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(7) ABSTRACT

A liquid crystal display device which may prevent a color
mixing phenomenon and a driving method thereof, the
liquid crystal display device including a first substrate and a
second substrate facing each other; a thin film transistor
disposed inside the first substrate; a color conversion layer
disposed inside the second substrate and including a plural-
ity of quantum rods; a liquid crystal layer disposed between
the first substrate and the second substrate; a first polarizer
disposed outside the first substrate; and a second polarizer
disposed outside the second substrate.
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LIQUID CRYSTAL DISPLAY DEVICE AND
METHOD FOR DRIVING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2015-0062037,
filed on Apr. 30, 2015, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND

[0002] 1. Field

[0003] Exemplary embodiments relate to a liquid crystal
display device and a driving method thereof and, more
particularly, to a liquid crystal display device which may
prevent a color mixing phenomenon and a driving method
thereof.

[0004] 2. Discussion of the Background

[0005] A liquid crystal display device, which is one of the
most common types of flat panel displays currently in use,
includes two sheets of display panels with field generating
electrodes, such as a pixel electrode and a common elec-
trode, formed thereon, and a liquid crystal layer interposed
therebetween. An electric field is generated in a liquid
crystal layer by applying a voltage to the field generating
electrodes, and the orientation of liquid crystal molecules in
the liquid crystal layer is determined by the generated
electric field, thereby controlling polarization of incident
light so as to display images.

[0006] Two sheets of display panels which form the liquid
crystal display device may be configured by a thin film
transistor display panel and an opposing display panel. In the
thin film transistor display panel, a gate line that transmits a
gate signal and a data line that transmits a data signal may
be formed to intersect each other. The thin film transistor
display panel also includes a thin film transistor connected
to the gate line and the data line, and a pixel electrode
connected to the thin film transistor. In the opposing display
panel, a light blocking member, a color filter, and a common
electrode may be formed. In some cases, the light blocking
member, the color filter, and the common electrode may be
formed in the thin film transistor display panel.

[0007] Recently, a liquid crystal display device having a
structure which uses a quantum material to convert a color
of light emitted from a light source, thereby omitting any
need for a color filter, has been developed. However., a liquid
crystal display device having such a structure suffers from a
problem of a color mixing phenomenon, which results from
the relatively long distance between a liquid crystal layer
and a color conversion layer.

[0008] The above information disclosed in this Back-
ground section is only for enhancement of understanding of
the background of the inventive concept, and, therefore, it
may contain information that does not form the prior art that
is already known in this country to a person of ordinary skill
in the art.

SUMMARY

[0009] Exemplary embodiments provide a liquid crystal
display device which may prevent a color mixing phenom-
enon and a driving method thereof.
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[0010] Additional aspects will be set forth in the detailed
description which follows, and, in part, will be apparent
from the disclosure, or may be learned by practice of the
inventive concept.

[0011] Anexemplary embodiment of the present invention
discloses a liquid crystal display device including a first
substrate and a second substrate facing each other; a thin
film transistor disposed inside the first substrate; a color
conversion layer disposed inside the second substrate and
including a plurality of quantum rods; a liquid crystal layer
disposed between the first substrate and the second sub-
strate; a first polarizer disposed outside the first substrate;
and a second polarizer disposed outside the second sub-
strate.

[0012] An exemplary embodiment of the present inven-
tion also discloses a driving method of a liquid crystal
display device including: providing light to a first polarizer
of the liquid crystal display device; applying a voltage to a
liquid crystal layer to control a polarization direction of light
which passes through the first polarizer; adjusting a quantity
of light which passes through the liquid crystal layer while
passing through a color conversion layer including a plu-
rality of quantum rods; and passing the light which passes
through the color conversion layer through the second
polarization layer.

[0013] The foregoing general description and the follow-
ing detailed description are exemplary and explanatory and
are intended to provide further explanation of the claimed
subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying drawings, which are included
to provide a further understanding of the inventive concept,
and are incorporated in and constitute a part of this speci-
fication, illustrate exemplary embodiments of the inventive
concept, and, together with the description, serve to explain
principles of the inventive concept.

[0015] FIG. 1 is a perspective view schematically illus-
trating a liquid crystal display device according to an
exemplary embodiment of the present invention.

[0016] FIG. 2 is a cross-sectional view schematically
illustrating a liquid crystal display device according to an
exemplary embodiment of the present invention.

[0017] FIG. 3 is a view illustrating a polarization charac-
teristic of a quantum dot.

[0018] FIG. 4 is a view illustrating a polarization charac-
teristic of a quantum rod.

[0019] FIG. 5 is a cross-sectional view illustrating a liquid
crystal display device according to an exemplary embodi-
ment of the present invention.

[0020] FIGS. 6 to 13 are cross-sectional views of a process
of a manufacturing method of a liquid crystal display device
according to an exemplary embodiment of the present
invention.

[0021] FIG. 14 is a cross-sectional view schematically
illustrating a liquid crystal display device according to a first
comparative example.

[0022] FIG. 15 is a cross-sectional view schematically
illustrating a liquid crystal display device according to a
second comparative example.

[0023] FIG. 16 is a cross-sectional view schematically
illustrating a liquid crystal display device according to an
exemplary embodiment of the present invention.
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[0024] FIG. 17 is a result of simulation of color reproduc-
ibility according to an exemplary embodiment of the present
invention.

[0025] FIG. 18 is a view illustrating a polarization direc-
tion of light which passes through each constituent element
of a liquid crystal display device according to an exemplary
embodiment of the present invention.

[0026] FIG. 19 is a graph illustrating absorptance and light
emittance in accordance with an angle formed by a polar-
ization direction of incident light and an alignment direction
of a quantum rod.

[0027] FIG. 20, FIG. 21, and FIG. 22 are views illustrating
a polarization direction of light which passes through each
constituent element of a liquid crystal display device accord-
ing to an exemplary embodiment of the present invention.
[0028] FIG. 23 is a graph illustrating luminance in accor-
dance with a polarization angle of liquid crystal.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0029] In the following description, for the purposes of
explanation, numerous specific details are set forth in order
to provide a thorough understanding of various exemplary
embodiments. It is apparent, however, that various exem-
plary embodiments may be practiced without these specific
details or with one or more equivalent arrangements. In
other instances, well-known structures and devices are
shown in block diagram form in order to avoid unnecessarily
obscuring various exemplary embodiments.

[0030] In the accompanying figures, the size and relative
sizes of layers, films, panels, regions, etc., may be exagger-
ated for clarity and descriptive purposes. Also, like reference
numerals denote like elements.

