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OPTICAL SHEET, BACKLIGHT UNIT, AND
LIQUID CRYSTAL DISPLAY

[0001] This application claims priority from Korean Patent
Application No. 10-2008-0049662 filed May 28, 2008 and
Korean Patent Application No. 10-2008-0080266 filed Aug.
18, 2008, the subject matters of which are hereby incorpo-
rated by reference.

BACKGROUND

[0002] 1. Field

[0003] Embodiments of the present invention may relate to
an optical sheet, a backlight unit including the optical sheet,
and/or a liquid crystal display including the backlight unit.
[0004] 2. Background

[0005] A display field may visually display information of
various electrical signals. In the display field, various types of
flat panel displays having excellent characteristics such as
thin profile, lightness in weight, and low power consumption
have been introduced. Additionally, flat panel displays are
replacing cathode ray tubes (CRT).

[0006] Examples of fiat panel displays include a liquid
crystal display (LCD), a plasma display panel (PDP), a field
emission display (FED), and an electroluminescence display
(ELD). The liquid crystal display may be used as a display
panel of notebooks, monitors of personal computers, and/or
TV monitors because of a high contrast ratio and excellent
display characteristics of a moving picture.

[0007] Theliquid crystal display may be considered a light
receiving display. The liquid crystal display may include a
liquid crystal display panel that displays an image and a
backlight unit that is positioned under the liquid crystal dis-
play panel to provide the liquid crystal display panel with
light.

[0008] Thebacklight unit may include a light source and an
optical sheet. The optical sheet may include a diffusion sheet,
a prism sheet, or a protective sheet.

[0009] Ifuniformity of luminance of light that the backlight
unit provides to the liquid crystal display panel is reduced,
then display quality of the liquid crystal display may be
reduced. A diffusion sheet may allow light to be uniformly
diffused over an entire surface of a display area of the liquid
crystal display panel so as to prevent a reduction in luminance
uniformity of the light. However, it may be difficult to secure
a high light diffusivity as well as the luminance uniformity
using only the diffusion sheet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Arrangements and embodiments may be described
in detail with reference to the following drawings in which
like reference numerals refer to like elements and wherein:
[0011] FIG. 1 is a cross-sectional view of an optical sheet
according to an example embodiment of the present inven-
tion;

[0012] FIG. 2 is a cross-sectional view of an optical sheet
according to an example embodiment of the present inven-
tion;

[0013] FIGS.3A and 3B show a backlight unit according to
an example embodiment of the invention;

[0014] FIG. 3C shows a backlight unit according to an
example embodiment of the present invention;

[0015] FIGS. 4A and 4B show a backlight unit according to
an example embodiment of the present invention;

[0016] FIG. 4C shows a backlight unit according to an
example embodiment of the present invention;
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[0017] FIGS. 5A and 5B show a liquid crystal display
according to an example embodiment of the present inven-
tion; and

[0018] FIG. 5C shows a liquid crystal display according to
an example embodiment of the present invention.

DETAILED DESCRIPTION

[0019] FIG. 1 is a cross-sectional view of an optical sheet
according to an example embodiment of the present inven-
tion. Other embodiments and configurations are also within
the scope of the present invention.

[0020] More specifically, FIG. 1 shows an optical sheet 100
that includes a reflective polarizing film 110 and a first diffu-
sion layer 120 (or diffusion unit) on the reflective polarizing
film 110. The first diffusion layer 120 may include a first light
transmitting material 121 and a plurality of first diffusion
particles 122. The first diffusion particles 122 may be embed-
ded into the first light transmitting material 121.

[0021] The reflective polarizing film 110 can transmit or
reflect light coming from a light source. The reflective polar-
izing film 110 may include a first layer 111 formed of a
polymer and a second layer 112 positioned adjacent to the
first layer 111. The second layer 112 may be formed of a
polymer having a refractive index different from a refractive
index of the polymer forming the first layer 111.

[0022] The reflective polarizing film 110 may have a struc-
ture in which the first layers 111 and the second layers 112 are
alternately stacked in a repeated manner. The first layers 111
may be formed of polymethylmethacrylate (PMMA), and the
second layers 112 may be formed of polyester.

[0023] A portion of the light coming from the light source
may be transmitted by the reflective polarizing film 110, and
another portion of the light coming from the light source may
be reflected toward the light source underlying the reflective
polarizing film 110. The light reflected toward the light source
may be again reflected and may be incident on the reflective
polarizing film 110. A portion of the light incident on the
reflective polarizing film 110 may be transmitted by the
reflective polarizing film 110, and another portion of the light
incident on the reflective polarizing film 110 may be again
reflected toward the light source underlying the reflective
polarizing film 110.

[0024] In other words, because the reflective polarizing
film 110 has a structure in which the first layers 111 and the
second layers 112 are alternately stacked in a repeated man-
ner, the reflective polarizing film 110 can improve efficiency
of the light coming from the light source using a principle in
which molecules of the polymer are oriented in one direction
to transmit a polarization of a direction different from the
orientation direction of the molecules and to reflect a polar-
ization ofthe same direction as the orientation direction of the
molecules.

[0025] The reflective polarizing film 110 may have a thick-
ness of approximately 100 pum to 300 pm depending on size of
a display device. When the thickness of the reflective polar-
izing film 110 is equal to or greater than 100 um efficiency of
the light can be improved using a principle(s) of polarization
and reflection. When the thickness of the reflective polarizing
film 110 is equal to or less than 300 um, a thin profile optical
sheet can be achieved.

[0026] The first diffusion layer 120 may be diffuse the light
coming from the external light source using the first diffusion
particles 122 (and/or a plurality of bubbles) in the first diffu-
sion layer 120.

