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(57) ABSTRACT

A backlight unit for a liquid crystal display device, the back-
light unit including: an light emitting diode (“LED”) light
source; a light conversion layer disposed separate from the
LED light source to convert light emitted from the LED light
source to white light and to provide the white light to the
liquid crystal panel; and a light guide panel disposed between
the LED light source and the light conversion layer, wherein
the light conversion layer includes a semiconductor nanoc-
rystal and a polymer matrix, and wherein the polymer matrix
includes a first polymerized polymer of a first monomer
including at least two thiol (—SH) groups, each located at a
terminal end of the first monomer, and a second monomer
including at least two unsaturated carbon-carbon bonds, each
located at a terminal end of the second monomer.
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[0053] At least one of the first polymer film and the second
polymer film may have concavo-convex pattern on a side
opposite the light conversion layer.

[0054] According to another embodiment, provided is a
liquid crystal display device that includes:

[0055] an LED light source;

[0056] a light conversion layer disposed separate from the
LED light source to convert light emitted from the LED light
source to white light and to provide the white light to the
liquid crystal panel;

[0057] alight guide panel disposed between the LED light
source and the light conversion layer; and

[0058] a liquid crystal panel for providing an image using
light provided from the light conversion layer,

[0059] wherein the light conversion layer includes a semi-
conductor nanocrystal and a polymer matrix, and

[0060] wherein the polymer matrix includes a first poly-
merized product of a first monomer including at least two
thiol (—SH) groups, each located at a terminal end of the first
monomer, and a second monomer including at least two
unsaturated carbon-carbon bonds, each located at a terminal
end of the second monomer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0061] The above and other aspects, advantages and fea-
tures of this disclosure will become more apparent by
describing in further detail exemplary embodiments thereof
with reference to the accompanying drawings, in which:
[0062] FIG. 1 is a schematic view of an embodiment of a
liquid crystal display device;

[0063] FIG. 2 is a schematic view of another embodiment
of a liquid crystal display device;

[0064] FIG. 3 is a schematic view of another embodiment
of a liquid crystal display device;

[0065] FIG. 4 is a schematic view of another embodiment
of a liquid crystal display device;

[0066] FIG. 5 is a schematic view of another embodiment
of a liquid crystal display device;

[0067] FIG. 6 is a graph of normalized luminance versus
time (hours, h) showing luminance of liquid crystal display
according to Example 1 and Comparative Example 1; and
[0068] FIG. 7 is a graph of normalized luminance versus
time (hours, h) showing luminance of liquid crystal display
according to Example 2 and Comparative Example 2.

DETAILED DESCRIPTION

[0069] This disclosure will be described more fully herein-
after in the following detailed description of this disclosure,
in which some but not all embodiments of this disclosure are
described. This disclosure may be embodied in many differ-
ent forms and is not be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will fully convey the scope of the
invention to those skilled in the art.

[0070] In the drawings, the thickness of layers, films, pan-
els, regions, etc., are exaggerated for clarity. Like reference
numerals designate like elements throughout the specifica-
tion.

[0071] It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present. In contrast, when

Jun. 13, 2013

an element is referred to as being “directly on” another ele-
ment, there are no intervening elements present.

[0072] It will be understood that, although the terms “first,”
“second,” “third” etc. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers, and/or sections
should not be limited by these terms. These terms are only
used to distinguish one element, component, region, layer, or
section from another element, component, region, layer, or
section. Thus, “a first element,” “component,” “region,”
“layer,” or “section” discussed below could be termed a sec-
ond element, component, region, layer or section without
departing from the teachings herein.

[0073] The terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting. As used herein, the singular forms “a,” “an,” and
“the” are intended to include the plural forms, including “at
least one,” unless the content clearly indicates otherwise.
“Or” means “and/or”” As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. It will be further understood that the
terms “comprises’ and/or “comprising,” or “includes” and/or
“including” when used in this specification, specify the pres-
ence of stated features, regions, integers, steps, operations,
elements, and/or components, but do not preclude the pres-
ence or addition of one or more other features, regions, inte-
gers, steps, operations, elements, components, and/or groups
thereof.

[0074] Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

[0075] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same meaning
as commonly understood by one of ordinary skill in the art to
which this disclosure belongs. It will be further understood
that terms, such as those defined in commonly used dictio-
naries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and the present disclosure, and will not be interpreted in an
idealized or overly formal sense unless expressly so defined
herein.

[0076] Exemplary embodiments are described herein with
reference to cross section illustrations that are schematic
illustrations of idealized embodiments. As such, variations
from the shapes of the illustrations as a result, for example, of
manufacturing techniques and/or tolerances, are to be
expected. Thus, embodiments described herein should not be
construed as limited to the particular shapes of regions as
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, a
region illustrated or described as flat may, typically, have
rough and/or nonlinear features. Moreover, sharp angles that
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are illustrated may be rounded. Thus, the regions illustrated in
the figures are schematic in nature and their shapes are not
intended to illustrate the precise shape of a region and are not
intended to limit the scope of the present claims.

[0077] As used herein, when a definition is not otherwise
provided, the term “substituted” may refer to one substituted
with a substituent which may be a C1 to C30 alkyl group, a C2
to C30 alkynyl group, a C6 to C30 aryl group, a C7 to C30
alkylaryl group, a C1 to C30 alkoxy, a C6 to C30 an aryloxy
group, a C1 to C30heteroalkyl group, a C3 to C30 heteroalky-
laryl group, a C3 to C30 cycloalkyl group, a C3 to C15
cycloalkenyl group, a C6 to C30 cycloalkynyl group, a C2 to
C30 heterocycloalkyl group, a halogen (—F, —Cl, —Br, or
—I), a hydroxy group (—OH), a nitro group (—NO,), a
cyano group (—CN), an amino group (NRR', wherein R and
R' are independently hydrogen or a C1 to C6 alkyl group), an
azido group (—N;), an amidino group (——C(—NH)NH,), a
hydrazino group (—NHNH,), a hydrazono group
(=N(NH,), an aldehyde group (—C(=—0O)H), a carbamoyl
group (—C(O)NH,), a thiol group (—SH), an ester group
(—C(=0)OR, wherein R is a C1 to C6 alkyl group ora C6 to
C12 aryl group), a carboxyl group or a salt thereof, a sulfonic
acid group (—SO;H) or a salt thereof (—SO,M, wherein M
is an organic or inorganic cation), a phosphoric acid group
(—PO;H,) or a salt thereof (—PO; MH or —PO;M,,
wherein M is an organic or inorganic cation), or a combina-
tion thereof instead ot hydrogen, provided that the substituted
atom’s normal valence is not exceeded.

[0078] As used herein, when a definition is not otherwise
provided, the prefix “hetero” may refer to a group that
includes at least one ring member (e.g., 1 to 4 ring members)
that is a heteroatom (e.g., 1 to 4 heteroatoms, each indepen-
dently N, O, S, Si, or P). The total number of ring members
may be 3 to 10. If multiple rings are present, each ring is
independently aromatic, saturated, or partially unsaturated,
and multiple rings, if present, may be fused, pendant, spiro-
cyclic, or a combination thereof. Heterocycloalkyl groups
include at least one non-aromatic ring that contains a heteroa-
tom ring member. Heteroaryl groups include at least one
aromatic ring that contains a heteroatom ring member. Non-
aromatic and/or carbocyclic rings may also be present in a
heteroaryl group, provided that at least one ring is both aro-
matic and contains a ring member that is a heteroatom.
[0079] As used herein, the term “alkylene group” may refer
to a straight or branched saturated aliphatic hydrocarbon
group having a valence of at least two, optionally substituted
with one or more substituents where indicated, provided that
the valence of the alkylene group is not exceeded. The term
“arylene group” may refer to a functional group having a
valence of at least two obtained by removal of two hydrogens
in an aromatic ring, optionally substituted with one or more
substituents where indicated, provided that the valence of the
alkylene group is not exceeded. As used herein, the term
“aliphatic organic group” may refer to a C1 to C30 linear or
branched alkyl group, the term “aromatic organic group” may
refer to a C6 to C30 aryl group or a C2 to C30 heteroaryl
group, and the term “alicyclic organic group” may refer to a
C3 to C30 cycloalkyl group, a C3 to C30 cycloalkenyl group,
and a C3 to C30 cycloalkynyl group.

[0080] As used herein, the term ‘“combination thereof”
refers to a mixture, a stacked structure, a composite, an alloy,
a blend, a reaction product, or the like.

[0081] Asusedherein, (meth)acrylate refers to acrylate and
methacrylate.
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[0082] Hereinafter, referring to drawings, the backlight unit
according to an embodiment and a liquid crystal display
device including the same are further disclosed.

[0083] FIG. 11isa schematic view of an embodiment of the
liquid crystal display device 10 including an embodiment of
the backlight unit.

[0084] Referringto FIG. 1, the liquid crystal display device
10 includes a backlight unit 100 and a liquid crystal panel 500
to provide a predetermined colored image using white light
provided from the backlight unit 100.

[0085] The backlight unit 100 includes a light emitting
diode (“LED”) light source 110, a light conversion layer 130
to convert light emitted from the LED light source 110 to
white light, and a light guide panel 120 disposed therebe-
tween to guide the light emitted from the LED light source
110 to the light conversion layer 130. According to an
embodiment, the LED light source 110 is disposed on a side
of the light conversion layer 130. The LED light source 110
includes a plurality of LED chips emitting light having pre-
determined wavelengths. The LED light source 110 may be a
blue light-emitting LED light source or an ultraviolet (UV)-
emitting LED light source, for example.

[0086] A reflector (not shown) may be further disposed on
the lower surface of the light guide panel 120.

[0087] The light conversion layer 130 is disposed separate
from the LED light source 110 and converts light emitted
from the LED light source 110 to white light and thus pro-
vides the white light to the liquid crystal panel 500.