[0031] When an element or layer is referred to as being
“on,” “connected to,” or “coupled to” another element or
layer, it may be directly on, connected to, or coupled to the
other element or layer or intervening elements or layers may
be present. When, however, an element or layer is referred
to as being “directly on,” “directly connected to,” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. For the purposes of
this disclosure, “at least one of X, Y, and Z” and “at least one
selected from the group consisting of X, Y, and Z” may be
construed as X only, Y only, Z only, or any combination of
two or more of X, Y, and Z, such as, for instance, XYZ,
XYY, YZ, and ZZ. Like numbers refer to like elements
throughout. As used herein, the term “and/or” includes any
and all combinations of one or more of the associated listed
items.

[0032] Although the terms first, second, 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 used to distinguish one element, component,
region, layer, and/or section from another element, compo-
nent, region, layer, and/or section. Thus, a first element,
component, region, layer, and/or section discussed below
could be termed a second element, component, region, layer,
and/or section without departing from the teachings of the
present disclosure.

[0033] Spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper,” and the like, may be
used herein for descriptive purposes, and, thereby, to
describe one element or feature’s relationship to another
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element(s) or feature(s) as illustrated in the drawings. Spa-
tially relative terms are intended to encompass different
orientations of an apparatus in use, operation, and/or manu-
facture in addition to the orientation depicted in the draw-
ings. For example, if the apparatus in the drawings 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. Furthermore, the apparatus may be otherwise ori-
ented (e.g., rotated 90 degrees or at other orientations), and,
as such, the spatially relative descriptors used herein inter-
preted accordingly.

[0034] The terminology used herein is for the purpose of
describing particular embodiments and is not intended to be
limiting. As used herein, the singular forms, “a,” “an,” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. Moreover, the terms
“comprises,” “comprising,” “includes,” and/or “including,”
when used in this specification, specify the presence of
stated features, integers, steps, operations, elements, com-
ponents, and/or groups thereof, but do not preclude the
presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

[0035] Various exemplary embodiments are described
herein with reference to sectional illustrations that are sche-
matic illustrations of idealized exemplary embodiments and/
or intermediate structures. 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, exemplary embodiments disclosed herein
should not be construed as limited to the particular illus-
trated shapes of regions, but are to include deviations in
shapes that result from, for instance, manufacturing. For
example, an implanted region illustrated as a rectangle will,
typically, have rounded or curved features and/or a gradient
of implant concentration at its edges rather than a binary
change from implanted to non-implanted region. Likewise,
a buried region formed by implantation may result in some
implantation in the region between the buried region and the
surface through which the implantation takes place. Thus,
the regions illustrated in the drawings are schematic in
nature and their shapes are not intended to illustrate the
actual shape of a region of a device and are not intended to
be limiting.

[0036] Unless otherwise defined, all terms (including tech-
nical and scientific terms) used herein have the same mean-
ing as commonly understood by one of ordinary skill in the
art to which this disclosure is a part. Terms, such as those
defined in commonly used dictionaries, should be inter-
preted as having a meaning that is consistent with their
meaning in the context of the relevant art and will not be
interpreted in an idealized or overly formal sense, unless
expressly so defined herein.

[0037] FIG. 1 is a perspective view schematically illus-
trating a liquid crystal display device according to an
exemplary embodiment of the present invention, and FIG. 2
is a cross-sectional view schematically illustrating a liquid
crystal display device according to an exemplary embodi-
ment of the present invention. FIGS. 1 and 2 illustrate
polarization states of light which passes through individual
layers.
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[0038] As illustrated in FIGS. 1 and 2, a liquid crystal
display device according to an exemplary embodiment of
the present invention includes a thin film transistor array
panel 100 and an opposing display panel 200 which face
each other, and a liquid crystal layer 3 is disposed between
the thin film transistor array panel 100 and the opposing
display panel 200.

[0039] The thin film transistor array panel 100 includes a
first substrate 110 and a thin film transistor layer 120
disposed on the first substrate 110. The thin film transistor
layer 120 is simplified and specific constituent elements will
be described below. A first polarizer 12 is disposed outside
the thin film transistor array panel 100.

[0040] The opposing display panel 200 includes a second
substrate 210 and a color conversion layer 240 disposed on
the second substrate 210. A second polarizer 22 is disposed
outside the opposing display panel 200.

[0041] The first polarizer 12 and the second polarizer 22
have a transmissive axis and an absorption axis. For light
that is incident onto the first polarizer 12 and the second
polarizer 22, a light component which is parallel to a
transmissive axis passes therethrough, and a light compo-
nent that is parallel to an absorption axis does not pass
therethrough. The transmissive axis of the first polarizer 12
is perpendicular to the transmissive axis of the second
polarizer 22.

[0042] The color conversion layer 240 includes a first
color conversion layer 240a, which includes a plurality of
first quantum rods 250a, and a second color conversion layer
2405, which includes a plurality of second quantum rods
250b. The first quantum rod 250a and the second quantum
rod 25056 are formed of a quantum material having a
nano-size rod shape. The quantum material may change a
wavelength of light. The first quantum rod 2504 is formed of
a material which converts the incident light into red light,
and the second quantum rod 2504 is formed of a material
which converts the incident light into green light. The first
quantum rod 250a and the second quantum rod 2506 have
predetermined directivities. The first quantum rod 250a and
the second quantum rod 2505 are arranged in a predeter-
mined direction, and a rod shaped length direction is referred
to as an “arrangement direction”.

[0043] The first substrate 110 and the second substrate 210
include a first color pixel area PX(R), a second color pixel
area PX(G), and a third color pixel area PX(B). The first
color conversion layer 240a is disposed in the first color
pixel area PX(R), and the light which is incident onto the
first color conversion layer 240q is converted into red light
and escapes the first color conversion layer 240a. The
second color conversion layer 2405 is disposed in the second
color pixel area PX(G), and the light which is incident onto
the second color conversion layer 2405 is converted into
green light and escapes the second color conversion layer
240b. A transparent photo resist 242 is disposed on the third
color pixel area PX(B). The transparent photo resist 242 is
transparent and light which is incident onto the transparent
photo resist 242 escapes the transparent photo resist. The
transparent photo resist 242 is disposed on the same layer as
the first color conversion layer 240a and the second color
conversion layer 2404.

[0044] Partitions 260 are formed between the first color
conversion layer 240a and the second color conversion layer
240b, between the second color conversion layer 2405 and
the transparent photo resist 242, and between the transparent
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photo resist 242 and the first color conversion layer 240a.
That is, the partitions 260 are disposed at boundaries
between the pixel areas PX(R), PX(G), and PX(B).

[0045] The first blue light blocking filter 230a and the
second blue light blocking filter 2305 are disposed on the
second substrate 210. The first blue light blocking filter 230a
is disposed in the first color pixel area PX(R) and between
the second substrate 210 and the first color conversion layer
240a. The second blue light blocking filter 2305 is disposed
in the second color pixel area PX(G) and between the second
substrate 210 and the second color conversion layer 2405.
The first blue light blocking filter 230a and the second blue
light blocking filter 2305 block the blue light by absorbing
or reflecting the blue light component so that the block light
component does not pass therethrough. The first blue light
blocking filter 230a passes the red light and blocks the blue
light. The second blue light blocking filter 2305 passes the
green light and blocks the blue light.

