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liquid crystal layer disposed in a microcavity, a distance
between the color filter and the liquid crystal layer being
sized to minimize display deterioration due to parallax.
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LIQUID CRYSTAL DISPLAY AND
MANUFACTURING METHOD THEREOF

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application is a continuation of U.S. applica-
tion Ser. No. 15/499,542, filed on Apr. 27, 2017, which is a
continuation of U.S. application Ser. No. 13/645,207, filed
on Oct. 4, 2012 in the U.S. Patent and Trademark Office,
which in turn claims priority under 35 U.S.C. § 119 from,
and the benefit of, Korean Patent Application No. 10-2012-
0026772, filed in the Korean Intellectual Property Office on
Mar. 15,2012, the contents of which are herein incorporated
by reference in their entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to a liquid crystal
display and a manufacturing method thereof.

DISCUSSION OF THE RELATED ART

[0003] A liquid crystal display, which is one of the most
common types of flat panel displays currently in use,
includes two sheets of panels with field generating elec-
trodes such as a pixel electrode, a common electrode, and the
like. A liquid crystal layer is interposed therebetween.
[0004] The liquid crystal display generates an electric field
in the liquid crystal layer by applying voltage to the field
generating electrodes. The direction of liquid crystal mol-
ecules of the liquid crystal layer is determined by the
generated electric field. Thus, polarization of incident light
is controlled so as to display images.

[0005] To display a color in the liquid crystal display, a
color filter is used and a structure including a luminescent
material as a material of the color filter has been developed.
In the case where the luminescent material is included in the
color filter, a liquid crystal display having a wide viewing
angle may be easily manufactured and power consumption
may be improved, but display characteristics due to an
adjacent pixel and the parallax of a viewed object the
difference in the apparent position of an object viewed along
two different lines of sight) can be deteriorated.

SUMMARY

[0006] Exemplary embodiments of the present invention
provide a liquid crystal display such that display character-
istics due to parallax are not deteriorated and the display has
a wide viewing angle. A manufacturing method thereof is
also provided.

[0007] An exemplary embodiment of the present inven-
tion provides a liquid crystal display. A backlight unit
includes a light source. A display panel includes a liquid
crystal layer disposed in a microcavity. A color filter is
configured to change a wavelength of light supplied from the
light source to display a color. A lower polarizer is located
between the liquid crystal layer and the backlight unit. An
upper polarizer is located between the liquid crystal layer
and the color filter.

[0008] The display panel may include an upper panel and
alower panel. The lower panel may include the liquid crystal
layer and the lower polarizer. The upper panel may include
the color filter.

[0009] The upper polarizer may be included in the upper
panel or the lower panel, and the upper panel may be

Sep. 13,2018

disposed above the upper polarizer and the lower panel may
be disposed below the upper polarizer.

[0010] The upper and lower polarizers may include a
polarization element configured to generate polarization and
a tri-acetyl-cellulose (TAC) layer for ensuring durability.
[0011] The microcavity may be shaped by a support layer.
An alignment layer may be formed on the support layer. The
liquid crystal layer may be aligned by the alignment layer.
[0012] A common electrode and a patterned insulating
layer may be over the support layer, and a liquid crystal
injection hole may be formed on the patterned insulating
layer, the common electrode, and the support layer.

[0013] The color filter may include quantum dot particles
configured to convert light supplied from the light source.
[0014] The light source may be a blue light source.
[0015] A color filter may be a transparent color filter for
displaying the color blue, and the transparent color filter may
include scattering particles.

[0016] A blue light transmitting layer may be located
between the liquid crystal layer and the color filter and may
be configured to transmit only light in a blue wavelength
band.

[0017] A blue light blocking layer may be configured to
block light in a blue wavelength band and may be located at
a side of the color filter opposite the blue light transmitting
layer.

[0018] The transparent color filter may not have the blue
light blocking layer formed thereon.

[0019] The light source may be an ultraviolet rays light
source.
[0020] An ultraviolet rays transmitting layer may be

located between the liquid crystal layer and the color filter
and may be configured to transmit only ultraviolet rays.
[0021] An ultraviolet rays blocking layer may be config-
ured to block the ultraviolet rays and may be located at a side
of the color filter opposite the ultraviolet rays transmitting
layer.

[0022] The display panel may be formed by one display
panel.
[0023] The upper polarizer may include metal wirings

arranged with an interval of 100 nm or less.

[0024] An exemplary embodiment of the present inven-
tion provides a method of manufacturing a liquid crystal
display, including: forming a thin film transistor on a sub-
strate; forming a pixel electrode on the thin film transistor,
forming a sacrificial layer on the pixel electrode, forming a
support layer on the sacrificial layer, forming a microcavity
including a liquid crystal injection hole by removing the
sacrificial layer; injecting a liquid crystal material into
microcavity, forming a coating layer on the support layer so
as to cover the liquid crystal injection hole, and forming a
color filter including quantum dot particles for converting
light supplied from a light source.

[0025] The method of manufacturing a liquid crystal dis-
play may further include forming an alignment layer on an
outer wall of the microcavity before the liquid crystal
material is injected into the microcavity.

[0026] The method of manufacturing a liquid crystal dis-
play may further include forming a common electrode
between the support layer and the coating layer, in which the
liquid crystal injection hole may also be formed in the
commor electrode.

[0027] According to an exemplary embodiment of the
present invention a liquid crystal display includes a back-
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light unit, a color filter and a liquid crystal layer formed in
a microcavity located between the backlight unit and the
color filter. The color filter includes quantum dot particles
configured to refract and disperse light from the backlight
unit. A distance between the color filter and the liquid crystal
layer is sized to minimize display deterioration due to
parallax.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] FIG. 1 is an exploded perspective view of a liquid
crystal display according to an exemplary embodiment of
the present invention.

[0029] FIG. 2 is a cross-sectional view of the liquid crystal
display according to the exemplary embodiment of FIG. 1.
[0030] FIG. 3 is a cross-sectional view of a lower panel in
the liquid crystal display according to the exemplary
embodiment of FIG. 1.

[0031] FIGS. 4, 5,6, 7, 8, 9, 10, 11, 12, 13 and 14 are
diagrams illustrating in sequence a manufacturing method of
the lower panel according to the exemplary embodiment of
FIG. 3.

[0032] FIG. 15 is a cross-sectional view of an upper panel
in the liquid crystal display according to the exemplary
embodiment of FIG. 1.

[0033] FIGS. 16,17, 18 and 19 are diagrams illustrating in
sequence a manufacturing method of the upper panel
according to the exemplary embodiment of FIG. 15.
[0034] FIGS. 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30 and
31 are graphs showing characteristics of the liquid crystal
display according to exemplary embodiments of the present
invention.

[0035] FIG. 32 is an exploded perspective view of a liquid
crystal display according to an exemplary embodiment of
the present invention.

[0036] FIG. 33 is a cross-sectional view of the liquid
crystal display according to the exemplary embodiment of
FIG. 32.

[0037] FIG. 34 is an exploded perspective view of a liquid
crystal display according to an exemplary embodiment of
the present invention.

[0038] FIG. 35 is a cross-sectional view of the liquid
crystal display according to the exemplary embodiment of
FIG. 34.

DETAILED DESCRIPTION

[0039] The present invention will be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the invention are shown.
As those skilled in the art would realize, the described
embodiments may be modified in various different ways, all
without departing from the spirit or scope of the present
invention.

[0040] In the drawings, the thickness of layers, films,
panels, regions, etc., may be exaggerated for clarity. Like
reference numerals designate like elements throughout the
specification. It will be understood that when an element
such as a layer, film, region, or substrate is referred to as
being “on” another element, it can be directly on the other
element or intervening elements may also be present.
[0041] Hereinafter, a liquid crystal display according to an
exemplary embodiment of the present invention will be
described in detail with reference to FIGS. 1 and 2.
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[0042] FIG. 1 is an exploded perspective view of a liquid
crystal display according to an exemplary embodiment of
the present invention and FIG. 2 is a cross-sectional view of
the liquid crystal display according to the exemplary
embodiment of FIG. 1.

[0043] As shown in FIG. 1, the liquid crystal display
according to the exemplary embodiment of the present
invention includes a lower panel 100, an upper panel 200,
and a backlight unit 500.

[0044] The backlight unit 500 includes a blue light source
510 and a light guide plate 520. The lower panel 100
disposed thereon includes a lower polarizer 11, a lower
substrate 110, a wiring layer 111, a liquid crystal layer 3
formed in a microcavity, an upper insulating layer 310, and
an upper polarizer 21. The upper panel 200 disposed thereon
includes an upper substrate 210, a blue light blocking layer
231, a color filter 230, and a blue light transmitting layer
232.

