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A liquid crystal display (LCD) device includes a first sub-
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the first substrate; a second polarization plate over the second
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FIG. 7
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2011-0125431 filed in
Korea on Nov. 28, 2011, which is hereby incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] Embodiments ofthe invention relate to aliquid crys-
tal display (LCD) device, and more particularly, to an LCD
device having a high transmissivity.

[0004] 2. Discussion of the Related Art

[0005] Recently, LCD devices have become widely used as
a technology-intensive and value-added next generation
device of due to its low power consumption, thin profile, and
portability. Since the LCD devices including a thin film tran-
sistor (TFT) as a switching element, referred to as an active
matrix LCD (AM-LCD) devices, have excellent characteris-
tics of high resolution and display of moving images, the
AM-LCD devices have come to be widely used.

[0006] In general, an LCD device is fabricated through an
array process, a color filter process and a cell process. In the
array process, array elements such as a TFT and a pixel
electrode are formed on a first substrate. In the color filter
process, color filter elements such as a color filter layer and a
common electrode are formed on a second substrate. In the
cell process, a liquid crystal layer is interposed between the
first and second substrates.

[0007] FIG.1is across-sectional view of a related art LCD
device. Referring to FIG. 1, the LCD device 1 includes a first
substrate 10, a second substrate 20 and a liquid crystal layer
30 therebetween.

[0008] On the first substrate 10, a gate line and a data line
are formed. The gate and data lines cross each other to define
a pixel region P. A TFT Tr is formed at a crossing portion of
the gate and data lines, and a pixel electrode 18, which is
disposed in the pixel region P, is connected to the TFT Tr.
[0009] On the second substrate 20, a black matrix 25
including an opening, and shielding the gate line, the data line
and the TFT Tr is formed. In other words, the black matrix 25
has a lattice shape. A color filter layer 26 including red, green
and blue color filter patterns 264, 265 and 26¢ are formed on
the second substrate 20. The red, green and blue color filter
patterns 26a, 265 and 26¢ are disposed in the opening of the
black matrix 25 to correspond to the pixel region P. A com-
mon electrode 28 is formed on an entire surface over the black
matrix 25 and the color filter layer 26.

[0010] The first and second substrates 10 and 20 with the
liquid crystal layer 30 therebetwen are combined such that the
common electrode 28 faces the pixel electrode 18 to obtain a
liquid crystal panel 40. A seal pattern for preventing a leakage
ofthe liquid crystal layer 30 is formed at edges of the first and
second substrates 10 and 20. In addition, first and second
alignment layers for determining an initial arrangement of the
liquid crystal molecules of the liquid crystal layer 30 are
formed.

[0011] First and second polarization plates 50 and 52 are
formed at outer sides of the liquid crystal panel 40, respec-
tively. Namely, the first polarization plate 50 is formed at an
outer side of the first substrate 10, and the second polarization
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plate 52 is formed at an outer side of the second substrate 20.
A backlight unit BLU for providing light toward the first
substrate 10 is disposed under the first polarization plate 50.
[0012] Accordingly, when a signal of the data line is pro-
vided into the pixel electrode 18 through the turned-on TFT
Tr, an electric field is generated between the pixel electrode
18 and the common electrode 28. The liquid crystal mol-
ecules are driven by the electric field, and the transmissivity
of light from the backlight unit BLU is changed such that
images are displayed.

[0013] As mentioned above, the first and second polariza-
tion plates 50 and 52, which are disposed at the outer sides of
the liquid crystal panel 40, have perpendicular transmittance
axes. The light from the backlight unit BLU is polarized into
a first linearly-polarized light by the first polarization plate
50, and the first polarization light is changed into a second
linearly-polarization light by the liquid crystal layer 30. The
second linearly-polarized light passes through the second
polarization plate 52 such that the light is incident to eyes of
the user.

[0014] However, the first linearly-polarized light is incom-
pletely changed into the second linearly-polarized light.
Namely, the light provided onto the color filter layer 26 is
scattered by pigments 27 of the color filter layer 26 such that
parts of the first linearly-polarized light is changed into an
elliptically-polarized light, and not the second linearly-polar-
ized light.