[0088] Herein, the light conversion layer 130 includes a
semiconductor nanocrystal, which is capable of providing
excellent color reproducibility and color purity, and a poly-
mer matrix. The semiconductor nanocrystal may include a
Group II-VI compound, a Group III-V compound, a Group
IV-VI compound, a Group IV element, a Group IV com-
pound, or a combination thereof, wherein the term “Group”
refers to a group of the Periodic Table of the Elements.
[0089] The Group II-VI compound may include a binary
compound, e.g., CdSe, CdTe, ZnS, ZnSe, ZnTe, ZnO, HgS,
HgSe, HgTe, MgSe, MgS, or a combination thereof; a ternary
compound, e.g., CdSeS, CdSeTe, CdSTe, ZnSeS, ZnSeTe,
ZnSTe, HgSeS, HgSeTe, HgSTe, CdZnS, CdZnSe, CdZnTe,
CdHgS, CdHgSe, CdHgTe, HgZnS, HgZnSe, HgZnTe,
MgZnSe, MgZnS, or a combination thereof; or a quaternary
compound, e.g., HgZnTeS, CdZnSeS, CdZnSeTe, CdZnSTe,
CdHgSeS, CdHgSeTe, CdHgSTe, HgZnSeS, HgZnSeTe,
HgZnSTe, or a combination thereof. The Group III-V com-
pound may include a binary compound, e.g., GaN, GaP,
GaAs, GaSb, AIN, AIP, AlAs, AISb, InN, InP, InAs, InSb, or
a combination thereof; a ternary compound, e.g., GaNP,
GaNAs, GaNSb, GaPAs, GaPSb, AINP, AINAs, AINSb,
AlPAs, AIPSDb, InNP, InNAs, InNSb, InPAs, InPSb, GaAINP,
or a combination thereof; or a quaternary compound, e.g.,
GaAINAs, GaAINSb, GaAIPAs, GaAIPSb, GalnNP, Galn-
NAs, GalnNSb, GalnPAs, GalnPSb, InAINP, InAINAs,
InAINSb, InAlPAs, InAIPSb, or a combination thereof. The
Group IV-VI compound may include a binary compound,
e.g., SnS, SnSe, SnTe, PbS, PbSe, PbTe, or a combination
thereof; a ternary compound, e.g., SnSeS, SnSeTe, SnSTe,
PbSeS, PbSeTe, PbSTe, SnPbS, SnPbSe, SnPbTe, or a com-
bination thereof; or a quaternary compound, e.g., SnPbSSe,
SnPbSeTe, SnPbSTe, or a combination thereof. The Group IV
element may be Si, Ge, or a combination thereof. The Group
IV compound may include a binary compound, e.g., SiC,
SiGe, or a combination thereof.
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[0090] Herein, the element, the binary compound, the ter-
nary compound, the quaternary compound, or the combina-
tion thereof, may be present in a particle having a substan-
tially uniform concentration, or may be present in a particle
having non-uniform concentration, wherein a concentration
of the element, the binary compound, the ternary compound,
the quaternary compound, or the combination thereof may be
independently selected to provide different concentration dis-
tributions in the same particle. In addition, each particle may
have a core/shell structure in which a first semiconductor
nanocrystal is partially or entirely surrounded by a second
semiconductor nanocrystal. The core and shell may have an
interface, and an element of at least one of the core or the shell
may have a concentration gradient that decreases in a direc-
tion from the surface of the particle to a center of the particle.
[0091] The semiconductor nanocrystal may have a full
width at half maximum (FWHM) of less than or equal to
about 45 nanometers (nm), specifically less than or equal to
about 40 nm, and more specifically less than or equal to about
30 nm, in the light emitting wavelength spectrum. Within this
range, color purity or color reproducibility of the light con-
version layer 130 may be improved.

[0092] The semiconductor nanocrystal may have a particle
diameter (e.g., an average largest particle diameter) ranging
from about 1 nanometer (“nm”) to about 100 nm, specifically
about 1 nm to about 50 nm, and more specifically about 1 nm
to about 10 nm, or about 2 nm to about 25 nm.

[0093] In addition, the nanocrystal may have any suitable
shape and the shape is not specifically limited. Examples
thereof may include spherical, pyramidal, multi-armed, or
cubic nanoparticles, nanotubes, nanowires, nanofiber, nano-
plate particles, or the like.

[0094] The semiconductor nanocrystal is dispersed in a
polymer matrix. The polymer matrix is a polymer obtained by
polymerizing a first monomer including at least two thiol
(—SH) groups, each located at a terminal end of the first
monomer, and a second monomer including at least two
unsaturated carbon-carbon bonds, each located at a terminal
end of the second monomer.

[0095] The first monomer including at least two thiol
(—SH) groups, each located at a terminal end of the first
monomer, and which is used to provide the polymer matrix,
may be represented by the following Chemical Formula 1.

Chemical Formula 1

R+ LY — SHale

[0096] In Chemical Formula 1,

[0097] R'is hydrogen; a substituted or unsubstituted C1 to
C30 alkyl group; a substituted or unsubstituted C6 to C30 aryl
group; a substituted or unsubstituted C3 to C30 heteroaryl
group; a substituted or unsubstituted C3 to C30 cycloalkyl
group; a substituted or unsubstituted C3 to C30 heterocy-
cloalkyl group; a substituted or unsubstituted C2 to C30 alk-
enyl group; a substituted or unsubstituted C2 to C30 alkynyl
group; a substituted or unsubstituted C3 to C30 alicyclic
organic group including ring having a double bond or triple
bond in the ring; a substituted or unsubstituted C3 to C30
heterocycloalkyl group including ring having a double bond
or triple bond in the ring; a C3 to C30 alicyclic organic group
substituted with a C2 to C30 alkenyl group or a C2 to C30
alkynyl group; a C3 to C30 heterocycloalkyl group substi-
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tuted with a C2 to C30 alkenyl group or a C2 to C30 alkynyl
group; a hydroxy group; —NH,; a substituted or unsubsti-
tuted C1 to C30 amine group of the formula —NRR', wherein
R and R' are independently hydrogen or a C1 to C20 alkyl
group; an isocyanurate group; a (meth)acrylate group; a halo-
gen; —ROR' wherein R is a substituted or unsubstituted C1 to
C20 alkylene group and R' is hydrogen or a C1 to C20 alkyl
group; —C(—O)OR' wherein R’ is hydrogen or a C1 to C20
alkyl group; —CN; or —C(=O)ONRR' wherein R and R are
independently hydrogen or a C1 to C20 alkyl group,

[0098] L, isasingle bond; a substituted or unsubstituted C1
to C30 alkylene group; a substituted or unsubstituted C6 to
C30 arylene group; a substituted or unsubstituted C3 to C30
heteroarylene group; a substituted or unsubstituted C3 to C30
cycloalkylene group; or a substituted or unsubstituted C3 to
C30 heterocycloalkylene group,

[0099] Y, isasinglebond;asubstituted orunsubstituted C1
to C30 alkylene group; a substituted or unsubstituted C2 to
C30 alkenylene group; or a C1 to C30 alkylene group ora C2
to C30 alkenylene group wherein at least one methylene
group (—CH,—) is replaced by a sulfonyl group (—S(=—0)
>—), a carbonyl group (—C(=0)—), an ether group
(—0O—), a sulfide group (—S—), a sulfoxide group (—S
(=0)—), an ester group (—C(=0)O—), an amide group of
the formula —C(—O)NR—wherein R is hydrogenora C1 to
C10 alkyl group, —NR— wherein R is hydrogen or a C1 to
C10 alkyl group, or a combination thereof,

[0100] m is an integer of 1 or more,

[0101] k1 is an integer of O or 1 or more,

[0102] k2 is an integer of 1 or more,

[0103] the sum of m and k2 is an integer of 3 or more.
[0104] In the above Chemical Formula 1, m does not

exceed the valance of Y, and the sum of k1 and k2 does not
exceed the valence of the L, . In an embodiment, the sum of m
and k2 ranges from 3 to 6, specifically 3 to 5, and in another
embodiment, m may be 1, k1 may be 0, and k2 may be 3 or 4.
[0105] The thiol group is bonded at the terminal end of Y,
for example when Y is an alkylene group, the thiol group is
bonded with the last positioned carbon.

[0106] The second monomer providing the polymer matrix
may be represented by the following Chemical Formula 2.

Chemical Formula 2

[R? T Lt Vo= Xnlu

[0107] In Chemical Formula 2,

[0108] Xisa C2 to C30 aliphatic organic group including a
carbon-carbon double bond or a carbon-carbon triple bond, a
C6 to C30 aromatic organic group including a carbon-carbon
double bond or a carbon-carbon triple bond, or a C3 to C30
alicyclic organic group including a carbon-carbon double
bond or a carbon-carbon triple bond,

[0109] R?ishydrogen; a substituted or unsubstituted C1 to
C30alkyl group; a substituted or unsubstituted C6 to C30 aryl
group; a substituted or unsubstituted C3 to C30 heteroaryl
group; a substituted or unsubstituted C3 to C30 cycloalkyl
group; a substituted or unsubstituted C3 to C30 heterocy-
cloalkyl group; a substituted or unsubstituted C2 to C30 alk-
enyl group; a substituted or unsubstituted C2 to C30 alkynyl
group; a substituted or unsubstituted C3 to C30 alicyclic
organic group including a ring having a double bond or triple
bond in the ring; a substituted or unsubstituted C3 to C30
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heterocycloalkyl group including a ring having double bond
or triple bond in the ring; a C3 to C30 alicyclic organic group
substituted with a C2 to C30 alkenyl group or a C2 to C30
alkynyl group; a C3 to C30 heterocycloalkyl group substi-
tuted with a C2 to C30 alkenyl group or a C2 to C30 alkynyl
group; a hydroxy group; —NH,; a substituted or unsubsti-
tuted C1 to C30 amine group of the formula—NRR', wherein
R and R' are independently hydrogen or a C1 to C30 alkyl
group; an isocyanate group; an isocyanurate group; a (meth)
acrylate group; ahalogen; —ROR' (wherein R is a substituted
orunsubstituted C1 to C20 alkylene group and R' is hydrogen
or a Cl to C20 alkyl group); an acyl halide group of the
formula —RC(=—O)X wherein R is a substituted or unsubsti-
tuted alkylene group, and X is a halogen; —C(—O)OR'
wherein R' is hydrogen or a C1 to C20 alkyl group; —CN; or
—C(=0)ONRR' wherein R and R' are independently hydro-
gen or a Cl1 to C20 alkyl group,

[0110] L, isasinglebond, asubstituted or unsubstituted C1
to C30 alkylene group, a substituted or unsubstituted C6 to
C30 arylene group, or a substituted or unsubstituted C3 to
C30 heteroarylene group,

[0111] Y,isasinglebond;asubstituted orunsubstituted C1
to C30 alkylene group; a substituted or unsubstituted C2 to
C30 alkenylene group; or a C1 to C30 alkylene group ora C2
to C30 alkenylene group wherein at least one methylene
group (—CH,—) is replaced by a sulfonyl group (—S(=—0)
>—), a carbonyl group (—C(—O)—), an ether group
(—0—), a sulfide group (—S—), a sulfoxide group (—S
(=0)—), an ester group (—C(=—0)O—), an amide group of
the formula —C(—O)NR—wherein R is hydrogenora C1 to
C10 alkyl group, —NR— wherein R is hydrogen or a C1 to
C10 alkyl group, or a combination thereof, n is an integer of
1 or more,

[0112] K3 is an integer of O or 1 or more, k4 is an integer of
1 or more, and

[0113] the sum of n and k4 is an integer of 3 or more.
[0114] In Chemical Formula 2, n does not exceed the val-
ance of Y,, and the sum of k3 and k4 does not exceed the
valence of the L. In an embodiment, the sum of n and k4 may
range from 3 to 6, specifically 3 to 5, and in another embodi-
ment, nis 1, k3 is 0, and k4 is 3 or 4.

