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(57) ABSTRACT

Disclosed is to decrease a fabrication cost and reduce a thick-
ness of a liquid crystal display device by processing light
transmitted through a liquid guide plate by virtue of a single
optical sheet, the optical sheet including a base film, a plural-
ity of prism patterns extending from one side to another side
of the base film, and refraction layers between the prism
patterns, thereby totally reflecting light incident from the light
guide plate to be supplied to a liquid crystal display panel.
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OPTICAL SHEET, BACKLIGHT UNIT AND
LIQUID CRYSTAL DISPLAY DEVICE
HAVING THE SAME AND METHOD OF
FABRICATING OPTICAL SHEET

[0001] Pursuant to 35 U.S.C. §119(a), this application
claims the benefit of earlier filing date and right of priority to
Korean Application No. 10-2009-0080644 filed on Aug. 28,
2009, the contents of which is incorporated by reference
herein in its entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The present invention relates to an optical sheet,
backlight unit and a liquid crystal display device having the
same.

[0004] 2. Background of the Invention

[0005] Recently, the development of various types of por-
table electric equipment, such as mobile phones, personal
digital assistants (PDAs), and note book computers, is
increasing the demands on flat panel display devices which
are applicable to those equipment and small in size, light in
weight and power-efficient. Examples of the flat panel display
device are a liquid crystal display (LCD) device, a plasma
display panel (PDP) device, a field emission display (FED)
device, a vacuum fluorescent display (VFD) device and the
like. Studies on those devices are actively conducted. Among
others, the LCD device is currently in the limelight in view of
its mass production technology, facilitation of driving scheme
and implementation of high color rendering property.

[0006] The LCD device is a transparent display device,
which realizes a desired image on a screen by adjusting light
transmitting a liquid crystal (LC) layer by virtue of refractive
index anisotropy of liquid crystal molecules. Accordingly, the
LCD device is provided with a backlight unit as a light source
for generating light which transmits through the LC layer for
realizing an image. In general, there may be two types of
backlight units.

[0007] A first type of backlight unit is an edge type back-
light unit which is installed at a side surface of a liquid crystal
(LC) panel for emitting light toward the LC layer, and a
second type of backlight unit is a direct type backlight unit
which emits light directly below the LC panel.

[0008] The edge type backlight unit may be installed at the
side surface of the LC panel to supply light to the LC layer via
a reflector and a light guide plate, so as to be made thin in
thickness, whereby it is usually used in a laptop computer or
the like requiring a thin display device.

[0009] The direct type backlight unit may be configured
such that light emitted from a lamp is supplied directly to the
LClayer, so as to be applicable to a large LC panel. Also, this
type backlight unit can provide high luminance, so, recently,
itis usually used for fabrication of an LC panel for LCD TV.
[0010] FIG. 1 is a view briefly showing a structure of an
LCD device having an edge type backlight unit.

[0011] As shown in FIG. 1, an LCD device 1 includes a
liquid crystal (LC) panel 3, and a backlight unit 10 installed at
a rear surface of the LC panel 3 for supplying light to the LC
panel 3. The LC panel 3 is for actually displaying an image
thereon, and includes first and second substrates 3a and 354,
such as glass, and a liquid crystal (LC) layer (not shown)
interposing between the first and second substrates 3¢ and 35.
In particular, although not shown, the first substrate 3a is a
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thin film transistor (TFT) substrate for forming switching
devices such as TFTs and pixel electrodes, and the second
substrate 35 s a color filter substrate for forming a color filter
layer thereon. Also, a driving circuit unit 5 is disposed at each
side surface of the first substrate 3a so as to apply a signal to
each of the TFTs and the pixel electrodes formed on the first
substrate 3a.

[0012] Thebacklightunit 10 includes lamps 11 for actually
emitting light, a light guide plate 13 for guiding light emitted
from the lamps 11 toward the LCD panel 3, a reflector 17 for
reflecting light emitted from the lamps 11 toward the light
guide to plate 13 to improve light efficiency, and an optical
sheet 20 disposed above the light guide plate 13 so as to
diffuse and converge light guided by the light guide plate 13
for improvement of optical efficiency.

[0013] With the configuration of the backlight unit 10, light
emitted from the lamps 11 installed at both side surfaces of
the light guide plate 13 1s incident onto the light guide plate 13
via the side surfaces of the light guide plate 13, and the
incident light is then incident onto the LC panel 3 in a state
where the optical efficiency of the light is improved by the
optical sheet 20 disposed above the light guide plate 13.

[0014] The optical sheet 20 is provided with a diffusion
sheet and a prism sheet, and configured such that light inci-
dent is diffused by the diffusion sheet and then turned toward
a front surface by the prism sheet for output.

[0015] FIG. 2 is a perspective view showing in detail the
optical sheet 16 having the diffusion sheet and the prism
sheet.

[0016] As shown in FIG. 2, the LCD device 1 includes an
LC panel 40 and a backlight unit 10. The backlight unit 10 is
located below the L.C panel 40 for supplying light to the L.C
panel 40.