[0015] Accordingly, the light incident to the eyes of the user
is about 5 to 6% of the light from the backlight unit of the LCD
device 1. Namely, a light efficiency of the LCD device 1 is
very low.

[0016] FIG. 2 shows polarization conditions of lights from
the backlight unit, the first polarization plate, the liquid crys-
tal panel and the second polarization plate in the related art
LCD device. Referring to FIG. 2, in the related art LCD
device, the non-polarized light is emitted from the backlight
unit BLU. The non-polarized light is changed to the first
linearly-polarized light through the first polarization plate 50,
and the first linearly-polarized light is changed into the ellip-
tically-polarized light as well as the second linearly-polarized
light through the liquid crystal panel 40 because of scattering
by pigments 27 of the color filter layer 26 shown in FIG. 1.
The elliptically-polarized light can not pass through the sec-
ond polarization plate 52 such that transmittance and bright-
ness of the LCD device is lowered.

SUMMARY OF THE INVENTION

[0017] Accordingly, embodiments of the invention are
directed to an LCD device that substantially obviates one or
more of the problems due to limitations and disadvantages of
the related art, and have other advantages.

[0018] An object of the invention is to provide an LCD
device having high transmissivity.

[0019] According to an embodiment of the invention, a
liquid crystal display (LCD) device includes a first substrate;
a second substrate; a liquid crystal layer disposed between the
first and second substrates; a color filter on one of the first and
second substrates; a first polarization plate under the first
substrate; a second polarization plate over the second sub-
strate; a backlight unit under the first polarization plate; and a
quantum rod sheet disposed between the color filter and the
second polarization plate.

[0020] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
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will be apparent from the description, or may be learned by
practice of the invention. The objectives and other advantages
of the invention will be realized and attained by the structure
particularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0021] Itisto beunderstood that both the foregoing general
description and the following detailed description are
examples and are explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.

[0023] FIG.1 is across-sectional view of a related art LCD
device.
[0024] FIG. 2 shows polarization conditions of lights from

a backlight unit, a first polarization plate, a liquid crystal
panel and a second polarization plate in the related art LCD
device of FIG. 1.

[0025] FIG. 3 is an exploded perspective view of an LCD
device including a quantum rod sheet according to an
embodiment of the invention.

[0026] FIG. 4 is a cross-sectional view of a portion of an
LCD device according to an embodiment of the invention.
[0027] FIG. 5 shows a quantum rod of a quantum rod sheet
for an LCD device according to an embodiment of the inven-
tion.

[0028] FIG. 6 is a picture of a quantum rod sheet including
unarranged quantum rods.

[0029] FIG. 7 is a picture of a quantum rod sheet including
arranged quantum rods.

[0030] FIG. 8 shows polarization conditions of lights from
a backlight unit, a first polarization plate, a liquid crystal
panel, a quantum rod sheet and a second polarization plate in
an LCD device according to an embodiment of the invention.
[0031] FIG. 9 is a cross-sectional view of a portion of an
LCD device according to an embodiment of the invention.
[0032] FIG. 10 shows polarization conditions of lights from
a backlight unit, a first polarization plate, a liquid crystal
panel, a quantum rod sheet and a second polarization plate in
an LCD device according to an embodiment of the invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0033] Reference will now be made in detail to embodi-
ments of the invention, examples of which are illustrated in
the accompanying drawings.

[0034] FIG. 3 is an exploded perspective view of an LCD
device including a quantum rod sheet according to an
embodiment of the invention, and FIG. 4 is a cross-sectional
view of a portion of an LCD device according to the inven-
tion.

[0035] Referring to FIGS. 3 and 4, an LCD device 100
includes a liquid crystal panel 110, a first polarization plate
160 at one side of the liquid crystal panel 110, a second
polarization plate 162 at the other side (or the opposite side)
of the liquid crystal panel 110, a quantum rod sheet 200, and
a backlight unit 120. The first polarization plate 160 is dis-
posed at one side of the liquid crystal panel 110, and the
second polarization plate 162 is disposed at the other side of
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the liquid crystal panel 110. The quantum rod sheet 200 is
disposed between the liquid crystal panel 110 and the second
polarization plate 162, and the backlight unit 120 is disposed
under the first polarization plate 160. The LCD device 100
may further include a main frame 130, a top frame 140 and a
bottom frame 150 for modularization. The main frame 130
covers the sides of the liquid crystal panel 110, and the top
frame 140 covers the front edges of the liquid crystal panel
110. The bottom frame 150 covers the rear side of the back-
light unit 120.

