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(57) ABSTRACT

A photoluminescent panel includes a lower substrate, an
upper substrate facing the lower substrate, a liquid crystal
layer disposed between the lower substrate and the upper
substrate, and a color conversion layer disposed on the upper
substrate. The color conversion layer includes a light excita-
tion particle which absorbs light having a desired wavelength
and emits excited light, and a scattering particle which scat-
ters the excited light.
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PHOTOLUMINESCENT PANEL,
PHOTOLUMINESCENT LIQUID CRYSTAL
DISPLAY DEVICE, AND METHOD OF
MANUFACTURING THE
PHOTOLUMINESCENT PANEL

[0001] This application claims priority to Korean Patent
Application No. 10-2012-0142503, filed on Dec. 10, 2012,
and all the benefits accruing therefrom under 35 U.S.C. §119,
the contents of which in its entirety is herein incorporated by
reference.

BACKGROUND

[0002] 1.Field

[0003] Exemplary embodiments of the invention relateto a
photoluminescent panel, photoluminescent liquid crystal dis-
play device having the same, and a method for manufacturing
the photoluminescent panel. More particularly, exemplary
embodiments of the invention relate to a photoluminescent
panel, photoluminescent liquid crystal display device, and a
method of manufacturing the photoluminescent panel for
improving light emitting efficiency.

[0004] 2. Description of the Related Art

[0005] Generally, a photoluminescent liquid crystal display
apparatus (hereinafter, “PL-L.CD”) is a liquid crystal display
device which substitutes a color filter pattern and a fluores-
cent lamp of'a conventional liquid crystal display device for a
fluorescent pattern and an ultraviolet lamp, respectively. The
PL-LCD displays an image using a visible light emitted from
a color conversion layer when an outer or external light hav-
ing a short wavelength is illuminated on the color conversion
layer.

SUMMARY

[0006] One or more exemplary embodiment of the inven-
tion provides a photoluminescent panel for improving light
emitting efficiency.

[0007] Another exemplary embodiment of the invention
provides a photoluminescent liquid crystal display device
having the photoluminescent panel.

[0008] Yetanother exemplary embodiment of the invention
provides a method of manufacturing the photoluminescent
panel.

[0009] Inanexemplary embodiment ofaphotoluminescent
panel according to the invention, the photoluminescent panel
includes alower substrate, an upper substrate facing the lower
substrate, a liquid crystal layer disposed between the lower
substrate and the upper substrate, and a color conversion layer
disposed on the upper substrate. The color conversion layer
includes a light excitation particle which absorbs light having
a desired wavelength and emits excited light, and a scattering
particle which scatters the excited light.

[0010] In an exemplary embodiment, the color conversion
layer may further include a reflection wall which reflects the
excited light.

[0011] In an exemplary embodiment, the color conversion
layer may further include a first area in which the light exci-
tation particle is disposed and a second area in which the
scattering particleis disposed. The first area may be above the
second area.

[0012] In an exemplary embodiment, the color conversion
layer may further include a first area in which the light exci-
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tation particle is disposed and a second area in which the
scattering particle is disposed. The first area may be below the
second area.

[0013] In an exemplary embodiment, the color conversion
layer may further include a plurality of light excitation par-
ticles and a plurality of scattering particles interspersed with
each other within the color conversion layer.

[0014] In an exemplary embodiment, the color conversion
layer may further include a light blocking pattern, and the
reflection wall may be extended in a substantially perpendicu-
lar direction with respect to a lower surface of the light block-
ing pattern.

[0015] Inanexemplary embodiment, a cross-sectional side
surface of the light blocking pattern may have a curved or
stepped shape, the reflection wall may contact and cover the
cross-sectional side surface of the light blocking pattern, and
an end portion of the reflection wall may be extended in a
substantially perpendicular direction with respect to the
lower surface of the light blocking pattern.

[0016] In an exemplary embodiment, the color conversion
layer may further include a plurality of the light excitation
particles emitting different color lights, and the color lights
emitted at opposing sides of the reflection wall are different
from each other.

[0017] In an exemplary embodiment, the light blocking
pattern may have a first width at an upper portion thereof and
asecond width at a lower portion thereof. The first width may
be different from the second width.

[0018] In an exemplary embodiment, the light blocking
pattern may have a tilted cross-sectional side surface, and the
reflection wall may contact and cover the tilted cross-sec-
tional side surface of the light blocking pattern.

[0019] In an exemplary embodiment, the color conversion
layer may further include a plurality of light excitation par-
ticles emitting different color lights, and the light excitation
particles may include at least two materials among a green
phosphor, a red phosphor and a yellow phosphor.

[0020] In an exemplary embodiment, the color conversion
layer may further include a plurality of light excitation par-
ticles emitting different color lights, and the light excitation
particle may include at least two materials among a green
quantum dot, a red quantum dot and a blue quantum dot.
[0021] Inanexemplary embodiment, the scattering particle
may include titanium oxide or silicon oxide.

[0022] Inanexemplary embodiment ofaphotoluminescent
liquid crystal display device according to the invention, the
photoluminescent liquid crystal display device includes a
backlight unit which emits light having a desired wavelength,
a first substrate disposed on the backlight unit, a second
substrate facing the first substrate and disposed on the first
substrate, a liquid crystal layer disposed between the first and
the second substrates, and a color conversion layer disposed
on the second substrate. The color conversion layer includes
aplurality of light excitation particles which absorbs the light
to emit excited lights having three different colors, and a
scattering particle which scatters the excited lights.

[0023] In an exemplary embodiment, the color conversion
layer may further include a reflection wall which reflects the
excited lights and a light blocking pattern which blocks the
excited lights.

[0024] In an exemplary embodiment, the reflection wall
may be extended in a substantially perpendicular direction
with respect to a lower surface of the light blocking pattern.
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[0025] In an exemplary embodiment, the device may fur-
ther include an optical filter layer between the color conver-
sion layer and the second substrate.

[0026] Inan exemplary embodiment of a method of manu-
facturing a photoluminescent panel according to the inven-
tion, the method of manufacturing the photoluminescent
panel includes providing a light blocking pattern and a plu-
rality of color areas spaced apart from each other on a sub-
strate, providing a light excitation pattern on the color areas to
definea gap corresponding to the light blocking pattern which
is between adjacent color areas, providing a reflection mem-
ber in the gap and on a portion of the light excitation pattern
which is exposed by the gap, and providing a flattening layer
on the light excitation pattern and the reflection member. The
light excitation pattern includes a light excitation particle
which emits excited light having a desired color.

[0027] In an exemplary embodiment, the flattening layer
may include scattering particle which scatters the excited
light.

[0028] In an exemplary embodiment, the plurality of color
areas may include a first color area, a second color area, and
a third color area. The providing a light excitation pattern on
the color areas may include providing a first light excitation
pattern on the first color area, providing a second light exci-
tation pattern on the second color area and providing a third
light excitation pattern on the third color area. The first light
excitation pattern may include a first light excitation particle
which emits a first excited light having a first color. The
second light excitation pattern may include a second light
excitation particle which emits a second excited light having
a second color. The third light excitation pattern may include
a third light excitation particle which emits a third excited
light having a third color.