[0046] A blue band pass filter 267 is formed on the first
color conversion layer 240a, the second color conversion
layer 2405, and the transparent photo resist 242. The blue
band pass filter 267 is formed in the first color pixel area
PX(R), the second color pixel area PX(G), and the third
color pixel area PX(B). The blue band pass filter 267 is
disposed between the first color conversion layer 240a and
the liquid crystal layer 3, between the second color conver-
sion layer 2405 and the liquid crystal layer 3, and between
the transparent photo resist 242 and the liquid crystal layer
3. The blue band pass filter 267 is a filter which passes the
blue light as it is.

[0047] The liquid crystal display device further includes a
light source 500, and light emitted from the light source 500
passes through the first polarizer 12 to be incident onto the
first substrate 110. The light source 500 may emit blue light
and, for example, may be formed of a blue light emitting
diode (LED).

[0048] Hereinafter, a polarization state of light which
passes through the liquid crystal display device according to
exemplary embodiments of the present invention will be
described.

[0049] The light emitted from the light source 500 is
non-polarized light and includes both a component which
vibrates in a horizontal direction a component which
vibrates in a vertical direction. Two components of the light
are represented by a dotted line and a solid line in FIG. 1,
and represented by an arrow in a horizontal direction and an
arrow in a direction extending outward from the sheet in
FIG. 2.

[0050] The non-polarized light provided from the light
source 500 is changed into a polarized light while passing
through the first polarizer 12. A component which vibrates
in a direction parallel to the transmissive axis of the first
polarizer 12 passes through the first polarizer and a compo-
nent which vibrates in a direction perpendicular to the
transmissive axis is blocked. The transmissive axis of the
first polarizer 12 may be in a vertical direction, and the
component which vibrates in a horizontal direction is
blocked and the component which vibrates in a vertical
direction passes therethrough.

[0051] A polarization direction of the light which passes
through the first polarizer 12 is changed while passing
through the liquid crystal layer 3. In this case, a variation of
the polarization direction may be adjusted by adjusting a
voltage which is applied to the liquid crystal layer 3. FIGS.
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1 and 2 illustrate that the polarization direction is changed by
90 degrees. Accordingly, when the light that is incident onto
the liquid crystal layer 3 is formed of only a component
which vibrates in the vertical direction, the light which
passes through the liquid crystal layer 3 may be formed of
a component which vibrates in the horizontal direction.
[0052] A wavelength of the light that passes through the
liquid crystal layer 3 is changed while the light passes
through the color conversion layer 240. A blue light com-
ponent of the light that passes through the first color con-
version layer 240a is changed into a red light component by
the first quantum rod 250a. A blue light component of the
light that passes through the second color conversion layer
2404 is changed into a green light component by the second
quantum rod 2505. That is, the red light component is
emitted from the first color pixel area PX(R) and the green
light component is emitted from the second color pixel area
PX(G). Because the transparent photo resist is formed in the
third color pixel area PX(B) instead of the color conversion
layer 240, the blue light component passes therethrough
without changing the wavelength of the light.

[0053] The light that passes through the first color con-
version layer 240a is mostly formed of the red light com-
ponent, but may partially include the blue light component.
When the blue light component passes therethrough as it is,
not only red but also blue is disposed in the red pixel area
PX(R). In this case, even though a user does not want to
display blue, blue may be displayed. In the exemplary
embodiment of the present invention, the first blue light
blocking filter 230a blocks the blue light component which
passes through the first color conversion layer 240a. The
first blue light blocking filter 230a absorbs or reflects the
blue light component.

[0054] The light which passes through the second color
conversion layer 2405 may be mostly formed of a green light
component, but may partially include the blue light compo-
nent. When the blue light component passes therethrough,
not only green but also blue is disposed in the red pixel area
PX(G). In this case, even though the user does not want to
display blue, blue may be displayed. In the exemplary
embodiment of the present invention, the second blue light
blocking filter 2304 blocks the blue light component which
passes through the second color conversion layer 2404.
[0055] A propagation direction of some of the red light
component whose wavelength is changed while passing
through the first color conversion layer 240a is changed so
that some of the red light component may reach the blue
band pass filter 267. Further, a propagation direction of some
of the green light component whose wavelength is changed
while passing through the second color conversion layer
2404 is changed so that some of the green light component
may reach the blue band pass filter 267. In this case, the blue
band pass filter 267 passes only the blue light component
and reflects the red light component and the green light
component to get out of the first color conversion layer 240a
and the second color conversion layer 2405. The blue light
component that is reflected by the first blue light blocking
filter 2304 and the second blue light blocking filter 2305 may
pass through the blue band pass filter 267.

[0056] Of the light which passes through the first color
conversion layer 240qa, the second color conversion layer
240b, and the transparent photo resist 242, only a component
which vibrates in a direction parallel to the transmissive axis
of the second polarizer 22 passes therethrough while passing
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through the second polarizer 22 . The transmissive axis of
the second polarizer 22 is perpendicular to the transmissive
axis of the first polarizer 12. Therefore, the transmissive axis
of the second polarizer 22 may be formed in a horizontal
direction while a component which vibrates in a vertical
direction is blocked, and a component which vibrates in a
horizontal direction passes therethrough. In FIGS. 1 and 2,
the light which passes through the liquid crystal layer 3 is
formed of the component which vibrates in the horizontal
direction so as to entirely pass through the second polarizer
22.

[0057] Finally, the red light component is emitted from the
first color pixel area PX(R), the green light component is
emitted from the second color pixel area PX((G), and the blue
light component is emitted from the third color pixel area
PX(B), and a quantity of light is adjusted to display a screen.
[0058] Hereinafter, a quantum dot DQ and a polarization
characteristic of a quantum rod QR will be described with
reference to FIGS. 3 and 4.

[0059] FIG. 3 is a view illustrating a polarization charac-
teristic of a quantum dot and FIG. 4 is a view illustrating a
polarization characteristic of a quantum rod.

[0060] A quantum dot QD is a particle formed by several
hundred to several thousands of atoms and refers to a
semiconductor crystal obtained by composing the quantum
in the unit of nanometers (nm). The light that is incident onto
the quantum dot QD is changed into light having a different
wavelength and then emitted. According to a principle of the
quantum dot QD, when energy, such as ultraviolet radiation,
is applied to electrons in the semiconductor material made
by quantum, the electrons repeatedly jump to a high energy
level by a quantum jump and then drop to a low energy level
by emitting the energy. The energy emitted has various
wavelengths in accordance with a size of a quantum dot.
When a region of the wavelength (energy) is a visible band
region (380 nm to 800 nm), various visible colors are
emitted at a wavelength in the form of energy. In the case of
the quantum dot QD, as illustrated in FIG. 3, even though the
incident light is polarized light, the emitted light is formed
of non-polarized light.

