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(57) ABSTRACT

An optical sheet, a backlight unit including the optical sheet
and a liquid crystal display including the backlight unit are
disclosed. The optical sheet includes a reflective polarizing
film, and a first diffusing layer on the reflective polarizing
film. The first diffusing layer includes a plurality of first
diffusion particles. The first diffusion particles have a volume
distribution as a function of diameter. For a diameter D of a
first diffusion particle corresponding to a maximum value of
the volume distribution, a summation of volumes of a portion
of the first diffusion particles having diameters between D-2
um and D+2 pm is about 40% to 80% of a total volume of the
first diffusion particles.

18 Claims, 11 Drawing Sheets

200

° o —~— 222
a0 G o° o 0O s o © 1
a Do 07 o @ G o v o A 221 Yor
r . T }zzo
230
= 211
219, 1210




U.S. Patent Jun. 7, 2011 Sheet 1 of 11 US 7,956,954 B2

FIG. 1

100
O o > o —_C)
o)
0”000 09%°%0 °% % T 0% o0 120
°°°oo O OD o0 o o ° Gf_‘h-.-r122
o o0 o 0 o o © _“----121:

=——— 1. :111
= E———— 112 ’110

20

10~

Percentage of wvolume distribution

0.5 D2 D D42 10 Diameter ( um)



U.S. Patent Jun. 7, 2011 Sheet 2 of 11 US 7,956,954 B2

FI1G. 3

200
ro > v o——>0 222 ]
o DQDD @ 0 ODO o °°© i oﬂ 0° Da o 0:--5._..-221 F220
0,0 o o o0 ) s © o
0 O ¢ 0 5 o e} 0 J
e— X% | I
= —“%211
= 212 +210
—r
FIG. 4
300
I, - o 0 ol )
© ™ - 322
0% 0 0%%0 %% %0 o° % o ¥ 391 bagg
‘?QDOD“ 0000" °° . aﬂ 0" Dooof—\SSOJ
31 310
P W) G T o =~ 3407
00020 ° C 0% 00 % L° Tegq 9\:&_::5230
° 0g0° 00,0 g0 0 o ° o o351
-0 o & o o )




U.S. Patent Jun. 7, 2011 Sheet 3 of 11 US 7,956,954 B2

FIG. S




U.S. Patent Jun. 7, 2011 Sheet 4 of 11 US 7,956,954 B2

FIG. 6

} 430b
2 | 430n 1430
o] J4a0c



U.S. Patent Jun. 7, 2011 Sheet 5 of 11 US 7,956,954 B2

FIG. 7

470
N
43— §§§
431
432
10— \
450 — ; 3 3 3 LAY, V4
- /l /
j ) 162 464 |
VI 85 . VI

460



U.S. Patent Jun. 7, 2011 Sheet 6 of 11 US 7,956,954 B2

FIG. 8




0O
30b
}530

|

5
030a
} 530¢

US 7,956,954 B2
J

Sheet 7 of 11

FIG. 9

Jun. 7,2011

U.S. Patent



U.S. Patent Jun. 7, 2011 Sheet 8 of 11 US 7,956,954 B2

FI1G. 10

570

Vil




U.S. Patent Jun. 7, 2011 Sheet 9 of 11 US 7,956,954 B2

FIG. 11

600

~610




U.S. Patent Jun. 7, 2011 Sheet 10 of 11 US 7,956,954 B2

FIG. 12

600

720

2 |630a 630

~610




U.S. Patent Jun. 7, 2011 Sheet 11 of 11 US 7,956,954 B2

FIG. 13

710 670 720
f__\
712 714

@\\\\\\\\\\}M

N
L el e e e F e e
.

/4
Vil

o

T ‘\‘)\\\\\\\\\




US 7,956,954 B2

1

OPTICAL SHEET, BACKLIGHT UNIT, AND
LIQUID CRYSTAL DISPLAY

This application claims the benefit of Korean Patent Appli-
cation Nos. 10-2008-0049663 filed on May 28, 2008 and
Korean Patent Application Nos. 10-2008-0083867 filed on
Aug. 27, 2008 which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an optical sheet, a back-
light unit including the optical sheet, and a liquid crystal
display including the backlight unit, all for the use within a
display device such as a television, a computer, a personal
data assistant, a mobile telephone, a vehicle (e.g., automobile
or airplane) terminal such as a navigation unit or another
device.

2. Description of the Related Art

Recently, the types of displays capable of visually display-
ing information of various electrical signals has rapidly
grown. Various kinds of flat panel displays having excellent
characteristics such as thin profile, lightness in weight, and
low power consumption have been introduced. Accordingly,
cathode ray tubes (CRT) are being rapidly replaced by the flat
panel displays as the device of choice by the consumer and
industry.

The typical flat panel displays include, for example, a
liquid crystal display (LCD), a plasma display panel (PDP), a
field emission display (FED), and an electroluminescence
display (ELD). The conventional liquid crystal display is
actively used as display panels of notebook computers, moni-
tors of personal computers, televisions, and other monitors
because of ability to provide a high contrast ratio and excel-
lent display characteristics of a still and a moving picture.

The liquid crystal display includes a liquid crystal display
panel displaying an image and a backlight unit that is posi-
tioned under the liquid crystal display panel to provide the
liquid crystal display panel with light.

The backlight unit includes a light source and an optical
sheet. The optical sheet typically includes a diffusion sheet, a
prism sheet, or a protective sheet.

If the uniformity of a luminance of light provided by the
backlight unit to the liquid crystal display panel is reduced,
the display quality of the liquid crystal display is reduced. In
the related art, the conventional diffusion sheet allows the
light to be uniformly diffused over the entire surface of a
display area of the liquid crystal display panel so as to prevent
areduction in the luminance uniformity of thelight. However,
it is difficult to secure a high optical diffusion rate as well as
the luminance uniformity using only the conventional diffu-
sion sheet.