[0115] InChemical Formula 2, X is bonded at the terminal
end of Y,, for example when'Y, is an alkylene group, the thiol
group is bonded with the last positioned carbon.

[0116] The first monomer ofthe above Chemical Formula 1
may include a monomer of the following Chemical Formula
1-1.

Chemical Formula 1-1

Ra/ Ya\L / b\Rb
1
RC\YC/ \Yd/‘Rd
[0117] In Chemical Formula 1-1,
[0118] L,'is carbon, a substituted or unsubstituted C6 to

C30 arylene group, for example a substituted or unsubstituted
phenylene group; a substituted or unsubstituted C3 to C30
heteroarylene group; a substituted or unsubstituted C3 to C30
cycloalkylene group; or a substituted or unsubstituted C3 to
C30 heterocycloalkylene group,

[0119] Y, to Y, are each independently a substituted or
unsubstituted C1 to C30 alkylene group; a substituted or
unsubstituted C2 to C30 alkenylene group; or a C1 to C30
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alkylene group or a C2 to C30 alkenylene group wherein at
least one methylene group (—CH,—) is replaced by a sulfo-
nyl group (—S(=0),—), a carbonyl group (—C(=0)—),
an ether group (—O—), a sulfide group (—S—), a sulfoxide
group (—S(—0)—), an ester group (—C(—0)O—), an
amide group of the formula —C(—O)NR—wherein R is
hydrogen or a C1 to C10 alkyl group, —NR— wherein R is
hydrogen or a C1 to C10 alkyl group, or a combination
thereof,

[0120] R, to R, are each independently a thiol group
(—SH), or one or more of the groups R,—Y ,—, R,—Y,—,
R—Y_—, and R,—Y_,— are R, of Chemical Formula 1,
provided that at least two of Y, to Y ; are as defined above and
at least two of R, to R, are thiol groups (—SH).

[0121] In an embodiment, ;' is a substituted or unsubsti-
tuted phenylene group, and thus the substituted or unsubsti-
tuted C6 to C30 arylene group may be a substituted or unsub-
stituted phenylene group.

[0122] More specific examples of the first monomer of the
above Chemical Formula 1 may include the compounds rep-
resented by the following Chemical Formulas 1-2 to 1-5.

Chemical Formula 1-2
O>_/7 SH
(6]
HSWO: >< /OW SH
(6] (6]
Chemical Formula 1-3
HS ‘\_{O (6] >_/7 SH
(0] (¢]
HS\/\[(O\ y /Oj(\/ SH
(0] (¢]
Chemical Formula 1-4
HS O O, SH
(6] (6]
O, >< O
(6] (6]
Chemical Formula 1-5
OY\/ SH
4
OY N\(O
HS 0. N N (0] SH

(6] (6] O
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[0123] In Chemical Formula 2, the X group may be a car-
bon-carbon double bond-containing a C1 to C30 aliphatic
organic group, a carbon-carbon double bond-containing a C6
to C30 aromatic organic group, or a carbon-carbon double
bond-containing a C3 to C30 alicyclic organic group. The X
group may be an acrylate group; a methacrylate group; a
substituted or unsubstituted C2 to C30 alkenyl group; a sub-
stituted or unsubstituted C2 to C30 alkynyl group; a substi-
tuted or unsubstituted C3 to C30 alicyclic organic group
including a ring having double bond or triple bond in the ring;
a substituted or unsubstituted C3 to C30 heterocycloalkyl
group including a ring having a double bond or triple bond in
the ring; a C3 to C30 alicyclic organic group substituted with
a C2 to C30 alkenyl group or a C2 to C30 alkynyl group; and
a C3 to C30 heterocycloalkyl group substituted with a C2 to
C30 alkenyl group, or a C2 to C30 alkynyl group.

[0124] In the above Chemical Formula 2, X may be an
alkenyl group, and may be a vinyl group or an allyl group, and
a substituted or unsubstituted C3 to C30 alicyclic organic
group including the ring having the double bond or triple
bond in the ring as the X group may be a norbornene group, a
maleimide group, a nadimide group, a tetrahydrophthalimide
group, or a combination thereof.

[0125] In Chemical Formula 2, L, may be a substituted or
unsubstituted pyrrolidine group, a substituted or unsubsti-
tuted tetrahydrofuran group, a substituted or unsubstituted
pyridine group, a substituted or unsubstituted pyrimidine
group, a substituted or unsubstituted piperidine group, a sub-
stituted or unsubstituted triazine group, or a substituted or
unsubstituted isocyanurate group.

[0126] The second monomer of the above Chemical For-
mula 2 may include the compounds represented by the fol-
lowing Chemical Formulas 2-1 and 2-2.

Chemical Formula 2-1
Z

AN,

2 3

Chemical Formula 2-2

(@]
Z, )k Z3
\N N/
O)\IF/KO

7

[0127] In Chemical Formulas 2-1 and 2-2, Z, to Z, are the
same or different, and are *—Y,—X  of the above Chemical
Formula 2, wherein * represents the point of attachment to L.

[0128] More specific examples of the Chemical Formula 2
may include the compounds represented by the following
Chemical Formulas 2-3 to 2-5.
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Chemical Formula 2-3

J\O/\/

Chemical Formula 2-4
\/\ NJ]\N /\/
O)P\I /KO
Chemical Formula 2-5

HO [¢]
/\/O\_ >< _/O\/\

[0129] The polymer matrix has excellent compatibility
with the semiconductor nanocrystal, and can suitably dis-
perse the semiconductor nanocrystal. Also, because the poly-
mer matrix can be cured in a shorted time at room tempera-
ture, high temperature process, which may deteriorate the
stability of semiconductor nanocrystal, may be avoided. In
addition, by providing a dense cross-linked structure, extra-
neous factors such as oxygen or moisture may be blocked, so
that the stability of the semiconductor nanocrystal is
improved. Thereby, the luminous efficiency may be stably
maintained for a long time.

[0130] The light conversion layer 130 may further include
an inorganic oxide. The inorganic oxide may be silica, alu-
mina, titania, zirconia, or a combination thereof. The inor-
ganic oxide may be included in an amount of about 1 weight
percent (wt %) to about 20 wt %, specifically about 2 wt % to
about 15 wt %, based on the total weight of the light conver-
sion layer 130.

[0131] Thelight conversion layer 130 may be providedina
form of a film in which the semiconductor nanocrystal is
dispersed in the polymer matrix. The film may be fabricated
in various thickness and shapes using a mold or by casting, for
example.

[0132] The light conversion layer 130 may include the
semiconductor nanocrystal in an amount of about 0.1 wt % to
about 20 wt %, specifically about 0.2 wt % to about 15 wt %,
and more specifically about 0.3 wt % to about 10 wt %, based
on the total amount of light conversion layer 130. When the
semiconductor nanocrystal and the polymer matrix are used
within these ranges, the stability of the light conversion layer
130 may be improved.

[0133] The first monomer and the second monomer may be
used so that the thiol group of the first monomer and the
unsaturated carbon-carbon bond of the second monomer may
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be present at a mole ratio of about 0.5:1 to about 1:0.5,
specifically about 0.75:1 to about 1:0.75, and more specifi-
cally about 1:0.9 to about 1:1.1. When the first monomer and
the second monomer are used within these ranges, a polymer
matrix having excellent mechanical strength and suitable
physical properties, e.g. a suitable high density network may
be provided.

[0134] The polymer matrix of the light conversion layer
130 may further include a polymerized product that is
obtained by additionally polymerizing a third monomer hav-
ing a thiol group located at the terminal end of the third
monomer, a fourth monomer having an unsaturated carbon-
carbon bond at a terminal end of the fourth monomer, or a
combination thereof.

[0135] The third monomer may be a compound where, in
Chemical Formula 1, m and k2 are each 1, and the fourth
monomer may be acompound where, in Chemical Formula 2,
n and k4 are each 1. In an embodiment, the third monomer is
a compound of Chemical Formula 1 wherein m and k2 are
each 1, and the fourth monomer is a compound of Chemical
Formula 2 wherein n and k4 are each 1.

[0136] The semiconductor nanocrystal may further com-
prise a coating, the coating comprising a polymer having a
carboxyl group or a salt thereof before being dispersed in the
polymer matrix. The carboxyl group may be an acrylic acid
group, a methacrylic acid group, or a salt thereof. The poly-
mer having a carboxyl group or a salt thereof may be a
poly(alkylene-co-acrylic  acid), poly(alkylene-co-meth-
acrylic acid), a salt thereof, or a combination thereof.

[0137] The polymer having a carboxyl group or a salt
thereof may include a structural unit including a carboxyl
group or a salt thereof in the polymer in an amount of about 1
mole percent (mol %) to about 100 mol %, specifically about
2 mol % to about 50 mol %, and more specifically about 4 mol
% to about 20 mol %, based on a total moles of structural units
of the polymer. When the structural unit including a carboxyl
group or a salt thereof is included within the above range in
the polymer, stability of the light conversion layer 130 may be
improved.

[0138] The polymer having a carboxyl group or a salt
thereof may have a melting point (Tm) of about 50° C. to
about 300° C., specifically about 60° C. to about 200° C., and
more specifically about 70° C. to about 200° C. When the
polymer has a melting point within the above range, the
semiconductor nanocrystal may be stably coated.

[0139] When the light emitted from the LED light source
110 is passed through the light conversion layer 130 including
the semiconductor nanocrystal, blue light, green light, and red
light are mixed to emit white light. By changing the compo-
sitions and sizes of semiconductor nanocrystals in the light
conversion layer 130, the blue light, green light, and red light
may be controlled to a desirable ratio, so as to provide white
light which provides excellent color reproducibility and color
purity. The white light may have color coordinates where Cx
is about 0.24 to about 0.56 and Cy is about 0.24 to about 0.42
in a CIE 1931 chromaticity diagram.

[0140] For example, if the LED light source 110 is a blue
LED light source, the light conversion layer 130 may include
a green light emitting semiconductor nanocrystal and a red
light emitting semiconductor nanocrystal in an optical den-
sity ratio of about 2:1 to 7:1, specifically about 2:1 to 6:1,
wherein the optical density is determined using an absor-
bance of a first absorption maximum in a UV-Vis absorption
spectrum. The peak wavelength of the blue LED light source
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may be in a range of about 430 nm to about 460 nm; the green
light emitting semiconductor nanocrystal may have a peak
wavelength ranging from about 520 nm to about 550 nm; and
the red light emitting semiconductor nanocrystal may have a
peak wavelength ranging from about 590 nm to about 640 nm.