[0027] The first light transmitting material 121 forming the
first diffusion layer 120 may include unsaturated polyester,
methyl methacrylate, ethyl methacrylate, isobutyl methacry-
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late, normal butyl methacrylate, normal butyl methyl meth-
acrylate, acrylic acid, methacrylic acid, hydroxyethyl meth-
acrylate, hydroxypropyl methacrylate, hydroxyethyl
acrylate, acrylamide, methylol acrylamide, glycidyl meth-
acrylate, ethyl acrylate, isobutyl acrylate, normal butyl acry-
late, acrylic-based material such as 2-ethylhexyl acrylate
polymer, 2-ethylhexyl acrylate copolymer or 2-ethylhexyl
acrylate terpolymer, urethane-based material, epoxy-based
material, melamine-based material, polycarbonate, and poly-
styrene, for example. Other materials may also be used.
[0028] The first diffusion particles 122 in the first diffusion
layer 120 may be a bead (such as provided in a cavity). Each
ofthe first diffusion particles 122 may be formed of a material
selected from the group consisting of polymethylmethacry-
late (PMMA), polystyrene, silicon, and a combination
thereof.

[0029] Some of the beads may be exposed outside of the
first diffusion layer 120.

[0030] The first diffusion layer 120 may further include or
may alternatively include a plurality of bubbles to diffuse the
light coming from the external light source. The bubbles may
be provided instead of the first diffusion particles 122 or may
be provided with the first diffusion particles 122.

[0031] The first diffusion layer 120 may include 10 to 50
parts by weight of the first diffusion particles 122 based on the
first light transmitting material 121. When the amount of the
first diffusion particles 122 based on the first light transmit-
ting material 121 is equal to or greater than 10 parts by weight,
a difficulty diffusing the light from the light source using the
beads (or the bubbles) may be prevented (or reduced). When
the amount of the first diffusion particles 122 based on the
first light transmitting material 121 is equal to or less than 50
parts by weight, a reduction in transmittance of the light from
the light source can be prevented.

[0032] Diameters of the various first diffusion particles 122
distributed in the first light transmitting material 121 may be
different from one another (or nonuniform).

[0033] The first diffusion particles 122 may have a circle
shape, an oval shape, a snowman shape, and/or an even circle
shape. Other shapes may also be used.

[0034] The first diffusion particles 122 may be non-uni-
formly distributed throughout the first light transmitting
material 121.

[0035] The diameters of the first diffusion particles 122
may be approximately 0.5 um to 10 pm. When the diameters
ofthe first diffusion particles 122 are small, a light diffusivity
of the optical sheet 100 can be improved by increasing a
density of the first diffusion particles 122 in the first diffusion
layer 120. However, when the diameters of the first diffusion
particles 122 are very small, interference of the light from the
external light source may occur. Therefore, when diameters
of the first diffusion particles 122 are equal to or greater than
0.5 um, the light diffusivity of the optical sheet 100 can be
improved to the extent that interference of the light may not
occur (or may minimally occur).

[0036] When diameters of the first diffusion particles 122
are large, the first diffusion layer 120 may be thickly formed
to secure light diffusivity of the optical sheet 100, and thus it
may be difficult to manufacture the thin profile optical sheet
100. Therefore, when diameters of the first diffusion particles
122 are equal to or less than 10 um, the thin profile of the
optical sheet 100 can be achieved to the extent that the light
diffusivity of the optical sheet 100 is not reduced (or is not
substantially reduced).

[0037] A backlight unit including the optical sheet may
operate as will be described below. Light produced by a light
source may be incident on the optical sheet. A portion of the
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light incident on the optical sheet may collide with the first
diffusion particles of the first diffusion unit, and a traveling
path of the light may change. Another portion of the light
incident on the optical sheet may pass through an emitting
surface of the first diffusion layer toward a liquid crystal
display panel.

[0038] The light colliding with the first diffusion particles
may collide with other first diffusion particles adjacent to the
colliding first diffusion particles, and a traveling path of the
light changes again. A portion of the light, of which the
traveling path changes twice, may pass through the emitting
surface of the first diffusion layer toward the liquid crystal
display panel. Another portion of the light, of which the
traveling path changes twice, may collide with the first diffu-
sion particles, and a traveling path of the light may change.
[0039] Thelight passing through the emitting surface of the
first diffusion layer may be uniformly incident on the liquid
crystal display panel.

[0040] The optical sheet 100 may further include a first
adhesive layer 130 between the reflective polarizing film 110
and the first diffusion layer 120.

[0041] The first diffusion layer 120 may be formed on the
reflective polarizing film 110 by combining the first light
transmitting material 121 with the first diffusion particles 122
(and/or bubbles) and applying or coating the mixture on the
reflective polarizing film 110.

[0042] The first diffusion layer 120 may be formed on the
reflective polarizing film 110 by forming the first light trans-
mitting material 121 and the first diffusion particles 122 (or
bubbles) in a film form using an extrusion molding method or
an injection molding method and then attaching it on the
reflective polarizing film 110 using an adhesive. The first
adhesive layer 130 may be coated on the reflective polarizing
film 110 to form the first diffusion layer 120.

[0043] The first adhesive layer 130 may be formed of a
material selected from the group consisting of an acrylic-
based adhesive, a rubber-based adhesive, a silicon-based
adhesive, and a combination thereof.

[0044] Examples of the acrylic-based adhesive include
acrylic acid alkyl ester such as ethyl acrylate, butyl acrylate,
amyl acrylate, 2-ethylhexyl acrylate, octyl acrylate, cyclo-
hexyl acrylate and benzyl acrylate, and methacrylic acid alkyl
ester such as butyl methacrylate, 2-ethylhexyl methacrylate,
cyclohexyl methacrylate and benzyl methacrylate.

