US 20190093008A1

12y Patent Application Publication o) Pub. No.: US 2019/0093008 A1

a9y United States

SHIN et al. 43) Pub. Date: Mar. 28, 2019
(54) COLOR CONVERSION FILM, AND F21V 8/00 (2006.01)
BACKLIGHT UNIT AND DISPLAY B32B 27/08 (2006.01)
APPARATUS COMPRISING SAME B32B 27720 (2006.01)
, (52) US. CL
(71)  Applicant: LG CHEM, LTD., Seoul (KR) CPC ... CO9K 11/025 (2013.01); CO9K 11/06

(72) Inventors: Dong Mok SHIN, Dacjeon (KR); Nari
KIM, Daejeon (KR); Byeong In AHN,
Daejeon (KR); Hyun Seong KO,
Daejeon (KR); Seijung PARK, Daejeon
(KR); Hye Mi OH, Daejeon (KR)

(21) Appl. No.:  16/094,122

(22) PCT Filed:  Apr. 13, 2017

(86) PCT No.: PCT/KR2017/004003
§ 371 (e)(D),
(2) Date: Oct. 16, 2018

(30) Foreign Application Priority Data

Apr. 18,2016 (KR) ..ccoovieice 10-2016-0047070
Publication Classification

(51) Imt. ClL
COIK 11/02 (2006.01)
COIK 11/06 (2006.01)

ADHESIVE LAYER
Z

(2013.01); GO2B 6/005 (2013.01); B32B 27/08
(2013.01); B32B 2457/202 (2013.01); CO9K
2211/1018 (2013.01); CO9K 2211/1007
(2013.01); GO2B 6/0043 (2013.01); B32B
2307/422 (2013.01); B32B 27/20 (2013.01)

(57) ABSTRACT

The invention described in the present specification relates
to a color conversion film including: a color conversion
layer which includes a resin matrix, and an organic fluores-
cent substance that is dispersed in the resin matrix, and emits
light with a wavelength different from that of irradiated light
when irradiated with light comprising a wavelength of 450
nm, in which the color conversion film includes a color shift
compensation polymer, which allows a color difference
change of white light emitted to be within 0.05 when an
entire surface of the color conversion film is irradiated with
blue light having a luminance of 600 nit at 60° C. for 1,000
hours, in the color conversion layer or in an additional layer
disposed on the color conversion layer, a backlight unit
including the same, and a display device including the same.
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COLOR CONVERSION FILM, AND
BACKLIGHT UNIT AND DISPLAY
APPARATUS COMPRISING SAME

TECHNICAL FIELD

[0001] This application claims priority to and the benefit
of Korean Patent Application No. 10-2016-0047070 filed in
the Korean Intellectual Property Office on Apr. 18, 2016, the
entire contents of which are incorporated herein by refer-
ence.

[0002] The present application relates to a color conver-
sion film, and a backlight unit and a display device including
the same.

BACKGROUND ART

[0003] As large screen televisions become more common,
televisions are also becoming high-definition, slimmer and
highly functional. Since high performance and high defini-
tion OLED TVs still have problems of price competitive-
ness, markets for the high performance and high definition
OLED TVs have not yet begun in earnest. Accordingly,
efforts to similarly secure advantages of OLEDs with LCDs
have been continuously made.

[0004] As one of the efforts, many quantum dot-related
technologies and prototypes have been recently imple-
mented. However, cadmium-based quantum dots have
safety problems such as restrictions on the use, and there-
fore, interests in manufacturing backlights using quantum
dots without cadmium, which has relatively no safety issues,
have been rising.

DETAILED DESCRIPTION OF THE
INVENTION

Technical Problem

[0005] The present application has been made in an effort
to provide a color conversion film, and a backlight unit and
a display device including the same.

Technical Solution

[0006] An exemplary embodiment of the present applica-
tion a color conversion film including: a color conversion
layer; and a color shift compensation layer, in which the
color conversion layer includes a resin matrix, and an
organic fluorescent substance which is dispersed in the resin
matrix and emits light with a wavelength different from that
of irradiated light when irradiated with light including a
wavelength of 450 nm, and the color shift compensation
layer includes a color shift compensation polymer which
allows a color difference change of white light emitted to be
0.05 or less when an entire surface of the color conversion
film is irradiated with blue light having a luminance of 600
nit at 60° C. for 1,000 hours.

[0007] Here, the irradiation of the entire surface of the
color conversion film with blue light means irradiating the
entire surface of the color conversion film with blue light
emitted from a light source by converting the blue light into
a surface light source through a stack structure of a backlight
unit including a light guide plate, a light collecting film, and
a brightness enhancement film.

[0008] The blue light means light including light having a
wavelength of 450 nm. According to an Example, the blue
light may have a maximum light emission peak of 450 nm.
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[0009] According to another exemplary embodiment, the
transmittance decrease rate of the color shift compensation
polymer with respect to light having a wavelength of 450 nm
satisfies Equation [Tguso ,m(70)=T@us0 pmine (Y0)-8X
(time)], and in this case, a is a constant to adjust a white
coordinate. The transmittance decrease rate may be mea-
sured by a method of driving a backlight unit to which the
color conversion film including the color shift compensation
polymer is applied, and measuring the transmittance
decrease ratio by measuring the transmittance at 450 nm
according to the driving time.

[0010] According to an Example, when the color shift
compensation polymer is exposed to blue light, the trans-
mittance of the blue light may be defined as a yellowing
polymer which is yellowed in inverse proportion to the
exposure time.

[0011] According to still another exemplary embodiment
of the present application, the color conversion film may
further include a transparent film which is disposed on at
least one surface thereof. The transparent film is brought into
direct contact with the color conversion film, or is attached
thereto through an adhesive layer.