[0029] According to one or more exemplary embodiment
of the photoluminescent panel, the photoluminescent liquid
crystal display device, and the method of manufacturing the
photoluminescent panel, excited light from a light excitation
particle may be scattered by a scattering particle within a
color conversion layer to improve light emitting efficiency.
[0030] Also, the excited light and scattered light may be
reflected upward by a reflection wall to improve light emitting
efficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The above and other features and advantages of the
invention will become more apparent by describing in
detailed exemplary embodiments thereof with reference to
the accompanying drawings, in which:

[0032] FIG. 1 is a cross-sectional view of an exemplary
embodiment of a photoluminescent liquid crystal display
device according to the invention;

[0033] FIG.2isacross-sectional view illustrating an exem-
plary embodiment of visible lights having different wave-
lengths emitted from the photoluminescent liquid crystal dis-
play device of FIG. 1;

[0034] FIG.3is anenlarged cross-sectional view of portion
‘A of FIG. 2;
[0035] FIG. 4 is a graph illustrating luminance distribution

of the photoluminescent panel of FIG. 2 with respect to a light
emitting angle in degrees (°);

[0036] FIGS. 5A to 5G are cross-sectional views illustrat-
ing an exemplary embodiment of a method of manufacturing
a facing substrate of the photoluminescent panel of FIG. 1;
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[0037] FIG. 6 is a cross-sectional view of another exem-
plary embodiment of a photoluminescent liquid crystal dis-
play device according to the invention;

[0038] FIG. 7 is a cross-sectional view of another exem-
plary embodiment of a photoluminescent liquid crystal dis-
play device according to the invention;

[0039] FIG. 8 is a cross-sectional view of another exem-
plary embodiment of a photoluminescent liquid crystal dis-
play device according to the invention;

[0040] FIG. 9 is a cross-sectional view of another exem-
plary embodiment of a photoluminescent liquid crystal dis-
play device according to the invention; and

[0041] FIG. 10 is a cross-sectional view of another exem-
plary embodiment of a photoluminescent liquid crystal dis-
play device according to the invention.

DETAILED DESCRIPTION

[0042] The invention is described more fully hereinafter
with reference to the accompanying drawings, in which
exemplary embodiments of the invention are shown. This
invention may, however, be embodied in many different
forms and should not be construed as limited to the exemplary
embodiments set forth herein. Rather, these embodiments are
provided so that this disclosure will be thorough and com-
plete, and will fully convey the scope of the invention to those
skilled in the art. In the drawings, the size and relative sizes of
layers and regions may be exaggerated for clarity.

[0043] It will be understood that when an element or layer
is referred to as being “on” or “connected to” another element
or layer, the element or layer can be directly on or connected
to another element or layer or intervening elements or layers.
In contrast, when an element is referred to as being “directly
on” or “directly connected to” another element or layer, there
are no intervening elements or layers present. As used herein,
connected may refer 1o elements being physically and/or
electrically connected to each other. Like numbers refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

[0044] 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 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.
[0045] Spatially relative terms, such as “below,” “lower,”
“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” relative to other ele-
ments or features would then be oriented “above” relative to
the other elements or features. Thus, the exemplary term
“below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.
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[0046] The terminology used herein is for the purpose of
describing particularembodiments only and is not intended to
be limiting of the invention. As used herein, the singular
forms “a,” “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “comprises,”
“comprising,” “includes” and/or “including,” when used in
this specification, specify the presence of stated features,
integers, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/

or groups thereof.

[0047] Embodiments of the invention are described herein
with reference to cross-sectionillustrations that are schematic
illustrations of idealized embodiments (and intermediate
structures) of the invention. As such, variations from the
shapes of the illustrations as a result, for example, of manu-
facturing techniques and/or tolerances, are to be expected.
Thus, embodiments of the invention should not be construed
as limited to the particular shapes of regions illustrated herein
but are to include deviations in shapes that result, for example,
from manufacturing.

[0048] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this invention belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

[0049] All methods described herein can be performed in a
suitable order unless otherwise indicated herein or otherwise
clearly contradicted by context. The use of any and all
examples, or exemplary language (e.g., “such as”), is
intended merely to better illustrate the invention and does not
pose a limitation on the scope of the invention unless other-
wise claimed. No language in the specification should be
construed as indicating any non-claimed element as essential
to the practice of the invention as used herein.

[0050] Hereinafter, exemplary embodiments of the inven-
tion will be described in further detail with reference to the
accompanying drawings.

[0051] In a conventional liquid crystal display device, an
amount of light emitted from a backlight unit is reduced by
about one third (%4) due to a red color filter, a green color filter
and a blue color filter of the conventional liquid crystal dis-
play device. To address the reduction in light, a photolumi-
nescent liquid crystal display (hereinafter, “PL-LCD”) appa-
ratus includes light excitation particles in a color conversion
layer, which emit different color lights. However, most of
excited lights from the light excitation particles in the color
conversion layer are totally reflected inward when the excited
lights pass through a substrate or air which covers the color
conversion layer. Accordingly, about 10% of original or inci-
dent light of the backlight unit is emitted outward to reduce
light emitting efficiency of the PL-LCD.

[0052] FIG. 1 is a cross-sectional view of an exemplary
embodiment of a PC-LCD device according to the invention.

[0053] Referring to FIG. 1, an exemplary embodiment of a
PL-LCD device 100 according to the invention includes a
backlight unit 110 and a photoluminescent panel 120 display-
ing an image in response to light from the backlight unit 110.
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[0054] The backlight unit 110 emits the light having a
desired wavelength such as ultraviolet waveband or blue light
waveband toward the photoluminescent panel 120. The back-
light unit 110 includes a light source (not shown) generating
and emitting the light having the desired wavelength. In one
exemplary embodiment, for example, the light source may
emit light having a wavelength from about 200 nanometers to
about 400 nanometers. The backlight unit 110 further
includes a light guide plate (not shown) guiding the light from
the light source to the photoluminescent panel 120.

[0055] The photoluminescent panel 120 includes an array
substrate 130, a facing substrate 140, and a liquid crystal layer
150 disposed between the array substrate 130 and the facing
substrate 140. The photoluminescent panel 120 adjusts trans-
missivity of the light from the backlight unit 110 to display an
image.