[0045] The rubber-based adhesive may include a block
copolymer including natural rubber, isoprene rubber, styrene-
butadiene rubber, reclaimed rubber, polyisobuthylene rubber,
styrene-isoprene-styrene rubber, and styrene-butadiene-sty-
rene rubber as a principal component.

[0046] Examples of the silicon-based adhesive may include
dimethylsiloxane-based material and diphenylsiloxane-
based material.

[0047] A thickness of the first adhesive layer 130 may be
approximately 1 pm to 10 pm in consideration of light trans-
mittance and adhesive properties. Other thicknesses may also
be used.

[0048] The thickness of the first adhesive layer 130 may be
an average value of a distance between a peak of a first surface
131a and a second surface 1315 and a distance between a
valley of the first surface 131a and the second surface 1315.
An average thickness of the first adhesive layer 130 may be
approximately 1 um to 10 pm.

[0049] A distance T1 between a first position of the first
surface 131a and the second surface 1315 may be different
from a distance T2 between a second position of the first
surface 131a and the second surface 1314. The distances T1
and T2 may satisty the following equation: 10 nm=[T1-
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T21=2 um. T1 represents a first thickness between the first
surface 131a and the second surface 1315 and T2 represents
a second thickness between the first surface 131a and the
second surface 1315. As seen in FIG. 1, vertical distances T1
and T2 are distances along vectors substantially perpendicu-
lar to the surface plane of reflective polarizing film 110.
[0050] The following Table 1 indicates a diffusion effect
and a luminance of the optical sheet 100 depending on a
relationship between the distances T1 and T2. In the follow-
ing Table 1, X, o, and & represent bad, good, and excellent
states of the characteristics, respectively.

TABLE 1
IT1 - T21 {pm) Diffusion Effect Luminance
0.005 X @
0.01 o @
0.03 o @
0.05 o o
0.1 o o
0.5 o o
1 @ o
2 ® o
5 ©® X

[0051] Asindicatedinthe above Table 1, when distances T1
and T2 satisfy the following equation: 10 nm=|T1-T2l, light
coming from the light source can be diffused because of
curved or uneven surfaces on one surface of the first adhesive
layer 130. When distances T1 and T2 satisfy the following
equation: IT1-T2I=2 um, a reduction in luminance resulting
from a large height difference of the first adhesive layer 130
may be prevented.

[0052] A difference between a refractive index of the first
light transmitting material 121 and a refractive index of the
first adhesive layer 130 may be less than or equal to approxi-
mately 0.2.

[0053] The following Table 2 indicates luminance charac-
teristics and light loss prevention efficiency of the optical
sheet 100 depending on a difference between a refractive
index of the first light transmitting material 121 and a refrac-
tive index of the first adhesive layer 130. In the following
Table 2, X, o, and @ represent bad, good, and excellent states
of the characteristics, respectively.

TABLE 2
Difference Between
Refractive Indexes of
First Light Transmitting
Material and First Luminance Light Loss Prevention

Adhesive Layer Characteristics Efficiency
0 © ]
0.05 ]
0.1 o o
0.15 o o
0.2 o o
0.25 X X
0.3 X X

[0054] As indicated in the above Table 2, when the differ-
ence between the refractive indexes of the first light transmit-
ting material 121 and the first adhesive layer 130 is equal to or
greater than 0, a loss of light from the light source can be
prevented and luminance can be improved. When a difference
between the refractive indexes of the first light transmitting
material 121 and the first adhesive layer 130 is less than or
equal to approximately 0.2, light from the light source may be
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reflected or refracted at an interface between the first adhesive
layer 130 and the first diffusion layer 120. Therefore, a reduc-
tion in the luminance caused by a light loss at the side may be
prevented.

[0055] The optical sheet 100 may prevent the loss of the
light coming from the light source and improve the luminance
by allowing a difference between the refractive indexes of the
first light transmitting material 121 and the first adhesive
layer 130 to be less than or equal to 0.2.

[0056] FIG. 2 is a cross-sectional view of an optical sheet
according to an example embodiment of the present inven-
tion. Other embodiments and configurations are also within
the scope of the present invention.

[0057] As shown in FIG. 2, an optical sheet 200 may
include a reflective polarizing film 210, a first adhesive layer
230 on the reflective polarizing film 210, and a first diffusion
layer 220 on the first adhesive layer 230. The first diffusion
layer 220 may include a first light transmitting material 221
and a plurality of first diffusion particles 222 (and/or a plu-
rality of beads or bubbles). The first diffusion particles 222
may be embedded in the first light transmitting material 221.
The reflective polarizing film may include a first layer 211
formed of a polymer and a second layer 212 positioned adja-
cent 1o the first layer 211.

[0058] The thickness of the first adhesive layer 230 may be
an average value of a distance between a peak of a first surface
231a and a second surface 2314 and a distance between a
valley of the first surface 231a and the second surface 2315.
An average thickness of the first adhesive layer may be
approximately 1 pm to 10 pm.

[0059] The optical sheet 200 may further include a second
adhesive layer 240 under the reflective polarizing film 210
and a second diffusion layer 250 on the second adhesive layer
240.

[0060] The second adhesive layer 240 may include a third
surface 241a and a fourth surface 24154 that are opposite to
each other. The third surface 2414 and/or the fourth surface
2415 may be a curved or uneven surface.

[0061] A thickness of the second adhesivelayer 240 may be
approximately 1 um to 10 pm in consideration of a light
transmittance and an adhesive property. Other thicknesses
may also be used.