[0061] The quantum rod QR has a characteristic which
changes a wavelength of light, similarly to the quantum dot
QD. However, the quantum rod QR has directivity, which is
different from the quantum dot QD. As described above, the
quantum rod QR has a rod shape, and a plurality of quantum
rods may be arranged in a predetermined direction. In the
case of the quantum rod QR, as illustrated in FIG. 4, the
emitted light is formed of polarized light. In this case, the
quantity of passing light varies depending on an angle
formed by the polarization direction of the incident light and
an arrangement direction of the quantum rod QR. As an
angle formed by the polarization direction of the incident
light and an arrangement direction of the quantum rod QR
approaches zero, the quantity of passing light is increased
and, as the angle approaches 90 degrees, the quantity of
passing light is reduced.

[0062] For comparison, it is assumed that in the liquid
crystal display device according to the exemplary embodi-
ment of the present invention, the quantum dot QD is
included in the color conversion layer 240 instead of the
quantum rod QR. In such a comparative example, regardless
of the polarization direction of the light which passes
through the liquid crystal layer, the light which passes
through the color conversion layer is formed of non-polar-
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ized light, and the quantity of light is the same as in the
exemplary embodiment. Accordingly, transmittance may be
adjusted for every pixel, and the second polarizer needs to
be disposed between the liquid crystal layer and the color
conversion layer in order to control the transmittance for
every pixel. However, when the second polarizer is disposed
between the liquid crystal layer and the color conversion
layer, a distance between the liquid crystal layer and the
color conversion layer is increased, and the light which
passes through the pixel affects adjacent pixels, which may
undesirably cause a color mixing phenomenon. For
example, most of light which passes through the liquid
crystal layer in the first color pixel area passes through the
first color conversion layer to display red, but the remaining
light component escapes through the second color pixel area
or the third color pixel area, which are adjacent to the first
color pixel area, and displays green or blue.

[0063] In the liquid crystal display device according to the
exemplary embodiment of the present invention, a quantity
of light which passes through the color conversion layer 240
may be adjusted in accordance with a polarization direction
of light which passes through the liquid crystal layer 3.
Accordingly, the second polarizer 22 may be disposed
outside the second substrate 210 and, thus, the distance
between the liquid crystal layer 3 and the color conversion
layer 240 may be reduced as compared with the comparative
example. Therefore, a color mixing phenomenon may be
prevented.

[0064] Hereinafter, a structure of the liquid crystal display
device according to an exemplary embodiment of the pres-
ent invention will be further described with reference to FIG.
5

[0065] FIG.51is a cross-sectional view illustrating a liquid
crystal display device according to an exemplary embodi-
ment of the present invention.

[0066] As illustrated in FIG. 5, a liquid crystal display
device according to an exemplary embodiment of the pres-
ent invention includes a thin film transistor array panel 100
and an opposing display panel 200 which face each other,
and a liquid crystal layer 3 is disposed between the thin film
transistor array panel 100 and the opposing display panel
200.

[0067] First, the thin film transistor array panel 100 will be
described.
[0068] The gate electrode 124 is disposed on a first

substrate 110 which is formed of a material such as trans-
parent glass or plastic. Even though not illustrated, a gate
line is formed on the first substrate 110 and the gate
electrode 124 is connected to the gate line. A gate voltage is
applied to the gate line and the gate voltage is transmitted to
the gate electrode 124.

[0069] A gate insulating layer 140 is formed on the gate
electrode 124. The gate insulating layer 140 may be formed
of an inorganic insulating material, such as silicon nitride
(SiN,) or silicon oxide (SiO,). Further, the gate insulating
layer 140 may be formed as either a single layer or a
multilayer.

[0070] A semiconductor 154 is formed on the gate insu-
lating layer 140. The semiconductor 154 may be formed on
the gate electrode 124. In some cases, the semiconductor
154 may be disposed below the data line 171. The semi-
conductor 154 may be formed of amorphous silicon, poly-
crystalline silicon, or metal oxide.
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[0071] An ohmic contact member (not illustrated) may be
further formed on the semiconductor 154. The ohmic contact
may be formed of a material, such as n+hydrogenated
amorphous silicon, in which silicide or n-type impurity is
doped at a high concentration.

[0072] A source electrode 173 and a drain electrode 175
are formed on the semiconductor 154. The source electrode
173 and the drain electrode 175 are spaced apart from each
other. Even though not illustrated, a data line is formed on
the semiconductor 154 and the gate insulating layer 140 and
the source electrode 173 is connected to the data line. A data
signal is applied to the data line and the data signal is
transmitted to the source electrode 173.

[0073] The gate electrode 124, the source electrode 173,
and the drain electrode 175 form a thin film transistor TFT
together with the semiconductor 154. The thin film transistor
may serve as a switching element which transmits the data
voltage which is applied to the data line. A channel of the
thin film transistor is formed in the semiconductor between
the source electrode 173 and the drain electrode 175. When
a gate-on voltage is applied to the gate electrode 124, the
thin film transistor is turned on and the data voltage which
is applied to the source electrode 173 is transmitted to the
drain electrode 175.

[0074] A passivation layer 180 is formed on the source
electrode 173, the drain electrode 175, and the semiconduc-
tor 154. The passivation layer 180 may be formed of an
organic insulating material or an inorganic insulating mate-
rial, and may be formed as either a single layer or a
multilayer.

[0075] A contact hole 185 is formed in the passivation
layer 180, and the contact hole 185 exposes at least a part of
the drain electrode 175.

[0076] A pixel electrode 191 is formed on the passivation
layer 180, and the pixel electrode 191 is connected to the
drain electrode 175 through the contact hole 185. The pixel
electrode 191 may be formed of transparent metal oxide,
such as indium tin oxide (ITO) or indium zinc oxide (IZ0).
[0077] A first polarizer 12 is disposed below the first
substrate 110. The first polarizer 12 may be attached to the
outside of the first substrate 110,

[0078] Next, the opposing display panel 200 will be
described.
[0079] A light blocking member 220 is formed on the

second substrate 210 which is formed of a material such as
transparent glass or plastic. The first substrate 110 and the
second substrate 210 face each other and, in this case, an
inner surface of the first substrate 110 is considered as an
upper surface and an outer surface thereof is considered as
a lower surface, and an inner surface of the second substrate
210 is considered as an upper surface and an outer surface
thereof is considered as a lower surface. Accordingly, in
FIG. 5, it is described that the light blocking member 220 is
disposed on the second substrate 210.