[0045] First, the lower panel 100 will be described with
reference to FIGS. 1, 2 and 3.

[0046] FIG. 3 is a cross-sectional view of a lower panel in
the liquid crystal display according to the exemplary
embodiment of FIG. 1.

[0047] Referring to FIGS. 1 to 3, a wiring layer 111
including a thin film transistor (not shown) and the like is
formed on a substrate 110 made of transparent glass, plastic,
or the like. The wiring layer 111 includes a gate line 121, a
storage voltage line 131, a gate insulating layer 140, a data
line (not shown), a passivation layer (not shown) and a pixel
electrode 190, and the thin film transistor is connected to the
gate line 121 and the data line. Structures of the pixel
electrode 190, the gate line 121, and the data line formed on
the wiring layer 111 may vary according to an exemplary
embodiment.

[0048] The gate line 121 and the storage voltage line 131
are disposed below the gate insulating layer 140 and are
electrically separated from each other. The data line crosses
the gate line 121 and the storage voltage line 131 and is
insulated therefrom. The gate electrode on the gate line 121
and the source electrode on the data line provide a control
terminal and an input terminal of the thin film transistor,
respectively. Further, an output terminal (drain electrode) of
the thin film transistor is connected with the pixel electrode
190, and the pixel electrode 190 is insulated from the gate
line 121, the storage voltage line 131 and the data line.

[0049] A support layer 311 is disposed on the pixel elec-
trode 190 and the passivation layer. The support layer 311
serves to support itself so that an inner portion of the support
layer 311, that is, an upper space, hereinafter referred to as
a microcavity (see microcavity 305 of FIG. 11) of the pixel
electrode 190 and the passivation layer may be formed. A
cross section of the support layer 311 according to the
exemplary embodiment may have a trapezoid shape, and
have a liquid crystal injection hole 335 (seen in FIG. 14) on
one side thereof in order to inject a liquid crystal into the
microcavity 305. The support layer 311 may include an
inorganic insulating material such as silicon nitride (SiNx)
and the like.

[0050] Further, to arrange liquid crystal molecules
injected in the microcavity 305, an alignment layer 12 is
formed at the inside of the support layer 311, that is, at the
upper portion of the pixel electrode 190 and the passivation
layer. The alignment layer 12 made of at least one of
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generally used materials such as polyamic acid, polysilox-
ane, or polyimide, or the like, as a liquid crystal alignment
layer may be formed.

[0051] The liquid crystal layer 3 is formed under the
alignment layer 12 of the microcavity 305, and the liquid
crystal molecules 31 are initially aligned by the alignment
layer 12. A thickness of the liquid crystal layer 3 may be
about 5 to 6 pm.

[0052] A light blocking member 220 is formed between
the adjacent support layers 311. The light blocking member
220 includes a material which does not transmit light and has
an opening, and the opening that corresponds with the
microcavity 305.

[0053] A common electrode 270 is formed on the support
layer 311 and the light blocking member 220. The common
electrode 270 and the pixel electrode 190 are made of a
transparent conductive material such as ITO or 1Z0 and
serve to control an alignment direction of the liquid crystal
molecules 31 by generating an electric field.

[0054] A flattening layer 312 is formed on the common
electrode 270. The flattening layer 312, as a layer for
removing a step generated on the common electrode 270 due
to the light blocking member 220, may include an organic
material. The flattening layer 312 may alternatively be
disposed below the common electrode 270 or may be
omitted.

[0055] A patterned insulating layer 313 is formed on the
flattening layer 312. The patterned insulating layer 313 may
include an inorganic insulating material such as silicon
nitride (SiNx). The flattening layer 312 and the patterned
insulating layer 313 are patterned together with the support
layer 311 and combined to form upper insulating layer 310
and provide a liquid crystal injection hole 335. In an
alternative exemplary embodiment the patterned insulating
layer 313 may be omitted.

[0056] InFIG. 1, the support layer 311, the flattening layer
312, and the patterned insulating layer 313 are shown as one
upper insulating layer 310. As shown in FIG. 2, the common
electrode 270 is disposed between the support layer 311 and
the flattening layer 312. However, as long as the common
electrode 270 is an upper portion of the support layer 311,
the common electrode 270 may also be disposed above the
flattening layer 312 or the patterned insulating layer 313.

[0057] An upper polarizer 21 is disposed above the pat-
terned insulating layer 313. The upper polarizer 21 may be
thinly formed and may have a thickness of 150 to 200 pm.
The upper polarizer 21 includes a polarization element
generating polarization and a tri-acetyl-cellulose (TAC)
layer for ensuring durability.

[0058] A lower polarizer 11 is attached to the rear surface
of the substrate 110. The lower polarizer 11 may not be
thinly formed and includes a polarization element generating
polarization and a tri-acetyl-cellulose (TAG) layer for ensur-
ing durability. However, the lower polarizer 11 may be
formed between the substrate 110 and the wiring layer 111
and may also be formed at other positions.

[0059] Hereinafter, a manufacturing method of the lower
panel 100 will be described in detail with reference to FIGS.
4 to 14.

[0060] FIGS. 4 to 14 are diagrams illustrating in sequence
a manufacturing method of the lower panel according to the
exemplary embodiment of FIG. 3.
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[0061] First, as shown in FIG. 4, the wiring layer 111
shown in FIG. 1, including a thin film transistor and the like,
is formed on a lower substrate 110.

[0062] The lower substrate is made of transparent glass,
plastic, or the like, the gate line 121, the storage voltage line
131, the gate insulating layer 140, the data line (not shown),
the passivation layer (not shown), and the pixel electrode
190 are formed on the wiring layer 111, and the thin film
transistor is connected to the gate line 121 and the data line.
[0063] In FIG. 4, it is simply described that the wiring
layer 111 is formed on the lower substrate 110, but actually,
a plurality of processes are included.

[0064] For example, the plurality of processes are as
follows.
[0065] On the lower substrate 110, the gate line 121 and

the storage voltage line 131 are formed and thereafter, the
gate insulating layer 140 covering the lower substrate 110,
the gate line 121, and the storage voltage line 131 are
formed.

[0066] On the gate insulating layer 140, the data line is
formed in a direction crossing the gate line 121 and the
storage voltage line 131, and a drain electrode, which is an
output terminal of the thin film transistor, is also formed.
Thereafter, a passivation layer covering the data line and the
drain electrode is formed and a contact hole which exposes
a part of the drain electrode is formed in the passivation
layer.

[0067] The pixel electrode 190 is formed on the passiva-
tion layer and is electrically connected with the drain
electrode through the contact hole of the passivation layer.
[0068] In FIG. 4, as described above, structures of the
pixel electrode 190, the gate line 121, and the data line may
be varied according to an exemplary embodiment.

[0069] Thereafter, referring to FIG. 5, a sacrificial layer
300 is formed in a region where the microcavity is to be
formed. The sacrificial layer may be made of a photoresist
material and be formed by being etched in accordance with
the position, the size, and the shape of the microcavity to be
formed. Since the microcavity is positioned where the liquid
crystal layer 3 is to be formed, the microcavity corresponds
to the pixel area.

[0070] Thereafter, referring to FIG. 6, the support layer
311, which covers the sacrificial layer 300 and the exposed
wiring layer 111, is formed. The support layer 311 may be
made of an inorganic insulating material such as silicon
nitride (SiNx) and may be formed to have a thickness of
about 2000 A. Further, the support layer 311 is formed so as
to cover the entire sacrificial layer 300 along the surface of
the sacrificial layer 300. As shown in FIG. 6, a cross section
of the sacrificial layer 300 and the support layer 311 may
form a trapezoid.

[0071] Next, as shown in FIG. 7, the light blocking
member 220 is formed between the adjacent vertical por-
tions of the support layers 311. The light blocking member
220 may be of a material which does not transmit light and
has an opening. The opening of the light blocking member
220 corresponds to the sacrificial layer 300 or the micro-
cavity 305.

[0072] Thereafter, as shown in FIG. 8, the common elec-
trode 270 covering the support layer 311 and the light
blocking member 220 is formed. The common electrode 270
is made of a transparent conductive material such as 1TO or
170 much like the pixel electrode 190 and serves to control
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an alignment direction of the liquid crystal molecules 31 by
generating an electric field together with the pixel electrode
190.