[0141] In an embodiment, the light conversion layer 130
may include a plurality of layers. In an embodiment, the
plurality of layers may be disposed so that the light emitting
wavelength becomes longer in a direction towards the LED
light source 110. For example, if the LED light source 110 is
a blue LED light source, the light conversion layer 130 may
include a red light conversion layer and a green light conver-
sion layer that are sequentially stacked in a direction away
from the LED light source 110.

[0142] Even though not shown in FIG. 1, on the light con-
version layer 130, a film, e.g., a diffusion plate, a prism sheet,
a microlens sheet, a brightness enhancement film (e.g.,
double brightness enhancement film (“DBEF”)), or a combi-
nation thereof, may be further disposed. In addition, the light
conversion layer 130 may be disposed between at least two
films, e.g., a light guide panel, a diffusion plate, a prism sheet,
a microlens sheet, a brightness enhancement film (e.g.,
double brightness enhancement film (“DBEF”)), or a combi-
nation thereof.

[0143] FIG.2 isaschematic view of a liquid crystal display
device 20 including the backlight unit 102 according to
another embodiment.

[0144] As shown in FIG. 2, a light conversion layer 132
may include a film 131 including the polymer matrix and the
semiconductor nanocrystal, and at least one of a first polymer
film 133 and a second polymer film 135 may be disposed on
at least one surface of the film 131. The second polymer film
135 disposed under the film 131 may act as a barrier for
preventing degradation of semiconductor nanocrystal due to
the LED light source 110.

[0145] The first polymer film 133 and the second polymer
film 135 may include a polyester, a cyclic olefin polymer
(“COP”), a second polymer product produced by polymer-
ization of the first monomer including at least two thiol
(—SH) groups, each located at a terminal end of the first
monomer, and the second monomer including at least two
unsaturated carbon-carbon bonds at a terminal end of the
second monomer, or a combination thereof. The polyester
may include a polyethylene terephthalate, polybutylene
terephthalate, polyethylene naphthalate, or the like, or a com-
bination thereof. The cyclic olefin polymer may be a polymer
produced by chain copolymerization of a cyclic monomer,
such as a norbornene or a tetracyclododecene with a linear
olefin monomer such as ethylene. In an embodiment, the
polymerized product of the first monomer including at least
two thiol (—SH) groups, each located at a terminal end of the
first monomer, and the second monomer including at least
two unsaturated carbon-carbon bonds at a terminal end of the
second monomer, or a combination thereof may be the same
as that described in the polymer matrix of the light conversion
layer 130 of FIG. 1.

[0146] At least one of the first polymer film 133 and the
second polymer film 135 may further include an inorganic
oxide. The inorganic oxide may comprise silica, alumina,
titania, zirconia, or a combination thereof. The inorganic
oxide may act as a light diffusion material. The inorganic
oxide may be disposed, e.g., coated on, the a surface of at least
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one of the first polymer film 133 and the second polymer film
135, and a thickness thereof may be about 10 nm to about 100
nm.

[0147] The inorganic oxide of the first polymer film 133
may be included in an amount of about 1 wt % to about 20 wt
%, specifically about 2 wt % to about 15 wt %, based on the
total weight of the first polymer film 133. The inorganic oxide
of'the second polymer film 135 may be included in an amount
of'about 1 wt % to about 20 wt %, specifically about 2 wt %
to about 15 wt %, based on the total weight of the second
polymer film 135. In addition, when included within the
range, the polymer film is easily fabricated, water vapor per-
meability may be decreased, and the role of the diffusion film
may be sufficiently performed, so as to substitute for a diffu-
sion film.

[0148] The first polymer film 133 may have concavo-con-
vex pattern having a predetermined size on the surface oppo-
site, e.g., not contacting, the film 131 including a polymer
matrix and semiconductor nanocrystal. The second polymer
film 135 may also have concavo-convex pattern having a
predetermined size on the surface opposite, e.g., not contact-
ing, the film 131 including a polymer matrix and semicon-
ductor nanocrystal. The first polymer film 133 and the second
polymer film 135, with the concavo-convex pattern thereon,
may suitably diffuse light emitted from the LED light source
110. Accordingly, the liquid crystal display device may omit
a diffusion plate or a prism sheet from the light guide panel
120. However, according to another embodiment, the diffu-
sion plate or a prism sheet may be disposed on the light guide
panel 120.

[0149] Even though not shown in FIG. 2, a film, e.g., a
diffusion plate, a prism sheet, a microlens sheet, and a bright-
ness enhancement film (e.g., double brightness enhancement
film (“DBEF”)), or a combination thereof, may be further
disposed on the light conversion layer 132. In addition, the
light conversion layer 132 may be disposed between at least
two films, e.g., a light guide panel, a diffusion plate, a prism
sheet, a microlens sheet, a brightness enhancement film (e.g.,
double brightness enhancement film (“DBEF”)), or a combi-
nation thereof.

[0150] The light conversion layer 132 may have oxygen
transmission rate of about 0.01 cm®/m?>-day-atm to about 10
cm?®/m?-day-atm and water vapor transmission rate of about
0.001 g/m*-day to about 10 g/m*-day. When having the oxy-
gen permeation and the moisture permeation within the
range, the semiconductor nanocrystal may be stably pro-
tected against the ambient conditions.

[0151] FIG. 3 is a schematic view of a liquid crystal display
device 30 including a backlight unit 103 comprising a diffu-
sion plate 140 between the light conversion layer 130 and the
first polarizer 501 of the liquid crystal panel 500 in the liquid
crystal display device 10 shown in FIG. 1. The diffusion plate
140 diffuses and emits white light provided from the light
conversion layer 130. Accordingly, the uniformity of white
light transmitted through the diffusion plate 140 may be
improved. In an embodiment, the light conversion layer 130
may be spaced apart from the diffusion plate 140 as shown in
FIG. 3. In another embodiment, the light conversion layer 130
may be disposed to contact the diffusion plate 140.

[0152] Even though not shown in FIG. 3, a film, e.g., a
prism sheet, a microlens sheet, and a brightness enhancement
film (e.g., double brightness enhancement film (“DBEF”)), or
a combination thereof, may be further disposed on the diffu-
sion plate 140. In addition, the light conversion layer 130 may
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be disposed between at least two films, e.g., a diffusion plate,
a prism sheet, a microlens sheet, a brightness enhancement
film (e.g., double brightness enhancement film (DBEF")), or
a combination thereof.

[0153] FIG. 4 is a schematic view of a liquid crystal display
device 40 including a backlight unit according to another
embodiment. The backlight unit 200 shown in FIG. 4 includes
an LED light source 210, a light guide panel 220, a diffusion
plate 240, and a light conversion layer 230.

[0154] The LED light source 210 includes a plurality of
LED chips emitting light having a predetermined wave-
length. The LED light source 210 may be an LED light source
emitting blue light or an LED light source emitting ultraviolet
(“UV”) light.

[0155] The light guide panel 220 guides the light emitted
from the LED light source 210 into the light conversion layer
230. A reflector (not shown) may be further disposed on the
lower surface of the light guide panel 220.

[0156] The uniformity of light emitted from the LED light
source 210 is improved while passing through the diffusion
plate 240 and the light guide panel 220.

[0157] The light conversion layer 230 may be disposed so
as to keep a predetermined distance from the LED light
source 210, and is effective to convert the light emitted from
the LED light source 210 into white light and emit it toward
the liquid crystal panel 500.

[0158] The light conversion layer 230 includes a semicon-
ductor nanocrystal and a polymer matrix to provide excellent
color reproducibility and color purity. The semiconductor
nanocrystal and the polymer matrix may be the same as
described in the light conversion layer 130 of FIG. 1.

[0159] The light conversion layer 230 may be disposed in
contact with or apart from the diffusion plate 240.

[0160] On at least one surface of the light conversion layer
230, the first polymer film 133, and the second polymer film
135 may be disposed as shown in FIG. 2.

[0161] In another embodiment, the light conversion layer
230 may include a plurality of layers. In this case, the plurality
of layers may be disposed so that the light emitting wave-
length becomes longer in a direction towards the LED light
source 210. For example, when the LED light source 210 is a
blue LED light source, the light conversion layer 230 may
include a red light conversion layer and a green light conver-
sion layer that are sequentially stacked in a direction away
from the LED light source 210.

[0162] The white light emitted from the backlight unit, e.g.,
backlight units 100, 102, 103, and 200, is incident toward the
liquid crystal panel 500. The liquid crystal panel 500 provides
a predetermined color image using the white light incident
from the backlight units. The liquid crystal panel 500 may
have a structure in which a first polarizer 501, a liquid crystal
layer 502, a second polarizer 503, and a color filter 504 are
sequentially disposed. The white light emitted from the back-
light unit, e.g., backlight units 100, 102, 103, and 200, is
transmitted through the first polarizer 501, the liquid crystal
layer 502, and the second polarizer 503 and then into the color
filter 504 to express a predetermined color image.

[0163] FIG.5 isaschematic view of a liquid crystal display
device 50 including the backlight unit according to another
embodiment. Hereinafter, it is described with regard to dif-
ferent aspects from those described in the above embodi-
ments.

[0164] Referring to FIG. 5, a backlight unit 300 according
to another embodiment includes an LED light source 310 and
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a light conversion layer 330 apart from the LED light source
310. According to an embodiment, the LED light source 310
may be disposed under a surface of the light conversion layer
330. The LED light source 310 may be an LED light source
emitting blue light or an LED light source emitting ultraviolet
(“UV”) light.

[0165] A light passage may be disposed between the LED
light source 310 and the light conversion layer 330, and for
example, a light guide panel 320 may be disposed under the
light conversion layer 330. The light guide panel 320 is used
to guide light emitted from the LED light source 310 thereof
towards the light conversion layer 330. A reflector (not
shown) may be further disposed on the lower surface of the
light guide panel 320.

[0166] Thereby, thelight emitted from the LED light source
310is provided into the light conversion layer 330 through the
light guide panel 320, and the incident light is transmitted into
the light conversion layer 330 to be converted into white light.

[0167] The light conversion layer 230 includes a polymer
matrix and a semiconductor nanocrystal to accomplish excel-
lent color reproducibility and color purity. The semiconduc-
tor nanocrystal and the polymer matrix are the same as
described in the light conversion layer 130 of FIG. 1.

[0168] The first polymer film 133 and the second polymer
film 135 shown in FIG. 2 may be disposed on at least one
surface of the light conversion layer 330.

[0169] In another embodiment, the light conversion layer
330 may include a plurality of layers. In this case, the plurality
of layers may be disposed so that a light emitting wavelength
ofbecomes longer in a direction towards the LED light source
310. For example, when the LED light source 310 is a blue
LED light source, the light conversion layer 330 may include
ared light conversion layer and a green light conversion layer
that are sequentially stacked in a direction away from the
LED light source 310.

[0170] A diffusion plate may be further disposed between
the light conversion layer 330 and the liquid crystal panel 500.
The diffusion plate may be disposed on at least one of the
upper surface and the lower surface of the light conversion
layer 330 as shown in FIG. 3 and FIG. 4.