[0056] The array substrate 130 includes a first transparent
substrate 131, a switching element 133 disposed on a pixel
area of the first transparent substrate 131, an insulation layer
135 partially exposing an electrode of the switching element
133, and a pixel electrode 137 electrically connected to an
output electrode of the switching element 133 and disposed
on the pixel area. The output electrode of the switching ele-
ment 133 is exposed by the insulation layer 135. The array
substrate 130 may further include a gate line (not shown)
disposed on the first transparent substrate 131 and elongated
to extend in a first direction and a data line (not shown)
disposed on the first transparent substrate 131 and elongated
to extend in a second direction crossing the first direction.
[0057] Theswitching element 133 includes a thin film tran-
sistor having a source electrode, a drain electrode and a gate
electrode. In one exemplary embodiment, for example, the
thin film transistor may have a bottom-gate structure which
the gate electrode is disposed at a lower layer of the array
substrate 130, and the source and the drain electrodes are
disposed at an upper layer of the array substrate 130. Alter-
natively, the thin film transistor may have a top-gate structure
whichthe gate electrode is disposed at the upper layer, and the
source and the drain electrodes are disposed at the lower layer.
[0058] Thefacing substrate 140 includes a second transpar-
ent substrate 141, a common electrode 143 disposed on a first
surface of the second transparent substrate 141, a third trans-
parent substrate 145 disposed on an opposing second surface
of the second transparent substrate 141 and facing the second
transparent substrate 141, and a color conversion layer 147
disposed between the second transparent substrate 141 and
the third transparent substrate 145. The facing substrate 140
may further include an intermediate layer 149 between the
second transparent substrate 141 and the color conversion
layer 147. The facing substrate 140 may further include a
polarizing film (not shown) between the second transparent
substrate 141 and the color conversion layer 147.

[0059] The second and the third transparent substrates 141
and 145 include a transparent material. In one exemplary
embodiment, for example, the second and the third transpar-
ent substrates 141 and 145 may include glass or plastic.
[0060] The common electrode 143 includes a transparent
conductive material. A common voltage is applied to the
commor electrode 143.

[0061] Thecolorconversionlayer 147 includes a light exci-
tation particle 142, a scattering particle 144 and a reflection
wall 146. The light excitation particle 142, the scattering
particle 144 and the reflection wall 146 may be disposed
within a resin layer. In one exemplary embodiment, for
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example, the resin layer may include a silicon resin or a
photoresist resin. The color conversion layer 147 may further
include a light blocking pattern BM.

[0062] The light excitation particle 142 absorbs light hav-
ing a desired wavelength to have an excited state. From the
excited state, the light excitation particle 142 returns to a
ground state emitting some amount of light energy. The light
excitation particle 142 includes a phosphor or a quantum dot.
In one exemplary embodiment, for example, the light excita-
tion particle 142 may include oxynitride, nitride, silicate,
aluminated, scatdate or oxyfluoride materials.

[0063] When the light excitation particle 142 is a phosphor,
the light excitation particle 142 may be distributed within the
color conversion layer 147 with a concentration of substan-
tially 3 grams per cubic centimeter to about 4 grams per cubic
centimeter. Also, the light excitation particle 142 may have a
size of substantially 5 micrometers to about 20 micrometers.
When a light excitation particle 142G includes a phase of the
formula S16-z1.z0zN8-z where L is a Group 13 element such
as Al (e.g., B-SiAION), (Ba, Sr)2Si04:Eu or CaSc20:Ce, the
light excitation particle 142G may emit excited light having a
green wavelength. In one exemplary embodiment, for
example, when the phosphor is a-SiAION, the light excita-
tion particle 142 may be distributed within the color conver-
sion layer 147 with a concentration of substantially 3.2 grams
per cubic centimeter. When a light excitation particle 142R
includes CaAlSiN3:Eu, (Sr, Ca)AlSiN3:Eu or CaAlSi(ON)3:
Eu, the light excitation particle 142R may emit excited light
having a red wavelength. When a light excitation particle
142B includes Y3A15012:Ce or Th3A15012:Ce, the light
excitation particle 142B may emit excited light having a
yellow wavelength. If a blue light is illuminated from the
backlight unit 110 and the light excitation particle 142B
includes the Y3A15012:Ce or Thb3A15012:Ce, then a white
light may be emitted from the color conversion layer 147,
when the excited light having the yellow wavelength due to
the light excitation particle 142B and the blue light from the
backlight unit 110 are mixed.

[0064] When the light excitation particle 142 is a quantum
dot, the light excitation particle 142 may include II-VI type of
quantum dots including CdSe/ZnS, CdSe/CdS/ZnS, ZnSe/
ZnS or ZnTe/ZnSe. Alternatively, the light excitation particle
142 may include I11-V type of quantum dots including InP/
ZnS or a quantum dot including CulnS(2)/ZnS. When the
light excitation particle 142 is a quantum dot, the light exci-
tation particle 142 may be distributed within the color con-
version layer 147 with a concentration of substantially 4
grams per cubic centimeter to about 5 grams per cubic centi-
meter. The light excitation particle 142 may have a size or
dimension of substantially lower than about 10 nanometers.
When the light excitation particle 142 includes the quantum
dot, wavelengths of excited light from the light excitation
particle 142 may be determined according to a size or dimen-
sion of the quantum dot. In one exemplary embodiment, for
example, the excited light from the quantum dot may be red,
green or blue colored light according to the size of the quan-
tum dot. In one exemplary embodiment, for example, when
the quantum dot includes CdSe/ZnS, the quantum dot may be
distributed within the color conversion layer 147 with a con-
centration of substantially 4.43 grams per cubic centimeter.
[0065] The scattering particle 144 scatters the excited light
emitted from the light excitation particle 142. The scattering
particle 144 may include titanium oxide or silicon oxide. In
one exemplary embodiment, for example, the scattering par-
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ticle 144 may include TiO2 or SiO2. The scattering particle
144 may have a size of substantially lower than about 1
micrometer. In one exemplary embodiment, for example, the
scattering particle 144 may be distributed within the color
conversion layer 147 with a concentration of substantially
4.23 grams per cubic centimeter.

[0066] The reflection wall 146 reflects the excited light
from the light excitation particle 142 and/or the excited light
scattered by the scattering particle 144. The reflection wall
146 includes a reflective material which reflects visible or
ultraviolet lights. In one exemplary embodiment, for
example, the reflection wall 146 may include aluminum.

[0067] The light blocking pattern BM is disposed corre-
sponding to boundaries of a pixel area to block light. The light
blocking pattern BM overlaps the gate line and/or the data
line. The light blocking pattern BM may include metal or
organic materials having a high optical density. In one exem-
plary embodiment, for example, the light blocking pattern
BM may include chromium.

[0068] Theintermediate layer 149 includes an optical clean
adhesive (“OCA”) film, an optical filter layer or air layer. The
intermediate layer 149 may reflect the excited light upward
toward the third transparent substrate 145 when the excited
light is scattered or reflected downward toward the liquid
crystal layer 150 by the scattering particle 144 or the reflec-
tion wall 146, respectively.

[0069] FIG.2isa cross-sectional view illustrating an exem-
plary embodiment of visible lights having different wave-
lengths emitted from the PL-LCD device of FIG. 1.

[0070] Referring to FIG. 2, a first light L1 emitted from the
backlight unit 110 passes through the array substrate 130 to
arrive at the liquid crystal layer 150. Arrangement of liquid
crystals in the liquid crystal layer 150 changes according to
voltages applied to the pixel electrode 137 and the common
electrode 143. An amount of first light .1 passing through the
liquid crystal layer 150 is adjusted by the altered arrangement
of the liquid crystals. A second light L.2 of which an amount
thereof is adjusted by the liquid crystal layer 150 arrives atthe
color conversion layer 147. The light excitation particle 142
in the color conversion layer 147 absorbs the second light .2
to have an excited state. Excited light is emitted from the light
excitation particle 142 when the light excitation particle 142
returns to a ground sate. The second light L.2 passing through
the color conversion layer 147 is converted to a third light T.3.

