20.

[0147] Since the color conversion panel 20 not only
improves color reproducibility but also provides a polariza-
tion function, a polarizer provided in the surface of the
display panel 20 where the color conversion panel 20 is
provided may be omitted.

[0148] The color conversion panel 20 according to the
present exemplary embodiment shown in FIG. 8 and FIG. 9
may contact the overcoat 390. That is, in the liquid crystal
display where the light assembly 500, the color conversion
panel 20, and the display panel 50 are sequentially layered,
and the insulating substrate 110 of the display panel 50 is
provided in a suitable location so as to dispose the overcoat
390 on the color conversion panel 20.

[0149] Thus, referring to the exemplary embodiment
shown in FIG. 8 and FIG. 9, the color conversion panel 20
is provided on the light assembly 500, the display panel 50
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is disposed to make the color conversion panel 20 and the
overcoat 390 contact each other, and a single polarizer 12
may be provided at only one side of the insulating substrate
110 of the display panel 50.

[0150] According to the present exemplary embodiment,
blue light B is incident on the bottom surface of the color
conversion panel 20 by the light assembly 500. The blue
light B is passed through the color conversion layer 23
which has a red quantum rod and a green quantum rod, and
is thus output as white light W polarized in one direction.
Next, the white light W is passed through the display panel
50 and is thus output as red light R, green light G, and blue
light B according to the color filters 230R, 230G, and 230B.
[0151] In this case, light that is incident upon the color
conversion layer 23 is polarized in the alignment direction of
the quantum rods 27G and 27R and then emitted, and a
transmissive axis of the color conversion layer 23 is iden-
tical to the arrangement direction of the quantum rods 27G
and 27R.

[0152] The polarized white light passes through the dis-
play panel 50 to be output as red light R, green light G, and
blue light B according to the color filters 230R, 230G, and
230B.

[0153] The output red light R, green light G, and blue light
B are emitted in all directions, and accordingly, a view angle
of the liquid crystal display device according to the exem-
plary embodiment of the present invention can be improved
(i.e. widened), and display quality can be improved through
higher color purity and color reproducibility.

[0154] However, the exemplary embodiment shown in
FIG. 8 and FIG. 9 is not restrictive, and as shown in FIG. 10,
in a liquid crystal display where a light assembly 500, a color
conversion panel 20, and a display panel 50 are sequentially
layered, an insulating substrate 110 of the display panel 50
may be provided at a lower side of the panel 50. That is, the
insulating substrate 110 of the display panel 50 is located to
be in contact with the color conversion panel 20, and an
overcoat 390 may be provided at an upper side of the panel
50.

[0155] That is, the color conversion panel 20 is provided
above the light assembly 500, and the display panel 50 is
disposed so that the color conversion panel 20 and the
insulating substrate 110 contact each other. In this case, a
polarizer 12 may be provided on a side of the panel 50 that
does not face the color conversion panel 20, i.e., an upper
side of the overcoat 390.

[0156] According to the exemplary embodiment of the
present invention, arrangement of the light assembly 500,
the color conversion panel 20 and the display panel 50, and
arrangement of constituent elements of the display panel 50
may be the same as that shown in FIG. 8 and FIG.9. The
display panel 50 in FIG. 10 may be identical to the display
panel 50 in FIG. 8 and FIG. 9.

[0157] As above, in some embodiments of the invention,
the insulating substrate 110 is disposed on the color con-
version panel 20. the gate conductor is disposed on the
insulating substrate 110, and the gate insulating layer 140 is
disposed on the gate conductor. The data conductor is
disposed on the gate insulating layer 140, the passivation
layer 180 is disposed on the data conductor, and the color
filters 230R, 230G, and 230B and the light blocking member
220 are disposed on the passivation layer 180.

[0158] Also, the first insulating layer 240 is disposed on
the color filters 230R, 230G, and 230B and the light block-
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ing member 220, the pixel electrode 191 is disposed on the
first insulating layer 240, and the first alignment layer 11 is
disposed on the pixel electrode 191.

[0159] A liquid crystal layer is provided in a plurality of
microcavities 305 and on the first alignment layer 11. The
first and second alignment layers 11 and 21 may be con-
nected to each other at the edge of their pixel area PX. The
common electrode 270 is disposed on the second alignment
layer 21, and the third insulating layer 350 is disposed on the
common electrode 270. The roof layer 360 is disposed on the
third insulating layer 350, and the fourth insulating layer 370
is disposed on the roof layer 360. The overcoat 390 is
disposed on the fourth insulating layer 370.

[0160] Hereinafter, the degree of improvement of color
reproducibility of the display device according to the present
invention will be reviewed with reference to FIG. 11. FIG.
11 is a simulation result of color reproducibility for a display
device according to the present invention.

[0161] Reviewing FIG. 11, it can be seen that in the
display device X according to exemplary embodiments of
the present invention, color reproducibility is improved as
the display’s gamut is increased relative to that of a con-
ventional display device O. That is, a more vivid color may
be perceived by the user. The display device according to the
exemplary embodiment of the present invention exhibits
color reproducibility of about 102% as compared to existing
display devices. Therefore, as described above, the liquid
crystal display including a color conversion layer using a
block copolymer may provide more improved color repro-
ducibility.

[0162] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims. Various features of the above
described and other embodiments can be mixed and matched
in any manner, to produce further embodiments consistent
with the invention.

<Description of Symbols>

[0163]

10: Display panel

20: Color conversion layer
23: Block copolymer

27: Quantum rod

What is claimed is:

1. A color conversion layer comprising

a block copolymer including a first copolymer and a
second copolymer; and

quantum rods dispersed within the block copolymer,
wherein the block copolymer includes:

a first block structure unit formed by the first copolymer;
and

a second block structure unit formed by the second
copolymer, and wherein the quantum rods are disposed
within either one of the first block structure unit and the
second block structure unit.
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2. The color conversion layer of claim 1, wherein at least
one of the first block structure unit and the second block
structure unit has a lamellar or cylindrical shape.

3. The color conversion layer of claim 1, wherein the
quantum rods are arranged to be oriented substantially along
one direction.

4. The color conversion layer of claim 1, wherein the
quantum rods include at least one of a red quantum rod and
a green quantum rod.

5. A display device comprising:

a display panel; and

a color conversion layer disposed on the display panel,

wherein the color conversion layer includes:

a block copolymer including a first copolymer and a
second copolymer; and

quantum rods dispersed within the block copolymer,

wherein the block copolymer includes:

a first block structure unit formed by the first copoly-
mer; and

a second block structure unit formed by the second
copolymer, and wherein the quantum rods are dis-
posed within either one of the first block structure
unit and the second block structure unit.
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6. The display device of claim 5, wherein the display
device further comprises:

a thin film transistor disposed on a substrate;

a pixel electrode connected to the thin film transistor; and

a common electrode overlapping the pixel electrode.

7. The display device of claim 5, wherein at least one of
the first block structure unit and the second block structure
unit has a lamellar or cylindrical shape.

8. The display device of claim 5, wherein the quantum
rods are arranged to be oriented substantially along one
direction.

9. The display device of claim 5, wherein the quantum
rods include at least one of a red quantum rod and a green
quantum rod.

10. The display device of claim 5, wherein a light emitted
from the display panel is ultraviolet rays or blue light.

11. The display device of claim 5, wherein the display
panel comprises:

a thin film transistor disposed on a substrate; and

a pixel electrode connected to the thin film transistor.

* ok %k
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