[0171] In addition, the light conversion layer 330 and the
diffusion plate may contact each other or may be disposed
apart from each other.

[0172] As described above, the light conversion layers 130,
132, 230, and 330 may each independently include the semi-
conductor nanocrystal to improve the color reproducibility
and the color purity, and may each independently include a
polymer matrix having a dense polymer network to prevent
degradation of the semiconductor nanocrystal. Since the light
conversion layers 130, 132, 230, and 330 are disposed apart
from the LED light sources 110, 210, and 310 and are dis-
posed in a form of a sheet, the light conversion layers 130,
132, 230, and 330 may not be degraded by heat generated
from the LED light sources 110, 210, and 310.

[0173] In addition, since the light conversion layers 130,
132, 230, and 330 including a matrix resin and the semicon-
ductor nanocrystal may be fabricated as a separate film, the
manufacturing process of the backlight unit may be simpli-
fied.

[0174] Hereinafter, the embodiments are illustrated in more
detail with reference to examples. However, they are exem-
plary embodiments of this disclosure and are not limiting.
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Example 1

Fabrication of Light Conversion Layer

[0175] Green semiconductor nanocrystal (CdSe/ZnS/
CdZnS) with a light emitting wavelength of 536 nanometers
(nm) is dispersed into 119 microliters (uL) of toluene to have
an optical density (“OD”) 0f0.10, wherein the optical density
is determined using the absorbance of the first absorption
maximum wavelength in a UV-Vis absorption spectrum of a
100 times-diluted solution, to provide a green semiconductor
nanocrystal dispersion solution.

[0176] Red semiconductor nanocrystal (CdSe/CdSZnS)
having a light emitting wavelength of 624 nm is dispersed into
36 uL. of toluene to have an optical density (“OD”) of 0.10, to
provide a red semiconductor nanocrystal dispersion solution.
[0177] The green semiconductor nanocrystal dispersion
and red semiconductor nanocrystal dispersion are mixed,
ethanol is added thereto, and then the mixture is centrifuged.
[0178] The supernatant of the solution excluding the cen-
trifuged precipitant is discarded, and the precipitant is dis-
persed in 1.2 grams (g) of pentaerythritol tetrakis(3-mercap-
topropionate) as a first monomer.

[0179] 0.8 g of 1,3,5-triallyl-1,3,5-triazin-2,4,6-trione as a
second monomer and 0.04 g of oxy-phenyl-acetic acid 2-[2-
oxo0-2-phenyl-acetoxy-ethoxy]-ethyl ester as a photoinitiator
are added to the resulting mixture to prepare a mixture.
[0180] The mixture is coated on a polyethylene terephtha-
late (“PET”) substrate and UV irradiated to fabricate a film
for a light conversion layer.

Comparative Example 1

Fabrication of Light Conversion Layer

[0181] Green semiconductor nanocrystal (CdSe/ZnS/
CdZnS) with a light emitting wavelength of 538 nm is dis-
persed into 154 pL of toluene to have an optical density
(“OD”) of 0.10 (wherein the OD is determined using the
absorbance of the first absorption maximum wavelength in
UV-Vis absorption spectrum of a 100 times-diluted solution),
to provide a green semiconductor nanocrystal dispersion
solution.

[0182] Red semiconductor nanocrystal (CdSe/CdSZnS)
having a light emitting wavelength of 623 nm is dispersed into
51 pL of toluene to have an optical density (“OD”) 0f 0.10, to
provide a red semiconductor nanocrystal dispersion solution.
[0183] The green semiconductor nanocrystal dispersion
and red semiconductor nanocrystal dispersion are mixed,
ethanol is added thereto, and the mixture centrifuged. The
supernatant of the solution excluding the centrifuged precipi-
tant is discarded, and the precipitant is dispersed in 4 g of
isobornyl acrylate.

[0184] 3.2 gof trimcyclodecane dimethanol diacrylate and
0.8 g of trimethylol propane triacrylate, and 0.2 g of 1-hy-
droxy-cyclohexyl-phenyl-ketone and 0.1 g of diphenyl (2,4,
6-trimethylbenzoyl)-phosphine oxide) as a photoinitiator are
dissolved, and 2 g of an urethane acrylate oligomer (EB270,
Daicel) are mixed followed by agitating. The isobornyl acry-
late solution in which green semiconductor nanocrystal and
red semiconductor nanocrystal is dispersed is mixed there-
with to prepare a photocurable composition.

[0185] The photocurable composition is coated on a PET
substrate and UV irradiated to fabricate a film for a light
conversion layer.
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[0186] A liquid crystal display device having a backlight
unit (BLU) fabricated by inserting each light conversion layer
according to Example 1 and Comparative Example 1 is oper-
ated in 50° C. chamber and luminance is measured. The
results are shown in FIG. 6. As shown in FIG. 6, the liquid
crystal display device having a light conversion layer accord-
ing to Example 1 including a polymerized product of a first
monomer including at least two thiol (—SH) groups, each
located at a terminal end of the first monomer, and a second
monomer including at least two unsaturated carbon-carbon
bonds, each located at a terminal end of the second monomer,
shows improved luminance after about 1000 hours compared
with that of Comparative Example 1.

Example 2
Fabrication of Light Conversion Layer

Synthesis of Green Semiconductor Nanocrystal
(InZnP/ZnSeS/ZnS) Coated with Polymer

[0187] 4 g of a polyethylene-co-polyacrylic acid copoly-
mer (15wt % of polyacrylic acid) is put into a flask and 38 mL
of toluene is added under a nitrogen atmosphere to prepare a
polymer solution. The polymer solution is heated at 120° C. to
dissolve the copolymer completely.

[0188] Green semiconductor nanocrystal with a light emit-
ting wavelength of 542 nm is dispersed into 40 mL of toluene
to have an optical density (“OD”) of 0.015 (determined using
the absorbance of the first absorption maximum wavelength
in UV-Vis absorption spectrum of a 100 times-diluted solu-
tion), to provide a green semiconductor nanocrystal disper-
sion solution.

[0189] The green semiconductor nanocrystal dispersion
solution is mixed with the polymer solution and stirred at
120° C. for 30 minutes. 10 mL of a solution including diethyl
zinc (Zn(Et),) dissolved in toluene at a concentration of 0.2
molar (M) is added in a dropwise fashion and reacted for 30
minutes. After the reaction, the resultant is cooled to 50° C.
and then filtered followed by rinsing with hexane and vacuum
drying to obtain green semiconductor nanocrystals coated
with polyethylene-co-polyacrylic acid copolymer that is
coordinated with zinc ion. The polyethylene-co-polyacrylic
acid copolymer is coated in an amount of about 650 parts by
weight, based on 100 parts by weight of the green semicon-
ductor nanocrystal.

Synthesis of Red Semiconductor Nanocrystal
(InP/ZnSeS/7Zn8S) Coated with Polymer

[0190] 141 g of a polyethylene-co-polyacrylic acid
copolymer (15 wt % of polyacrylic acid) is put into a flask and
15 mL of toluene is added under a nitrogen atmosphere to
prepare a polymer solution. The polymer solution is heated at
120° C. to dissolve the copolymer completely.

[0191] Red semiconductor nanocrystals with a light emit-
ting wavelength of 620 nm is dispersed into 15 mL of toluene
to have an optical density (“OD”) of 0.014, to provide a red
semiconductor nanocrystal dispersion solution.

[0192] Thered semiconductor nanocrystal dispersion solu-
tion is mixed with the polymer solution and stirred at 120° C.
for 30 minutes. 3.5 mL of solution including diethyl zinc
(Zn(Et),) dissolved in toluene at a concentration of 0.2 M is
added in a dropwise fashion and reacted for 30 minutes. After
the reaction, the resultant is cooled to 50° C. and then filtered
followed by rinsing with hexane and vacuum drying to obtain
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red semiconductor nanocrystals coated with polyethylene-
co-polyacrylic acid copolymer that is coordinated with zinc
ion. The polyethylene-co-polyacrylic acid copolymer is
coated in an amount of about 660 parts by weight, based on
100 parts by weight of the red semiconductor nanocrystal.

[0193] 0.45 g of the green semiconductor nanocrystal
coated with the copolymer, 0.13 g of the red semiconductor
nanocrystal coated with the copolymer, 2.4 g of pentaeryth-
ritol tetrakis(3-mercaptopropionate) as a first monomer, 1.6 g
of 1,3,5-triallyl-1,3,5-triazin-2,4,6-trione as a second mono-
mer, and 0.08 g of oxy-phenyl-acetic acid 2-[2-0x0-2-phenyl-
acetoxy-ethoxy]-ethyl ester as a photoinitiator are mixed to
prepare a mixture.

[0194] The mixture is coated on a polyethylene terephtha-
late (“PET”) substrate and UV irradiated to fabricate a film
for a light conversion layer.

Comparative Example 2

Fabrication of Light Conversion Layer

[0195] 0.34 g of the green semiconductor nanocrystal
coated with the copolymer and 0.10 g of the red semiconduc-
tor nanocrystal coated with the copolymer synthesized in
Example 2 are mixed with 1.2 g of isobornyl acrylate.

[0196] 0.96 g of trimcyclodecane dimethanol diacrylate
and 0.24 g of trimethylol propane triacrylate, and 0.06 g of
1-hydroxy-cyclohexyl-phenyl-ketone and 0.03 g of diphenyl
(2,4,6-trimethylbenzoyl)-phosphine oxide) as a photoinitia-
tor are dissolved, and 0.6 g of an urethane acrylate oligomer
(EB270, Deicel) are mixed followed by agitating.

[0197] The isobornyl acrylate solution having mixture of
the polymer coated green semiconductor nanocrystal and the
polymer coated red semiconductor nanocrystal is mixed
therewith to prepare a photocurable composition.

[0198] The photocurable composition is coated on a PET
substrate and UV irradiated to fabricate a film for a light
conversion layer.

[0199] A liquid crystal display device having a backlight
unit (BLU) fabricated by inserting each light conversion layer
according to Example 2 and Comparative Example 2 is oper-
ated at room temperature and luminance is measured. The
results are shown in FIG. 7. As shown in FIG. 7, the liquid
crystal display according to Example 2 including a polymer-
ized product of a first monomer including at least two thiol
(—SH) groups, each located at a terminal end of the first
monomer, and a second monomer including at least two
unsaturated carbon-carbon bonds, each located at a terminal
end of the second monomer, shows improved luminance after
about 1000 hours compared with that of Comparative
Example 2.