[0017] The backlight unit 10 includes a light source 11
implemented as a lamp, a housing 12 for the light source 11,
alight guide plate 13 disposed below the LC panel 40 to urge
aside surface thereof contact the light source 11, areflector 17
disposed below the light guide plate 13 for reflecting light
incident onto a lower side of the light guide plate 13 toward
the LC panel 40, a first diffusion sheet 22 disposed between
the LC panel 40 and the light guide plate 13 for diffusing light
guided by the light guide plate 13, a first prism sheet 26
disposed between the first diffusion sheet 22 and the L.C panel
40 and having a plurality of prisms aligned in one direction so
as to refract light diffused by the diffusion sheet 22 toward a
front surface thereof, a second prism sheet 28 disposed on the
first prism sheet 26 and having prisms aligned perpendicular
to the prisms of the first prism sheet 26 so as to further refract
the light refracted by the first prism sheet 26, and a second
diffusion sheet 24 for further diffusing the light output from
the second prism sheet 28 to supply uniform light to the LC
panel 40.

[0018] The first diffusion sheet 22 and the second diffusion
sheet 24 diffuse input light to obtain uniform light. The first
prism sheet 26 and the second prism sheet 28 have the prisms,
respectively, disposed perpendicular to each other, to make
incident light refracted toward the front surface in x-axial and
y-axial directions, thereby being input in a perpendicular
direction to the surface of the LC panel 40.

[0019] However, for the backlight unit in the structure, the
optical sheet 20 is implemented by using the first and second
diffusion sheets 22 and 24, and the first and second prism
sheets 26 and 28, thereby increasing a fabricating cost. Fur-
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thermore, the optical sheet 20 may cause the backlight unit to
be thicker, which prevents an implementation of a thin LCD
device.

SUMMARY OF THE INVENTION

[0020] Therefore, to solve the problems of the related art,
an object of the present invention is to provide a backlight unit
capable of decreasing a fabricating cost and remarkably
reducing a thickness of an LCD device by employing an
optical sheet having prism patterns and refraction layers hav-
ing a larger refractive index than that of the prism pattern, and
an LCD device having the same.

[0021] To achieve these and other advantages and in accor-
dance with the purpose of the present invention, as embodied
and broadly described herein, there is provided a backlight
unitincluding, a lamp for emitting light; a light guide plate for
guiding light emitted from the lamp; an optical sheet for
reflecting totally reflect light incident from the light guide
plate, the optical sheet including a first base film, a plurality of
prism patterns extending from one side of the first base film to
another side thereof, and refraction layers each formed
between the neighboring prism patterns; and a light blocking
unit formed along at least one side of an upper surface of the
optical sheet to block the light transmitted through the corre-
sponding region, wherein a refractive index of the refraction
layer is higher than that of the prism pattern such that the light
transmitted through the refraction layer is totally reflected at
an interface with the prism pattern.

[0022] A difference between the refraction index of the
refraction layer and that of the prism pattern may be more
than 0.1.

[0023] The refraction index of the refraction layer may be
more than 1.51, and the refraction index of the prism pattern
may be less than 1.50.

[0024] The light blocking unit may be formed of a black or
gray ink or a white ink, or made of a light blocking tape.
[0025] Inthepresentinvention, light canbesupplied almost
perpendicular to a surface of the LC panel by virtue of a single
optical sheet, resulting in remarkable decrease of the thick-
ness of the LCD device and a fabrication cost thereof, Also, in
the present invention, light can be supplied to the LC panel at
an incident light angle of -10~10° with respect to a normal of
the LC panel (i.e., 80~100° with respect to the surface of the
LC panel), thus maximizing luminance, thereby implement-
ing an image with high quality.

[0026] 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

[0027] 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.
[0028] In the drawings:

[0029] FIG. 1 is a view showing a structure of an LCD
device according to the related art;

[0030] FIG. 2 is a disassembled perspective view showing
the structure of the LCD device according to the related art;
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[0031] FIG. 3 is a perspective view showing a structure of
an LCD device in accordance with the present invention:
[0032] FIG. 4 is a sectional view showing the structure of
the LCD device in accordance with the present invention;
[0033] FIGS. 5A and 5B are views showing a structure of
an optical sheet of a backlight unit in accordance with the
present invention;

[0034] FIG. 6 is an overview showing a path of light input
to a light guide plate of the backlight unit;

[0035] FIG. 7 is a view showing a relation between an
emitting light angle and luminance of light emitted from the
light guide plate;

[0036] FIG. 8 is an overview showing the path change of
light which is input to the light guide plate and transmitted
therethrough by virtue of a prism sheet of the backlight unit;
[0037] FIG. 9is a view showing a total reflection of light at
the optical sheet according to the present invention;

[0038] FIG. 101s aview showing a structure of an LC panel
of the LCD device according to the present invention;
[0039] FIGS. 11A to 11D are views showing variations of
the optical sheet according to the present invention; and
[0040] FIG. 12A is a view showing a light distribution of
output light and a graph showing luminance with respect to an
emitted light (ray) angle in the related art backlight unit, and
FIG. 12B is a view showing a light distribution of output light
and a graph showing luminance with respect to an emitted
light angle according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0041] Hereinafter, a backlight unit for an LCD device in
accordance with the present invention will be described with
reference to the accompanying drawings.

