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Disclosed is a liquid crystal display including: a liquid crystal
panel; and a backlight unit disposed below the liquid crystal
panel and irradiating light to the liquid crystal panel, in which
the backlight unit includes a reflective layer increasing an
amount of light irradiated to the liquid crystal panel.
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LIQUID CRYSTAL DISPLAY

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is based on and claims priority
from Korean Patent Application No. 10-2011-0020907, filed
onMar. 9, 2011, with the Korean Intellectual Property Office,
the disclosure of which is incorporated herein in its entirety
by reference.

TECHNICAL FIELD

[0002] The present disclosure relates to a liquid crystal
display, and more particularly, to a liquid crystal display
which reflects light absorbed into a black matrix to a reflective
plate of the bottom of a light guide plate by using a reflective
layer to change a path of light and transmit the light to an
opening region of a color filter layer, that is, a light transmit-
ting region of a liquid crystal panel again by forming the
reflective layer having the same region as or a larger region
than the black matrix of the color filter layer in a backlight
unit, thereby minimizing the loss of light and increasing an
amount of light to acquire high luminance.

BACKGROUND

[0003] Recently, demands for energy reduction and a real-
istic video have increased in a market and as a result, tech-
niques for low power consumption, high image quality, and a
large size of a flat panel display device have been actively
developed. A liquid crystal display (LCD) among various flat
panel display devices has a simple driving circuit, a thin film,
low power consumption, and high image quality, such that the
liquid crystal display is used for a large-size flat panel TV, a
computer monitor, a screen of a portable device, and the like.
In general, the liquid crystal display is a device for displaying
desired data by separately supplying data signals to data lines
of color filters layer arranged in a predetermined form to
control a liquid crystal arrangement and control an amount of
light transmitting the color filter layers. Since the liquid crys-
tal display does not self-emit light, a backlight unit irradiating
the light from the rear thereof is required.

[0004] FIG. 1 is a cross-sectional view illustrating a sche-
matic configuration of a general liquid crystal display.
[0005] Referring to FIG. 1, the liquid crystal display
includes a liquid crystal panel 101 including a color filter
layer 112 arranged in a predetermined form and a backlight
unit 102 irradiating light to the liquid crystal panel 101. A
color filter substrate 113 including a black matrix 111 and the
color filter layer 112 and a TFT array substrate 123 including
a plurality of thin film transistors 122 and a pixel electrode
face each other in the liquid crystal panel 101. The color filter
substrate 113 and the TFT array substrate 123 are bonded
with each other while maintaining a regular interval with a
spacer and a sealing member 117 and a liquid crystal layer
116 is interposed in a separated space.

[0006] Although not shown in FIG. 1, a single pixel area is
defined by a gate line and a data line of the TF T array substrate
123 and a thin film transistor 122 is included in each pixel.
The pixel electrode is formed at the TFT array substrate 123,
a common electrode 115 is formed at the color filter substrate
113, and an alignment layer 121 for aligning liquid crystal
molecules of the liquid crystal layer 116 is coated on each of
the TFT array substrate 123 and the color filter substrate 113.
On the color filter substrate 113, the black matrix 111 for
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blocking the light inputted above the region of the thin film
transistor 122 formed on the TFT array substrate 123 and
preventing light leakage from occurring at the boundary of
the color filter layer 112 and the color filter layer 112 for
actually implementing colors are formed. Upper and lower
polarizers 124 and 136 polarizing the light irradiated from the
backlight unit 102 are disposed above and below the liquid
crystal panel 101.

[0007] Meanwhile, since the liquid crystal display is a
device of displaying an image by controlling the transmit-
tance of light, the backlight unit 102 for irradiating the light to
the liquid crystal panel 101 is disposed at the bottom of the
liquid crystal panel 101. In the backlight unit 102, a light
source 131 is disposed on one side of a light guide plate 133,
a reflective plate 132 is disposed on the bottom of the light
guide plate 133, an optical sheet in which a diffusion sheet
134 and a prism sheet 135 are stacked is disposed on the upper
surface of the light guide plate 133. Accordingly, after the
light irradiated from the light source 131 is collected in the
light guide plate 133 to pass through the diffusion sheet 134
and the prism sheet 135 which are optical sheets, as shown in
an arrow of FIG. 1, only the light L, transmitted to a light
transmitting region Sop of the liquid crystal panel 101, that is,
an opening region of the color filter substrate 113 displays
data or images on the screen.