[0071] Thelightexcitation particle 142R ina first color area
160R of the color conversion layer 147 may emit excited light
having red wavelength. The light excitation particle 142G in
a second color area 160G of the color conversion layer 147
may emit excited light having green wavelength. The light
excitation particle 142B in a third color area 160B of the color
conversion layer 147 may emit excited light having blue
wavelength. Alternatively, when the first light emitted from
the backlight unit 110 is blue light, white light may be emitted
from the third color area 160B by mixing of the blue light and
excited light from the light excitation particle 142B in the
third color area 160B.

[0072] Although the light excitation particle 142B is dis-
posedin the third colorarea 160B in FIG. 2, alight excitation
particle may not be disposed in the third color area 160B of
the color conversion layer 147 when the first light L1 emitted
from the backlight unit 110 is blue light. When the third color
area 160B excludes a light excitation particle, luminance of
the blue light emitted through the third color area 160B may
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be controlled solely by the liquid crystal layer 150 corre-
sponding to the third color area 160B.

[0073] FIG.3isanenlarged cross-sectional view of portion
‘A’ of FIG. 2.
[0074] Referring to FIG. 1 and FIG. 3, a plurality of light

excitation particles 142 is distributed (e.g., interspersed) in a
first depth area DA1 of the color conversion layer 147. A
plurality of scattering particles 144 is distributed in a second
depth area DA2 of the color conversion layer 147. The first
depth area DA1 may be positioned above the second depth
area DA2 within the color conversion layer 147. The light
excitation particles may include at least two materials among
a green phosphor, a red phosphor and a yellow phosphor, but
are not limited thereto or thereby. The light excitation par-
ticles may include at least two materials among a green quan-
tum dot, a red quantum dot and a blue quantum dot, but are not
limited thereto or thereby.

[0075] When viewed cross-sectionally, the light blocking
pattern BM has a desired depth D, and a width taken parallel
to the second or third transparent substrates 141 and 145. The
light blocking member BM may have a first width UW at an
upper portion thereof and a second width LW at a lower
portion thereof. The first width UW may be substantially the
same as the second width LW as illustrated in FIG. 1. The first
width UW may at the third transparent substrate 145 side of
the color conversion layer 147, while the second width LW
may be at the second transparent substrate 141 side of the
color conversion layer 147.

[0076] The reflection wall 146 is adjacent to an outer sur-
face or edge of the light blocking pattern BM. In one exem-
plary embodiment, for example, the light blocking pattern
BM may be disposed at an upper portion of the color conver-
sion layer 147 and the reflection wall 146 may be adjacent to
a lower surface of the light blocking pattern BM. When
viewed cross-sectionally, the reflection wall 146 may be elon-
gated in a substantially perpendicular direction to the lower
surface of the light blocking pattern BM within the color
conversion layer 147. The reflection wall 146 may be spaced
apart from a lower boundary of the color conversion layer
147.

[0077] Hereinafter, a concept which the second light 1.2
passing through the color conversion layer 147 is converted to
a third light L3 (e.g., visible light) which passes through an
upper boundary of the color conversion layer 147 is described
in detail.

[0078] Thesecondlight [.2 passing through the liquid crys-
tal layer 150 arrives at the color conversion layer 147. A
portion of the second light L2 arriving at the color conversion
layer 147 is absorbed by the light excitation particle 142 to be
emitted as excited light. According to exemplary embodi-
ments, another portion of the second light .2 (such as a
remaining portion of the second light 1.2) which is not
absorbed by the light excitation particle 142 may directly pass
through the color conversion layer 147 to be emitted there-
from.

[0079] A portion of the excited light emitted from the light
excitation particle 142 is scattered by the scattering particle
144. Another portion (such as a remaining portion) of the
excited light emitted from the light excitation particle 142 is
reflected by the reflection wall 146. That is, the third light 1.3
emitted from the color conversion layer 147 includes excited
light directly emitted from the light excitation particle 142,
excited light scattered upward by the scattering particle 144
and excited light reflected upward by the reflection wall 146.
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Also, the third light L3 emitted from the color conversion
layer 147 may include excited light which is scattered first by
the scattering particle 144 and then reflected upward by the
reflection wall 146. Also, the third light L3 emitted from the
color conversion layer 147 may include excited light which is
reflected first by the reflection wall 146 and then scattered
upward by the scattering particle 144. That is, the third light
L3 includes all parts of excited light which is directly emitted
from the light excitation particle 142, scattered and/or
reflected by the scattering particle 144 and the reflection wall
146, respectively, and directed upward. The third light [.3
may include the portion of the second light L2 which is not
absorbed by the light excitation particle 142 and which
directly passes through the color conversion layer 147, but the
invention is not limited thereto or thereby.

[0080] When the intermediate layer 149 is disposed
between the color conversion layer 147 and the second trans-
parent substrate 141, excited light emitted downward directly
from the light excitation particle 142, and excited light from
the light excitation particle 142 which is scattered and/or
reflected downward by the scattering particle 144 and the
reflection wall 146 may be re-reflected by the intermediate
layer 147 to be directed upward. Also, the re-reflected excited
light may be scattered and/or reflected by the scattering par-
ticle 144 and the reflection wall 146 to pass through the upper
boundary of the color conversion layer 147.

[0081] As mentioned above, the second light 1.2 passing
through the liquid crystal layer 150 is converted to the third
light 1.3 having a desired color wavelength by the light exci-
tation particle 142. Then, the light may be directly emitted
from the light excitation particle 142, and/or may be scattered
and/or reflected upward by the scattering particle 144 and the
reflection wall 146. Accordingly, light emitting efficiency of
the photoluminescent panel may be improved.

[0082] Table 1 indicates an amount of excited light emitted
outward according to an existence of a scattering particle 144
when a light excitation particle 142 includes a quantum dot.
As the scattering particle 144, titanium dioxide was used in
Table 1. As the quantum dot, a green quantum dot which emits
excited light having a wavelength of about 492 nanometers to
about 590 nanometers was used. Referring to Table 1, light
emitting efficiency of an exemplary embodiment of the pho-
toluminescent panel including the scattering particle 144 is
increased to about 40%, as compared to a Comparative
embodiment which excludes the scattering particle.

TABLE 1
Comparative
embodiment Exemplary embodiment
Scattering particle None TiO2 layer having 100 nanometer (nm)
Light amountof ~ 1.45x 107> 2.02x107°
green excited
light

[unit: watt per
steradian (W/sr)]

[0083] FIG. 4isa graph illustrating luminance distribution
of the photoluminescent panel of FIG. 2 with respect to a light
emitting angle.