[0042] FIG. 3isa view showing an LCD device 101 having
abacklight unit 110 in accordance with the present invention.
[0043] As shown in FIG. 3, the LCD device 101 according
to the present invention may include an LC panel 140 and a
backlight unit 110. The backlight unit 110 may be present
below the LC panel 140 so as to supply light to the LC panel
140.

[0044] The backlight unit 110 may include a light source
111 implemented as a lamp, a housing 112 for the light source
111, alight guide plate 113 disposed below the LC panel 140
to urge a side surface thereof contact the light source 111 so as
to guide light input via the side surface thereof toward the LC
panel 140, a reflector 117 disposed below the light guide plate
113 for reflecting light incident onto a lower side of the light
guide plate 113 toward the LC panel 140, and an optical sheet
126 disposed above the light guide plate 113 and provided
with a plurality of prism patterns aligned in one direction so as
to converge light transmitted through the light guide plate
113.

[0045] FIG. 4 is a front view of the LCD device of FIG. 3.
Hereinafter, the LCD device 101 according to the present
invention will be described in more detail with reference to
FIG. 4.

[0046] As shown in FIG. 4, the housing 112 is disposed at
a side surface of the light guide plate 113, and disposes the
light source 111 therein such that light is incident onto the
light guide plate 113 via the side surface of the light guide
plate 113. Although not shown, a reflective film may be
coated on an inner surface of the housing 112. Accordingly,
light emitted from the light source 111 (i.e., light emitted in
directions other than from a side surface of the light guide
plate 113) can be reflected toward the side surface of the light
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guide plate 113, thereby improving the efficiency of the light
incident onto the light guide plate 113.

[0047] The reflector 117 may be located below the light
guide plate 113. The reflector 117 is made of a material with
high reflectance. If light guided via the light guide plate 113
1s incident onto the lower surface of the light guide plate 113,
the reflector 117 reflects the light so as to be supplied to the
LC panel 140. The optical sheet 126 is disposed above the
light guide plate 113 to converge and diffuse light output from
the light guide plate 113 so as to be supplied to the LC panel
140.

[0048] The backlight unit 110 may be secured by a lower
cover 128. The backlight unit 110 and the LC panel 140 may
be assembled by the lower cover 128 and an upper cover 129.
[0049] The related art LCD device includes two diffusion
sheets and two prism sheets to converge and simultaneously
diffuse light output from a light guide plate, whereas the LCD
device according to the present invention can implement light
convergence and diffusion by virtue of a single optical sheet,
whereby a fabricating cost can be reduced and the thickness
of the backlight unit can be decreased.

[0050] FIGS.5A and 5B are views showing an optical sheet
in accordance with the present invention.

[0051] As shown in FIGS. 5A and 5B, the optical sheet 126
may include a base film 126a, a plurality of prism patterns
1266 extending from one side to another side of the base film
1264 on the base film 1264, and refraction layers 126¢ filled
in a space between two neighboring prism patterns 1264.
[0052] The base film 1264 may be formed of polymethyl-
methacrylate (PMMA), poly carbonate (PC) and the like, and
the prism pattern 1265 may be formed of UV-curable resin
having a refractive index less than 1.5, PC and the like.
[0053] The prism pattern 1264 is formed by depositing the
UV-curable resin and the PC on the base film 126a and then
patterning the deposited the UV-curable resin and the PC.
[0054] Here, the prism pattern 1265 may have a section in
a triangular shape like a mountain. A plurality of approxi-
mately equilateral triangles extending from one side of the
base film 126a to another side thereof may be aligned on the
entire surface of the base film 1264.

[0055] The refraction layer 126¢ may be formed of a mate-
rial, such as UV-curable resin (e.g., having a refractive index
more than 1.51), with a refractive index higher than that of the
prism pattern 1265 so as to be filled in each valley between the
prism patterns 1265. An upper surface of each refraction layer
126¢ may be flat. The refractive index of each of the prism
pattern 1265 and the refraction layer 126¢ may depend on a
size or thickness of the optical sheet 126, an angle or shape of
the prism pattern 1265, and the like. However, in order to urge
light transmitted through the refraction layer 126¢ totally
reflected on the surface ofthe prism pattern 1265, adifference
of the refractive index between the refraction layer 126¢ and
the prism pattern 126¢ may preferably be more than 0.1.
[0056] Also, light blocking units 127 may be formed at both
side surfaces of an upper surface of the refraction layer 126¢.
Each light blocking unit 127 is formed with a preset width
along four edges of the refraction layer 126¢ so as to prevent
degradation of image quality due to light leakage into the
corresponding region.