[0062] The thickness of the second adhesive layer 240 may
be an average value of a distance between a peak of the fourth
surface 2416 and the third surface 241a and a distance
between a valley of the fourth surface 2415 and the third
surface 241a. An average thickness of the second adhesive
layer 240 may be approximately 1 pm to 10 pm.

[0063] A distance T3 between a first position of the fourth
surface 2415 and the third surface 241a may be different from
a distance T4 between a second position of the fourth surface
2415b and the third surface 241a. Similar to the first adhesive
layer 230, the distances T3 and T4 may satisfy the following
equation: 10 nm=1T3-T4I=2 ym. T3 represents a third thick-
ness between the third surface 241a and the fourth surface
2415 and T4 represents a fourth thickness between the third
surface 241q and the fourth surface 2415. As seen in FIG. 2,
vertical distances T3 and T4 are distances along vectors sub-
stantially perpendicular to the surface plane of reflective
polarizing film 210.

[0064] When the distances T3 and T4 satisfy the following
equation: 10 nm=|T3-T4/, light coming from a light source
may be diffused because of the curved or uneven surfaces on
one surface of the second adhesive layer 240. When the dis-
tances T3 and T4 satisfy the following equation: |T3-T4|=2
wm, a reduction in the luminance resulting from a large height
difference of the second adhesive layer 240 may be prevented.



US 2009/0296022 A1l

[0065] The second diffusion layer 250 may be the same as
or similar to the first diffusion layer 220. The second diffusion
layer 250 may diffuse the light coming from the external light
source through a plurality of second diffusion particles 252
(and/or bubbles) in a second light transmitting material 251.
[0066] The second light transmitting material 251 forming
the second diffusion layer 250 may include unsaturated poly-
ester, methyl methacrylate, ethyl methacrylate, isobutyl
methacrylate, normal butyl methacrylate, normal butyl
methyl methacrylate, acrylic acid, methacrylic acid,
hydroxyethyl methacrylate, hydroxypropyl methacrylate,
hydroxyethyl acrylate, acrylamide, methylol acrylamide,
glycidyl methacrylate, ethyl acrylate, isobutyl acrylate, nor-
mal butyl acrylate, acrylic-based material such as 2-ethyl-
hexyl acrylate polymer, 2-ethylhexyl acrylate copolymer or
2-ethylhexyl acrylate terpolymer, urethane-based material,
epoxy-based material, melamine-based material, polycar-
bonate, and polystyrene, for example. Other materials may
also be used.

[0067] Each of the second diffusion particles 252 in the
second diffusion layer 250 may be a bead (such as provided in
a cavity). Each of the second diffusion particles 252 may be
formed of a material selected from the group consisting of
polymethylmethacrylate (PMMA), polystyrene, silicon, and
a combination thereof.

[0068] Some of the beads may be exposed outside of the
first diffusion layer 220 and/or the second diffusion layer 250.
[0069] The second diffusion layer 250 may further include
or may alternatively include a plurality of bubbles to diffuse
the light coming from the external light source. The bubbles
may be provided instead of the second diffusion particles 252
or may be provided with the first diffusion particles 252.
[0070] Thesecond diffusion layer 250 may include 10 to 50
parts by weight of the second diffusion particles 252 based on
the second light transmitting material 251. When the amount
ofthe second diffusion particles 252 based on the second light
transmitting material 251 is equal to or greater than 10 parts
by weight, a difficulty diffusing the light from the light source
using the beads may be prevented (or reduced). When the
amount of the second diffusion particles 252 based on the
second light transmitting material 251 is equal to or less than
50 parts by weight, a reduction in transmittance of the light
from the light source can be prevented.

[0071] Diameters of the various second diffusion particles
252 distributed in the second light transmitting material 251
may be different from one another (or non-uniform).

[0072] Thesecond diffusion particles 252 may have a circle
shape, an oval shape, a snowman shape, and/or an even circle
shape. Other shapes may also be used.

[0073] The second diffusion particles 252 may be non-
uniformly distributed throughout the second light transmit-
ting material 251.

[0074] The diameters of the second diffusion particles 252
may be approximately 0.5 um to 10 pm. When the diameters
of the second diffusion particles 252 are small, a light diffu-
sivity of the optical sheet 200 can be improved by increasing
a density of the second diffusion particles 252 in the second
diffusion layer 250. However, when the diameters of the
second diffusion particles 252 are very small, interference of
the light from an external light source may occur. Therefore,
when diameters of the second diffusion particles 252 are
equal to or greater than 0.5 um, light diffusivity of the optical
sheet 200 can be improved to an extent that interference of the
light may not occur (or may minimally occur).

[0075] When diameters of the second diffusion particles
252 are large, the second diffusion layer 250 may be thickly
formed to secure light diffusivity of the optical sheet 200, and
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thus it may be difficult to manufacture the thin profile optical
sheet 200, Therefore, when diameters of the second diffusion
particles 252 are equal to or less than 10 pm, the thin profile
of the optical sheet 200 can be achieved to the extent that the
light diffusivity of the optical sheet 200 is not reduced (or is
not substantially reduced).

[0076] Thesecond adhesive layer 240 may be used to attach
the reflective polarizing film 210 to the second diffusion layer
250 and/or may be the same as the first adhesive layer 230.

[0077] The second adhesive layer 240 may be formed of a
material selected from the group consisting of an acrylic-
based adhesive, a rubber-based adhesive, a silicon-based
adhesive, and a combination thereof.

[0078] Examples of the acrylic-based adhesive include
acrylic acid alkyl ester such as ethyl acrylate, butyl acrylate,
amyl acrylate, 2-ethylhexyl acrylate, octyl acrylate, cyclo-
hexyl acrylate and benzyl acrylate, and methacrylic acid alkyl
ester such as butyl methacrylate, 2-ethylhexyl methacrylate,
cyclohexyl methacrylate and benzyl methacrylate.