[0200] While this disclosure 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 con-
trary, is intended to cover various modifications and equiva-
lent arrangements included within the spirit and scope of the
appended claims. Therefore, the aforementioned embodi-
ments shall be understood to be exemplary and not limiting
the present invention in any way.
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What is claimed is:
1. A backlight unit for a liquid crystal display device, the
backlight unit comprising:
an light emitting diode light source;
a light conversion layer disposed separate from the light
emitting diode light source to convert light emitted from
the light emitting diode light source to white light and to
provide the white light to a liquid crystal panel; and
a light guide panel disposed between the light emitting
diode light source and the light conversion layer,
wherein the light conversion layer comprises a semicon-
ductor nanocrystal and a polymer matrix, and
wherein the polymer matrix comprises
a first polymerized product of a first monomer including
at least two thiol (—SH) groups, each located at a
terminal end of the first monomer, and

a second monomer including at least two unsaturated
carbon-carbon bonds, each located at a terminal end
of the second monomer.

2. The backlight unit for a liquid crystal display device of
claim 1, wherein the backlight unit further comprises a dif-
fusion plate on a light guide panel, and the light conversion
layer is disposed between the light guide panel and the diffu-
sion plate.

3. The backlight unit for a liquid crystal display device of
claim 1, wherein the light emitting diode light source is dis-
posed on at least one side of the light conversion layer.

4. The backlight unit for a liquid crystal display device of
claim 1, wherein the semiconductor nanocrystal is a Group
II-VI compound, a Group III-V compound, a Group V-VI
compound, a Group IV element, a Group IV compound, or a
combination thereof.

5. The backlight unit for a liquid crystal display device of
claim 1, wherein the semiconductor nanocrystal has a full
width at half maximum of less than or equal to about 45
nanometers in a light emitting wavelength spectrum.

6. The backlight unit for a liquid crystal display device of
claim 1, wherein the first monomer of the polymer matrix is
represented by the following Chemical Formula 1:

Chemical Formula |
R+ LY — SHule

wherein, in Chemical Formula 1,

R' is hydrogen; a substituted or unsubstituted C1 to C30
alkyl group; a substituted or unsubstituted C6 to C30
aryl group; a substituted or unsubstituted C3 to C30
heteroaryl group; a substituted or unsubstituted C3 to
C30 cycloalkyl group; a substituted or unsubstituted C3
to C30 heterocycloalkyl group; a substituted or unsub-
stituted C2 to C30 alkenyl group; a substituted or unsub-
stituted C2 to C30 alkynyl group; a substituted or unsub-
stituted C3 to C30 alicyclic organic group including a
ring having a double bond or triple bond in the ring; a
substituted or unsubstituted C3 to C30 heterocycloalkyl
group including a ring having a double bond or triple
bond in the ring; a C3 to C30 alicyclic organic group
substituted with a C2 to C30 alkenyl group or a C2 to
C30 alkynyl group; a C3 to C30 heterocycloalkyl group
substituted with a C2 to C30 alkenyl group or a C2 to
C30 alkynyl group; a hydroxy group; —NH,; a substi-
tuted or unsubstituted C1 to C30 amine group of the

12
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formula —NRR', wherein R and R' are independently
hydrogen or a C1 to C30 alkyl group; an isocyanurate
group; a (meth)acrylate group; a halogen; —ROR'
wherein R is a substituted or unsubstituted C1 to C20
alkylene group and R' is hydrogen or a C1 to C20 alkyl
group; —C(=—O)OR' wherein R' is hydrogen or a C1 to
C20 alkyl group; —CN; or —C(—O)ONRR' wherein R
and R' are each independently hydrogen or a C1 to C20
alkyl group,

L, isasingle bond; a substituted or unsubstituted C1 to C30
alkylene group; a substituted or unsubstituted C6 to C30
arylene group; a substituted or unsubstituted C3 to C30
heteroarylene group; a substituted or unsubstituted C3 to
C30 cycloalkylene group; or a substituted or unsubsti-
tuted C3 to C30 heterocycloalkylene group,

Y, is a single bond; a substituted or unsubstituted C1 to
C30 alkylene group; a substituted or unsubstituted C2 to
C30 alkenylene group; or a C1 to C30 alkylene group or
a C2to C30 alkenylene group wherein at least one meth-
ylene group (—CH,—) is replaced by a sulfonyl group
(—S(=0),—), a carbonyl group (—C(—0)—), an
ether group (—O—), a sulfide group (—S—), a sulfox-
ide group (—S(=—0)—), an ester group (—C(—0)
0O—), an amide group of the formula —C(=—0O)NR—
wherein R is hydrogen or a C1 to C10 alkyl group,
—NR— wherein R is hydrogen or a C1 to C10 alkyl
group, or a combination thereof,

m is an integer of 1 or more,

k1 is an integer of 0 or 1 or more,

k2 is an integer of 1 or more,

the sum of m and k2 is an integer of 3 or more,

m does not exceed the valance of Y, and

the sum ofk1 and k2 does not exceed the valence of the L, .

7. The backlight unit for a liquid crystal display device of

claim 1, wherein the second monomer of the polymer matrix
is represented by the following Chemical Formula 2:

Chemical Formula 2

R L Yo— (Kl

wherein, in Chemical Formula 2,

X is a C2 to C30 aliphatic organic group including a car-
bon-carbon double bond or a carbon-carbon triple bond,
a C6 to C30 aromatic organic group including a carbon-
carbon double bond or a carbon-carbon triple bond, or a
C3 to C30 alicyclic organic group including a carbon-
carbon double bond or a carbon-carbon triple bond,

R? is hydrogen; a substituted or unsubstituted C1 to C30
alkyl group; a substituted or unsubstituted C6 to C30
aryl group; a substituted or unsubstituted C3 to C30
heteroaryl group; a substituted or unsubstituted C3 to
C30 cycloalkyl group; a substituted or unsubstituted C3
to C30 heterocycloalkyl group; a substituted or unsub-
stituted C2 to C30 alkenyl group; a substituted or unsub-
stituted C2 to C30 alkynyl group; a substituted or unsub-
stituted C3 to C30 alicyclic organic group including a
ring having double bond or triple bond in the ring; a
substituted or unsubstituted C3 to C30 heterocycloalkyl
group including a ring having a double bond or triple
bond in the ring; a C3 to C30 alicyclic organic group
substituted with a C2 to C30 alkenyl group or a C2 to
C30 alkynyl group; a C3 to C30 heterocycloalkyl group
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substituted with a C2 to C30 alkenyl group or a C2 to
C30 alkynyl group; a hydroxy group; —NH,; a substi-
tuted or unsubstituted C1 to C30 amine group of the
formula —NRR' wherein R and R' are independently
hydrogen or a C1 to C20 alkyl group; an isocyanate
group; an isocyanurate group; a (meth)acrylate group; a
halogen; —ROR' wherein R is a substituted or unsub-
stituted C1 to C20 alkylene group and R' is hydrogen or
a C1 to C20 alkyl group; an acyl halide group of the
formula —RC(—0)X wherein R is a substituted or
unsubstituted alkylene group, and X is a halogen;
—C(=O0)OR" wherein R' is hydrogen or a C1 to C20
alkyl group; —CN; or —C(—O)ONRR' wherein R and
R'are each independently hydrogen ora C1 to C20 alkyl
group,

L, is a single bond, a substituted or unsubstituted C1 to C30
alkylene group, a substituted or unsubstituted C6 to C30
arylene group, or a substituted or unsubstituted C3 to
C30 heteroarylene group,

Y, is a single bond; a substituted or unsubstituted C1 to
C30 alkylene group; a substituted or unsubstituted C2 to
C30 alkenylene group; or a C1 to C30 alkylene group or
a C2 to C30 alkenylene group wherein at least one meth-
ylene group (—CH,—) is replaced by a sulfonyl group
(—S(=0),—), a carbonyl group (—C(—0)—), an
ether group (—O—), a sulfide group (—S—), a sulfox-
ide group (—S(=—0O)—), an ester group (—C(—0O)
O—), an amide group of the formula —C(=O)NR—
wherein R is hydrogen or a C1 to C10 alkyl group,
—NR— (wherein R is hydrogen or a C1 to C10 alkyl
group), or a combination thereof,

n is an integer of 1 or more,

k3 is an integer of 0 or 1 or more,

k4 is an integer of 1 or more,

the sum of n and k4 is an integer of 3 or more,

n does not exceed the valance of Y ,, and

the sum of k3 and k4 does not exceed the valence of the L,.

8. The backlight unit for a liquid crystal display device of
claim 1, wherein the polymer matrix of the light conversion
layer is a product of further polymerizing

a third monomer having a thiol group located at a terminal
end of the third monomer,

a fourth monomer having an unsaturated carbon-carbon
bond at a terminal end of the fourth monomer, or

a combination thereof.

9. The backlight unit for a liquid crystal display device of
claim 1, wherein the light conversion layer further comprises
an inorganic oxide.

10. The backlight unit for a liquid crystal display device of
claim 1, wherein the semiconductor nanocrystal further com-
prises a coating, the coating comprising a polymer having a
carboxyl group, or a salt thereof.

11. The backlight unit for a liquid crystal display device of
claim 10, wherein the polymer having a carboxyl group or a
salt thereof is a poly(alkylene-co-acrylic acid), a poly(alky-
lene-co-methacrylic acid), a salt thereof, or a combination
thereof.

12. The backlight unit for a liquid crystal display device of
claim 1, wherein white light emitted from the light conversion
layer has a Cx of about 0.24 to about 0.56 and a Cy of about
0.24 to about 0.42 in a CIE 1931 chromaticity diagram.

13. The backlight unit for a liquid crystal display device of
claim 1, wherein the semiconductor nanocrystal of the light
conversion layer comprises a green light emitting semicon-

13
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ductor nanocrystal and a red light emitting semiconductor
nanocrystal in an optical density ratio of about 2:1 to about
7:1, wherein the optical density is determined using an absor-
bance of a first absorption maximum in a UV-Vis absorption
spectrum, and when the light emitting diode light source is a
blue light emitting diode light source.
14. The backlight unit for a liquid crystal display device of
claim 1, wherein the light conversion layer is in the form of a
film comprising the semiconductor nanocrystal and the poly-
mer matrix; optionally further comprising at least one of a
first polymer film and a second polymer film disposed on at
least one surface of the film,
wherein the first polymer film and the second polymer film
each independently comprise
a polyester, a cyclic olefin polymer (COP), a second
polymerized product of the first monomer comprising
at least two thiol (—SH) groups, each located at the
terminal end of the first monomer, and the second
monomer comprising at least two unsaturated carbon-
carbon bonds at a terminal end of the second mono-
mer, or a combination thereof, and

an inorganic oxide,
wherein the first monomer and the second monomer of the
first and second polymerized products are each indepen-
dently selected.
15. The backlight unit for a liquid crystal display device of
claim 14, wherein at least one of the first polymer film and the
second polymer film has concavo-convex pattern on a surface
opposite the light conversion layer.
16. A liquid crystal display device, comprising:
an light emitting diode light source;
a light conversion layer disposed separate from the light
emitting diode light source to convert light emitted from
the light emitting diode light source to white light and to
provide the white light to a liquid crystal panel;
a light guide panel disposed between the light emitting
diode light source and the light conversion layer; and
a liquid crystal panel for providing an image using light
provided from the light conversion layer,
wherein the light conversion layer comprises a semicon-
ductor nanocrystal and a polymer matrix, and
wherein the polymer matrix comprises
a first polymerized product of a first monomer including
at least two thiol (—SH) groups, each located at a
terminal end of the first monomer, and

a second monomer including at least two unsaturated
carbon-carbon bonds, each located at a terminal end
of the second monomer.