[0084] More particularly, FIG. 4 illustrates relative lumi-
nance of the photoluminescent panel of F1G. 2 with respect to
a light emitting angle in degrees (°) when titanium dioxide
having a diameter of 2 micrometers with a concentration of
200 per cubic millimeter is distributed in a polymethyl meth-
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acrylate (“PMMA”) resin as the scattering particle of the
color conversion layer. Light is directed toward the scattering
particle in the PMMA resin and scattered light through an
upper boundary of the PMMA resin was detected. Referring
to FIG. 4, a light emitting angle of zero (0) represents an area
in which the scattering particle is present within the PMMA
resin. A positive angle along the horizontal axis represents a
direction to which the light is directed within the PMMA resin
while a negative angle along the horizontal axis represents a
reverse direction from which the light is directed within the
PMMA resin.

[0085] Referring to FIG. 4, where the PMMA resin in the
color conversion layer further includes the reflection wall
with the scattering particle, relative luminance in areas in the
reverse direction is considerably increased compared to a
PMMA resin without the reflection wall. In particular, lumi-
nance at an angle of zero (0) is increased to about 10%, and
luminance at minus 40 degrees of light emitting angle is
almost doubled.

[0086] As mentioned above, excited light emitted from the
light excitation particle may be scattered and/or reflected by
the scattering particle and the reflection wall in the color
conversion layer to improve light emitting efficiency. Also,
excited light totally reflected inward at an upper boundary of
the color conversion layer and returning to the color conver-
sion layer may be reduced to improve light emitting efficiency
of the photoluminescent panel.

[0087] FIGS. 5A to 5G are cross-sectional views illustrat-
ing an exemplary embodiment of a method of manufacturing
a facing substrate of a photoluminescent panel, such as the
facing substrate 140 of FIG. 1.

[0088] Referring to FIG. 5A, a chromium layer is formed
(e.g., provided) on the third transparent substrate 145, and a
photoresist is provided on the chromium layer. Then, the
photoresist is selectively illuminated and developed using a
mask (not shown) to form the light blocking pattern BM in a
desired area on the third transparent substrate 145. In a plan
view of the third transparent substrate 145, the light blocking
pattern BM may have substantially lattice shape correspond-
ing to the gate line and the data line of the array substrate, but
is not limited thereto or thereby. The first width UW of the
light blocking pattern BM may be taken at a first end thereof
adjacent to the third transparent substrate 145, and the second
width LW may be taken at a distal second end of thereof, each
width being taken substantially parallel to the third transpar-
ent substrate 145.

[0089] Referring to FIG. 5B, a first light excitation pattern
148R including a light excitation particle 142R which emits
excited light having a first color is formed in a first color area
160R onthe third transparent substrate 145 including the light
blocking pattern BM thereon. More particularly, a resin layer
including the light excitation particle 142R is provided on the
third transparent substrate 145 including the light blocking
pattern BM thereon, and then the resin layer is selectively
illuminated and developed to form the first light excitation
pattern 148R including the light excitation particle 142R
which emits excited light having the first color in the first
color area 160R.

[0090] Referring to FIG. 5C, a second light excitation pat-
tern 148G including a light excitation particle 142G which
emits excited light having a second color is formed in a
second color area 160G on the third transparent substrate 145
including the first light excitation pattern 148R thereon. More
particularly, a resin layer including the light excitation par-
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ticle 142G is provided on the third transparent substrate 145
including the first light excitation pattern 148R and the light
blocking pattern BM thereon, and then the resin layer is
selectively illuminated and developed to form the second
light excitation pattern 148G including the light excitation
particle 142G which emits excited light having the second
color in the second color area 160G. Also, a first gap GA1 is
defined between the first light excitation pattern 148R and the
second light excitation pattern 148G. The first gap GA1 is
disposed corresponding to and overlapping the light blocking
pattern BM between the first light excitation pattern 148R and
the second light excitation pattern 148G. Furthermore, a por-
tion of side surfaces of the first light excitation pattern 148R
and the second light excitation pattern 148G facing each
other, is exposed by the first gap GAL.

[0091] Referring to FIG. 5D, a third light excitation pattern
148B including a light excitation particle 142B which emits
excited light having a third color is formed in a third color area
160B on the third transparent substrate 145 including the
second light excitation pattern 148G thereon. More particu-
larly, a resin layer including the light excitation particle 142B
is provided on the third transparent substrate 145 including
the light blocking pattern, the first light excitation pattern
148R and the second light excitation pattern 148G thereon,
and then the resin layer is selectively illuminated and devel-
oped to form the third light excitation pattern 148B including
the light excitation particle 142B which emits excited light
having the third color in the third color area 160B. Also, a
second gap GA2 is defined between the second light excita-
tion pattern 148G and the third light excitation pattern 148B.
The second gap GA2 is disposed corresponding to and over-
lapping the light blocking pattern BM between the second
light excitation pattern 148G and the third light excitation
pattern 148B. Furthermore, a portion of side surfaces of the
second light excitation pattern 148G and the third light exci-
tation pattern 148B facing each other, is exposed by the
second gap GA2. A third gap GA3 is defined between the
third light excitation pattern 148B and the first light excitation
pattern 148R. The third gap GA3 is disposed corresponding
to and overlapping the light blocking pattern BM between the
third light excitation pattern 148B and the first light excitation
pattern 148R. Furthermore, a portion of side surfaces of the
third light excitation pattern 148B and the first light excitation
pattern 148R facing each other, is exposed by the third gap
GA3.

[0092] Although the light excitation patterns 148R, 148G
and 148B are formed in a sequence of red, green and blue in
FIGS. 5B to 5D, the sequence in which the light excitation
patterns 148 are formed may be various. Also, although the
first light excitation pattern 148R including the light excita-
tion particle 142R which emits excited light having the first
color, the second light excitation pattern 148G including the
light excitation particle 142G which emits excited light hav-
ing the second color, and the third light excitation pattern
148B including the light excitation particle 142B which emits
excited light having the third color were sequentially formed
in FIGS. 5B to 5D, the light excitation patterns 148 may be
formed as a process that a resin pattern without the light
excitation particles 142 is formed on the third transparent
substrate 145 and then the light excitation particles 142R,
142G 142B may be injected to the resin pattern correspond-
ing to each color areas.

[0093] Referring to FIG. 5E, the reflection wall 146 is
formed on the facing side surfaces of the light excitation
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patterns 148 which are exposed by the first gap GAl, the
second gap GA2 and the third gap GA3. The reflection wall
146 may be formed at the first, the second and the third gaps
GA1, GA2 and GA3 to totally fill or partially fill each of the
gaps GAl, GA2 GA3. In one exemplary embodiment, for
example, a reflection layer may be formed on the light exci-
tation patterns 148 and the light blocking pattern BM using
methods such as physical vapor deposition (“PVD”), chemi-
cal vapor deposition (“CVD”) or electroplating. Then an etch
mask may be provided corresponding to the gaps GA1, GA2
and GA3 to form the reflection wall 146 by etching the reflec-
tion layer. Altematively, the reflection layer may be
anisotropcially dry etched corresponding to the gaps GA1,
GA2 and GA3 to form the reflection wall 146. Accordingly,
the reflection wall 146 having a desired cross-sectional shape
may be formed in a portion or whole of the gaps GA1, GA2
and GA3.

