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DISPLAY DEVICE AND BACKLIGHT UNIT
INCLUDED THEREIN

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

This is a reissue application of U.S. Pat. No. 10,444,424,
which was filed as U.S. patent application Ser. No. 15/8735,
691 on Jan. 19, 2018 and issued on Oct. 15, 2019, the
disclosure of which is heveby incorporated by veference in its
entirety.

CROSS-REFERENCE TO RELATED
APPLICATION

The present application 1s a continuation of U.S. patent
application Ser. No. 15/083,876 filed Mar. 29, 2016, which
1s a continuation of U.S. patent application Ser. No. 14/736,
686 filed Jun. 11, 2015 and 1ssued as U.S. Pat. No. 9,513,
427, which claims the benefit of prionity under 35 U.S.C. §
119(b) of Korean Patent Application No. 10-2015-0007377,
filed on Jan. 15, 2015 in the Korean Intellectual Property
Oflice, and WhJCh claims the benefit of priority under 35
US.C. § 119(6) of U.S. Provisional Application No. 62/089,
469, filed 1n the U.S. Patent and Trademark Office on Jan.
15, 2015, the disclosures of all these applications are incor-
porated herein by reference 1n their entireties.

BACKGROUND

1. Field
Exemplary embodiments relate to a display device, and

more particularly, to a display device including an edge type
backlight unait.

2. Description of the Related Art

A display device 1s a device which includes a display
panel to display an 1mage of a broadcast signal or various
formats of 1mage data.

The display panel may be an emissive display panel
which emits light by 1tself and a non-emissive display panel
which does not emit the light by 1tself. The emissive display
panel includes a cathode ray tube (CRT) panel, an electrolu-
minescence (EL) panel, an organic light emitting diode
(OLED) panel, a vacuum fluorescence display (VFD) panel,
a field emission display (FED) panel, a plasma display panel
(PDP), etc., and the non-emissive display panel includes a
liquid crystal display (LCD) panel, etc.

The liquid crystal display panel includes a backlight unait
emitting a white light and a display panel transmitting or
blocking the light emitted from the backlight unat.

In particular, 1t 1s important for the liquid crystal display
panel to have uniform brightness and uniform color tone on
an entire surface. In order to achieve the above, the backlight
unit should 1rradiate light having a uniform brightness and a
uniform color tone on an entire surface.

Due to a structural difference between an edge portion and
a central portion of the backlight unit, however, the bright-
ness and color tone of the light irradiated from the edge
portion differ from the brightness and color tone of the light
irradiated from the central portion.

SUMMARY

It 1s an aspect of the exemplary embodiments to provide
a display device and a backlight umit which minimize a
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2

difference between brightness of light irradiated from an
edge portion and brightness of light irradiated from a central
portion and a difference between a color tone of the light
irradiated from the edge portion and a color tone of the light
irradiated from the central portion.

A display device according to an exemplary embodiment
includes a display panel, a backlight unit outputting light to
the display panel, and an optical member configured to
refract or retlect the light output from the backlight unit and
provide the display panel with the refracted or reflected
light, and the backlight unit includes a light source emitting
the light, a light guide plate configured to scatter the light
emitted from the light source and irradiate the scattered light
to a front surface of the backlight unit, a reflective sheet
configured to reflect the light, which 1s 1rradiated to a rear
surface of the light guide plate, to the light guide plate, a
quantum dot sheet configured to convert the light, which 1s
irradiated to the front surface of the light guide plate, into a
white light, and a light-converting material provided on an
edge portion of the reflective sheet for converting the light
at the edge portion of the retlective sheet into the white light.

According to an exemplary embodiment, the light-con-
verting material may include a fluorescent material.

According to an exemplary embodiment, the light-con-
verting material may be applied to the retlective sheet.

According to an exemplary embodiment, the light-con-
verting material may be applied to the reflective sheet 1n an
arca defined by a width extending from a first end of the
reflective sheet to a central portion of the reflective sheet.

According to an exemplary embodiment, an area of the
applied light-converting material may be decreased as a
distance from the first end of the reflective sheet to the
central portion of the reflective sheet 1s increased

According to an exemplary embodiment, a concentration
of the light-converting material may be decreased as a
distance from the first end of the reflective sheet to the
central portion of the reflective sheet 1s increased.

According to an exemplary embodiment, the light-con-
verting material may be applied 1n a circular pattern to the
reflective sheet.

According to an exemplary embodiment, the light-con-
verting material may be applied 1n a polygonal pattern to the
reflective sheet.

According to an exemplary embodiment, the light-con-
verting material may be applied 1 a stripe pattern to the
reflective sheet.

According to an exemplary embodiment, the light-con-
verting material may be applied to the light guide plate.

According to an exemplary embodiment, the light-con-
verting material may be applied to the quantum dot sheet.

According to an exemplary embodiment, the backlight
umit may further include an optical sheet including the
light-converting material on an edge portion thereof.

According to an exemplary embodiment, the optical sheet
may be provided between the retlective sheet and the light
guide plate.

According to an exemplary embodiment, the optical sheet
may be provided between the light guide plate and the
quantum dot sheet.

According to an exemplary embodiment, the optical sheet
may be provided between the optical member and the
quantum dot sheet.

A backlight unit according to an exemplary embodiment
includes a light source emitting light, a light guide plate
scattering the light emitted from the light source and 1rra-
diating the scattered light to a front surface of the backlight
unit, a retlective sheet reflecting the light, which 1s irradiated
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to a rear surface of the light guide plate, to the light guide
plate, a quantum dot sheet converting the light, which 1s
irradiated to the front surface of the light guide plate, into a
white light, and a light-converting material provided on an
edge portion of thereot for converting the light into the white
light at the edge portion of thereof.
According to an exemplary embodiment, the light-con-
verting material may include a fluorescent matenal.
According to an exemplary embodiment, the light-con-
verting material may be applied to the retlective sheet.
According to an exemplary embodiment, the light-con-
verting material may be applied to the reflective sheet 1n an
area defined by a width extending from a first end of the
reflective sheet to a central portion of the reflective sheet.
According to an exemplary embodiment, an area of the
applied light-converting material may be decreased as a
distance from the first end of the reflective sheet to the
central portion of the reflective sheet 1s increased.
According to an exemplary embodiment, a concentration
of the light-converting material may be decreased as a
distance from the first end of the reflective sheet to the

central portion of the reflective sheet 1s increased.

A backlight unit according to an exemplary embodiment
includes a light source to emit light, a light guide plate to
scatter the light, a reflective sheet provided on the light guide
plate to reflect the light; and a quantum dot sheet to output
the light as a white light, where a light-converting material
1s provided on the backlight umit to convert the light at an
edge portion of the backlight unit into the white light.

According to an exemplary embodiment, the backlight
unit also mcludes an optical sheet provided on a front side
of the quantum dot sheet and to irradiate visible light.

According to an exemplary embodiment, the light-con-
verting material 1s provided on one from among the quantum
dot sheet, the reflective sheet, and the optical sheet.

According to an exemplary embodiment, the light-con-
verting material 1s provided on an area defined by an edge
of the backlight unit and a central portion of the backlight
unit.

According to an exemplary embodiment, the light-con-
verting material includes a plurality of circles, the largest
circles being at the edge of the backlight unit and decreasing
in size toward the central portion of the backlight unit, with
a space between the plurality of circles.

According to an exemplary embodiment, 1t 1s possible to
provide the display device and the backlight unit which 1s
provided with the light-converting material on the edge
portion of the backlight umt to mimmize a difference
between the brightness of the light irradiated from the edge
portion and the brightness of the light irradiated from the
central portion and a difference between the color tone of the
light 1rradiated from the edge portion and the color tone of
the light 1rradiated from the central portion.