[0012] Yet another exemplary embodiment of the present
application provides a backlight unit including the color
conversion film.

[0013] Still yet another exemplary embodiment of the
present application provides a display device including the
backlight unit including the color conversion film.

Advantageous Effects

[0014] According to an exemplary embodiment of the
present application, brightness and color gamut are excel-
lent, a manufacturing process is simple, and manufacturing
costs are lowered by including an organic fluorescent sub-
stance in a color conversion film, as compared to the case of
applying an inorganic fluorescent substance or a quantum
dot material.

[0015] When an organic fluorescent substance included in
a color conversion film is degraded, the amount of light,
which is absorbed by the fluorescent substance in light
irradiated from a light source of a backlight unit, is
decreased, and accordingly, the spectrum of mixed light, in
which light emitted from the light source and light converted
by the color conversion film are mixed, is changed. Accord-
ing to exemplary embodiments described in the present
specification, by using a color shift compensation polymer,
which has a characteristic that light transmittance of blue
light (450 nm) is decreased according to exposure time when
receiving light irradiated from a light source of a backlight
unit, it is possible to minimize a change in spectrum of
mixed light, in which the light emitted from the light source
and light converted by the color conversion film are mixed,
even when a fluorescent substance is degraded as described
above. Therefore, even when a display is driven for a long
period of time, the service life of the display may be
prolonged by preventing color sense from being distorted as
compared to the initial phase thereby.

BRIEF DESCRIPTION OF DRAWINGS

[0016] FIGS. 1 to 4 illustrate a cross-section of a color
conversion film according to exemplary embodiments of the
present application.
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[0017] FIGS. 5 and 6 illustrate a backlight unit according
to exemplary embodiments of the present application.

[0018] FIGS. 7 and 8 illustrate a scattering pattern pro-
vided in a light guide plate of a backlight unit according to
exemplary embodiments of the present application.

[0019] FIGS. 9 and 10 illustrate a display device accord-
ing to exemplary embodiments of the present application.

[0020] FIG. 11 illustrates a light emission spectrum of a
backlight unit manufactured in an Example.

[0021] FIGS. 12 and 13 illustrate a color difference over
time in a Comparative Example and the Example, respec-
tively.

BEST MODE

[0022] A color conversion film according to an exemplary
embodiment of the present application includes a color
conversion layer which includes a resin matrix, and a an
organic fluorescent substance which is dispersed in the resin
matrix and emits light with a wavelength different from that
of irradiated light when irradiated with light including a
wavelength of 450 nm. Here, the color conversion film is
characterized by including, in the color conversion layer or
in an additional layer disposed on at least one surface of the
color conversion layer, a color shift compensation polymer
which allows a color difference change of white light
emitted to be within 0.05 when an entire surface of the color
conversion film is irradiated at 60° C. for 1,000 hours with
blue light having a luminance of 600 nit which is emitted
from a light source and converted into a surface light source
through a stack structure of a backlight unit including a light
guide plate, a light collecting film such as a prism sheet, and
a brightness enhancement film.

[0023] According to an exemplary embodiment of the
present application, the color difference change means a
color difference in a specific time (t), and may be obtained
through Equation [sqrt((Wx(t)-Wx(Initial phase))*+(Wy
(t)-Wy(Initial phase))®)]. In this case, Wx(t), Wx(Initial
phase), Wy(t), and Wy (Initial phase) mean an x value of a
white coordinate after a specific time (t) passes, an x value
of the white coordinate in the initial phase, a y value of the
white coordinate after the specific time (t) passes, and a y
value of the white coordinate in the initial phase, respec-
tively.

[0024] Here, the irradiation of the entire surface of the
color conversion film with blue light means irradiating the
entire surface of the color conversion film with blue light
which is emitted from a light source and converted into a
surface light source through a stack structure of a backlight
unit including a light guide plate, a light collecting film such
as a prism sheet, and a brightness enhancement film such as
DBEF or APF. The blue light passing through the stack
structure of the backlight unit is uniformly emitted at the
entire surface of the backlight unit, and in this case, the
luminance of 600 nit adds the same energy into the entire
area of the color conversion film. The backlight unit may be
an edge-type (edge lit) system.

[0025] According to an example, the blue light has a light
emission peak at 450 nm and has a full width at half
maximum of 30 nm or less. The full width at half maximum
means a width of a light emission peak when light emitted
from the film has a height which is half the maximum height
at the maximum light emission peak of the light. The full
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width at half maximum may be measured in a film state. The
blue light may be light whose light emission strength
distribution is monomodal.

[0026] In an exemplary embodiment of the present appli-
cation, the color shift compensation polymer is included in
an additional layer disposed on at least one surface of the
color conversion layer, and the additional layer includes the
color shift compensation polymer in an amount of 10 to 100
wt %. That is, the color shift compensation polymer may be
included in an amount of 10 to 100 wt % based on the total
weight of the additional layer.

[0027] When one member is “disposed on one surface” of
another member in the present specification, this includes
not only a case where one member is brought into contact
with another member, but also a case where still another
member is present between the two members. For example,
in an exemplary embodiment of the present application, the
including of a color shift compensation polymer in an
additional layer disposed on at least one surface of the color
conversion layer includes not only a case where the addi-
tional layer including the color shift compensation polymer
is disposed to be brought into direct contact with the color
conversion layer, but also a case where another member is
disposed between the color conversion layer and the addi-
tional layer including the color shift compensation polymer.
[0028] That is, according to an exemplary embodiment of
the present application, the color shift compensation layer
need not be brought into contact with the color conversion
layer, and still another layer may be disposed between the
color conversion layer and the color shift compensation
layer, if necessary. For example, as still another layer
disposed between the color conversion layer and the color
shift compensation layer, for example, a brightness enhance-
ment film such as a double brightness enhancement film
(DBEF) or an advanced polarizer film (APF) and/or a light
collecting film such as a prism sheet may be disposed.
[0029] In an exemplary embodiment of the present appli-
cation, a color shift compensation layer means an additional
layer including the color shift compensation polymer.
[0030] In an exemplary embodiment of the present appli-
cation, the color conversion layer and the color shift com-
pensation layer may be each disposed in the form of a film.
[0031] According to another exemplary embodiment, a
light source may be disposed between the color conversion
layer and the color shift compensation layer. FIG. 15 illus-
trates a structure according to the configuration.

