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(57) ABSTRACT

A liquid crystal display panel and a liquid crystal display
(LCD) device are discussed. One monochromatic light is
transmitted through a liquid crystal layer and converted into
white light having a plurality of wavelengths through upper
photo conversion layer, thus improving light transmittance of
liquid crystal and reducing a change in a screen color. The
liquid crystal display panel includes: first substrate over the
backlight unit; a liquid crystal layer over the first substrate to
transmit the one monochromatic light; a photo conversion
layer over the liquid crystal layer for converting the one
monochromatic light into white light; a color filter layer over
the photo conversion layer for filtering the converted white
light to display color; and a second substrate on the color filter
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LIQUID CRYSTAL DISPLAY PANEL
INCLUDING PHOTO CONVERSION LAYER
AND LIQUID CRYSTAL DISPLAY DEVICE

[0001] The present disclosure relates to subject matter con-
tained in priority Korean Patent Application No. 10-2011-
0066598, filed on Jul. 5, 2011, which is herein expressly
incorporated by reference in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to a liquid crystal
panel and a liquid crystal display device and, more particu-
larly, to aliquid crystal panel and a liquid crystal display panel
capable of enhancing transmittance of liquid crystal and pre-
venting a phenomenon in which a screen color changes.
[0004] 2. Description of the Related Art

[0005] Cathode ray tubes (CRTs) have long taken the lead
of the display markets, but currently, a liquid crystal display
(LCD) device having the advantage of being lightweight and
thin, consuming less power, and being driven at alow voltage,
is replacing in the display markets. The LCD device, in which
liquid crystal, fluidic organic molecules like a liquid, are
regularly arranged like a crystal, displays an image by using
qualities that the molecular array is changed by an external
electric field.

[0006] An image displayed on liquid crystal is formed by a
plurality of pixels uniformly divided on a screen, and here,
each pixel has red, green, and blue colors. A principle of
displaying an image by the LCD will be described with ref-
erence to the accompanying drawings.

[0007] FIG.1 is a schematic sectional view of an edge type
LCD.
[0008] A light emitting diode (LED) Sa is mounted on an

inner wall face of an LED assembly 5. Although not shown, a
plurality of LEDs Sa are arranged to be spaced apart in a
lengthwise direction of a light receiving face of a light guide
plate 15.

[0009] A quantum dot rail Q is formed to be spaced apart in
a direction in which the LEDs 5a output light. Here, the
quantum do rail Q refers to an aggregate of particular mol-
ecules that convert energy of a light wavelength output from
the LEDs 5a into different light wavelength energy. When
light of monochromatic wavelength is made incident to the
quantum dot rail Q, since molecules for converting light into
light of wavelength of blue, red, and green are arranged in the
quantum dot rail Q, blue light, red light, and green light are
converted and output. The three beams of light output from
the quantum dot rail Q are mixed into white light and pro-
ceeds toward a light receiving face of the light guide plate 15.
[0010] The white light made incident to the light guide
plate 15 is made incident to a panel 20 through an upper
optical sheet along with light reflected from a reflective sheet
12.

[0011] Here, the LED assembly 15, the reflective sheet 12,
and the light guide plate 15 constitute a backlight unit 10.
[0012] The light made incident to the panel 20 proceeds to
a liquid crystal layer 45 through a lower polarizer 21a and a
thin film transistor (TFT) substrate 30.

[0013] The white light, passing through the liquid crystal
layer 45, proceeds to a color filter substrate 50, and is filtered
as blue light, green light, and red light by the color filter layer
(not shown) and output to an upper polarizer 215.
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[0014] Here, the three beams of light has light transmit-
tance that changes according to a voltage applied from the
underlying TFT of the liquid crystal layer 45, thus displaying
an image of various colors.

[0015] However, light of every wavelength is not transmit-
ted 100% through the liquid crystal layer 45. Thus, light
transmittance of liquid crystal layer 45 is designed in consid-
eration of the overall transmittance efficiency of three beams
oflight (e.g., red light, green light, and blue light). In this case,
the liquid crystal layer 45 should be designed by maximizing
the transmittance efficiency of a particular wavelength, and
here, as the particular wavelength, a green wavelength is
generally selected.

[0016] Thus, the liquid crystal layer 45 is designed such
that light transmittance of green wavelength is the highest,
and this is the same as designing a value And of the liquid
crystal layer 45.