[0094] The cross-sectional shape of the reflection wall 146
may be various according to exemplary embodiments. In the
exemplary embodiment of FIGS. 5E to 5G, for example, the
cross-sectional shape of the reflection wall 146 is substan-
tially linear and perpendicular to a surface of the light block-
ing pattern BM.

[0095] Referring to FIG. 5F, a flattening layer FL 1s formed
on the third transparent substrate 145 including the light
excitation patterns 148 thereon. The flattening layer FL
includes the scattering particle 144 therein. The flattening
layer FL. may include substantially the same material as the
light excitation patterns 148. According to alternative exem-
plary embodiments, the flattening layer FL. may further
include light excitation particles 142 which emit different
color lights corresponding to each of the color areas 160. The
light excitation particles may include at least two materials
among a green phosphor, a red phosphor and a yellow phos-
phor, but are not limited thereto or thereby. The light excita-
tion particles may include at least two materials among a
green quantum dot, a red quantum dot and a blue quantum
dot, but are not limited thereto or thereby.

[0096] Referring to FIG. 5G the third transparent substrate
145 including the flattening layer FL therein is assembled
with a first surface of the second transparent substrate 141,
and a common electrode layer 143 is formed on an opposing
second surface of the second transparent substrate 141.
According to exemplary embodiments, a polarizing film, an
optical film layer or an OCA film may be disposed between
the second and the third transparent substrates 141 and 145.

[0097] FIG. 6 is a cross-sectional view of another exem-
plary embodiment of a PL-LCD device according to the
invention.

[0098] Referring to FIG. 6, an exemplary embodiment of a
PL-LCD device 200 according to the invention includes a
backlight unit 110 and a photoluminescent panel 120 display-
ing an image in response to light from the backlight unit 110.
The exemplary embodiment of the PL-LCD device 200
according to the invention is substantially the same as the
PL-LCD device 100 of FIG. 1 except for a location of depth
areas DA1 and DA?2 in which a plurality of light excitation
particles 142 and a plurality of scattering particles 144 is
distributed (e.g., interspersed) within a color conversion layer
147.

[0099] The backlight unit 110 emits the light having a
desired wavelength such as ultraviolet waveband or blue light
waveband toward the photoluminescent panel 120. The back-
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light unit 110 includes a light source (not shown) generating
and emitting the light having the desired wavelength.

[0100] The photoluminescent panel 120 includes an array
substrate 130, a facing substrate 140, and a liquid crystal layer
150 disposed between the array substrate 130 and the facing
substrate 140. The photoluminescent panel 120 adjusts trans-
missivity of the light from the backlight unit 110 to display an
image.

[0101] The array substrate 130 includes a first transparent
substrate 131, a switching element 133 disposed on a pixel
area of the first transparent substrate 131, an insulation layer
135 partially exposing an electrode of the switching element
133, and a pixel electrode 137 electrically connected to an
output electrode of the switching element 133 and disposed
on the pixel area.

[0102] Thefacing substrate 140 includes a second transpar-
ent substrate 141, a common electrode 143 disposed on a first
surface of the second transparent substrate 141, a third trans-
parent substrate 145 disposed on an opposing second surface
of the second transparent substrate 141 and facing the second
transparent substrate 141, and a color conversion layer 147
disposed between the second transparent substrate 141 and
the third transparent substrate 145. The facing substrate 140
may further include an intermediate layer 149 between the
second transparent substrate 141 and the color conversion
layer 147. The facing substrate 140 may further include a
polarizing film (not shown) between the second transparent
substrate 141 and the color conversion layer 147.

[0103] Thecolorconversionlayer 147 includes a light exci-
tation particle 142, a scattering particle 144 and a reflection
wall 146. The light excitation particle 142, the scattering
particle 144 and the reflection wall 146 may be disposed
within a resin layer. In one exemplary embodiment, for
example, the resin layer may include a silicon resin or a
photoresist resin. The color conversion layer 147 may further
include a light blocking pattern BM.

[0104] The light excitation particle 142 absorbs light hav-
ing a desired wavelength to have an excited state. From the
excited state, the light excitation particle 142 returns to a
ground state emitting some amount of light energy. The light
excitation particle 142 includes a phosphor or a quantum dot.
[0105] The scattering particle 144 scatters the excited light
emitted from the light excitation particle 142.

[0106] The reflection wall 146 reflects the excited light
from the light excitation particle 142 and/or the excited light
scattered by the scattering particle 144.

[0107] The light blocking pattern BM is disposed corre-
sponding to boundaries of a pixel area to block light. The light
blocking pattern BM overlaps a gate line (not shown) and a
data line (not shown).

[0108] In the illustrated exemplary embodiment of FIG. 6,
a plurality of light excitation particles 142 is distributed in a
first depth area DA1 of the color conversion layer 147. A
plurality of scattering particles 144 is distributed in a second
depth area DA2 of the color conversion layer 147. The first
depth area DA1 is positioned below the second depth area
DA2 within the color conversion layer 147.

[0109] When viewed cross-sectionally, the light blocking
pattern BM has a desired depth D and a width. In the illus-
trated exemplary embodiment of FIG. 6, an upper width UW
of the light blocking pattern BM is substantially the same as
alower width LW of the light blocking pattern BM, but is not
limited thereto or thereby.
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[0110] The reflection wall 146 is adjacent to an outer sur-
face or edge of the light blocking pattern BM. In particular,
for example, the light blocking pattern BM may be disposed
at an upper portion of the color conversion layer 147, and the
reflection wall 146 may be adjacent to a lower surface of the
light blocking pattern BM. The reflection wall 146 may be
disposed in a substantially perpendicular direction to the
lower surface of the light blocking pattern BM within the
color conversion layer 147.

[0111] FIG. 7 is a cross-sectional view of another exem-
plary embodiment of a PL-LCD device according to the
invention,

[0112] Referring to FIG. 7, an exemplary embodiment of a
PL-LCD device 300 according to the invention includes a
backlight unit 110 and a photoluminescent panel 120 display-
ing an image in response to light from the backlight unit 110.
The exemplary embodiment of the PL-LCD device 300
according to the invention is substantially the same as the
PL-LCD device 100 of FIG. 1 except that a plurality of light
excitation particles 142 and a plurality of scattering particles
144 are interspersed with each other withina color conversion
layer 147 in contrast to being disposed in substantially strati-
fied depth layers.

[0113] The backlight unit 110 emits the light having a
desired wavelength such as ultraviolet waveband or blue light
waveband toward the photoluminescent panel 120. The back-
light unit 110 includes a light source (not shown) generating
and emitting the light having the desired wavelength.

[0114] The photoluminescent panel 120 includes an array
substrate 130, a facing substrate 140, and a liquid crystal layer
150 disposed between the array substrate 130 and the facing
substrate 140. The photoluminescent panel 120 adjusts trans-
missivity of the light from the backlight unit 110 to display an
image.

[0115] The array substrate 130 includes a first transparent
substrate 131, a switching element 133 disposed on a pixel
area of the first transparent substrate 131, an insulation layer
135 partially exposing an electrode of the switching element
133, and a pixel electrode 137 electrically connected to an
output electrode of the switching element 133 and disposed
on the pixel area.

