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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2015-0000727 filed in the
Korean Intellectual Property Office on Jan. 5, 2015, the entire
contents of which are incorporated herein by reference.

BACKGROUND
[0002] (a) Field of the Invention
[0003] The present invention relates to a liquid crystal dis-
play.
[0004] (b) Description of the Related Art
[0005] Liquid crystal displays (LCD) are one of the most

widely used flat panel displays at present, and include two
display panels on which electrodes are disposed, and a liquid
crystal layer disposed between the two display panels. The
liquid crystal display controls an amount of light to be trans-
mitted by applying a voltage to the electrodes and rearranging
liquid crystal molecules of the liquid crystal layer.

[0006] Among the liquid crystal displays, a structure in
which an electric field generating electrode is provided in
each of two display panels is mainly used at present. Among
them, a structure in which a plurality of thin film transistors
and pixel electrodes are arranged with a column form in one
display panel (hereinafter, referred to as a ‘thin film transistor
display panel”), red, green and blue color filters are disposed
in the other display panel (hereinafter, referred to as a ‘com-
mon electrode display panel’), and an overall surface of the
common electrode display panel is covered with the common
electrode is mainly formed.

[0007] However, light loss occurs in a polarizing plate and
color filters in the liquid crystal display. In order to implement
the liquid crystal display having reduced light loss and high
efficiency, a photo-luminescent liquid crystal display (PL-
LCD) including color conversion materials has been sug-
gested.

[0008] The PL-LCD uses a color conversion media (CCM)
instead of using the color filters, and when light emitted from
a light source is supplied to the color conversion media, a
portion of the light emitted from the light source may be
diffused in a tilt direction and supplied to adjacent pixels. This
phenomenon is referred to as an optical crosstalk, and has a
problem in that color reproducibility is reduced.

[0009] 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 to a person of ordinary skill in the art.

SUMMARY

[0010] A liquid crystal display having advantages of
increasing a front luminance and improving a light output
efficiency by including a color conversion layer having a thin
thickness is provided.

[0011] In one aspect, a liquid crystal display includes: a
display panel; and a color conversion layer positioned on the
display panel, wherein the color conversion layer includes a
scattering layer including a color conversion media layer and
scatterers.

[0012] The color conversion media layer may include any
one of a phosphor and a quantum dot (QD).
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[0013] The scatterer may include at least one selected from
the group consisting of TiO,, ZrO,, Al,O;, In,O;, ZnO,
Sn0,, Sb,0; and ITO.

[0014] The scattering layer may have a refractive index
larger than that of the color conversion media layer.

[0015] The scattering layer may have a refractive index of
about 1.6 or more.

[0016] Theliquid crystal display may further include a light
assembly supplying light to the display panel and the color
conversion layer.

[0017] The light assembly may be a light emitting diode
(LED) emitting a specific wavelength band including ultra-
violet rays or blue light.

[0018] The color conversion media layer may further
include a red color conversion media layer and a green color
conversion media layer.

[0019] The color conversion media layer may further
include a blue color conversion media layer or a white color
conversion media layer.

[0020] The color conversion layer may further include a
light blocking member positioned between adjacent red color
conversion media layers, adjacent green color conversion
media layers, and adjacent blue color conversion media lay-
ers, or adjacent white color conversion media layers.

[0021] The scattering layer may be formed only below at
least any one color conversion media layer selected from the
group consisting of the red color conversion media layer, the
green color conversion media layer, and the blue color con-
version media layer.

[0022] The scatterers formed below the red color conver-
sion media layer, the green color conversion media layer, and
the blue color conversion media layer, respectively, may be
different from each other.

[0023] The display panel may be positioned between the
light assembly and the color conversion layer, and the scat-
tering layer of the color conversion layer may contact the
display panel.

[0024] Inanother aspect, aliquid crystal display includes: a
display panel; a scattering layer positioned on the display
panel; and a red color conversion media layer and a green
color conversion media layer formed on the scattering layer to
be spaced apart from each other by a light blocking member.
[0025] Theliquid crystal display may further include a blue
color conversion media layer or a white color conversion
media layer positioned on the scattering layer.

[0026] The scattering layer may have a refractive index
larger than that of the color conversion media layer.