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects will become apparent and
more readily appreciated from the following description of
exemplary embodiments, taken 1n conjunction with the
accompanying drawings of which:

FIG. 1 1s a view showing an external appearance of a
display device according to an exemplary embodiment;

FIG. 2 1s an exploded view of a display device according
to an exemplary embodiment;

FI1G. 3 1s a view showing a side sectional view of a display
device according to an exemplary embodiment;
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FIG. 4 1s a view showing a light recycling at a central
portion ol a display device according to an exemplary

embodiment;

FIG. 5 1s a view showing blue light output from an edge
portion ol a display device according to an exemplary
embodiment;

FIG. 6 1s a view showing a process for compensating blue
light output from an edge portion of a display device
according to an exemplary embodiment;

FIG. 7 shows two views, (a) and (b) of a light-converting,
material being applied to a reflective sheet of a display
device according to an exemplary embodiment;

FIG. 8 shows two views, (a) and (b), showing a density of
a light-converting material applied to a retlective sheet of a
display device according to an exemplary embodiment;

FIG. 9 shows four views, (a), (b), (¢), and (d), showing a
pattern of a light-converting material applied to a reflective
sheet of a display device according to an exemplary embodi-
ment;

FIG. 10 1s a view comparing a color coordinate of a
display device according to an exemplary embodiment with
a conventional display device;

FIG. 11 1s a view showing a side section of a display
device according to an exemplary embodiment;

FIG. 12 1s a view showing a side section of a display
device according to an exemplary embodiment;

FIG. 13 1s a view showing a side section of a display
device according to an exemplary embodiment;

FIG. 14 1s a view showing a side section of a display
device according to an exemplary embodiment; and

FIG. 15 1s a view showing a side section of a display
device according to an exemplary embodiment.

DETAILED DESCRIPTION

Reference will now be made in detail to exemplary
embodiments, examples of which are illustrated in the
accompanying drawings, wherein like reference numerals
refer to like elements throughout. However, known func-
tions associated with the exemplary embodiments or
detailed descriptions on the configuration and other matters
which would unnecessarily obscure the present disclosure
will be omatted.

FIG. 1 1s a view showing an external appearance of a
display device according to one embodiment of the disclo-
sure, FIG. 2 1s an exploded view of a display device
according to one embodiment of the disclosure, and FIG. 3
1s a side sectional view of a display device according to one
embodiment of the disclosure.

The display device 1 1s a device which can process an
image signal received from the outside and visually display
the processed 1mage thereon. Hereinafter, although a tele-
vision 1s described as one example of the display device 1,
the disclosure 1s not limited thereto. For example, the
display device 1 according to the disclosure may be realized
as various forms of display devices such as a monitor, a
portable multimedia device, a mobile telecommunication
device, and the like, and 1f the display device 1 1s a device
which visually displays an image, the form thereof 1s not
limaited.

Referring to FIGS. 1-3, a display device 1 includes a main
body 10 configured to accommodate various parts and a
display panel 20 for displaying an image to a user U. In
addition, a driving circuit 30, a backlight unit (BLU) 50, and
an optical member 40 are provided 1n the main body 10.

The main body 10 may include a top chassis 11 provided
on a front face of the display device 1, a bottom chassis 13
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provided on a rear face of the display device, and a mold
frame 15 provided 1n the display device 1.

The top chassis 11 1s provided on a surface which 1s the
same as a surface, on which the image 1s displayed, of the
display panel 20 to prevent an edge portion of the display
panel 20 from being exposed to an outside.

The bottom chassis 13 may be provided on a side opposite
the display panel 20 to prevent various kinds of structural
clements included in the display device 1 from being
exposed to the outside, and protects the various structural
clements included 1n the display device 1 from an external
shock.

The mold frame 15 limits movements of the display panel
20, the optical member 40, and the backlight umt 350, and

secures the display panel 20, the optical member 40, and the
backlight unit 50 to the top chassis 11 and the bottom chassis
13.

The display panel 20 may display a variety of images
according to the image signal input from the outside. The
display panel 20 may be an emissive display panel 1n which
a plurality of pixels constituting the display panel 20 emuits
light to generate an 1mage or may be a non-emissive display
panel in which a plurality of pixels reflect/transmit/block the
light to generate the image.

Hereinatter, according to an exemplary embodiment, the
display panel 20 1s the non-emissive display panel 1n which
the light emitted from the backlight unit 50 1s reflected/
transmitted/blocked to generate the 1image.

The display panel 20 may include a liqud crystal layer
(not shown), a transparent electrode layer (not shown), a
transparent substrate (not show), and a color filter array (not
shown).

The liquid crystal layer contains an adequate amount of
liquad crystal. The liquid crystal means an intermediate
phase of crystal and liquid. Such liquid crystal may exhibit
an optical property according to a change of a voltage. For
example, the arrangement direction of molecules constitut-
ing the liquid crystal may be changed according to a change
of an electric field applied to the liquid crystal.

A pair of transparent electrode layers are provided at both
sides of the liquid crystal layer for forming the electric field
on the liquid crystal layer. The electric field applied to the
liquid crystal layer 1s changed 1s changed according to the
voltage applied between the pair of transparent electrode
layers.

The aforementioned transparent electrode layer may
include a gate line (not shown), a data line (not shown), and
a thin film transistor (TFT).

The gate line 1s arranged 1n a row direction to turn on or
turn off the thin film transistor, and the data line 1s arranged
in a column direction to transmit a data signal to the plurality
of pixels through the thin film transistor. The electric field
applied to the liquid crystal layer 1s changed according to a
gate signal input through the gate line and the data signal
input through the data line. The molecular arrangement of
the liquid crystal 1s changed according to the change of the
clectric field. In addition, the light 1s transmitted through the
liquid crystal layer or 1s blocked according to the molecular
arrangement of the liquid crystal.

The gate line and the data line may be formed of indium
tin oxide (ITO) or indium zinc oxide (1Z0).

A pair of transparent substrates (not shown) form an
external appearance of the display panel 20 and protect the
liquid crystal layer and the transparent electrode layer. Such
transparent substrates may be formed of tempered glass or a
transparent {ilm having an excellent light transmittance.
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The color filter array may include a red color filter, a blue
color filter, and a green color filter formed on areas corre-
sponding to the pixels, respectively, so as to allow each of
the plurality of pixels constituting the display panel 20 to
show the colors.

As described above, the display panel 20 blocks or

transmits the light emitted from the backlight unit 50 to
generate the 1image. Specifically, each of the pixels consti-
tuting the display panel 20 blocks or transmits the light of
the backlight umit 50 to generate the 1mage having various
colors.

The driving circuit 30 provides the display panel 20 with
a driving signal for driving the display panel 20. The driving
circuit 30 may include a gate driving circuit 31 and a data
driving circuit 33.

The gate driving circuit 31 may be connected to the gate
line (not shown) of the display panel 20 to transfer the gate
signal to the gate line. Also, the data driving circuit 33 may
be connected to the data line (not shown) of the display
panel 20 to transier the data signal to the data line.

The backlight unit 50 1s installed at a rear side of the
display panel 20 and emits the light for generating the
image. The backlight unit 50 may be classified into an edge
type backlight unit (BLU) 1n which a light source 1s placed
at a side surface and a direct type backlight unit (BLU) 1n
which the light source 1s placed at a rear side of the display
panel 20.

Hereinaftter, the edge type backlight unit 1n which the light
source 1s placed at the side surface will be described as the
backlight unit 50.

As shown 1n FIG. 3, the backlight unit 50 includes a light
source 51, a light guide plate (LGP) 33 configured to convert
the light emitted from the light source 51 into a sheet light,
a reflective sheet 35 provided on a rear surface of the light
guide plate 53 to reflect the light 1rradiated from the light
guide plate 53, and a quantum dot sheet 37 receiving the
light from the light guide plate 33 and outputting a white
light (in which various color lights are mixed).

As shown 1n FIG. 3, the light source 51 1s provided on a
side surface of the light guide plate 53 to emit the light
towards the light guide plate 53.

The light source 51 may emit the light (the monochro-
matic light) with a single wavelength (single color) or may
emit the light (the white light) 1n which a plurality of lights
with a plurality of wavelengths which differ from each other
are mixed. In general, 1n the case 1n which the backlight unit
50 includes the quantum dot sheet 57, a light source emitting
the monochromatic light (1n particular, a blue-colored light
with a short wavelength) 1s used as the light source. Here-
inafter, a light source emitting the blue-colored light (here-
mafter, “blue light”) 1s described as the light source 31.

A light emitting diode (LED) or a cold cathode fluores-
cence lamp (CCFL) with a low calornific value may be
employed as the light source 51.

In the edge type backlight unit 50, the light guide plate 53
changes the advancing direction of the light incident from a
side surface and then irradiates the light towards a front
surface. In order to change the advancing direction of the
light, the light guide plate 53 may have a plurality convex
stripes formed on a front surface 53a thereof and a plurality
of dots formed on a rear surface 53b thereotf. Also, 1n order
to allow the light to be uniformly irradiated to the front
surface 53a of the light guide plate 53, a dimension of the
convex stripe and a gap between the stripes may be adjusted
and a dimension of the dot and a gap between the dots may
be adjusted.
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In addition, the convex stripe on the front surtface 33a of
the light guide plate 53 may be convexly formed by a
printing method and the dot on the rear surface 53b of the
light guide plate 53 may be concavely formed by a laser.