[0073] Next, as shown in FIG. 9, a lower flattening layer
312 is formed. The lower flattening layer 312, serves as a
layer for removing a step generated on the common elec-
trode 270 due to the light blocking member 220, and may be
of an organic material.

[0074] Thereafter, as shown in FIG. 10, a patterned insu-
lating layer 313 is formed on the lower flattening layer 312.
The patterned insulating layer 313 forms a liquid crystal
injection hole (see 335 of FIG. 14) by patterning a silicon
nitride (SiNx) layer laminated together with the lower
flattening layer 312 and the support layer 311 after depos-
iting an inorganic insulating material such as silicon nitride
(SiNx) and the like at about 2000 A.

[0075] Next, as shown in FIG. 11, a microcavity 305
supported by the support layer 311 is formed by supplying
an etchant through the liquid crystal injection hole to remove
the sacrificial layer 300 disposed in the support layer 311.
The process described above may be performed through a
wet etching method in which the lower panel 100 manufac-
tured in FIGS. 1 to 10 is soaked in an etchant such as a
photoresist (PR) stripper for a predetermined time.

[0076] Thereafter, as shown in FIG. 12, an alignment layer
12 is formed in the microcavity 305. In a method of forming
the alignment layer 12 in the microcavity 305, when a liquid
aligning agent is fully filled in the microcavity 305 through
the liquid crystal injection hole by an Inkjet or spin coating
method and then cured at a temperature of about 210 degrees
for about 1 hour, a solvent included in the aligning agent is
volatilized and only polyimide (PI) is cured on the inner
surface of the support layer 311 to form the alignment layer
12. The rest of the aligning agent is discharged and removed
through the liquid crystal injection hole.

[0077] Next, as shown in FIG. 13, the liquid crystal layer
3 is filled in the microcavity 305 utilizing the alignment
layer 12 as a wall. In a method of filling the liquid crystal
layer 3 in the microcavity 305, liquid crystal material is
supplied by a spin coating or inkjet method and the liquid
crystal material is injected into the microcavity 305 by
surface energy of silicon nitride (SiNx) constituting the
support layer 311 and the patterned insulating layer 313 and
interaction of a capillary force generated in the liquid crystal
injection hole. The injected liquid crystal molecules 31 are
aligned in a predetermined direction by the alignment layer
12. The thickness of the injected liquid crystal layer 3 may
be formed to be about 5 to 6 pm.

[0078] Thereafter, as shown in FIG. 14, to block the liquid
crystal injection hole 335 from the outside, a coating layer
340 is formed on the lower panel 100 through ultraviolet slit
coating. The coating layer 340 is formed by a method of
irradiating ultraviolet rays while slit-coating a transparent
organic material and as a result, the liquid crystal injection
hole 335 is blocked. The coating layer 340 shown in FIG. 14
may not be needed if a separate structure is formed which
blocks the liquid crystal injection hole 335 from the outside.

[0079] Next, referring back to FIG. 3, the upper polarizer
21 is formed above the coating layer 340. The upper
polarizer 21 may be thinly formed and have a thickness of
100 to 200 pm. The upper polarizer 21 includes a polariza-
tion element generating polarization and a tri-acetyl-cellu-
lose (TAC) layer for ensuring durability.
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[0080] Further, as shown in FIG. 1, the lower polarizer 11
is attached to the rear surface of the substrate 110. The lower
polarizer 11 may include a polarization element generating
polarization and a tri-acetyl-cellulose (TAG) layer for ensur-
ing durability.

[0081] Thelower panel 100 is completed by the method as
described above. Since all of the liquid crystal layer 3, the
common electrode 270, the alignment layer 12, the pixel
electrode 190, the lower polarizer 11, and the upper polarizer
21 are included in the completed lower panel 100, all basic
operations as the liquid crystal display can be performed by
the lower panel 100. However, since the lower panel 100
does not include a color filter 230 capable of displaying a
color, the color cannot be displayed and thus hereinafter, the
lower panel 100 is also referred to as a black and white liquid
crystal display panel.

[0082] Theupper panel 200 having the color filter 230 will
now be described in detail with reference to FIGS. 1, 2, and
15.

[0083] FIG. 15 is a cross-sectional view of an upper panel
in the liquid crystal display according to the exemplary
embodiment of FIG. 1.

[0084] An upper panel 200 is disposed on the upper
polarizer 21.
[0085] Referring to FIGS. 1 and 2, in the upper panel 200,

the blue light blocking layer 231 is formed below the upper
substrate 210 made of transparent glass, plastic, or the like.
The blue light blocking layer 231 is not formed only in a
pixel area displaying blue because an opening 231-1 is
included and is formed in pixel areas displaying red and
green. The blue light blocking layer 231 may be formed by
alternately laminating at least two layers having different
refractive indexes, such that wavelengths other than a blue
wavelength band are transmitted while the blue wavelength
band being blocked. The blocked blue wavelength is
reflected and thus a light recycle may also be performed.
Since the blue light blocking layer 231 serves to block light
emitted from a blue light source, such as blue light source
510 of FIG. 1, from being directly emitted outside, the blue
light blocking layer 231 is not formed only in the pixel area
displaying blue and is formed in pixel areas displaying red
and green.

[0086] In the exemplary embodiment of the present inven-
tion, since blue light is used as a light source, the opening
231-1is formed in the pixel area displaying blue. However,
a red or green light source may be used according to an
exemplary embodiment, and in this case, the opening is
formed in the pixel area displaying the corresponding color.

[0087] An upper light blocking member 221 is formed
below the upper substrate 210 and below the blue light
blocking layer 231. The upper light blocking member 221
also has an opening, and a color filter corresponding to a
color displayed in the corresponding pixel is formed.

[0088] First, a red color filter 230R is formed in a red
pixel, a green color filter 230G is formed in a green pixel,
and a transparent color filter 2307 is formed in a blue pixel.
The reason for using the transparent color filter 2307 in the
blue pixel is because a blue light source is used as the light
source 510 of the backlight 500 in the exemplary embodi-
ments of FIGS. 1 and 2.

[0089] The red color filter 230R may include red quantum
dot (QD) particles 230RQD, and converts light having a
wavelength supplied by the blue light source 510 into red.
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[0090] Further, the green color filter 230G may include
green quantum dot (QD) particles 230GQD and converts
light having a wavelength supplied by the blue light source
510 into green.

[0091] In addition, the transparent color filter 230T
includes scattering particles 235 which do not convert a
wavelength of light having a wavelength supplied by the
blue light source 510 but merely changes the direction of
light. The scattering particles 235 may be particles such as
Ti0O2 and the like, and the sizes thereof may correspond with
the sizes of the red quantum dot (QD) particles 230RQD or
the green quantum dot (QD) particles 230GQD.

[0092] In the exemplary embodiment of the present inven-
tion, since light supplied by the light source 510 of the
backlight is scattered in the red quantum dot (QD) particles
230RQD, the green quantum dot (QD) particles 230GQD,
and the scattering particles 235 and then emitted outside to
display an image, the direction of light emitted outside is
wide and grays of the light are not changed according to
position, such that the light may have a wide viewing angle.
[0093] In the color filter 230, pixels having the same color
may be disposed in a column direction elongated along a
column of the pixel electrode 190 shown in FIG. 2, and are
not limited to three primary colors of red, green, and blue
according to an exemplary embodiment and may also dis-
play one of cyan, magenta, yellow, and white based colors.
[0094] As seen in FIG. 2, an upper flattening layer 250 is
formed below the upper light blocking member 221, the red
color filter 230R, the green color filter 230G, and the
transparent color filter 230T. The upper flattening layer 250
may be made of an organic material and may also be omitted
in an exemplary embodiment.

[0095] A blue light transmitting layer 232 is formed below
the upper flattening layer 250 and formed even in the pixel
displaying blue unlike the Hue light blocking layer 231. That
is, the blue light transmitting layer 232 is formed in the
entire area of the upper panel 200. The blue light transmit-
ting layer 232 may be formed by alternately laminating at
least two lavers having different refractive indexes, and
transmits only the blue wavelength band and blocks other
wavelength bands. The light of the blocked wavelength band
is reflected and thus a light recycle may be performed. The
blue light transmitting layer 232 transmits blue light inputted
from the blue light source 510 as it is, and is formed such
that other unnecessary wavelengths are blocked.

[0096] The lower panel 100 is disposed below the blue
light transmitting layer 232, and the upper polarizer 21 and
the blue light transmitting layer 232 of the upper panel 100
are attached to each other. They may be directly attached to
each other or may be adhered to each other through a
separate adhesive.