[0036] The liquid crystal panel 110 includes first and sec-
ond substrates 112 and 114 facing each other, and a liquid
crystal layer 330 therebetween.

[0037] On the first substrate 112, a gate line and a data line
are formed. The gate and data lines cross each other to define
a pixel region P. A TFT Tr is formed at a crossing portion of
the gate and data lines and connected to the gate and data
lines. A pixel electrode 318, which is disposed in the pixel
region P, is connected to the TFT Tr.

[0038] On the second substrate 114, a black matrix 323
including an opening and shielding the gate line, the data line
and the TFT Tris formed. In other words, the black matrix 323
has a lattice shape. A color filter layer 326 including red,
green and blue color filter patterns 3264, 3265 and 326¢ are
formed on the second substrate 114. The red, green and blue
color filter patterns 3264, 3265 and 326¢ are disposed in the
opening of the black matrix 323 to correspond to the pixel
region P. A common electrode 328 is formed on an entire
surface over the black matrix 323 and the color filter layer
326.

[0039] FIG. 4 shows the pixel electrode 318 on the first
substrate 112 and the common electrode 328 on the second
substrate 114 such that a vertical electric field is generated
between the pixel and common electrodes 318 and 328. Alter-
natively, the pixel electrode 318 and the common electrode
328 may be alternately arranged with each other on the first
substrate 112 such that a horizontal electric field is generated
therebetween. Alternatively, the color filter layer 326 may be
formed on the first substrate 112. Such a structure may be
referred to as a color filter on TFT (COT) structure.

[0040] Referring back to FIG. 3, a printed circuit board 127
is connected to at least one side of the liquid crystal panel 110
via a connection means. The printed circuit board 127 may
closely extend along a side surface of the main frame 130 or
a rear surface of a bottom frame 150 in a modularization
process.

[0041] When the TFT Tr is turned on by a scanning signal
from a gate line, an image signal is applied to the pixel
electrode 318 through the data line. Then, the liquid crystal
molecules in the liquid crystal layer 330 between the first and
second substrates 112 and 114 are driven by an electric field
generated between the pixel and common electrodes 318 and
328. As aresult, light transmissivity of the liquid crystal layer
330 is controlled such that the LCD device 100 can produce
an image.

[0042] First and second polarization plates 160 and 162 are
disposed at outer sides of the liquid crystal panel 110, respec-
tively. Polarized light extending in a direction is transmitted
through the first and second polarization plates 160 and 162.
[0043] An alignment layer for determining an initial
arrangement of liquid crystal molecules may be disposed
between the first substrate 112 and the liquid crystal layer
330, and between the second substrate 114 and the liquid
crystal layer 330. In addition, a seal pattern preventing leak-
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age of liquid crystal molecules is formed along an edge of one
of the first and second substrates 112 and 114.

[0044] The backlight unit 120 for providing light onto the
liquid crystal panel 110 is disposed under the liquid crystal
panel 110. The backlight unit 120 includes a light source 129,
a reflective sheet 125, a light guide plate 123 and an optical
sheet 121. The light guide plate 123 is disposed on the reflec-
tive sheet 125, and the optical sheet 121 is disposed on the
light guide plate 123.

[0045] The light source 129 is disposed at one side of the
light guide plate 123. For example, the light source 129 may
include one of a fluorescent lamp, such as a cold cathode
fluorescent lamp (CCFL) and an external electrode fluores-
cent lamp (EEFL), and a light emitting diode (LED). FIG. 3
shows the light source 129 as including LEDs 129 and an
LED board 1295 where the LEDs 129a are arranged. When
the light source 129 includes the fluorescent lamp, the light
source 129 includes a lamp guide for guiding an outer side of
the fluorescent lamp.

[0046] The light from the light source 129 is processed into
a plane light source during passage through the light guide
plate 123 by a total reflection. The light guide plate 123 may
have a pattern for guiding the light to the liquid crystal panel
110 and providing a uniform plane light source. For example,
the pattern may be an elliptical pattern, a polygon pattern, and
ahologram pattern, and may be formed at a bottom surface of
the light guide plate 123.