[0032] According to an example of the present specifica-
tion, the color shift compensation polymer allows a color
difference change of white light emitted to be 0.05 or less
when an entire surface of a color conversion film is irradi-
ated with blue light having a luminance of 600 nit, which is
converted into a surface light source, at 60° C. for 1,000
hours as described above.

[0033] The color shift compensation polymer is a polymer
including at least one of the structures such as benzene,
methyl benzene, chlorobenzene, nitrobenzene, phenol, ani-
line, benzoic acid, anisole, xylene, furan, benzofuran, pyr-
role, indole, imidazole, oxazole, thiophene, benzothiophene,
benzimidazole, indazole, benzoxazole, isobenzofuran, isoin-
dole, purine, benzothiophene, naphthalene, pyridine, quino-
line, triazine, and benzotriazine, and particularly, it is pos-
sible to use an epoxy resin such as polyamide, a bisphenol
A epoxy resin, a bisphenol F epoxy resin, a bisphenol S
epoxy resin, and a novolac epoxy resin; a urethane resin
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including an aromatic ring, such as toluene diisocyanate
(TDI), methylene dipheny! diisocyanate (MDI), xylene dii-
socyanate (XDI) metatetramethylxylene diisocyanate
(TMXDI), naphthalene 1,5-diisocyanate (NDI), hydroge-
nated xylene diisocyanate (HXDI), p-phenylene diisocya-
nate (PPDI), and 4,4'-dibenzyl] diisocyanate (DBDI); poly-
vinylidene fluoride (PVDF); polyvinylidene chloride
(PVDC), and the like.

[0034] According to still another exemplary embodiment
of the present application, the color shift compensation
polymer may be included in the color conversion layer.
When the color shift compensation polymer is included in
the color conversion layer (FIG. 1), the color shift compen-
sation polymer may be included in a content of 1 to 50 wt
% based on the total weight of the color conversion layer.
[0035] According to still yet another exemplary embodi-
ment of the present application, the color shift compensation
layer may be composed of a color shift compensation
polymer alone, and may be composed of a color shift
compensation polymer and another UV-curable resin or
thermoplastic resin, if necessary. A color shift compensation
polymer may be included in an amount of 10 to 100 wt %
in the color shift compensation layer.

[0036] The color shift compensation layer may be manu-
factured by forming a color shift compensation layer on a
transparent base material, and then integrally laminating the
color shift compensation layer on an outermost portion of a
color conversion film by means of an adhesive layer (FIG.
3), or may be manufactured by directly coating or stacking
a color shift compensation polymer on an outer portion of a
color conversion layer (FIG. 2). Further, when two or more
color conversion layers are stacked, for example, when a
color conversion layer which converts blue light into green
light and a color conversion layer which converts green or
blue light into red light are stacked, the color shift compen-
sation layer may be disposed between the stacked color
conversion layers (FIG. 4). In addition, the color shift
compensation layer may also be formed by using a method
of coating the color shift compensation layer onto a trans-
parent base material or a solution casting method, and may
also be obtained as a color shift compensation layer alone
through extrusion and stretching without a base material.
The color shift compensation layer has preferably a small
thickness, for example, a thickness of 1 um to 200 pum.
[0037] In the present application, a color shift compensa-
tion layer means a layer including a color shift compensation
polymer.

[0038] According to a further exemplary embodiment of
the present application, a transparent film may be disposed
on one surface or both surfaces of the color shift compen-
sation layer. For example, when the color shift compensation
layer is coated onto one surface of a color conversion layer
by a casting method, a transparent film may be disposed on
both surfaces thereof.

[0039] According to another further exemplary embodi-
ment of the present application, a transparent film is dis-
posed on at least one surface of the color conversion layer.
The transparent film is brought into direct contact with the
color conversion layer, or is attached thereto through an
adhesive layer. When the color conversion film is manufac-
tured by coating a composition for forming a color conver-
sion layer on one surface of a transparent film, a separate
adhesive layer may not be disposed between the transparent
film and the color conversion layer. FIGS. 1 and 2 illustrate
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an example in which a transparent film is disposed on one
surface of a color conversion layer, and a transparent film is
disposed on the other surface of the color conversion layer
through an adhesive layer.

[0040] The transparent film may function as a support
when a color conversion layer is manufactured, and may
also function as a protective film for preventing a color
conversion layer from being curled. The type of transparent
film is not particularly limited, and the material or thickness
of the transparent film is not limited as long as the trans-
parent film is transparent and may function as the support or
the protective film. Here, transparency means that the trans-
mittance of visible light is 70% or more. For example, as the
transparent film, a PET film may be used. If necessary, as the
transparent film, a barrier film may also be used. As the
barrier film, those known in the art may be used.

[0041] The adhesive layer is used in order to attach a
transparent film onto a color conversion film. As long as the
aforementioned object is not damaged, the adhesive layer
may be formed by using a material known in the art. For
example, an adhesive layer may be formed by using an
adhesive tape, or coating an adhesive composition.