SUMMARY OF THE INVENTION

Exemplary embodiments of the invention provide an opti-
cal sheet, a backlight unit including the optical sheet, and a
liquid crystal display including the backlight unit capable of
improving the light diffusion efficiency.

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

In one aspect, there is an optical sheet comprising a reflec-
tive polarizing film, and a first diffusing layer on the reflective
polarizing film, the first diffusing layer including a plurality
of first diffusion particles, wherein when a diameter of the
first diffusion particles having a maximum value among vol-
umes of the first diffusion particles is D pum, a summation of
volumes of the first diffusion particles having diameters
between D-2 pum and D+2 um is 40% to 80% of a total volume
of the first diffusion particles.

In another aspect, there is a backlight unit comprising a
light source, and an optical sheet on the light source, the
optical sheet including a reflective polarizing film and a first
diffusing layer on the reflective polarizing film, the first dif-
fusing layer including a plurality of first diffusion particles,
wherein when a diameter of the first diffusion particles having
a maximum value among volumes of the first diffusion par-
ticles is D pm, a summation of volumes of the first diffusion
particles having diameters between D-2 pm and D+2 um is
40% to 80% of a total volume of the first diffusion particles.

In still another aspect, there is a liquid crystal display
comprising a light source, an optical sheet on the light source,
the optical sheet including a reflective polarizing film and a
first diffusing layer on the reflective polarizing film, the first
diffusing layer including a plurality of first diffusion par-
ticles, and a liquid crystal display panel on the optical sheet,
wherein when a diameter of the first diffusion particles having
a maximum value among volumes of the first diffusion par-
ticles is D pm, a summation of volumes of the first diffusion
particles having diameters between D=2 pm and D+2 pm is
40% to 80% of a total volume of the first diffusion particles.

In vet still another aspect, there is an optical sheet com-
prising a reflective polarizing film, and a first diffusing layer
on the reflective polarizing film, the first diffusing layer
including a plurality of first diffusion particles, wherein each
of the first diffusion particles has a diameter, and each of the
first diffusion particles having the diameter has a volume,
wherein when a diameter of the first diffusion particles having
a maximum value among the volumes of the first diffusion
particles is D pm, a summation of volumes of the first diffu-
sion particles having diameters between D-2 um and D+2 um
is 40% to 80% of a total volume of the first diffusion particles.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of embodiments of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute a part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:

FIG. 11s a cross-section view of an optical sheet according
to an exemplary embodiment of the invention;

FIG. 2 is a graph illustrating a relationship between a
diameter and a volume distribution of all of first diffusion
particles of a first diffusing layer;

FIG. 3 is a cross-sectional view of an optical sheet accord-
ing to another exemplary embodiment of the invention;

FIG. 4 is a cross-sectional view of an optical sheet accord-
ing to another exemplary embodiment of the invention;

FIGS. 5 to 7 show a backlight unit according to an exem-
plary embodiment of the invention;
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FIGS. 8 to 10 show a backlight unit according to another
exemplary embodiment of the invention; and

FIGS.11to 13 show a liquid crystal display according to an
exemplary embodiment of the invention

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to embodiments of
the invention examples of which are illustrated in the accom-
panying drawings.

In the first embodiment, there is an optical sheet compris-
ing a reflective polarizing film, and a first diffusing layer on
the reflective polarizing film, the first diffusing layer includ-
ing a plurality of first diffusion particles, wherein when a
diameter of the first diffusion particles having a maximum
value among volumes of the first diffusion particles is D pm,
asummation of volumes of the first diffusion particles having
diameters between D-2 pm and D+2 pm is 40% to 80% of the
first diffusion particles. That is, the first diffusing layer has a
predefined volume, with 40% to 80% of that volume com-
posed of diffusion particles having diameters between D-2
pm and D+2 pum. This measure is called a volume percent.

A minimum diameter of the first diffusion particles may be
0.5 um.

A maximum diameter of the first diffusion particles may be
10 pm.

D may be substantially 3 um to 6 um.

Each of the first diffusion particles may be one of a cavity
and a bead.

The first diffusion particles may be formed of a material
selected from the group consisting of polymethylmethacry-
late (PMMA), polystyrene, silicon, and a combination
thereof.

The optical sheet may further comprise a first adhesive
layer between the reflective polarizing film and the first dif-
fusing layer.

The optical sheet may further comprise a second diffusing
layer under the reflective polarizing film.

The optical sheet may further comprise a second adhesive
layer between the reflective polarizing film and the second
diffusing layer.

The second diffusing layer may include a plurality of sec-
ond diffusion particles.

The reflective polarizing film includes a first layer and a
second layer that are alternately stacked have different refrac-
tive indices.

In another embodiment, there is a backlight unit compris-
ing a light source, and an optical sheet on the light source, the
optical sheet including a reflective polarizing film and a first
diffusing layer on the reflective polarizing film, the first dif-
fusing layer including a plurality of first diffusion particles,
wherein when a diameter of the first diffusion particles having
a maximum value among volumes of the first diffusion par-
ticles is D um, a percentage of the volume of the first diffusing
layer having first diffusion particles with diameters between
D-2 um and D+2 pm is 40% to 80%.