[0047] The reflective sheet 125 is disposed under the light
guide plate 123. The light is reflected on the reflective sheet to
improve an optical efficiency. The optical sheet 121 on or over
the light guide plate 123 includes a diffusion sheet and at least
one concentrating sheet. The light, which passes through the
light guide plate 123, is diffused and/or concentrated such
that a uniform plane light is provided onto the liquid crystal
panel 110.

[0048] FIG. 3 shows the light source 129 disposed at one
side of the light guide plate 123. This arrangement may be
referred to as to a side light type. Alternatively, the light
source may be arranged on the reflective sheet without the
light guide plate and with a diffusion sheet over the light
source. This arrangement may be referred to as to a direct
light type.

[0049] In an embodiment of the invention, the LCD device
100 includes the quantum rod sheet 200 between the liquid
crystal panel 110 and the second polarization plate 162. The
quantum rod sheet 200 includes a plurality of quantum rods
210 arranged along a direction. Namely, major axes of the
quantum rods 210 are arranged to be substantially parallel to
a transmission axis of the second polarization plate 162 and a
surface of the liquid crystal panel 110. In other words, the
major axes of the quantum rods 210 are arranged to be sub-
stantially perpendicular to an absorption axis of the second
polarization plate 162. In addition to the major axis, each
quantum rod 210 has a minor axis, whereby a ratio of the
minor axis to the major axis of each quantum rod 210 is about
1:1.1 to 1:30.

[0050] The quantum rod sheet 200 may further include an
auxiliary emitting material. For example, the auxiliary emit-
ting material may include at least one of a quantum dot, an
inorganic fluorescent substance and an organic fluorescent
substance. In this instance, a weight ratio of the quantum rod
210 and the auxiliary emitting material may be about 99:1 to
50:50. Namely, the weight % of the quantum rod 210 is larger
than or equal to that of the auxiliary emitting material. If the
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weight % of the auxiliary emitting material is larger than that
of the quantum rod 210, a polarization property of the quan-
tum rod sheet 200 is degraded.

[0051] Referring to FIG. 5 showing a quantum rod of a
quantum rod sheet for an LCD device according to an
embodiment of the invention, the quantum rod 210 includes a
core 215 and a shell 217 surrounding the core 215. The core
215 has one of a sphere shape, an elliptical sphere shape, a
polyhedron shape and a rod shape. Other shapes may be used
for the core 215. FIG. 5 shows a sphere shape core 215. The
shell 217 has arod shape having a major axis and a minor axis.
A cross section along the minor axis of the shell 217 has one
of a circle shape, an ellipse shape and a polyhedron shape.
The shell 217 may have other shapes. The shell 217 has a
single-layered structure or a multi-layered structure and is
formed of one or more semiconductor materials, an alloy
thereof, an oxide material and/or an impurity-doped material.
[0052] A ratio ofthe minor axis of the shell 217 to the major
axis of the shell 217 is about 1:1.1 to 1:30. Reference to an
alloy includes compound semiconductors.

[0053] Alternatively, the quantum rod 210 may include the
core 215 without a shell. The core 215 may have one of an
elliptical sphere shape, and a rod shape. Other shapes may
also be used. FIG. 5 shows a sphere shape core 215.

[0054] The core 215 of the quantum rod 210 includes a
semiconductor material or an alloy of materials of groups
1I-VIL 1I-V, [II-VI, VI-IV and IV in the periodic table or their
mixture. For example, the core 215 of the quantum rod 210
may include at least one of CdSe, CdS, CdTe, ZnO, ZnSe,
ZnS, ZnTe, HgSe, HgTe, CdZnSe, InP, InN, GaN, InSb,
InAsP, InGaAs, GaAs, GaP, GaSb, AIP, AIN, AlAs, AlSb,
CdSeTe, ZnCdSe, PbSe, PbTe, PbS, PbSnTe, and T1,SnTes..
[0055] Even if the cores 215 are formed of the same mate-
rial, a fluorescent wave length of the light from the quantum
rod 210 is varied depending on a size of the core 215. The
smaller size the core 215 has, the smaller wave length of the
light is. By controlling the size of the core 215, lights in the
visible range can be emitted.