[0080] Each of the first substrate 110 and the second
substrate 210 includes a first color pixel area PX(R), a
second color pixel area PX(G), and a third color pixel area
PX(B). The light blocking members 220 are disposed at
boundaries between the pixel areas PX(R), PX(G), and
PX(B). That is, the light blocking member 220 may be
disposed at a boundary between the first color pixel area
PX(R) and the second color pixel area PX((G), at a boundary
between the second color pixel area PX(G) and the third
color pixel area PX(B), and a boundary between the third
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color pixel area PX(B) and the first color pixel area PX(R).
Further, the light blocking member 220 is disposed so as to
overlap the thin film transistor.

[0081] The light blocking member 220 is formed of a
material which may block the light and prevents light
leakage. The light blocking member prevents light leakage
at the boundary between the pixel areas PX(R), PX(G), and
PX(B) and in a portion where the thin film transistor is
formed.

[0082] A first blue light blocking filter 230¢ and a second
blue light blocking filter 2305 are formed on the second
substrate 210. The first blue light blocking filter 230a is
disposed in the first color pixel area PX(R) and the second
blue light blocking filter 2305 is formed in the second color
pixel area PX(G). The light blocking member 220 is dis-
posed between the first blue light blocking filter 2304 and
the second blue light blocking filter 2305.

[0083] The first blue light blocking filter 230a and the
second blue light blocking filter 2305 may absorb or reflect
the blue light to block the blue light. The first blue light
blocking filter 2304 and the second blue light blocking filter
230h may be omitted if necessary.

[0084] A first color conversion layer 240a is formed on the
first blue light blocking filter 230a. The first color conver-
sion layer 240a is disposed in the first color pixel area
PX(R). The first color conversion layer 240a includes a
plurality of first quantum rods 250a and the plurality of first
quantum rods 2504 is arranged in a predetermined direction.
The first quantum rod 250a may convert the wavelength of
the incident light into a red wavelength.

[0085] The second color conversion layer 2405 is formed
on the second blue light blocking filter 230a. The second
color conversion layer 2405 is disposed in the second color
pixel area PX(G). The second color conversion layer 2405
includes a plurality of second quantum rods 2505 and the
plurality of second quantum rods 2505 is arranged in a
predetermined direction. The second quantum rod 2505 may
convert a wavelength of the incident light into a green
wavelength.

[0086] The transparent photo resist 242 is formed on the
second substrate 210. The transparent photo resist 242 is
disposed in the third color pixel area PX(B). The transparent
photo resist 242 passes light having all wavelengths. There-
fore, when the blue light component is provided from the
light source, the blue light component passes through the
transparent photo resist 242. The transparent photo resist
242 may be omitted if necessary.

[0087] Partitions 260 are formed at a side of the first color
conversion layer 240q, a side of the second color conversion
layer 2405, and a side of the transparent photo resist 242.
That is, the partitions 260 are disposed at boundaries of the
pixel areas PX(R), PX(G), and PX(B). The partitions 260
may be disposed between the first color conversion layer
240a and the second color conversion layer 2405, between
the second color conversion layer 2405 and the transparent
photo resist 242, and between the transparent photo resist
242 and the first color conversion layer 240a.

[0088] A planarization layer 265 is formed on the first
color conversion layer 240a, the second color conversion
layer 2405, and the transparent photo resist 242. The pla-
narization layer 265 is disposed in an empty space between
the partitions to planarize an upper surface. The planariza-
tion layer 265 may be omitted if necessary.
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[0089] A blue band pass filter 267 is formed on the
planarization layer 265. The blue band pass filter 267 may
pass the blue light component as it is. The blue band pass
filter 267 may be omitted if necessary.

[0090] A common electrode 270 is formed on the blue
band pass filter 267. The common electrode 270 is formed
on the entire second substrate 210. The common electrode
270 may be formed of transparent metal oxide such as
indium tin oxide (ITO), indium zinc oxide (IZO). A prede-
termined voltage may be applied to the common electrode
270.

[0091] When the data voltage is applied to the pixel
electrode 191 and a predetermined voltage is applied to the
common electrode 270, an electric field is formed between
the pixel electrode 191 and the common electrode 270.
Accordingly, an electric field is generated in the liquid
crystal layer 3 disposed between the pixel electrode 191 and
the common electrode 270, and an orientation of liquid
crystal molecule 31 in the liquid crystal layer 3 may be
determined in accordance with the data voltage. A polariza-
tion direction of the light which passes through the liquid
crystal layer 3 is determined in accordance with the deter-
mined direction of the liquid crystal molecule 31 and, thus,
luminance of the each pixel area PX(R), PX(G), and PX(B)
is determined.

[0092] A second polarizer 22 is disposed below the second
substrate 210. The second polarizer 22 is attached to the
outside of the second substrate 210. A transmissive axis of
the second polarizer 22 is perpendicular to a transmissive
axis of the first polarizer 12. Further, the arrangement
direction of the first quantum rod 250a and the second
quantum rod 2505 is parallel to the transmissive axis of the
second polarizer 22. Accordingly, the arrangement direction
of the first quantum rod 250a and the second quantum rod
250) is perpendicular to the transmissive axis of the first
polarizer 12.

[0093] Hereinafter, a manufacturing method of a liquid
crystal display device according to an exemplary embodi-
ment of the present invention will be described with refer-
ence to FIGS. 6 to 13.

[0094] FIGS. 6 to 13 are cross-sectional views of a process
of a manufacturing method of a liquid crystal display device
according to an exemplary embodiment of the present
invention.

[0095] First, as illustrated in FIG. 6, a gate electrode 124
is formed on a first substrate 110 which is formed of glass
or plastic.

[0096] A gate insulating layer 140 is formed on the gate
electrode 124 using an inorganic insulating material such as
silicon nitride (SiN,) or silicon oxide (SiO,). The gate
insulating layer 140 may be formed as either a single layer
or a multilayer.

[0097] A semiconductor material, such as amorphous sili-
con, polycrystalline silicon, or a metal oxide, is deposited on
the gate insulating layer 140 and then patterned to form a
semiconductor 154. The semiconductor 154 may be formed
to be disposed on the gate electrode 124.

[0098] After deposing and patterning a metal material on
the semiconductor 154 and the gate insulating layer 140, a
source electrode 173 and a drain electrode 175, which are
spaced apart from each other are formed. The metal material
may be formed as either a single layer or a multilayer.
[0099] After continuously depositing the semiconductor
material and the metal material, the semiconductor material
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and the metal material are simultaneously patterned to form
the semiconductor 154, the source electrode 173, and the
drain electrode 175.