As shown 1n FIG. 3, a part L1 of the light incident on the
light guide plate 53 1s scattered by the dots formed on the
rear surface 53b of the light gmide plate 33 and may be
irradiated to the front surface 53a of the light guide plate 53,
and another part L2 of the light incident on the light guide
plate 1s reflected into the light guide plate 53 by the reflective
sheet 55 provided on the rear surface 53b of the light guide
plate 53. In addition, the reflected part L2 may be irradiated
to a central portion of the light guide plate 53, and may be
scattered at the central portion of the light guide plate 53 and
then wrradiated to the front surface 53a of the light guide
plate 53.

Due to the refraction, reflection, and scattering of the light
in the light guide plate 53, the light guide plate 53 may
irradiate the uniform light to the front surface thereof.

The atorementioned light guide plate 53 may be formed
of polymethylmethacrylate (PMMA) or transparent polycar-
bonate (PC) which i1s transparent and has an excellent
strength.

The reflective sheet 55 1s provided on the rear surface 53b
of the light guide plate 53 described above. In the light guide
plate 53, the retlective sheet 535 retlects some of the light
which 1s being rradiated toward the rear surface of the light
guide plate 53 into the light guide plate 53.

The reflective sheet 55 1s fabricated by coating a base
material with a maternial having a high reflectivity. For
example, the reflective sheet 55 may be fabricated by
coating a base material such as polyethylene terephthalate
(PE'T) with a polymer having a high reflectivity.

As shown 1n FIG. 3, a light-converting material 101 1s
applied to an edge portion of the reflective sheet 55. The
light-converting material 101 1s a material which emuits
visible light when the light 1s incident from the outside and
may include a fluorescent material or a quantum dot.

Once the light 1s incident from the light guide plate 33 to
the edge portion of the reflective sheet 55, some of the
incident light 1s converted into the white light by the
light-converting material 101, and the light reflected by the
reflective sheet 55 and the white light converted by the
light-converting material 101 are 1rradiated together.

The light-converting material 101 applied to the edge
portion of the retlective sheet 55 will be described 1n more
detail below.

The quantum dot sheet 57 converts the light 1irradiated to
the front surface 53a of the light guide plate 33 into the white
light.

The quantum dot means a small-spherical shaped semi-
conductor particle having being a nanometer (nm,
1/1,000,000,000 meter) 1n size, and may include a central body
with a size of approximately 2 nanometers [nm] to 10 [nm]
and a shell formed of zinc sulfide (ZnS). Cadmium selenide
(CdSe), cadmium telluride (CdTe), or cadmium sulfide
(CdS) may be employed as a material for the central body of
the quantum dot.

Once voltage 1s applied, the quantum dot emits the light
by itself or absorbs the light to emait the light with a specific
wavelength.

An electron of the quantum dot 1n a stable state 1s located
at a low energy level (or a low energy band). At this time,
once the quantum dot absorbs the light from the outside, the
clectron at the low energy level 1s transferred to a high
energy level (or a high energy band). Since the electron at
the high energy level 1s unstable, the electron 1s naturally
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transferred from the high energy level to the low energy
level. During a transfer from the high energy level to the low
energy level, the electron emits the light corresponding to an
energy difference between the high energy level to the low
energy level. A wavelength of the emitted light 1s determined
by the energy diflerence between the high energy level to the
low energy level.

A size of the quantum dot may be proportional to a
wavelength of the light to be emitted. For example, the
quantum dot having a diameter of 2 nanometers [nm] may
emit the blue-colored light and the quantum dot having a
diameter of approximately 10 nanometers [nm] may emit a
red-colored light.

In addition, by using the quantum dots having various
s1Zes, 1t 1s possible for the quantum dots to emit light of
varying wavelengths from the red light to the blue light.
Once the quantum dots having various sizes are employed,
the light having a natural color (white light) can be gener-
ated.

The quantum dot sheet 57 may be manufactured by
distributing the quantum dots on resin.

Once the light 1s incident from the light guide plate 33 to
the quantum dot sheet 57, the incident light excites the
clectron of the quantum dot contained in the quantum dot
sheet 57. In other words, the electron at the low energy level
(or the low energy band) 1s transferred to the high energy
level (or the high energy band) by the incident light.

Subsequently, while the excited electron 1s transterred
from the high energy level to the low energy level, the
quantum dot emits the light (the white light) with various
wavelengths. The light having various wavelengths may
pass through the optical member 40 and the display panel 20
to generate the 1image.

The backlight unit 50 may include the light source 31, the
light guide plate 53, the reflective sheet 55, and the quantum
dot sheet 57 to wrradiate a uniform sheet light.

The optical member 40 refracts or scatters the light so as
to widen a viewing angle of the display device 1 and to
enhance brightness of the display device 1.

The optical member 40 may include a variety of sheets.
For example, the optical member 40 may include a diffusion
sheet 41, a prism sheet 43, a protective sheet 45, and a dual
brlghtness enhancement film (DBEF) 47.

The diffusion sheet 41 diffuses the light emitted from the
backlight umt 50 along a surface to make a color and
brightness on a screen of the display device 1 entirely
uniform. Since the light irradiated from the light guide plate
53 1s 1irradiated through patterns formed on the front surface
53a of the light guide plate 53, the patterns formed on the
front surface 53a of the light guide plate 53 is visible from
the light 1rradiated from the light guide plate 53.

In order to prevent the patterns formed on the front
surface 53a of the light guide plate 53 from being seen from
the light irradiated from the light guide plate 53, the diffu-
sion sheet 41 diffuses the 1irradiated light from the light guide
plate 53 1n a direction which 1s perpendicular to the irradia-
tion direction.

The diffusion sheet diffuses the light emitted from the
backlight unit 50 to uniformly maintain the brightness on the
entire surface.

Since the light having passed through the diffusion sheet
41 1s diflused 1n the direction perpendicular to a surface of
the diffusion sheet 41, the brightness 1s rapidly decreased.
The prlsm sheet 43 refracts or collects the light diffused by
the diflusion sheet 41 to increase the brightness.

In addition, the prism sheet 43 includes a triangular

prism-shaped prism pattern and a plurality of prism patterns
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are adjacently disposed to each other to form a plurality of
bands. The prism patterns form lines 1n the form of a pattern
in which hills and valleys are alternately and repeatedly
disposed, and protrude toward the display panel 20.

The protective sheet 45 protects all kinds of structural
clements icluded 1n the backlight unit 50 from an external
shock or an inflow of foreign substances. In particular, a
scratch 1s easily generated on the prism sheet 43 and the
protective sheet 45 prevents this scratch from being gener-
ated on the prism sheet 43.

The dual brightness enhancement film 47 1s one kind of a
polarizing film and 1s also called a retlective polarizing film.
Such a dual brightness enhancement film 47 transmits
polarized light 1n the light irradiated from the backlight unait
50, which 1s parallel to a polarization direction of the dual
brightness enhancement film 47, and retlects the light which
1s polarized 1 a direction opposite to the polarization
direction of the dual brightness enhancement film 47.

It 1s known that the light 1s a transverse wave which 1s
vibrated 1n a direction perpendicular to an advancing direc-
tion of the light. When the light 1s vibrated 1n various
directions, the light vibrated in a specific direction is trans-
mitted through a polarizing film and the light vibrated in
another direction 1s absorbed by the polarizing film.

As compared with the polarizing film, the dual brightness
enhancement film 47 reflects the light which 1s polarized 1n
the direction opposite to the polarnization direction of the
dual brightness enhancement film 47. Here, the retlected
light 1s recycled 1n the backlight unit 50 and the brightness
of the display device 1 1s enhanced by the light recycling.

The light recycling 1s described 1n detail below.

FI1G. 4 shows the light recycling at a central portion of the
display device according to an exemplary embodiment.

As shown i FIG. 4, various optical phenomena are
generated at the central portion of the display device 1.

As previously described, lights 1.3 and 1.4 scattered on the
rear surface 53b of the light guide plate 33 are irradiated
toward the quantum dot sheet 57.

At this time, at least some of light 1.3 1rradiated from the
light guide plate 53 1s absorbed 1n the quantum dot sheet 57,
and the light may excite the electron contained in the
quantum dot of the quantum dot sheet 57. While returning to
the stable state, the electron of the quantum dot, which 1s
excited by the light, may irradiate the light with various
wavelengths (the white light).