[0042] According to an exemplary embodiment of the
present application, a thermoplastic polymer or a thermo-
setting polymer may be used as a resin matrix of a color
conversion layer. Specifically, as the material for the resin
matrix, it is possible to use a poly(meth)acrylic material such
as polymethylmethacrylate (PMMA), a polycarbonate (PC)-
based material, a polystyrene (PS)-based material, a pol-
yarylene (PAR)-based material, a polyurethane (TPU)-based
material, a styrene-acrylonitrile (SAN)-based material, a
polyvinylidene fluoride (PVDF)-based material, a modified-
polyvinylidene fluoride (modified-PVDF)-based material, a
styrene-ethylene-butylene-styrene (SEBS)-based material, a
hydrogenated styrene-ethylene-butylene-styrene (hydroge-
nated SEBS)-based material, and the like. Since thermoplas-
tic or thermosetting polymers do not use UV energy pro-
duced during a UV curing process, and have no radicals or
positive ions capable of attacking a fluorescent substance as
compared to UV curable resins, the thermoplastic or ther-
mosetting polymers may prevent a deterioration in light
characteristics by UV energy or radicals or positive ions.
[0043] In general, when a quantum dot material or an
inorganic fluorescent substance is used in a color conversion
film, there is a problem with stability of the color conversion
film due to the reaction with water or oxygen, and there is
a problem in that production unit costs are high. Therefore,
studies have been conducted on a color conversion film to
which an organic fluorescent substance having excellent
brightness and color gamut, simple manufacturing pro-
cesses, and low manufacturing costs is applied. However,
the organic fluorescent substance has a problem in that a
white color difference may occur due to the deterioration in
durability, and it is possible to more efficiently prevent the
color difference as described above by using the organic
fluorescent substance with the color shift compensation
polymer according to the present invention.

[0044] That is, with respect to a problem occurring due to
the degradation of an organic fluorescent substance included
in a color conversion film, even when the fluorescent sub-
stance is degraded as described above, a color conversion
film according to an exemplary embodiment of the present
invention may minimize a change in spectrum of mixed
light, in which light emitting from a light source and light
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converted by the color conversion film are mixed, by using
a color shift compensation polymer having a characteristic
that light transmittance of blue light (450 nm) is decreased
according to exposure time when light irradiated from a light
source of a backlight unit is received. Accordingly, even
when a display is driven for a long period of time, the service
life of the display may be prolonged by preventing color
sense from being distorted as compared to the initial phase
thereby.

[0045] In this regard, when an inorganic fluorescent sub-
stance or a quantum dot material is used instead of an
organic fluorescent substance, the problem-solving principle
according to the application of a color shift prevention
polymer described in the present application is not applied
because the above-described advantages of the organic
fluorescent substance cannot be obtained, and a peculiar
problem occurring during the use of the organic fluorescent
substance, that is, a white color difference does not occur.
Rather, in a color conversion film including a color conver-
sion layer including an inorganic fluorescent substance or a
quantum dot material, when a color shift compensation
polymer is included in the color conversion layer on at least
one surface of the color conversion layer, a color difference
due to the color shift prevention polymer may occur unlike
an organic fluorescent substance, thereby causing a change
in light spectrum.

[0046] In the present application, the white color differ-
ence means that a white coordinate exhibits a color shift
according to the time during a continuous irradiation with
blue light.

[0047] According to an exemplary embodiment of the
present application, the organic fluorescent substance is not
particularly limited as long as the organic fluorescent sub-
stance is a fluorescent substance emitting light with a
wavelength different from that of irradiated light when the
organic fluorescent substance is irradiated with light includ-
ing a wavelength of 450 nm. The emission of light having a
wavelength different from that of irradiated light means a
case where the wavelength of irradiated light need not be
overlapped with the wavelength of emitted light at all, and
the entire wavelength of irradiated light does not coincide
with that of emitted light, and also includes a case where
only a portion of the wavelength of irradiated light is
different from the wavelength of emitted light. As the
organic fluorescent substance, those known in the art may be
used.

[0048] According to an example, as an organic fluorescent
substance, it is possible to use a fluorescent substance which
emits light with a wavelength different from light irradiated
when the fluorescent substance is irradiated with light
including a wavelength of 450 nm. For example, as the
organic fluorescent substance, it is possible to use a fluo-
rescent substance which has a light emission peak at 450 nm
and a full width at half maximum of 40 nm or less and emits
light with a wavelength different from that of irradiated light
when the fluorescent substance is irradiated with light whose
light emission strength distribution is monomodal. Here, the
emitted light may be green light having a wavelength
selected from a wavelength of 500 nm to 560 nm or red light
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having a wavelength selected from a wavelength of 600 nm
to 780 nm, or a mixture thereof. For example, the organic
fluorescent substance may include a fluorescent substance
which emits red light by absorbing blue light or green light,
a fluorescent substance which emits green light by absorbing
blue light, or a mixture thereof.

[0049] In the present application, for the blue light, the
green light, and the red light, the definitions known in the art
may be used, and for example, the blue light is light having
a wavelength selected from a wavelength of 400 nm to 500
nm, the green light is light having a wavelength selected
from a wavelength of 500 nm to 560 nm, and the red light
is light having a wavelength selected from a wavelength of
600 nm to 780 nm. In the present application, a green
fluorescent substance absorbs at least a portion of blue light
to emit green light, and a red fluorescent substance absorbs
at least a portion of blue light or green light to emit red light.
For example, the red fluorescent substance may also absorb
not only blue light but also light having a wavelength of 500
nm to 600 nm.

[0050] According to an example, as the organic fluores-
cent substance, an organic fluorescent substance of the
following Chemical Formula 1 may be used.