[0008] However, in a general liquid crystal display of a
color filter type, light L, +L, emitted from the light source 131
to pass through the light guide plate 133 and then, be irradi-
ated to the liquid crystal panel is almost absorbed in a process
of passing through a pair of TFT array substrates 123, a
configuration layer of the color filter substrate 113, the liquid
crystal layer, the polarizer, and the like or blocked in a black
matrix region S, of the color filter substrate 113, that is, a
light blocking region to be dissipated like the light L,.
Accordingly, finally, an amount of the light L, emitted from
the surface ofthe liquid crystal is no more than about 5 to 10%
of the amount of light of an initially inputted light source,
such that light efficiency was much deteriorated.

[0009] Meanwhile, in US Patent Application Laid-Open
No. 2006/0092347 (Korean Patent Application Laid-Open
No. 10-2006-0027221), disclosed is that a reflective layer
having the same pattern as a black matrix or a single reflective
layer substrate is formed on the bottom of the TFT array
substrate, such that the light irradiated to the black matrix of
the color filter substrate is reflected to change a path of light
and the light is transferred to a light transmitting region of the
liquid crystal again, thereby finally increasing the amount of
light transmitting the light transmitting region. However, in
US Patent Application Laid-Open No. 2006/0092347, there is
a disadvantage in that while the light is reflected on the
polarizer to pass through the reflective plate of the backlight
unit, the light is scattered or absorbed at the polarizer and the
optical sheet of the backlight unit, such that the loss of light
occurs and an improving effect of the light efficiency is low.
[0010] In Korean Patent No. 10-0658085, disclosed is that
polarizing patterns vertical to a transmitting axis of lower and
upper polarizers are formed by using a resin black matrix,
such that the color filter has an excellent optical density (OD)
value even in a black matrix having a thin thickness. Accord-
ingly, in Korean Patent No. 10-0658085, since the thickness
of'the black matrix is thin, a defect caused by a rubbing defect
and the like is reduced and the OD value is high, such that the
quality of the liquid crystal display is improved. However, in
Korean Patent No. 10-0658085, there are disadvantages in
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that materials of the resin black matrix having the polarizer
are limited and it is difficult to form the polarizing patterns
vertical to a transmitting axis of the polarizer.

SUMMARY

[0011] The present disclosure has been made in an effort to
provide a liquid crystal display, in which light irradiated to a
light guide plate is blocked by a black matrix while passing
through a liquid crystal panel by adding a reflective layer in an
optical sheet of a back light unit or below or in a lower
polarizer, such that a loss amount of light is minimized and as
a result, an amount of light passing through a light transmit-
ting region of a liquid crystal is increased, thereby acquiring
high light efficiency and high luminance.

[0012] The present disclosure has been made in another
effort to provide a liquid crystal display capable of reducing a
thickness of a black matrix by having a high OD value even in
the thin black matrix by blocking the light irradiated to the
black matrix.

[0013] The present disclosure has been made in another
effort to provide a liquid crystal display having high light
efficiency and high luminance by improving a step of a color
filter by the reduced thickness of the black matrix, reducing
an amount of light absorbed in the color filter by reducing a
thickness of an overcoating layer, and accordingly, increasing
an amount of light passing through an opening region of the
liquid crystal panel.

[0014] The present disclosure has been made in another
effort to provide a liquid crystal display capable of reducing a
defect such as a rubbing defect due to a pixel step to improve
productivity and reduce costs by using a thin black matrix or
removing a black matrix.

[0015] Anexemplary embodiment of the present disclosure
provides a liquid crystal display including: a liquid crystal
panel; and a backlight unit disposed below the liquid crystal
panel and irradiating light to the liquid crystal panel, in which
the backlight unit includes a reflective layer increasing an
amount of light irradiated to the liquid crystal panel.