[0079] The rubber-based adhesive may include a block
copolymer including natural rubber, isoprene rubber, styrene-
butadiene rubber, reclaimed rubber, polyisobuthylene rubber,
styrene-isoprene-styrene rubber, and styrene-butadiene-sty-
rene rubber as a principal component.

[0080] Examples of the silicon-based adhesive include
dimethylsiloxane-based material and diphenylsiloxane-
based material.

[0081] A difference between a refractive index of the sec-
ond light transmitting material 251 and a refractive index of
the second adhesive layer 240 may be substantially less than
or equal to approximately 0.2.

[0082] When the difference between the refractive indexes
of the second light transmitting material 251 and the second
adhesive layer 240 is equal to or greater than 0, a loss of light
from the light source can be prevented and luminance can be
improved. When a difference between the refractive indexes
of the second light transmitting material 251 and the second
adhesive layer 240 is less than or equal to approximately 0.2,
light from the light source may be reflected or refracted at an
interface between the second adhesive layer 240 and the
second diffusion layer 250. Therefore, a reduction in the
luminance caused by a light loss at the side may be prevented
(and/or reduced).

[0083] The optical sheet 200 may prevent loss of the light
coming from the light source and improve the luminance by
allowing a difference between the refractive indexes of the
second light transmitting material 251 and the second adhe-
sive layer 240 to be less than or equal to approximately 0.2.

[0084] FIGS. 3A and 3B are an exploded perspective view
and a cross-sectional view illustrating a configuration of a
backlight unit including an optical sheet according to an
example embodiment of the invention. Other embodiments
and configurations are also within the scope of the present
invention.

[0085] FIGS. 3A and 3B show an edge type backlight unit.
Since configuration of an optical sheet shown in FIGS. 3A
and 3B is substantially the same as the optical sheets
described above, a further description may be briefly made or
may be entirely omitted.

[0086] As shown in FIGS. 3A and 3B, a backlight unit 300
may be included in a liquid crystal display and may provide
light to a liquid crystal display panel included in the liquid
crystal display.

[0087] The backlight unit 300 may include a light source
320 and an optical sheet 330. The backlight unit 300 may
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further include a light guide 340 (or light guide plate), a
reflector 350 (or reflective plate), a bottom cover 360, and a
mold frame 370.

[0088] Thelight source 320 may produce light using a drive
power received from outside the light source and may emit the
produced light.

[0089] The light source 320 may be positioned at one side
of the light guide 340 along a long axis direction of the light
guide 340. The light source 320 may also be positioned at
both sides of the light guide 340. Light from the light source
320 may be directly incident on the light guide 340. Alterna-
tively, the light from the light source 320 may be reflected
from a light source housing 322 surrounding a portion of the
light source 320, for example, surrounding about % of an
outer circumferential surface of the light source 320, and then
the light may be incident on the light guide 340.

[0090] The light source 320 may be one of a cold cathode
fluorescent lamp (CCFL), a hot cathode fluorescent lamp
(HCFL), an external electrode fluorescent lamp (EEFL), and
a light emitting diode (LED). Other light sources may also be
used.

[0091] The optical sheet 330 may be positioned on the light
guide 340. The optical sheet 330 can focus light from the light
source 320.

[0092] Theoptical sheet 330 may include a reflective polar-
izing film, a first adhesive layer on one surface of the reflec-
tive polarizing film, and a first diffusion layer on the first
adhesive layer. The first diffusion layer may include a first
light transmitting material and a plurality of first diffusion
particles (and/or beads). A difference between a refractive
index of the first adhesive layer and a refractive index of the
first light transmitting material may be less than or equal to
approximately 0.2.

[0093] Alightloss of the optical sheet 330 can be prevented
and luminance of the optical sheet 330 can be improved. As a
result, a display quality of the backlight unit 300 can be
improved.

[0094] A diffusion sheet 332 and/or a prism sheet 331 may
be positioned between the light guide 340 and the optical
sheet 330.

[0095] The light guide 340 may face the light source 320.
The light guide 340 may guide the light so as to emit light
from the light source 320 in an upward manner.

[0096] The reflector 350 may be positioned under the light
guide 340. The reflector 350 may reflect the light from the
light source 320 in an upward manner and then the light may
be emitted downward via the light guide 340.

[0097] Thebottom cover 360 may include a bottom portion
362 and a side portion 364 extending from the bottom portion
362 to form a recipient space. The recipient space may receive
the light source 320, the optical sheet 330, the light guide 340,
and the reflector 350.

[0098] The mold frame 370 may be approximately a rect-
angular-shaped frame. The mold frame 370 may be fastened
to the bottom cover 360 from an upper side of the bottom
cover 360 in a top-down manner.

[0099] FIG. 3C shows a backlight unit according to an
example embodiment of the present invention. Other embodi-
ments and configurations are also within the scope of the
present invention.

[0100] As shown in FIG. 3C, the backlight unit 300 may be
substantially the same as the backlight unit 300 shown in
FIGS. 3A and 3B except that the optical sheet 330 further
includes the second diffusion layer 250 and the second adhe-
sive layer 240 in addition to the first diffusion layer 220 and
the first adhesive layer 230. Therefore, a further description of
the backlight unit 300 is omitted for ease of description.
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[0101] FIGS. 4A and 4B are an exploded perspective view
and a cross-sectional view illustrating a configuration of a
backlight unit according to an example embodiment of the
present invention. Other embodiments and configurations are
also within the scope of the present invention.