Due to at least some of light 1.3 of the lights .3 and L4
being irradiated from the light guide plate 33, the quantum
dot sheet 57 may irradiate the while light.

In addition, another light .4 of the lights .3 and L4
irradiated from the light guide plate 53 1s not absorbed 1n the
quantum dot sheet 57, but may be transmitted through the
quantum dot sheet 57. Since the quantum dot sheet 57 1s
manufactured by distributing the quantum dots on the resin,
a sullicient space 1s formed between the quantum dots so that
the light mrradiated from the light guide plate 53 may be
transmitted through the quantum dot sheet 537 via the space
between the quantum dots.

As described above, the light 1rradiated from the quantum
dot sheet 357 includes the white light generated by the
quantum dot sheet 57 and the light transmitted through the
quantum dot sheet 57. I the light 1rradiated from the light
guide plate 53 is the blue light emitted from the light source
51, the light irradiated from the quantum dot sheet 57 also
becomes the light including a blue color.

Some of light LS of lights L5, L6, and L7 irradiated from
the quantum dot sheet 57 may be transmitted through the
optical member 40 and the display panel 20 and may be
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output to the outside of the display device 1. Specifically, the
light LS polarized in the direction which 1s same as the
polarization direction of the dual brightness enhancement
film 47 included 1n the optical member 40 may be trans-
mitted through the optical member 40 and may be output to
the outside of the display device 1 by driving the display
panel 20.

The light L5 output to the outside of the display device 1
may form the 1mage to be output by the display device 1.

In addition, some of lights 1.6 and L7 of the lights L5, L6,
and L7 1rradiated from the quantum dot sheet 57 are
reflected from the dual brightness enhancement film 47 and
are then mncident on the backlight unit 50 again. Specifically,
the lights .6 and L7 polarized in a direction which differs
from the polarization direction of the dual brightness
enhancement film 47 included in the optical member 40 are
reflected from the dual brightness enhancement film 47 and
are mcident on the backlight umt 50.

Some of light L6 of the lights L6 and L7 reflected from
the optical member 40 and entering the backlight unit 50 1s
absorbed 1n the quantum dot sheet 537 and may excite the
clectron included 1in the quantum dot of the quantum dot
sheet 57. Also, while returning to the stable state, the
clectron of the quantum dot, which 1s excited by the light,
may irradiate the lights with various wavelengths (the white
light).

Some light L7 of the lights L6 and L7 reflected from the
optical member 40 and entering the backlight unmit S0 1s not
absorbed 1n the quantum dot sheet 57 and may be transmiut-
ted through the quantum dot sheet 57. Specifically, the light
reflected from the optical member 40 may be transmitted
through the quantum dot sheet 57 via the space between the
quantum dots 1mncluded 1n the quantum dot sheet 57.

The light reflected from the dual brightness enhancement
film 47 and entering the backlight unit 50 may be recycled
in the backlight unit 50 to enhance the luminance of the
backlight unit 50.

While the light 1s recycled, the light passes repeatedly
through the quantum dot sheet 37. In addition, some of lights
.3 and L6 of the lights .3, L4, L6, and L7 are absorbed 1n
the quantum dot of the quantum dot sheet 57, and the
quantum dot sheet 57 may 1rradiate the white light due to the
light absorbed 1n the quantum dot.

In other words, while the light 1s recycled 1n the backlight
unit 50, the white light 1s gradually increased.

In general, the light source 51 of the backlight unit 50
emits the monochromatic light (1n particular, the blue light)
with a single wavelength (single color). Although the light
which 1s mitially emaitted from the light source 51 1s the
monochromatic light, the monochromatic light 1s gradually
converted into the white light while the light 1s recycled 1n
the backlight unit 50, in which the lights with various
wavelengths (various colors) are mixed.

As a result, most of the lights output from the backlight
unmt 50 become the white light.

Since the white light includes the lights with a plurality of
wavelengths (various color), it 1s possible to enhance a color
reproduction range of the display device 1.

In this way, the backlight unit 50 can output the white
color through the light recycling at the central portion of the
display device 1. Due to a lack of the light recycling, the
white light including the blue color may be output from the
edge portion of the display device 1.

FIG. 5 shows the blue light output from the edge portion
of the display device according to an exemplary embodi-
ment, and FIG. 6 shows a process for compensating the blue
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light output from the edge portion of the display device
according to an exemplary embodiment.

The edge portion 1s a portion between the edge of the
backlight unit 50, the light guide plate 53, the reflective sheet
55, and the quantum dot sheet 57, and a portion spaced apart
from the above edge at a specific distance toward a center of
the above member. A width of the edge portion of the
backlight unmit 50, the light guide plate 33, the reflective sheet
55, and the quantum dot sheet 57 1s not a predetermined
value, but may be varied according to widths of the back-
light unit 50, the light guide plate 53, the reflective sheet 55,
and the quantum dot sheet 57.

The light recycling which 1s previously described 1s also
generated at the edge portion of the display device 1. Some
of the light irradiated from the quantum dot sheet 57 1is
reflected by the dual brightness enhancement film 47 of the
optical member 40 at the edge portion of the display device
1 and some of the light transmitted through the quantum dot
sheet 57 1s converted into the white light.

However, the light recycling at the edge portion of the
display device 1 1s less than that at the central portion of the
display device 1.

At the edge portion of the display device 1, as shown 1n
FIG. 5, some light L8 of the recycled light may be irradiated
to a side surface of the light guide plate 53 and some light
L9 of the recycled light may be absorbed by the mold frame
15. At the edge portion of the display device 1, some of
lights L.8 and L9 of the recycled light 1s not 1rradiated to the
front surface 53a of the light guide plate 53, and instead
becomes lost.

Therefore, the white light generated by the light recycling
1s decreased at the edge portion of the display device 1.

As shown 1n FIG. 5, some of light 110 of the monochro-
matic light (the blue light) emitted from the light source 51
may pass through the light guide plate 33, the quantum dot
sheet 37, the optical member 40, and the display panel 20 at
the edge portion of the display device 1, and be then
irradiated to the outside of the display device 1.

In the light wrradiated from the display device 1, as a
result, a ratio of the white light caused by the light recycling
1s decreased and a ratio of the monochromatic light (the blue
light) emitted from the light source 51 1s increased. In
addition, the 1mage output from the display device 1 looks
blue at the edge portion of the display device 1.

If the ratio of the white light 1s decreased and the ratio of
the monochromatic light (the blue light) i1s increased in the
light irradiated from the edge portion of the display device
1 as above, a difference of the color (a color coordinate)
between the light mrradiated from the edge portion of the
display device 1 and the light 1rradiated from the central
portion of the display device 1 1s generated.

For example, when the light source 51 emits the blue
light, as compared with the central portion of the display
device 1, the edge portion of the display device 1 looks more
blue. This phenomenon 1s called a Mura effect of the display
device 1.

In order to prevent the Mura effect, as shown in FIG. 6,
the light-converting material 101 may be applied to the edge
portion of the reflective sheet 55. Here, the fluorescent
material or the quantum dot which emits a light having a
specific wavelength when the light 1s incident from the
outside may be employed as the light-converting material
101.

Specifically, an electron of the light-converting material
101 1n a stable state 1s located at a low energy level (or a low
energy band), and once the light-converting material 101
absorbs the light from the outside, the electron at the low
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energy level 1s transferred to a high energy level (or a high
energy band). Since the electron at the high energy level 1s
unstable, the electron 1s naturally transierred from the high
energy level to the low energy level. During a transfer from
the high energy level to the low energy level, the electron
emits energy 1n the form of light. Also, a wavelength of the
emitted light 1s determined by an energy diflerence between
the high energy level and the low energy level.

When the light emitted from the light source 31 or the
light recycled 1n the backlight unit 50 1s absorbed in the
light-converting material 101, the light-converting material
101 cannot irradiate the light.

If the light-converting material 101 can irradiate a yellow
light and the red light, the yellow light and the red light
irradiated from the light-converting material 101 and the
blue light transmitted through the light-converting material
101 are mixed to irradiate the white light from the light-
converting material 101.

When the blue light 1s incident toward the light-convert-
ing material 101 from the light source 51 as shown 1n FIG.
6, the light-converting material 101 may generate the yellow
light and the red light using the blue light. Also, some of the
blue light emitted from the light source 51 may be trans-
mitted through the light-converting material 101.

The yellow light and the red light generated by the
light-converting material 101 1s mixed with the blue light
transmitted through the light-converting material 101 so that
light 12 1rradiated from the light-converting material 101
becomes the white light with various wavelengths (various
colors).