[0027] In yet another aspect, a liquid crystal display
includes: a display panel; a scattering layer positioned on the
display panel; and a red color conversion media layer, a green
color conversion media layer, and a blue color conversion
media layer, formed on the scattering layer to be spaced apart
from each other by a light blocking member, wherein the
scattering layer is formed only below at least any one color
conversion media layer selected from the group consisting of
the red color conversion media layer, the green color conver-
sion media layer, and the blue color conversion media layer.

[0028] The scattering layer may have a refractive index
larger than that of the color conversion media layer.

[0029] Light output efficiency and color reproducibility are
improved by the above-described liquid crystal display to
thereby provide more improved display quality.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG.1isaschematic cross-sectional view of aliquid
crystal display according to an example embodiment.

[0031] FIGS. 2, 3, 4 and 5 are cross-sectional views of a
color conversion layer according to an example embodiment.
[0032] FIGS.6,7,8, and 9 are cross-sectional views show-
ing a method of manufacturing a color conversion layer
according to an example embodiment.

[0033] FIGS.10,11,and 12 areimages showing a change in
color on front/side surfaces and a change in luminance
according to Comparative Examples and Examples.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0034] Example embodiments will be described more fully
hereinafter with reference to the accompanying drawings, in
which example embodiments 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.

[0035] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. 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
intervening elements may also be present. In contrast, when
an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0036] Hereinafter, a liquid crystal display according to an
example embodiment of the present invention is described
with reference to FIGS. 1 to 5. FIG. 1 is a schematic cross-
sectional view of a liquid crystal display according to an
example embodiment, and FIGS. 2 to 5 are cross-sectional
views of a color conversion layer according to an example
embodiment.

[0037] First, referring to FIG. 1, the display panel 10 may
include a liquid crystal panel 110 displaying an image and
polarizing plates 11 and 12 positioned on both surfaces of the
liquid crystal panel 110.

[0038] Theliquid crystal panel 110 includes a lower display
panel 100 including a first insulation substrate, an upper
display panel 200 including a second insulation substrate
facing the first insulation substrate, and a liquid crystal layer
3 interposed between the lower display panel 100 and the
upper display panel 200.

[0039] A plurality of pixel electrodes (not shown) in a
matrix form are positioned on the first insulation substrate.
Although not shown in the drawings, gate lines extended in a
column direction, data lines extended in a row direction, and
thin film transistors connected to a plurality of pixel elec-
trodes in one to one correspondence may be disposed on the
first insulation substrate.

[0040] A common electrode (not shown) is positioned on
the second insulation substrate. The common electrode is
positioned on the second insulation substrate and forms an
electric field with the pixel electrodes.

[0041] The liquid crystal layer 3 includes a plurality of
liquid crystal molecules and an alignment direction of the
liquid crystal molecules is controlled by the electric field
between the pixel electrode and the common electrode. An
image may be displayed by controlling transmittance of light
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received from a light assembly 500 according to arrangement
of the liquid crystal molecules.

[0042] Even though the liquid crystal display panel in
which the liquid crystal panel 110 forms a vertical electric
field is described in the present specification, the present
invention is not limited thereto. That is, the display panel may
be a plasma display panel (PDP), an organic light emitting
diode display (OLED), a surface conduction electron-emitter
display (SED), a field emission display (FED), a vacuum
fluorescent display (VFD), and an electric paper (E-paper),
and the like.

[0043] A first polarizing plate 11 and a second polarizing
plate 12 for polarizing an incident light from the light assem-
bly 500 are positioned on both surfaces of the liquid crystal
panel 110.

[0044] In addition, the display panel according to an
example embodiment is a liquid crystal panel, and the liquid
crystal display may further include the light assembly 500 in
addition to the first polarizing plate 11 and the second polar-
izing plate 12.

[0045] The light assembly 500 is positioned below the first
polarizing plate 11, and may include a light source generating
light and a light guide (not shown) receiving the light and
guiding the received light toward a direction of the display
panel 10 and a color conversion layer 30.

[0046] As an example of the present invention, the light
assembly 500 may include at least one light emitting diode
(LED) and the LED may be a blue light emitting diode (LED)
as an example. The light source according to the present
invention may be an edge typed light assembly disposed on at
least one side surface of the light guide or may be a direct type
in which the light source of the light assembly 500 is posi-
tioned underneath the light guide (not shown). However, the
present invention is not limited thereto.