In another embodiment, there is a liquid crystal display
comprising a light source, an optical sheet on the light source,
the optical sheet including a reflective polarizing film and a
first diffusing layer on the reflective polarizing film, the first
diffusing layer including a plurality of first diffusion par-
ticles, and a liquid crystal display panel on the optical sheet,
wherein when a diameter of the first diffusion particles having
a maximum value among volumes of the first diffusion par-
ticles is D um, a percentage of the volume of the first diffusing
layer having first diffusion particles with diameters between
D-2 um and D+2 um is 40% to 80%.
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In another embodiment, there is an optical sheet compris-
ing a reflective polarizing film, and a first diffusing layer on
the reflective polarizing film, the first diffusing layer includ-
ing a plurality of first diffusion particles, wherein each of the
first diffusion particles has a diameter, and each of the first
diffusion particles having the diameter has a volume, wherein
when a diameter of the first diffusion particles having a maxi-
mum value among the volumes of the first diffusion particles
is D um, a percentage of the volume of the first diffusing layer
having first diffusion particles with diameters between D-2
um and D+2 um is 40% to 80%.

Hereinafter, exemplary embodiments of the invention will
be described in detail with reference to the attached drawings.

FIG. 1 is a cross-section view of an optical sheet 100
according to an exemplary embodiment of the invention.

As shown in FIG. 1, the optical sheet 100 may include a
reflective polarizing film 110 and a first diffusing layer 120 on
the reflective polarizing film 110. The first diffusing layer 120
may include a plurality of first diffusion particles 122.

The reflective polarizing film 110 can transmit or reflect
light coming from a light source. The reflective polarizing
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.

The reflective polarizing film 110 may have a structure in
which the first layers 111 and the second layers 112 are
alternately stacked repeatedly. The first layer 111 may be
formed of polymethylmethacrylate (PMMA), and the second
layers 112 may be formed polyester.

In a smaller display device, the reflective polarizing film
110 may have a thickness of 100 um to 300 pm. In a larger
display device, the reflective polarizing film 110 may have a
thickness of 700 um to 800 pm.

A portion of the light coming from the light source is
transmitted by the reflective polarizing film 110, and another
portion of the light coming from the light source is reflected
toward the light source underlying the reflective polarizing
film 110. The light reflected toward the light source is again
reflected and is incident on the reflective polarizing film 110.
A portion of the light incident on the reflective polarizing film
110 is transmitted by the reflective polarizing film 110, and
another portion of the light incident on the reflective polariz-
ing film 110 is again reflected toward the light source under-
lying the reflective polarizing film 110.

In other words, because the reflective polarizing film 110
has the structure in which the polymer layers each having a
different refractive index are alternately stacked, the reflec-
tive polarizing film 110 can improve the 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 ori-
entation direction of the molecules and to reflect a polariza-
tion of the same direction as the orientation direction of the
molecules.

The first diffusing layer 120 can diffuse the light passing
through the reflective polarizing film 110 through the first
diffusion particles 122 inside the first diffusing layer 120.

The firstdiffusing layer 120 may include a resin 121 having
a predetermined adhesive property. The resin 121 may use
unsaturated polyester, methyl methacrylate, ethyl methacry-
late, isobutyl methacrylate, n-butyl methacrylate, n-butyl
methyl methacrylate, acrylic acid, methacrylic acid,
hydroxyethyl methacrylate, hydroxypropyl methacrylate,
hydroxyethyl acrylate, acrylamide, methylol acrylamide,
glycidyl methacrylate, ethyl acrylate, isobutyl acrylate, n-bu-
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tyl acrylate, acrylic-based material such as 2-ethylhexyl acry-
late polymer, 2-ethylhexyl acrylate copolymer or 2-ethyl-
hexyl acrylate terpolymer, urethane-based material, epoxy-
based material, melamine-based material, but is not limited
thereto.

Each of the first diffusion particles 122 inside the first
diffusing layer 120 may be a first bead. Each of the first
diffusion particles 122 may be formed of a material selected
from the group consisting of polymethylmethacrylate
(PMMA), polystyrene, silicon, and a combination thereof.

The first diffusing layer 120 may include 10 to 50 parts by
weight of the first diffusion particles 122 based on 100 parts
by weight of the resin 121. When the amount of the first
diffusion particles 122 based on 100 parts by weight of the
resin 121 is equal to or more than 10 parts by weight, the light
coming from the light source using the bead can be easily
diffused. When the amount of the first diffusion particles 122
based on 100 parts by weight of the resin 121 is equal to or less
than 50 parts by weight, a transmittance of the light coming
from the light source is not reduced.

Diameters of the first diffusion particles 122 distributed
inside the resin 121 may be non-uniform.

The first diffusion particles 122 may have a circle shape, an
oval shape, a fused oval/circle shape, and an uneven circle
shape, but are not limited thereto.

The first diffusion particles 122 may be non-uniformly
distributed inside the resin 121.

The diameters of the first diffusion particles 122 may be
substantially 0.5 um to 10 um. When the diameters of the first
diffusion particles 122 are small, an optical diffusion rate of
the optical sheet 100 can be improved by increasing a density
of the first diffusion particles 122 inside the first diffusing
layer 120. However, when the diameters of the first diffusion
particles 122 are very small, the interference of the light
coming from the external light source may occur. Therefore,
when the diameters of the first diffusion particles 122 are
equal to or larger than 0.5 pum, the optical diffusion rate of the
optical sheet 100 can be maximally improved to the extent
that the interference of the light does not occur.

When the diameters of the first diffusion particles 122 are
large, the first diffusing layer 120 has to be thickly formed so
as to secure the optical diffusion rate of the optical sheet 100,
and thus it is difficult to manufacture the thin profile optical
sheet 100. Therefore, when the diameters of the first diffusion
particles 122 are equal to or smaller than 10 pm, the thin
profile of the optical sheet 100 can be achieved to the extent
that the optical diffusion rate of the optical sheet 100 is not
reduced.

When a diameter of the first diffusion particles 122 having
adesired maximum valueis D pum, a percentage of the volume
of the first diffusing layer having first diffusion particles with
diameters between D-2 um and D+2 pm is 40% to 80%. This
measure is called a volume percentage.