[0017] An indicates an index of refraction anisotropy,
which is equal to the difference between a parallel index of
refraction and vertical index of refraction and equal to the
difference between an extraordinary refractive index and an
ordinary refractive index. Here, d is the thickness of the liquid
crystal layer 45. The product of An and d is And, and in
general, And is when the transmittance of the green wave-
length is the highest.

[0018] However, the loss of transmittance is greatly gener-
ated in light other than the green wavelength.

[0019] FIG. 2 is a graph showing transmittance of each
wavelength of the visible light region on a screen display unit
of the related art LCD device.

[0020] The green wavelength range from 495 to 570 nm. As
shown in FIG. 2, the transmittance is highest at the green
wavelength. However, the transmittance is reduced toward
the blue wavelength and red wavelength. The transmittance of
blue wavelength is reduced by about 20% and that of the red
wavelength is reduced by about 15%.

[0021] Quality of resolution, among various qualities of the
LCDdevice, is lowered as the quantity of light in a light guide
panel is reduced. Thus, the reduction in the transmittance
degrades quality of the LCD device.

[0022] Also, color of a screen image is changed according
to a change in the thickness of the liquid crystal layer. This
will be described in detail with reference to the drawings.
[0023] FIG. 3 is a graph showing transmittance of each
wavelength in the visible light region on the screen display
unit according to the thickness of the liquid crystal layer of the
related art LCD device.

[0024] Because a process manufacturing LCDs is not per-
formed identically every time, the thickness of the liquid
crystal is slightly changed whenever a process is performed.
G1 is a spectrum when a process is normally performed
according to a design target. G2 is a spectrum when the liquid
crystal layer is formed to be thinner than the design target. G3
is a spectrum when the liquid crystal layer is formed to be
thicker than the design target.

[0025] Transmittance of blue wavelength of G2 is slightly
upper than that of G1, and transmittance of yellow wave-
length and red wavelength of G2 is slightly lower than that of
G1. Thus, the state of G1 is the case in which the screen is
white, so it can be noted that the state of G2 is the case in
which the white screen is more bluish on the whole than the
screen of G1.

[0026] Transmittance of yellow wavelength of G3 is
slightly higher than that of G1, and transmittance of blue
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wavelength is slightly lower than that of G1. Thus, it can be
noted that the state of G3 is that white screen is slightly more
yellowish on the whole than the screen of G1.

[0027] Namely, the change in the thickness of the liquid
crystal layer causes the change in color on the screen due to
the transmittance dispersibility of the wavelengths.

SUMMARY OF THE INVENTION

[0028] An object of the present invention is to increase a
light transmittance by transmitting monochromatic light in a
liquid crystal layer and converting blue, green, and red wave-
lengths from the monochromatic light in a photo conversion
layer at an upper surface of a liquid crystal layer.

[0029] According to an aspect of the present invention,
there is provided a liquid crystal display panel including: a
first substrate; a liquid crystal layer formed on an upper sur-
face of the first substrate and allowing monochromatic light to
be transmitted therethrough; a photo conversion layer formed
on an upper surface of the liquid crystal layer and converting
the monochromatic light into white light; RGB color filter
layers formed on an upper surface of the photo conversion
layer; and a second substrate disposed on an upper surface of
the color filter layer.

[0030] Respective quantum dots corresponding to blue
light, red light, and green light may be dispersed in the photo
conversion layer, so the white light in which blue light, red
light, and green light are mixed is obtained from the photo
conversion layer.

[0031] The monochromatic light may be any one of blue
light, red light, and green light.

[0032] The photo conversion layer may allow the mono-
chromatic light to be transmitted therethrough, and respective
quantum dots corresponding to any two types of light among
blue light, read light, and green light are distributed in the
photo conversion layer to obtain the white light in which blue
light, green light, and red light are mixed from the monochro-
matic light.

[0033] According to another aspect of the present inven-
tion, there is provided a liquid crystal display panel including:
a first substrate; a liquid crystal layer formed on an upper
surface of the first substrate and allowing monochromatic
light to be transmitted therethrough; a photo conversion layer
formed on an upper surface of the liquid crystal layer and
converting the monochromatic light into blue light, green
light, and red light; and a second substrate formed on an upper
surface of the photo conversion layer, wherein the photo
conversion layer includes respective quantum dots corre-
sponding to blue light, green light, and red light.

[0034] A lower surface of the photo conversion layer may
be formed to be flat.

[0035] Theliquid crystal display panel may further include:
an overcoat layer formed on at least one of the upper and
lower surfaces of the photo conversion layer.