[0047] The color conversion layer 30 according to an
example embodiment may be positioned on the display panel
10, and more specifically, may be positioned on the second
polarizing plate 12, and may be in direct contact with the
second polarizing plate 12.

[0048] FIG. 21is a cross-sectional view of the color conver-
sion layer according to an example embodiment ofthe present
invention. Specifically, FIG. 2 is a cross-sectional view of the
color conversion layer in a case in which UV or nUV light
source is applied as the light source of the light assembly.
[0049] Referring to FIG. 2, the color conversion layer 30
includes a scattering layer 340 including scatterers 341 posi-
tioned on the substrate 310 and a plurality of color conversion
medialayers 330R, 330G, and 330B formed on the scattering
layer 340. As used herein, the term “scatterers” refers to an
object or particle that scatters light incident onto the object or
particle. In addition, the scattering layer 340 is formed on the
substrate 310 and includes a light blocking member 320 posi-
tioned to be adjacent between the color conversion media
layers 330R, 330G, and 330B.

[0050] The color conversion layer 30 according to an
example embodiment further includes the scattering layer
340 coated on an overall surface of the substrate 310. The
scattering layer 340 may be formed by phase-separation with
the color conversion media layer 330 in the manufacturing
process of the color conversion layer 30.

[0051] Thescatterers 341 according to an example embodi-
ment may include at least one selected from the group con-
sisting of TiO,, ZrO,, Al,O;, In,0;, Zn0, SnO,, Sh,0, and
ITO, and the present invention is not limited thereto but any



US 2016/0195773 Al

materials scattering the incident light may be used. The scat-
terers 341 allow the incident light to be scattered, thereby
increasing a light output amount of light transmitting the
color conversion layer 30.

[0052] The scattering layer 340 may have a refractive index
larger than that of the color conversion media layer 330.
Accordingly, the scattering layer 340 includes scatterers 341
having high refractive index, and specifically, the scatterers
341 according to an example embodiment have a refractive
index of about 1.6 or more.

[0053] Thescattering layer 340 including the scatterers 341
having the refractive index may allow a portion of the light to
be output toward the color conversion media layer 330 again
to thereby increase a light output efficiency. That is, the scat-
tering layer 340 is formed below the color conversion media
layer 330, such that an amount of light emitted from the light
source that is totally reflected may be reduced.

[0054] Thered color conversion media layer 330R includes
a red phosphor, and the red phosphor may be at least one
material of (Ca, Sr, Ba)S, (Ca, Sr, Ba),Si;Ng, CASN
(CaAlSiN,), CaMoO,, and Eu,SisN,.

[0055] The green color conversion media layer 330G
includes a green phosphor, and the green phosphor may be at
least one material of yttrium aluminum garnet (YAG), (Ca, Sr,
Ba),Si0,, SrGa,S,, —SiAION, —SiAION, Ca;Sc,Si;0;,,
Tb,Al,0, ,, BaSiO,, CaAlSiON, and (Sr,_ Ba )Si,O,N.,.
[0056] The blue color conversion media layer 330B
includes a blue phosphor, the blue phosphor may be at least
one material of 1-4-di[4-(N,N-di-phenyl)amino |styryl-ben-
zene(DSA-Ph), 4,4'-bis (9-ethyl-3-carbazovinylene)-1,1'-bi-
phenyl (BCzVBi), and BAM(BaMgAl, ,O0,,:Eu,,).

[0057] In addition, the red color conversion media layer
330R, the green color conversion media layer 330G, and the
blue color conversion media layer 330B may include a quan-
tum dot 331 in which color is changed according to a size.
[0058] The color conversion layer 30 according to an
example embodiment includes the color conversion media
layer 330 and the scattering layer 340. Meanwhile, constitu-
ent elements of the color conversion media layer 330 and the
scattering layer 340 may be different from each other accord-
ing to colors of output light. That is, configurations of the
color conversion media layer 330 and the scattering layer 340
may be different according to output regions of red color,
green color, and blue color.