A relationship between the diameter and the volume per-
centage of all the first diffusion particles 122 of the first
diffusing layer 120 is described with reference to the graph of
FIG. 2. Inthe graph of FIG. 2, the abscissa indicates diameters
of the first diffusion particles 122 in unit of um, and the
ordinate indicates a volume percentage of each diameter
based on the total volume of the first diffusion particles 122.
Again, volume percentage is the percentage of the volume of
the diffusing layer that comprises particles of a certain diam-
eter.

As shown in FIG. 2, for the diameter D of the first diffusion
particle corresponding to the maximum desired value among
volumes of the first diffusion particles 122, a percentage of
the volume of the first diffusing layer having first diffusion

20

25

40

45

55

60

65

6

particles with diameters between D=2 pm and D+2 pum is 40%
to 80%. A minimum diameter of the first diffusion particles
122 may be 0.5 pm, and a maximum diameter of the first
diffusion particles may be 10 um. D may be substantially 4
um to 6 um.

The volume percentage of the first diffusion particles 122
having the diameter of D pm may be about 30%. The volume
percentage of the first diffusion particles 122 having the
diameter of D=2 um may be about 10%. The amount of the
first diffusion particles 122 having the diameter of D+2 pm
may be about 10%.

For example, for a diameter 5 pmofa first diffusion particle
(i.e., D=5),a volume percentage of the first diffusion particles
122 having diameters between 3 um and 7 pm may be about
40% to 80% of 100%. Or, for a diameter 3 um of a first
diffusion particle (i.e., D=3), a volume percentage of the first
diffusion particles 122 having diameters between 1 pm and 5
wm may be about 40% to 80% of 100%.

The following Table 1 indicates the effect of the distribu-
tion of diameters on diffusion and luminance of the optical
sheet 100. In Table 1, first diffusion particles 122 have diam-
eters between 3 um and 7 um when D is 5 um. The symbols X,
O, and [ indicate bad, good, and excellent states of the
characteristics, respectively.

TABLE 1

Volume percentage of first diffusion
particles having diameters between 3 pm

and 7 pum (%) Diffusion effect Luminance

5]
=3
I

@O O000OM™M™
“OOOOee e

As indicated in the above Table 1, when the accumulation
is about 40% to 80% of the total volume of the first diffusion
particles 122, both of the diffusion effect and the luminance
are either good or excellent. This is because the diffusion
effect of the light incident on the optical sheet 100 can be
improved when the accumulation is equal to or larger than
40%. Also, a reduction in the luminance can be prevented
when the accumulation is equal to or smaller than 80%.

Thus, when a volume percentage of the first diffusion par-
ticles 122 have diameters between D-2 um and D+2 um is
about 40% to 80%, the overall diffusion effect of the light
coming from the light source can be improved.

A backlight unit including the optical sheet according to
the exemplary embodiment of the invention is operated as
follows.

Light produced by a light source is incident on the optical
sheet. A portion of the light incident on the optical sheet
collides with the first diffusion particles of the first diffusing
layer, and a traveling path of the light changes. Another por-
tion of the light incident on the optical sheet passes through an
emitting surface of the first diffusing layer to travel toward a
liquid crystal display panel.

The light colliding with the first diffusion particles collides
with other first diffusion particles adjacent to the first diffu-
sion particles, and a traveling path of the light changes repeat-
edly, with some portions of the light passing through an
emitting surface of the first diffusing layer and toward the
liquid crystal display panel.
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After many collisions on many paths, the light passing
through the emitting surface of the first diffusing layer is
uniformly incident on the liquid crystal display panel.

As described above, because the light incident on the opti-
cal sheet is reflected by the first diffusion particles inside the
first diffusing layer several times, the light is diffused while a
traveling path of the light changes. Hence, the luminance
uniformity can be improved.

FIG. 3 is a cross-sectional view of an optical sheet 200
according to another exemplary embodiment of the invention.

As shown in FIG. 3, the optical sheet 200 may include a
reflective polarizing film 210 and a first diffusing layer 220 on
the reflective polarizing film 210. The first diffusing layer 220
may include a plurality of first diffusion particles 222.

The optical sheet 200 may further include a first adhesive
layer 230 between the reflective polarizing film 210 and the
first diffusing layer 220.

The first diffusing layer 220 may be formed on the reflec-
tive polarizing film 210 by mixing the resin 221 with the first
diffusion particles 222 and applying or coating the mixture on
the reflective polarizing film 210.

Otherwise, the first diffusing layer 220 may be formed on
the reflective polarizing film 210 by forming theresin 221 and
the first diffusion particles 222 in a film form using an extru-
sion molding method or an injection molding method and
then attaching it on the reflective polarizing film 210 using an
adhesive. In other words, the first adhesive layer 230 may be
coated on the reflective polarizing film 210 to form the first
diffusing layer 220.

A thickness of the first adhesive layer 230 may be substan-
tially 1 um to 10 um in consideration of a light transmittance
and adhesive properties, but is not limited thereto.

The reflective polarizing film 210 can transmit or reflect
light coming from a light source. The reflective polarizing
film 210 may include a first layer 211 formed of a polymer
and a second layer 212 positioned adjacent to the first layer
211. The second layer 212 may be formed of a polymer
having a refractive index different from a refractive index of
the polymer forming the first layer 211. Because the reflective
polarizing film 210 was described above with reference to
FIG. 1, a description thereof is briefly made or is omitted.

The first diffusing layer 220 can diffuse the light passing
through the reflective polarizing film 110 through the first
diffusion particles 222 inside the first diffusing layer 220.

The first diffusing layer 220 may include a resin 221 having
a predetermined adhesive property.