[Chemical Formula 1]

R3 X X Ry

[0051] In Chemical Formula 1,

[0052] X, and X, are the same as or different from each
other, and are each independently a fluorine group or an
alkoxy group,

[0053] R, to R, are the same as or different from each
other, and are each independently hydrogen, a halogen
group, an alkyl group, an alkoxy group, an alkyl group
substituted with a carboxyl group, an aryl group unsubsti-
tuted or substituted with an alkoxy group, —COOR, or an
alkyl group substituted with —COOR, and R is an alkyl
group,

[0054] R, and Ry are the same as or different from each
other, and are each independently hydrogen, a cyano group,
a nitro group, an alkyl group, an alkyl group substituted with
a carboxyl group, —SO;Na, or an aryl group unsubstituted
or substituted with an arylalkynyl group, R, and R5 may be
linked to each other to form a substituted or unsubstituted
hydrocarbon ring or a substituted or unsubstituted hetero
ring, and R, and R may be linked to each other to form a
substituted or unsubstituted hydrocarbon ring or a substi-
tuted or unsubstituted hetero ring, and

[0055] R, is hydrogen; an alkyl group; a haloalkyl group;
or an aryl group unsubstituted or substituted with a halogen
group, an alkyl group, an alkoxy group, an aryl group or an
alkylaryl group.

[0056] According to an exemplary embodiment, R, to R,
of Chemical Formula 1 are the same as or different from
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each other, and are each independently hydrogen, a fluorine
group, a chlorine group, an alkyl group having 1 to 6 carbon
atoms, an alkoxy group having 1 to 6 carbon atoms, an alkyl
group having 1 to 6 carbon atoms substituted with a carboxyl
group, an alkyl group having 1 to 6 carbon atoms substituted
with carboxylic acid, an aryl group having 6 to 20 carbon
atoms unsubstituted or substituted with an alkoxy group
having 1 to 6 carbon atoms, —COOR, or an alkyl group
having 1 to 6 carbon atoms substituted with —COOR, and
R is an alkyl group having 1 to 6 carbon atoms.

[0057] According to another exemplary embodiment, R,
to R, of Chemical Formula 1 are the same as or different
from each other, and are each independently hydrogen, a
chlorine group, a methyl group, an ethyl group substituted
with a carboxyl group, a methoxy group, a phenyl group, a
phenyl group substituted with a methoxy group, or a methyl
group substituted with —COOR, and R is an alkyl group
having 1 to 6 carbon atoms.

[0058] According to an exemplary embodiment, R5 and Ry
of Chemical Formula 1 are the same as or different from
each other, and are each independently hydrogen, a nitro
group, an alkyl group having 1 to 6 carbon atoms, an alkyl
group having 1 to 6 carbon atoms substituted with a carboxyl
group, or —SO;Na.

[0059] According to an exemplary embodiment, R5 and Ry
of Chemical Formula 1 are the same as or different from
each other, and are each independently hydrogen, a nitro
group; an ethyl group, an ethyl group substituted with a
carboxyl group, or —SO;Na.

[0060] According to an exemplary embodiment, R, of
Chemical Formula 1 is hydrogen; an alkyl group having 1 to
6 carbon atoms; or an aryl group having 6 to 20 carbon
atoms unsubstituted or substituted with an alkyl group
having 1 to 6 carbon atoms, an alkoxy group having 1 to 6
carbon atoms, an aryl group having 6 to 20 carbon atoms or
an alkylaryl group having 7 to 20 carbon atoms.

[0061] According to an exemplary embodiment, R, of
Chemical Formula 1 is hydrogen, methyl, ethyl, propyl,
butyl, pentyl, phenyl, methylphenyl, dimethylphenyl, trim-
ethylphenyl, naphthyl, naphthyl substituted with biphenyl,
naphthyl substituted with dimethylfluorene, dimethylphenyl
substituted with terphenyl, methoxyphenyl, or dimethoxy-
phenyl. According to an exemplary embodiment, Chemical
Formula 1 may be represented by the following structural
formulae.

-continued
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-continued
Ar
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MeO OMe

[0062] In the structural formulae, Ar is a substituted or
unsubstituted aryl group. For example, Ar may be an aryl
group substituted with an alkyl group or an alkoxy group.
[0063] For example, a compound having the following
structural formula may be used. The compound having the
following structural formula has a maximum absorption
wavelength at 490 nm and a maximum light emission peak
at 520 nm in a solution state.

H;C F F CH;

[0064] However, the compound is not limited to the struc-
tural formula, and various organic fluorescent substances
may be used.

[0065] According to another example, a fluorescent sub-
stance having a maximum absorption wavelength at 560 nm
to 620 nm and a light emission peak at 600 nm to 650 nm
in a solution state may be used as the organic fluorescent
substance. For example, a compound of the following
Chemical Formula 2 may be used.

[Chemical Formula 2]

[0066] R,,, R,,, and L are the same as or different from
each other, and are each independently hydrogen, an alkyl
group, a cycloalkyl group, an aralkyl group, an alkylaryl
group, an alkenyl group, a cycloalkenyl group, an alkynyl
group, a hydroxyl group, a mercapto group, an alkoxy
group, an alkoxyaryl group, an alkylthio group, an arylether
group, an arylthioether group, an aryl group, a haloaryl
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group, a heterocyclic group, halogen, a haloalkyl group, a
haloalkenyl group, a haloalkynyl group, a cyano group, an
aldehyde group, a carbonyl group, a carboxyl group, an ester
group, a carbamoyl group, an amino group, a nitro group, a
silyl group, or a siloxanyl group, or are linked to an adjacent
substituent to form a substituted or unsubstituted aromatic or
aliphatic hydrocarbon or hetero ring,

[0067] M is a m-valent metal, and is boron, beryllium,
magnesium, chromium, iron, nickel, copper, zinc or plati-
num, and

[0068] Ar, to Ars are the same as or different from each
other, and are each independently hydrogen; an alkyl group;
a haloalkyl group; an alkylaryl group; an amine group; an
arylalkenyl group unsubstituted or substituted with an
alkoxy group; or an aryl group unsubstituted or substituted
with a hydroxy group, an alkyl group or an alkoxy group.