[0036] The photo conversion layer may be a layer formed
by mixing a resin and a plurality of quantum dots or may be a
layer formed by dispersing a plurality of quantum dots in an
organic solution.

[0037] And of the liquid crystal layer may range from 250
nm to 450 nm.

[0038] The photo conversion layer may change a wave-
length region of incident light by adjusting the size of the
quantum dots.

[0039] According to another aspect of the present inven-
tion, there is provided a liquid crystal display (LCD) device
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including: a backlight unit including an LED emitting mono-
chromatic light; and a liquid crystal display panel formed on
an upper surface of the backlight unit, wherein the liquid
crystal display panel includes: a first substrate; a liquid crystal
layer formed on an upper surface of the first substrate and
allowing monochromatic light to be transmitted there-
through; a photo conversion layer formed on an upper surface
of'the liquid crystal layer and converting the monochromatic
light into white light; RGB color filter layers formed on an
upper surface of the photo conversion layer; and a second
substrate disposed on an upper surface of the color filter layer.
[0040] In the liquid crystal panel and the LCD device
according to embodiments of the present invention, since
monochromatic light is transmitted through the liquid crystal
layer and And of the liquid crystal layer is designed to be
optimized for monochromatic light, transmittance dispers-
ibility of wavelengths can be disregarded, thus enhancing the
transmittance within the liquid crystal layer.

[0041] Also, since the transmittance dispersibility of the
wavelength is removed, a change in color of a screen image
according to the thickness of the liquid crystal layer can be
enhanced.

[0042] Inaddition, unlike the related art in which the back-
light unit, the liquid crystal layer, and the color filter layers
make the color spreading and management, in an embodi-
ment of the present invention, the photo conversion layer
makes the color spreading and management, so the color
management efficiency can be improved.

[0043] The foregoing and other objects, features, aspects
and advantages of the present invention will become more
apparent from the following detailed description of the
present invention when taken in conjunction with the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0044] FIG.1is a schematic sectional view of an edge type
liquid crystal display (LCD) device;

[0045] FIG. 2 is a graph showing transmittance of each
wavelength of the visible light region on a screen display unit
of the related art LCD device;

[0046] FIG. 3 is a graph showing transmittance of each
wavelength in the visible light region on the screen display
unit according to the thickness of the liquid crystal layer of the
related art LCD device;

[0047] FIG. 4 is a sectional view of an LCD device accord-
ing to an embodiment of the present invention;

[0048] FIG. 5A is a graph showing a spectrum of transmit-
tance of each wavelength within a visible light region in the
related art liquid crystal layer; and

[0049] FIG. 5B is a graph showing a spectrum of transmit-
tance of each wavelength within a visible light region in the
related art liquid crystal layer.

DETAILED DESCRIPTION OF THE INVENTION

[0050] A liquid crystal panel and a liquid crystal display
(LCD) device according to an embodiment of the present
invention will be described with reference to the accompany-
ing drawings.

[0051] In the present document, like numbers refer to like
elements throughout although the embodiments are different,
and a description of the like elements a first embodiment will
be used for those of the different embodiment.
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[0052] 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.

[0053] FIG. 4is a sectional view of an LCD device accord-
ing to an embodiment of the present invention.

[0054] An LCD device according to an embodiment of the
present invention includes a backlight unit 110, a liquid crys-
tal display panel 120, and a driving circuit unit (not shown).
[0055] The backlight unit 110 includes an LED assembly
105, a light guide plate 115, a reflective sheet 112, and an
optical sheet 117.

[0056] In the backlight unit 110, a light emitting diode
(LED) 105a is used as a light source. The LED 105q is
advantageous in that it consumes less power, is thinner, and
cheap.

[0057] However, the present invention is not limited
thereto, and a cold cathode fluorescent lamp (CCFL), an
external electrode fluorescent lamp (EEFL), or the like, may
also be used as the light source, without being limited to the
LED 105a.

[0058] TheLED 105ais mountedin an LED housing 1054.
In the LED housing 1054, an LED printed circuit board
(PCB) (not shown) is mounted on an inner wall face of the
LED housing 1055, and the LED 105a is mounted on an
upper surface of the LED PCB. A plurality of LEDs 105a are
mounted and arranged along a lengthwise direction of a light
input face of the light guide plate 115 on the LED PCB.
[0059] The LED PCB serves to drive the LED 1054, and the
LED housing 1055 protects the LED 1054 and serves to make
light emitted from the LED 105a proceed toward the light
input face.