[0016] According to exemplary embodiments of the
present disclosure, by providing a liquid crystal display in
which the reflective layer having the same region as or a larger
region than the black matrix is formed at an optical sheet of a
backlight unit or a lower polarizer, a path of the light lostin a
black matrix of a color filter layer is changed by using a
reflective layer and as a result, an amount of light passing
through a light transmitting region of a liquid crystal panel is
increased, such that it is possible to acquire high luminance.
[0017] According to exemplary embodiments of the
present disclosure, by providing a liquid crystal display in
which the reflective layer having the same region as or a larger
region than the black matrix is formed at an optical sheet of a
backlight unit or a lower polarizer, a thickness of a black
matrix of a color filter layer becomes thinner or the black
matrix is removed, such that it is possible to reduce a step of
the color filter layer and as a result, a thickness of an over-
coating layer for flatness becomes thinner or the overcoating
layer is removed, such that absorptance of light in the color
filter layer is reduced to improve transmittance of light. The
black matrix having the thin thickness may reduce a rubbing
defect of an alignment layer process, such that productivity
can increase and costs can be reduced.

[0018] According to exemplary embodiments of the
present disclosure, by providing a liquid crystal display add-
ing a reflection function of light by including reflective pat-
terns which are vertical to a transmitting axis of a lower
polarizer, it is possible to improve light efficiency. Herein, the
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lower polarizer having the reflective patterns may be fabri-
cated by applying a known process as it is.

[0019] The foregoing summary is illustrative only and is
not intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the fol-
lowing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1is a cross-sectional view illustrating a sche-
matic configuration of a general liquid crystal display.
[0021] FIG. 2 is a cross-sectional view illustrating a sche-
matic configuration of a liquid crystal display according to a
first exemplary embodiment of the present disclosure.
[0022] FIG. 3 is a cross-sectional view illustrating a sche-
matic configuration of a liquid crystal display according to a
second exemplary embodiment of the present disclosure.
[0023] FIG. 4 is a cross-sectional view illustrating a sche-
matic configuration of a liquid crystal display according to a
third exemplary embodiment of the present disclosure.
[0024] FIG. 5 is a cross-sectional view illustrating a sche-
matic configuration of a liquid crystal display according to a
fourth exemplary embodiment of the present disclosure.

DETAILED DESCRIPTION

[0025] In the following detailed description, reference is
made to the accompanying drawing, which form a part
hereof. The illustrative embodiments described in the
detailed description, drawing, and claims are not meant to be
limiting. Other embodiments may be utilized, and other
changes may be made, without departing from the spirit or
scope of the subject matter presented here.

[0026] FIG. 2 is a cross-sectional view illustrating a sche-
matic configuration of a liquid crystal display according to a
first exemplary embodiment of the present disclosure.
[0027] Referring to FIG. 2, a liquid crystal panel 201
includes a color filter substrate 213 and a TFT array substrate
223 which face each other and bonded with each other while
maintaining a predetermined cell gap and a liquid crystal
layer 216 interposed in a separated space of the color filter
substrate 213 and the TFT array substrate 223.

[0028] A plurality of pixels defined by a gate line and a data
line are formed on the TFT array substrate 223 and a driving
element such as a thin film transistor (TFT) 222 is formed in
each pixel. On the color filter substrate 213, a black matrix
211 generating a light blocking region S';,,, and a color filter
layer 212 for actually implementing colors are formed, in
which the light blocking region S',,, prevents light from being
leaked above the regions of the gate line, the data line, and the
thin film transistor 222 formed on the TFT array substrate
223. A pixel electrode and a common electrode 215 are
formed on each of the color filter substrate 213 and the TFT
array substrate 223 and an alignment layer 221 for aligning
liquid crystal molecules of the liquid crystal layer 216 is
coated thereon.

[0029] In this case, the liquid crystal panel 201 may be an
IPS mode liquid crystal display in which both the common
electrode and the pixel electrode are formed on the TFT array
substrate 223.