The white light generated by the light-converting material
101 applied to the edge portion of the reflective sheet 55 may
increase the ratio of the white color at the edge portion of the
backlight unit 50. In other words, the light-converting mate-
rial 101 applied to the edge portion of the reflective sheet 335
may compensate for a lack of the light recycling at the edge
portion of the backlight unit 50.

In order to compensate for the lack of the light recycling
at the edge portion of the backlight unit 50, the light-
converting material 101 1s applied to the edge portion of the
reflective sheet 55 included 1n the backlight unit 50.

In addition, although the light-converting material 101
applied to a front surface of the reflective sheet 55 1is
described above, the disclosure 1s not limited thereto, and
the light-converting material 101 may be applied to the rear
surface 53b of the light guide plate 53. In other words, the
light-converting material 101 may be located between the
light guide plate 53 and the reflective sheet 55.

A pattern of the light-converting material 101 applied to
the edge portion of the retlective sheet 55 1s described below.

FIG. 7 shows one example in which the light-converting
material 1s applied to the retlective sheet of the display
device according to an exemplary embodiment.

As shown 1n view (a) of FIG. 7, the light-converting
material 101 may be applied to a region of the edge portion
of the retlective sheet 55, which 1s adjacent to the light
source 51. The light-converting material 101 1s applied to
this region because there 1s a lack of the light recycling at the
edge portion of the backlight unit 50, which corresponds to
the light source 51, and the light emitted from the light
source 51 can be transmitted through the quantum dot sheet
57 and can be 1rradiated.

A width D1 of the region to which the light-converting
material 101 1s applied may be variably adjusted.

Specifically, the width D1 of the region to which the
light-converting material 101 1s applied may be adjusted
according to a distance between the light source 51 and the
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light guide plate 53, a width of a portion at which the mold
frame 15 and the hght guide plate 33 are overlapped, and a
thickness of the quantum dot sheet 57.

If the width of the overlapping portion of the mold frame
15 and the light guide plate 53 1s small, the amount of the 5
light which 1s blocked by the mold frame 15 is reduced, so
the width D1 of the region to which the light-converting
material 101 1s applied may be decreased. In contrast, 11 the
width of the overlapping portion of the mold frame 15 and
the light gmide plate 53 is large, the amount of the light 10
which 1s blocked by the mold frame 15 1s increased, so the
width D1 of the region to which the light-converting mate-
rial 101 1s applied may be increased.

If the distance between the light source 51 and the light
guide plate 53 1s large, the amount of the light which 1s 15
emitted from the light source 31 and 1s directly transmitted
through the quantum dot sheet 57 1s decreased, so the width
D1 of the region to which the light-converting material 101
1s applied may be decreased. In contrast, if the distance
between the light source 51 and the light guide plate 53 1s 20
small, the amount of the light which 1s emitted from the light
source 51 and 1s directly transmitted through the quantum
dot sheet 57 1s increased, so the width D1 of the region to
which the light-converting material 101 1s applied may be
increased. 25

Exemplary embodiments are not limited to the configu-
ration 1n which the light-converting material 101 1s applied
to the edge portion at which the light source 51 1s provided.

As shown 1 view (b) of FIG. 7, the light-converting
material 101 may be applied to the edge portion at which the 30
light source 51 1s not provided.

At the edge portion of the backlight unit 50 at which the
light source 51 1s not provided, the light emitted from the
light source 51 1s transmitted through the quantum dot sheet
57 and the optical member 40, but 1s not rradiated to the 35
outside of the display device 1.

At the edge portion of the backlight unit 50 at which the
light source 51 1s not provided, the light 1n the light guide
plate 33 1s 1irradiated to a side face of the light guide plate 53
or the light irradiated from the light guide plate 53 may be 40
blocked by the mold frame 15. Therefore, there 1s a lack of
light recycling at the edge portion of the backlight unit 50 at
which the light source 51 1s not provided, and the ratio of the
white light at the edge portlon of the backlight unit 50 at
which the light source 51 i1s not provided 1s less than that at 45
the central portion of the backlight unit 50. As a result, the
image output from the display device 1 looks blue at the
edge portion of the display device 1.

For this reason, the light-converting material 101 may be
applied to the edge portion of the reflective sheet 35, at 50
which the light source 51 1s not provided as shown in view
(b) of FIG. 7. A width D2 of the light-converting material
101 applied to the edge portion at which the light source 51
1s not provided may be smaller than the width D1 of the
light-converting material 101 applied to the edge portion at 55
which the light source 51 1s provided.

FIG. 8 shows a density of the light-converting material
applied to the retlective sheet of the display device accord-
ing to an exemplary embodiment.

As previously described, a lack of the light recycling 60
increases from the central portion toward the edge portion of
the backlight unit 50. In other words, the light recycling
decreases from the center of the backlight umit 50 toward the
edge portion of the backlight unit 50.

In order to compensate for the lack of the light recycling, 65
a density of the applied light-converting material 101 may
vary according to a location.
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Specifically, since the least amount of light recycling
occurs at the edge of the backlight unit 50, causing the
strongest monochromatic light (the blue light) to be irradi-
ated and the light recycling 1s increased as a distance from
the edge of the backlight unit 50 increases so that the ratio
of the white light 1s increased, the density of the applied
light-converting material 101 may be decreased according to
a distance from the edge portion of the backlight unit 50.

As shown 1n view (a) of FIG. 8, when the light-converting
material 101 1s applied to the reflective sheet 33 1n a circular
pattern, the light-converting material 101 may be applied in
the largest circular shape at the edge of the retlective sheet
55 and a circular area of the light-converting material 101
may decrease as a distance from the edge of the reflective
sheet 55 1s increased,

Although not shown 1n the drawing, the circular area of
the light-converting material 101 may be maintained and a
gap between the circular shapes of the light-converting
material 101 may vary. For example, the gap between the
circular shapes of the light-converting material 101 applied
to the edge of the retlective sheet 55 1s narrow, and the gap
between the circular shapes of the light-converting material
101 may increase as the distance from the edge of the
reflective sheet 55 1s 1ncreased.

As shown 1 view (b) of FIG. 8, the light-converting
material 101 having the highest concentration may be
applied to the edge of the reflective sheet 55, and the
concentration of the light-converting material 101 may be
reduced as the distance from the edge of the reflective sheet
55 1s 1ncreased.

By varying the density of the light-converting material
101 according to the distance from the edge of the backlight
unit 30 as described above, it 1s possible to compensate for
the decreased light recycling and prevent reduction of the
brightness at the edge portion of the backlight unit 50 by the
light-converting material 101.

FIG. 9 shows a pattern of the light-converting material
applied to the reflective sheet of the display device accord-
ing to an exemplary embodiment.

The light-converting material 101 may be applied 1n
various patterns to the reflective sheet 55. For example, as
shown 1n view (a) FIG. 8, the light-converting material 101
may be applied 1n a circular pattern to the reflective sheet 55.

As shown 1n view (a) of FIG. 9, the light-converting
material 101 may be applied 1n a stripe pattern to the
reflective sheet 535. A width of the stripe pattern may be
varted according to the distance from the edge of the
reflective sheet 55. For example, the stripe pattern located at
the edge of the reflective sheet 55 has the largest width and
the width of the stripe pattern may be decreased as the
distance from the edge of the retlective sheet 53 1s increased.

In addition, the width of the stripe pattern 1s constantly
maintained, but a gap between the stripe patterns may be
varted. For example, the gap between the stripe patterns
located at the edge of the retlective sheet 55 1s narrowest and
the gap between the stripe patterns may be increased as the
distance from the edge of the reflective sheet 55 1s increased.

As shown 1n view (b) of FIG. 9, the light-converting
material 101 may be applied 1n a comb pattern to the
reflective sheet 55. A length of the comb pattern may vary
according to the distance from the edge of the reflective
sheet 55. For example, the length of the comb pattern located
at the edge of the reflective sheet 55 1s longest and the length
of the comb pattern may be shortened as the distance from
the edge of the reflective sheet 55 15 1increased.

In addition, the length of the comb pattern 1s constant, but
a gap between the comb patterns may be varied. For
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example, the gap between the comb patterns located at the
edge of the reflective sheet 55 i1s narrowest and the gap
between the comb patterns may be increased as the distance
from the edge of the reflective sheet 55 1s increased.