[0060] An LED may emit monochromatic light among vis-
ible ray region, ultraviolet ray, infrared ray, or the like. Here,
preferably, the LED may emit blue light among the visible ray
region. The blue light has a wavelength ranging from 400 nm
to 500 nm, which is relatively short in the visible ray region
(400 nm to 700 nm), so the blue light has relatively high level
of energy. Thus, conversion of a portion of the blue light into
a wavelength longer than the blue wavelength is transitioning
from high level of energy to a low level of energy. Thus, since
the conversion of wavelength can be easily performed.
[0061] Blue light emitted from the LED 105q is made inci-
dent to the light input face of the light guide plate 115.
[0062] The light guide plate 115 repeatedly performs total
reflection, scattered reflection, refraction, diffraction, and the
like, on the incident blue light therein to convert the blue light
into surface light source having uniform luminance and the
outputs the same to upper and lower surfaces thereof.
[0063] Here, the reflective sheet 112 reflects the light of the
surface light source output to the lower surface such that the
light can be output only to the upper surface of the light guide
plate 115.

[0064] The light of surface light source is made incident to
a prism plate 117a mounted on an upper surface of the light
guide plate 115, and the prism plate 117a partially collect and
diffuse the incident light of the surface light source to output
it toward a protection plate 1175. The blue light output from
the protective plate 1175 is made incident to a rear surface of
the liquid crystal display panel 120. The prism plate 117a and
the protective plate 1175 constitute an optical sheet.

[0065] The liquid crystal display panel 120 includes polar-
izers 121a and 1215, a thin film transistor (TFT) substrate
130, aliquid crystal layer 145, and a color filter substrate 150.
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The blue light is made incident from the lower polarizer 121a
on the lower surface of the liquid crystal display panel 120.
[0066] Inthe LCD device, whether to allow light to pass is
adjusted by using the arrangement of molecules of liquid
crystal changing according to an electrical signal. Thus, the
LCD device requires the use of polarized light. Thus, the
liquid crystal display panel 120 uses the polarizers 121a and
1215. The polarizers 121a and 1215 allow light vibrating in a
desired direction among incident light to be transmitted, and
light vibrating in other directions to be absorbed or reflected,
thereby generating light vibrating in a particular direction.
[0067] In order to enhance light efficiency, the polarizers
121a and 1215 are attached on upper and lower surfaces of the
liquid crystal display panel 120.

[0068] The blue light made incident to the lower polarizer
121a is filtered by a wavelength vibrating in only one direc-
tion and made incident to the upper TFT substrate 130.
[0069] The TFT substrate 130 includes a first substrate 131,
aTFT array, an insulating layer, a lower alignment film 140a.
[0070] The firstsubstrate 131 is stacked on an upper surface
of the lower polarizer 121a, and the first substrate 131 is a
base for forming the TFT. The first substrate 131 may be made
ofatransparent glass material allowing light to be transmitted
therethrough. A buffer layer may be additionally stacked on
the first substrate 131 in order to protect and planarize the first
substrate 131.

[0071] A plurality of TFTs are formed on an upper surface
of'the first substrate 131. The TFT (not shown) is configured
as follows.

[0072] A gateelectrodeis formed on an upper surface of the
first substrate 131 and a gate insulating layer is formed on the
upper surface in order to insulate the gate electrode and drain
and source electrodes. Also, an active layer is formed at an
upper portion of the gate insulating layer to form a channel
allowing electrons to move between the drain and source
electrodes. The active layer is made of semiconductor formed
of amorphous silicon or polysilicon.

[0073] An insulating layer is stacked on the active layer,
and the source and drain electrodes are formed on the insu-
lating layer such that they are in contact with the active layer
through ohmic-contact layer.

[0074] Here, the gate electrode, the source electrode, the
drain electrode, the active layer, and the gate insulating layer
form a single TFT.

[0075] Although not shown, the plurality of gate electrodes
are included in a gate line connecting both side edges in a
horizontal direction of the liquid crystal display panel 120 on
the plane of the liquid crystal display panel 120. The gate line
serves to transfer a gate signal to the TFT.

[0076] Also, a data line crosses the gate line on the same
layer on which the source and drain electrodes are formed,
connecting both side edges of the panel 120. The data line
includes a plurality of source electrodes and serves to transfer
a data signal to the TFT.

[0077] An insulating layer 135 formed of a transparent
inorganic insulating film (SiO, or SiNx) is formed on upper
portions of the data line and the drain and source electrodes.
A protective film includes a contact hole exposing the drain
electrode.