Each of the first diffusion particles 222 inside the first
diffusing layer 220 may be a first bead. Each of the first
diffusion particles 222 may be formed of a material selected
from the group consisting of polymethylmethacrylate
(PMMA), polystyrene, silicon, and a combination thereof.

The first diffusing layer 220 may include 10 to 50 parts by
weight of the first diffusion particles 222 based on 100 parts
by weight of the resin 221. When the amount of the first
diffusion particles 222 based on 100 parts by weight of the
resin 221 is equal to or more than 10 parts by weight, the light
coming from the light source using the bead can be easily
diffused. When the amount of the first diffusion particles 222
based on 100 parts by weight of the resin 221 is equal to or less
than 50 parts by weight, a transmittance of the light coming
from the light source is not reduced.

The diameters of the first diffusion particles 222 may be
substantially 0.5 um to 10 um. When the diameters of the first
diffusion particles 222 are small, an optical diffusion rate of
the optical sheet 200 can be improved by increasing a density
of the first diffusion particles 222 inside the first diffusing
layer 220. However, when the diameters of the first diffusion
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particles 222 are very small, the interference of the light
coming from the external light source may occur. Therefore,
when the diameters of the first diffusion particles 222 are
equal to or larger than 0.5 pm, the optical diffusion rate of the
optical sheet 200 can be maximally improved to the extent
that the interference of the light does not occur.

When the diameters of the first diffusion particles 222 are
large, the first diffusing layer 220 has to be thickly formed so
as to secure the optical diffusion rate of the optical sheet 200,
and thus it is difficult to manufacture the thin profile optical
sheet 200. Therefore, when the diameters of the first diffusion
particles 222 are equal to or smaller than 10 um, the thin
profile of the optical sheet 200 can be achieved to the extent
that the optical diffusion rate of the optical sheet 200 is not
reduced.

The first diffusion particles 222 may have a distribution as
a function of diameter. For a diameter D of a first diffusion
particle, volume percentage of the first diffusion particles 222
having diameters between D-2 um and D+2 pm may be about
40% to 80%.

As described above, because the light incident on the opti-
cal sheet is reflected by the first diffusion particles inside the
first diffusing layer several times, the light is diffused while a
traveling path of the light changes. Hence, the luminance
uniformity can be improved.

FIG. 4 is a cross-sectional view of an optical sheet 300
according to another exemplary embodiment of the invention.

As shown in FIG. 4, the optical sheet 300 may include a
reflective polarizing film 310, a first adhesive layer 330 on the
reflective polarizing film 310, and a first diffusing layer 320
on the first adhesive layer 330. The first diffusing layer 320
may include a plurality of first diffusion particles 322.

The optical sheet 300 may further include a second adhe-
sive layer 340 under the reflective polarizing film 310 and a
second diffusing layer 350 on the second adhesive layer 340.

Because a configuration of the reflective polarizing film
310, the first adhesive layer 330, and the first adhesive layer
330 were described above, a description thereof is omitted.

The second adhesive layer 340 used to attach the reflective
polarizing film 310 to the second diffusing layer 350 may be
the same as the first adhesive layer 330.

The second diffusing layer 350 may be the same as the first
diffusing layer 320. The second diffusing layer 350 can dif-
fuse the light coming from an external light source through a
plurality of second diffusion particles 352 inside the second
diffusing layer 350.

The second diffusing layer 350 may include a resin 351
having a predetermined adhesive property. The resin 351 may
use unsaturated polyester, methyl methacrylate, ethyl meth-
acrylate, isobutyl methacrylate, n-butyl methacrylate, n-butyl
methyl methacrylate, acrylic acid, methacrylic acid,
hydroxyethyl methacrylate, hydroxypropyl methacrylate,
hydroxyethyl acrylate, acrylamide, methylol acrylamide,
glycidyl methacrylate, ethyl acrylate, isobutyl acrylate, n-bu-
tyl acrylate, acrylic-based material such as 2-ethylhexyl acry-
late polymer, 2-ethylhexyl acrylate copolymer or 2-ethyl-
hexyl acrylate terpolymer, urethane-based material, epoxy-
based material, melamine-based material, but is not limited
thereto.

Each of the second diffusion particles 352 inside the sec-
ond diffusing layer 350 may be a bead. Each of the second
diffusion particles 352 may be formed of a material selected
from the group consisting of polymethylmethacrylate
(PMMA), polystyrene, silicon, and a combination thereof.

The second diffusing layer 350 may include 10 to 50 parts
by weight of the second diffusion particles 352 based on 100
parts by weight of the resin 351. When the amount of the
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second diffusion particles 352 based on 100 parts by weight
oftheresin 351 is equal to or more than 10 parts by weight, the
light coming from the light source using the bead can be
easily diffused. When the amount of the second diffusion
particles 352 based on 100 parts by weight of the resin 351 is
equal to or less than 50 parts by weight, a transmittance of the
light coming from the light source is not reduced.

Diameters of the second diffusion particles 352 distributed
inside the resin 351 may be non-uniform.

The second diffusion particles 352 may have a circle shape,
an oval shape, a fused oval/circle shape, and an uneven circle
shape, but are not limited thereto.

The second diffusion particles 352 may be non-uniformly
distributed inside the resin 351.

The diameters of the second diffusion particles 352 may be
substantially 0.5 pm to 10 pm. When the diameters of the
second diffusion particles 352 are small, an optical diffusion
rate of the optical sheet 300 can be improved by increasing a
density of the second diffusion particles 352 inside the second
diffusing layer 350. However, when the diameters of the
second diffusion particles 352 are very small, the interference
of the light coming from the external light source may occur.
Therefore, when the diameters of the second diffusion par-
ticles 352 are equal to or larger than 0.5 pm, the optical
diffusion rate of the optical sheet 300 can be maximally
improved to the extent that the interference of the light does
not occur.