[0097] A manufacturing method of the upper panel 200
will now be described with reference to FIGS. 16 to 19.
[0098] FIGS. 16 to 19 are diagrams illustrating a manu-
facturing method of the upper panel according to the exem-
plary embodiment of FIG. 15 in sequence.

[0099] As shown in FIG. 16, the blue light blocking layer
231 is formed on the upper substrate 210 made of transpar-
ent glass, plastic, or the like. The blue light blocking layer
231 has an opening 231-1 and the opening 231-1 is formed
only in a pixel area displaying blue. That is, the blue light
blocking layer 231 is formed in pixel areas displaying red
and green. The blue light blocking layer 231 may be a film
formed by alternately laminating at least two layers having
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different refractive indexes, and is attached on the lower
surface of the upper substrate 210 to be formed. The blue
light blocking layer 231 transmits wavelengths other than
for the blue wavelength band and blocks the blue wave-
length band. The blocked blue wavelength is reflected to
perform a light recycle.

[0100] Thereafter, as shown in FIG. 17, the respective
color filters 230 are formed to be below the upper substrate
210 exposed by the blue light blocking layer 231 and the
opening 231-1. The manufacturing process of the color filter
230 forms three separate color filters.

[0101] First, a method of forming the red color filter 230R
in a red pixel will be described.

[0102] The red color filter 230R is formed by laminating
a material including a plurality of red quantum dot (QD)
particles 230RQD which change blue light to red light in a
transparent organic material or a transparent photoresist and
leaving the material only in the red pixel area to perform
patterning.

[0103] Thereafter, the green color filter 230G is formed by
laminating a material including a plurality of green quantum
dot (QD) particles 230GQD which change blue light to
green light in the transparent organic material or the trans-
parent photoresist and leave the material only in the green
pixel area to perform patterning.

[0104] Next, the transparent color filter 230T is formed by
laminating a material including the scattering particles 235
which disperse incident light in the transparent organic
material or the transparent photoresist and leave the material
only in the blue pixel area to perform patterning. The
scattering particles 235 are sufficient so long as the scatter-
ing particles 235 are particles dispersing the light, and, as an
example, TiO2 particles are included.

[0105] Thereafter, as shown in FIG. 18, the upper light
blocking member 221 is formed between the adjacent color
filters 230. The upper light blocking member 221 has an
opening and the color filters 230 are disposed at the respec-
tive openings. The upper light blocking member 221
includes a material which does not transmit light. As shown
in FIG. 18, the upper flattening layer 250 is formed on the
upper light blocking member 221, the red color filter 230R,
the green color filter 230G, and the transparent color filter
230T. The upper flattening layer 250 may be made of an
organic material.

[0106] Next, as shown in FIG. 19, the blue light transmit-
ting layer 232 is formed on the upper flattening layer 250.
The blue light transmitting layer 232 may also be a film
formed by alternately laminating at least two layers having
different refractive indexes. The blue light transmitting layer
232 is formed even in the pixel displaying blue, unlike the
blue light blocking layer 231, to be attached to the entire area
of the upper panel 200. The blue light transmitting layer 232
transmits only the blue wavelength band and blocks other
wavelength bands. The light of the blocked wavelength band
is reflected to perform a light recycle. The blue light trans-
mitting layer 232 may also have a hermetic sealing charac-
teristic.

[0107] Thereafter, as shown in F1G. 2, the lower panel 100
is attached below the blue light transmitting layer 232. The
upper polarizer 21 of the lower panel 100 and the blue light
transmitting layer 232 of the upper panel 200 may be
directly attached to each other or may also be adhered to
each other through a separate adhesive.
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[0108] Referring back to FIG. 1, the backlight unit 500 is
disposed below the lower polarizer 11, and the backlight unit
includes the blue light source 510 and the light guide plate
520. A plurality of optical films (not shown) may be formed
above the light guide plate 520 and below the lower polar-
izer 11.

[0109] Further, in the exemplary embodiment of FIG. 11,
the blue light source 510 is disposed at one side of the light
guide plate 520, but may be disposed below the lower
surface of the light guide plate 520.

[0110] As described above, according to the liquid crystal
display, a black and white liquid crystal panel formed on the
lower panel 100 has a relatively thin thickness as compared
with a typical black and white liquid crystal panel. In the
case of the typical liquid crystal panel, the upper polarizer 21
is included as it is, and a transparent substrate such as glass
is included to further have a thickness as thick as the
thickness of the substrate. As a result, in the liquid crystal
display according to the exemplary embodiment of the
present invention, a distance between the color filter 230 of
the upper panel 200 and the liquid crystal layer 3 of the
lower panel 100 is small as compared with the typical liquid
crystal display, such that the likelihood of a display dete-
rioration due to parallax is low.

[0111] Further, the liquid crystal display according to the
exemplary embodiment of the present invention has a wide
viewing angle characteristic because the direction of the
light is wider by using the quantum dot (QD) color filter 230.
[0112] As described above, display characteristics accord-
ing to the exemplary embodiment of the present invention
will be described with reference to FIGS. 20 to 33.

[0113] FIGS. 20 to 31 are graphs showing characteristics
of the liquid crystal display according to an exemplary
embodiment of the present invention.

[0114] First, a viewing angle characteristic of the liquid
crystal display according to an exemplary embodiment of
the present invention will be described with reference to
FIGS. 20 and 21.

[0115] FIG. 20 shows a wavelength spectrum of blue light
and a spectrum of light with a changed wavelength by
passing through the red color filter 230R and the green color
filter 230G respectively, and FIG. 21 shows a viewing angle
characteristic of blue light emitted from the backlight and a
viewing angle characteristic of light passing through the red
color filter 230R and the green color filler 230G respectively.
[0116] First, as shown in FIG. 20, light emitted from the
blue light source 510 of the backlight unit 500 has a
normalized intensity value based on a wavelength of 450
nm. Further, light passing through the red color filter 230R
and the green color filter 230G has an adjacent normalized
intensity value based on a wavelength of 630 nm and an
adjacent normalized intensity value based on a wavelength
of 530 nm, respectively. Since each normalized intensity
value is a wavelength value representing blue, red, or green,
in the liquid crystal display according to the exemplary
embodiment of the present invention, the colors are dis-
played based on the corresponding wavelength.

[0117] Further, the liquid crystal display according to the
exemplary embodiment of the present invention has a wide
viewing angle because light supplied from the blue light
source 510 is refracted and dispersed on the red quantum dot
(QD) particles 230RQD, the green quantum dot (QD) par-
ticles 230GQD, and the scattering particles 235 to the
outside.
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[0118] FIG. 21 shows viewing angles of light supplied
from the blue light source 510 and light which. transmits
from the red color filter 230R and the green color filter
230G. In the light which transmits from the red color filter
230R and the green color filter 230G, while the direction of
the light is changed in the red quantum dot (QD) particles
230RQD and green quantum dot (QD) particles, the light
flowing to the side increases and as a result, as shown in FIG.
21, luminance of about 70% to maximum luminance may be
shown even at 60 degrees left and right. While light of the
blue light source 510 is also shown in FIG. 21 and the
viewing angle looks narrow, but actually, since the light
transmitting from the transparent color filter 230T is
refracted and dispersed by the scattering particles 235, the
light has a viewing angle similar to the red and green light
of FIG. 21. That is, in the typical liquid crystal display, the
direction of light supplied from the light source is not
changed, but in the case of using the color filter 230
including a phosphor as in accordance with the exemplary
embodiment of the present invention, the direction of the
light is changed due to the phosphor (quantum dot particles,
scattering particles, or the like), thereby improving the
viewing angle at the side.

[0119] Hereinafter, light characteristics of the blue light
transmitting layer 232 and the blue light blocking layer 231
will be described with reference to FIGS. 22 and 23.
[0120] First, FIG. 22 shows characteristics of the blue
light blocking layer 231. Since the blue light blocking layer
231 blocks the blue light, the blue light blocking layer 231
has a characteristic in which the blue light is not transmitted
and reflected. That is, in FIG. 22, transmission and reflection
of the blue light blocking layer 231 are shown together with
a wavelength spectrum corresponding to each color. As a
result, the blue light blocking layer 231 transmits the red and
green lights, but blocks and reflects the blue light.

[0121] Referring now to FIG. 23, a transmission charac-
teristic of the blue light transmitting layer 232 is shown. In
FIG. 23, a characteristic of transmitting adjacent light based
on 450 nm is shown. Other light of red and green wave-
lengths are blocked.