[0078] A pixel electrode is in contact with the drain elec-
trode through the contact hole and serves to apply a signal
voltage applied through the TFT to the liquid crystal layer
145. The pixel electrode may be made of a transparent con-
ductive material such as indium tin oxide (ITO), indium zinc
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oxide (IZO), or the like, or a reflective metal such as alumi-
num or silver alloy, or the like.

[0079] A lower alignment film 140q is coated on an upper
surface of the pixel electrode and an upper surface of the
insulating layer. The alignment films 140a and 1405 are thin
organic films and formed to arrange molecules of the liquid
crystal layer 145 in a certain direction.

[0080] The blue light filtered by the lower polarizer 121a
transmits through the TFT substrate 130 and is made incident
to a lower surface of the liquid crystal layer 145.

[0081] The liquid crystal layer 145 is designed such that it
can allow blue light to be best transmitted therethrough. Here,
that the light is well transmitted means as follows.

[0082] Liquid crystals have molecules that are regularly
arranged. This molecular alignment is changed by an external
field. When a voltage is not applied, as for light vibrating in
one direction incident from the lower surface of the liquid
crystal layer 145, a light output from the upper surface of the
liquid crystal layer 145 is distorted by 90 degrees from the
direction in which the light incident from the lower surface
vibrates, according to the molecular alignment of the liquid
crystal layer 145.

[0083] Here, light of every color may not be distorted in
vibration direction by 90 degrees when transmitted through
the liquid crystal layer 145. That is, for example, when green
light and blue light are transmitted through the liquid crystal
layer, the green light is distorted by 90 degrees so as to be
transmitted, while the blue light may be distorted by only
about 85 degrees so as to be transmitted. Here, the blue light
includes 90-degree vector components and vector compo-
nents smaller than 85 degrees. Among then, only the 90-de-
gree vector components can pass through the upper polarizer
12154. Thus, only the 90-degree vector components of blue
light is used to display color, and the transmittance is reduced
by the amount of blue light that fails to transmit through the
upper polarizer 1215.

[0084] Thus, that the light is well transmitted means that the
vibration direction of the light made incident in one direction
to the liquid crystal layer 145 can be changed by 90 degrees.
[0085] The transmittance of the liquid crystal layer 145
with respect to a selected light is dependent on the value And,
so the value And is used in designing the transmittance of the
liquid crystal layer 145. Here, An is an index of refraction
anisotropy, d is the thickness of the liquid crystal layer 145.
And is the product of the index of refraction anisotropy and
the liquid crystal layer 145. Here, the value And is designed to
range from 250 nm to 450 nm, blue light can be best trans-
mitted in the liquid crystal layer 145.

[0086] The blue light which has passed through the liquid
crystal layer 145 is changed by 90 degrees with the vibration
direction of the wavelength incident from the lower surface of
the liquid crystal layer 145, is made incident to the color filter
substrate.

[0087] The color filter substrate 150 includes a second sub-
strate 159, a color filter layer 155 and black matrices 157
formed on the second substrate 159, a light conversion layer
Q formed on the color filter layer 155, an overcoat 151 formed
on the light conversion layer Q, and an upper alignment film
1405 formed on the overcoat 151.

[0088] Here, the color filter substrate 150 may be separately
fabricated from the TFT substrate 130, and with the liquid
crystal layer 145 interposed between the color filter substrate
150 and the TFT substrate 130, the color filter substrate 150
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may be attached in a facing manner with the TFT substrate
130 by using a seal 160 therebetween.

[0089] Blue light output from the liquid crystal layer passes
through the upper alignment layer 1406 and then is made
incident to the light conversion layer Q.

[0090] The photo conversion layer Q may also be called a
quantum dot layer, and may include quantum dots and a resin.
Quantum dots refer to semiconductor particles having a cer-
tain size having a quantum confinement effect. The diameter
of'the quantum dots may generally range from 1 nmto 10 nm.
[0091] The quantum dots absorb light from an excitation
source, and when the quantum dots reach an energy excitation
state, the quantum dots emit energy corresponding to an
energy band gap of the quantum dots. Thus, when the size or
a material composition of the quantum dots is adjusted, the
energy band gap can be adjusted, thus obtaining energy of
various levels of wavelengths.