[0100] The gate electrode 124, the source electrode 173,
and the drain electrode 175 form a thin film transistor TFT
together with the semiconductor 154. The thin film transistor
may serve as a switching element which transmits the data
voltage. In this case, a channel of the switching element is
formed in the semiconductor 154 between the source elec-
trode 173 and the drain electrode 175.

[0101] A passivation layer 180 is formed on an exposed
portion of the source electrode 173, the drain electrode 175,
and the semiconductor 154. The passivation layer 180 may
be formed of either an organic insulating material or an
inorganic insulating material, and as either a single layer or
a multilayer.

[0102] The passivation layer 180 is patterned to form a
contact hole 185 to expose at least a part of the drain
electrode 175.

[0103] Transparent metal oxide, such as indium tin oxide
(ITO), and indium zinc oxide (IZO), is deposited on the
passivation layer 180 and then patterned to form a pixel
electrode 191.

[0104] As illustrated in FIG. 7, a light shielding material
is formed on the second substrate 210 which is formed of
glass or plastic and then patterned to form a light blocking
member 220. The light blocking member 220 is formed to be
disposed at boundaries of the pixel areas PX(R), PX(G), and
PX(B).

[0105] As illustrated in FIG. 8, a blue light blocking
material is formed on the second substrate 210 and the light
blocking member 220, and then patterned to form a first blue
light blocking filter 230a and a second blue light blocking
filter 2304. The first blue light blocking filter 2304 and the
second blue light blocking filter 2305 may be formed by the
same process using the same material, or by different
processes using different materials.

[0106] As illustrated in FIG. 9, a first color conversion
layer 2404 is formed on the first blue light blocking filter
230a. The first color conversion layer 240q is patterned to be
disposed in the first color pixel area PX(R), and the first
color conversion layer 240a includes first quantum rods
250a which are arranged in a predetermined direction.
[0107] A second color conversion layer 2406 is formed on
the second blue light blocking filter 2305. The second color
conversion layer 2405 is patterned to be disposed in the
second color pixel area PX(G) and the second color con-
version layer 2405 includes second quantum rods 2505
which are arranged in a predetermined direction.

[0108] A transparent photo resist 242 is formed on the
second substrate 210. The transparent photo resist 242 is
patterned to be disposed in the third color pixel area PX(B).
[0109] The first color conversion layer 240a, the second
color conversion layer 2405, and the transparent photo resist
242 are patterned to have substantially the same height. The
transparent photo resist 242 is formed to prevent a height
difference between the pixel areas PX(R), PX(G), and
PX(B).

[0110] As illustrated in FIG. 10, partitions 260 are formed
at the sides of the first color conversion layer 2404, the sides
of the second color conversion layer 2405, and the sides of
the transparent photo resist 242q using a reflective material
and a light shielding material.
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[0111] As illustrated in FIG. 11, a planarization layer 265
is formed on the first color conversion layer 240a, the
second color conversion layer 2405, and the transparent
photo resist 242.

[0112] As illustrated in FIG. 12, a transparent metal oxide,
such as indium tin oxide (ITQ) or indium zinc oxide (IZ0),
is deposited on the planarization layer 265 to form a com-
mon electrode 270.

[0113] As illustrated in FIG. 13, the first substrate 110 and
the second substrate 210 are bonded to each other, and a
liquid crystal material is injected between the first substrate
110 and the second substrate 210 to form a liquid crystal
layer 3.

[0114] Hereinafter, a color mixture preventing effect
according to an exemplary embodiment of the present
invention will be described with reference to FIGS. 14 to 16.
[0115] FIG. 14 is a cross-sectional view schematically
illustrating a liquid crystal display device according to a first
comparative example, FIG. 15 is a cross-sectional view
schematically illustrating a liquid crystal display device
according to a second comparative example, and F1G. 16 is
a cross-sectional view schematically illustrating a liquid
crystal display device according to an exemplary embodi-
ment of the present invention.

[0116] As illustrated in FIG. 14, in a liquid crystal display
device according to a first comparative example, a liquid
crystal layer 3 is disposed between the first substrate 110 and
the second substrate 210, and a color conversion layer 240
is formed on a separate third substrate 310. A first polarizer
12 is located outside the first substrate 110 and a second
polarizer 22 is located outside the second substrate 210.
Accordingly, the second substrate 210 and the second polar-
izer 22 are disposed between the liquid crystal layer 3 and
the color conversion layer 240. Generally, a thickness of the
substrate is approximately 100 82 m and a thickness of the
second polarizer 22 is approximately 60 um. Therefore, a
distance d between the liquid crystal layer 3 and the color
conversion layer 240 is approximately 160 um. In this case,
when a width of the light blocking member 220, which is
disposed between adjacent color conversion layers 240, is
approximately 30 um, an incident angle 8 at which the color
mixture occurs is approximately 10.4 degrees. That is, in the
liquid crystal display device according to the first compara-
tive example, when the incident angle 6 of light which
passes through the liquid crystal layer 3 is approximately
10.4 degrees or greatet, the color mixture may occur.
[0117] As illustrated in FIG. 15, in a liquid crystal display
device according to a second comparative example, a liquid
crystal layer 3 is disposed on the first substrate 110 and an
overcoat 290 is formed so as to cover the liquid crystal layer
3. A first polarizer 12 is disposed outside the first substrate
110 and a second polarizer 22 is disposed on the overcoat
290. A color conversion layer 240 is disposed between the
second polarizer 22 and the second substrate 210. Accord-
ingly, the overcoat 290 and the second polarizer 22 are
disposed between the liquid crystal layer 3 and the color
conversion layer 240. A thickness of the overcoat 290 may
be approximately 10 um, and a thickness of the second
polarizer 22 may be approximately 60 pum. Therefore, a
distance d between the liquid crystal layer 3 and the color
conversion layer 240 is approximately 70 um, which is
reduced as compared with the distance in the first compara-
tive example. In this case, when a width of the light blocking
member 220, which is disposed between adjacent color
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conversion layers 240, is approximately 30 pum, an incident
angle 0 at which the color mixture occurs is approximately
22.3 degrees. That is, in the liquid crystal according to the
second comparative example, when the incident angle 6 of
light which passes through the liquid crystal layer 3 is
approximately 22.3 degrees or greater, the color mixture
may occur. Therefore, the possibility of color mixture in the
liquid crystal display device according to the second com-
parative example is lower than that of the first comparative
example.