As shown i view (¢) of FIG. 9, the light-converting
material 101 may be applied 1n a polygonal pattern to the

reflective sheet 55. Although view (¢) of FIG. 9 shows a
rectangular pattern, the shape of the polygonal pattern 1s not
limited thereto, and various patterns such as a triangular
pattern, a pentagonal pattern, and the like are available. An
area ol the polygonal pattern may vary according to the
distance from the edge of the reflective sheet 55. For
example, the polygonal pattern located at the edge of the
reflective sheet 35 has the largest area and the area of the
polygonal pattern may be decreased as the distance from the
edge of the reflective sheet 55 1s increased.

In addition, the area of the polygonal pattern 1s constantly
maintained, but a gap between the polygonal patterns may
be varied. For example, the gap between the polygonal
patterns located at the edge of the reflective sheet 55 1s
narrowest and the gap between the polygonal patterns may
be increased as the distance from the edge of the reflective
sheet 35 1s 1ncreased.

In addition, as shown 1n view (d) of FIG. 9, the light-
converting material 101 may be applied in an elliptical
pattern to the retlective sheet 55. Although view (d) of FIG.
9 shows the elliptical pattern having a major axis extending
in a horizontal direction, the elliptical pattern having the
major axis extending 1n a vertical direction or a diagonal
direction 1s available. An area of the elliptical pattern may
vary according to the distance from the edge of the reflective
sheet 55. For example, the elliptical pattern located at the
edge of the reflective sheet 55 has the largest area and the
area of the elliptical pattern may be decreased as the distance
from the edge of the retlective sheet 55 1s increased.

In addition, the area of the elliptical pattern 1s constantly
maintained, but a gap between the elliptical patterns may be
varied. For example, the gap between the elliptical patterns
located at the edge of the retlective sheet 55 1s narrowest and
the gap between the elliptical patterns may be increased as
the distance from the edge of the reflective sheet 35 1s
increased.

FIG. 10 1s a graph comparing a color coordinate of the
display device according to an exemplary embodiment with
that of a conventional display device.

Specifically, FIG. 10 shows the color coordinate (Y-co-
ordinate) according to a location of the display device 1
according to an exemplary embodiment and the color coor-
dinate (Y-coordinate) according to a location of the display
device of the conventional art. The display device according
to the conventional art 1s a display device in which a
light-converting material (fluorescent material) 1s not
applied to an edge portion of a reflective sheet.

The X-axis 1n the graph shown in FIG. 10 represents a
value obtained by dividing a distance between one side edge
and the other side edge of the display device by a width of
the display device. In other words, the X-axis represents a
relative location with respect to an entire width of the
display device.

The Y-axis 1n the graph shown in FIG. 10 represents the
color coordinate (Y coordinate) of the light output from the
display device. As 1s widely known, the larger the Y coor-
dinate of the color coordinate is, the closer the light 1s to the
green light end of the spectrum, and the smaller the Y
coordinate of the color coordinate 1s, the closer the light 1s
to the blue light end of the spectrum.

10

15

20

25

30

35

40

45

50

55

60

65

16

One of the points to be noted 1n FIG. 10 1s a deviation of
the color coordiate (Y coordinate). In other words, 11 there
1s a wide deviation between the color coordinate (Y coor-
dinate) of the central portion and the color coordinate (Y
coordinate) of the edge portion of the display device, the
user U may judge that the central portion differs from the
edge portion of the display device based on the color.

Referring to FIG. 10, 1n the conventional display device,
the deviation between the color coordinate (Y coordinate) of
the central portion and the color coordinate (Y coordinate)
of the edge portion of the display device 1s approximately
“0.013”. In the display device according to an exemplary
embodiment, the deviation between the color coordinate (Y
coordinate) of the central portion and the color coordinate
(Y coordinate) of the edge portion of the display device 1s
approximately “0.004”.

Accordingly, compared with the conventional display
device, the display device according to an exemplary
embodiment has a reduced deviation between the central
portion and the edge portion.

In particular, compared with the conventional display
device, the color coordinate (Y coordinate) at the edge
portion of the display device according to an exemplary
embodiment 1s remarkably increased. The ratio of the blue
light 1rradiated from the display device 1s decreased by the
light-converting material 101 included in the edge portion of
the display device 1 according to an exemplary embodiment.

By applying the light-converting material 101 to the edge
portion of the reflective sheet 55, it 1s possible to reduce the
deviation of color between the central portion and the edge
portion of the display device 1 as shown in FIG. 10.

The display device 1 1n which the light-converting mate-
rial 101 1s applied to the edge portion of the reflective sheet
55 to compensate for a lack of the light recycling at the edge
portion of the display device 1 1s described above.

Various display devices compensating for the lack of the
light recycling at the edge portion of the display device are
described below.

FIG. 11 shows a side section of a display device according,
to an exemplary embodiment.

Referring to FIG. 11, a display device 1a includes the
main body 10 (11, 13, and 15), the display panel 20, the
optical member 40, and a backlight unit 50a. The main body
10, the display panel 20, and the optical member 40 are the
same as the main body 10 (see FIG. 3), the display panel 20
(see FIG. 3), and the optical member 40 (see FIG. 3) of the
display device 1 (see FIG. 3) according to an exemplary
embodiment. Therefore, the description thereof 1s omitted.

The backlight unit 50a includes the light source 51, the
light guide plate 33, the reflective sheet 55, the quantum dot
sheet 57, and a light-converting material 101a. The light
source 31, the light guide plate 33, the reflective sheet 35,
and the quantum dot sheet 57 are the same as the light source
51 (see FIG. 3), the light guide plate 53 (see FIG. 3), the
reflective sheet 55 (see FIG. 3), and the quantum dot sheet
57 (see FI1G. 3) of the display device 1 (see FIG. 3) according
to an exemplary embodiment. Therefore, the description
thereon 1s omitted.

The light-converting material 101a 1s a material which
irradiates the visible light when the light 1s incident from the
outside. The light-converting material 101a may be applied
to the edge portion of the front surface of the light guide
plate 53. Once the light (in particular, the blue light) 1s
incident, the light-converting material 101a may convert
some of the incident light into the yellow light or the green
light and may transmit some of the incident light. As a result,
once the light 1s incident on the light-converting material
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101a, the light-converting material 101a may irradiate the
white light including the blue, yellow, and green lights.

The above light-converting material 101a may compen-
sate a lack of the light recycling at an edge portion of the
backlight unit 50a. In particular, the light-converting mate-
rial 101a applied to the edge portion of the front surface of
the light guide plate 53 may convert light .13 into the white
light. Light .13 1s monochromatic light (the blue light)
emitted from the light source 51 provided at an edge of the
backlight unit 50a, and 1s 1rradiated to the outside of the
display device 1a through the light guide plate 53 and the
quantum dot sheet 37. As a result, the light-converting
material 101a may increase the ratio of the white light 1n the
light 1rradiated from the edge portion of the backlight unit
d0a.

As described above, due to the light-converting material
101a applied to the edge portion of the front surface of the
light guide plate 53, the ratio of the white light 1n the light
irradiated from the edge portion of the backlight unit 50a 1s
increased and the deviation of the color coordinate between
the edge portion and a central portion of the backlight unit
50a 15 decreased.

Although the light-converting material 101a applied to the
edge portion of the front surface of the light guide plate 53
1s described in the above description, the disclosure 1s not
limited thereto, and the light-converting material 101a may
be applied to the edge portion of the rear surface of the
quantum dot sheet 57. In other words, the light-converting
material 101a may be placed between the light guide plate
53 and the quantum dot sheet 57.

FI1G. 12 shows a side section of a display device according
to an exemplary embodiment.

Referring to FIG. 12, a display device 1b includes the
main body 10 (11, 13, and 15), the display panel 20, the
optical member 40 and a backlight unit 50b. The main body
10, the display panel 20, and the optical member 40 are the
same as the main body 10 (see FIG. 3), the display panel 20
(see FIG. 3), and the optical member 40 (see FIG. 3) of the
display device 1 (see FIG. 3) according to an exemplary
embodiment. Therefore, the description thereof 1s omitted.

The backlight unit 50b includes the light source 51, the
light guide plate 53, the reflective sheet 53, the quantum dot
sheet 57, and a light-converting material 101b. The light
source 51, the light guide plate 53, the reflective sheet 55,
and the quantum dot sheet 57 are the same as the light source
51 (see FIG. 3), the light guide plate 53 (see FIG. 3), the
reflective sheet 55 (see FIG. 3), and the quantum dot sheet
57 (see F1G. 3) of the display device 1 (see FI1G. 3) according
to an exemplary embodiment. Therefore, the description
thereol 1s omuitted.