[0092] For example, when the size of quantum dots to
which light is made incident ranges from 55 to 65 A, color of
red color group may be emitted, when the size of quantum
dots to which light is made incident ranges from 40 to 50 A,
color of green color group may be emitted, and when the size
of quantum dots to which light is made incident ranges from
20 to 35 A, color of blue color group may be emitted, and
yellow color has a middle size of the quantum dots emitting
red and green. According to the trend that the spectrum
according to the light wavelength is changed from the red
color to blue color, it may be recognized that the size of the
quantum dots is sequentially changed from 65 A to 20 A, and
there may be a slight difference in this numerical value.
[0093] Thus, various colors including red, green and blue
can be easily obtained according to the quantum size effect
from the quantum dots. Thus, colors emitting with respective
wavelengths can be generated, and white color and various
colors can be implemented by mixing the red, green, blue
colors.

[0094] Accordingly, the light conversion layer Q may
include red light-quantum dots (not shown) and green light-
quantum dots (not shown). The green light-quantum dots (not
shown) converts a portion of blue light into green light having
a wavelength region ranging from 495 nm to 570 nm. The red
light-quantum dots (not shown) converts a portion of blue
light into red light having a wavelength region ranging from
620 nm to 750 nm. And, blue light which has not been con-
verted into red light or green light is transmitted through the
light conversion layer Q as it is. Accordingly, blue light, green
light, and red light are output from the upper surface of the
light conversion layer Q, and these light beams are mixed to
make white light.

[0095] Meanwhile, when light output from the LED is
green, the light conversion layer Q may include blue light-
quantum dots (not shown) and red light-quantum dots (not
shown). When light output from the LED is red, the light
conversion layer Q may include blue light-quantum dots (not
shown) and green light-quantum dots (not shown). When
light output from the LED is monochromatic light except red,
green and blue light, ultraviolet ray, or infrared ray, the light
conversion layer Q may include all of blue light-quantum dots
(not shown), red light-quantum dots (not shown), and green
light-quantum dots (not shown) to allow light passing through
the light conversion layer Q to be filtered as blue, red, and
green light.

[0096] The quantum dots can be synthesized according to a
chemical wet method. The chemical wet method is a method
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for growing particles by putting a precursor material in an
organic solvent. For example, the quantum dots may include
a II-VI compound such as CdSe, CdTe, CdS, ZnSe, ZnTe,
ZnS, HgTe, HgS, or the like.

[0097] Also, the quantum dots may have a core-shell struc-
ture. Here, the core may include any one material selected
from the group consisting of CdSe, CdTe, CdS, ZnSe, ZnTe,
Zn8S, HgTe, and HgS, and the shell includes any one of mate-
rial selected from the group consisting of CdSe, CdTe, CdS,
ZnSe, ZnTe, ZnS, HgTe and HgS. Also, a III-V compound
such as InP, or the like, can be possible.

[0098] An organic legand substituted on the surface of the
quantum dots may include pyridine, mercapto alcohol, thiol,
phosphine, phosphine oxide, or the like, and serve to stabilize
the unstable quantum dots after synthesis.

[0099] And, the resin may be a light-transmissive adhesive
material. Here, the resin is made of a material which does not
mainly absorb the wavelength of light output from the liquid
crystal layer 145. In detail, the resin may be made of epoxy,
silicon, acrylic polymer, glass, carbonate-based polymer, a
mixture thereof, or the like. And when the resin has elasticity,
it can increase durability against an external impact.

[0100] Meanwhile, the photo conversion layer Q is formed
as follows.

[0101] The quantum dots may be added to the resin, and the
resin may be coated on the color filter layer 155 through spin
coating or printing.

[0102] Alternatively, the resin containing quantum dots
may be molded and hardened to form the light conversion
layer Q.

[0103] Also, the photo conversion layer Q may be formed
by injecting an organic solution and dispersing quantum dots
therein and hardening the organic solution. The organic solu-
tion may include any one of toluene, chloroform, and ethanol,
or any of their combination. Here, the organic solution does
not absorb the blue wavelength. In this case, the legand of
quantum dots is not reacted with the organic solution, a life
span and efficiency of the photo conversion layer Q can be
enhanced.

[0104] The light conversion layer Q may have a flat lower
surface to serve as an overcoat layer. Namely, the light con-
version layer Q may make the surface of the color filter layer
155 (to be described) flat.

[0105] Here, an overcoat layer may be independently
formed in addition to the light conversion layer Q. Namely, an
overcoat layer may be formed on at least one of upper and
lower surfaces of the light conversion layer Q.

[0106] Thus, white light output from the photo conversion
layer Q is made incident to the color filter layer 155. The color
filter layer 155 may also be called an RFB color filter layer
155.