[0059] The quantum dot 331 may be selected from a Group
1I-VI compound, a Group IV-VI compound, a Group IV ele-
ment, a Group TV compound and a combination thereof.
[0060] The Group II-VI compound may be selected from
the group consisting of binary compounds, ternary com-
pounds, and quaternary compounds, wherein the binary com-
pounds are selected from the group consisting of CdSe, CdTe,
7Zn8S, 7nSe, 7nTe, ZnO, HgS, HgSe, HgTe, MgSe, MgS and
mixtures thereof, the ternary compounds are selected from
the group consisting of CdSeS, CdSeTe, CdSTe, ZnSeS,
ZnSeTe, ZnSTe, HgSeS, HgSeTe, HgSTe, CdZnS, CdZuSe,
CdZnTe, CdHgS, CdHgSe, CdHgTe, HgZnS, HgZnSe,
HgZnTe, MgZnSe, MgZnS and mixtures thereof, and the
quaternary compounds are selected from the group consisting
of HgZnTeS, CdZnSeS, CdZnSeTe, CdZnSTe, CdHgSeS,
CdHgSeTe, CdHgSTe, HgZnSeS, HgZnSeTe, HgZnSTe and
mixtures thereof. The Group III-V compound may be
selected from the group consisting of two element com-
pounds, three element compounds, and four element com-
pounds, wherein the two element compound is selected from
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the group consisting of GaN, GaP, GaAs, GaSbh, AN, AlP,
AlAs, AISb, InN, InP, InAs, InSb and mixtures thereof, the
three element compound is selected from the group consist-
ing of GaNP, GaNAs, GaNSb, GaPAs, GaPSbh, AINP, AINAs,
AINSb, AlPAs, AIPSb, InNP, InNAs, InNSb, InPAs, InPSb,
GaAINP and mixtures thereof, and the four element com-
pound is selected from the group consisting of GaAINAs,
GaAINSb, GaAlPAs, GaAlPSb, GalnNP, GalnNAs,
GalnNSb, GalnPAs, GalnPSb, InAINP, InAINAs, InAINSb,
InAIPAs, InAIPSb and mixtures thereof. The Group IV-VI
compound may be selected from the group consisting of two
element compounds, three element compounds, and four ele-
ment compounds, wherein the two element compound is
selected from the group consisting of SnS, SnSe, SnTe, PbS,
PbSe, PbTe and mixtures thereof, the three element com-
pound is selected from the group consisting of SnSeS,
SnSeTe, SnSTe, PbSeS, PbSeTe, PbSTe, SnPbS, SnPbSe,
SnPbTe and mixtures thereof, and the four element com-
pound is selected from the group consisting of SnPbSSe,
SnPbSeTe, SnPbSTe and mixtures thereof. The Group IV
element may be selected from the group consisting of Si, Ge
and mixtures thereof. The Group IV compound may be a two
element compound selected from the group consisting of SiC,
SiGe and mixtures thereof.

[0061] Here, the two element compound, the three element
compound or the four element compound may be present in a
particle at a uniform concentration, or may be divided in a
state in which concentration distribution is partially different
and present in the same particle. In addition, the quantum dot
331 may have a core/shell structure in which one quantum dot
331 surrounds another quantum dot 331. An interface
between the core and the shell may have a concentration
gradient in which a concentration of elements present in the
shell is decreased toward the center.

[0062] The quantum dot 331 may have a full width of half
maximum (FWHM) of light emitting wavelength spectrum of
about 45 nm or less, preferably, about 40 nm or less, and more
preferably, about 30 nm or less. In this range, color purity or
color reproducibility may be improved.

[0063] In addition, a shape of the quantum dot 331 may be
any shape which is generally used in the art, and is not
specifically limited. Specifically, spherical, pyramid, multi-
arm, or cubic shaped nano particles, nanotubes, nanowires,
nano fibers, and nano plate particles may be used.

[0064] FIG. 3 is a cross-sectional view of the color conver-
sion layer according to an example embodiment. Specifically,
FIG. 3 is a cross-sectional view of the color conversion layer
in a case in which a blue color light source is applied as the
light source of the light assembly.

[0065] Referring to FIG. 3, the color conversion layer 30
includes the scattering layer 340 positioned on the substrate
310 and a plurality of color conversion media layers 330R and
330G formed on the scattering layer 340. In addition, the
scattering layer 340 is formed on the substrate 310 and
includes the light blocking member 320 positioned to be
adjacent between the color conversion media layers 330R and
330G.