The light-converting material 101b 1s a material which
irradiates the visible light when the light 1s incident from the
outside. The light-converting material 101b may be applied
to the edge portion of the front surface of the quantum dot
sheet 57. Once the light (in particular, the blue light) 1s
incident, the light-converting material 101b may convert
some of the incident light into the yellow light or the green
light and may transmit some of the incident light. As a result,
once the light 1s incident on the light-converting material
101b, the light-converting material 101b may 1rradiate the
white light including the blue, yvellow, and green lights.

The above light-converting material 101b may compen-
sate a lack of the light recycling at an edge portion of the
backlight unit 50b. In particular, the light-converting mate-
rial 101b applied to the edge portion of the front surface of
the quantum dot sheet 57 may convert light L.14 into the

white light. Light L.14 1s monochromatic light (the blue
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light) emitted from the light source 51 provided at an edge
of the backlight unit 50b, and 1s 1rradiated to the outside of
the display device 1b through the light guide plate 53 and the
quantum dot sheet 57. As a result, the light-converting
material 101b may increase the ratio of the white light in the
light 1rradiated from the edge portion of the backlight unit
50b.

As described above, due to the light-converting material
101b applied to the edge portion of the front surface of the
quantum dot sheet 57, the ratio of the white light 1n the light
irradiated from the edge portion of the backlight unit 50b 1s
increased and the deviation of the color coordinate between
the edge portion and a central portion of the backlight unit
50b 1s decreased.

FIG. 13 shows a side section of a display device according,
to an exemplary embodiment.

Referring to FIG. 13, a display device 1c¢ includes the
main body 10 (11, 13, and 15), the display panel 20, the
optical member 40, and a backlight unit 50c. The main body
10, the display panel 20, and the optical member 40 are the
same as the main body 10 (see FIG. 3), the display panel 20
(see FIG. 3), and the optical member 40 (see FIG. 3) of the
display device 1 (see FIG. 3) according to an exemplary
embodiment. Therefore, the description thereof 1s omitted.

In addition, the backlight unit 30c includes the light
source 51, the light guide plate 53, the reflective sheet 35, the
quantum dot sheet 57, and an optical sheet 110c. The light
source 51, the light guide plate 33, the reflective sheet 55,
and the quantum dot sheet 57 are the same as the light source
51 (see FIG. 3), the light guide plate 53 (see FIG. 3), the
reflective sheet 55 (see FIG. 3), and the quantum dot sheet
57 (see FIG. 3) of the display device 1 (see FI1G. 3) according
to an exemplary embodiment. Therefore, the description
thereof 1s omitted.

The optical sheet 110c¢ 1s a film formed of a transparent
material and may be provided between the retlective sheet
55 and the light guide plate 53. Also, an edge portion of the
optical sheet 110c may include a light-converting material
111c. The light-converting material 111¢ 1s a material which
irradiates the visible light when the light 1s incident from the
outside. Once the light (in particular, the blue light) is
incident, the light-converting material 111¢ may convert
some of the incident light into the vellow light or the green
light and may transmit some of the incident light. As a result,
once the light 1s incident on the light-converting material
111c, the light-converting material 111¢ may irradiate the
white light including the blue, yellow, and green lights.

The above optical sheet 110c may compensate a lack of
the light recycling at an edge portion of the backlight unit
50c. In particular, the light-converting material 111c
included in the edge portion of the optical sheet 110c may
convert light 15 into the white light. Light .15 1s mono-
chromatic light (the blue light) emitted from the light source
51 provided at an edge of the backlight unit 50c and reflected
from the reflective sheet 55, and is 1rradiated to the outside
of the display device 1c. As a result, the optical sheet 110c
may 1ncrease the ratio of the white light in the light 1rradi-
ated from the edge portion of the backlight unit 50c.

As described above, due to the optical sheet 110¢ includ-
ing the light-converting material 111c applied to the edge
portion thereof, the ratio of the white light in the light
irradiated from the edge portion of the backlight unit 50c¢ 1s
increased and the deviation of the color coordinate between
the edge portion and a central portion of the backlight unit
50c 1s decreased.

FIG. 14 shows a side section of a display device according,
to an exemplary embodiment.
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Referring to FIG. 14, a display device 1d includes the
main body 10 (11, 13, and 15), the display panel 20, the
optical member 40, and a backlight unit 50d. The main body
10, the display panel 20, and the optical member 40 are the
same as the main body 10 (see FIG. 3), the display panel 20
(see FIG. 3), and the optical member 40 (see FIG. 3) of the
display device 1 (see FIG. 3) according to an exemplary
embodiment. Therefore, the description thereof 1s omitted.

In addition, the backlight unit 50d includes the light
source 51, the light guide plate 53, the retlective sheet 55, the
quantum dot sheet 57, and an optical sheet 110d. The light
source 51, the light guide plate 53, the reflective sheet 55,
and the quantum dot sheet 57 are the same as the light source
51 (see FIG. 3), the light guide plate 53 (see FIG. 3), the
reflective sheet 55 (see FIG. 3), and the quantum dot sheet
57 (see FIG. 3) of the display device 1 (see FIG. 3) according
to an exemplary embodiment. Therefore, the description
thereof 1s omitted.

The optical sheet 110d 1s a film formed of a transparent
material and may be provided between the light guide plate
53 and the quantum dot sheet 57. Also, an edge portion of
the optical sheet 110d may include a light-converting mate-
rial 111d. The light-converting material 111d 1s a material
which irradiates the visible light when the light 1s incident
from the outside. Once the light (1n particular, the blue light)
1s 1incident, the light-converting material 111d may convert
some of the incident light into the yellow light or the green
light and may transmit some of the incident light. As a result,
once the light 1s 1incident on the light-converting material
111d, the light-converting material 111d may 1rradiate the
white light including the blue, yellow, and green lights.

The above optical sheet 110d may compensate a lack of
the light recycling at an edge portion of the backlight unit
50d. In particular, the light-converting material 111d
included in the edge portion of the optical sheet 110d may
convert light .16 into the white light. Light .16 1s mono-
chromatic light (the blue light) emitted from the light source
51 provided at an edge of the backlight unit 50d, and 1is
irradiated to the outside of the display device 1d through the
light guide plate 53 and the quantum dot sheet 57. As a
result, the optical sheet 110d may increase the ratio of the
white light 1n the light 1rradiated from the edge portion of the
backlight unmt 50d.

As described above, due to the optical sheet 110d 1nclud-
ing the light-converting material 111d applied to the edge
portion thereof, the ratio of the white light 1in the light
irradiated from the edge portion of the backlight unit 50d 1s
increased and the deviation of the color coordinate between
the edge portion and a central portion of the backlight unit
50d 1s decreased.

FIG. 15 shows a side section of a display device according,
to further another embodiment.

Referring to FIG. 15, a display device 1le includes the
main body 10 (11, 13, and 15), the display panel 20, the
optical member 40, and a backlight unit 50e. The main body
10, the display panel 20, and the optical member 40 are the
same as the main body 10 (see FIG. 3), the display panel 20
(see FIG. 3), and the optical member 40 (see FIG. 3) of the
display device 1 (see FIG. 3) according to an exemplary
embodiment. Therefore, the description thereof 1s omitted.

In addition, the backlight unit 50¢ includes the light
source 51, the light guide plate 53, the retlective sheet 55, the
quantum dot sheet 57, and an optical sheet 110e. The light
source 51, the light guide plate 53, the reflective sheet 55,
and the quantum dot sheet 57 are the same as the light source
51 (see FIG. 3), the light guide plate 33 (see FIG. 3), the
reflective sheet 55 (see FIG. 3), and the quantum dot sheet

10

15

20

25

30

35

40

45

50

55

60

65

20

57 (see FI1G. 3) of the display device 1 (see FIG. 3) according
to an exemplary embodiment. Therefore, the description
thereof 1s omuitted.

The optical sheet 110¢ 1s a film formed of a transparent
material and may be provided at a front side of the quantum
dot sheet 57. Also, an edge portion of the optical sheet 110¢
may include a light-converting material 111e. Here, the
light-converting material 111¢ 1s a material which irradiates
the visible light when the light 1s incident from the outside.
Once the light (1n particular, the blue light) 1s 1ncident, the
light-converting material 111e¢ may convert some of the
incident light into the yellow light or the green light and may
transmit some of the incident light. As a result, once the light
1s incident on the light-converting material 111e, the light-
converting material 11le may irradiate the white light
including the blue, vellow, and green lights.