17. The liquid crystal display device of claim 16, further
comprising a diffusion plate on the light guide panel.

18. The liquid crystal display device of claim 16, wherein
the light emitting diode light source is disposed on at least one
side of the light conversion layer.

19. The liquid crystal display device of claim 16, wherein
the first monomer of the polymer matrix is represented by the
following Chemical Formula 1:

Chemical Formula |

Rl LiF Y —(SH),l



US 2013/0148057 Al

wherein, in Chemical Formula 1,

R! is hydrogen; a substituted or unsubstituted C1 to C30
alkyl group; a substituted or unsubstituted C6 to C30
aryl group; a substituted or unsubstituted C3 to C30
heteroaryl group; a substituted or unsubstituted C3 to
C30 cycloalkyl group; a substituted or unsubstituted C3
to C30 heterocycloalkyl group; a substituted or unsub-
stituted C2 to C30 alkenyl group; a substituted or unsub-
stituted C2 to C30 alkynyl group; a substituted or unsub-
stituted C3 to C30 alicyclic organic group including a
ring having a double bond or triple bond in the ring; a
substituted or unsubstituted C3 to C30 heterocycloalkyl
group including a ring having a double bond or triple
bond in the ring; a C3 to C30 alicyclic organic group
substituted with a C2 to C30 alkenyl group or a C2 to
C30 alkynyl group; a C3 to C30 heterocycloalkyl group
substituted with a C2 to C30 alkenyl group or a C2 to
C30 alkynyl group; a hydroxy group; —NH,; a substi-
tuted or unsubstituted C1 to C30 amine group of the
formula —NRR', wherein R and R' are independently
hydrogen or a C1 to C30 alkyl group; an isocyanurate
group; a (meth)acrylate group; a halogen; —ROR'
wherein R is a substituted or unsubstituted C1 to C20
alkylene group and R' is hydrogen or a C1 to C20 alkyl
group; —C(=0)OR' wherein R' is hydrogen or a C1 to
C20 alkyl group; —CN; or —C(—O)ONRR' wherein R
and R' are each independently hydrogen or a C1 to C20
alkyl group,

L, is a single bond; a substituted or unsubstituted C1 to C30
alkylene group; a substituted or unsubstituted C6 to C30
arylene group; a substituted or unsubstituted C3 to C30
heteroarylene group; a substituted or unsubstituted C3 to
C30 cycloalkylene group; or a substituted or unsubsti-
tuted C3 to C30 heterocycloalkylene group,

Y, is a single bond; a substituted or unsubstituted C1 to
C30alkylene group; a substituted or unsubstituted C2 to
C30 alkenylene group; or a C1 to C30 alkylene group or
a C2 to C30 alkenylene group wherein at least one meth-
ylene group (—CH,—) is replaced by a sulfonyl group
(—S(=0),—), a carbonyl group (—C(—0)—), an
ether group (—O—), a sulfide group (—S—), a sulfox-
ide group (—S(=—0O)—), an ester group (—C(—0O)
O—), an amide group of the formula —C(—=O)NR—
wherein R is hydrogen or a Cl to C10 alkyl group),
—NR— wherein R is hydrogen or a C1 to C10 alkyl
group, or a combination thereof,

m is an integer of 1 or more,

k1 is an integer of O or 1 or more,

k2 is an integer of 1 or more,

the sum of m and k2 is an integer of 3 or more,

m does not exceed the valance of Y, and

the sum of k1 and k2 does not exceed the valence of the L, .

20. The liquid crystal display device of claim 16, wherein

the second monomer of the polymer matrix is represented by

the following Chemical Formula 2:

Chemical Formula 2
R4 Lo Yo=Kl

wherein, in Chemical Formula 2,
X is a C2 to C30 aliphatic organic group including a car-
bon-carbon double bond or a carbon-carbon triple bond,
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a C6 to C30 aromatic organic group including a carbon-
carbon double bond or a carbon-carbon triple bond, or a
C3 to C30 alicyclic organic group including a carbon-
carbon double bond or a carbon-carbon triple bond,

R? is hydrogen; a substituted or unsubstituted C1 to C30
alkyl group; a substituted or unsubstituted C6 to C30
aryl group; a substituted or unsubstituted C3 to C30
heteroaryl group; a substituted or unsubstituted C3 to
C30 cycloalkyl group; a substituted or unsubstituted C3
to C30 heterocycloalkyl group; a substituted or unsub-
stituted C2 to C30 alkenyl group; a substituted or unsub-
stituted C2 to C30 alkynyl group; a substituted or unsub-
stituted C3 to C30 alicyclic organic group including a
ring having a double bond or triple bond in the ring; a
substituted or unsubstituted C3 to C30 heterocycloalkyl
group including a ring having double bond or triple bond
in the ring; a C3 to C30 alicyclic organic group substi-
tuted with a C2 to C30 alkenyl group or a C2 to C30
alkynyl group; a C3 to C30 heterocycloalkyl group sub-
stituted with a C2 to C30 alkenyl group or a C2 to C30
alkynyl group; a hydroxy group; —NH,; a substituted or
unsubstituted C1 to C30 amine group of the formula
—NRR' wherein R and R' are independently hydrogen
or a C1 to C20 alkyl group); an isocyanate group; an
isocyanurate group; a (meth)acrylate group; a halogen;
—ROR'whereinR is a substituted or unsubstituted C1 to
C20 alkylene group and R' is hydrogen or a C1 to C20
alkyl group; an acyl halide group of the formula —RC
(—=O0)X, wherein R is a substituted or unsubstituted
alkylene group, and X is a halogen; —C(—O)OR'
wherein R' is hydrogen or a C1 to C20 alkyl group;
—~CN; or —C(—O)ONRR' wherein R and R' are each
independently hydrogen or a C1 to C20 alkyl group,

L, is a single bond, a substituted or unsubstituted C1 to C30
alkylene group, a substituted or unsubstituted C6 to C30
arylene group, or a substituted or unsubstituted C3 to
C30 heteroarylene group,

Y, is a single bond; a substituted or unsubstituted C1 to
C30 alkylene group; a substituted or unsubstituted C2 to
C30 alkenylene group; or a C1 to C30 alkylene group or
a C2to C30 alkenylene group wherein at least one meth-
ylene group (—CH,—) is replaced by a sulfonyl group
(—S(=0),—), a carbonyl group (—C(—0)—), an
ether group (—O—), a sulfide group (—S—), a sulfox-
ide group (—S(=—0O)—), an ester group (—C(—0)
0O—), an amide group of the formula —C(=0O)NR—
wherein R is hydrogen or a C1 to C10 alkyl group,
—NR— wherein R is hydrogen or a C1 to C10 alkyl
group, or a combination thereof,

n is an integer of 1 or more,

k3 is an integer of 0 or 1 or more,

k4 is an integer of 1 or more,

the sum of n and k4 is an integer of 3 or more,

n does not exceed the valance of Y,, and

the sum ofk3 and k4 does not exceed the valence of the L,.

21. The liquid crystal display device of claim 16, wherein

the polymer matrix of the light conversion layer is a product
of further polymerizing a monomer selected from

a third monomer having a thiol group located at the termi-
nal end of the third monomer,

a fourth monomer having an unsaturated carbon-carbon
bond at a terminal end of the fourth monomer, or

a combination thereof.
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22. The liquid crystal display device of claim 16, wherein
the light conversion layer further comprises an inorganic
oxide.

23. The liquid crystal display device of claim 16, wherein
the semiconductor nanocrystal further comprises a coating,
the coating comprising a polymer having a carboxyl group, or
a salt thereof.

24. The liquid crystal display device of claim 16, wherein
the light conversion layer is in the form of a film comprising
the semiconductor nanocrystal and the polymer matrix;
optionally further comprising at least one of a first polymer
film and a second polymer film disposed on at least one
surface of the film,

wherein the first polymer film and the second polymer film

each independently comprise a polyester, a cyclic olefin
polymer (COP), or a second polymerized product of the
first monomer including at least two thiol (—SH)

Jun. 13, 2013

groups, each located at the terminal end of the first
monomer, and the second monomer comprising at least
two unsaturated carbon-carbon unsaturated bonds at a
terminal end of the second monomer, or a combination
thereof,

wherein the first monomer and the second monomer of the

first and second polymerized products are each indepen-
dently selected.

25. The liquid crystal display device of claim 24, wherein
at least one of the first polymer film and the second polymer
film further comprises an inorganic oxide.

26. The liquid crystal display device of claim 24, wherein
at least one of the first polymer film and the second polymer
film has concavo-convex pattern on a surface opposite the
light conversion layer.

* * Ed Ed *
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BACKLIGHT UNIT AND LIQUID CRYSTAL
DISPLAY INCLUDING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2011-0132328, filed on Dec. 9, 2011, and
all the benefits accruing therefrom under 35 U.S.C. §119, the
content of which in its entirety is herein incorporated by
reference.

BACKGROUND

[0002] 1.Field

[0003] This disclosure relates to a backlight unit and a
liquid crystal display device including the same.

[0004] 2. Description of the Related Art

[0005] Liquidcrystal display (“LCD”)devices are a type of
display device which form an image by receiving external
light instead of using self-emitted light to form the image, as
is the case in plasma display panels (“PDPs”) and field emis-
sion displays (“FEDs”), for example. Thus, the LCD device
uses a backlight unit for emitting light at a rear surface of the
LCD device.

[0006] A backlight unit for an LCD device can use a cold
cathode fluorescent lamp (“CCFL”) as a light source. How-
ever, when the CCFL is used as a light source, it is difficult to
provide desirable uniformity of luminance of light supplied
from the CCFL and color purity deteriorates as a screen size
of the LCD device increases.

[0007] A backlight unit which uses three color LEDs as a
light source has been recently developed. Since the backlight
unit using the three color LEDs as the light source produces
improved color purity, as compared to the backlight unit using
the CCFL, it can be used to provide a higher quality display
device, for example. However, the backlight unit which uses
the three color LEDs as the light source is more costly as
compared to the backlight unit which uses the CCFL as the
light source. To mitigate this problem, a white LED which
emits light by converting light output from a single color LED
chip to white light has been proposed.