[0116] The facing substrate 140 includes a second transpar-
ent substrate 141, a common electrode 143 disposed ona first
surface of the second transparent substrate 141, a third trans-
parent substrate 145 disposed on an opposing second surface
of the second transparent substrate 141 and facing the second
transparent substrate 141, and a color conversion layer 147
disposed between the second transparent substrate 141 and
the third transparent substrate 145. The facing substrate 140
may further include an intermediate layer 149 between the
second transparent substrate 141 and the color conversion
layer 147. The facing substrate 140 may further include a
polarizing film (not shown) between the second transparent
substrate 141 and the color conversion layer 147.

[0117] Thecolor conversion layer 147 includes a light exci-
tation particle 142, a scattering particle 144 and a reflection
wall 146. The light excitation particle 142, the scattering
particle 144 and the reflection wall 146 may be disposed
within a resin layer. In one exemplary embodiment, for
example, the resin layer may include a silicon resin or a
photoresist resin. The color conversion layer 147 may further
include a light blocking pattern BM.

[0118] The light excitation particle 142 absorbs light hav-
ing a desired wavelength to have an excited state. From the
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excited state, the light excitation particle 142 returns to a
ground state emitting some amount of light energy. The light
excitation particle 142 includes a phosphor or a quantum dot.
[0119] The scattering particle 144 scatters the excited light
emitted from the light excitation particle 142.

[0120] The reflection wall 146 reflects the excited light
from the light excitation particle 142 and/or the excited light
scattered by the scattering particle 144.

[0121] The light blocking pattern BM is disposed corre-
sponding to boundaries of a pixel area to block light. The light
blocking pattern BM overlaps a gate line (not shown) and a
data line (not shown).

[0122] In the illustrated exemplary embodiment of FIG. 7,
a plurality of light excitation particles 142 and a plurality of
scattering particles 144 are interspersed with each other
within the color conversion layer 147. That is, the light exci-
tation particles 142 are distributed at both upper and lower
portions of the color conversion layer 147. Likewise, the
scattering particles 144 are distributed at both the upper and
the lower portions of the color conversion layer 147.

[0123] When viewed cross-sectionally, the light blocking
pattern BM has a desired depth D and a width. In the illus-
trated exemplary embodiment of FIG. 7, an upper width UW
of the light blocking pattern BM is substantially the same as
alower width LW of the light blocking pattern BM, but is not
limited thereto or thereby.

[0124] The reflection wall 146 is adjacent to an outer sur-
face or edge of the light blocking pattern BM. In particular,
for example, the light blocking pattern BM may be disposed
at the upper portion of the color conversion layer 147, and the
reflection wall 146 may be adjacent to a lower surface of the
light blocking pattern BM. The reflection wall 146 may be
disposed in a substantially perpendicular direction to the
lower surface of the light blocking pattern BM within the
color conversion layer 147.

[0125] FIG. 8 is a cross-sectional view of another exem-
plary embodiment of a PL-LCD device according to the
invention.

[0126] Referring to FIG. 8, an exemplary embodiment of a
PL-LCD device 400 according to the invention includes a
backlight unit 110 and a photoluminescent panel 120 display-
ing an image in response to light from the backlight unit 110.
The exemplary embodiment of PL-LCD device 400 accord-
ing to the invention substantially the same as the PL-LCD
device 100 of FIG. 1 except for cross-sectional shapes of a
light blocking pattern BM and a reflection wall 146 within a
color conversion layer 147. Hereinafter, detailed description
of the identical elements is omitted.

[0127] The color conversion layer 147 of the photolumi-
nescent panel 120 includes a light excitation particle 142, a
scattering particle 144 and the reflection wall 146. The color
conversion layer 147 may further include the light blocking
pattern BM.

[0128] When viewed cross-sectionally, the light blocking
pattern BM has an overall desired depth D and widths within
the color conversion layer 147. An upper width UW of the
light blocking pattern BM is substantially different from a
lower width LW of the light blocking pattern BM. As illus-
trated in the exemplary embodiment of FIG. 8, an upper width
UW of the light blocking pattern BM such as defined by an
upper portion thereof, is larger than the lower width LW such
as defined by a lower portion thereof. Also, the light blocking
pattern BM has a curved or stepped side surface. In F1G. 8, for
example, a difference in widths of the upper and lower por-
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tions of the light blocking pattern BM form a stepped profile
side surface in the cross-sectional view. Alternatively, a dif-
ference in the upper and lower widths UW and LW may
transition more gradually to form a curved profile side sur-
face. The upper and lower portions of the light blocking
pattern BM may be continuous with each other, such as to
form a single, unitary, indivisible light blocking pattern BM,
but is not limited thereto or thereby.

[0129] A first portion of the reflection wall 146 is adjacent
to the curved or stepped side surface of the light blocking
pattern BM, and may have a corresponding profile to the side
surface of the light blocking pattern BM. A second portion of
the reflection wall 146 connected and continuous with the first
portion is elongated in a substantially perpendicular direction
with respect to a lower surface of the light blocking pattern
BM. The first and second portions of the reflection wall 146
may form a unitary, indivisible reflection wall 146, but is not
limited thereto or thereby.

[0130] The reflection wall 146 having the above-described
cross-sectional non-linear shape reflects more of the excited
light emitted the light excitation particle 142 near a boundary
of a color area within the color conversion layer 147.

[0131] FIG. 9 is a cross-sectional view of another exem-
plary embodiment of a PL-LCD device according to the
invention.

[0132] Referring to FIG. 9, an exemplary embodiment of a
PL-LCD device 500 according to the invention includes a
backlight unit 110 and a photoluminescent panel 120 display-
ing an image in response to light from the backlight unit 110.
The exemplary embodiment of the PL-LCD device 500
according to the invention is substantially the same as the
PL-LCD device 100 of FIG. 1 except for cross-sectional
shapes of a light blocking pattern BM and a reflection wall
146 within a color conversion layer 147. Hereinafter, detailed
description of the identical elements is omitted.

[0133] The color conversion layer 147 of the photolumi-
nescent panel 120 includes a light excitation particle 142, a
scattering particle 144 and the reflection wall 146. The color
conversion layer 147 may further include the light blocking
pattern BM.

[0134] When viewed cross-sectionally, the light blocking
pattern BM has a desired depth D and widths within the color
conversion layer 147. An upper width UW of the light block-
ing pattern BM is substantially different from a lower width
LW of the light blocking pattern BM. As illustrated in the
exemplary embodiment of FIG. 9, the upper width UW of the
light blocking pattern BM is narrower than the lower width
LW of the light blocking pattern BM. Also, the light blocking
pattern BM has a tilted or inclined side surface. The depth D
of the light blocking pattern BM is substantially equal to or
less than depth of the color conversion layer 147. The inclined
side surfaces and the substantially planar upper and lower
surfaces of the light blocking pattern BM define a trapezoidal
cross-sectional shape.

[0135] The reflection wall 146 is adjacent to the side sur-
face of the light blocking pattern BM and has a corresponding
tilted or inclined profile. Upper and/or lower surfaces of the
light blocking pattern BM and the reflection wall 146 may be
substantially coplanar with each other, but are not limited
thereto or thereby.