When the diameters of the second diffusion particles 352
are large, the second diffusing layer 320 has to be thickly
formed so as to secure the optical diffusion rate of the optical
sheet 300, and thus it is difficult to manufacture the thin
profile optical sheet 300. Therefore, when the diameters ofthe
second diffusion particles 352 are equal to or smaller than 10
pm, the thin profile of the optical sheet 300 can be achieved to
the extent that the optical diffusion rate of the optical sheet
300 is not reduced.

As with the first diffusion particles 322, the second diffu-
sion particles 352 may have a distribution as a function of
diameter. For a diameter D of a second diffusion particle, a
percentage of the volume of the second diffusing layer having
second diffusion particles with diameters between D-2 um
and D+2 um is 40% to 80%.

When the volume percentage of the second diffusion par-
ticles 352 having diameters between D-2 pm and D+2 um is
equal to or larger than 40%, the diffusion effect of the light
incident on the optical sheet 300 can be improved.

When the volume percentage of the second diffusion par-
ticles 352 having diameters between D-2 pm and D+2 pum is
equal to or smaller than 80%, areduction in the luminance can
be prevented.

Accordingly, when the volume percentage of the second
diffusion particles 352 having the diameters between D-2 pm
and D+2 pm is about 40% to 80%, the diffusion effect of the
light coming from the light source can be improved.

FIGS. 5 to 7 are exploded perspective views and a cross-
sectional view illustrating a configuration of a backlight unit
400 including an optical sheet according to the exemplary
embodiments of the invention.

FIGS. 5 to 7 show an edge type backlight unit. However, in
other embodiments, other types of backlight units may be
used. Since a configuration of an optical sheet shown in FIGS.
5to 7 is substantially the same as the optical sheet according
to the exemplary embodiments of the invention, and a
description thereabout is briefly made or is entirely omitted.
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As shown in FIGS. 5 to 7, the backlight unit 400 may be
included in a liquid crystal display and can provide light to a
liquid crystal display panel included in the liquid crystal
display.

The backlight unit 400 may include a light source 420 and
an optical sheet 430. The backlight unit 400 may further
include a light guide plate 440, a reflector 450, a bottom cover
460, and a mold frame 470.

The light source 420 can produce light using a drive power
received from the outside and emit the produced light.

At least one light source 420 may be positioned at one side
of the light guide plate 440 along a long axis direction of the
light guide plate 440. At least one light source 420 may be
positioned at each of both sides of the light guide plate 440.
Light coming from the light source 420 may be directly
incident on the light guide plate 440. Or, the light coming
from the light source 420 may be reflected from a light source
housing 422 surrounding a portion of the light source 420, for
example, about ¥4 of an outer circumferential surface of the
light source 420, and then may be incident on the light guide
plate 440.

The light source 420 may be one of a cold cathode fluo-
rescent lamp (CCFL), a hot cathode fluorescent lamp
(HCFL), an external electrode fluorescent lamp (EEFL), and
a light emitting diode (LED), but is not limited thereto.

The optical sheet 430 may be positioned on the light guide
plate 440.

As shown in FIG. 5, the optical sheet 430 may include a
reflective polarizing film 4304, and a first diffusing layer 4305
on the reflective polarizing film 430a. The first diffusing layer
4305 may include a plurality of first diffusion particles. The
first diffusion particles may have a volume distribution as a
fanction of diameter. For a diameter D of a first diffusion
particle corresponding to a maximum value of the volume
distribution, a summation of volumes of a portion of the first
diffusion particles having diameters between D-2 pm and
D+2 um may be about 40% to 80% of a total volume of the
first diffusion particles.

As shown in FIG. 6, the optical sheet 430 may further
include a second diffusing layer 430c¢, including a plurality of
second diffusion particles, under the reflective polarizing film
430a. The second diffusion particles may have a volume
distribution as a function of diameter For a diameter D of a
second diffusion particle corresponding to a maximum value
of the volume distribution, a percentage of the volume of the
second diffusing layer having second diffusion particles with
diameters between D-2 pm and D+2 pm is 40% to 80%.

In the optical sheet 430, the reflective polarizing film 430a
can improve the efficiency of the light, and the first and
second diffusing layers 4305 and 430c¢ can improve the dif-
fusion effect of the light. Hence, the luminance uniformity of
the light can be improved. As a result, the display quality of
the backlight unit 400 can be improved.

At least one of a prism sheet 431 and a diffusion sheet 432
may be positioned between the light guide plate 440 and the
optical sheet 430. The prism sheet 431 or the diffusion sheet
432 may be positioned on the optical sheet 430, and locations
of the prism sheet 431 and the diffusion sheet 432 are not
limited thereto.

The light guide plate 440 may face the light source 420.
The light guide plate 440 can guide the light so as to emit
upward the light coming from the light source 420.

The reflector 450 may be positioned under the light guide
plate 440. The reflector 450 can reflect upward the light,
which comes from the light source 420 and then is emitted
downward via the light guide plate 440.
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The bottom cover 460 may include a bottom portion 462
and a side portion 464 extending from the bottom portion 462
to form a recipient space. The recipient space may accommo-
date the light source 420, the optical sheet 430, the light guide
plate 440, and the reflector 450.

The mold frame 470 may be approximately a rectangular-
shaped frame. The mold frame 470 may be fastened to the
bottom cover 460 from an upper side of the bottom cover 460
in a top-down manner.

FIGS. 8 to 10 are exploded perspectives view and a cross-
sectional view illustrating a configuration of a backlight unit
500 according to an exemplary embodiment of the invention.

FIGS. 8 to 10 show a direct type backlight unit, but other
types of backlight units are possible. Since the backlight unit
shown in FIGS. 8 to 10 is substantially the same as the
backlight unit shown in FIGS. 5 to 7 except a location of a
light source and changes in components depending on the
location of the light source, the description thereabout is
briefly made or entirely omitted.