[0030] The black matrix 211 is formed in a region on the
color filter substrate 213 corresponding to the regions of the
gate line, the data line, and the thin film transistor to define the
light blocking region S',,, in the liquid crystal panel 201.
[0031] In this case, the black matrix 211 may be made of a
metallic material such as chromium (Cr) or achromium oxide



US 2012/0229730 Al

(CrOx), but in the case where the black matrix 211 is applied
to an in-plain switching (IPS) mode liquid crystal display in
which both the common electrode and the pixel electrode are
formed on the TFT array substrate 223, since the metallic
component of the black matrix may influence the in-plain
switching between the two electrodes (that is, the common
electrode and the pixel electrode), the black matrix 211 may
also use a resin film made of a black resin instead of the
metallic component.

[0032] The color filter substrate 213 and the TFT array
substrate 223 are bonded with each other by a sealing member
217 and an upper polarizer 224 polarizing the light inputted
from the backlight unit 202 is formed above the liquid crystal
panel 201.

[0033] Meanwhile, since the liquid crystal display accord-
ing to the exemplary embodiment of the present disclosure is
a device for displaying an image by controlling the transmit-
tance of light, the backlight unit 202 for irradiating the light to
the liquid crystal panel 201 is disposed at the bottom of the
liquid crystal panel 201. Herein, the backlight unit 202
includes a light source 231, a reflective plate 232, a light guide
plate 233, a diffusion sheet 234, a reflective layer 237, a prism
sheet 235, and a lower polarizer 236.

[0034] The light source 231 is formed at one side of the
light guide plate 233 to generate the light.

[0035] The reflective plate 232 is formed below the light
guide plate 233 to change a path of light inputted through the
reflective layer 237.

[0036] Thelight guide plate 233 collects the light irradiated
from the light source 231.

[0037] The diffusion sheet 234 is formed above the light
guide plate 233 to acquire uniform luminance according to a
viewing angle.

[0038] The reflective layer 237 is formed above the diffu-
sion sheet 234 to reflect the light emitted from the light guide
plate 233 to the reflective plate 232, thereby changing a path
oflight. That is, the light irradiated from the light source 231
is collected in the light guide plate 233 to pass through the
diffusion sheet 234 which is an optical sheet and then, be
irradiated to the black matrix region S',,, of the color filter
substrate 213. Light L', irradiated to the black matrix region
S',,. of the color filter substrate 213 is reflected toward the
light guide plate 233 and the reflective plate 232 of the bottom
thereof from a light blocking region S",,, of the reflective
layer 237 and the path thereof is changed and then, the Light
L', is collected in the light transmitting region S',, of the
liquid crystal panel 201. As a result, the lights transmitting the
liquid crystal panel 201 are L', and L',, such that the amount
of light of the liquid crystal display may increase and high
luminance may be acquired.

[0039] The reflective layer 237 may be formed in a nano-
sized lattice form C1 like C1 of FIG. 2.

[0040] The lower surface of the reflective layer 237 has an
uneven structure like Al and B1 of FIG. 2. In this case, the
reflective layer 237 may be formed through a photolitho-
graphic process or an imprinting process.

[0041] The reflective layer 237 may be made of an alloy
including at least one of aluminum (Al), copper (Cu), gold
(Au), silver (Ag), chromium (Cr), tungsten (W), nickel (Ni),
titanium (T1), tantalum (Ta), molybdenum (Mo), and neody-
mium (Nd) or a carbon-based conductor such as carbon nano-
tube and graphene.

[0042] The prism sheet 235 is formed above the reflective
layer 237 to increase front luminance of the light radiated by
passing through the reflective layer 237.
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[0043] The lower polarizer 236 is formed above the prism
sheet 235 to polarize the light emitted by transmitting the
prism sheet 235.

[0044] Accordingly, in the liquid crystal display according
to the exemplary embodiment of the present disclosure, the
light irradiated from the backlight unit 202 is blocked by the
reflective layer 237 and as a result, the black matrix 211 has to
block only the light inputted from the outside, such that the
thickness thereof may be thinner.