[0069] According to an exemplary embodiment, Chemical
Formula 2 may be represented by the following structural
formulae.
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[0070] The fluorescent substance illustrated above has a
light emission peak’s full width at half maximum of 40 nm
or less in a solution state, and has a light emission peak’s full
width at half maximum of approximately 50 nm in a film
state.

[0071] The content of the organic fluorescent substance
may be 0.005 parts by weight to 2 parts by weight based on
100 parts by weight of the resin matrix included in the color
conversion layer.

[0072] According to an exemplary embodiment of the
present application, the color conversion layer may have a
thickness of 1 to 200 pum, for example, 2 to 50 um.

[0073] The color conversion layer may be manufactured
by using a method including: coating a resin solution, in
which an organic fluorescent substance is dissolved or
dispersed, onto a base material; and drying the resin solution
coated onto the base material, or a method including extrud-
ing an organic fluorescent substance together with a resin.
[0074] When the fluorescent substance is an organic fluo-
rescent substance, the organic fluorescent substance is uni-
formly distributed in the resin solution because the organic
fluorescent substance is dissolved in the resin solution, and
as a result, there is no need for a separate dispersion process.
[0075] An additive may be added into the resin solution,
if necessary, and for example, a light diffuser such as silica,
titania, zirconia, and alumina powders may be added. Fur-
ther, a dispersant may also be additionally added in order to
stably disperse light diffusion particles.

[0076] The method for preparing the resin solution in
which the organic fluorescent substance is dissolved or
dispersed is not particularly limited as long as the resin
solution is in a state where the organic fluorescent substance
and the resin are dissolved or dispersed in the solution.
[0077] According to an example, the resin solution in
which the organic fluorescent substance is dissolved may be
prepared by a method of preparing a first solution by
dissolving an organic fluorescent substance in a solvent,
preparing a second solution by dissolving a resin in a
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solvent, and mixing the first solution and the second solu-
tion. When the first solution and the second solution are
mixed, it is preferred to uniformly mix the solutions. How-
ever, the method is not limited thereto, and it is possible to
use a method of simultaneously adding and dissolving an
organic fluorescent substance and a resin in a solvent, a
method of dissolving an organic fluorescent substance in a
solvent and subsequently adding and dissolving a resin, a
method of dissolving a resin in a solvent and subsequently
adding and dissolving an organic fluorescent substance, and
the like.

[0078] As the resin included in the solution, it is possible
to use the above-described resin matrix material, a monomer
which is curable by the resin matrix material, or a mixture
thereof. Examples of the monomer which is curable by the
resin matrix include a (meth)acrylic monomer, and the
monomer may be formed as a resin matrix material by UV
curing. When a curable monomer is used as described above,
an initiator required for curing may be further added, if
necessary.

[0079] The solvent is not particularly limited, and is not
particularly limited as long as the solvent may be removed
by a subsequent drying while not adversely affecting the
coating process. As a non-limiting example of the solvent, it
is possible to use toluene, xylene, acetone, chloroform,
various alcohol-based solvents, methyl ethyl ketone (MEK),
methyl isobutyl ketone (MIBK), ethyl acetate (EA), butyl
acetate, cyclohexanone, propylene glycol methylethyl
acetate (PGMEA), dioxane, dimethylformamide (DMF),
dimethylacetamide (DMACc), dimethylsulfoxide (DMSO),
N-methyl-pyrrolidone (NMP), and the like, and one type or
a mixture of two or more types may be used. When the first
solution and the second solution are used, the solvents
included in the solutions may also be the same as or different
from each other. Even when different solvents are used in the
first solution and the second solution, it is preferred that
these solvents have compatibility so as to be mixed with
each other.

[0080] A process of coating the resin solution, in which the
organic fluorescent substance is dissolved, onto a base
material may use a roll-to-roll process. For example, the
process may be performed by a process of unwinding a base
material from a roll on which the base material is wound,
coating a resin solution, in which the organic fluorescent
substance is dissolved, onto one surface of the base material,
drying the resin solution, and then winding the base material
again on the roll. When the roll-to-roll process is used, it is
preferred that the viscosity of the resin solution is deter-
mined within a range in which the process may be imple-
mented, and the viscosity may be determined within a range
of, for example, 200 to 2,000 cps.

[0081] As the coating method, various publicly-known
methods may be used, and for example, a die coater may
also be used, and it is also possible to use various bar-coating
methods such as a screen coater, a comma coater, and a
reverse comma coater.

[0082] After the coating, a drying process is performed.
The drying process may be performed under conditions
required for removing the solvent. For example, a color
conversion layer including a fluorescent substance having
desired thickness and concentration may be obtained on a
base material by carrying out the drying in an oven located
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close to a coater under a condition to sufficiently evaporate
a solvent, in a direction of the base material progressing
during the coating process.

[0083] When the color shift compensation polymer is
included in a color conversion layer, the color shift com-
pensation polymer may be added into a composition used
when the above-described color conversion layer is manu-
factured.

[0084] The color shift compensation layer may be manu-
factured by coating a composition including the color shift
compensation polymer on at least one surface of the color
conversion layer, and drying or curing the composition, if
necessary.