[0107] The color filter layer 155 is a resin film including
pigment of blue color (B), green color (G), and red color (R)
and serves to filter the mixed white light into three types of
colors. Namely, a blue filter allows only a blue light to be
transmitted therethrough and blocks green and red lights.
[0108] A black matrix 157 formed between the blue, green,
and red regions of the color filter layer 155 blocks light
coming from the respective pixels such that they do not inter-
fere with each other and absorbs light coming from the out-
side such that the light cannot be reflected. Thus, light is not
transmitted through the area where the black matrix 157 is
formed.
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[0109] As aresult, as light is transmitted through the layers
where the color filter layer 155 and the black matrix 157 are
formed, perfect blue, green, and red colors are completed.

[0110] Blue light, green light, and red light may transmit
through the second substrate and transmit through the upper
polarizer, and may be implemented as an image having a
plurality of colors mixed therein according to an operation of
each pixel.

[0111] Hereinafter, another embodiment of the present
invention will be described in detail.

[0112] Inanother embodiment of the present invention, the
color filter layer 15 is removed and the photo conversion layer
Q may play the role of the color filter layer 155. Namely,
when the photo conversion layer Q is formed as red light-
quantum dots (not shown), green quantum dot (not shown),
and blue transmission layer (not shown) and demarcated by
the black matrix 157, the quantum dots corresponding to the
respective wavelength regions may serves as the color filter
layer 155. Here, the reason why the blue transmission layer,
rather than blue light-quantum dots, is formed, is because
blue light is output from the upper surface of the liquid crystal
layer 1456, blue light-quantum dots for converting input light
into blue light. The blue transmission layer may be made of
transparent polymer, or the like.

[0113] Here, when light made incident to the light conver-
sion layer Q is green, the light conversion layer Q includes
blue light-quantum dots (not shown) and red light-quantum
dots (not shown) and green transmission layer (not shown).
When light made incident to the light conversion layer Q is
red, the light conversion layer Q includes blue light-quantum
dots (not shown) and green light-quantum dots (not shown)
and red transmission layer (not shown). When light made
incident to the light conversion layer Q is ultraviolet ray or
infrared ray, rather than blue light, green light, or red light, the
light conversion layer Q includes all of blue light-quantum
dots, red light-quantum dots, and green light-quantum dots.

[0114] As mentioned above, the photo conversion layer of
another embodiment of the present invention may include the
same elements as that of an embodiment of the present inven-
tion or be formed by the same method as the an embodiment
of the present invention. And the rest of the elements except
the photo conversion layer also may be the same as those of an
embodiment of the present invention.

[0115]

[0116] First, the light transmittance of the liquid crystal
display panel can be increased.

[0117] FIG. 5A is a graph showing a spectrum of transmit-
tance of each wavelength within a visible light region in the
related art liquid crystal layer.

[0118] In the related art, white light obtained by mixing
blue light, green light, and red light is transmitted through the
liquid crystal layer, so the transmittance of the liquid crystal
layer is designed to be optimized for green light. Thus, except
for the green wavelength region (495 nm to 570 nm), the
transmittance dispersibility of wavelength in which the trans-
mittance is reduced in the blue wavelength region (450 nm to
495 nm) and the red wavelength region (620 nm to 750 nm)
appears. In the drawing, when the transmittance peak value of
the blue wavelength region and that of the red wavelength
region before and after the transmission of the liquid crystal
layer are compared, there is a difference in a maximum of
about 5% to 10%.