[0045] In the liquid crystal display according to the exem-
plary embodiment of the present disclosure, a step of the color
filter layer 212 may be decreased and the thickness of an
overcoating layer 214 may become thinner or the overcoating
layer 214 may be removed. Accordingly, in the liquid crystal
display according to the exemplary embodiment of the
present disclosure, absorptance of light may be reduced by
the reduced thickness of the color filter layer 212 and trans-
mittance of light may be improved.

[0046] In the liquid crystal display according to the exem-
plary embodiment of the present disclosure, the step of the
color filter layer 212 is improved by the thin black matrix 211,
such that a defect due to a rubbing defect in the process of
forming the alignment layer 221 may be reduced, thereby
improving productivity and reducing costs.

[0047] FIG. 3 is a cross-sectional view illustrating a sche-
matic configuration of a liquid crystal display according to a
second exemplary embodiment of the present disclosure.
[0048] Referring to FIG. 3, in the liquid crystal display
according to the second exemplary embodiment of the
present disclosure, the black matrix is removed and a color
filter layer 312 all are configured by light transmitting regions
S -

[06749] In the liquid crystal display according to the second
exemplary embodiment of the present disclosure, a resin
black matrix 324 is disposed above a thin film transistor 322
of'a TFT array substrate 323 to prevent a leakage current due
to the light inputted from the outside.

[0050] Accordingly, in the liquid crystal display according
to the exemplary embodiment of the present disclosure, a step
of'the color filter layer 312 may be decreased, the thickness of
an overcoating layer 314 may become thinner or the over-
coating layer 314 may be removed, and the absorptance of
light may be reduced by the reduced thickness of the color
filter layer 312 and the transmittance of light may be
improved.

[0051] In the liquid crystal display according to the exem-
plary embodiment of the present disclosure, the light is selec-
tively irradiated to each pixel by a reflective layer 337, such
that a color mixed phenomenon due to the adjacent pixels
may be prevented.

[0052] FIG. 4 is a cross-sectional view illustrating a sche-
matic configuration of a liquid crystal display according to a
third exemplary embodiment of the present disclosure.
[0053] Referring to FIG. 4, in the liquid crystal display
according to the third exemplary embodiment of the present
disclosure, a reflective layer 437 is disposed between a prism
sheet 435 and a lower polarizer 436.

[0054] Accordingly, the light irradiated from a light source
431 is collected in a light guide plate 433 to pass through a
diffusion sheet 434 and the prism sheet 435 which are optical
sheets and then, be irradiated to the black matrix region S',,,
ofa color filter substrate 413. Light L', irradiated to the black
matrix region S',,, of the color filter substrate 413 is reflected
toward the light guide plate 433 and a reflective plate 432 of
the bottom thereof from a light blocking region S",,, of a
reflective layer 437 and a path of the light is changed and then,
the Light L', is collected in the light transmitting region S',,,
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of a liquid crystal panel 401. As a result, the lights transmit-
ting the liquid crystal panel 401 are L', and L',, such that the
amount of light of the liquid crystal display may increase and
high luminance may be acquired.

[0055] FIG. 5 is a cross-sectional view illustrating a sche-
matic configuration of a liquid crystal display according to a
fourth exemplary embodiment of the present disclosure.
[0056] Referring to FIG. 5, in the liquid crystal display
according to the fourth exemplary embodiment of the present
disclosure, a reflective layer 537 is formed in a lower polar-
izer 536.

[0057] The reflective layer 537 has patterns which are ver-
tical to a transmitting axis of the lower polarizer 536 and has
the same region as or a larger region than a black matrix 511
of a color filter layer 512.

[0058] The reflective layer 537 may be formed in a lattice
form at the position corresponding to the black matrix region
S',,. like Ad of FIG. 5 and have nano-sized patterns in order to
reflect all visible rays.