[0085] The color shift compensation layer may be manu-
factured by a method of coating the composition onto a
transparent base material, a solution casting method, an
extrusion and stretching method, and the like. In this case,
when an extrusion molding is performed as a method of
forming the color shift compensation layer, a resin such as
polycarbonate (PC), polyethylene terephthalate (PET),
polymethylmethacrylate (PMMA), and styrene acrylonitrile
(SAN) and a color shift compensation polymer may be used
together.

[0086] In the present application, a color shift correction
film may mean the color shift compensation layer, and may
be manufactured by the same method as the method of
manufacturing a color shift compensation layer.

[0087] When the monomer which is curable by the resin
matrix is used as a resin included in the solution, curing, for
example, UV curing may be performed before the drying or
simultaneously with the drying.

[0088] When the organic fluorescent substance is filmed
by being extruded with a resin, an extrusion method known
in the art may be used, and for example, a color conversion
layer may be manufactured by extruding a fluorescent
substance with a resin such as a polycarbonate (PC)-based
resin, a poly(meth)acrylic resin, and a styrene-acrylonitrile
(SAN)-based resin.

[0089] Another exemplary embodiment of the present
application provides a backlight unit including the above-
described color conversion film. The backlight unit may
have a backlight unit configuration known in the art, except
that the backlight unit includes the color conversion film.
For example, FIGS. 5 and 6 illustrate an example of the
backlight unit. According to FIG. 5, the color conversion
film according to the above-described exemplary embodi-
ments is disposed between a light guide plate and a reflecting
plate. According to FIG. 6, the color conversion film accord-
ing to the above-described exemplary embodiments is dis-
posed on a surface opposite to a surface of the light guide
plate facing the reflecting plate. FIGS. 5 and 6 illustrate a
configuration including a light source and a reflecting plate
surrounding the light source, but the configuration is not
limited to such a structure, and may be modified depending
on the structure of the backlight unit known in the art.
Further, as a light source, a direct type as well as a side chain
type may be used, and a reflecting plate or a reflecting layer
may be omitted or replaced with other configurations, if
necessary, and an additional film, for example, a light
diffusion film, a light collecting film, a brightness enhance-
ment film, and the like may be additionally disposed, if
necessary.

[0090] In the configuration of the backlight unit as illus-
trated in FIGS. 5 and 6, a scattering pattern may be disposed
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on an upper or lower surface of the light guide plate, if
necessary. FIG. 7 illustrates an example in which a scattering
pattern is disposed on a lower surface of the light guide
plate, that is, a surface facing the reflecting plate, and FIG.
8 illustrates an example in which a scattering pattern is
disposed on an upper surface of the light guide plate, that is,
a surface opposite to a surface facing the reflecting plate.
Light incident into the light guide plate has a non-uniform
light distribution caused by repeated optical processes such
as reflection, total reflection, refraction, and transmission,
and the scattering pattern may be used for inducing the
non-uniform light distribution to uniform brightness.
[0091] According to still another exemplary embodiment
of the present application, a display device including the
above-described backlight unit is applied. The display
device is not particularly limited as long as the device
includes the above-described backlight unit as a constituent
element. For example, the display device includes a display
module and a backlight unit. FIGS. 9 and 10 illustrate a
structure of the display device. FIG. 9 illustrates a case
where a color conversion film is provided between a light
guide plate and a reflecting plate, and FIG. 10 illustrates a
case where a color conversion film is provided on a surface
opposite to a surface of a light guide plate facing a reflecting
plate. However, the structure is not limited thereto, and an
additional film, for example, a light diffusion film, a light
collecting film, and a brightness enhancement film, and the
like may be further disposed between the display module
and the backlight unit, if necessary.

MODE FOR INVENTION

[0092] Hereinafter, the present invention will be described
in more detail through Examples. However, the following
Examples are only to exemplify the present invention, but
not to limit the scope of the present invention.

Example

[0093] A polymer solution was prepared by dissolving a
green fluorescent substance having the following structure in
a polystyrene solution in DMF. In this case, 1 part by weight
of' the fluorescent substance based on 100 parts by weight of
polystyrene was used. The solution had a solid content of 20
wt % and a viscosity of 200 cps. The solution was coated
onto a PET base material, and then dried, thereby manufac-
turing a first color conversion layer (green color conversion
layer) in the form of a film.

[0094] A second color conversion layer (red color conver-
sion layer) was manufactured in the form of a film in the
same manner as the green color conversion film, except that
the following red fluorescent substance was used.
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[0095] The first color conversion layer and the second
color conversion layer were stacked as both surfaces by a
non-carrier film (NCF)-type adhesive, thereby manufactur-
ing a third color conversion layer in the form of a film.

[0096] A spectrum of white light evaluated by applying
the color conversion film to a backlight unit including a blue
light source in an edge lit system is illustrated in FIG. 9.

[0097] A DMF solution with a solid content of 20 wt %
was prepared by mixing a polyurethane resin, which is
composed of methylene diphenyl diisocyanate (MDI) and an
ester-type polyol, with a PMMA resin at a ratio of 80:20
parts by weight, and then coated to have a thickness of 20
um on a PET film and dried, thereby manufacturing a color
shift compensation layer in the form of a film.

[0098] A light guide plate, the third color conversion layer
manufactured above, two prism films, and an APF film were
stacked, and the color shift compensation layer was stacked
on the upper portion thereof, thereby manufacturing a back-
light unit. A light emission spectrum of a backlight unit was
measured, and in a state where the backlight unit was
continuously driven in an oven at 60° C., light characteristic
changes of the color conversion layer and the color shift
compensation layer were measured according to storage
time.

Comparative Example

[0099] A backlight unit was manufactured in the same
manner as in the Example, except that the color shift
compensation layer was not applied to the Example.