[0066] The color conversion layer 30 according to an
example embodiment further includes the scattering layer
340 coated on an overall surface of the substrate 310. F1GS. 2
and 3 have the scattering layer 340 on the same surface of the
substrate 310. The scattering layer 340 may be formed by
phase-separation with the color conversion media layer 330
in the manufacturing process of the color conversion layer 30.
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[0067] The scatterers 341 according to an example embodi-
ment may include at least one selected from the group con-
sisting of Ti0,, ZrO,, Al,O;, In,0;, Zn0, SnO,, Sh,0, and
ITO, and the present invention is not limited thereto but any
materials scattering the incident light may be used. The scat-
terers allow the incident light to be scattered, thereby increas-
ing a light output amount of light transmitting the color con-
version layer 30.

[0068] The scattering layer 340 may have a refractive index
larger than that of the color conversion media layer 330.
Accordingly, the scattering layer 340 includes scatterers 341
having high refractive index, and specifically, the scatterers
341 according to an example embodiment of the present
invention have a refractive index of about 1.6 or more.
[0069] Thescattering layer 340 including the scatterers 341
having the refractive index may allow a portion of the light to
be output toward the color conversion media layer 330 again
to thereby increase a light output efficiency. That is, the scat-
tering layer 340 is formed below the color conversion media
layer 330, such that an amount at which light emitting from
the light source is totally reflected may be reduced.

[0070] Then, the red color conversion media layer 330R,
the green color conversion media layer 330G are formed on
the scattering layer 340.

[0071] In the red color conversion media layer 330R, blue
color light supplied from the light assembly 500 is converted
into red color light. To this end, the red color conversion
media layer 330R includes a red phosphor, and the red phos-
phor may be at least one material of (Ca, S, Ba)S, (Ca, Sr,
Ba),SisNg, CASN(CaAlSiN,), CaMoQO,, and Eu,SisN,.
[0072] In the green color conversion media layer 330G,
blue color light supplied from the light assembly 500 is con-
verted into green color light. The green color conversion
media layer 330G includes a green phosphor, and the green
phosphor may be at least one material of yttrium aluminum
garnet (YAG), (Ca, Sr, Ba),Si0,, SrGa,S,, aa-SiAION, fp-
SiAION, Ca;Sc¢,S81,0,,, Tb;AlO,,. BaSiO,, CaAlSiON,
and (Sr, _Ba )Si,O,N..

[0073] In addition, the red color conversion media layer
330R and the green color conversion media layer 330G may
include a quantum dot 331 in which color is changed accord-
ing to a size.

[0074] As shown in FIG. 3, as compared to FIG. 2 there is
no blue color conversion media layer, and the white color
conversion layer (not shown) may be formed of only the
scattering layer 340. In this case, blue color light is supplied
from the light assembly 500. The blue color light supplied
from the light assembly 500 passes through the scattering
layer to show the blue color light having improved light
output efficiency.

[0075] In another example embodiment, the white color
conversion layer may be formed of a transparent polymer, and
the blue color light supplied from the light assembly 500 is
transmitted to show the blue color.

[0076] FIG. 4 is a cross-sectional view of the color conver-
sion layer according to another example embodiment. The
color conversion layer shown in FIG. 4 has the same configu-
ration as the above-described example embodiment except
that the scattering layer 340R is formed only below the red
color conversion media layer 330R. The scattering layer 340
may be formed below at least one color conversion media
layer selected from the group consisting of the red color
conversion media layer 330R, the green color conversion
media layer 330G, and the blue color conversion media layer
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330B. The color conversion layer of FIG. 4 includes the light
blocking member 320 formed between the scattering layer
340R and the green color conversion media layer 330G or
among the plurality of color conversion media layers 330R,
330G, and 330B.

[0077] FIG. 51is a cross-sectional view of the color conver-
sion layer according to an example embodiment. As shown in
FIG. 5, the scattering layers 340R, 340G, and 340B different
from each other are positioned below the color conversion
media layers 330R, 330G, and 3308, respectively. The color
conversion layer of FIG. 5 includes the light blocking mem-
ber formed between the plurality of scattering layers 340R,
340G, and 340B.

[0078] Hereinafter, a manufacturing method of the color
conversion layer according to an example embodiment will
be described with reference to FIGS. 6 t0 9. FIGS. 6 to 9 are
cross-sectional views showing a method of manufacturing the
color conversion layer according to an example embodiment
of the present invention.