[0122] On the basis of the characteristics of FIGS. 22 and
23, each of the blue light blocking layer 231 and the blue
light transmitting layer 232 which are used in the exemplary
embodiment of the present invention blocks the blue light so
that light of the blue wavelength is not included at a place
where the red and green are displayed, and components
other than the blue light supplied from the light source are
blocked, thereby improving purity of light applied to the
color filter 230.

[0123] Hereinafter, a method of preventing a display dete-
rioration due to parallax of the light in the liquid crystal
display according to the exemplary embodiment of the
present invention will be described in detail with reference
to FIGS. 24 to 31.

[0124] First, in FIGS. 24 and 25, a characteristic of
transmitting light according to an incident angle when the
blue light is inputted to the blue light transmitting layer 232
of the upper panel 200 is shown.

[0125] InFIGS.24 and 25, in the case of the incident angle
of 0 degree, the blue light is vertically inputted to the blue
light transmitting layer 232, and in the case of the incident
angle of 80 degrees, the blue light is inputted at an angle of
80 degrees to a vertical normal to the blue light transmitting
layer 232.
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[0126] 1In FIG. 24, wavelength variation of the transmit-
ting light according to an incident angle is shown, and in
FIG. 25, transmission of the blue light according to an
incident angle is shown.

[0127] In FIG. 24, in the case of an incident angle of 0
degree, a wavelength of incident light maintains the blue
wavelength band as it is, but as the incident angle increases,
the wavelength of the incident light is relatively shorter so
as not to be transmitted in the blue light transmitting layer
232. As aresult, only light which is vertically (incident angle
of 0 degree) inputted to the blue light transmitting layer 232
is transmitted, and in the case where the incident angle is
large, light is not transmitted but reflected in the blue light
transmitting layer 232 to be used for the light recycle.
Further, in FIG. 25, in the case of the incident angle of 0
degree, 90% of light emitted from the blue light source 510
of the backlight unit 500 is transmitted, but as the incident
angle increases, the transmission of the transmitted light
decreases and the remaining light is reflected.

[0128] As described above, due to the characteristic of the
blue light transmitting layer 232, only the blue light is
transmitted and other wavelength light (light which are
obliquely inputted at a predetermined angle or more) are
reflected and thus only the same light as vertical light is
inputted to the color filter 230, such that the display dete-
rioration due to parallax does not occur. That is, the parallax
is generated when the light transmitting from the adjacent
pixel is inputted to the color filter 230 of the corresponding
pixel, and the light is obliquely inputted to the blue light
transmitting layer 232 so as not to transmit through the blue
light transmitting layer 232, thereby preventing the display
deterioration due to parallax.

[0129] Parallax will now be described in more detail with
reference to FIGS. 26 to 31.

[0130] In FIG. 26, in order to clearly describe parallax, a
circumferential layered relationship is shown. Various cases
where light passing through the liquid crystal layer 3 of the
lower panel 100 passes through the upper polarizer 21 to be
inputted to the color filter 230 are shown, and an expressed
color is changed depending on the color of the passed color
filter 230. That is, there is no problem in the case where the
light passes through the color filter 230 of the corresponding
pixel, but in the case where the light progresses to the side,
while the light passes through the adjacent color filter 230,
the display deterioration due to parallax occurs. In the
exemplary embodiment of the present invention, the display
deterioration due to parallax is somewhat prevented by the
blue light transmitting layer 232, but a value capable of
preventing the display deterioration due to parallax regard-
less of the blue light transmitting layer 232 will be calcu-
lated.

[0131] In the exemplary embodiment shown in FIG. 26, a
width of the color filter 230 represented by Wp is 105.5 pm,
awidth of the light blocking member 220 represented by Wb
is 29 um, a pixel per inch (PPI) is 63, a pixel size is 403.5
pm, and a sub pixel size is 134.5 pm.

[0132] In the exemplary embodiment shown in FIG. 26,
characteristics according to a vertical distance d between the
color filter 230 and the liquid crystal layer 3 and a diver-
gence half angle are shown in FIGS. 27 and 28.

[0133] FIG. 27 shows variation in intensity of light for a
viewing angle according to variation in the vertical distance
d between the color filter 230 and the liquid crystal layer 3.
The case where the intensity of light is 0 means that the light
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is blocked by the light blocking member 220 in the corre-
sponding viewing angle and thus the case where the inten-
sity of light becomes 0 and then increases again means that
the light progresses to the adjacent color filter 230. There-
fore, in FIG. 27, it can be seen that the case where the
intensity uniformly decreases is only the case where the
vertical distance d between the color filter 230 and the liquid
crystal layer 3 is 10 um, and as the vertical distance d
between the color filter 230 and the liquid crystal layer 3 is
smaller, the likelihood of a display deterioration due to
parallax is low.

[0134] Further, FIG. 28 shows variation in intensity of the
light for a viewing angle according to a divergence half
angle in a state where the vertical distance d between the
color filter 230 and the liquid crystal layer 3 is fixed to 200
um. Even in a graph of FIG. 28, since the case where the
intensity of light becomes 0 and then increases again means
that the light progresses to the adjacent color filter 230, when
the intensity uniformly decreases, the display deterioration
due to parallax does not occur. In FIG. 28, it is clearly shown
that the case where the display deterioration due to parallax
does not occur is only the case where the divergence half
angle is 20 degrees, and as the divergence half angle
decreases, the display deterioration due to parallax likeli-
hood is low.

[0135] Based on the above description, in FIGS. 29 and
30, occurrence frequency of the parallax according to a
divergence half angle is shown.

[0136] First, in FIG. 29, in the case where a PPI value is
63, the occurrence frequency of the display deterioration due
to parallax is measured by changing the vertical distance d
between the color filter 230 and the liquid crystal layer 3. As
shown in FIG. 29, the case where the display deterioration
due to parallax does not occur is only the case where the
vertical distance d between the color filter 230 and the liquid
crystal layer 3 is 10 pm.

[0137] Further, in FIG. 30, the occurrence frequency of the
display deterioration due to parallax is measured by fixing
the vertical distance d between the color filter 230 and the
liquid crystal layer 3 to 200 um and changing the pixels per
inch (PPI). In FIG. 30, the display deterioration due to
parallax occurs in all cases, but as the divergence half angle
decreases, the display deterioration due to parallax does not
occur regardless of the PPI value, and as the PPI value
decreases, the pixel size increases and thus the display
deterioration due to parallax occurs less.

[0138] In the exemplary embodiment of the present inven-
tion, to prevent the display deterioration due to parallax, the
vertical distance d between the color filter 230 and the liquid
crystal layer 3 becomes smaller. That is, referring to FIG. 2,
the upper polarizer 21 has the thickest thickness between the
color filter 230 and the liquid crystal layer 3 and the
thickness is 100 to 200 um, Therefore, in the exemplary
embodiment of FIG. 2 of the present invention, the vertical
distance (d as seen in FIG. 26) between the color filter 230
and the liquid crystal layer 3 is 100 to 200 pm, and in this
case, it is advantageous that the vertical distance d is reduced
sharply because the insulation substrate is not formed ther-
ebetween.

[0139] As described above, how much the parallax may be
improved by sharply reducing the vertical distance d
between the color filter 230 and the liquid crystal layer 3 is
shown in FIG. 31.
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[0140] In FIG. 31, in the case where the divergence half
angle is 80 degrees or less and the vertical distance d
between the color filter 230 and the liquid crystal layer 3 is
500 um or less and in the case where the divergence half
angle is 55 degrees or less and the vertical distance d
between the color filter 230 and the liquid crystal layer 3 is
100 pm or less, whether the display deterioration due to
parallax occurs is shown.

[0141] As shown in FIG. 31, in the case where the vertical
distance d between the color filter 230 and the liquid crystal
layer 3 is 500 pm or less, the display deterioration due to
parallax occurs several times according to a change of the
viewing angle, but in the vertical distance d between the
color filter 230 and the liquid crystal layer 3 is 100 pm or
less, the display deterioration due to parallax hardly occurs.
[0142] As shown in FIG. 31, in the exemplary embodi-
ment of the present invention, only the upper polarizer 21 is
formed as a layer having a large thickness between the color
filter 230 and the liquid crystal layer 3 and as a result, the
distance is sharply reduced and the display deterioration due
to parallax is prevented.

[0143] Hereinafter, an exemplary embodiment different
from the exemplary embodiment of FIGS. 1 and 2 will be
described with reference to FIGS. 32 to 35.

[0144] First, another exemplary embodiment will be
described with reference to FIGS. 32 to 35.