As shown in FIGS. 8 to 10, the backlight unit 500 may be
included in a liquid crystal display and can provide light to a
liquid crystal display panel included in the liquid crystal
display.

The backlight unit 500 may include a light source 520 and
an optical sheet 530. The backlight unit 500 may further
include a reflector 550, a bottom cover 560, a mold frame 570,
and a diffusion plate 580.

At least one light source 520 may be positioned under the
diffusion plate 580. Therefore, light coming from the light
source 520 can be directly incident on the diffusion plate 580.

The optical sheet 530 may be positioned on the diffusion
plate 580. The optical sheet 530 can focus the light coming
from the light source 520.

As shown in FIG. 8, the optical sheet 530 may include a
reflective polarizing film 530a, and a first diffusing layer 5305
on the reflective polarizing film 530a. The first diffusing layer
5306 may include a plurality of first diffusion particles. The
first diffusion particles may have a volume distribution as a
function of diameter. For a diameter D of a first diffusion
particle corresponding to a maximum value of the volume
distribution, a percentage of the volume of the first diffusing
layer having first diffusion particles with diameters between
D-2 um and D+2 um is 40% to 80%.

As shown in FIG. 9, the optical sheet 530 may further
include a second diffusing layer 530¢, including a plurality of
second diffusion particles, under the reflective polarizing film
530a. The second diffusion particles may have a volume
distribution as a function of diameter. For a diameter D of a
second diffusion particle corresponding to a maximum value
of the volume distribution, a percentage of the volume of the
second diffusing layer having second diffusion particles with
diameters between D-2 pm and D+2 pm is 40% to 80%.

With the above described features, the optical sheet 530
can improve the luminance uniformity of the light. As a result,
the display quality of the backlight unit 500 can be improved.

Atleast one of a prism sheet 531 and a diffusion sheet 532
may be positioned between the diffusion plate 580 and the
optical sheet 530. The prism sheet 531 or the diffusion sheet
532 may be positioned on the optical sheet 530, and locations
of the prism sheet 531 and the diffusion sheet 532 are not
limited thereto.

The diffusion plate 580 may be positioned between the
light source 520 and the optical sheet 530 and can diffuse
upward the light coming from the light source 520. The light
source 520 cannot be seen from the top of the backlight unit

10

15

20

25

30

35

40

45

50

55

60

65

12

500 because of the diffusion plate 580 on the light source 520,
and the diffusion plate 580 can further diffuse the light com-
ing from the light source 520.

FIGS. 11 to 13 are exploded perspective views and a cross-
sectional view illustrating a configuration of a liquid crystal
display 600 according to an exemplary embodiment of the
invention. The liquid crystal display 600 shown in FIGS. 11 to
13 includes the backlight unit shown in FIGS.5to 7, but isnot
limited thereto. For example, the liquid crystal display 600
may include the backlight unit shown in FIGS. 8 to 10. Since
a backlight unit shown in FIGS. 11 to 13 is described above
with reference to FIGS. 5 to 7, the description thereabout is
briefly made or entirely omitted.

As shown in FIGS. 11 to 13, the liquid crystal display 600
can display an image using electro-optical characteristics of
liquid crystals.

The liquid crystal display 600 may include a backlight unit
610 and a liquid crystal display panel 710.

The backlight unit 610 may be positioned under the liquid
crystal display panel 710 and can provide the liquid crystal
display panel 710 with light.

The backlight unit 610 may include a light source 620 and
an optical sheet 630.

The optical sheet 630 may include a reflective polarizing
film 630a, and a first diffusing layer 6305 on the reflective
polarizing film 630a. The first diffusing layer 6305 may
include a plurality of first diffusion particles. The first diffu-
sion particles may have a volume distribution as a function of
diameter. For a diameter D of a first diffusion particle, a
percentage of the volume of the first diffusing layer having
first diffusion particles with diameters between D-2 pm and
D+2 um is 40% to 80%.

As shown in FIG. 12, the optical sheet 630 may further
include a second diffusing layer 430c¢, including a plurality of
second diffusion particles, under the reflective polarizing film
630a. The second diffusion particles may have a volume
distribution as a function of diameter. For a diameter D of a
second diffusion particle, a percentage of the volume of the
second diffusing layer having second diffusion particles with
diameters between D-2 pm and D+2 pm is 40% to 80%.

In the optical sheet 630, the reflective polarizing film 630a
can improve the efficiency of the light, and the first and
second diffusing layers 6305 and 630c¢ can improve the dif-
fusion effect of the light. Hence, the luminance uniformity of
the light can be improved. As a result, the display quality of
the backlight unit 610 can be improved.

The backlight unit 610 may further include a light guide
plate 640, a reflector 650, a bottom cover 660, and a mold
frame 670.

At least one of a prism sheet 631 and a diffusion sheet 632
may be positioned between the light guide plate 640 and the
optical sheet 630. The prism sheet 631 or the diffusion sheet
632 may be positioned on the optical sheet 630, and locations
of the prism sheet 631 and the diffusion sheet 632 are not
limited thereto.

The liquid crystal display panel 710 may be positioned on
the mold frame 670. The liquid crystal display panel 710 may
be fixed by a top cover 720 that is fastened to the bottom cover
660 in a top-down manner.

The liquid crystal display panel 710 can display an image
using light provided by the light source 620 of the backlight
unit 610.

The liquid crystal display panel 710 may include a color
filter substrate 712 and a thin film transistor substrate 714 that
are opposite to each other with liquid crystals interposed
between the color filter substrate 712 and the thin film tran-
sistor substrate 714.
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The color filter substrate 712 can achieve colors of an
image displaved on the liquid crystal display panel 710.