[0079] First, scatterers 341 are prepared. In addition, a pho-
tosensitive resin including the red or green phosphor (or
quantum dot) is prepared. Meanwhile, the photosensitive
resin for manufacturing the blue color conversion layer may
not include the phosphor or the quantum dot. The photosen-
sitive resin and the scatterers 341 onto which dye is adsorbed
as prepared above are dispersed to prepare a photosensitive
resin for manufacturing the color conversion media layer.
[0080] AsshowninFIG. 6, the light blocking members 320
are formed on the substrate 310. Regions in which the color
conversion layers are to be formed are etched into a light
blocking layer on substrate 310, to thereby form the light
blocking members 320 spaced apart from each other by a
predetermined interval.

[0081] Then, the photosensitive resin in which the scatter-
ers 341 are dispersed is applied on the substrate 310 on which
the light blocking members 320 are positioned. Then, after a
predetermined time, as shown in FIG. 7, phases of the scat-
terers 341 dispersed in the photosensitive resin are separated
on the substrate 310 according to a difference in density and
asurface characteristic. The reason is because a general pho-
tosensitive resin has a density ofabout 1.1 to about 1.2 g/em?,
and the scatterers 341 formed of titanium oxide according to
an example embodiment has a density of about 4.3 g/em’.
[0082] In another example embodiment, the scattering
layer 340 is patterned on the substrate 310 on which the light
blocking members 320 are positioned, and then, the upper
phase of the scattering layer 340 is patterned, to thereby form
the scattering layer 340 and the color conversion media layer
330. The scattering layer may be formed only below the
specific color conversion media layer through the patterning
process.

[0083] AsshowninFIG. 8, only the color conversion media
layer 330 may be etched by photolithography method using
the light blocking members 320 as a mask. Alternatively, as
shown in FIG. 9, the color conversion media layer 330 and the
scattering layer 340 formed below the color conversion media
layer 330 may be etched so as to expose the light blocking
member 320.

[0084] Although the color conversion media layer and the
scattering layer formed by the photolithography method are
described, the present invention is not limited thereto and a
printing method or other methods may be used to form the
layers. The present invention is not limited in view of a
manufacturing method.
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[0085] Hereinafter, referring to FIGS. 10 and 11, a front
output light amount and output light distribution of the liquid
crystal display according to an example embodiment are
described. FIGS. 10 and 11 are images showing a change in
color on front/side surfaces and a change in luminance
according to Comparative Examples and Examples.

[0086] First, FIGS. 10 and 11 are Comparative Examples,
showing images of a change in color on front/side surfaces
and a change in luminance of the liquid crystal display in
which the scattering layer is not formed below the color
conversion layer.

[0087] Specifically, referring to FIG. 10, it may be appre-
ciated that the change in a luminance between the front sur-
face and the side surface has a large difference. Due to the
abnormal light distribution phenomenon (Non-Lambertian),
a difference in color between the front surface and the side
surface occurs, such that visibility is remarkably deteriorated.
[0088] FIG. 11 is an image showing a change in color on
front/side surfaces and a change in luminance when the color
conversion layer has a significantly increased thickness in
order to reduce the abnormal light distribution phenomenon
(Non-Lambertian) of FIG. 10. As shown in FIG. 11, when the
color conversion layer has a predetermined thickness or more,
the change in luminance at a high angle is small, such that a
difference in luminance of the front surface/the side surface is
decreased. However, this is a result from a difference in light
path by forming the color conversion layer to have a prede-
termined thickness or more, such that problems occur in that
only the front luminance is increased and cost is increased.
[0089] Next, FIG. 12 is an Example according to an
embodiment of the present disclosure and it may be appreci-
ated that the color conversion layer has a thin thickness and
shows distribution close to the Lambertian light distribution
of FIG. 11.

[0090] Hereinafter, the results are described in more detail
with reference to Table 1 below.

TABLE 1

Scattering Output
Classification Layer Light Rate  Increasing Rate
Comparative Example (No — 11% —
Scattering layer Exists)
Example (Scattering layer 10 vol % 18% 166%
Exists) 20 vol % 19% 167%
[0091] In the, the scattering layer was not included, and a

light output ratio was about 11%.