[0145] FIG. 32 is an exploded perspective view of a liquid
crystal display according to another exemplary embodiment
of the present invention and FIG. 33 is a cross-sectional
view of the liquid crystal display according to the exemplary
embodiment of FIG. 32.

[0146] The exemplary embodiment of FIG. 32 includes an
ultraviolet rays light source 510" as a light source as com-
pared with the blue light source 510 of the exemplary
embodiment of FIG. 1. As a result, polarizers 11' and 21'
have a characteristic of polarizing ultraviolet rays, and an
ultraviolet rays blocking layer 231' and an ultraviolet rays
transmitting layer 232" are included in the upper panel 200'.
Further, quantum dot particles included in a color filter 230’
change a wavelength of the ultraviolet rays to be changed
into red, green, and blue. Further, in the exemplary embodi-
ment of FIG. 32, an upper polarizer 21' is included in the
upper panel 200'.

[0147] As shown in FIG. 32, a liquid crystal display
according to another exemplary embodiment of the present
invention includes a lower panel 100", an upper panel 200',
and a backlight unit 500",

[0148] The backlight unit 500" includes an ultraviolet rays
light source 510" and a light guide plate 520. The lower panel
100" disposed thereon includes a lower polarizer 11', a lower
substrate 110, a wiring layer 111, a liquid crystal layer 3
formed in a microcavity, and an upper insulating layer 310.
Further, the upper panel 200" disposed thereon includes an
upper polarizer 21', an upper substrate 210, an ultraviolet
rays blocking layer 231', a color filter 230", and an ultraviolet
rays transmitting layer 232/,

[0149] As described above, the liquid crystal display
according to the exemplary embodiment of FIG. 32 will be
described in more detail with reference to FIG. 33.

[0150] First, the lower panel 100 will be described with
reference to FIG. 33.

[0151] A wiring layer 111 including a thin film transistor
(not shown) and the like is formed on a substrate 110 made
of transparent glass, plastic, or the like. The wiring layer 111
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includes a gate line 121, a storage voltage line 131, a gate
insulating layer 140, a data line (not shown), a passivation
layer (not shown) and a pixel electrode 190, and the thin film
transistor is connected to the gate line 121 and the data line.
Structures of the pixel electrode 190, the gate line 121, and
the data line formed on the wiring layer 111 may vary
according to an exemplary embodiment.

[0152] The gate line 121 and the storage voltage line 131
are disposed below the gate insulating layer 140 and elec-
trically separated from each other, and the data line crosses
and is insulated from the gate line 121 and the storage
voltage line 131. The gate electrode on the gate line 121 and
the source electrode on the data line provide a control
terminal and an input terminal of the thin film transistor,
respectively. Further, an output terminal (drain electrode) of
the thin film transistor is connected with the pixel electrode
190, and the pixel electrode 190 is insulated from the gate
line 121, the storage voltage line 131 and the data line.
[0153] A support layer 311 is disposed on the pixel elec-
trode 190 and the passivation layer. The support layer 311
serves to support itself so that an inner portion of the support
layer 311, that is, an upper space (hereinafter, referred to as
a microcavity (see 305 of FIG. 11)) of the pixel electrode
190 and the passivation layer may be formed. A cross section
of the support layer 311 according to the exemplary embodi-
ment may have a trapezoid shape, and have a liquid crystal
injection hole on one side thereof in order to inject a liquid
crystal in the microcavity 305. The support layer 311 may
include an inorganic insulating material such as silicon
nitride (SiNx) and the like.

[0154] Further, in order to arrange liquid crystal molecules
injected in the microcavity 305, an alignment layer 12 is
formed at the inside of the support layer 311, that is, at the
upper portion of the pixel electrode 190 and the passivation
layer. The alignment layer 12 made of at least one of
generally used materials such as polyamic acid, polysilox-
ane, or polyimide, or the like as a liquid crystal alignment
layer may be formed.

[0155] The liquid crystal layer 3 is formed under the
alignment layer 12 of the microcavity 305, and the liquid
crystal molecules 31 are initially aligned by the alignment
layer 12. A thickness of the liquid crystal layer 3 may be
about 5 to 6 pm.

[0156] A light blocking member (BM) 220 is formed
between the adjacent support layers 311. The light blocking
member 220 includes a material which does not transmit
light and has an opening, and the opening may correspond
to the microcavity 305.

[0157] A common electrode 270 is formed on the support
layer 311 and the light blocking member 220. The common
electrode 270 and the pixel electrode 190 are made of a
transparent conductive material such as ITO or 1ZO and
serve to control an alignment direction of the liquid crystal
molecules 31 by generating an electric field.

[0158] A flattening layer 312 is formed on the common
electrode 270. The flattening layer 312, as a layer for
removing a step generated on the common electrode 270 due
to the light blocking member 220, may include an organic
material.

[0159] A patterned insulating layer 313 is formed on the
flattening layer 312. The patterned insulating layer 313 may
include an inorganic insulating material such as silicon
nitride (SiNx). The flattening layer 312 and the patterned
insulating layer 313 are patterned together with the support
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layer 311 to form a liquid crystal injection hole 335. The
patterned insulating layer 313 may be omitted according to
an exemplary embodiment. In FIG. 32, the support layer
311, the flattening layer 312, and the patterned insulating
layer 313 are shown as one upper insulating layer 310.

[0160] The lower polarizer 11' is attached to the rear
surface of the substrate 110. The lower polarizer 11' trans-
mits only one polarization direction of the ultraviolet rays.
Further, the lower polarizer 11' may not be thinly formed and
includes a polarization element generating polarization and
a Tri-acetyl-cellulose (TAC) layer for ensuring durability.

[0161] The upper panel 200" will now be described.

[0162] The upper panel 200' is disposed on the patterned
insulating layer 313.

[0163] Referring to FIGS. 32 and 33, in the upper panel
200, the ultraviolet rays blocking layer 231' is formed below
the upper substrate 210 made of transparent glass, plastic, or
the like

[0164] The ultraviolet rays blocking layer 231' is formed
on all pixel areas displaying blue, red, and green. The
ultraviolet rays blocking layer 231' may be formed by
alternately laminating at least two layers having different
refractive indexes, and wavelengths except for an ultraviolet
wavelength band are transmitted and the ultraviolet wave-
length band is blocked. The blocked ultraviolet rays are
reflected and thus a light recycle may also be performed. The
ultraviolet rays blocking layer 231" serves to block light
emitted from an ultraviolet rays light source 510" from being
directly emitted outside.

[0165] An upper light blocking member 221 is formed
below the upper substrate 210 and the ultraviolet rays
blocking layer 231'. The upper light blocking member 221
also has an opening, and a color filter 230" corresponding to
a color displayed in the corresponding pixel is formed.

[0166] First, a red color filter 230R' is formed in a red
pixel, a green color filter 230G" is formed in a green pixel,
and a blue color filter 230B' is formed in a blue pixel.

[0167] The red color filter 230R' may include red quantum
dot (QD) particles 230RQD' and converts light having a
wavelength supplied in the ultraviolet rays light source 510’
into red.

[0168] Further, the green color filter 230G" may include
green quantum dot (QD) particles 230GQD' and converts
light having a wavelength supplied in the ultraviolet rays
light source 510" into green.

[0169] In addition, the blue color filter 230B' may include
blue quantum dot (QD) particles 230BQD' and converts
light having a wavelength supplied in the ultraviolet rays
light source 510" into blue.

[0170] Inthe exemplary embodiment of the present inven-
tion, since the light supplied in the ultraviolet rays light
source 510' of the backlight is converted into red, green, and
blue light in the red quantum dot (QD) particles 230RQD),
the green quantum dot (QD) particles 230GQD' and the blue
quantum dot (QD) particles 230BQD", respectively, and then
emitted outside to display an image, the direction of the light
emitted outside is wide and grays of the light are not
changed according to a viewing position, such that the light
may have a wide viewing angle.

[0171] An upper flattening layer 250 is formed below the
upper light blocking member 221, the red color filter 230R/,
the green color filter 230G', and the blue color filter 230B'.
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The upper flattening layer 250 may be made of an organic
material and may also be omitted according to an exemplary
embodiment.

[0172] The ultraviolet rays transmitting layer 232' is
formed below the upper flattening layer 250 and formed in
all the pixel areas like the ultraviolet rays blocking layer
231'. The ultraviolet rays transmitting layer 232' may also be
formed by alternately laminating at least two layers having
different refractive indexes, and transmits only the ultravio-
let wavelength band and blocks other wavelength bands. The
light of the blocked wavelength hands is reflected and thus
a light recycle may be performed.