[0102] FIGS. 4A and 4B show a direct type backlight unit.
Since a backlight unit 400 shown in FIGS. 4A and 4B may be
substantially the same as the backlight unit 300 shown in
FIGS. 3A and 3B (except a location of a light source and
changes in components depending on location of the light
source), a further description may be briefly made or may be
entirely omitted.

[0103] As shown in FIGS. 4A and 4B, the backlight unit
400 may be included in a liquid crystal display and may
provide light to a liquid crystal display panel included in the
liquid crystal display.

[0104] The backlight unit 400 may include a light source
420 and an optical sheet 430. The backlight unit 400 may
further include a reflector 450, a bottom cover 460, a mold
frame 470, and a diffusion plate 480.

[0105] The light source 420 may be positioned under the
diffusion plate 480. Therefore, light from the light source 420
can be directly incident on the diffusion plate 480.

[0106] The optical sheet 430 may be positioned on the
diffusion plate 480. The optical sheet 430 may focus the light
coming from the light source 420.

[0107] Theoptical sheet 430 may include a reflective polar-
izing film, a first adhesive layer on one surface of the reflec-
tive polarizing film, and a first diffusion layer on the first
adhesive layer. The first diffusion layer may include a first
light transmitting material and a plurality of first diffusion
particles (and/or beads). A difference between a refractive
index of the first adhesive layer and a refractive index of the
first light transmitting material may be less than or equal to
approximately 0.2. The optical sheet 430 may correspond to
one of the optical sheets discussed above.

[0108] A lightloss of the optical sheet 430 can be prevented
and luminance of the optical sheet 430 can be improved. As a
result, a display quality of the backlight unit 400 can be
improved.

[0109] A diffusion sheet 432 and/or a prism sheet 431 may
be positioned between the diffusion plate 480 and the optical
sheet 430.

[0110] The diffusion plate 480 may be positioned between
the light source 420 and the optical sheet 430 and can diffuse
the light from the light source 420 in an upward manner. The
light source 420 may not be seen from a top of the backlight
unit 400 because of the diffusion plate 480 on the light source
420, and the diffusion plate 480 can further diffuse the light
from the light source 420.

[0111] FIG. 4C shows a backlight unit according to an
example embodiment ofthe present invention. Other embodi-
ments and configurations are also within the scope of the
present invention.

[0112] As shown in FIG. 4C, the backlight unit 400 may be
substantially the same as the backlight unit 400 shown in
FIGS. 4A and 4B except that the optical sheet 430 further
includes the second diffusion layer 250 and the second adhe-
sive layer 240 in addition to the first diffusion layer 220 and
the first adhesive layer 230. Therefore, a further description of
the backlight unit 400 is omitted.

[0113] FIGS. 5A and 5B are an exploded perspective view
and a cross-sectional view illustrating a configuration of a
liquid crystal display according to an example embodiment of
the present invention. Other embodiments and configurations
are also within the scope of the present invention.
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[0114] A liquid crystal display 500 shown in FIGS. 5A and
5B may include the backlight unit shown in FIGS.3A and 3B.
For example, the liquid crystal display 500 may include a
backlight unit 510 similar to the backlight unit shown in
FIGS. 4A and 4B. Since the backlight unit 510 shown in
FIGS. 5A and 5B is described above with reference to FIGS.
3A and 3B, a further description thereof may be briefly made
or may be entirely omitted.

[0115] As shown in FIGS. 5A and 5B, the liquid crystal
display 500 can display an image using electro-optical char-
acteristics of liquid crystals.

[0116] Theliquid crystal display 500 may include the back-
light unit 510 and a liquid crystal display panel 610. The
backlight unit 510 may be positioned under the liquid crystal
display panel 610 and may provide light to the liquid crystal
display panel 610.

[0117] The backlight unit 510 may include a light source
520 and an optical sheet 530. Light from the light source 520
may be reflected from a light source housing 522. The back-
light unit 510 may further include a light guide 540, a reflector
550 (or reflective plate), a bottom cover 560, and a mold
frame 570.

[0118] A diffusion sheet 532 and/or a prism sheet 531 may
be positioned between the light guide 540 and the optical
sheet 530.

[0119] Thebottom cover 560 may include a bottom portion
562 and a side portion 564 extending from the bottom portion
562 to form a recipient space.

[0120] The liquid crystal display panel 610 may be posi-
tioned on the mold frame 570. The liquid crystal display panel
610 may be fixed by a top cover 620 that is fastened to the
bottom cover 560 in a top-down manner.

[0121] Theliquid crystal display panel 610 may display an
image using light provided by the light source 520 of the
backlight unit 510.

[0122] The liquid crystal display panel 610 may include a
color filter substrate 612 and a thin film transistor substrate
614 that are opposite to each other with liquid crystals inter-
posed between the color filter substrate 612 and the thin film
transistor substrate 614.

[0123] The color filter substrate 612 may achieve colors of
an image displayed on the liquid crystal display panel 610.
[0124] The color filter substrate 612 may include a color
filter array of a thin film form on a substrate made of a
transparent material such as glass or plastic. For example, the
color filter substrate 612 may include red, green, and blue
color filters. An upper polarizing plate may be positioned on
the color filter substrate 612.

[0125] The thin film transistor substrate 614 may be elec-
trically connected to a printed circuit board 518, on which a
plurality of circuit parts are mounted, through a drive film
516. The thin film transistor substrate 614 may apply a drive
voltage provided by the printed circuit board 518 to liquid
crystals in response to a drive signal provided by the printed
circuit board 518.

[0126] The thin film transistor substrate 614 may include a
thin film transistor and a pixel electrode on another substrate
made of a transparent material such as glass or plastic. A
lower polarizing plate may be positioned under the thin film
transistor substrate 614.