[0118] As illustrated in FIG. 16, in the liquid crystal
display device according to an exemplary embodiment of
the present invention, the liquid crystal layer 3 and the color
conversion layer 240 are disposed between the first substrate
110 and the second substrate 210. A first polarizer 12 is
disposed outside the first substrate 110, and a second polar-
izer 22 is disposed outside the second substrate 210. In the
present exemplary embodiment, the second polarizer 22 is
disposed outside the second substrate 210, which differs
from the first comparative example and the second com-
parative example. Therefore, it is assumed that there is
almost no interval between the liquid crystal layer 3 and the
color conversion layer 240. In this case, when a width of the
light blocking member 220 which is disposed between
adjacent color conversion layers 240 is approximately 30
pm, an incident angle 6 at which the color mixture occurs is
approximately 84.3 degrees. That is, in the liquid crystal
display device according to an exemplary embodiment of
the present invention, when the incident angle 0 of light
which passes through the liquid crystal layer 3 is approxi-
mately 84.3 degrees or larger, the color mixture may occur.
Therefore, the possibility of color mixture in the liquid
crystal display device according to the exemplary embodi-
ment of the present invention is much lower than either the
first comparative example or the second comparative
example.

[0119] Hereinafier, color reproducibility of a liquid crystal
display device according to an exemplary embodiment of
the present invention will be described.

[0120] FIG. 17 is a result of simulation of color reproduc-
ibility according to an exemplary embodiment of the present
invention. For comparison, color reproducibility of a liquid
crystal display device which uses a quantum dot QD instead
of the quantum rod QR and color reproducibility of a general
liquid crystal display device sRGB, which does not use a
quantum material, are displayed.

[0121] As illustrated in FIG. 17, the liquid crystal display
device that uses a quantum dot QD may reproduce a broader
range of colors than the general liquid crystal display device
sRGB. Color reproducibility of the liquid crystal display
device using the quantum dot QD is approximately 110% of
color reproducibility of the general liquid crystal display
device sRGB. Further, the liquid crystal display device that
uses a quantum rod QR may reproduce a broader range of
colors than the liquid crystal display device sRGB, which
uses a quantum dot QD. Color reproducibility of the liquid
crystal display device using the quantum rod QR is approxi-
mately 119% of the color reproducibility of the general
liquid crystal display device sSRGB. That is, the liquid crystal
display device according to an exemplary embodiment of
the present invention provides higher color reproducibility
using the quantum rod QR.
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[0122] Hereinafter, a driving method of a liquid crystal
display device according to an exemplary embodiment of
the present invention will be described with reference to
FIG. 18.

[0123] FIG. 18 is a view illustrating a polarization direc-
tion of light which passes through each constituent element
of a liquid crystal display device according to an exemplary
embodiment of the present invention. FIG. 18 illustrates a
first color pixel area in which red is displayed and a driving
method which will be described below is also applied to the
second color pixel area in which green is displayed.
[0124] First, a light source 500 provides light to a first
polarizer 12. The light provided by the light source 500 is
non-polarized light and formed of a blue light component.
[0125] The light provided from the light source is changed
into a polarized light while passing through the first polar-
izer 12. Oflight provided from the light source, a component
which vibrates in a direction parallel to the transmissive axis
of the first polarizer 12 passes through the first polarizer, and
a component which vibrates in a direction perpendicular to
the transmissive axis is blocked.

[0126] A polarization direction of the light which passes
through the first polarizer 12 is changed while passing
through the liquid crystal layer 3. As described above, in the
liquid crystal layer 3, a direction of the liquid crystal
molecules is determined in accordance with a strength of an
electric field formed between the pixel electrode and the
common electrode and, thus, a polarization direction of the
light which passes through the liquid crystal layer 3 is
determined. That is, a voltage is applied to the liquid crystal
layer 3 to control the polarization direction of the light which
passes through the first polarizer 12.

[0127] The quantity of light which passes through the
liquid crystal layer 3 is adjusted while the light passes
through the color conversion layer 240. An adjustment
method of a quantity of light will be described with refer-
ence to FIG. 19.

[0128] FIG. 19 is a graph illustrating absorptance and light
emittance in accordance with an angle formed by a polar-
ization direction of incident light and an alignment direction
of a quantum rod.

[0129] As illustrated in FIG. 19, when an angle formed by
a polarization direction of the light that is incident onto the
quantum road and an arrangement direction of the quantum
rod is zero degree or 180 degrees, the absorptance and the
light emittance are maximized. Further, when an angle
formed by a polarization direction of the light that is incident
onto the quantum road and an arrangement direction of the
quantum rod is 90 degrees, the absorptance and light emit-
tance are minimized.

[0130] Therefore, the quantity of light that passes through
the color conversion layer 240 is determined by an angle
formed by formed by a polarization direction of the light that
passes through the liquid crystal layer 3 and the arrangement
direction of the quantum rod included in the color conver-
sion layer 240. The arrangement direction of the quantum
rod is formed in a direction that is parallel to the transmis-
sive axis of the second polarizer 22.

[0131] Referring to FIG. 18 again, since the angle formed
by a polarization direction of the light that passes through
the liquid crystal layer 3 and the arrangement direction of the
quantum rod is greater than zero degrees, the quantity of
light is reduced while passing through the color conversion
layer 240. In this case, the light that passes through the liquid
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crystal layer 3 is a blue light component, and most of the
blue light component is changed into a red component. In
this case, some of blue light components passes through the
color conversion layer 240, but the blue light component is
blocked by the blue light blocking filter (not illustrated) such
that only the red color component passes therethrough.
[0132] The light which passes through the color conver-
sion layer 240 passes through the second polarizer 22 and
shows a predetermined luminance.

[0133] Hereinafter, a method of representing gray scales
will be described with reference to FIGS. 20 to 22.

[0134] FIGS. 20 to 22 are views illustrating a polarization
direction of light which passes through each constituent
element of a liquid crystal display device according to an
exemplary embodiment of the present invention. FIG. 20
illustrates a maximum gray scale, FIG. 21 illustrates an
intermediate gray scale, and FIG. 22 illustrates a minimum
gray scale.

[0135] As illustrated in FIG. 20, a predetermined electric
field is generated in the liquid crystal layer 3 so that the
polarization direction of the light is controlled to rotate by
approximately 90 degrees while passing through the liquid
crystal layer 3.

[0136] The polarization direction of the light that passes
through the liquid crystal layer 3 is parallel to the arrange-
ment direction of the quantum rod of the color conversion
layer 240, so that most of the light passes through the color
conversion layer 240, and the highest luminance may be
obtained. By doing this, a maximum gray scale, that is, white
may be displayed.

[0137] As illustrated in FIG. 21, a predetermined electric
field is generated in the liquid crystal layer 3 so that the
polarization direction of the light is controlled to rotate by
approximately 45 degrees while passing through the liquid
crystal layer 3.

[0138] The polarization direction of the light that passes
through the liquid crystal layer 3 and the arrangement
direction of the quantum rod of the color conversion layer
240 form an angle of approximately 45 degrees, so that some
of light passes through the color conversion layer 240 and
the remaining light does not pass through the color conver-
sion layer 240 and blocked. Thus, an intermediate gray scale
may be displayed.