[0173] The upper polarizer 21' is disposed below the
ultraviolet rays transmitting layer 232'. The upper polarizer
21" transmits only one polarization direction of the ultravio-
let rays. Further, the upper polarizer 21' may be thinly
formed and have a thickness of 150 to 200 pm. The upper
polarizer 21' includes a polarization element generating
polarization and a Tri-acetyl-cellulose (TAC) layer for
ensuring durability.

[0174] The lower panel 100' is disposed below the upper
polarizer 21' and the patterned insulating layer 313 which is
the uppermost layer of the lower panel 100" and the upper
polarizer 21' may be directly attached to each other or may
also be adhered to each other through a separate adhesive.
[0175] When comparing the exemplary embodiments of
FIGS. 1 and 32, the upper polarizers 21, 21' may include the
upper panel or the lower panel, the upper panel may be
disposed above the upper polarizers 21, 21', and the lower
panel may be disposed below the upper polarizers 21 and
21"

[0176] Referring back to FIG. 32, the backlight unit 500’
is disposed below the lower polarizer 11, and the backlight
unit includes the ultraviolet rays light source 510' and the
light guide plate 520. A plurality of optical films (not shown)
may be formed above the light guide plate 520 and below the
lower polarizer 11.

[0177] As described above, in the liquid crystal display,
the substrate is not additionally included and thus the
thickness is thin. As a result, in the liquid crystal display
according to the exemplary embodiment of the present
invention, a distance between the color filter 230" of the
upper panel 200 and the liquid crystal layer 3 of the lower
panel 100 is small as compared with the typical liquid crystal
display, such that a the likelihood of display deterioration
due to parallax is low.

[0178] Further, the liquid crystal display according to the
exemplary embodiment of the present invention has a wide
viewing angle characteristic because the direction of the
light is wider by using the quantum dot (QD) color filter
230"

[0179] Hereinafter, yet another exemplary embodiment
will be described with reference to FIGS. 34 and 35.
[0180] FIG. 34 is an exploded perspective view of a liquid
crystal display according to yet another exemplary embodi-
ment of the present invention and FIG. 35 is a cross-
sectional view of the liquid crystal display according to the
exemplary embodiment of FIG. 34.

[0181] The exemplary embodiment of FIGS. 34 and 35
includes an ultraviolet rays light source 510" as a light source
unlike the exemplary embodiment of FIG. 1. A lower
polarizer 11' has a characteristic of polarizing ultraviolet
rays, and an upper polarizer 21-1 has a characteristic of
polarizing light because a metal wirings 21-2 such as
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aluminum and the like are disposed with an interval of 100
nm or less in order to reduce the thickness. In the exemplary
embodiment of FIGS. 34 and 35, since the upper polarizer
21 is not formed, but the polarizer including the metal
wirings is used, the thickness of the polarizer may be
decreased to about 5 to 10 pum, thereby largely reducing the
parallax likelihood.

[0182] Further, an ultraviolet rays blocking layer 231" is
included in the upper panel 200. Further, quantum dot
particles included in a color filter 230' change a wavelength
of the ultraviolet rays to be changed into red, green, and
blue. Further, in the exemplary embodiment of FIGS. 34 and
35, all layers are laminated on one substrate to be configured
as one display panel.

[0183] As shown in FIGS. 34 and 35, a liquid crystal
display according to another exemplary embodiment of the
present invention includes a display panel 100" and a
backlight unit 500'.

[0184] The backlight unit 500" includes an ultraviolet rays
light source 510" and a light guide plate 520. The display
panel 100" disposed thereon includes a lower polarizer 11,
a lower substrate 110, a liquid crystal layer 3 formed in a
microcavity, and an upper insulating layer 310, an upper
polarizer 214, a color filter 230", an ultraviolet rays blocking
layer 231'. In the exemplary embodiment of FIGS. 35 and
36, unlike the exemplary embodiment of FIG. 33, an ultra-
violet rays transmitting layer is omitted.

[0185] Integrated display panel 100" will now be
described in more detail with reference to FIG. 35.

[0186] A wiring layer 111 including a thin film transistor
(not shown) and the like is formed on a substrate 110 made
of transparent glass, plastic, or the like. The wiring layer 111
includes a gate line 121, a storage voltage line 131, a gate
insulating layer 140, a data line (not shown), a passivation
layer (not shown) and a pixel electrode 190, and the thin film
transistor is connected to the gate line 121 and the data line.
Structures of the pixel electrode 190, the gate line 121, and
the data line formed on the wiring layer 111 may vary
according to an exemplary embodiment.

[0187] The gate line 121 and the storage voltage line 131
are disposed below the gate insulating layer 140 and elec-
trically separated from each other, and the data line crosses
the gate line 121 and the storage voltage line 131 and is
insulated therefrom. The gate electrode on the gate line 121
and the source electrode on the data line configure a control
terminal and an input terminal of the thin film transistor,
respectively. Further, an output terminal (drain electrode) of
the thin film transistor is connected with the pixel electrode
190, and the pixel electrode 190 is insulated from the gate
line 121, the storage voltage line 131 and the data line.

[0188] A support layer 311 is disposed on the pixel elec-
trode 190 and the passivation layer. The support layer 311
serves to support the pixel electrode 190 and the passivation
layer so that an inner portion of the support layer 311, that
is, an upper space (hereinafter, referred to as a microcavity
(see 305 of FIG. 11)) of the pixel electrode 190 and the
passivation layer may be formed. A cross section of the
support layer 311 according to the exemplary embodiment
may have a trapezoid shape, and have a liquid crystal
injection hole on one side thereof in order to inject a liquid
crystal in the microcavity 305. The support layer 311 may
include an inorganic insulating material such as silicon
nitride (SiNx) and the like.
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[0189] Further, in order to arrange liquid crystal molecules
injected in the microcavity 305, an alignment layer 12 is
formed at the inside of the support layer 311, that is, at the
upper portion of the pixel electrode 190 and the passivation
layer. The alignment layer 12 made of at least one of
generally used materials such as polyamic acid, polysilox-
ane, or polyimide, or the like as a liquid crystal alignment
layer may be formed.

[0190] The liquid crystal layer 3 is formed under the
alignment layer 12 of the microcavity 305, and the liquid
crystal molecules 31 are initially aligned by the alignment
layer 12. A thickness of the liquid crystal layer 3 may be
about 5 to 6 pm.

[0191] A light blocking member 220 is formed between
the adjacent support layers 311. The light blocking member
220 includes a material which does not transmit light and has
an opening, and the opening may correspond to the micro-
cavity 305.

[0192] A common electrode 270 is formed on the support
layer 311 and the light blocking member 220. The common
electrode 270 and the pixel electrode 190 are made of a
transparent conductive material such as ITO or IZ0 and
serve to control an alignment direction of the liquid crystal
molecules 31 by generating an electric field.

[0193] A flattening layer 312 is formed on the common
electrode 270. The flattening layer 312, as a layer for
removing a step generated on the common electrode 270 due
to the light blocking member 220, may include an organic
material.

[0194] A patterned insulating layer 313 is formed on the
flattening layer 312. The patterned insulating layer 313 may
include an inorganic insulating material such as silicon
nitride (SiNx). The flattening layer 312 and the patterned
insulating layer 313 are patterned together with the support
layer 311 to form a liquid crystal injection hole 335. The
patterned insulating layer 313 may be omitted according to
an exemplary embodiment. In FIG. 34, the support layer
311, the flattening layer 312, and the patterned insulating
layer 313 are shown as one upper insulating layer 310.
[0195] The upper polarizer 21-1 is disposed on the pat-
terned insulating layer 313. The upper polarizer 21-1 has a
characteristic of polarizing light because a metal wirings
21-2 such as aluminum and the like are disposed with an
interval of 100 nm or less in order to reduce the thickness.
In the exemplary embodiment of FIGS. 34 and 35, since the
upper polarizer 21 is not formed, but the polarizer including
the metal wirings is used, the thickness of the polarizer may
be decreased to about 5 to 10 um, thereby largely reducing
the parallax likelihood.

[0196] An upper light blocking member 221 is formed on
the upper polarizer 21-1. The upper light blocking member
221 also has an opening, and a color filter 230" correspond-
ing to a color displayed in the corresponding pixel is formed.
[0197] First, a red color filter 230R' is formed in a red
pixel, a green color filter 230G" is formed in a green pixel,
and a blue color filter 230B' is formed in a blue pixel.
[0198] The red color filter 230R' may include red quantum
dot (QD) particles 230RQD' and converts light having a
wavelength supplied by the ultraviolet rays light source 510’
into red.