[0127] FIG. 5C shows a liquid crystal display according to
an example embodiment of the present invention. Other
embodiments and configurations are also within the scope of
the present invention.

[0128] As shown in FIG. 5C, the liquid crystal display 500
may be substantially the same as the liquid crystal display 500
shown in FIGS. 5A and 5B except that the optical sheet 530
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further includes the second diffusion layer 250 and the second
adhesive layer 240 in addition to the first diffusion layer 220
and the first adhesive layer 230. Therefore, a further descrip-
tion of the liquid crystal display 500 is omitted.

[0129] An optical sheet, an backlight unit including the
optical sheet, and a liquid crystal display including the back-
light unit according to the example embodiments can diffuse
light from the light source and improve luminance uniformity
by including a plurality of first diffusion particles (or beads)
in the first diffusion layer.

[0130] The optical sheet, the backlight unit including the
optical sheet, and the liquid crystal display including the
backlight unit according to the example embodiments can
further improve luminance uniformity by further including a
second diffusion layer under the reflective polarizing film.
[0131] The optical sheet, the backlight unit including the
optical sheet, and the liquid crystal display including the
backlight unit according to the example embodiments can
prevent a loss of the light of the optical sheet and improve
luminance by adjusting the refractive index of the light trans-
mitting material forming the diffusion layer and the refractive
index of the adhesive layer.

[0132] The optical sheet, the backlight unit including the
optical sheet, and the liquid crystal display including the
backlight unit according to the example embodiments can
diftuse light and improve the luminance uniformity by form-
ing the adhesive layer having a curved, uneven or non-uni-
form surface between the reflective polarizing film and the
diffusion layer.

[0133] An example embodiment of the present invention
may provide an optical sheet, a backlight unit including the
optical sheet, and a liquid crystal display including the back-
light unit capable of improving diffusion efficiency of light.
[0134] An optical sheet may include a reflective polarizing
film, a first adhesive layer on one surface of the reflective
polarizing film, and a first diffusion layer (or unit) on the first
adhesive layer. The first diffusion layer may include a first
light transmitting material and a plurality of first diffusion
particles. A difference between a refractive index of the first
adhesive layer and a refractive index of the first light trans-
mitting material may be less than or equal to approximately
0.2.

[0135] A backlight unit may include a light source, and an
optical sheet on the light source. The optical sheet may
include a reflective polarizing film, a first adhesive layer on
one surface of the reflective polarizing film, and a first diffu-
sion layer (or unit) on the first adhesive layer. The first diffu-
sion layer may include a first light transmitting material and a
plurality of first diffusion particles. A difference between a
refractive index of the first adhesive layer and a refractive
index of the first light transmitting material may be less than
or equal to approximately 0.2. The first adhesive layer may
have a first thickness and a second thickness, and the first
thickness T1 and the second thickness T2 substantially satisfy
the following equation: 10 nm=([T1-T2|=2 pm.

[0136] A liquid crystal display may include a light source,
an optical sheet on the light source, and a liquid crystal panel
on the optical sheet. The optical sheet may include a reflective
polarizing film, a first adhesive layer on one surface of the
reflective polarizing film, and a first diffusion layer (or unit)
on the first adhesive layer. The first diffusion layer may
include a first light transmitting material and a plurality of
first diffusion particles. A difference between a refractive
index of the first adhesive layer and a refractive index of the
first light transmitting material may be less than or equal to
approximately 0.2. The first adhesive layer may have a first
thickness and a second thickness, and the first thickness T1
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and the second thickness T2 substantially satisfy the follow-
ing equation: 10 nm=1T1-T2I=2 um.

[0137] Any reference in this specification to “one embodi-
ment,” “an embodiment,” “example embodiment,” etc.,
means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at
least one embodiment of the invention. The appearances of
such phrases in various places in the specification are not
necessarily all referring to the same embodiment. Further,
when a particular feature, structure, or characteristic is
described in connection with any embodiment, it is submitted
that it is within the purview of one skilled in the art to effect
such feature, structure, or characteristic in connection with
other ones of the embodiments.

[0138] Although embodiments have been described with
reference to a number of illustrative embodiments thereof, it
should be understood that numerous other modifications and
embodiments can be devised by those skilled in the art that
will fall within the spirit and scope of the principles of this
disclosure. More particularly, various variations and modifi-
cations are possible in the component parts and/or arrange-
ments of the subject combination arrangement within the
scope of the disclosure, the drawings and the appended
claims. In addition to variations and modifications in the
component parts and/or arrangements, alternative uses will
also be apparent 1o those skilled in the art.

What is claimed is:

1. An optical sheet comprising:

a reflective polarizing film;

a first adhesive layer on one surface of the reflective polar-
izing film; and

a first diffusion layer on the first adhesive layer, the first
diffusion layer including a first light transmitting mate-
rial and a plurality of first diffusion particles,

wherein a difference between a refractive index of the first
adhesive layer and a refractive index of the first light
transmitting material is less than or equal to approxi-
mately 0.2,
wherein the first adhesive layer includes a first surface

and a second surface wherein T1 represents a first
thickness between the first surface and the second
surface, T2 represents a second thickness between the
first surface and the second surface, and T1 and T2
substantially satisfy the following equation: 10
nm=[T1-T2I=2 pm.

2. The optical sheet of claim 1, further comprising:

asecond diffusion layer on another surface of the reflective
polarizing film.