[0056] Referring again to FIGS. 3 and 4, the quantum rod
210 absorbs the light from the backlight unit 120 and emits
light. Since the internal quantum yield of the quantum rod 210
is about 100%, the light emitted from the quantum rod 210
has substantially the same brightness as the light from the
backlight unit 120.

[0057] Inthe quantum rod sheet 200 including the quantum
rods 210, the quantum rods 210 are arranged along a surface
of the first and second substrates 112 and 114 of the liquid
crystal panel 110. In addition, the major axes of the quantum
rods 210 are arranged to be parallel to the transmission axis of
the second polarization plate 162.

[0058] The quantum rods 210 are arranged on a transparent
substrate by one of a voltage applying method, an aligning
method using an alignment layer, an aligning method using a
self-aligned monomer, and an aligning method using a reac-
tive mesogen material. The aligning method for the quantum
rods 210 is not limited to the above methods.

[0059] FIG. 6 is a picture of a quantum rod sheet including
unarranged quantum rods, and FIG. 7 is a picture of a quan-
tum rod sheet including arranged quantum rods.

[0060] Referring to FIG. 6, the quantum rods are unar-
ranged (or randomly arranged). For example, groups of quan-
tum rods 210 may present, whereby the groups of quantum
rods 210 are aligned in different directions. For example, one
group of the quantum rods 210 may be arranged in a first
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direction, while an adjacent group of the quantum rods 210
may be arranged in a direction perpendicular to the first
direction. Yet another adjacent group of the quantum rods 210
may be arranged in a third direction is neither parallel nor
perpendicular to the first direction. On the contrary, referring
to FIG. 7, the quantum rods are arranged by at least one the
above mentioned arranging method to be parallel to a direc-
tion. The aligning accuracy is measured by a polarization
ratio. The polarization ratio of the quantum rod sheet can be
measured by detecting light amount passing through an ana-
lyzer after irradiating horizontally or vertically polarized
light toward the quantum rod sheet.

[0061] When light intensity from the light source is defined
as “I”, horizontally-polarized light intensity through the
quantum rod sheet is defined as “Ih”, and vertically-polarized
light intensity through the quantum rod sheet is defined as
“Iv”, the polarization ratio “PR” of the unarranged quantum
rod sheet is defined as:

PR=(Ih—Iv)/(Th+1)

[0062] When the quantum rods are arranged along a hori-
zontal direction or a vertical direction, a horizontal direction
polarization ratio “PRh” and a vertical direction polarization
ratio “PRv” are respectively defined as:

PRh=Ih{/(Ih+]v) and

PRv=N/(Ih+Iv)

[0063] The quantum rods 210 in the quantum rod sheet 200
in embodiments of the invention are arranged along a direc-
tion, and the horizontal direction polarization ratio “PRh” or
the vertical direction polarization ratio “PRv” is larger than
about 0.5 and equal to or smaller than 1, i.e., (0.5<PRh or
PRv=1). Namely, when major axes of the quantum rods 210
are arranged along a direction, the quantum rods 210 absorb-
ing the light, which is polarized along the direction and the
other directions, from the backlight unit 120 emits the light
being polarized along the direction. Accordingly, even if the
polarized light by the first polarization plate 160 and the
liquid crystal layer 130 is scattered by the pigments in the
color filter layer 326, the light emitted from the quantum rod
sheet 200 including the quantum rods 210 has a linearly-
polarized condition along the major axis direction of the
quantum rods 210. For example, the quantum rods 210 may
absorb a UV ray, which has a wave length smaller than 450
nm, and emits the polarized light.

[0064] In embodiments of the invention, the quantum rod
sheet 200 is disposed between the liquid crystal panel 110 and
the second polarization plate 162 such that brightness of the
LCD device 100 is improved.