The color filter substrate 712 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 712 may include red, green, and blue color filters.
Anupper polarizing plate may be positioned on the color filter
substrate 712.

The thin film transistor substrate 714 is electrically con-
nected to a printed circuit board 618, on which a plurality of
circuit parts are mounted, through a drive film 616. The thin
film transistor substrate 714 can apply a drive voltage pro-
vided by the printed circuit board 618 to the liquid crystals in
response to a drive signal provided by the printed circuit
board 618.

The thin film transistor substrate 714 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 tran-
sistor substrate 714.

As described above, the ratio of certain size particles in the
diffusing layer of the optical sheet, the backlight unit includ-
ing the optical sheet, and the liquid crystal display including
the backlight unit, according to the exemplary embodiments
of the invention can be controlled to diffuse the light and
improve the uniform luminance.

Further, the optical sheet, the backlight unit including the
optical sheet, and the liquid crystal display including the
backlight unit according to the exemplary embodiments of
the invention can further improve the uniform luminance of
the optical sheet by further including the second diffusing
layer under the reflective polarizing film.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the embodiments
of the invention without departing from the spirit or scope of
the invention. Thus, it is intended that embodiments of the
invention cover the modifications and variations of this inven-
tion provided they come within the scope of the appended
claims and their equivalents.

What is claimed is:

1. An optical sheet, comprising:

a reflective polarizing film;

a first diffusing layer on the reflective polarizing film, the
first diffusing layer including a resin and a plurality of
first diffusion particles; and

a first adhesive layer between the reflective polarizing film
and the first diffusing layer,

wherein, for a diameter D of the first diffusion particles
corresponding to a maximum volume, a first percentage
of a volume of the first diffusing layer having first dif-
fusion particles with diameters between D-2 pm and
D+2 um is 40% to 80%,

wherein the first diffusing layer includes substantially 10to
50 parts by weight of the diffusion particle based on 100
parts by weight of the resin,

wherein a thickness of the first adhesive layer is substan-
tially 1 pm to 10 pm, and

wherein D is substantially 3 pm to 6 pm.

2. The optical sheet of claim 1, wherein a minimum diam-

eter of the first diffusion particles is 0.5 um.

3. The optical sheet of claim 1, wherein a maximum diam-

eter of the first diffusion particles is 10 pm.

4. The optical sheet of claim 1, wherein each of the first

diffusion particles is one of a cavity and a bead.

5. The optical sheet of claim 1, wherein the first diffusion

particles are formed of a material selected from the group
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consisting of polymethylmethacrylate (PMMA), polysty-
rene, silicon, and a combination thereof.
6. The optical sheet of claim 1, further comprising a second
diffusing layer under the reflective polarizing film.
7. The optical sheet of claim 6, further comprising a second
adhesive layer between the reflective polarizing film and the
second diffusing layer.
8. The optical sheet of claim 6, wherein a second percent-
age of a volume of the second diffusing layer having second
diffusion particles with diameters between D-2 um and D+2
um is within a predetermined range.
9. The optical sheet of claim 8, wherein the second per-
centage is 40% to 80%.
10. The optical sheet of claim 1, wherein the reflective
polarizing film includes a first layer and a second layer that
are alternately stacked and have different refractive indices.
11. A backlight unit, comprising:
a light source; and
an optical sheet on the light source, the optical sheet includ-
ing
a reflective polarizing film,
afirstdiffusing layer on the reflective polarizing film, the
first diffusing layer including a resin and a plurality of
first diffusion particles, and
a first adhesive layer between the reflective polarizing
film and the first diffusing layer,
wherein, for a diameter D of the first diffusion particles
corresponding to a maximum volume, a first percentage
of a volume of the first diffusing layer having first dif-
fusion particles with diameters between D-2 pm and
D+2 um is within 40% to 80%,

wherein the first diffusing layer includes substantially 10to
50 parts by weight of the diffusion particle based on 100
parts by weight of the resin,

wherein a thickness of the first adhesive layer is substan-

tially 1 pm to 10 pm, and
wherein D is substantially 3 pm to 6 pm.
12. The backlight unit of claim 11, further comprising a
second diffusing layer under the reflective polarizing film.
13. The backlight unit of claim 12, wherein a second per-
centage of a volume of the second diffusing layer having
second diffusion particles with diameters between D-2 pm
and D+2 um is within a predetermined range.
14. The backlight unit of claim 13, wherein the second
percentage is 40% to 80%.
15. A liquid crystal display, comprising;
a light source;
an optical sheet on the light source, the optical sheet includ-
ing
a reflective polarizing film,
afirst diffusing layer on the reflective polarizing film, the
first diffusing layer including a resin and a plurality of
first diffusion particles, and
a first adhesive layer between the reflective polarizing
film and the first diffusing layer; and
a liquid crystal display panel on the optical sheet,
wherein, for a diameter D of the first diffusion particles
corresponding to a maximum volume, a first percentage
of a volume of the first diffusing layer having first dif-
fusion particles with diameters between D-2 pm and
D+2 um is within 40% to 80%,

wherein the first diffusing layer includes substantially 10to
50 parts by weight of the diffusion particle based on 100
parts by weight of the resin,

wherein a thickness of the first adhesive layer is substan-

tially 1 pm to 10 pm, and

wherein D is substantially 3 pm to 6 pm.
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16. The liquid crystal display of claim 15, further compris- second diffusion particles with diameters between D=2 um
ing a second diffusing layer under the reflective polarizing ~ and D+2 um is within a predetermined range.

film. 18. The liquid crystal display of claim 17, wherein the
17. The liquid crystal display of claim 16, wherein a second second percentage is 40% to 80%.
percentage of a volume of the second diffusing layer having ¥ % % % %
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