[0057] Inthe present invention, the optical sheet 126 can be
configured with the prism patterns 1265 and the refraction
layers 126¢, so as to achieve the same effect as use of two
prism sheets and two diffusion sheets, which will be
described in more detail with reference to the drawing.
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[0058] FIG. 6 is a conceptual view showing a path of light
which is guided toward the light guide plate 113 and trans-
mitted through the light guide plate 113 in the LCD device.
[0059] As shown in FIG. 6, after the light, which has been
emitted from the light source 111 of the backlight unit for the
LCD device, is incident onto the light guide plate 113, the
incident light is totally reflected at upper and lower surfaces
of the light guide plate 113. Afterwards, if the light is incident
onto the upper surface by an angle larger than or equal to a
threshold value, such light is output from the light guide plate
113 to be supplied to the LC panel 140. FIG. 7 shows lumi-
nance responsive to an emitted light (ray) angle 6 in case of
employing the wedge type light guide plate 113 as shown in
the drawing.

[0060] Referringto FIG. 7, an emitted light angle 8 of light
transmitted through the light guide plate 113 is in the range of
-80°=0=80° based upon a normal of an upper surface of the
light guide plate 113. However, luminance is weak at most of
emitted light angles and is shown high at the emitted light
angle approximately in the range of 40°=0=80°. Especially,
the luminance of emitted light is shown the highest at an angle
8 over about 80°, which indicates that the light transmitted
through the light guide plate 113 is usually output at an angle
over 80°.

[0061] Inthe meantime, intherelated art LCD device, light
output from the light guide plate 113 is refracted by the prism
sheets s0 as to be supplied perpendicular to the surface of the
LC panel. However, in this case, as shown in FIG. 8, in order
for light output from the light guide plate 13 to be refracted at
the prism 264 of the prism sheet to be perpendicular to the
surface of the LC panel, light should be emitted from the light
guide plate 13 at an angle approximately in the range 0f24° to
32° with respect to the prism 264 made of UV resin with a
refractive index of about 1.58.

[0062] However, as mentioned above, since light output
from the light guide plate 13 is mostly output at an emitted
light angle larger than or equal to 80°, an angle of light, which
is refracted by the prism 264 to be incident onto the LC panel,
is not perpendicular, which may cause degradation of an
image quality of the LCD device. Furthermore, if the emitted
light angle 8 at the light guide plate 13 is more than 80°, light
output from the light guide plate 13 is not actually incident
onto the prism sheet but rather proceeds toward the side
surface of the prism. That is, the output light is ongoing
toward the side surface of the prism sheet without being
incident onto the prism sheet. Consequently, the output light
is incident onto the side surface of the backlight unit without
being supplied to the LC panel.

[0063] The employment of the diffusion sheet between the
light guide plate and the prism sheet in the related art back-
light unit is for the purpose of diffusing light output from the
light guide plate so as to change an incident angle of light
incident into the prism sheet, thereby solving the aforesaid
problem. Typically, if a diffusion sheet is placed at a light
guide plate and a prism sheet to diffuse light transmitted
through the light guide plate, the light luminance becomes
high approximately in the range of 15°=0=45°, especially,
the luminance is the highest at an angle 6 of about 40°.
[0064] Such angle overlaps with an angle approximately in
the range of 24° to 32°, which is an angle of light from the
light guide plate, for refracting, by the prism 264 of the prism
sheet, the light transmitted through the light guide plate 13 to
be perpendicular to the surface of the LC panel. Hence, this
structure can improve the luminance of light incident onto the
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LC panel as compared with a structure without the diffusion
sheet. However, the luminance is the highest at the angle 8 of
about 40° of light diffused by the diffusion sheet in the struc-
ture, whereas light is perpendicularly incident onto the LC
panel at an emitted light angle of about 24° to 32°. Accord-
ingly, the light with the highest luminance is still not supplied
perpendicularly to the LC panel, thereby lowering optical
efficiency.

[0065] In the present invention, the optical sheet 126 as
shown in FIG. 5 is disposed above the light guide plate 113, so
as to improve light convergence by virtue of a single prism
sheet, reduce a fabricating cost and also minimize the thick-
ness of the LCD device.

[0066] As shown in FIG. 9, light which is emitted from the
lamp 111 and transmitted through the light guide plate 113 is
output at an emitted light angle 8 which is set with respect to
anormal of the light guide plate 113, thereby being input into
the optical sheet 126. Here, in the structure of the optical sheet
126, a vertex of the prism pattern 12654 is aligned toward the
LC panel 140, so light is refracted at a base plane of the prism
pattern 126¢ to be incident onto the prism pattern 1265. The
light incident onto the prism sheet 1265 is refracted at a
boundary (interface) surface between the prism pattern 1265
and the refraction layer 126¢ to thereafter be transmitted
through the refraction layer 126¢, thereby being totally
reflected at the surface of the prism pattern 126a.