[0100] In the case of the Comparative Example in which
the color shift compensation layer was not applied when
durability was evaluated at high temperature, it can be seen
that the green light and the red light were decreased by
degradation of the organic fluorescent substance, and the
like, and as the blue light was increased, the color difference
as compared to the initial phase was continuously widened
(the Comparative Example, FIG. 12, and the following Table
1). In the present specification, the color difference means a
color difference in a specific time (t), and means Equation
[sqrt((Wx(t)-Wx(Initial phase))*+(Wy(t)-Wy(Initial
phase))*)].
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TABLE 1
Time (hr) Color difference change

0 0.000

118 0.011

235 0.018

353 0.019

647 0.039

765 0.044

1000 0.054

[0101] In contrast, in the Example to which the color shift

compensation layer was applied, the width of the color
difference change according to the time is significantly
reduced as in FIG. 13 and Table 2. Further, the color
difference change at 1,000 hours was 0.012, indicating a
very excellent result.

TABLE 2
Time (hr) Color difference change

0 0.000

118 0.002
235 0.003
353 0.003
647 0.008
765 0.009
1000 0.012

1. A color conversion film comprising:

a color conversion layer which comprises a resin matrix,
and an organic fluorescent substance that is dispersed in
the resin matrix and emits light with a wavelength
different from that of irradiated light when irradiated
with light including a wavelength of 450 nm,

wherein the color conversion film comprises a color shift
compensation polymer, which allows a color difference
change of white light emitted to be 0.05 or less when
an entire surface of the color conversion film is irradi-
ated with blue light having a luminance of 600 nit at
60° C. for 1,000 hours, in the color conversion layer or
in an additional layer disposed on at least one surface
of the color conversion layer.

2. The color conversion film of claim 1, wherein the color
shift compensation polymer is comprised in the additional
layer disposed on at least one surface of the color conversion
layer, and the color shift compensation polymer is com-
prised in an amount of 10 to 100 wt % based on a total
weight of the additional layer.

3. The color conversion film of claim 1, wherein the blue
light is light in which blue light emitted from a light source
is converted into a surface light source through a stack
structure of a backlight unit comprising a light guide plate,
a light collecting film, and a brightness enhancement film.

4. The color conversion film of claim 1, wherein the blue
light has a light emission peak at 450 nm and a full width at
half maximum of 30 nm or less.

5. The color conversion film of claim 1, further compris-
ing:

a transparent film disposed on at least one surface thereof.

6. The color conversion film of claim 1, wherein when the
color shift compensation polymer is comprised in the color
conversion layer, the content of the color shift compensation
polymer is 1 to 50 wt % based on a total weight of the color
conversion layer.
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7. The color conversion film of claim 1, wherein the color
conversion layer comprises one or two or more of an organic
fluorescent substance of the following Chemical Formula 1
and an organic fluorescent substance of the following
Chemical Formula 2:

[Chemical Formula 1]

R3 X X R>

in Chemical Formula 1,

X, and X, are the same as or different from each other, and
are each independently a fluorine group or an alkoxy
group,

R, to R, are the same as or different from each other, and
are each independently hydrogen, a halogen group, an
alkyl group, an alkoxy group, an alkyl group substi-
tuted with a carboxyl group, an aryl group unsubsti-
tuted or substituted with an alkoxy group, —COOR, or
an alkyl group substituted with —COOR, and R is an
alkyl group,

R and Ry are the same as or different from each other, and
are each independently hydrogen, a cyano group, a
nitro group, an alkyl group, an alkyl group substituted
with a carboxyl group, —SO;Na, or an aryl group
unsubstituted or substituted with an arylalkynyl group,
R, and R, are optionally linked to each other to form a
substituted or unsubstituted hydrocarbon ring or a
substituted or unsubstituted hetero ring, and R, and Ry
are optionally linked to each other to form a substituted
or unsubstituted hydrocarbon ring or a substituted or
unsubstituted hetero ring, and

R, is hydrogen; an alkyl group; a haloalkyl group; or an
aryl group unsubstituted or substituted with a halogen
group, an alkyl group, an alkoxy group, an aryl group
or an alkylaryl group,
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[Chemical Formula 2]

in Chemical Formula 2,
R11, R12, and L are the same as or different from each

other, and are each independently hydrogen, an alkyl
group, a cycloalkyl group, an aralkyl group, an alky-
laryl group, an alkenyl group, a cycloalkenyl group, an
alkynyl group, a hydroxyl group, a mercapto group, an
alkoxy group, an alkoxyaryl group, an alkylthio group,
an arylether group, an arylthioether group, an aryl
group, a haloaryl group, a heterocyclic group, halogen,
a haloalkyl group, a haloalkenyl group, a haloalkynyl
group, a cyano group, an aldehyde group, a carbonyl
group, a carboxyl group, an ester group, a carbamoyl
group, an amino group, a nitro group, a silyl group, or
a siloxanyl group, or are linked to an adjacent substitu-
ent to form a substituted or unsubstituted aromatic or
aliphatic hydrocarbon or hetero ring,

M is a m-valent metal, and is boron, beryllium, magne-

sium, chromium, iron, nickel, copper, zinc or platinum,
and

Arl to Ar5 are the same as or different from each other,

and are each independently hydrogen; an alkyl group;
a haloalkyl group; an alkylaryl group; an amine group;
an arylalkenyl group unsubstituted or substituted with
an alkoxy group; or an aryl group unsubstituted or
substituted with a hydroxy group, an alkyl group or an
alkoxy group.

8. A backlight unit comprising the color conversion film
according to claim 1.

9. A display device comprising the backlight unit accord-
ing to claim 8.