[0136] The light blocking pattern BM having the trapezoi-
dal cross-sectional shape reflects more of the excited light
emitted from the light excitation particle 142 near a boundary
of a color area of the color conversion layer 147.
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[0137] FIG. 10 is a cross-sectional view of another exem-
plary embodiment of a PL-LCD device according to the
invention.

[0138] Referring to FIG. 10, an exemplary embodiment of
a PL-LCD device 600 according to the invention includes a
backlight unit 110 and a photoluminescent panel 120 display-
ing an image in response to light from the backlight unit 110.
The exemplary embodiment of the PL-LCD device 600
according to the invention is substantially the same as the
PL-LCD device 100 of FIG. 1 except for cross-sectional
shapes of a light blocking pattern BM and a reflection wall
146 within a color conversion layer 147. Hereinafter, detailed
description of the identical elements is omitted.

[0139] The color conversion layer 147 of the photolumi-
nescent panel 120 includes a light excitation particle 142, a
scattering particle 144 and the reflection wall 146. The color
conversion layer 147 may further include the light blocking
pattern BM.

[0140] When viewed cross-sectionally, the light blocking
pattern BM has a desired depth D and widths within the color
conversion layer 147. An upper width UW of the light block-
ing pattern BM is substantially different from a lower width
LW of the light blocking pattern BM. As illustrated in the
exemplary embodiment of FIG. 10, the upper width UW of
the light blocking pattern BM is wider than the lower width
LW of the light blocking pattern BM. Also, the light blocking
pattern BM has a tilted or inclined side surface. The depth D
of the light blocking pattern BM is substantially equal to or
less than depth of the color conversion layer 147. The inclined
side surfaces and the substantially planar upper and lower
surfaces of the light blocking pattern BM define a reverse
trapezoidal cross-sectional shape.

[0141] The reflection wall 146 is adjacent to the side sur-
face of the light blocking pattern BM, and has a correspond-
ing tilted or inclined profile.

[0142] The light blocking pattern BM having the reverse
trapezoidal cross-sectional shape reflects more of the excited
light emitted from the light excitation particle 142 near a
boundary of a color area of the color conversion layer 147.

What is claimed is:

1. A photoluminescent panel comprising:

a lower substrate;

an upper substrate facing the lower substrate;

a liquid crystal layer between the lower substrate and the

upper substrate; and

a color conversion layer on the upper substrate, and com-

prising:

a light excitation particle which absorbs light having a
desired wavelength and emits excited light; and

a scattering particle which scatters the excited light.

2. The photoluminescent panel of claim 1, wherein the
color conversion layer further comprises a reflection wall
which reflects the excited light.

3. The photoluminescent panel of claim 1, wherein the
color conversion layer further comprises a first area in which
the light excitation particle is disposed and a second area in
which the scattering particle is disposed, and the first area is
above the second area.

4. The photoluminescent panel of claim 1, wherein the
color conversion layer further comprises a first area in which
the light excitation particle is disposed and a second area in
which the scattering particle is disposed, and the first area is
below the second area.
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5. The photoluminescent panel of claim 1, wherein the
color conversion layer further comprises a plurality of light
excitation particles and a plurality of scattering particles
interspersed with each other within the color conversion
layer.

6. The photoluminescent panel of claim 2, wherein

the color conversion layer further comprises a light block-

ing pattern, and

the reflection wall is elongated in a substantially perpen-

dicular direction with respect to a lower surface of the
light blocking pattern.

7. The photoluminescent panel of claim 6, wherein

a cross-sectional side surface of the light blocking pattern

has a curved or a stepped shape,

the reflection wall contacts and covers the cross-sectional

side surface of the light blocking pattern, and

an end portion of the reflection wall is elongated in the

substantially perpendicular direction with respect to the
lower surface of the light blocking pattern.

8. The photoluminescent panel of claim 6, wherein

the color conversion layer further comprises a plurality of

light excitation particles emitting different color lights,
and

the color lights emitted at opposing sides of the reflection

wall are different from each other.

9. The photoluminescent panel of claim 6, wherein the light
blocking pattern has a first width at an upper portion thereof
and a second width at a lower portion thereof, and the first
width is different from the second width.

10. The photoluminescent panel of claim 9, wherein

the light blocking pattern has a tilted cross-sectional side

surface, and

the reflection wall contacts and covers the tilted cross-

sectional side surface of the light blocking pattern.

11. The photoluminescent panel of claim 1, wherein the
color conversion layer further comprises a plurality of light
excitation particles emitting different color lights, the light
excitation particles comprising at least two materials among a
green phosphor, a red phosphor and a yellow phosphor.

12. The photoluminescent panel of claim 1. wherein the
color conversion layer further comprises a plurality of light
excitation particles emitting different color lights, the light
excitation particles comprising at least two materials among a
green quantum dot, a red quantum dot and a blue quantum
dot.

13. The photoluminescent panel of claim 1. wherein the
scattering particle comprises titanium oxide or silicon oxide.

14. A photoluminescent liquid crystal display device com-
prising:

a backlight unit which emits light having a desired wave-

length;

a first substrate on the backlight unit;

a second substrate facing the first substrate;

Jun. 12,2014

a liquid crystal layer between the first and the second

substrates; and
a color conversion layer on the second substrate, and com-
prising
aplurality of light excitation particles which absorbs the
light and emits excited lights having different colors;
and
a scattering particle which scatters the excited lights.
15. The photoluminescent liquid crystal display device of
claim 14, wherein the color conversion layer further com-
prises:
a reflection wall which reflects the excited lights, and
a light blocking pattern which blocks the excited lights.
16. The photoluminescent liquid crystal display device of
claim 15, wherein the reflection wall is elongated in a sub-
stantially perpendicular direction with respect to a lower sur-
face of the light blocking pattern.
17. The photoluminescent liquid crystal display device of
claim 14, further comprising an optical filter layer between
the color conversion layer and the second substrate.
18. A method of manufacturing a photoluminescent panel
comprising:
providing a light blocking pattern and a plurality of color
areas spaced apart from each other, on a substrate;

providing a light excitation pattern on the color areas to
define a gap overlapping the light blocking pattern
which is between adjacent color areas, the light excita-
tion pattern comprising a light excitation particle which
emits excited light having a desired color;

providing a reflection member in the gap and on a portion

of the light excitation pattern exposed by the gap; and
providing a flattening layer on the light excitation pattern
and on the reflection member.

19. The method of claim 18, wherein the flattening layer
comprises a scattering particle which scatters the excited
light.

20. The method of claim 18, wherein

the plurality of color areas comprises a first color area, a

second color area and a third color area, and

the providing a light excitation pattern on the color areas

comprises:

providing a first light excitation pattern on the first color
area, the first light excitation pattern comprising a first
light excitation particle which emits a first excited
light having a first color;

providing a second light excitation pattern on the second
color area, the second light excitation pattern com-
prising a second light excitation particle which emits
a second excited light having a second color; and

providing a third light excitation pattern on the third
color area, the third light excitation pattern compris-
ing a third light excitation particle which emits a third
excited light having a third color.
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