[0067] Since the refractive index of the refraction layer
126¢ is higher than that of the prism pattern 1265, the light
which is transmitted through the refraction layer 126¢ with
the high refractive index and incident onto the prism pattern
1265 is totally reflected at the boundary surface between the
prism pattern 1265 and the refraction layer 126¢ according to
Snell’s law.

[0068] Inthe related art backlightunit, the light transmitted
through the light guide plate is input into the prism sheet and
then refracted thereby so as to be supplied to the LC panel,
whereas in the present invention, the light transmitted through
the light guide plate is input into the optical sheet 126 and then
totally reflected by the prism pattern 1265 so as to be supplied
into the LC panel 140.

[0069] In the present invention, if light is emitted at an
angle 0 of about 80° with respect to the normal of the light
guide plate 113, the prism pattern 1265 may have the base
plane angles 1 and a2 smaller than or equal to 60°, prefer-
ably, in the range of 57° to 60°. As such, as the base plane
angles ol and a2 of the prism pattern 1265 are set to 57° to
60°, light which is totally reflected by the prism can be per-
pendicularly incident onto the LC panel.

[0070] In order to maximize the luminance when light is
incident onto the LC panel, it is the most preferable to set an
incident angle with respect to the L.C panel in the range of
-10° to 10° with respect to the normal (i.e., 80° to 100° from
the surface of the LC panel). Here, the ideal incident angle is
0°; however, since it is actually difficult to satisfy the angle
and also is possible to realize an image with high quality
although light is incident at an angle of -10~10°, the incident
angle of light with respect to the LC panel may preferably be
set in the range of —10° to 10° with respect to the normal.
[0071] The present invention sets the base plane angles c.1
and o2 of the triangular prism pattern 1265 of the optical
sheet 126 to 57° to 60°. Hence, the light emitted through the
light guide plate 113 at an angle of about 80° can be totally
reflected at the interface between the prism pattern 1265 and
the refraction layer 126¢ of the optical sheet 126 according to
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Snell’s law, thereby being supplied to the LC panel at the
angle of -10° to 10° with respect to the normal of the LC
panel.

[0072] Inthe meantime, the prism pattern 1265 of the opti-
cal sheet 126 is implemented in the shape of an equilateral
triangle extending from one side of the base film 126a to
another side thereof; however, the prism pattern 1265 of the
present invention may not be limited to this shape. Alterna-
tively, if the prism pattern 1265 can totally reflect light trans-
mitted through the light guide plate 113 at the interface with
the refraction layer 126¢, the prism pattern 1265 can be
implemented ina shape ofa lens or a polygonal shape, such as
square or pentagon.

[0073] The light blocking units 127 may be formed along
upper edges of the optical sheets 126. Each shielding unit 127
is configured to prevent deterioration of image equality, such
as generation of spots on a screen, which is generated as light
emitted to the side surface of the light guide plate 113 or from
edge regions of the light guide plate 113 is transmitted
through an outer region of the LC panel 140, namely, an
image non-display region of the LC panel 140. The light
blocking unit 127 may be formed along at least one line
(edge) of an upper surface of the optical sheet 126 so as to
block light from being transmitted through the corresponding
region. The light blocking unit 127 may be formed by coating
a black or gray ink or a white ink along at least one side,
preferably, an entire outer sides of the upper surface of the
optical sheet 126, or by attaching a light blocking tape onto
the corresponding region.

[0074] A fluorescent lamp, such as cold cathode fluorescent
lamp (CCFL), may usually be used as the light source 111 for
emitting light to the light guide plate 113. Alternatively, the
light source 111 may be implemented with a light emitting
diode (LED) as well as the fluorescent lamp. The LED, as a
light source which emits light by itself, emits R, G and B
monochromatic light, so it can be advantageous in providing
high color rendering characteristic and reducing driving
power upon being applied to the backlight unit.

[0075] Uponemployment of the LED as the light source 11
of the backlight unit, when light emitted from the LED is
supplied to the LC panel, white light is supplied thereto other
than monochromatic light being directly supplied thereto. For
making white light by using the monochromatic light emitted
from the LED, an LED emitting monochromatic light and
phosphors may be used, an LED under infrared waveband and
the phosphors may be used, or each monochromatic light
emitted from R, G and B LEDs may be mixed. That is, upon
use of the LED as the light source 111 of the backlight unit, a
plurality of LEDs are located at a side surface of the light
guide plate 113 so as to input white light or monochromatic
light into the light guide plate 113.