[0008] However, although the white LED is not as expen-
sive as the three color LEDs, color purity and color reproduc-
ibility are reduced as compared to the color purity and color
reproducibility of an LCD device including the three color
LEDs. Accordingly, various attempts for developing semi-
conductor nanocrystals as light converting materials to
improve color purity and color reproducibility while main-
taining price competitiveness have been made. Thus there
remains a need for an improved backlight unit.

SUMMARY

[0009] An embodiment provides a backlight unit (“BLU”)
for a liquid crystal display device using a light emitting diode
(“LED”) as a light source.

[0010] Another embodiment provides a liquid crystal dis-
play device including the backlight unit.

[0011] According to an embodiment, provided is a back-
light unit for a liquid crystal display, the backlight unit includ-
ing: an LED light source;

[0012] a light conversion layer disposed separate from the
LED light source to convert light emitted from the LED light
source to white light and to provide the white light to a liquid
crystal panel; and

[0013] a light guide panel disposed between the LED light
source and the light conversion layer,
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[0014] wherein the light conversion layer includes a semi-
conductor nanocrystal and a polymer matrix, and

[0015] wherein the polymer matrix includes a first poly-
merized product of a first monomer including at least two
thiol (—SH) groups, each located at a terminal end of the first
monomer, and

[0016] a second monomer including at least two unsatur-
ated carbon-carbon bonds, each located at a terminal end of
the second monomer.

[0017] The backlight unit may further include a diffusion
plate on a light guide panel, and the light conversion layer
may be disposed between the light guide panel and diffusion
plate, or on a side of the diffusion plate opposite the light
guide panel.

[0018] The LED light source may be disposed on at least
one side of the light conversion layer.

[0019] The semiconductor nanocrystal may be a Group
1I-VI compound, a Group III-V compound, a Group IV-VI
compound, a Group IV element, a Group IV compound, ora
combination thereof.

[0020] The semiconductor nanocrystal may have a full
width at half maximum (FWHM) of less than or equal to
about 45 nanometers (nm) in a light emitting wavelength
spectrum.

[0021] The first monomer including at least two thiol
(—SH) groups at a terminal end providing the polymer matrix
may be represented by the following Chemical Formula 1.

Chemical Formula |

R4 LY —(SHale

[0022] In Chemical Formula 1,

[0023] R'ishydrogen; a substituted or unsubstituted C1 to
C30alkyl group; a substituted or unsubstituted C6 to C30 aryl
group; a substituted or unsubstituted C3 to C30 heteroaryl
group; a substituted or unsubstituted C3 to C30 cycloalkyl
group; a substituted or unsubstituted C3 to C30 heterocy-
cloalkyl group; a substituted or unsubstituted C2 to C30 alk-
enyl group; a substituted or unsubstituted C2 to C30 alkynyl
group; a substituted or unsubstituted C3 to C30 alicyclic
organic group including ring having a double bond or triple
bond in the ring; a substituted or unsubstituted C3 to C30
heterocycloalkyl group including a ring having a double bond
or triple bond in the ring; a C3 to C30 alicyclic organic group
substituted with a C2 to C30 alkenyl group or a C2 to C30
alkynyl group; a C3 to C30 heterocycloalkyl group substi-
tuted with a C2 to C30 alkenyl group or a C2 to C30 alkynyl
group; a hydroxy group; —NH,; a substituted or unsubsti-
tuted C1 to C30 amine group of the formula —NRR', wherein
R and R' are independently hydrogen or a C1 to C30 alkyl
group; an isocyanurate group; a (meth)acrylate group; a halo-
gen; —ROR' wherein R is a substituted or unsubstituted C1 to
C20 alkylene group and R' is hydrogen or a C1 to C20 alkyl
group; —C(—O)OR' wherein R' is hydrogen or a C1 to C20
alkyl group; —CN; or —C(—O)ONRR' wherein R and R are
each independently hydrogen or a C1 to C20 alkyl group,
[0024] L, is asingle bond; a substituted or unsubstituted C1
to C30 alkylene group; a substituted or unsubstituted C6 to
C30 arylene group; a substituted or unsubstituted C3 to C30
heteroarylene group; a substituted or unsubstituted C3 to C30
cycloalkylene group; or a substituted or unsubstituted C3 to
C30 heterocycloalkylene group,



US 2013/0148057 Al

[0025] Y, isasinglebond;asubstituted or unsubstituted C1
to C30 alkylene group; a substituted or unsubstituted C2 to
C30 alkenylene group; or a C1 to C30 alkylene group ora C2
to C30 alkenylene group wherein at least one methylene
group (—CH,—) is replaced by a sulfonyl group (—S(=—0)
>—), a carbonyl group (—C(=—0)—), an ether group
(—0—), a sulfide group (—S—), a sulfoxide group (—S
(=0)—), an ester group (—C(—0)O—), an amide group of
the formula—C(=O)NR— wherein R is hydrogenoraCl to
C10 alkyl group, —NR— wherein R is hydrogen or a C1 to
C10 alkyl group, or a combination thereof,

[0026] m is an integer of 1 or more,

[0027] k1 is an integer of 0 or 1 or more,

[0028] k2 is an integer of 1 or more,

[0029] the sum of m and k2 is an integer of 3 or more,
[0030] m does not exceed the valance of Y, and

[0031] the sum ofkl and k2 does not exceed the valence of
the L.

[0032] The second monomer providing the polymer matrix

may be represented by the following Chemical Formula 2.

Chemical Formula 2
[R? T Lt Vo= Xl

[0033] In Chemical Formula 2,

[0034] XisaC2 to C30 aliphatic organic group including a
carbon-carbon double bond or a carbon-carbon triple bond, a
C6 to C30 aromatic organic group including a carbon-carbon
double bond or a carbon-carbon triple bond, or a C3 to C30
alicyclic organic group including a carbon-carbon double
bond or a carbon-carbon triple bond,

[0035] R?is hydrogen; a substituted or unsubstituted C1 to
C30 alkyl group; a substituted or unsubstituted C6 to C30 aryl
group; a substituted or unsubstituted C3 to C30 heteroaryl
group; a substituted or unsubstituted C3 to C30 cycloalkyl
group; a substituted or unsubstituted C3 to C30 heterocy-
cloalkyl group; a substituted or unsubstituted C2 to C30 alk-
enyl group; a substituted or unsubstituted C2 to C30 alkynyl
group; a substituted or unsubstituted C3 to C30 alicyclic
organic group including a ring having a double bond or triple
bond in the ring; a substituted or unsubstituted C3 to C30
heterocycloalkyl group including a ring having a double bond
or triple bond in the ring; a C3 to C30 alicyclic organic group
substituted with a C2 to C30 alkenyl group or a C2 to C30
alkynyl group; a C3 to C30 heterocycloalkyl group substi-
tuted with a C2 to C30 alkenyl group or a C2 to C30 alkynyl
group; a hydroxy group; —NH,; a substituted or unsubsti-
tuted C1 to C30 amine group of the formula—NRR', wherein
R and R' are independently hydrogen or a C1 to C20 alkyl
group; an isocyanate group; an isocyanurate group; a (meth)
acrylate group; a halogen; —ROR' wherein R is a substituted
or unsubstituted C1 to C20 alkylene group and R' is hydrogen
or a Cl to C20 alkyl group; an acyl halide group of the
formula —RC(—0)X, wherein R is a substituted or unsub-
stituted alkylene group, and X is a halogen; —C(—O)OR'
wherein R' is hydrogen or a C1 to C20 alkyl group; —CN; or
—C(=0O)ONRR' wherein R and R' are independently hydro-
gen or a Cl1 to C20 alkyl group,

[0036] L, is asinglebond, asubstituted or unsubstituted C1
to C30 alkylene group, a substituted or unsubstituted C6 to
C30 arylene group, or a substituted or unsubstituted C3 to
C30 heteroarylene group,
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[0037] Y,isasinglebond;asubstituted orunsubstituted C1
to C30 alkylene group; a substituted or unsubstituted C2 to
C30 alkenylene group; or a C1 to C30 alkylene group ora C2
to C30 alkenylene group wherein at least one methylene
group (—CH,—) is replaced by a sulfonyl group (—S(=—0)
»—), a carbonyl group (—C(=0)—), an ether group
(—0O—), a sulfide group (—S—), a sulfoxide group (—S
(=0)—), an ester group (—C(—0)O—), an amide group of
the formula —C(=—O)NR—wherein R is hydrogenora C1 to
C10 alkyl group, —NR— wherein R is hydrogen or a C1 to
C10 alkyl group, or a combination thereof,

[0038] nis an integer of 1 or more,

[0039] k3 is an integer of 0 or 1 or more,

[0040] k4 is an integer of 1 or more,

[0041] the sum of n and k4 is an integer of 3 or more,
[0042] 1 does not exceed the valance of Y,, and

[0043] the sum of k3 and k4 does not exceed the valence of
the L,.

[0044] The polymer matrix of the light conversion layer

may include a product of further polymerizing a third mono-
mer having a thiol group located at the terminal end of the
third monomer, a fourth monomer having an unsaturated
carbon-carbon bond at a terminal end of the fourth monomer,
or a combination thereof in addition to the first monomer and
the second monomer.

[0045] The light conversion layer may further include an
inorganic oxide.

[0046] The semiconductor nanocrystal may further include
a coating, the coating including a polymer having a carboxyl
group, or a salt thereof.

[0047] The polymer having a carboxyl group or a salt
thereof may be a poly(alkylene-co-acrylic acid), poly(alky-
lene-co-methacrylic acid), a salt thereof, or a combination
thereof.

[0048] The white light emitted from the light conversion
layer may have Cx of about 0.24 to about 0.56 and Cy of about
0.24 to about 0.42 in a CIE 1931 chromaticity diagram.

[0049] When the LED light source is a blue LED light
source, the green light emitting semiconductor nanocrystal
and the red light emitting semiconductor nanocrystal may be
used in an optical density ratio of about 2:1 to about 7:1 to
provide white light, wherein the optical density is determined
using an absorbance of a first absorption maximum in a UV-
Vis absorption spectrum.

[0050] Thelightconversion layer may include a plurality of
layers which are disposed to provide a light emitting wave-
length of lower energy in a direction towards the LED light
source.

[0051] The light conversion layer may be in the form of a
film including the semiconductor nanocrystal and the poly-
mer matrix; optionally further including at least one of a first
polymer film and a second polymer film disposed on at least
one surface of the film, wherein the first polymer film and the
second polymer film may each independently include a poly-
ester, a cyclic olefin polymer (“COP”), a second polymerized
product of the first monomer including at least two thiol
(—SH) groups, each located at the terminal end of the first
monomer, and the second monomer including at least two
unsaturated carbon-carbon bonds at a terminal end of the
second monomer, or a combination thereof.

[0052] At least one of the first polymer film and the second
polymer film may further include an inorganic oxide.
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