[0059] From the foregoing, it will be appreciated that vari-
ous embodiments of the present disclosure have been
described herein for purposes of illustration, and that various
modifications may be made without departing from the scope
and spirit of the present disclosure. Accordingly, the various
embodiments disclosed herein are not intended to be limiting,
with the true scope and spirit being indicated by the following
claims.

What is claimed is:

1. A liquid crystal display, comprising:

a liquid crystal panel; and

abacklight unit disposed below the liquid crystal panel and
irradiating light to the liquid crystal panel,

wherein the backlight unit includes a reflective layer
increasing an amount of light irradiated to the liquid
crystal panel.

2. The liquid crystal display of claim 1, wherein the back-

light unit includes:

a light source generating light;

a light guide plate collecting the light irradiated from the
light source;

a reflective plate formed below the light guide plate;

a diffusion sheet formed above the light guide plate to
acquire uniform luminance according to a viewing
angle;

a prism sheet formed above the diffusion sheet to increase
front luminance of light irradiated by passing through
the diffusion sheet; and

a lower polarizer formed above the prism sheet to polarize
the light emitted by transmitting the prism sheet,

wherein the reflective layer is formed between the diffu-
sion sheet and the prism sheet and reflects the light
emitted from the light guide plate to the reflective plate
to change the path of light.

3. The liquid crystal display of claim 1, wherein the back-

light unit includes:

a light source generating light;

a light guide plate collecting the light irradiated from the
light source;

a reflective plate formed below the light guide plate;

a diffusion sheet formed above the light guide plate to
acquire uniform luminance according to a viewing
angle;
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a prism sheet formed above the diffusion sheet to increase
front luminance of light radiated by transmitting the
diffusion sheet; and

a lower polarizer formed above the prism sheet to polarize
the light emitted by passing through the prism sheet,

wherein the reflective layer is formed between the prism
sheet and the lower polarizer and reflects the light emit-
ted from the light guide plate to the reflective plate to
change the path of light.

4. The liquid crystal display of claim 1, wherein the back-

light unit includes:

a light source generating light;

a light guide plate collecting the light irradiated from the
light source;

a reflective plate formed below the light guide plate;

a diffusion sheet formed above the light guide plate to
acquire uniform luminance according to a viewing
angle;

a prism sheet formed above the diffusion sheet to increase
front luminance of light irradiated by transmitting the
diffusion sheet; and

a lower polarizer formed above the prism sheet to polarize
the light emitted by transmitting the prism sheet,

wherein the lower polarize includes a reflective layer
reflecting the light emitted from the light guide plate to
the reflective plate to change the path of light.

5. The liquid crystal display of claim 1, wherein the reflec-

tive layer is formed in a lattice form having a nano size.

6. The liquid crystal display of claim 1, wherein the bottom
of the reflective layer has an uneven structure.

7. The liquid crystal display of claim 1, wherein the reflec-
tive layer is formed by a photolithographic process or an
imprinting process.

8. The liquid crystal display of claim 1, wherein the reflec-
tive layer is made of an alloy including at least one of alumi-
num (Al), copper (Cu), gold (Au), silver (Ag), chromium
(Cr), tungsten (W), nickel (Ni), titanium (T1), tantalum (Ta),
molybdenum (Mo), and neodymium (Nd) or a carbon-based
conductor such as carbon nanotube and graphene.

9. The liquid crystal display of claim 1, wherein the liquid
crystal panel includes:

a color filter substrate and a thin film transistor (TFT) array
substrate opposed to each other and having an electrode
generating an electric field at least one side thereof;

a plurality of gate lines and a plurality of data lines verti-
cally and horizontally arranged on the TFT array sub-
strate to define a pixel area;

a plurality of thin film transistors formed a cross region of
the plurality of gate lines and the plurality of data lines;

a color filter layer formed below the color filter substrate;
and

a liquid crystal layer formed between the color filter sub-
strate and the TFT array substrate.

10. The liquid crystal display of claim 9, wherein the liquid
crystal panel further includes a black matrix formed above the
interface of the color filter layer to block light.

11. The liquid crystal display of claim 9, wherein the liquid
crystal panel further includes a resin black matrix formed
above each of the thin film transistors to block light.
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