[0076] The light guide plate 113 may be formed of polym-
ethyl-methacrylate (PMMA). When light incident on one side
surface or both side surfaces of the light guide plate 113 is
then incident on an upper or lower surface inside the light
guide plate 113 at an angle smaller than a threshold angle,
such light is totally reflected to proceed from one side of the
light guide plate 113 to another side thereof. On the other
hand, when light is incident on the upper or lower surface
inside the light guide plate 113 at an angle larger than a
threshold angle, such light is output externally to be reflected
by the reflector 117 or incident onto the optical sheet 126.
[0077] The drawing shows the light guide plate 113 which
is generally in a planar shape with a uniform thickness; how-
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ever, without limitation to this, a wedge type light guide plate
may alternatively be used, which has a width gradually
reduced as being farther away from a region facing the light
source 111, namely, in the light proceeding direction. Form-
less spot patterns may be formed on the upper or lower surface
of the light guide plate 113.

[0078] The pattern may diffuse light incident on the upper
or lower surface of the light guide plate 113 so as to allow
uniform light to be transmitted through the light guide plate
113. Also, the formless spot pattern may be formed on both
the upper and lower surfaces of the light guide plate 113.
[0079] In addition, prisms may be formed on the upper or
lower surface ofthe light guide plate 113. The prism may have
a section in a triangular, lens-like or polygonal shape so as to
extend from one side to another side on the upper or lower
surface of the light guide plate 113. Thus, as the prism is
formed on the light guide plate 113, the light convergence can
be improved, as compared with the formation of the formless
spot pattern, which allows further enhancement of optical
efficiency supplied to the LC panel 140.

[0080] When the prism is formed on the upper or lower
surface of the light guide plate 113, a formless spot pattern
may be formed on the other surface, namely, the lower or
upper surface of the light guide plate 113. Also, the prism may
be formed on both the upper and lower surfaces of the light
guide plate 113.

[0081] Meanwhile, the reflector 117 may be provided at the
lower surface of the light guide plate 113. Thus, if the prism
1s formed on the lower surface of the light guide plate 113, the
prism comes in contact with the lower light guide plate 117 so
as to be damaged, accordingly, the prism may preferably be
formed on the upper surface of the light guide plate 113.
[0082] Also, if the prism is formed on the upper or lower
surface of the light guide plate 113, the prism may preferably
extend perpendicular to a direction that the prism pattern
1260 of the optical sheet 126 extends. As such, as the prism of
the light guide plate 113 and the prism of the optical sheet 126
are formed perpendicular to each other, light which is trans-
mitted through the light guide plate 113 and totally reflected
by the optical sheet 126 can be supplied to the LC panel in a
perpendicular direction to the surface of the LC panel 140.
[0083] Referring to FIG. 10, the LC panel 140 may include
a first substrate 150, a second substrate 145 and an LC layer
(not shown) interposing therebetween. If a plurality of gate
lines 156 and data lines 157 are aligned on the first substrate
150 in a matrix configuration so as to define a plurality of
pixel regions P, each pixel region P is provided with a thin film
transistor (TFT) T and a pixel electrode 158 electrically con-
nected to the TFT T. A gate pad and a data pad are formed at
end portions of the gate line 156 and the data line 157, respec-
tively, so as to connect the gate line 156 and the data line 157
to external driving devices, thereby allowing an input of an
external signal via the gate line 156 and the data line 157.
[0084] Although not shown, the TFT T may include a gate
electrode connected to the gate line 156 for allowing an input
of an external scan signal via the gate line 156, a gate insu-
lating layer formed on the gate electrode, a semiconductor
layer formed on the gate insulating layer and activated
responsive to an input of a scan signal to the gate electrode so
as to form a channel, and source and drain electrodes formed
on the semiconductor layer forapplying an image signal input
via the data line 157 to the pixel electrode 158 as the channel
is formed on the semiconductor layer responsive to the scan
signal.
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[0085] The second substrate 145 may include a black
matrix 146 formed on an image non-display region, on which
an image is not actually realized, such as the formation
regions for the gate lines 156, data lines 157 or the TFTs, so
as to prevent degradation of image quality due to light trans-
mission through the image non-display region, and a color
filter layer 147 formed within a pixel region and having red
(R), green (G) and blue (B) sub color filter layers for render-
ing an actual image.

[0086] An LC layer (not shown in a drawing) is present
between the first and second substrates 150 and 145 having
the aforesaid structure, thereby implementing the LC panel
140.

[0087] As described above, the present invention can
employ the single optical sheet 126 instead of two prism
sheets and two diffusion sheets used in the related art, result-
ing in remarkable reduction of the thickness of the LCD
device and a fabrication cost thereof.

[0088] Here, in the structure of the optical sheet 126, the
prism patterns 1265 are formed on the base film 1264 and the
refraction layers 126¢ are formed by filling a material, which
has a higher refractive index than that of the prism pattern
1265, between the prism patterns 1265. Accordingly, light
refracted at the refraction layers 126¢ is allowed to be totally
reflected at the interfaces with the prism patterns 1264,
thereby improving optical efficiency.

[0089] However, the optical sheet may not be limited to this
structure, but applicable to various structures. FIGS. 11A to
11D are views showing optical sheets in various structures.