The effects of the present invention are as follows.
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[0119] FIG. 5B is a graph showing a spectrum of transmit-
tance of each wavelength within a visible light region in the
related art liquid crystal layer.
[0120] Because the transmittance of the liquid crystal layer
is designed to be optimized for blue light output from the
backlight, there is no loss in the transmittance when com-
pared before and after the transmission of the liquid crystal
layer.
[0121] Thus, since the transmittance is designed to be
nearly 100%, the luminance and screen quality can be
expected to be enhanced.
[0122] Second, a change in the screen color according to
the change in the thickness of the liquid crystal layer can be
improved.
[0123] Inthe related art, several wavelengths are transmit-
ted through the liquid crystal layer, the transmittance dispers-
ibility of the wavelengths appears in the liquid crystal layer.
Due to this, the color of the screen is easily changed when the
thickness of the liquid crystal layer is changed.
[0124] However, in an embodiment of the present inven-
tion, since monochromatic light is transmitted through the
liquid crystal layer and the design of transmittance of the
liquid crystal layer is optimized for the transmitted light, thus
removing the transmittance dispersibility of wavelength.
Thus, the effect of reducing the change in the screen color
according to the change in the thickness of the liquid crystal
layer can be obtained.
[0125] Finally, the color management efficiency of the
LCD device is improved.
[0126] In the related art, a color tolerance management is
required in the backlight unit, the liquid crystal layer, and the
color filter layer However, in an embodiment of the present
invention, monochromatic light is used and color conversion
is performed in the light conversion layer, whereby the man-
agement of the transmittance dispersibility of wavelengths is
unified into the design of And of the liquid crystal layer.
[0127] Therefore, since the management of color tolerance
is made only in the photo conversion layer, only one compo-
nent manages the color tolerance management compared
with in the related art in which three components manage the
management of color tolerance. Thus, the efficiency can be
considered to be greatly improved.
[0128] As the present invention may be embodied in several
forms without departing from the characteristics thereof, it
should also be understood that the above-described embodi-
ments are not limited by any of the details of the foregoing
description, unless otherwise specified, but rather should be
construed broadly within its scope as defined in the appended
claims, and therefore all changes and modifications that fall
within the metes and bounds of the claims, or equivalents of
such metes and bounds are therefore intended to be embraced
by the appended claims.
What claim is:
1. A liquid crystal display device, comprising:
a backlight unit emitting one monochromatic light;
a first substrate over the backlight unit;
a liquid crystal layer over the first substrate to transmit the
one monochromatic light;
a photo conversion layer over the liquid crystal layer for
converting the one monochromatic light into white light;
a color filter layer over the photo conversion layer for
filtering the converted white light to display color; and
a second substrate on the color filter layer.
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2. The liquid crystal display device of claim 1, wherein the
photo conversion layer includes blue light-quantum dots, red
light-quantum dots and green light-quantum dots dispersed
therein to convert the one monochromatic light the white light
mixed with blue light, red light and green light.

3. The liquid crystal display device of claim 1, wherein the
one monochromatic light has one of the blue light, red light
and green light.

4. The liquid crystal display device of claim 1, wherein the
photo conversion layer allows the one monochromatic light
which is one light of the blue light red light and green light to
be transmitted therethrough, and includes two kinds of quan-
tum dots corresponding the non-transmitted light, thereby the
white light mixed with blue light, red light and green light is
output.

5. A liquid crystal display device, comprising:

a backlight unit emitting one monochromatic light;

a first substrate over the backlight unit;

a liquid crystal layer over the first substrate to transmit the

one monochromatic light;

a photo conversion layer over the liquid crystal layer
including blue light-quantum dots, red light-quantum
dots and green light-quantum dots for converting the one
monochromatic light into white light mixed with blue
light, red light and green light; and

a second substrate on the photo conversion layer.

6. The liquid crystal display device of claim 1, wherein the
liquid crystal layer has a range of 250 nm=And=450 nm.

7. The liquid crystal display device of claim 5, wherein the
liquid crystal layer has a range of 250 nm=And=450 nm.

8. The liquid crystal display device of claim 1, wherein the
photo conversion layer includes:

a resin layer; and

a plurality of quantum dots dispersed to the resin layer.

9. The liquid crystal display device of claim 5, wherein the
photo conversion layer includes:

a resin layer; and

a plurality of quantum dots dispersed to the resin layer.

10. The liquid crystal display device of claim 1, wherein
the photo conversion layer is formed of a hardened organic
solution mixed with a plurality of quantum dots.

11. The liquid crystal display device of claim 5, wherein
the photo conversion layer is formed of a hardened organic
solution mixed with a plurality of quantum dots.

12. The liquid crystal display device of claim 2, wherein
the size of the quantum dots is adjusted to control a wave-
length of the incident light.

13. The liquid crystal display device of claim 5, wherein
the size of the quantum dots is adjusted to control a wave-
length of the incident light.

14. The liquid crystal display device of claim 1, wherein
lower surface of the photo conversion layer is flat.

15. The liquid crystal display device of claim 5, wherein
lower surface of the photo conversion layer is flat.

16. The liquid crystal display device of claim 1, further
comprising;

an overcoat layer on at least one portion of upper and lower
portions of the photo conversion layer.

17. The liquid crystal display device of claim 5, further

comprising;

an overcoat layer on at least one portion of upper and lower
portions of the photo conversion layer.

* * Ed & *
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