[0065] FIG. 8 shows polarization conditions of lights from
a backlight unit, a first polarization plate, a liquid crystal
panel, a quantum rod sheet and a second polarization plate in
an LCD device according to an embodiment of the invention,
with use of LCD device of FIGS. 3 and 4, whereby the
non-polarized light is emitted from the backlight unit 120.
The non-polarized light is changed to the first linearly-polar-
ized light through the first polarization plate 160. The first
linearly-polarized light is parallel to the transmission axis of
the first polarization plate 120. The first linearly-polarized
light is changed into the elliptically-polarized light as well as
the second linearly-polarized light through the liquid crystal
panel 110 because of scattering by pigments 327 of the color
filter layer 326. The second linearly-polarized light is perpen-
dicular to the first linearly-polarized light. The light amount
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of'the elliptically-polarized light may be about 3 to 10% ofthe
first linearly-polarized light that passes through the first
polarization plate 160.

[0066] Inthe related art LCD device shown in FIG. 1, since
the second polarization plate 52 has a transmission axis being
substantially perpendicular to that of the first polarization
plate 50, the elliptically-polarized light can not pass through
the second polarization plate 52 such that transmittance and
brightness of the LCD device is lowered.

[0067] However, in the LCD device 100 according to an
embodiment of the invention, the quantum rod sheet 200
absorbs the second linearly-polarized light and emits light
that is second linearly-polarized. In addition, a part of the
elliptically-polarized light by the elements in the liquid crys-
tal panel 110, for example, the pigments in the color filter
layer 326, is re-polarized into the second linearly-polariza-
tion light by the quantum rod sheet 200 disposed between the
liquid crystal panel 110 and the second polarization plate 162.
About 30 to 60% of the elliptically-polarized light is absorbed
and re-polarized by the quantum rod sheet 200. As aresult, the
LCD device 100 in accordance with an embodiment of the
invention has a bright increase of about 0.9 to 9% with respect
to the related art LCD device. In addition, when the same
brightness is produced in the LCD device 100 and the related
art LCD device, power consumption of the LCD device 100
according to the invention is lower than power consumption
of the related art LCD device.

[0068] The liquid crystal panel 110 and the backlight unit
120 are modularized with the main frame 130, the top frame
140 and the bottom frame 150. The top frame 140 covers
edges of a front surface of the liquid crystal panel 110 and side
surfaces of the liquid crystal panel 110. The top frame 140 has
an opening such that images from the liquid crystal panel 110
can be displayed through the opening of the top frame 140.
The bottom frame 150 includes a bottom surface and four side
surfaces to cover a rear surface of the backlight unit 120 and
side surfaces of the backlight unit 120. The bottom frame 150
covers a rear side of the backlight unit 120. The main frame
130 has a rectangular frame shape. The main frame 130
covers side surfaces of the liquid crystal panel 110, the back-
light unit 120, the first and second polarization plates 160 and
162 and the quantum rod sheet 200, and is combined with the
top frame 140 and the bottom frame 150. The top frame 140
may be referred to as a top case or a case top, and the main
frame 130 may be referred to as a guide panel, a main support
or a mold frame. The bottom frame 150 may be referred to as
a bottom cover or a lower cover.

[0069] In embodiments of the invention, since the LCD
device 100 includes the quantum rod sheet 200, where the
quantum rods 210 are arranged along a direction, between the
liquid crystal panel 110 and the second polarization plate 162,
an elliptically-polarized light by scattering in the liquid crys-
tal layer 330 or the color filter layer 326 is re-polarized by the
quantum rod sheet 200 such that brightness or transmissivity
of the LCD device 100 according to embodiments of the
invention is improved with a range of about 0.9 to 9% with
respect to the related art LCD device. In other words, when
the same brightness is produced, power consumption of the
LCD device according to embodiments of the invention is
lower than that of the related art LCD device.

[0070] In embodiments of the invention, the quantum rod
sheet 200 may be a layer formed of a plurality of quantum
rods 210, and may be referred to as a quantum rod layer. In
embodiments of the invention, the quantum rod layer may be
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a layer per se, or may be a layer formed on a substrate.
Examples of such substrates include a glass sheet, a resin
sheet, or other sheets.