[0090] As shown in FIG. 11A, an optical sheet 226 may
include a first base film 2264, prism patterns 2265 formed on
the first base film 226a, refraction layers 226¢ each formed at
a space between the neighboring prism patterns 2265, a sec-
ond base film 2264 formed on the prism patterns 2265 and the
refraction layers 226¢, and light blocking units 227 formed on
one surface of the second base film 2264 along at least one
side of the second base film 2264.

[0091] The first base film 226a and the second base film
226d are formed of a material, such as polymethyl-methacry-
late (PMMA), poly carbonate (PC) or the like. The prism
pattern 2265 is formed of a material, such as UV-curable
resin, PC or the like, and the refraction layer 226¢ is formed
of UV-curable resin. Here, the refractive index of the refrac-
tion layer 226¢ is higher than that of the prism pattern 2265
and the difference of the two refractive indexes is more than
0.1, accordingly, light which is transmitted through the
refraction layer 226¢ and then incident onto the prism pattern
226b may preferably be totally reflected at the interface
(boundary) between the refraction layer 226¢ and the prism
pattern 2265.

[0092] The optical sheet 226 shown in FIG. 11B has a
structure excluding the first base film 2264 from the optical
sheet 226 with the structure of FIG. 11A. That is, the refrac-
tion layers 226¢ are formed on the second base film 2264, and
the prism patterns 2265 are formed by filling a material,
which has a higher refractive index than that of the refraction
layer 226¢, between the refraction layers 226¢.

[0093] In the optical sheet 226 with a structure shown in
FIG. 11C, the prism patterns 2264 and the refraction layers
226¢ are disposed between the first base film 2264 and the
second base film 2264, and beads 226e are distributed at the
first and second base films 226a and 226d, respectively. The
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beads 226e may diffuse light incident on and transmitted
through the optical sheet 226 such that uniform light can be
supplied to the LC panel.

[0094] Also, the first base film 2264 and the second base
film 2264 may contain therein or be externally coated with a
diffusion material, such as PMMA, poly-n-butylmethacrylate
(PBMA), silica, PC or the like, thereby enabling light diffu-
sion.

[0095] Theoptical sheet 226 with a structure shown in FIG.
11D the beads 226c¢ (or a diffusion material) are not distrib-
uted at the first base film 2264 but distributed at the second
base film 226a. Alternatively, the optical sheet 226 may have
structure in which the beads 226e are distributed not at the
second base film 2264 but at the first base film 226a.

[0096] As described above, in the present invention, one
optical sheet is employed to totally reflect light transmitted
through the light guide plate, accordingly, light output from
the light guide plate can be supplied to the L.C panel in a
perpendicular direction to the surface of the LC panel.

[0097] FIG. 12A shows a light distribution of light output
from the prism sheet of the related art backlight unit and a
graph which shows luminance with respect to an emitted light
angle, and F1G. 12B shows a light distribution of light output
from the prism sheet of the backlight unit according to the
present invention and a graph which shows luminance with
respect to an emitted light angle.

[0098] As shown in FIG. 12A, in the related art backlight
unit using two prism sheets and two diffusion sheets, light
shows the highest luminance at angles of about —80° and 80°
with respect to the normal of the LC panel surface, and the
second highest at an angle of 0°. That is, most light refracted
by the prism sheets proceeds in a direction with the angles of
-80° and 80°, and the rest proceeds in a direction with the
angle 0°. However, the direction with the angles of about -80°
and 80° with respect to the normal of the LC panel surface is
a side direction of the LC panel other than toward the front
surface of the LC panel. Therefore, in the related art backlight
unit, most light proceeds towards the side surface of the
backlight unit other than being supplied to the LC panel,
thereby lowering optical efficiency.

[0099] On the other hand, as shown in FIG. 12B, in the
present invention, the luminance is the highest near the angle
of 0° and nearly 0 at other regions. This indicates that light
totally reflected by the optical sheet is supplied at an angle of
0° from the normal of the surface of the LC panel, resulting in
remarkable improvement of optical efficiency as compared
with the related art.

[0100] As described above, the present invention removes a
diffusion sheet and employs an optical sheet including prism
patterns and refraction layers on the light guide plate to render
light transmitted through the light guide plate totally reflected
by the optical sheet, thereby supplying light to the LC panel
perpendicular to the surface thereof.