[0092] Thecolor conversion layers including the scattering
layer according to the Example of the present disclosure had
an output light rate of 18% and 19%, respectively. That is, it
may be appreciated that the light output ratio of the Example
is improved as compared to that of the Comparative Examples
without including the scattering layer. In addition, as a result
obtained by confirming an increasing rate as compared to the
Comparative Example, it was confirmed that the light output
ratio was increased by about 66% and 67%. Therefore, it was
confirmed that the liquid crystal display according to the
Example of the present disclosure had a thin thickness of the
color conversion layer, improved light output ratio, and excel-
lent color reproducibility to provide excellent display quality.
[0093] While embodiments have been described in connec-
tion with what is presently considered to be practical example
embodiments, it is to be understood that the invention is not
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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
disclosure, including the appended claims.

<Description of symbols>

10: display panel
30: color conversion layer
330: color conversion media layer

11, 12: polarizing plate
310: substrate
340: scattering layer

What is claimed is:

1. A liquid crystal display comprising:

a display panel; and

a color conversion layer positioned on the display panel,

wherein the color conversion layer includes a scattering
layer including a color conversion media layer and scat-
terers.

2. The liquid crystal display of claim 1, wherein:

the color conversion media layer includes any one of a
phosphor and a quantum dot (QD).

3. The liquid crystal display of claim 1, wherein:

the scatterer includes at least one selected from the group
consisting of TiO,, ZrO,, AL,O,, In,0;, ZnO, SnO,,
Sb,0, and ITO.

4. The liquid crystal display of claim 1, wherein:

the scattering layer has a refractive index larger than that of
the color conversion media layer.

5. The liquid crystal display of claim 4, wherein:

the scattering layer has a refractive index of about 1.6 or
more.

6. The liquid crystal display of claim 4, further comprising:

alightassembly supplying light to the display panel and the
color conversion layer.

7. The liquid crystal display of claim 6, wherein:

the light assembly is a light emitting diode (LED) emitting
a specific wavelength band including ultraviolet rays or
blue light.

8. The liquid crystal display of claim 7, wherein:

the color conversion media layer further includes a red
color conversion media layer and a green color conver-
sion media layer.

9. The liquid crystal display of claim 8, wherein:

the color conversion media layer further includes a blue
color conversion media layer or a white color conversion
media layer.

10. The liquid crystal display of claim 9, wherein:

the color conversion layer further includes a light blocking
member positioned between adjacent red color conver-
sion media layers, adjacent green color conversion
media layers, and adjacent blue color conversion media
layers or adjacent white color conversion media layers.

11. The liquid crystal display of claim 10, wherein:

the scattering layer is formed only below at least any one
color conversion media layer selected from the group
consisting of the red color conversion media layer, the
green color conversion media layer, and the blue color
conversion media layer.

12. The liquid crystal display of claim 11, wherein:

the scatterers formed below the red color conversion media
layer, the green color conversion media layer, and the
blue color conversion media layer, respectively, are dif-
ferent from each other.
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13. The liquid crystal display of claim 6, wherein:

the display panel is positioned between the light assembly
and the color conversion layer, and the scattering layer of
the color conversion layer contacts the display panel.

14. A liquid crystal display comprising:

a display panel;

a scattering layer positioned on the display panel; and

a red color conversion media layer and a green color con-
version media layer formed on the scattering layer to be
spaced apart from each other by a light blocking mem-
ber.

15. The liquid crystal display of claim 14, further compris-

ing:

a blue color conversion media layer or a white color con-
version media layer positioned on the scattering layer.

16. The liquid crystal display of claim 15, wherein:

the scattering layer has a refractive index larger than that of
the color conversion media layer.
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17. A liquid crystal display comprising:

a display panel,

a scattering layer positioned on the display panel; and

a red color conversion media layer, a green color conver-
sion media layer, and a blue color conversion media

layer, formed on the scattering layer to be spaced apart
from each other by a light blocking member, wherein

the scattering layer is formed only below at least any one
color conversion media layer selected from the group
consisting of the red color conversion media layer, the
green color conversion media layer, and the blue color
conversion media layer.

18. The liquid crystal display of claim 17, wherein:

the scattering layer has a refractive index larger than that of
the color conversion media layer.
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