The above optical sheet 110e may compensate a lack of
the light recycling at an edge portion of the backlight unit
50¢. In particular, the light-converting material 11le
included in the edge portion of the optical sheet 110e may
convert light .17 into the white light. Light .17 1s mono-
chromatic light (the blue light) emitted from the light source
51 provided at an edge of the backlight umt 50e, and 1is
irradiated to the outside of the display device 1e through the
light guide plate 53 and the quantum dot sheet 57. As a
result, the optical sheet 110e may increase the ratio of the
white light 1n the light irradiated from the edge portion of the
backlight unit 50e.

As described above, due to the optical sheet 110e 1nclud-
ing the light-converting material 110e applied to the edge
portion thereof, the ratio of the white light in the light
irradiated from the edge portion of the backlight unit 50¢ 1s
increased and the deviation of the color coordinate between
the edge portion and a central portion of the backlight unit
50¢ 1s decreased.

Although exemplary embodiments of the disclosure have
been shown and described, it would be appreciated by those
skilled 1n the art that changes may be made in these
exemplary embodiments without departing from the prin-
ciples and spirit of the exemplary embodiments, the scope of
which 1s defined 1n the claims and their equivalents.

What 1s claimed 1s:

1. A display device, comprising;:

at least one light source configured to emit a blue light;

a light guide plate on which the blue light emitted from
the at least one light source 1s incident, and which 1s
configured to wrradiate light through a first surface and
a second surface of the light guide plate;

a quantum dot sheet on which the light irradiated through
the first surface of the light guide plate 1s incident, and
which 1s configured to 1rradiate the blue light, a green
light and a red light;

a reflective sheet configured to retlect the light, which 1s
irradiated through the second surface of the light guide
plate, to the light guide plate; and

a light-converting material provided on a surface of an
edge portion of the reflective sheet and configured to
convert at least a portion of the blue light incident
thereto mto light of a different color and 1rradiate the
converted light to the light guide plate.

2. The display device according to claim 1, wherein the
light-converting material 1s configured to convert the at least
the portion of the blue light incident thereto into a yellow
light, and

the blue light emitted from the at least one light source
and the yellow light converted by the light-converting
material are incident on the quantum dot sheet.
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3. The display device according to claim 1, wherein the
light-converting material comprises a tluorescent material,
the fluorescent material converting the blue light into a
yellow light.

4. The display device according to claim 1, wherein the
light-converting material 1s applied to the reflective sheet 1n
an area extending from at least one edge of the reflective
sheet.

5. The display device according claim 4, wherein the
light-converting material 1s applied in patterns to the retlec-
tive sheet, and

an area of the patterns of the light-converting matenal
decreases as a distance from the at least one edge of the
reflective sheet 1s increased.

6. The display device according to claim 4, wherein the
light-converting material 1s applied in patterns to the retlec-
tive sheet, and

a density of the patterns of the light-converting material
decreases as a distance from the at least one edge of the
reflective sheet 1s 1ncreased.

7. The display device according to claim 4, wherein the
light-converting material 1s applied in a circular pattern to
the reflective sheet, and

the circular pattern comprises a plurality of circles, a size
of the plurality of circles decreasing as a distance from
the at least one edge of the reflective sheet 1s increased.

8. The display device according to claim 1, wherein the
light-converting material 1s applied 1n a polygonal pattern to
the retlective sheet.

9. The display device according to claim 1, wherein the
light-converting material 1s applied 1n a stripe pattern to the
reflective sheet.

10. A display device, comprising:

at least one light source configured to emit a blue light;

a light guide plate on which the blue light emitted from
the at least one light source 1s incident, and which 1s
configured to 1rradiate light through a first surface and
a second surface of the light guide plate;

a quantum dot sheet on which the light irradiated through
the first surface of the light guide plate 1s incident, and
which 1s configured to 1rradiate the blue light, a green
light, and a red light; and

a reflective sheet configured to reflect the light, which 1s
irradiated through the second surface of the light guide
plate, to the light guide plate,

wherein at least a portion of the blue light incident on a
surface of an edge portion of the reflective sheet 1s
converted 1nto light of a color different from a color of
the blue light.

11. The display device according to claim 10, wherein the
at least the portion of the blue light incident on the surface
of the edge portion of the retlective sheet 1s converted into
a yellow light, and

the vellow light converted by the edge portion of the
reflective sheet and the blue light emitted from the at
least one light source are incident on the quantum dot
sheet.

12. The display device according to claim 10, wherein a
fluorescent material 1s applied to the edge portion of the
reflective sheet, the fluorescent material converting the light
into a yellow light.

13. The display device according to claim 12, wherein the
fluorescent material 1s applied to the retlective sheet 1n an
area extending from at least one edge of the reflective sheet.

14. The display device according to claim 13, wherein the
fluorescent material 1s applied 1n patterns to the reflective
sheet, and
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an area of the patterns of the fluorescent material
decreases as a distance from the at least one edge of the
reflective sheet 1s 1ncreased.

15. The display device according to claim 13, wherein the
fluorescent material 1s applied 1n patterns to the reflective
sheet, and

a density ol the patterns of the fluorescent material
decreases as a distance from the at least one edge of the
reflective sheet 1s increased.

16. The display device according to claim 13, wherein the
fluorescent material 1s applied 1n a circular pattern to the
reflective sheet, and

the circular pattern comprises a plurality of circles, a size
of the plurality of circles decreasing as a distance from
the at least one edge of the reflective sheet 1s increased.

17. The display device according to claim 12, wherein the
fluorescent material 1s applied 1n a polygonal pattern to the
reflective sheet.

18. The display device according to claim 12, wherein the
fluorescent material 1s applied 1n a stripe pattern to the
reflective sheet.

19. A display device, comprising:

at least one light source configured to emit a blue light;

a light guide plate on which the blue light emitted from
the at least one light source 1s incident, and which 1s
configured to wrradiate light through a first surface and
a second surface of the light guide plate;

a quantum dot sheet on which the light irradiated through
the first surface of the light guide plate 1s incident, and
which is configured to irradiate the blue light, a green
light, and a red light;

a reflective sheet configured to reflect the blue light,
which 1s 1rradiated through the second surface of the
light guide plate, to the light guide plate; and

an optical sheet disposed on the retlective sheet,

wherein at least a portion of the blue light incident on a
surface of an edge portion of the optical sheet through
the second surface i1s converted into light of a color
different from a color of the blue light and 1s 1rradiated
to the light guide plate.

20. The display device according to claim 19, wherein the
at least the portion of the blue light incident on the edge
portion of the optical sheet 1s converted 1nto a yellow light,
and

wherein the blue light emitted from the at least one light
source and the yellow light converted by the optical
sheet are 1incident on the quantum dot sheet.

21. A display device, comprising:

at least one light source configured to emit blue light,

a light guide plate on which the blue light emitted from the
at least one light source is incident, and which is
configured to irradiate light through a first surface and
a second surface of the light guide plate;

a quantum dot sheet on which the light irradiated through
the first surface of the light guide plate is incident, and
which is configured to irradiate the blue light, a green
light and a red light;

a reflective sheet configured to reflect the light, which is
irradiated through the second surface of the light guide
plate, to the light guide plate; and

a plurality of light-converting dots provided on a surface
of an edge portion of the veflective sheet and configured
to convert at least a portion of the blue light incident
thereto into light of a different color and irradiate the
converted light to the light guide plate,

wherein the plurality of light-converting dots includes
first dots, second dots, and third dots, the second dots
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having a dot size smaller than a dot size of the first dots,
respectively, and the thivd dots having a dot size
smaller than a dot size of the second dots, respectively,

the first dots are located closer to an edge of the reflective
sheet than the second dots, and

the second dots ave located closer to the edge of the
reflective sheet than the third dots.

22. A display device, comprising.

a display panel;

at least one light source configured to emit a blue light,

a light guide plate on which the blue light emitted from the
at least one light source is incident;

a quantum dot sheet disposed between the display panel
and the light guide plate;

a reflective sheet disposed below the light guide plate; and

a plurality of light-converting dots provided on a surface
of an edge portion of the veflective sheet and configured
to convert at least a portion of the blue light incident
thereto into light of a different color,

wherein the plurality of light-converting dots includes
first dots, second dots, and third dots, the second dots
having a dot size smaller than a dot size of the first dots,
respectively, and the third dots having a dot size
smaller than a dot size of the second dots, respectively,

the first dots are located closer to an edge of the reflective
sheet than the second dots, and

the second dots are located closer to the edge of the
reflective sheet than the third dots.
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