[0101] In the meantime, the specific structures of the LC
panel and the backlight unit described above are merely illus-
trative, but not intended to limit the present invention. For
example, the base plane angles of the prism pattern of the
optical sheet may be the same or different at both sides. Also,
height or width of the prism pattern may be set differently if
necessary, and the prism pattern may be designed in various
shapes. In other words, other embodiments or variations of
the LCD device using the basic concept of the present inven-
tion may easily be derived by a person skilled in the art.
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[0102] The foregoing embodiments and advantages are
merely exemplary and are not to be construed as limiting the
present disclosure. The present teachings can be readily
applied to other types of apparatuses. This description is
intended to be illustrative, and not to limit the scope of the
claims. Many alternatives, modifications, and variations will
be apparent to those skilled in the art. The features, structures,
methods, and other characteristics of the exemplary embodi-
ments described herein may be combined in various ways to
obtain additional and/or alternative exemplary embodiments.
[0103] As the present features 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 is claimed is:

1. A backlight unit comprising:

a lamp for emitting light;

a light guide plate for guiding light emitted from the lamp;

an optical sheet for reflecting totally reflect light incident

from the light guide plate, the optical sheet including a
first base film, a plurality of prism patterns extending
from one side of the first base film to another side
thereof, and refraction layers each formed between the
neighboring prism patterns; and

a light blocking unit formed along at least one side of an

upper surface of the optical sheet to block the light
transmitted through the corresponding region,

wherein a refractive index of the refraction layer is higher

than that of the prism pattern such that the light trans-
mitted through the refraction layer is totally reflected at
an interface with the prism pattern.

2. The backlight unit of claim 1, wherein a difference
between the refraction index of the refraction layer and that of
the prism pattern is more than 0.1.

3. The backlight unit of claim 2, wherein the refraction
index of the refraction layer is more than 1.51, and the refrac-
tion index of the prism pattern is less than 1.50.

4. The backlight unit of claim 1, wherein the light blocking
unit is formed of one of a black ink, gray ink, and a white ink.

5. The backlight unit of claim 1, wherein the light blocking
unit is made of a light blocking tape.

6. The backlight unit of claim 1. further comprising a
diffusion material for diftusing input light which is dispersed
into the first base film.

7. The backlight unit of claim 1. further comprising a
second base film formed on the prism patterns and the light
blocking unit.

8. The backlight unit of claim 7, wherein the second base
film contains a diffusion material.

9. The backlight unit of claim 1, further comprising form-
less spot patterns formed on at least one of upper and lower
surfaces of the light guide plate.

10. The backlight unit of claim 1, further comprising
prisms formed on at least one of upper and lower surfaces of
the light guide plate.

11. The backlight unit of claim 1, further comprising:

prisms formed on at least one of an upper surface or a lower

surface of the light guide plate; and



US 2011/0051046 Al

formless spot patterns formed on another surface of the
light guide plate.

12. A liquid crystal display device comprising:

aliquid crystal display panel displaying an image thereon;

alamp for emitting light;

a light guide plate for guiding the light emitted from the
lamp;

an optical sheet for reflecting totally reflect light incident
from the light guide plate to the liquid crystal display
panel, the optical sheet including a first base film, a
plurality of prism patterns extending from one side of the
first base film to another side thereof, and refraction
layers each formed between the neighboring prism pat-
terns; and

a light blocking unit formed on an upper surface of the
optical sheet along an edge region of the liquid crystal
display panel to block light transmitted through the cor-
responding region,

wherein a refractive index of the refraction layer is higher
than that of the prism pattern such that the light trans-
mitted through the refraction layer is totally reflected at
an interface with the prism pattern.

13. An optical sheet suitable to a backlight of a display

device, comprising:

a first base;

aplurality of prism patterns on the first base film, the prism
patterns being extended from one side end to the other
side end of the base film;

refraction layers between the prism patterns to reflect
totally the incident light, a refractive index of the refrac-
tion layer being higher than that of the prism pattern to
reflect totally the light transmitting through the refrac-
tion layer at the boundaries of the prism patterns and the
refraction layers; and

a light blocking unit along at least one side of an upper
surface of the optical sheet to block the light transmitted
through the corresponding region
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14. The optical sheet of claim 13, wherein a difference
between the refraction index of the refraction layer and that of
the prism pattern is more than 0.1.

15. The optical sheet of claim 13, wherein the refraction
index of the refraction layer is more than 1.51, and the refrac-
tion index of the prism pattern is less than 1.50.

16. The optical sheet of claim 13, further comprising a
diffusion material for diffusing input light which 1s dispersed
into the first base film.

17. The optical sheet of claim 13, further comprising a
second base film formed on the prism patterns and the light
blocking unit.

18. The optical sheet of claim 17, wherein the second base
film contains a diffusion material.

19. A method of fabricating an optical sheet, comprising:

providing a first base;

forming a plurality of prism patterns on the first base film,

the prism patterns being extended from one side end to
the other side end of the base film;

forming refraction layers between the prism patterns to

reflect totally the incident light, a refractive index of the
refraction layer being higher than that of the prism pat-
tern to reflect totally the light transmitting through the
refraction layer at the boundaries of the prism patterns
and the refraction layers; and

introducing a light blocking unit along at least one side of

an upper surface of the optical sheet to block the light
transmitted through the corresponding region

20. The method of claim 19, further comprising dispersing
adiffusion material to the first base film to diffuse the incident
light.

21. The method of claim 19, further comprising forming a
second base film on the prism patterns and the light blocking
unit.

22. The backlight unit of claim 21, wherein the second base
film contains a diffusion material.
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