[0071] FIG. 9 is a cross-sectional view of a portion of an
LCD device according to an embodiment of the invention.
Referring to FIG. 9, an LCD device 400 includes a liquid
crystal panel 410, a first polarization plate 460 at one side of
the liquid crystal panel 410, a second polarization plate 462 at
the other side of the liquid crystal panel 410, a quantum rod
sheet 440, and a backlight unit 420. The first polarization
plate 460 is disposed at one side of the liquid crystal panel
410, and the second polarization plate 462 is disposed at the
other side of the liquid crystal panel 410. The liquid crystal
panel includes first and second substrates 412 and 414 facing
each other, a liquid crystal layer 330 therebetween. The back-
light unit 420 is disposed under the first polarization plate
460.

[0072] On the first substrate 412, a gate line and a data line
are formed. The gate and data lines cross each other to define
a pixel region P. A TFT Tr is formed at a crossing portion of
the gate and data lines and connected to the gate and data
lines. A pixel electrode 318, which is disposed in the pixel
region P, is connected to the TFT Tr.

[0073] On the second substrate 414, a black matrix 423
including an opening and shielding the gate line, the data line
and the TFT Tris formed. In other words, the black matrix 423
has a lattice shape. A color filter layer 426 including red,
green and blue color filter patterns 426a, 4265 and 426¢ are
formed on the second substrate 414. The red, green and blue
color filter patterns 4264, 4265 and 426¢ are disposed in the
opening of the black matrix 423 to correspond to the pixel
region P. A common electrode 428 is formed on an entire
surface over the black matrix 423 and the color filter layer
426.

[0074] The quantum rod sheet 440 is disposed between
between the second substrate 414 and the color filter layer
426. As mentioned above, the quantum rod sheet 440 includes
a plurality of quantum rods arranged along a direction.
Namely, major axes of the quantum rods are arranged to be
substantially parallel to a transmission axis of the second
polarization plate 462 and a surface of the second substrate
414. In other words, the major axes of the quantum rods are
arranged to be substantially perpendicular to an absorption
axis of the second polarization plate 462. In addition to the
major axis, each quantum rod has a minor axis, whereby a
ratio of the minor axis to the major axis of each quantum rod
is about 1:1.1 to 1:30.

[0075] FIG. 9 shows the pixel electrode 418 on the first
substrate 412 and the common electrode 428 on the second
substrate 414 such that a vertical electric field is generated
between the pixel and common electrodes 418 and 428. Alter-
natively, the pixel electrode 418 and the common electrode
428 may be alternately arranged with each other on the first
substrate 412 such that a horizontal electric field is generated
therebetween. Alternatively, the color filter layer 426 may be
formed on the first substrate 412. Such a structure may be
referred to as a color filter on TFT (COT) structure.

[0076] The present invention requires the quantum rod
sheet 440 disposed between the color filter layer 426 and the
second polarization sheet 462. Accordingly, there is no limi-
tation of a position of the quantum rod sheet 440 between the
color filter layer 426 and the second polarization plate 462.
For example, when the color filter layer is formed on the first
substrate, the quantum rod sheet may be formed on an inner or
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outer surface of the second substrate or on the color filter
layer. Alternatively, when the color filter layer is formed on
the second substrate, the quantum rod sheet may be disposed
between the color filter layer and the second substrate or
between the second substrate and the second polarization
plate 462.
[0077] FIG.10shows polarization conditions of lights from
a backlight unit, a first polarization plate, a liquid crystal
panel, a quantum rod sheet and a second polarization plate in
an LCD device according to an embodiment of the invention,
with use of LCD device of FIG. 9, whereby the non-polarized
light is emitted from the backlight unit 420. The non-polar-
ized light is changed to the first linearly-polarized light
through the first polarization plate 460. The first linearly-
polarized light is parallel to the transmission axis of the first
polarization plate 420. The first linearly-polarized light is
changed into the elliptically-polarized light as well as the
second linearly-polarized light through the color filter layer
426 because of scattering by pigments 427 of the color filter
layer 426. The second linearly-polarized light is perpendicu-
lar to the first linearly-polarized light. The light amount of the
elliptically-polarized light may be about 3 to 10% of the first
linearly-polarized light that passes through the first polariza-
tion plate 460.
[0078] Inthe related art LCD device shown in FIG. 1, since
the second polarization plate 52 has a transmission axis being
substantially perpendicular to that of the first polarization
plate 50, the elliptically-polarized light can not pass through
the second polarization plate 52 such that transmittance and
brightness of the LCD device is lowered.
[0079] However, in the LCD device 400 according to an
embodiment of the invention, the quantum rod sheet 440
absorbs the second linearly-polarized light and emits light
that is second linearly-polarized. In addition, a part of the
elliptically-polarized light by the pigments in the color filter
layer 426, is re-polarized into the second linearly-polariza-
tion light by the quantum rod sheet 440 disposed between the
color filter layer 426 and the second polarization plate 462.
About 30 to 60% of the elliptically-polarized light is absorbed
and re-polarized by the quantum rod sheet 440. As aresult, the
LCD device 400 in accordance with an embodiment of the
invention has a bright increase of about 0.9 to 9% with respect
to the related art LCD device. In addition, when the same
brightness is produced in the LCD device 400 and the related
art LCD device, power consumption of the LCD device 400
according to the invention is lower than power consumption
of the related art LCD device.
[0080] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
embodiments of the invention without departing from the
spirit or scope of the invention. Thus, it is intended that the
modifications and variations cover this invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A liquid crystal display (LCD) device comprising:

a first substrate;

a second substrate;

a liquid crystal layer disposed between the first and second

substrates;

a color filter on one of the first and second substrates;

a first polarization plate under the first substrate;

a second polarization plate over the second substrate;

a backlight unit under the first polarization plate; and
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a quantum rod sheet disposed between the color filter and

the second polarization plate.

2. The device of claim 1, wherein the quantum rod sheet
includes a plurality of quantum rods arranged along a first
direction.

3. The device of claim 2, wherein each quantum rod includ-
ing one of a core, or a core and a shell.

4. The device of claim 3, wherein, when each of the quan-
tum rod includes only the core, the core is a rod shape, and
when each of the quantum rods includes the core and the shell,
the shell is the rod shape.

5. The device of claim 3, wherein the shell is formed of at
least one of a semiconductor material, an alloy of semicon-
ductor materials, an oxide material and an impurity-doped
material.

6. The device of claim 3, wherein the core of the quantum
rod includes one or more semiconductor materials or an alloy
of the semiconductor materials.

7. The device of claim 6, wherein the semiconductor mate-
rials is at least one of CdSe, CdS, CdTe, ZnO, ZnSe, ZnS,
ZnTe, HgSe, HgTe, CdZnSe, InP, InN, GaN, InSb, InAsP,
InGaAs, GaAs, GaP, GaSb, AIP, AIN, AlAs, AlSb, CdSeTe,
ZnCdSe, PbSe, PbTe, PbS, PbSnTe, and T12SnTe5.

8. The device of claim 2, wherein the quantum rod sheet
further includes an auxiliary emitting material.

9. The quantum rod sheet of claim 8, wherein the auxiliary
emitting material includes at least one of a quantum dot, an
inorganic fluorescent substance and an organic fluorescent
substance.

10. The quantum rod sheet of claim 8, wherein a weight
ratio of the quantum rod and the auxiliary emitting material
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may be about 99:1 to 50:50, and a weight % of the quantum
rod is larger than or equal to a weight % of the auxiliary
emitting material

11. The device of claim 2, wherein each quantum rod has a
minor axis and a major axis,

the second polarization plate has a transmission axis, and

the major axis, the transmission axis, and the first direction

are substantially parallel.

12. The device of claim 10, wherein the first polarization
plate has a transmission axis, and the transmission axis of the
first polarization plate and the transmission axis of the second
polarization plate are substantially perpendicular.

13. The device of claim, 1, wherein the quantum rod sheet
is disposed between the color filter and the second substrate.

14. The device of claim 1, wherein the quantum rod sheet
is disposed between the second substrate and the second
polarization sheet.

15. The device of claim 1, further comprising:

a data line, and a gate line that cross the data line;

a thin film transistor connected to the data line and the gate

line.

a pixel electrodes connected to the thin film transistor; and

a common electrode.

16. The device of claim 13, wherein the pixel electrode and
the common electrode is on the first substrate.

17. The device of claim 13, wherein the pixel electrode is
on the first substrate, and the common electrode is on the
second substrate.

18. The device of claim 2, wherein each quantum rod has a
minor axis and a major axis, and a ratio of the minor axis to the
major axis of the shell is about 1:1.1 to 1:30.
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