[0139] As illustrated in FIG. 22, the electric field is not
formed on the liquid crystal layer 3 so that the polarization
direction of the light is controlled so as not to be changed
while passing through the liquid crystal layer 3.

[0140] The polarization direction of the light that passes
through the liquid crystal layer 3 and the arrangement
direction of the quantum rod of the color conversion layer
240 form an angle of 90 degrees so that most of the light
does not pass through the color conversion layer 240 to be
blocked. By doing this, a minimum gray scale, that is, black
may be displayed.

[0141] Hereinafter, a relationship between a rotational
angle of the polarization direction and luminance of the light
which passes through the liquid crystal layer will be
described with reference to FIG. 23.

[0142] FIG. 23 is a graph illustrating luminance in accor-
dance with a polarization angle of liquid crystal. A polar-
ization angle of the liquid crystal refers to an angle at which
a polarization direction of light which passes through a
liquid crystal layer rotates. FIG. 23 also illustrates a graph
representing a luminance in accordance with a polarization
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angle of the liquid crystal display device according to a
comparative example. In the comparative example, a general
crystal display does not use the quantum material.

[0143] A gray scale in the liquid crystal display device
according to an exemplary embodiment of the present
invention will be determined by Equation 1.

[0144] [Equation 1]

G=4 cos}(Pg)+C cosX(Pg)+D cos(P)+E

(G: gray scale, P,: angle of polarization of liquid crystal)
[0145] As illustrated in FIG. 23, the change of luminance
in accordance with polarization angle of the liquid crystal in
the liquid crystal display device according to the exemplary
embodiment of the present invention is different from the
change of luminance in accordance with the polarization
angle of the liquid crystal in the liquid crystal display device
according to the comparative examples.

[0146] In the liquid crystal display device according to
exemplary embodiments of the present invention as
described above, a distance between a liquid crystal layer
and a color conversion layer is minimized to prevent the
color mixing phenomenon.

[0147] Although certain exemplary embodiments and
implementations have been described herein, other embodi-
ments and modifications will be apparent from this descrip-
tion. Accordingly, the inventive concept is not limited to
such embodiments, but rather to the broader scope of the
presented claims and various obvious modifications and
equivalent arrangements.

What is claimed is:

1. A liquid crystal display device, comprising:

a first substrate and a second substrate facing each other;

a thin film transistor disposed inside the first substrate;

a color conversion layer disposed inside the second sub-

strate, the color conversion layer comprising a plurality

of quantum rods;

a liquid crystal layer disposed between the first substrate

and the second substrate;

a first polarizer disposed at the outside of the first sub-

strate; and

a second polarizer disposed at the outside of the second

substrate.

2. The liquid crystal display device of claim 1, wherein a
transmissive axis of the first polarizer is perpendicular to a
transmissive axis of the second polarizer.

3. The liquid crystal display device of claim 2, wherein:

the quantum rods are arranged in a predetermined direc-

tion; and

an arrangement direction of the quantum rods is parallel

to the transmissive axis of the second polarizer.

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

each of the first substrate and the second substrate com-

prises a first color pixel area, a second color pixel area,
and a third color pixel area; and

the color conversion layer comprises:

a first color conversion layer disposed in the first color
pixel area and configured to change the incident light
into a red light component; and

a second color conversion layer disposed in the second
color pixel area and configured to change the inci-
dent light into a green light component.

5. The liquid crystal display device of claim 4, further
comprising a transparent photo resist disposed in the third
color pixel area,
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wherein the transparent photo resist is disposed on the
same layer as the first color conversion layer and the
second color conversion layer.

6. The liquid crystal display device of claim 4, further
comprising a first blue light blocking filter disposed between
the second substrate and the first color conversion layer.

7. The liquid crystal display device of claim 6, wherein
further comprising a second blue light blocking filter dis-
posed between the second substrate and the second color
conversion layer.

8. The liquid crystal display device of claim 7, further
comprising a light blocking member disposed at boundaries
between the first color pixel area, the second color pixel
area, and the third color pixel area,

wherein the light blocking member is disposed on the

same layer as the first blue light blocking filter and the
second blue light blocking filter.

9. The liquid crystal display device of claim 4, further
comprising a blue band pass filter disposed between the
color conversion layer and the liquid crystal layer.

10. The liquid crystal display device of claim 9, wherein
the blue band pass filter is disposed in the first color pixel
area, the second color pixel area, and the third color pixel
area.

11. The liquid crystal display device of claim 1, further
comprising a light source configured to provide a blue light
component to the first substrate.

12. A driving method of a liquid crystal display device,
comprising:

providing light to a first polarizer of the liquid crystal

display device;

applying a voltage to a liquid crystal layer to control a

polarization direction of light which passes through the
first polarizer;

adjusting a quantity of light which passes through the

liquid crystal layer while passing through the color
conversion layer, the color conversion layer comprising
a plurality of quantum rods; and

passing the light which passes through the color conver-

sion layer through the second polarization layer.

13. The driving method of claim 12, wherein in the
adjusting of a quantity of light, the quantity of light is
adjusted by adjusting an angle between a polarization direc-
tion of light which passes through the liquid crystal layer and
an arrangement direction of the quantum rods.
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14. The driving method of claim 13, wherein:

as an angle formed by the polarization direction of light
which passes through the liquid crystal layer and an
arrangement direction of the quantum rod approaches
zero, the quantity of light which passes through the
color conversion layer is increased; and

as an angle formed by the polarization direction of light

which passes through the liquid crystal layer and the
arrangement direction of the quantum rod approaches
90 degrees, the quantity of light which passes through
the color conversion layer is reduced.

15. The driving method of claim 12, wherein a transmis-
sive axis of the first polarizer is perpendicular to a trans-
missive axis of the second polarizer.

16. The driving method of claim 15, wherein the quantum
rods are arranged in a predetermined direction, and the
arrangement direction of the quantum rods is parallel to the
transmissive axis of the second polarizer.

17. The driving method of claim 12, wherein:

each of the first substrate and the second substrate com-

prises a first color pixel area, a second color pixel area,
and a third color pixel area;

the color conversion layer comprises:

a first color conversion layer disposed in the first color
pixel area; and

a second color conversion layer disposed in the second
color pixel area;,

light which passes through the liquid crystal layer is

changed into a red light component while passing
through the first color conversion layer; and

light which passes through the liquid crystal layer is

changed into a green light component while passing
through the second color conversion layer.

18. The driving method of claim 17, wherein the light
provided to the first polarizer is a blue light component.

19. The driving method of claim 18, wherein a blue light
component which is not changed into a red light component
among the light which passes through the first color con-
version layer is blocked by the first blue light blocking filter.

20. The driving method of claim 18, wherein a blue light
component which is not changed into a green light compo-
nent among the light which passes through the second color
conversion layer is blocked by the second blue light block-
ing filter.
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