[0199] Further, the green color filter 230G" may include
green quantum dot (QD) particles 230GQD' and converts
light having a wavelength supplied by the ultraviolet rays
light source 510" into green.
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[0200] In addition, the blue color filter 230B' may include
blue quantum dot (QD) particles 230BQD' and converts
light having a wavelength supplied by the ultraviolet rays
light source 510" into blue.

[0201] In the exemplary embodiment of the present inven-
tion, since the light supplied by the ultraviolet rays light
source 510' of the backlight is converted into red, green, and
blue light in the red quantum dot (QD) particles 230RQD),
the green quantum dot (QD) particles 230GQD', and the blue
quantum dot (QD) particles 230BQD, respectively, and then
emitted outside to display an image, the direction of the light
emitted outside is wide and grays of the light are not
changed according to viewing position, such that the light
may have a wide viewing angle.

[0202] An upper flattening layer 250 is formed on the
upper light blocking member 221, the red color filter 230R/,
the green color filter 230G", and the blue color filter 230B'.
The upper flattening layer 250 may be made of an organic
material and may also be omitted according to an exemplary
embodiment.

[0203] An ultraviolet rays blocking layer 231'is formed on
the upper flattening layer 250. The ultraviolet rays blocking
layer 231" is formed on all pixel areas displaying blue, red,
and green. The ultraviolet rays blocking layer 231' may be
formed by alternately laminating at least two layers having
different refractive indexes, and wavelengths except for an
ultraviolet wavelength band are transmitted and the ultra-
violet wavelength band is blocked. The blocked ultraviolet
rays are reflected and thus a light recycle may also be
performed. The ultraviolet rays blocking layer 231" serves to
block light emitted from an ultraviolet rays light source 510'
from being directly emitted outside.

[0204] The lower polarizer 11' is attached to the rear
surface of the substrate 110. The lower polarizer 11' trans-
mits only a polarization direction of one direction of the
ultraviolet rays. Further, the lower polarizer 11' need not be
thinly formed and includes a polarization element generating
polarization and a Tri-acetyl-cellulose (TAC) layer for
ensuring durability.

[0205] Referring back to FIG. 34, the backlight unit 500’
is disposed below the lower polarizer 11 and the backlight
unit includes the ultraviolet rays light source 510" and the
light guide plate 520. A plurality of optical films (not shown)
may be formed above the light guide plate 520 and below the
lower polarizer 11.

[0206] That is, in the exemplary embodiment of FIGS. 34
and 35, the thickness of the entire liquid crystal display is
reduced by using only one substrate 110 and the upper
polarizer 21-1 disposed between the liquid crystal layer 3
and the color filter 230" is changed into the structure includ-
ing the metal wirings to largely reduce the thickness, thereby
largely reducing the parallax likelihood.

[0207] Further, the liquid crystal display according to the
exemplary embodiment of the present invention has a wide
viewing angle characteristic because the direction of the
light is wider by using the quantum dot (QD) color filter
230'.

[0208] While this invention has been described in connec-
tion with what is presently considered to be practical exem-
plary embodiments, it is to be understood that the invention
is not limited to the disclosed embodiments, but, on the
contrary, is intended to cover various modifications and
equivalent arrangements included within the spirit and scope
of the appended claims.
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What is claimed is:

1. A display device, comprising:

a first substrate and a second. substrate overlapping each
other;

a color filter disposed on the second substrate, the color
filter comprising a first color filter comprising a red
quantum dot particle, a second color filter comprising
a green quantum dot particle, and a third color filter
comprising a transparent material and scattering par-
ticles therein;

a blue light blocking layer disposed between the second
substrate and the first color filter and between the
second substrate and the second color filter; and

a blue light transmitting layer disposed between the color
filter and the first substrate,

wherein the blue light blocking layer and the third color
filter are disposed on the same surface of the second
substrate, and

wherein a light emitted from a region overlapping the first
color filter passes through the blue light transmitting
layer, the first color filter, the blue light blocking layer
and the second substrate in this order.

2. The display device of claim 1, wherein:

the blue light blocking layer does not overlap the third
color filter.

3. The display device of claim 1, wherein

the blue light transmitting layer overlaps the first color
filter, the second color filter and the third color filter.

4. The display device of claim 3, wherein:

the blue light transmitting layer transmits light in a blue
wavelength band and reflects light in the other wave-
length bands

5. The display device of claim 4, wherein:

the blue light transmitting layer comprises at least two
layers having different refractive indexes.

6. A display device, comprising:

a first substrate and a second substrate overlapping each
other;

a color filter disposed on the second substrate, the color
filter comprising a first color filter comprising a red
quantum dot particle, a second color filter comprising
a green quantum dot particle, and a third color filter
comprising a transparent material;

a blue light blocking layer disposed between the second
substrate and the first color filter and between the
second substrate and the second color filter; and

a blue light transmitting layer disposed between the color
filter and the first substrate and overlapping the first
color filter, the second color filter and the third color
filter,

wherein the blue light blocking layer and the third color
filter are disposed on the same surface of the second
substrate,

wherein the blue light transmitting layer comprises at
least two layers having different refractive indexes, and

wherein a light emitted from a region overlapping the first
color filter passes through the blue light transmitting
layer, the first color filter, the blue light blocking layer
and the second substrate in this order.

7. The display device of claim 6, wherein:

the at least two layers having different refractive indexes
are laminated alternately.
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8. The display device of claim 6, wherein:

the blue light blocking layer does not overlap the third
color filter.

9. The display device of claim 6, wherein:

the blue light transmitting layer transmits light in a blue
wavelength band and reflects light in the other wave-
length bands.

10. A display device, comprising:

a first substrate and a second substrate overlapping each
other;

a color filter disposed on the second substrate, the color
filter comprising a first color filter comprising a red
quantum dot particle, a second color filter comprising
a green quantum dot particle, and a third color filter
comprising a transparent material;

12
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a blue light blocking layer disposed between the second
substrate and the first color filter and between the
second substrate and the second color filter; and

a blue light transmitting layer disposed between the color
filter and the first substrate and overlapping the first
color filter, the second color filter and the third color
filter,

wherein the blue light blocking layer and the third color
filter are disposed on the same surface of the second
substrate facing the liquid crystal layer,

wherein a sum of thickness of the first color filter and
thickness of the blue light blocking layer is substan-
tially the same as a thickness of the third color filter,
and

wherein a sum of thickness of the second color filter and
thickness of the blue light blocking layer is substan-
tially the same as the thickness of the third color filter.

I S T T



PRI E (R FIR)A(F)
R (TR AGE)
HAT R E (TR AGE)

FRIRBAA

EHA

IPCHRS

CPCH %5

L 5ER
H b 237 32k
SAEREERE

E)

RNARRERHFESEEFETFRABSFNAECRMRELMES L) | L
HWREE  REeRNRREZANEENAPMMUIRENERTRESR

WERBILR M.

patsnap

RBERERESESE

US20180259811A1 NI (rE)E 2018-09-13
US15/978288 RiEH 2018-05-14
ZEERAERLNA

=EDISPLAY CO., LTD.

=EDISPLAY CO., LTD.

PARK JAE BYUNG
YUN SUNG SIK
KANG JONG HYUK
PARK HAE IL

CHO HYUN MIN

PARK, JAE BYUNG
YUN, SUNG SIK
KANG, JONG HYUK
PARK, HAE IL
CHO, HYUN MIN

GO02F1/1335 G02F1/1333

GO02F1/133617 GO2F1/133377 G02F1/133528 G02F2203/055 G02F2201/08 G02F2202/02 G02F2202
/36 GO2F1/133514 G02F2/02

1020120026772 2012-03-15 KR

US10429690

Espacenet USPTO

DR B 6 B 20 50 008 090

Ll H 4 L

; R v LT AN A
948700 og‘"ooo\ [ 0000, 540000 14220
G ) of [of0P0,00%00C0
) !uo%oocq%g oboaog‘,
0P 0gan 00040
60079 900 00 1°o°oooo°mc°o(,30°\i A
09 000,900 padeli/-71-)

i . %41*

i
t

93 3

oo SR

HERIRY,


https://share-analytics.zhihuiya.com/view/ea80decf-f4c3-4b28-9394-65279d0022dc
https://worldwide.espacenet.com/patent/search/family/049157305/publication/US2018259811A1?q=US2018259811A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220180259811%22.PGNR.&OS=DN/20180259811&RS=DN/20180259811