3. The optical sheet of claim 2, further comprising:

a second adhesive layer between the reflective polarizing
film and the second diffusion layer, the second adhesive
layer including a third surface and a fourth surface,

wherein T3 represents a third thickness between the third
surface and the fourth surface, T4 represents a fourth
thickness between the third surface and the fourth sur-
face, and wherein T3 and T4 substantially satisfy the
following equation: 10 nm=IT3-T4I=2 um.

4. The optical sheet of claim 3, wherein an average thick-
ness of the second adhesive layer is approximately 1 pm to 10
pum.

5. The optical sheet of claim 2, wherein the first adhesive
layer or the second adhesive layer is formed of a material
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selected from the group consisting of an acrylic-based adhe-
sive, a rubber-based adhesive, a silicon-based adhesive, and a
combination thereof.

6. The optical sheet of claim 2, wherein the second diffu-
sion layer includes a second light transmitting material and a
plurality of second diffusion particles.

7. The optical sheet of claim 6, wherein a diameter of one
of the second diffusion particles is approximately 0.5 um to
10 ym.

8. The optical sheet of claim 6, wherein each of the diffu-
sion particles is a bead.

9. The optical sheet of claim 6, wherein each of the first
diffusion particles or the second diffusion particles is formed
of a material selected from the group consisting one of poly-
methylmethacrylate (PMMA), polystyrene, silicon, and a
combination thereof.

10. The optical sheet of claim 1, wherein an average thick-
ness of the first adhesive layer is approximately 1 pm to 10
pm.

11. The optical sheet of claim 1, wherein a diameter of one
of the first diffusion particles is approximately 0.5 um to 10
pm.
12. The optical sheet of claim 1, wherein the first diffusion
layer further includes a plurality of bubbles.

13. The optical sheet of claim 1, wherein a thickness of the
reflective polarizing film is approximately 100 um to 300 pm.

14. The optical sheet of claim 1, wherein the reflective
polarizing film includes a first layer and a second layer, and
wherein a refractive index of the first layer is different from a
refractive index of the second layer.

15. A backlight unit comprising:

a light source; and

an optical sheet to receive light from the light source, the

optical sheet including:

a reflective polarizing film,

a first adhesive layer on one surface of the reflective
polarizing film, and

a first diffusion layer on the first adhesive layer, the first
diffusion layer including a first light transmitting
material and a plurality of first diffusion particles,

wherein a difference between a refractive index of the
first adhesive layer and a refractive index of the first
light transmitting material is less than or equal to
approximately 0.2,

wherein the first adhesive layer includes a first surface
and a second surface, wherein T1 represents a first
thickness between the first surface and the second
surface, T2 represents a second thickness between the
first surface and the second surface, and T1 and T2
substantially satisfy the following equation: 10
am=[T1-T2I=2 um.

16. The backlight unit of claim 15, wherein the optical
sheet further includes:

a second diffusion layer on another surface of the reflective

polarizing film; and
a second adhesive layer between the reflective polarizing
film and the second diffusion layer, the second adhesive
layer including a third surface and a fourth surface,

wherein T3 represents a third thickness between the third
surface and the fourth surface, T4 represents a fourth
thickness between the third surface and the fourth sur-
face, and wherein T3 and T4 substantially satisfy the
following equation: 10 nm=|T3-T4/=2 pm.
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17. A liquid crystal display comprising:
a light source;
an optical sheet to receive light from the light source, the
optical sheet including:
a reflective polarizing film,
a first adhesive layer on one surface of the reflective
polarizing film, and
a first diffusion layer on the first adhesive layer, the first
diffusion layer including a first light transmitting
material and a plurality of first diffusion particles, and
a liquid crystal panel on the optical sheet,
wherein a difference between a refractive index of the first
adhesive layer and a refractive index of the first light
transmitting material is less than or equal to approxi-
mately 0.2,
wherein the first adhesive layer includes a first surface
and a second surface wherein T1 represents a first
thickness between the first surface and the second
surface, T2 represents a second thickness between the
first surface and the second surface, and T1 and T2
substantially satisfy the following equation: 10
nm=[T1-T2I=2 pm.
18. The liquid crystal display of claim 17, wherein the
optical sheet further includes:
asecond diffusion layer on another surface of the reflective
polarizing film; and
a second adhesive layer between the reflective polarizing
film and the second diffusion unit, the second adhesive
layer including a third surface and a fourth surface,
wherein T3 represents a third thickness between the
third surface and the fourth surface, T4 represents a
fourth thickness between the third surface and the
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fourth surface, and wherein T3 and T4 substantially
satisfy the following equation: 10 nm=|T3-T4|=2
pm.
19. An optical sheet comprising:
a reflective polarizing film;
a first adhesive layer on one surface of the reflective polar-
izing film; and
a first diffusion layer on the first adhesive layer, the first
diffusion layer including a first light transmitting mate-
rial and a plurality of bubbles,
wherein a difference between a refractive index of the first
adhesive layer and a refractive index of the first light
transmitting material is less than or equal to approxi-
mately 0.2,
wherein the first adhesive layer includes a first surface
and a second surface, wherein T1 represents a first
thickness between the first surface and the second
surface, T2 represents a second thickness between the
first surface and the second surface, and wherein T1
and T2 substantially satisfy the following equation:
10 nm=IT1-T2I=2 pm.
20. The optical sheet of claim 19, wherein further compris-

ing:

a second diffusion layer on another surface of the reflective
polarizing film; and

a second adhesive layer between the reflective polarizing
film and the second diffusion layer, the second adhesive
layer including a third surface and a fourth surface,

wherein T3 represents a third thickness between the third
surface and the fourth surface, T4 represents a fourth
thickness between the third surface and the fourth sur-
face, and wherein T3 and T4 substantially satisfy the
following equation: 10 nm=|T3-T4/=2 pm.
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